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12 CANCER
12.1 Epidemiology
12.1.1 Methodological considerations

The majority of epidemiological studies of mobile phone use and risk of cancer have used a case
control design, which means that cases of the studied disease are identified over a certain time period in a given
population, and controls, i.e. individualedr from the disease, are randomly selected from the same study
population during the same time period. The purpose of the controls is to provide information about the
exposure distribution in the population from which the cases came. The preferable seletttibn method is
population based; i.e. a random selection from a population register that covers the population from which the
cases were identified. When the study base is unavailable for random sampling, other methods for control
selection is usede.g. hospital controls, random digit dialling, friends or neighbourhood controls. Hospital
controls are usually other patients randomly selected at the same hospital, with diseases assumed to be unrelated
to the studied exposure. They often have highdigiaation rates than population controls, but it is impossible
to know whether the patients with other disease have the same exposure distribution as the general population
from which the cases were identified, as it is not a random sample of the popwiléih become hospital
patients. Random dialling of phone numbers wuntil a
diallingo) attempts to achieve a population based co
controls is unkown, and adequate participation rates cannot be calculated. Friend or neighbourhood controls
are also associated with the problem of not knowing whether they are representative of the study base. Selection
bias may also occur if not all eligible casesand nt r ol s can be included in the
active participation is required and not everyone agrees or can be reached, or if cases have died or are too ill to
participate. Nosparticipation need not necessarily lead to selection biaexy @vparticipation rates differ
between cases and controls, but bias occurs if the likelihood of participation is related to both the exposure and
to casecontrol status. Selection bias may also occur as the result of internal missing data, i.e. @ndases
controls differ in the completeness of answers to questions in interviews or questionnaires. Few studies have
evaluated potential selection bias caused byparticipation. A validation studiVrijheid et al., 2009pfrom
the Interphone multicentre study found that regular mobile phone use was less prevalent among non
participants, both among cases and controls, compared toigente (56% mobile phone users among-non
participating controls compared to 69% among participants, and 50% mobile phone users among nhon
participating cases compared to 66% among participants). With an overall higher participation rate among cases
than amag controls, it was estimated that selection bias led to an underestimation of risk estimates by around
10%.

Exposure information in casmntrol studies is collected retrospectively, after identification of cases
and controls, often by means of questaings or interviews, but sometimes through independent sources such
as registers. All but one of the casantrol studies of mobile phone use have collected retrospective self
reported information, with the advantage that detailed information about tleswErpcan be collected. The
disadvantage is, however, that it is vulnerable to recall bias. If cases believe that their disease was caused by
mobile phone use they may overestimate their previous phone use, especially if they are asked to recall habits
mary years prior to their disease. Controls on the other hand, may be less thorough when reporting about past
exposures, and have not given past mobile phone use much thought until being faced with these questions in an
interview or questionnaire. For bothses and controls it is very difficult to remember mobile phone use habits
many years earlier, and misclassification will inevitably occur. If this is entirely independent of the disease, i.e.
nondifferential, it will in general lead to a dilution of thask estimates towards unity, but if the
misclassification is systematic it may also lead to bias away from the null. A validation study within Interphone
reported considerable random misclassification of mobile phone use when asking healthy volunégeng to r
their mobile phone use 6 months earli@rrijneid et al., 2005 The study also found systematic
misclassification; light users tended to underestimate, and heavy users tended to overestimate their amount of
phone use. Validation studies have also reported ¢eatlrof number of calls was slightly better than recall of
duration of callgInyang et al., 2009Vrijheid et al., 200% If, on the other hand, cases tend to overestimate or
controls underestimate exposure, this will lead to an overestimation of the risk estimates or even spurious
associations. A validation study from the Interphone study compareckpelted informatiombout duration of
mobile phone use and number of calls to operator recorded information as far back as approximately 4 years
prior to diagnosigVrijheid et al., 2009a The study found little difference overall in recall between cases and
controls, but observed that cases tended to overestimate their mobile phone use more the further back in time
they were reporting about, which was not observed among controls, inditteipgtential for overestimation
of risk estimates.
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Cohort studies generally determine exposure status at baseline, and subsequently follow the cohort
members for occurrence of the studied disease (or diseases). Provided that mechanisms are ifofitage for
up of the cohort members, e.g. in health data registers, selection bias is usually not a problem, although
comparability between exposed and unexposed must be ensured, e.g. through control of confounding. For
cancer outcomes that are usually rahe, ¢cohort needs to be very large, which often lead to collection of less
detailed exposure information than in casatrol studies. If exposure information is too crude it may hamper
the ability to detect effects if limited to a small subgroup with speeifposure characteristics. Some of the
cohort studies have only used register based exposure information, with few details about mobile phone use
characteristics, while others have used-egorted information about mobile phone use which is subject to
non-differential exposure misclassification as in the eamatrol studies. An important difference compared to
casecontrol studies is that when exposure information is collected before the occurrence of the disease recall
bias will not affect results.

A crosssectional design should never be used for cancer outcomes, but is common in studies of
Asoftd outcomes | ike various types of sympt oms, hea:
similar outcomes. A crossectional design has major metlological limitations. It includes prevalent cases,
and may therefore investigate survival or prognosis rather than disease occurrence. Most importantly, it cannot
determine the time sequence of events; i.e. whether the exposure preceded the diseaksecase was already
present when exposure begun. It is possible that the disease itself affects the exposure, e.g. a person who
perceives him/herself as electrically hypersensitive may avoid situations with known exposures like mobile
phone use, and madkerefore appear as less exposed than the general population. Parents with a child who has
health problems may find it convenient to provide the child with a mobile phone for easy contact, which would
make the child appear as more exposed than otherahillonparticipation in a crossectional study may
lead to selection bias; the probability of participation may be related to both the studied outcome and the
exposure. In addition, exposure information is always collected retrospectively, often-tspsei§, and may
be affected by the disease, i.e. recall bias.

12.1.2 Mobile phone use

At the time of the previous WHO review, only a handful of epidemiological studies were available,
mostly focusing on occupational exposures and cancer mortality, astlishyp on mobile phone us&o date,
over 30 studies of mobile phone use and brain tumour risk have been condates of them reported in
multiple publications, or with several folleups, or elaborations of exposure assessment and study designs
Most d them have used a casentrol design and only few were cohort studies. In addition, a large number of
studies present results for other tumour types. Only one study so far has addressed tumour risk inTtieldren.
literature search covering the pericghdary 1, 1992 December 31, 2013 identified 617 potentially relevant
papersand an additional five studies were identified through hand search. After exclusion of irrelevant studies,
commentaries, review articles, and duplicate reports, 69 articlesfullgreesviewed. One study on survival was
excluded(Hardell & Carlberg, 20183 and one study did not provide enough information for assessment of the
inclusion criteria, and is briefly desbed, but not tabulated. The remaining articles are reviewed in full below.

The available evidence is presented below in a subsection for brain tumours, which includes brain
tumours overall, glioma, meningioma, acoustic neuroma, and brain tumours irechiéard another section
presents the studies of salivary gland tumours. The last section discusses the studies of other tumour types. For
adult brain tumours, the studies are in addition divided into cohort studies arcboasd studies, and within
eachof these sections studies are presented together when published by the same research group, in the same
geographical area, or as part of a consortium. Otherwise the studies are presented according to publication year.

12.1.2.1 Brain tumours
Cohort studies

Only three cohort studies have so far been conducted that are focused on RF exposure from mobile
phone use, of which one is essentially uninformative because of small numbers and shoudolidwe two
other cohort studies have published one or sevgrdates with longer followp time than in the originally
published study. In this section, all updates are presented as the early publications provide essential information
for the evaluation of potential natifferential exposure misclassification in thealyses of longer followp
periods, and for the evaluation of potential random variation. Details of the results are shown in Table
12.1.2.1.1.
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An early study from the UfDreyer, Loughlin & Rothman, 199%entified a cohort of mobile phone
users (n=28%61)through two mobile phone operators and compared espesgfic mortality among harleld
mobile phone users with those who used-handheld mobile phones, i.e. mobile phones where the antenna is
not situated on the handset (e.g. car phonesphages).Information about mortality was obtained from the
National Death Index. The followp of the cohort was blocked by a lawsuit after only one year, and therefore
mortality data were available only for 1994. In total, only 6 deaths from brain cancer weigeidefThe short
follow-up and small numbers makes the study largely uninformative.]

A Danish cohort study identified all mobile phone subscriptions through the Danish mobile phone
operators from the start of mobile phone services in 1982 until thefex@956 (Johansen et al., 2001 total
723421 sulscriptions. The subscriptions were linked to persons through the Danish population registry. The
cohort was restricted to private subscribers because corporate subscriptions (in t&@r)266uld not be
linked to an individual. Other reasons for exatusivere e.g. failure of the linkage to the population registry and
duplicates. The final cohort included 4@95 mobile phone subscribers, and in the first publication from this
cohort, subscribers were followed from first subscription until the end d,J@8igration or death, whichever
occurred first. The average follewp was 3.1 years (rangé1b years), and 85% of the cohort were male, 58%
were younger than 50 years at the time of the first subscription, and only 6% were 60 years or older. Information
was available on year of the first subscription and type of system (analogue or digital), but no information on
amount of phone use. Cancer incidence in the cohort was ascertained by linkage to the Danish Cancer Registry.
Standardised incidence ratios R¥were calculated comparing cancer incidence in the mobile phone subscriber
cohort with national rates allowing for age, sex and calendar period. In total, 154 cases of nervous system
tumours were identified in the subscriber cohort during the studydyesgsulting in an overall SIR of 1.0 (95%
C1 0.81.1). Results did not differ between analogue and digital phone users, and did not change with duration
since start of subscription; t he SI R fib6) Odpecificear s s i
types of brain tumours analyses were only made for ever having had a subscription; for glioma SIR was 0.94
(95% CI 0.721.20), with no substantial differences between various locations (SIR for the temporal lobe was
0.86; 95% CI 0.421.54), formeningioma 0.86 (95% CI 0.249.40), and for nerve sheath tumours (the majority
of which is acoustic neuroma) 0.64 (95% CI 0.2@2). [The results in this publication are only informative for
shortterm mobile phone use; 69% of the cohort started thbscsiption 1995 or 1996. This first analysis of the
cohort is mainly of interest as it demonstrates that dbam mobile phone use did not lead to a higher
incidence of brain tumours in the cohort than in the general Danish population, which meapdatest af the
cohort for analyses of longéerm use are unlikely to be affected by misclassification from new -s#ront
mobile phone users in the Danish population during additional fallowecause the incidence rate in this
group would be similar tchat of the norexposed populatioh

The Danish cohort study was updated by Schiz 28069 by extending the followup with an
additional 7 years, through December 31, 2002. In the updated analyses, members of the subscriber cohort were
excluded from the calculations of the national incidence rates used for estimation of SIR, to reduce potential
nortdifferential exposure misclassification. As in the first follow, adjustment was made for age, sex and
calendar period. In total, 580 tumours of the brain and nervous system were identified during the entire study
period, including also the 154 caskglentified in the first follomup. The SIR for ever being a mobile phone
subscriber was estimated at 0.96 (95% CI 101805) for men, and 1.03 (95% CI 0i8226) for women. Risk
did not increase with increasing duration of subscription, there was evendhuced ri sk esti mat e
since first subscription (SIR=0.66; 95% 0.0495, based on 28 exposed cases). For specific tumour types
related to ever having had a subscription, SIR for glioma was 1.01 (95% CL(.8% with small differences
between specific locations (e.g. SIR for temporal lobe tumours was 1.21; 95% CL(®G81and for parietal lobe
0.58; 95% CI 0.360.89), for meningioma SIR was 0.86 (95% CI 0.609), and for cranial nerve sheath
tumours 0.73 (95% CI 0.5Q.03). [The resultsanot provide evidence in support of the hypothesis that mobile
phone use increases the risk of brain and nervous system tumours, or specific types of brain tumours, but only a
small proportion of the cohort had used mobile phones at least 10 yearseardubed risk in this category
may be a result of chance. The results are more informative for intermtstiateise; 42% of the persgears
of follow-up refer to at least 5 years since first subscription. The results for smoking related cancergddiscuss
bel ow wunder iOt her cancerso) indicate that, at |l eas
healthier lifestyle than the general Danish population, and the authors show that the early subscribers have
higher socioeconomic status. Gliomarnist, however, associated with lifestyle factors such as smoking or
alcohol consumption, and if anything, the incidence is higher among persons with higher socioeconomic status.]

A third follow-up of acoustic neuroma incidence in the subscriber cohert £@98 until the end of
2006 was focused on loxigrm use(Schiz et al., 2091 Informaion was also collected on marital status and
various indicators of socioeconomic status through me
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existing nationwide cohort created in 1990. After linkage of the two coh@88865 persons wit22 884931
personyears of followup were available for analyses. Incident cases of acoustic neuroma were identified from

a clinical data base at the main acoustic neuroma treatment centre in Denmark and from the nationwide cancer
registry. Information waalso collected about the size of the tumour and tumour laterality. Analyses were made
with log-linear Poisson regression models, adjusted for calendar period P0#E8 20022006), age, highest

attained educational level, disposable income, and matéthlss A dichotomous exposure categorisation was
used, withthecypoi nt at O11 years, chosen to assure that no
period of mobile phone subscription as the exposed group. In total, 404 acoustic neuromarnasesnith 402

cases in women were identified during the study period. #terg mobile phone use was uncommon among
women, and no case of acoustic neuroma with-tengy use was identified, to be compared to 1.6 expected.
Among men, 15 cases were |letegm users, resulting in an incidence rate ratio (IRR) of 0.87 (95% CIi 0.52

1.46), with adjustment for all potential confounding variables, and essentially the same when adjustment was
limited to age and period. The size and spread of the acoustic neuromastaidoot differ between lorggrm

mobile phone subscribers and others. From another cohort, the authors had collected information on preferences
of side of mobile phone use in the Danish population; 53% preferred the right side, 35% the left, and 13% had
no preference. In lonterm mobile phone subscribers 47% of acoustic neuroma tumours were located on the
right side, while the corresponding proportion among others was 48%. There was no evidence that the
proportion of acoustic neuromas located on thibtréide had increased over time.

A third follow-up was also made of central nervous system tumour incidence in the Danish cohort
from 1990 until the end of 2007, using the same approach as for acoustic neuroma to collect information on
indicators of socioeonomic status for confounding conti@rei et al., 201}l Analyses were also made of the
incidence of all cancers combined and of smoking related cancers. In totdD3p&rsons contributed exposed
personyears to the study. A ongear latency period was used in ttadculations of persepears. Time since
first subscription was categorized intb41 59 010 years. The upper <cid2 egory w
and O13 years when number s a-linbao Rosgbn reglessimn nyodetssathdve r e  ma «
for age, calendar period (199195, 19962002, 20082006), highest attained educational level, and
disposable income. In total, 13D2 cancers among men, and 733 cancers among women had occurred
during the followup period. Corresponding numbdts nervous system tumours were 5111 men, and 5618
women. A slightly reduced overall cancer incidence among men in the subscriber cohort was observed, probably
attributable to a lower incidence of smoking related cancers. For women, the corresponding risla
estimates were close to unity. For central nervous system tumours, all relative risk estimates were close to unity
for both men and women, regardless of time since first use. Also for specific types of brain tumours, relative
risk estimateswere | ose to unity, e. g. for glioma, being a mob
with an IRR of 1.04 (95% CI 0.883.26) in men and 1.04 (95% CI0/1896. 95) i n women. For 013
was 0.98 (95% CI 0.70..36) in men.

[Overall, the seriesfaesults from the Danish cohort study provide no support for the hypothesis that
mobile phone use increases the risk of glioma, meningioma, or acoustic neuroma, either-fantgrarediate
,orlongt er m use, t he | ongest gt bdfihe Pamiahrcshort siidy are thenppospectivea nt s t
registration of mobile phone start year, independent of the disease, which prevents recall bias, and the
completeness of followp through the population registry and high quality cancer registry, whisbeit
selection bias. Limitations are the inability to identify users of corporate subscriptions, and lack of information
about amount of phone use. In the first analysis of the cohort, comparisons were made with national cancer
incidence rates, and thelwort was included also in the comparison group. The effect on the risk estimates
introduced by this nodifferential exposure misclassification is, however, minor, as mobile phone use was still
very uncommon in the Danish population at this time, andtangally increased incidence among mobile
phone users would not have any substantive effect on the national incidence rates. In the updates of the analyses
the subscriber cohort was excluded from the calculation of national incidence rates. Inabitigntiéy i
corporate subscribers mainly reduces the statistical power, but have little effect on the risk estimates as they
constitute |l ess than 5% of t he winadskid®. his plso pnlikéyahati on age
someone would have a subscription for someone else, without being a mobile phone user him/herself, as this
was in the beginning of the era of mobile phone use when it was very expensive to make mobile phone calls.
Thus, the effect of the nedifferential exposure misclassification introduced from using subscriptions to
identify mobile phone use is likely to be minimal. Control of confounding was made to the same extent as in
most caseontrol studies, which make analyses of time since first suliseripomparable to analyses of time
since first use in the casentrol studies. Without information about amount of mobile phone use, the study is
unlikely to be able to detect an increased risk if it is restricted to a small subgroup of heavy moleilagzer
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A prospective cohort study was conducted in the UK by Benson amebit@rs, as part of the
Million Women Study(Benson et al., 2013aBetween 1996 and 2001, 1.3 million women were recruited to the
cohort through the national breast cancer screening programme. The cohort is contacted with questionnaires
regularly, ad in 19992005, 65% of the originally recruited women answered baseline questions on mobile
phone use: how often (never, less than once a day, every day) and how many years they had used a mobile
phone. In 2009, new and more detailed questions on mohileeplise were asked, but these were only used in
the current study for sensitivity analyses. Mobile phone use was reported by 34% of the women who answered
the questionnaire in 1999 and 79% reporting in 2005. In 2005, 32% had used a mobile phone pééeastrd
total, 791710 women free of cancer at baseline were followed for cancer occurrence from the time they
answered the 1992005 questionnaire until the end of 2009, with an average faljpwme of 7 years. Cox
regression models were used for geak, and control of confounding was made from age, area based
socioeconomic status, geographical region, height, BMI, smoking, alcohol, strenuous exercise, and menopausal
hormone therapy. Sensitivity analyses were performed to avoid bias from prodyonpabimis by excluding
the first three years of followp in the analyses of nervous system tumours. In addition, a sensitivity analysis
excluded women who answered the questionnaire ’Z8® to reduce potential exposure misclassification, as
many of thesavomen may have changed their mobile phone use during the fopoperiod. In total, 5680
incident invasive cancers and 562 sowasive intracranial central nervous system (CNS) tumours were
identified, of which 1261 were intracranial CNS tumours, idicig 571 glioma, 251 meningioma, 110 pituitary
tumours, and 96 acoustic neuromas. No risk increase was found for glioma; >10 years of mobile phone use was
associated with a RR of 0.78 (95% CI 0.53.0). The corresponding result for meningioma was 1.1% (@b
0.66'1.84). For pituitary tumours a raised risk was observed for ever having used a mobile phone (RR=1.52;
95% CI 0.992.33), but with no doseesponse pattern with duration of use. For acoustic neuroma, the observed
risk estimate increased with inassng mobile phone duration from >5 years of phone use, and for >10 years of
use the RR was 2.46 (95% CI 1i67/64). Risk estimates did not vary with amount of use for any of the tumour
types; for glioma the RR for daily use was 0.8 (95% CI101564), andor acoustic neuroma 1.37 (0i&.07).
The sensitivity analyses did not give materially different results. [The strength of this large cohort study is the
prospective design with individual information on amount of mobile phone use, which prevents thie maj
sources of bias identified in the casentrol studies, i.e. recall bias and selection bias, and reduces non
differential exposure misclassification, identified as a limitation in the Danish cohort study. Adjustment for a
large number of potential confading factors is another strength. Available information on amount of phone
use did not allow identification of the heaviest users. Sensitivity analyses did not indicate dilution of risk
estimates by changed habits of mobile phone use during folow e statistical power was good for glioma
and meningioma, but limited for acoustic neuroma, as shown by the wide confidence intervals. Finding an
increased risk of acoustic neuroma already after 5 years of mobile phone use seems unlikely to reflect causality
given the slow growing nature of this tumour ty@@éomsen & Tos, 1990 There is a possibility that mobile
phone use leads to an earlier detection of an acoustic neuroma, by making the person aware of a unilateral
hearing loss, which may be an altermatiexplanation for the observation of an increased risk after a short
induction period. The study found a reduced risk for lung cancer (discussed below), which indicates that the
mobile phone users have a healthier lifestyle. As discussed above, glioden@echas not been shown to be
related to smoking or other lifestyle factors despite considerable research efforts, and none of the known risk
factors would explain a reduced glioma risk associated with mobile phone use.]

An updated followup of the Million Women cohort to 2011 was later presented in a letter to the
editor (Benson et al., 2013pincluding 1727 intracranial CNS tumour, of which 875 were glio3@7
meningioma, and 126 acoustic neuroma. Analyses were conducted in the same way as in the first study
di scussed above. For gl i oma, the RR associatédd with
0.96), for meningioma 1.08 (95% CI 017849),and for acoustic neuroma 1.17 (95% 0.B@7). [From this
update it is clear that the statistical power for acoustic neuroma is limited, although somewhat better in the
update, while results for glioma and meningioma seem to be quite stable.]



Table 12.1.1. Cohort studies of mobile phone use and brain tumours

Country No. individuals Outcome Exposure No. exp Relative risk/SIR Comments Reference
Time Source cases (959 CI)
period
Age range
Denmark 420 095 mobile Brain and Ever subscriber 154 1.0 (0.8-1.1) Standardized Johansen et
1982-1995 Phone subscribers nervous system  eyer subscriber. men 135 0.95 (0.79-1.12) incidence ratios, by al. (2001)
) ; ) ' ' o age and sex.
018 Comparison group: Ever subscriber, women 19 1.03 (0.62-1.61) g )
national incidence . ] ) o All subscribers
rates Time since first subscription included in
<1 year 43 0.8 (0.6-1.1) calculations of
1-4 years 87 1.1(0.9-1.3) national incidence
. rates, but constitute a
O5 years 24 1.0(0.7-1.6) small proportion of the
population.
Denmark 420 095 mobile Brain and Ever subscriber, men 491 0.96 (0.87-1.05)  Standardized Schiz et al.
1982-2002 Phone subscribers nervous system  gyer subscriber. women 89 1.03 (0.82-1.26) incidence ratios, by (2006¢)
. ; ' ' ' ' age and sex.
a8 The whole Danish Time since first subscription g X
population The subscriber cohort
<1 year 51 0.90 (067-118) was not included in
1-4 years 266 1.03 (0.91-1.17)  calculations of
5-9 years 235 0.96 (0.84-1.09) ”it'ona' incidence
. rates.
010 years 28 0.66 (0.44-0.95)
~200 000 corporate
subscribers included
Glioma Ever subscriber 257 1.01 (0.89-1.14)  in comparison group,
Meningioma Ever subscriber 68 0.86 (0.67-1.09) gg/nstfltute less tl“(ljan
' of unexposed.
Nerve sheet Ever subscriber 32 0.73 (0.50-1.03) ’ P
tumours, cranial
nerves
(acoustic
neuroma)
Denmark 358 403 mobile Brain and Ever subscriber, men 714 1.02 (0.94-1.10)  Log linear Poisson Frei et al.
1990-2007 Phone subscribers  nervous system  gyer subscriber. women 132 1.02 (0.86-1.22) regression models, (2011)
S All Danes born in . : s - adjusted for age,
030 Time since first subscription ;
Denmark in 1925 P calendar period,
or later and alive in Men highest attained
1990, 3.21 million 1-4 years 180 1.07 (0.92-1.24) g_ducat'%rlh _
; isposable income.
Pe{ﬁO"CSAr’lIC&ULC:ed 5-9 years 258 095(0.83-1.08) _ P y
in the i xposed were
cohort 010 years 276 1.06 (0.94-1.20)  gypscribers between
10-12 years 187 1.08 (0.93-1.25)  1987-1995. Non-
013 years 89 1.03(0.83-1.27)  subscribers

Time since first subscription
Women
1-4 years
5-9 years
010 years
10-12 years
013 years

34 0.97 (0.69-1.36)
58 1.05 (0.81-1.37)
40 1.03 (0.75-1.40)
34 1.05 (0.75-1.47)

6 0.91 (0.41-2.04)

comparison group.
Corporate subscribers
could not be
identified, constitute a
small proportion of the
unexposed
population.



Glioma

Meningioma
Denmark 2883 665 Danes  Acoustic
1998-2006 Included in the neuroma
030 CANULI cohort

Men
Ever subscriber
Time since first subscription
1-4 years
5-9 years
010 years
10-12 years
013 years
Women
Ever subscriber
Time since first subscription
1-4 years

5-9 years
010 years
Men

Ever subscriber

Time since first subscription
1-4 years

5-9 years

010 years
Women

Ever subscriber

Time since first subscription

1-4 years

5-9 years

010 years
Mobile phone subscription
011 years
Men

No

Yes

Women

No

Yes

324

85

122

117

80

37

32

14
10

50
15
14
21

30

13

389
15

402

1.08 (0.96-1.22)

1.20 (0.96-1.50)
1.05 (0.87-1.26)
1.04 (0.85-1.26)
1.06 (0.85-1.34)
0.98 (0.70-1.36)

0.98 (0.69-1.40)
0.87 (0.43-1.75)

1.02 (0.60-1.72)
1.04 (0.56-1.95)

0.78 (0.58-1.05)

0.92 (0.55-1.56)
0.56 (0.33-0.96)
0.90 (0.57-1.42)

1.02 (0.71-1.47)
1.08 (0.56-2.09)

1.04 (0.60-1.79)
0.93 (0.46-1.87)

1.0
0.87 (0.52-1.46)

No exposed case,

1.6 expected

Log linear Poisson
regression models,

adjusted for age,
calendar period,
highest attained
education,

disposable income,

marital status.
Exposed were

subscriber:

years. Non-
subscribers and

subscribers <11 years

were comparison
group. Corporate

subscribers could not

be identified,
constitute a small
proportion of the
unexposed
population.

Schiz et al.
(2011)




UK

1999-2005
i followed
through
2009

Mean age
60.3 (SD
5.1)

791 710 women
participating in the
UK Million Women
Study, who
answered a base-
line questionnaire
1999-2005

Intracranial
CNS tumours

Glioma

Meningioma

Acoustic
neuroma

Ever mobile phone user
No

Yes

Duration of use

<5 years

5-9 years

010 years
Frequency of use
<Daily

Daily

Ever mobile phone user
No

Yes

Duration of use

<5 years

5-9 years

O 1 gears

Frequency of use
<Daily

Daily

Ever mobile phone user
No

Yes

Duration of use

<5 years

5-9 years

010 years
Frequency of use
<Daily

Daily

Ever mobile phone user
No

Yes

Duration of use

<5 years

5-9 years

010 years
Frequency of use
<Daily

Daily

507
754

203
406
103

664
90

237
334

89
185
40

298
36

102
149

41
82
20

130
19

29
67

19
38

59

1.0
1.01 (0.90-1.14)

1.00 (0.84-1.20)
1.02 (0.89-1.17)
1.02 (0.81-1.27)

1.02 (0.90-1.15)
1.00 (0.80-1.26)

1.0
0.91 (0.76-1.08)

0.93 (0.71-1.21)
0.92 (0.75-1.13)
0.78 (0.55-1.10)

0.92 (0.77-1.10)
0.80 (0.56-1.14)

1.0
1.05 (0.81-1.38)

0.88 (0.60-1.31)
1.21 (0.89-1.65)
1.10 (0.66-1.84)

1.05 (0.80-1.37)
1.11 (0.67-1.85)

1.0
1.44 (0.91-2.28)

1.00 (0.54-1.82)
1.80 (1.08-3.03)
2.46 (1.07-5.64)

1.45 (0.91-2.31)
1.37 (0.61-3.07)

Prospectively

Benson et

collected self-reported al. (2013a)

information on mobile
phone use.
Definition
not require a minimal
amount of use.

Cox proportional
hazards models
adjusted for age, area
based socioeconomic
status, geographical
region, height, BMI,
smoking, alcohol,
strenuous exercise,
menopausal hormone
therapy.




UK Same as above: Intracranial Ever mobile phone user Same study as above Benson et
1999-2005 791710 women ~ CNStumours  yeg 0.94 (0.85-1.04)  updated with an al. (2013b)
i followed participating in the 1727 cases Duration of use additional two years
through UK Million Women follow-up.
2011 Study, who <5 years 0.99 (0.83-1.17)  Numbers of exposed
answered a base- 5-9 years 0.93 (0.82-1.06)  cases not given.
line questionnaire 010 years 0.90 (0.77-1.05)
1999-2005 . :
Glioma Ever mobile phone user
875 cases Yes 0.86 (0.75-0.99)
Duration of use
<5 years 0.96 (0.75-1.23)
5-9 years 0.86 (0.72-1.02)
010 years 0.77 (0.62-0.96)
Meningioma Ever mobile phone user
397 cases Yes 1.01 (0.82-1.25)
Duration of use
<5 years 0.90 (0.63-1.28)
5-9 years 1.04 (0.80-1.34)
010 years 1.08 (0.78-1.49)
Acoustic Ever mobile phone user
neuroma Yes 1.19 (0.81-1.75)
126 cases Duration of use
<5 years 0.94 (0.53-1.66)
5-9 years 1.46 (0.94-2.27)
010 years 1.17 (0.60-2.27)
271
272  Case-control studies
273 Altogether 28 casecontrol studies of mobile phone use and brain tumours have been conducted.
274  Several of these studies have also been included in pooled analyses. Some of the Interphone studies have not
275 been published separately and were only included in a pooledssnaljost of the studies have included
276  several types of brain tumours: glioma, meningioma and acoustic neuroma, and some have also provided
277  analyses of all types of brain tumours combined. Some studies have focused on a single type of brain tumour,
278 e.g. gloma, or acoustic neuroma. To facilitate comparability between studies and between tumour types, Table
279 12.1.2.1.2 below presents brain tumour results focused on ever mobile phone use and categorized according to
280 time since first use, with results withinakastudy stratified on specific tumour types, while Table 12.1.2.1.3
281  presents the corresponding results for measures of amount of mobile phone use, i.e. cumulative call time and
282  cumulative number of calls.
283  Hardell studies
284 Hardell and ceworkers conductd a caseontrol study of mobile phone use and brain tumours in
285  Sweden(Hardell et al., 1999 with case recruitment from regional cancer registries in two geographic regions
286  during 199496 (Uppsala/Orebro) and 1998 (Stockholm). Only patients who were still alive when recruited
287  to the study were included. In total, 270 braimtwr cases were identified, of whom 37 were excluded because
288 they were too ill to participate, and 8 cases because they were not primary brain tumours. Finally, 209 cases
289 participated in the study. The participation rate is reported to be 90%, but agcrdionventional standards,
290 cases who were too ill, as well as deceased cases, should have been included in the denominator. Thus, the
291 participation rate is likely to be much lower. Two controls per case were selected from the population register
292  matchedto cases on sex, age, and geographic region, and 425 (91%) agreed to participate. Information about
293  mobile phone use was collected through a postal questionnaire complemented with a telephone interview. Of the
294  cases, 37% had used a mobile phone (defineat =sast 8 h in total, with a one year latency period) and the
295  corresponding proportion among the controls was 38%. Hours of phone use was categorized according to the
296 median value among the controls (224 h for analogue and 88 h for digital phones)tioGahdbgistic
297  regression was used to estimate ORs. There were no associations between mobile phone use and all brain
298 tumours combined (OR=0.98; 95% CI 0.6%41), malignant brain tumours (OR=0.98; 95% CI 01630),
299 meningioma (OR=1.05; 95% CI 0.4®.27) or acoustic neuroma (OR=0.78; 95% CI 04.20), nor were there
300 any associations with analogue or digital phone use considered separately, whether for 1, 5 or 10 year latency
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periods, and no dosesponse or significant laterality effects were seen. &usnt reanalysis of the same
laterality data (side of phone use versus side of tumour occurrence) showed an association of borderline
significance between ipsilateral mobile phone use and temporal, temporoparietal and occipital tumours
combined (Hardell et al., 200 but also a risk reduction at other locations. [Despite apparently high
participation rates, only about one third of the total number of brain tumour cases appears to have been included
in the study(Ahlbom & Feychting, 1999 Some, but not all, of the discrepancy is likely to be explained by the
poor prognosis of the disease. No rationalgiven for grouping tumours with temporal, temporoparietal and
occipital location. Increased risk estimates at some locations and reduced risk estimates at other locations
suggest that random variation or bias may have affected results in these subghgagsgn

A second caseontrol study of brain tumours was conducted by Hardell angartiers(2002), with
case recruitment during 1902000 in four Swedish geographic regions. After exclusion of patients with
erroneous diagnoses (e.g. metastasis, wrong date of diagnosis), 2253 eligible cases wera. iQeyifomases
alive at the time of recruitment were included, and 1429 answered the questionnaire (63% of eligible). One
control per case matched to cases on age, sex and geographic region was selected from population registers
(n=1617). In total, 1429 ctmols participated (91%). Information on exposure to cellular and cordless phones
was collected through mailed questionnaires and was completed over the phone. Analogue phones had been
used by 17% of cases and 15% of controls, with a one year latencg, gmriowith no requirement for a lowest
amount of use, which is a difference compared to the first study where a minimum of 8 h was required. Digital
phones had been used by 30% of both cases and controls. Hours of phone use was categorized acaording to th
median value among the controls (85 h for analogue and 55 h for digital phones). Conditional logistic regression
was used to estimate ORs, and included 1303 complete pairs (58% of cases and 81% of controls). No additional
potential confounders were inded. Ever use of an analogue mobile phone was associated with an OR of 1.3
(95% CI 1.021.6) for all brain tumour types combined, a result driven by acoustic neuroma (OR=3.5; 95% CI
1.8/6.8); no associations were found for malignant brain tumours (OR€43%;CIl 0.8 1.6), or benign brain
tumours other than acoustic neuroma (for meningioma OR=1.1; 95%.8)7All results for digital phone use
and use of cordless phones were close to unity. No consistentedpemse patterns were observed with
cumulativehours of phone use. Swmalyses with different latency periods showed no coherent patterns for any
tumour types. ORs for acoustic neuroma were of the same magnitude foteshorise (L5 years) as for
intermediate and lonterm use (>10 years). Resuliscording to location of the tumour were also driven by
acoustic neuroma (defined as occurring in the temporal area, although acoustic neuromas are actually located on
the vestibular portion of the eighth cranial nerve). [The authors report a higher sespate, but
unconventionally exclude from the denominator cases who were too ill, deceased, whose physician did not
allow contact, or had no known address. Overall, the proportion of mobile phone users in the second study
seems to be unexpectedly low.is$t noteworthy that the reported prevalence of mobile phone use had not
increased much between the first and second Swedish study; the increase in the proportion of users among
controls is at the most 6%. According to the Swedish Post and Telecom Agenayntber of mobile phone
subscriptions divided by the total Swedish population size (including also age groups with no mobile phone use)
increased from 28% to 71% between 1996 and @00, 201). Although some persons may have had
multiple subscriptions, these cannot explain the entire difference in the increase in proportion of users. In
addition, the second study had no requirement on amount of use to be defined as a mobilesphdrietughe
first study had, reflected by the higher median hours of use in the first study compared to the second. Therefore,
an even higher increase in the proportion of mobile phone users would have been expecteatiriisistiered
paper questionnarhas the disadvantage that it immediately reveals all questions to the participant, and with no
clear definition of mobile phone use in terms of amount required, participants with small amounts of phone use
may be more inclined dtohecamnplcated follovipngoestions that need th lee Yilleds e
out after a fAyesodO answer . It is also I|likely that t
between diagnosis and case recruitment tends to lead to loss of high gradestumsubstantially increased
risk for acoustic neuroma already after less than 5 years of phone use is unlikely to reflect causality as this is a
slow growing tumour likely to have been present several years before de(@tiionsen & Tos, 1990

In further analyses of malignant brain tumours in the same matétéaabell, Hansson Mild &
Carlberg, 200® increased risks were reported for ipsilateral use of mobile phones, although with no coherent
pattern with lateng periods or amount of use. Furthermore, reduced risks for contralateral use were also
observed. For example, the risk for malignant brain tumours associated with ipsilateral use of an analogue
mobile phone was 1.85 (95% CI 1iP696) whereas the risk faontralateral use was 0.62 (95% CI G.83.1).
A similar pattern was found for use of digital phones. These analyses were adjusted fecsnoimic status.

In a third paper on the same material, the authors report results where the matching had been
relved, using unconditional logistic regression to estimate (Rsdell, Hansson Mild & Carlberg, 2003
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The exposure definition had also changed, comparétktoriginal paper, defining the unexposed group as not
using any type of mobile or cordless phone. Generally, results were similar to the two previous papers, except
that the reduced risks for contralateral use had disappeared, and there appearectiatibe with phone use

latency, which was not seen in the original analyses. Socioeconomic status was added as a potential confounder,
but matching variables were only partially controlled for (age and sex, but not geographical region). [As results
of mached analyses with the new exposure definition were not presented or discussed, there is no possibility to
assess the impact on the results from resolving the matching.]

A number of additional ranalyses of these data have also been published. One publication stratified
analyses on age at diagno@iardell et al., 2004) and found the highest ORs in the youngest age grotip (20
29 years). The OR for use of an analogue phone with >5 years latency was 8.17 (95% Tl)a8d for
cordlessphones 4.3 (95% CI 1.225) for all brain tumours combined. Another publication stratified data on
population densityHardell, Carlberg & Hansson Mild, 200ptas mobile phone base stations are more densely
situated in urban areas, which gives loveserage output power levels during phone calls in urban compared
with rural areagLonn et al., 2004} and therefore RF exposure during a mobile phone call is hypothesized to
be higher in rural than in urban areas. Thamalysis of the caseontrol data found risk estimates that were
highest in rural areas for use of a digital mobile phone at least 5 years prior to diagnosis, with an OR for use in
rural areas of 3.2 (95% CI 1.2.4), compared to 0.9 (95% CI 0564) in urban eeas, but the results were based
on very small numbers. In addition, risk estimates for cordless phones were also higher in rural areas. [If RF
fields were causally related to brain tumour risk one would not expect the risk associated with cordless phone
use to be higher in rural areas than urban as the cordless phone base station is placed inside the home and
exposure levels are therefore independent of population density.]

A third casecontrol study of mobile phone use and brain tumours was performeaolelHand ce
workers, published in two papers, benign and malignant brain tumours sep@tatelgll, Carlberg & Hansson
Mild, 2005g 20069. Incident cases of brain tumours aged &Dyears diagnosebetween July 1, 2000 and
December 31, 2003 were identified through the regional cancer registers covering the geographical regions of
Uppsala/Orebro and Linképing in Sweden. In total, 1097 eligible patients with primary brain tumours were
identified, and729 participated in the study (66% of eligible). The participation rate is reported to be 88% for
malignant and 89% for benign tumours. [As in the previous studies, participation rates are unconventionally
calculated; i.e. omitting a large proportion ofses from the denominator (e.g. deceased cases). The
participation rate is likely to be lower for malignant brain tumours than for benign because of the poorer
prognosis (91% of deceased cases had a malignant tumour), and is probably below 60% fortrhatigoas).
One control per case was randomly selected from the population registry matched to cases oiyegeages
groups, in total 820 controls, of whom 692 participated (84%). Information on exposure to cellular and cordless
phones was collectethrough mailed questionnaires and was completed over the phone. Analogue phones had
been used by 18% of cases and 11% of controls, with a one year latency period, defining use as any mobile
phone use, regardless of total amount of use. Digital phones leadused by 57% of cases and 50% of
controls. Hours of phone use was categorized according to the median value among the controls (80 h for
analogue and 64 h for digital phones). Unconditional logistic regression was used to estimate ORs, ignoring the
matching, with adjustment for age, sex, socioeconomic status and year of diagnosis; all controls were used in the
analyses of all specific types of tumours.

For all malignant tumours combined, an odds ratio (OR) of 2.6 (95% C#.Bwas reported for
any useof an analogue mobile phone at least one year prior to diagnosis. The corresponding result for digital
phones was 1.9 (95% CI 137) and for cordless phones 2.1 (95% CIi 3.8). For phone use starting 5L
years prior to diagnosis a risk estimate foligrant tumours of 1.6 (95% CI 1.2.4) was reported for digital
phone use, and 1.8 (95% CI 1228) for cordless phones. No case and 3 controls had used an analogue phone
with such short latency. With >10 years latency period the risk estimates weB5%32( 2.06.4), 3.6 (95%
Cl 1.77.5) and 2.9 (95% CI 1i6.2) for analogue, digital and cordless phones, respectively. Risk estimates
were higher for high grade astrocytoma. In analyses of the total number of hours of phone use dichotomized at
the mediarhours among controls, risk estimates were generally higher in the highest exposure category; >80 h
of analogue phone use was associated with an OR of 4.0 (95%iCI3),2igital phone use >64 h with an OR
of 2.4 (95% CI 1.63.7), and cordless phone us#3 h with an OR of 2.4 (95% CI 1.5.6).

For meningioma, any use of an analogue mobile phone at least one year prior to diagnosis was
associated with an OR of 1.7 (95% CI 0.90), and for >10 years of use the OR was 2.1 (95% CHK13). For
digital andcordless phones the ORs were identical for any use at least 1 year before diagnosis, OR=1.3 (0.9
1.9), while >10 of use of a cordless phone was associated with an OR of 1i8®).9&n amount of use above
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median was associated with an OR of 2.2 (95%1.@14.3) for analogue phone use, 1.7 (95% CI 2.&) for
digital phone use, and 1.7 (95% CI11216) for cordless phone use.

For acoustic neuroma any analogue phone use was associated with an OR of 4.2 (95%03! 1.8
digital phones 2.0 (95% CI 1.08.8) and cordless phones 1.5 (®). Risk estimates were raised for all
latency periods of use of analogue phone§;5>lears was associated with an OR of 9.9 (95% G168} for
5i 10 years the OR was 5.1 (95% CIi118) and for >10 years 2.9 (95% CI 0890). Few cases had started to
use a digital or cordless phone more than 10 years prior to diagnosis. Risk estimates for shorter latency periods
of digital or cordless phone use were generally raised but not significantly; a significantly raised riakeestim
was only found for digital phone use startingi 28 years prior to diagnosis (OR= 2.7; 95% CIi5.3).

Amount of use above median total hours were associated with ORs 6.0 (95% 171) 225 (95% CI 1.125.2),
and 1.7 (95% CI 0i8.5), for analogue,idital, and cordless phone use, respectively.

Risk estimates for different anatomical locations of the tumour did not differ much for malignant
tumours; they were slightly higher for frontal lobe tumours than for tumours in the temporal lobe or at other
locations. For benign tumours (excluding acoustic neuroma), odds ratios were higher for temporal lobe tumours;
ORs over 2 were observed for tumours in the temporal lobe already within 5 years of use of digital and cordless
phones, and for >10 years of phomge ORs were above 5 for all three types of phones (all cases in this
category had meningioma).

Results did also not vary much according to laterality of phone use in relation to laterality of the
tumour; e.g. for malignant tumours increased risks wareddor both ipsilateral and contralateral phone use in
all analyses except for digital phone use where the OR for contralateral use was not statistically significantly
raised. The same pattern was seen for acoustic neuroma.

[Compared with the earlier sties by Hardell and ecworkers, reported risk estimates in the third
study are considerably higher in all exposure categories, also for very short durations of exposure. For example
for malignant brain tumours, the OR for digital phone use with a lateségdoof I 5 years was 1.6 (95% CI
1.112.4; 100 exposed cases) whereas in the second study, with case recruitment durirRpQD9he
corresponding result was 1.08 (95% CI 0.B43; 100 exposed cases, latency perib@ years). In the first
study (caseecruitment 19911996) an OR of 0.98 (95% CI 06B50; 53 exposed cases) was reported for >1
year of mobile phone use. This pattern is similar also for cumulative hours of use categorized according to the
median hours among controls. The third study respdoseresponse patterns for both malignant and benign
tumours, whereas no consistent dosgponse patterns were found in the first two studies. For analogue phones
the median cumulative hours of use among controls was 224 h in the earliest studg,tB8 keicond and 80
hours in the third. The corresponding numbers for digital phones were 88 h, 55 h, and 64 h. The first study
required a minimum amount of 8 cumulative hours of use to be regarded as a mobile phone user, while the
second and third studiémd no such requirements. This may explain the higher amount of use in the first study
despite the early observation period. The low prevalence of mobile phone use in the third study is surprising,
especially when considering that no minimum amount of wae required; only 51% of the controls were
mobile phone users (56% of cases). The Swedish Post and Telecom Agency (PTS) reported that 87% of a
random sample of the Swedish population in the age rangés Mears were mobile phone users in 2002, and
90% in 2003(PTS, 2003 The questionnaire used was the same as in the second study discussed above, and
required the participantsd ability to distinguish bet
three types of phones separately, the participants were asked thatatetage minutes per day that they had
used the mobile phone encompassing their entire history of mobile phone use, i.e. one estimate that should cover
up to around 15 years of mobile phone use, with no place to report changes in these habits. Thistimakes
of cumulative hours of phone use likely to be highly uncertain, as the amount of mobile phone use has changed
dramatically since mobile phones became available. Similarly, the proportion of time that a hands free device
had been used was alsolymasked once, with only one short line to state the years, and no place to report
changes. The side of the head where the phone was held were only referring to present time, i.e. when the
guestionnaire was filled out, with no room to report changes. Raieal is likely in such unspecific exposure
measures. Al | participants were contacted by teleph
informationd by an i nt eontrol statue Mhe tadthars dowat sepoti Whethegl thet 0 ¢ a s
recorded how often the interviewer by accident found out theaaseol status during the interview, which
seems likely to be common considering that interviews were made with cases who had been diagnosed with a
life threatening disease, or a diseds#t tay have affected their mobile phone habits through unilateral hearing
loss. And of course, cases and controls are not blind to their own disease status when they answer the
guestionnaire. Thus, participants and personnel in this type of epidemibktgitya can never be blinded in the
same way as in an experimental study.]
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Hardell and ceworkers conducted a study of deceased cases of malignant brain tuimardsll,
Carlberg & Hansson Mild, 20)0who would have been included in the second and third of their previous
studies(Hardell et al., 2002Hardell, Carlberg & Hansson Mild, 2006btad they not died before being
contacted for inclusion in these studies. The study included 535 deceased casgignaininbrain tumours
diagnosed between 1997 and 2002 ageé®@Q@@ears (cases occurring in 2003 were excluded because the Cause
of Death registry was not updated longer than to 2002 when this study started). Deceased controls were selected
from the Causef Death register, matched to cases on year of death, sex, age and geographic region. Two
controls per case were selected; one who had died from another cancer diagnosis, and one who had died from
another major chronic disease such as cardiovascular giseagologic disease, lung disease, gastrointestinal
disease, infection, and diabetes. No relative could be identified for 64 cases, and no control fulfilled the
matching criteria for 7 cases. A questionnaire with questions about the mobile phoneangehibe deceased
case/control was sent to a close relative. Relatives were contacted between November 2006 and August 2008.
Finally, 346 relatives to cases (65% of all deceased, 75% of contacted), 343 relatives to controls who died from
other cancers @R%6) and 276 relatives to controls who died from other diseases (60%) participated in the study.
Results were very similar to the results from the pooling of the two originalcoasdeol studies (discussed
below), except that no raised risks were foundufse of cordless phones. [A severe limitation of the study is the
reliance on the ability of close relatives to report correctly about mobile phone use for distant time periods for a
relative who died from a malignant brain tumour several years earlier.alithors discuss that the use of
controls who had died from other cancer types or some other malignant disease would offset recall bias when
relatives report on the subjectsd past mobile phone
have died from other cancers or from other diseases such as cardiovascular diseases would believe that mobile
phone use had caused the disease that their relative died from, as is likely to be the case for relatives of many
cases of malignant brain tumaeurespecially as headlines about mobile phone use causing brain tumours
appeared several times in the media in connection to the publication of the earlier studies by the Hardell group.
An indication of the difficulty for relatives to report correctly abamount of mobile phone use 10 to 20 years
earlier for their deceased relative is seen in the difference in the median cumulative hours of use reported by
controls in the original studies, compared with that reported by relatives to controls in thisTéteiadpntrols in
the two original studies reported a median of 85 and 80 h for analogue phone use, 55 and 64 h for digital phone
use, and 195 and 243 h for cordless phone use. The relatives of deceased controls reported 149 h for analogue
phone use, 183 tor digital phones use, and 548 h for cordless phone use, even though the time period covered
should be the same. Considering these severe limitations, the results of this study are not tabulated.]

A fourth study of mobile phone use and brain tumours easlucted by Hardell and egorkers,
published in three separate pap€Carlberg et al., 20t3Hardell et al.,2013a b). Incident cases of brain
tumours aged 1&5 years diagnosed during the period 2007 to 2009 were identified through the six regional
cancer registers in Sweden (in one region from 2008)y histologically confirmed cases were included. In
total, 1314 eligible patients with malignant brain tumours and 1010 with benign brain tumours were identified.
593 of the patients with malignant tumours (45% of eligible), and 814 (81%) with benigursiparticipated
in the study. The main reason for Rparticipation among patients with malignant tumours was that the case
had died (the study included only living persons), while the main reason for cases with benign tumours was
refusal. Of the partipating cases with benign tumours, 709 were diagnosed with meningioma and brain
tumours with acoustic neuroma. Other types of benign tumours were rare and were not analysed further. One
control per case was randomly selected from the Swedish populatistryegiatched to the case on age, sex,
and geographic region of residence, in total 1601 controls of whom 1368 (85%) participated; the number of
selected controls was determined after having excluded cases who could not be approached because they had
died,the physician did not give permission or similar reasons. Results for acoustic neuroma were only presented
as pooled with two of the previous studies conducted by the same gitoene the new cases constitute a small
part of the data (73 out of 316 casfibese results are discussed below when pooled results are described].
Information about exposure to cellular and cordless phones was collected in the same way as in previous
studies, i.e. through mailed questionnaires and completed over the phongpérof mobile phone had been
used by 92% of cases with a malignant brain tumour, 84% with meningioma, and 89% of controls, with a one
year latency period, defining use as any amount of mobile phone use and at least 39 h cumulative use of a
wireless phonenfobile or cordless phone). Time since first mobile phone use was categorized-5)to510,
>10-15, >1520, >2025, and >25 years [the maximum time possible for use of a handheld mobile phone is 23
years. Thus, for time periods longer than 23 years cayphones and so called bag phones were available, on
which the antenna was situated far from the body with considerably lower RF exposure to the head. The first
handheld mobile phones were available on the market in Sweden from 1987]. Separate weadysesde for
use of analogue, digital 2G, digital UMTS, and any type of mobile phones, cordless phones, any type of digital
phone (including mobile and cordless phones), and any type of wireless phones. Unconditional logistic
regression was used to esttm®Rs, ignoring the matching, with adjustment for age, sex, socioeconomic status
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and year of diagnosis [the matching variable residential geographic region was ignored]; all controls were used
in the analyses of all specific types of tumours.

For all maignant brain tumours combined, an OR of 1.6 (95% CIi®99 was reported for use of
any type of mobile phone at least one year prior to diagnosis. For mobile phone use st&rtiagré prior to
diagnosis the OR was 1.8 (95% CI1i1304), and the ORs werower, and nossignificant, for starting mobile
phone use during the three times periods between
observed for >25 years since start of mobile phone use (OR=2.9; 95%i®GI8).{this category does not
include any use of handheld phones]. Similar patterns were reported for analogue and digital mobile phone use

>5

separately (only a small number of persons had used UMTS phones longer than 5 years), and also for use of

cordless phones, although for cordlp®nes the highest risk estimate was found in the categoi\26)\ears
since first use (very few persons had used cordless phones longer). For any type of digital phone (digital mobile
or cordless phones) results were very similar to results for corpltes®es [it seems like all cordless phones

were classified as digital, although the first cordless phones were analogue; digital cordless phones became
available on the market |l ate 1992. Thus, t hso anal ys

analogue phones as no digital phones were available early enough to be classified into the categbry >20
years since first use. Furthermore, it seems unlikely that respondents would be able to distinguish between
analogue and digital cordless phonéshke total number of hours of mobile phone use was categorized into
guartiles according to the distribution of any type of wireless phone use among the controf5>3W6

1091, 10922376, >2376 h). For any type of mobile phone use, ORs were abovefamdil categories of
cumulative hours of use, but with no consistent g¢esponse pattern over the first three quartiles (ORs going
from 1.4, 1.7, 1.5), and with an OR of 2.8 (95% CIi#.8) in the highest quartile (which included 25% of
mobile phone sers among cases and 13% among controls). ORs were similar for cordless phone use, although
the ORs in the third and fourth quartiles were slightly higher (2.1 and 3.1). To evaluate potential recall bias,
meningioma cases were used as controls in an amalfysalignant brain tumours in relation to time since first

use, with results that were very similar to the original analysis. [Surprisingly, meningioma cases were not used
as controls in analyses of cumulative hours of use, where recall bias is ef gaatern].

For meningioma, any use of a mobile phone at least one year prior to diagnosis was associated with
an OR of 1.0 (95% CI 0i72.4). ORs were close to unity for all types of phones analysed separately, or together,
and for any latency periods. GRor cumulative hours of mobile phone use were close to or below unity in all

quartiles except in the highest, where ORs were raised for use of analogue and digital phones, as well as for

cordless phones, the latter being 1.8 (95% Q12.8).

For malignat brain tumours, the OR for ipsilateral use of any type of mobile phone was slightly
higher than for contralateral use (OR=1.7; 95% CI 1204 and 1.4; 95% CI 0i8.5, respectively). Similar
findings were seen for cordless phone use. For meningiomatitesponding results did not differ according to
laterality of phone use. Analyses restricted to tumours occurring at temporal, temporofrontal, tempoparietal, or
temporooccipital locations showed higher risk estimates for malignant brain tumours, butwétbaimo

consistent dose response pattern. The highest OR was observed for >25 years since first use (OR=4.8; 95% ClI

1.7 14) [only bag phones and car phones], and the next to highest was in the catéggears since first use
(OR=3.0; 95% CI 1.27.6). A similar pattern was observed for cordless phones. [No analyses were restricted
only to the temporal lobe, and results for other lobes were not shown]. For meningioma, the corresponding
analyses showed results that were similar to the overall findings.

[Effect estimates reported in this fourth study from the Hardell group are lower than those reported in
the third study, for both malignant brain tumours and meningioma. The highest ORs were observed for time
periods when handheld mobile phones were noaiyailable on the market, and for short term usé $ears
since first use). The prevalence of mobile phone use among controls is considerably higher than in previous
studies by the same group, almost 90%, and more in line with other surveys. The Sestliahd Telecom

Agency reported a prevalence of 94% 2007 and 2008,

u s e(BTS, 201). The unexposed group is very small, only 22 cases (3.7%) of malignant brain tumours and
107 controls (7.8%), which affects all analyses. [juestionable whether there were unexposed subjects in all
categories of age and sex. I n previous studies, t
while the fourth study also incl udedotheunespmsedgrong t h
(3 percentile). The reason for choosing this particular cutpoint is unclear, as it does not correspond to a
workweek in Sweden (which the authors claim), the legal working time in Sweden is 40 h/week, and it still
leaves a very smialinexposed group. Furthermore, results for the temporal lobe are not reported separately,
only together with overlapping lobes, which is not how analyses have been performed in any previous study.
Unfortunately, the distribution of hours of phone usenly ahown for all wireless phones combined (including
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also cordless phones), which makes comparisons with previous studies difficult. The questionnaire used is the
same as in the second and third studies (discussed in connection to the third studyhe veitiditional
requirement that participants need to be able to distinguish also UMTS/3G phones from the three older types.
The participant was asked to estimate the average minutes per day that he/she had used each of the four different
mobile phone typefone estimate per phone type), which could now encompass a history of mobile phone use
that could be over 20 years. This makes estimates of cumulative hours of phone use likely to be highly
uncertain, as the amount of mobile phone use has changed dréynatizee mobile phones became available,
especially during the last years of the fourth study. The questions on the side of the head where the phone was
held were also only referring to present time, i.e. when the questionnaire was filled out, wittmnio report

changes. Recall bias is likely in such unspecific exposure measures.]

Hardell and ceworkers have published several articles where the data from the second and third
studies(Hardell et al., 2002Hardell, Carlberg & Hansson Mild, 200520069 were pooled, mostly reporting
overlapping analyses in then@us publicationgHansson Mild, Hardell & Carlberg, 200RAardell, Carlbergk
Hansson Mild, 2006eb; Hardell et al., 2006Hardell & Carlberg, 2009Hardell, Carlberg & Hansson Mild,
2011H. The same study design was used in the two studies to allow pooling of the data, but formal tests of
heterogeneity between the results from the two studies were not made. In the pooled anal@stsathe
malignant brain tumours for less than 5 years since first digital mobile phone use was 1.2 (95% 1LC5)).96
and were similar also for analogue and cordless phones. There were statistically significant increased risk
estimates for 610 and >10 yearlatency periods for both digital and cordless phones, for analogue phones only
for >10 years since first use. Malignant brain tumours was associated with an OR of 1.1 (95%d @) o8
contralateral analogue phone use, and 2.1 (95% CRB}pfor ipslateral use. For meningioma, significantly
increased risk estimates were reported for analogue phones with a 10 year latency and for cordless phones after
5i 10 years. For acoustic neuroma all types of phones were associated with significantly incskassohrates
after less than 5 years since first use; e.g. for analogue phone use the OR was 2.3 (95%.1)) ar@
increased to over threefold with ®H) and >10 years latency. Cumulative lifetime hours of use were presented
with the cut point at the edian hours among controls, showing a clear tlesponse pattern only for analogue
phone use and acoustic neuroma risk. In addition, analyses were also made-pdtintsuat 1000 and 2000 h
of use for malignant brain tumours and 500 and 1000 h for béngrationale for the choice of cut points was
presented]. Increased odds ratios were reported for all exposure categories for malignant tumours and for
acoustic neuroma, with highest risk estimates in the highest exposure category (OR=5.9; 9504 40R.5
malignant tumours and OR=5.1; 95% CIi118) for acoustic neuroma). One paper presented results with hours
of use categorized according to terti{ekardell etal., 2006, and another paper added analyses of hours of use
as a continuous variab{elansson Mild, Hardell & Carlberg, 200 &vhich essentially did not change the overall
impression of the results. Several papers presented analyses stratified according to age a{Hiastielse
Carlberg & Hansson Mild, 20064d; Hardell & Carlberg, 2009 Highest risk estimates were found among
persons who statl to use a mobile phone before 20 years of age; for astrocytoma in this age group the OR was
5.2 (95% CI 2.212) and for acoustic neuroma 5.0 (95% CIi1& for ever use of a mobile phone >1 year
prior to diagnosis. In a letter to the edi{ptardell, Carlberg & Hansson Mild, 201 lpooled analyses were
presented using different age ranges, including one similar to that used in the imtespiy. In addition,
analyses was made where cordless phone users were included in the unexposed group, in the same way as in
Interphone, as well as analyses restricted to tumours in the temporal lobe [none of the previous pooled analyses
had presentedesults according to tumour location]. From these results, it is evident that slightly stronger risk
estimates were found in the youngest (<30 years at diagnosis) and oldest (>59 yegrsyipgiealthough it is
unclear whether the differences between-gugeips were statistically significant. Adding users of cordless
phones to the unexposed category lowered the risk estimates only marginally. Risk estimates for tumours in the
temporal lobe were not higher than in other, less exposed areas of the brain.

For acoustic neuroma, an additional pooled study was published in @Gk8ell et al., 2013ph
which included 73 new cases and 1368 new controls identified durindg 2009 in addition to all the cases and
controls used for the pooled study discussed above. The total number of cases and controls were 316 and 3530,
respective}. Results were essentially similar to the previous pooled analysis discussed above.

[Some of the implausible results in the individual studies disappeared in the pooled analyses. The
increased risk for malignant brain tumours after a very short lagemayd in the third study was lowered by the
lack of association in the 2002 study. The observed reduced risk estimate for malignant brain tumours associated
with contralateral mobile phone use in the 2002 study (OR=0.62; 95% Ql10135for analogue phenuse)
was offset by the increased risk for both i@sid contralateral phone use in the third study (OR=2.6; 95% ClI
1.35.4 for contralateral analogue phone use and OR=3.2; 95% @.2.6r ipsilateral use). The difference
between the results in thedvetudies for contralateral phone use is statistically significant. The pooled analyses
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641 have the same limitations as discussed above for the individual studies. A pooled analysis was also conducted
642 including the data from the study of deceased cases amibisgHardell, Carlberg & Hansson Mild, 20},®ut

643 these additional data have severe problenth potential exposure misclassification, as discussed above, and
644  therefore the pooled results that include data from deceased cases and a selection of deceas@dacdettols

645  Carlberg & Hansson Mild, 201})are not further discussed here.]

646  Early US studies

647 Muscat et al. conducted two casentrol studies in the US, one of malignant brain tum@Misscat

648 et al., 200), the other of acoustic neuronfiluscat et al., 2002 using the same ascertainment and data

649 collection procedures. Eligible patientere identified from five medical centres, and were diagnosed with a
650 malignant brain tumour 1994998, in the ages 18 to 80 years, or acoustic neuroma 1999, with no upper

651 age limit. Controls were selected from the same hospitals frequency matchgd, mex race and month of

652  admission, with a variety of benign conditions, except in two centres where controls were recruited primarily
653  from patients with malignant conditions, excluding leukaemia and lymphoma. In total, 571 cases with malignant
654  brain tunours were contacted of whom 469 participated. An additional 55 eligible cases were never approached,
655  which gives a participation rate of 75%. Among controls 422 participated (90%). Participation rates were not
656  reported for acoustic neuroma, in total 90igras and 86 controls participated. Information about mobile phone

657  use was obtained by structured personal interviews (proxies were interviewed for 9% of brain tumour cases and
658 1% of controls, and one acoustic neuroma case). The interview asked abouaingeansount of mobile phone

659 use for each phone the respondent had ever used. Information about the preferred side of the head referred to
660 current use, i.e. at the time of the interview. Regular mobile phone use, defined as having a mobile phone
661  subscriptim, was reported by 14% of brain tumour cases and 18% of their controls. For acoustic neuroma the
662  corresponding numbers were 20% of cases and 27% of controls. Analyses were made with unconditional
663 logistic regression models, adjusted for age, education,raeg, study centre, occupation, date of interview,

664  and for brain tumours also proxy subject. No raised risks of malignant brain tumours were seen for regular use,
665 frequency of use, or duration of use, or for site or histologic subtype of brain caneer. DR f or 04 year
666 regular use was 0.7 (95% CI D144; 17 exposed cases), and for the highest category of cumulative hours of use
667  (>480 h) the OR was 0.7 (95% CI 0134; 14 exposed cases). The OR for a malignant brain tumour in the
668 temporal lobe was 9.(95% CI 0.51.7). A nonsignificantly raised OR was seen for neuroepitheliomatous

669 tumours (OR=2.1; 95% CI 0.2.7; 14 exposed cases). There was no trend in risk of acoustic heuroma in
670 relation to cumulative measures of phone use, and no significanbmdie@tween side of phone use and side of

671  tumour. The OR for 3% years of mobile phone use was 1.7 (95% Ci®5), while it was 0.5 (95% CI 0.2

672 1.3) for 112 years. [The studies are limited by the short duration of mobile phone use among the majority of
673  subjects, and by the hospithhsed identification of cases and selection of controls from other patient groups at
674  the hospitals, as discussed above.]

675 In another caseontrol study from the USInskip et al., 200}, Inskip and colleagues identified

676  paients with intracranial tumours of the nervous system from five hospitals acting as regional referral centres
677  for diagnosis and treatment of brain tumours. Eligible patients were diagnosed between June 1994 and August
678 1998, 18 years or older. Controls weadmitted to the same hospitals as the cases withmatignant

679  conditions frequency matched to cases on age, sex, race, hospital, and proximity of residence to hospital. The
680 most common diseases among controls were injuries and disorders of the ciyculatigculoskeletal,

681  digestive, and nervous systems. In total, 782 cases (92% of eligible) and 799 (86%) controls participated in the
682  study. Information about mobile phone use and covariates were obtained through personal interviews. The
683 interview asked atut years of mobile phone use, and average amount of use over the whole period. Information
684  about the preferred side of the head referred to current use, i.e. at the time of the interview. Most of the cases
685  were interviewed within three weeks after diagaoBroxies were interviewed for 16% of patients with glioma,

686 8% with meningioma, 3% with acoustic neuroma and 3% of controls. Conditional logistic regression was used
687 for analyses; apart from matching variables adjustment was made for date of inteypewef respondent,

688  education, household income, type of health coverage, marital status, religion, radiotherapy to the head or neck,
689 and handedness. Participating cases included 486 glioma, 197 meningioma, and 96 acoustic neuroma. Of
690 controls, 29% reportedaving used a mobile phone at least five times. Regular mobile phone use, defined as at
691 least two times per week, was not associated with any of the tumour types; e.g. the OR for glioma was 0.8 (95%
692 CIl 0.6/1.2). Also, results showed no consistent linkwen average daily use, duration of use, or cumulative

693 use of mobile phones (mainly analogue) and risk of brain tumour overall or according to histological subtype or
694 anatomic site or side of use, e.g. Ogliomamfio ©%G of dai
695 031. 7; 12 exposed cases), and dur atiild;nl exgosed cages).05 vyea
696  Corresponding results for meningioma was 0.5 (95% Q1202 5 exposed cases) and 0.7 (95% Ci 24, 6

697 exposed cases), and facoustic neuroma OR=0.3 (95% CIiR07; 1 exposed case) and 1.9 (95% C18.8; 5
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exposed cases). For glioma in the temporal lobe the OR=0.8 (95% il.4).81 exposed cases). A Ron
significantly reduced OR was seen for neuroepitheliomatous tumolsQ(®; 95% CI 0.12.0; 8 exposed
cases). [This study suffers from the same limitations as the studies by Muscat et al., described above, i.e.
hospitatbased design and few subjects that have used mobile phones for a longer time period, thus results are
only of interest for evaluation of potential effects of skiertn mobile phone use.]

Interphone studies

The Interphone study is an international collaborative -casérol study conducted in 16 study

centres from 13 countries (Australia, Canada, Denmarkarkin France, Germany, Israel, Italy, Japan, New

Zealand, Norway, Sweden, and the United Kingdom) using the same common core study (Caroi®kt al.,
2007 Interphone Study Group, 201Q011). Eligible patients were diagnosed betm 2000 and 2004 (the
study period varied between centres from 2 to 4 years), and were in the age lid®ee0s at diagnosis.
Several study centres have published national or pooled regional ar{@liisietensen et al., 200€hristensen
et al., 2005Hepworth et al., 20Q&Hours et al., 2007Klaeboe, Blaasaas & Tynes, 2QQahkola et al., 2007
Lahkola et al., 2008L6nn et al., 2004a2005 Schlénofer et al., 2007Schoemaker et al., 2005chiz et al.,

2006a Takebayashi et al., 20pBakebayashi et al., 20p8nost often using wider age ranges. Ascertainment of

cases was population based in all centres except Japan and France, where it wadaospitdlases ne
ascertained in close collaboration with neurosurgery, oncology, neurology, and otorhinolaryngology clinics for
rapid recruitment, and completeness was checked through secondary sources, e.g. cancer registries. Diagnoses
were either histologically confined or based on unequivocal imaging. In total, 4301 glioma, 3115 meningioma,

and 1361 acoustic neuroma were identified in the age rarige9 3@ars, and interviews were completed with
2765 glioma (64%; range across centres9286), 2425 meningioma (78%;mge 56 92%), and 1121 acoustic
neuroma cases (82%; rangd 700%).

Controls were randomly selected from population registries (one Canadian centre, Denmark, Finland,
Germany, Israel, Italy, Norway, Sweden), electoral lists (Australia, one Canadian pantref France, New
practitionersod lists (both
France, Japan). Controls were individually matched to cases in two Canadian centres, France, Israel, Japan, New
Zealand, ad UK North, while the other 9 centres used frequency matching. Matching variables were birth year
(within 5-year categories), sex and study region; in Israel also ethnic origin. In togd41dontrols were

Zeal and)

identified in the age range BB9 years, and BB participated in the interview (53%; range across centries 42

, gener al

UK

cent

74%). In the overall pooled international analyses a post hoc matching was applied in centres with frequency
matched controls, which, together with the more restricted age range, led toltisoexcf a large number of
subjects from the international analyses. The numbers of cases and controls included in the analyses were
additionally reduced because of restraints from the matching; the final numbers were 2708 glioma cases with
2972 matchedantrols, 2409 meningioma cases with 2662 matched controls, and 1105 acoustic neuroma cases
with 2145 matched controls.

A detailed history of mobile phone use and potential confounding factors was collected through

structured personal interviews using a @omer assisted questionnaire. Proxies were interviewed for

participants who had died or were too ill (13% of glioma, 2% of meningioma, 0.3% of acoustic heuroma cases,
and 1% of controls). Participants were asked if they had used a mobile phone regefisdy as on average at
least once per week over a period of at least 6 months, and regular users were further asked about number and
duration of calls, and type of phone (aided by shands) for each mobile phone used, or when changes of
habits had occued. Information about the preferred side of the head referred to current use, i.e. at the time of
the interview. Regular mobile phone use was reported by 64% of glioma controls, 56% of meningioma controls
and 61% of acoustic neuroma controls. All exposagables except time since first use were censored at one

year before the reference date (date of diagnosis for the case, and corresponding date for the matched controls).
Cumulative number of calls and hours of use were categorized at the decilesdistiibeition among the
controls. Stratified analyses of cumulative hours of use were made according to time since firisd,uSe9(1
10+ years). In these analyses, deciles were collapsed*inzosi", 6/ 7", 8/ 9", and the 19 decile.

Analyses weremade with conditional logistic regression models, adjusted for education. Further
adjustment for other potential confounding variables did not change risk estimates appreciably, and were not

included in the final analyses. Formal tests of heterogenefiyeketstudy centres were conducted; no evidence

of heterogeneity in effects across study centres was found. Generally, risk estimates were reduced below unity;
Vi a.¥) far glisnm 0.7949%5% d

regul ar

Cl 0.680.91) for meningioma, and 0.85 (95% CI Q.6®4) for acoustic neuroma. For acoustic neuroma a

|l atency

mobil e

period

phone

of

05

use O1

year s

year

wa s

al so

applied

in

17

wi t h

secon



753
754
755
756

757
758
759
760
761
762

763
764
765
766
767
768
769
770
771
772
773

774
775
776
777
778
779

780
781
782
783

784
785
786
787
788
789
790
791
792
793
794
795
796
797
798

799
800
801
802
803
804
805
806

1.17). Risk estimates did notincreas wi t h i ncreasing time since first use

use was associated with OR 0.98 (95% CI101786) for glioma, 0.83 (95% CI 0.61.14) for meningioma, and
0.76 (95% CI 0.521.11) for acoustic neuroma with a 1 year latency @88 (95% CI 0.581.19) with 5 years
latency.

For cumulative number of calls there were no increasing trends in risk estimates over the 10 exposure
categories; most risk estimates were below unity and in theldgile the OR was 0.96 (95% CI 0i7131)for
glioma, 0.80 (95% CI 0.58.17) for meningioma, 0.93 (95% CI 0i6l141) for acoustic neuroma with 1 year
latency and 1.55 (95% CI 0.82.86) with 5 years (the OR in th& 8lecile with 5 year latency was 0.62; 95% Cl
0.34/1.12). The only significantlyncreased risk estimate for cumulative number of calls was in the second
decile for acoustic neuroma with 5 years latency (OR=2.32; 95% Q13.89.

For cumulative hours of use the pattern was very similar, with the exception that there were raised
ORsin the 10" decile; for glioma 1.40 (95% CI 1.03.89), for meningioma 1.15 (95% CI 0ig162), and for
acoustic neuroma 1.32 (95% CI 0i8397) with 1 year latency and 2.79 (95% CIl 1516) with 5 years, but
again no upward trend in the 9 first decilBsr all three tumour types th& elecile had among the lowest ORS;
0.71 (95% CI 0.5B80.96) for glioma, 0.76 (95% CI 0.54.08) for meningioma, 0.48 (95% CI 0i3078) for
acoustic neuroma with 1 year latency, and 0.60 (95% Ci0.88) with5years. Tdf hi ghest decil e
use) included subjects who reported implausible number of hours of use, more common among cases than

( C

control s, e. g. 10 glioma cases and no controls repor

reported >5 howr of use per day resulted in lower risk estimates; ORs for theddle of cumulative hours of
use were reduced to 1.27 (95% CI 0.9Z5) for glioma, 1.02 (95% CI 0.70.48) for meningioma, and 1.16
(95% CI 0.751.80) for acoustic neuroma.

When analyse of cumulative hours of use were stratified according to time since first use, the risk
estimates in the cat eg oiteyn ubeisqid Qeard priav todiaghdsig) foe giama f o r
(OR= 3.77; 95% CI 1.258.1.4) and meningioma (OR= 4.80; 958t 1.49 15.4), but not for acoustic neuroma
(OR= 0.63; 95% CI 0.12.80). Forlongg er m u s e r sin tfe @d @ecily ®Rs werd 1.34 (0.92.01)
for glioma, 0.95 (0.561.63) for meningioma, and 1.93 (95% CI 1i.3(8) for acoustic neuroma (the ORthe
second highest category of hours of use was 0.39; 95% Ql®M720for acoustic neuroma).

Analyses were also made according to anatomic location of the tumour. Regular use of mobile
phones were associated with an OR of 0.86 (95% CIi 0.&8) for gloma in the temporal lobe, while the
corresponding result for meningioma was 0.55 (95% CIli@32). In the top decile of cumulative hours of use
the OR for a tumour in the temporal lobe was 1.87 {B@2) for glioma and 0.94 (0.B2.86) for meningioma.

Analyses according to laterality of phone use in relation to laterality of the tumour showed higher risk
estimates for ipsilateral mobile phone use than for contralateral in virtually all exposure categories for glioma
and meningioma; 14 out of 15 analysshowed a ratio of ipsio contralateral use above 1. For time since first
use the highest ratio of ipdb contralateral use was in the categdir}.® years of use for glioma and®years
for meningioma. For cumulative number of calls the ratio af fmscontralateral use increased with increasing
numbers of calls; however, risk estimates were considerably reduced for contralateral use. In the top decile of
cumul ati ve nundBGcals)the OR farlipilateral B was 1.51 (95% CIli®%1) for glioma
and 1.01 (95% CI 0.58.82) for meningioma, while the corresponding results for contralateral use was 0.61
(95% CI 0.321.18) and 0.66 (95% CI 0.B0.46), respectively. For cumulative hours of use, the highest ratio of

s |

ipsi- to contralateral s e was found in the | owest exposure decile

ipsilateral use was 1.96 (95% CI 1i3216) for glioma and 1.45 (95% CI 018061) for meningioma. The
corresponding results for contralateral use were 1.25 (95%.@&4 2.42) and 0.62 (95% CI 0.B1.25),
respectively. [The higher risk estimates for ipsilateral use than contralateral in almost all exposure categories,
also with very short durations and small amounts of use, and considerable risk reductions flaterahuae,
indicate that recall bias may have affected casesb?d

For acoustic neuroma, risk estimates for contralateral mobile phone use were generally higher than
for ipsilateral use, with the exception of the highest exposure categories. [Higher risk estimates for contralateral
use are expected because the most coneady symptom of acoustic neuroma is unilateral hearing loss and/or
tinnitus, which can appear several years before the diseaseentuallydiagnosed. In Interphone 79% of
acoustic neuroma cases and 25% of controls reported hearing problems. They rofjbearing problems

occurred more than one year prior to diagnosis; 25% of cases had hearing problems that started more than 5
years before diagnosis. Thus, many cases are likely to have changed the preferred side of phone use, or were

affected by unilaral hearing loss already before becoming a mobile phone user, because of hearing problems
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807  caused by the tumour, which would lead to apparently higher risk estimates for contralateral use.] In the primary

808 analyses with 1 year latency, the OR for regulabibaophone use was 0.77 (95% CI 0.592) for ipsilateral

809 useand0.92(95% CIOWD. 22) for <contralater al use. I n the highe
810 the OR was 1.18 (95% CI 0.68.04) for ipsilateral use and 0.69 (95% CI 0.B32)for contralateral use. Also

811 for cumulative hours of use and cumulative humber of calls the ORs were generally higher for contralateral use,

812  with the exception of the top exposure decile, where ORs were raised for ipsilateral use, and considerably

813 reducedf or contral ater al us e, e.g. for O164040handafe use t |
814  contralateral OR=0.72 (95% CI 0i3453). [t is noteworthy that the question asked about side of phone use

815 refers to current hkphonesdo yod dshemlly use @ an the ggat ordeft side lofiyour

816 head?d with answer alternatives | eft, right and both
817 to use a mobile phone 010 years wafeorOel 6dti0a chn owsoiusl do rh e
818  affected by hearing problems prior to their acoustic neuroma diagnosis, causing a change of the side of phone

819 use, which would have resulted in a reduced risk estimate for ipsilateral use and a raised estimate for

820 contralateraluse also among loAgrm users. The observed pattern of results clearly indicates an effect of

821 reverse causation for short periods of use and small amounts (early tumour symptoms causing a change of the

822  preferred side of use). Results for the longest desfouse and top decile of amount of use are compatible with

823  either recall bias or that cases with long term and/or heavy use are more prone to report the preferred side before

824  any hearing problems had occurred than cases with shorter periods or smailletsaofi use.]

825 [The strengths of the Interphone study are rapid case ascertainment, pogadagdncontrolgfor

826  the great majority of centreslprge sample size, data collection through structured computer assisted personal
827 interviews with welltrained interviewers to minimize potential interviewer bias, and careful validation and
828  quantification of potential sources of bias. As in all easetol studies relying on retrospectively collected self

829 reported information, exposure assessment has limitations, and exposure misclassification is likely to be
830 substantial, and possibly affected by recall bias. Although the validation study found fitttertie between

831 cases and controls in reporting of overall mobile phongVisgeid et al., 2009p there was a tendency among

832 cases for an increasing overestimatiomufbile phone use the further back in time the reporting referred to,
833  which was not seen among controls. The validation study covered at the most four to six years of phone use,
834  while the exposure estimation referred to well over 10 years and thereforexteet of exposure

835 misclassification for the most distant exposure periods is unknown. Additional evidence of potential recall bias
836 s the reports of implausible amounts of mobile phone use, more common among cases than controls. The shape
837  of the exposureesponse pattern for cumulative hours of use adds further indication of an effect from potential
838 recall bias, with no raised risk estimates in the first 9 deciles of exposure, and a raised risk only th the 10
839 decile, and with the lowest risk estimatdserved in the ®decile; for acoustic neuroma even an indication of a

840 downward trend through the first 9 categories. Another limitation is the low response rates, especially among
841  controls, which could have introduced selection bias. A validation staskycbhon a nenesponder questionnaire

842  estimated that selection bias may have led to a downward bias of the risk estimates for regular use by
843  approximately 10% for the most plausible scenafibgheid et al., 2009h Most of the observed odds ratios in

844  the Interphone study were below unity, and selection bias is a plausible explanation for part of this observation,
845  but is unlikely tofully explain the risk reductionéVrijheid et al., 2009h Response rates varied considerably

846  between study centres, between 428d @4% among controls. Reduced risk estimates were, however, found
847 also in centres with high response rates, and there was no correlation between level of risk reduction and
848  participation rates.]

849 Appendix 2 of the main Interphone study on glioma and mémimg(Interphone Study Group, 20110

850 presents analyses restricted to regular mobile phone users, i.e. wheegulan users are excluded and the

851 lowest exposure categories are used as reference. These analyses were made post hoc in an attempt to adjust for
852  potential selection bias caused by greaterpamicipation among controls, which may have led to a downward

853  bias in the risk estimates. The analyses are based on the assumption that selection bias is the only reason for the
854  reduced risk estimates observed, and that participation is not dependent on amount of mobile phone use. If these
855  assumptions are incorrettpwever, new bias may have been introduced, as are discussed in detail in Appendix
856 2 of the paper. In these analyses, an increased risk of glioma was observed already within 5 years since start of
857 mobile phone use (OR=1.68; 95% CI 1.2611). An alternatie explanation for the strongly reduced risk

858  estimates for glioma in the lowest exposure categories discussed in the paper is prodromal symptoms from the
859  tumour making not yet diagnosed glioma cases less likely to take on a new habit like mobile phone use
860 immediately prior to diagnosis. Restriction to regular users will in this situation introduce upward bias in the
861 risk estimates. [An increased risk of glioma after less than 5 years of mobile phone use is incompatible with
862  glioma incidence trends.]
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863 Lahkolaand ceworkers conducted pooled analyses of glioma and meningioma using data from five
864  North European Interphone study cenffleshkola et al., 20072008, based on a wider agange (1869 years)

865 and larger number of controls than in the main Interphone study. These analyses included apprdkimat

866 times as many controls, and 45% more cases than was included from these centres in the main Interphone study.
867  All five studies were populatichased, and the analyses included in to#8l6 glioma cases with 3134 controls

868 frequency matched on ageex, and geographic region, and 1204 meningioma cases with 2945 controls.
869  Participation rates were 60% among glioma cases (rarig®l 3@ between countries), 74% among meningioma

870 cases (range 790%), and 50% among controls (rangd 82%). Another differece compared to the main

871 Interphone study was that an induction period of one year was used also in the definition of regular use, i.e.
872  regular use was defined as at least one call per week during a period of at least six months disregarding the 12
873  months mmediately prior to diagnosis. Analyses were made with conditional regression analysis, conditioning
874  on the variables used for frequency matchifigalyses of heterogeneity in results between study centres were

875 conducted and no evidence of heterogeneity feand.Control of confounding from educational level, family

876  history of glioma, previous radiation therapy to the head and neck region, neurofibromatosis or tuberous
877  sclerosis did not appreciably change the results, and were not included in the finhlEwpdsure cutpoints for

878 amount of phone use were determined by the distribution among the controls. Regular mobile phone use was
879  associated with an OR of 0.78 (95% CI G.681) for glioma and 0.76 (95% CI 0i8589) for meningioma. No

880 increased risk waobserved in the highest category of time since first use. The OR in the highest decile of
881  cumulative hours of use (>1475 h) was 1.13 (95% CI:i.8®) for glioma and..13 (95% CI 0.821.57) for

882  meningioma. Results did not differ between men and woméetaveen age groups.

883 For glioma, analyses according to laterality of phone use in relation to laterality of the tumour showed

884  generally higher ORs for ipsilateral use than for contralateral use in all exposure categories. For ipsilateral use

885 ORs were arond 1.1 for shortand intermediaté er m u s e, and for 010 years since
886 OR was 1.39 (95% CI 1.01.92). For contralateral use, ORs for short and intermethate use were around

887 0.7, while for longterm use the OR was 0.98 (0i41. 37 ) . [Tt i s noteworthy that I

888  years since first use were higher than the corresponding overall OR (which was 0.95) for bo#imdpsi

889  contralateral use, indicating that missing information about phone use laterality neapdeav more prevalent

890 among controls.] For meningioma, risk estimates were also generally higher for ipsilateral use than for
891 contralateral use, e.g. for ipsilateral regular use the OR was 0.81 (95% QI0©%6 and for contralateral

892  regular use it wa8.67 (95% CI 0.5¢0.83).

893 No systematic differences between results for use of analogue and digital phones were found, neither
894  for glioma nor meningioma.

895 No analyses were presented according to lobe of the tumour-dpaloific results were only

896 presentedin a separate publication based on the Swedish Interphone(ldata et al., 2005 where no

897  differences were found between lobes. [This study has the stiemgths and limitations as the main Interphone

898 study. An additional strength is that the study was made in countries with an early introduction and widespread
899 use of mobile phones in the general population, and with a large number of long term asategife mobile

900 phones which have higher output levels than later generations of mobile phones.]

901 Schoemaker and colleagues presented results from pooled analyses of acoustic neuroma based on
902 data from six North European Interphone study centres in fiuatdes(Schoemaker et al., 2005dding also

903 the UK-North study centre to the studies included by Lahkola et al. described @tahwla et al., 2007

904 2008. As in the studies by Lahkola et al., a wider -emege and larger number of controls was included

905 compared to the main Interphone study. Participation rates were 83% amon{raegedetween centresi69

906 91%) and 51% among controls (range @2%). In total, 676 cases and 3546 controls were included in the

907 analyses. Analyses were made as in the studies by Lahkola et al. described above. No evidence of heterogeneity
908 in results betwen study centres was found. Regular mobile phone use was associated with an OR of 0.9 (95%
909 CI 0.711.1), and the risk estimate did not increase with increasing number of years since first use, nor with
910 amount of use assessed as number of calls or numiheucd of use. ORs for contralateral mobile phone use

911  were slightly higher than for ipsilateral use in all exposure categories except the highest. The highest risk
912 estimate was observed for a total duration of mobile phone use of 10 years or more (C¥F8$£61C3;1.13.1),

913  while the OR for at least 10 years since first ipsilateral use was 1.3 (95% 2I0).8\o differences were found

914  between results for use of analogue phones and digital phones.

915 Cardis and cavorkers conducted a pooled analysis of easarol data on glioma and meningioma

916 from 5 Interphone countries (Australia, Canada, France, Israel, and New Ze@lamd)s et al., 201)a
917 including 808 (62%) glioma and 842 (70%) meningioma cases. All countries except Australia had individually
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matched controls, but for this study controls were jpost matched to cases on age, sex, region of residence,
and in Israel also country of birth, takinganconsideration the timing of the interview. All controls were used

for both glioma and meningioma, resulting inL® controls for glioma andi 23 controls for meningioma cases.

The control participation rate was 53%. The tumour location was determioed MRI and CT scans by
neuroradiologists who also estimated the tumour centre on adimeasional 1 cm x 1 cm x 1 cm grid. Scans

were available for 59% of glioma and 51% of meningioma cases; for the remaining cases radiology reports were
used to constrat a tumour volume and a computer algorithm developed to estimate the tumour centre. Controls
were given a fictive tumour location corresponding to that of their matched case. Information on mobile phone
use and potential confounders was collected as idedcfor the main Interphone study, and in addition RF
exposure was assessed through estimates of the total RF dose at the tumour location. RF exposure during mobile
phone use is highly localized, and reaches only a few centimetres imtthgsee Chapr 2), thus, estimating

the RF dose at the tumour location would reduce exposure misclassification considerably. The total cumulative
specific energy (TCSE) at the tumour location was estimated from the partiipmpuged mobile phone use
history andwas based on network characteristics, frequency bands, communication systemeposkelfl
information about calling time, laterality of phone use, hands free devices, type of phones used, and frequency
of use in urban and rural locatiof3ardis et al., 201)bOnly the seHreported cumulative calling time and the
tumour location were significant predictors of toRF dose (predicting 43% and 13% of the variability,
respectively). The information needed to calculate TCSE was not available for all participants, and to allow
comparability with the TCSE results, analyses of regular mobile phone use and cumulativeecattre made

for three different subgroups of cases and their matched controls; 1) all available cases (808 glioma, 842
meningioma), 2) restricted to cases with information about TCSE with tumour centre estimated by
neuroradiologists or from radiologyperts (551 glioma, 675 meningioma), and 3) restricted only to cases with
the tumour centre estimated by neuroradiologists from MRI and CT scans (326 glioma, 343 meningioma).
Cumulative call time and TCSE were categorized into quintiles according to thieulisn among regular user
control s. For gl i oma, the highest guintile of cumul a
(95% CI 0.881.56) when all cases were included, while the ORs in the more restricted subgroups were 1.25
(95% 0.881.77) and 1.72 (95% CI 1.02.77) in subgroup 2 and 3, respectively [indicating that the subgroups
with information about tumour location were not entirely representative of all eligible cases]. Results of
analyses of TCSE showed an OR in the highest diiofi1.35 (95% CI 0.96L.90) for glioma in subgroup 2,

and 1.66 (95% CI 1.02.67) in subgroup 3. In a sensitivity analysis where information on tumour laterality was
not included in the estimation of TCSE, to reduce potential recall bias, the OR wg93°2%1 0.891.72) in
subgroup 2 (this analysis was not made for subgroup 3). For meningioma, ORs in the highest quintile of
cumulative call time were closer to unity, but were also higher in subgroup 2 and 3 than when all cases were
included. Analyses oT CSE showed an OR in the highest exposure quintile of 0.90 (95% Q1102d% in
subgroup 2, and 1.01 (95% CI 0i@362) in subgroup 3. In sensitivity analyses were tumour laterality was not
included in estimation of TCSE the OR was 0.84 (95% CIliAL8%).

Analyses of TCSE were also made according to exposure time windows, divided into <3 iy@ars, 3

year s, and O7 years before diagnosi s, using the same
was not made for cumulative call time. Imettime window <3 years most ORs were below unity for both
glioma and meningi oma. For gl i oma, al |l ORs for the t|

with an OR in the highest exposure category of 1.91 (95% CI' 3.88). For meningioma, ¢hOR for the
hi ghest exposure category in the 1303)whkie@Rs intthemther wi n d o w
exposure categories were at or below unity.

[The assessment of the total RF dose at the tumour location was made to redddéemeotid
exposure misclassification which would have been expected to result in stronger associations compared to
results from using only sefteported call time, should there be a true risk increase associated with RF exposure.
ORs based on TCSE were, howeveasseantially identical to ORs based solely on-sefforted cumulative call
time. Thus, it seems either that the estimated TCSE did not result in less exposure misclassification, or that RF
exposure is not related to tumour risk, which is also noted by utierms. The estimated TCSE is heavily
influenced by selfeported cumulative call time, and other factors seem to provide only minor contributions to
the variability of the TCSE. Thus, recall bias is a concern also in these analyses. The analysesref taxgos
windows are not comparable to analyses previously presented in the overall Interphone study, as they include all
subjects in all three exposure time windows, and in addition use different time categories (Interphoind,used 1
519, 010 vy euaa iparabWianalgsis of cumulative call time, it is not possible to assess whether
estimates of TCSE give different results, although i
time window O7 years, d tedsto tbegsamedsubgrgup & Fised io thestima wirdlowr e s t r
analysis, would also have resulted in a significant risk increase. It is possible that the risk increase observed in
this analysis is simply caused by the restriction of the analyses to-r@mp@sentatie subgroup of cases. It is
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noteworthy that the quintiles used in the analyses of TCSE do not correspond to 20% controls in each category;
e.g. for glioma it varies between 18% and 24%.]

Data from other national Interphone studies are essentially inclndbd main Interphone analysis,

and results are well in line with those presented in the main study. These studies are therefore not presented in
detail here.

Other brain tumour studies

A registerbased caseontrol study was conducted in Finland by Awenrand ceworkers(2002). All

patients diagnosed with brain tumours in 1996 aged 20 to 69 years were ascertained from the national Cancer
Registry and 5 ageand sexmatched controls per case were selected from the national population registry. In
total, 198 glioma and29 meningioma cases were identified. Four controls were excluded because of a previous
brain tumour diagnosis. Information about starhd end date of mobile phone subscriptions, and type of
network, was obtained from the mobile phone network providehe average duration of subscription was 2
years for analogue phones and less than 1 year for digital. There was no information available about the
frequency or duration of calls or about use of cell phones provided by an employer. Conditional logistic
regression was used for analyses. Adjustment for place of residence, occupation, and socioeconomic status did
not change the results. The OR for brain tumours combined withsabscription was 1.3 (95% CI 0B.8);

for glioma 1.5 (95% CI 1i®.4), and meingioma 1.1 (95% CI 0i2.4). Analogue phone use gave an OR of 2.1

(95% CI 1.33.4) for glioma and for digital phone use OR=1.0 (95% CI 2.3). An increased risk of glioma
was found already after-2 years duration of subscription to an analogue ph@i=@.4; 95% CI| 1.25.1).
Also for meningioma, the OR for analogue phone use was raised, although confidence intervals were wide
(OR=1.5; 95% CI 0.83.5), with the highest OR for <1 year subscription (OR=2.3; 95% CR®§. Acoustic
neuroma was not analyd separately. Exposed and unexposed glioma cases did not differ in terms of location of
the tumour (lobe and laterality) or histologic type. [The strength of the exposure assessment method is that recall

bias is avoided. Considering the low prevalencenobile phone use in the population, misclassification of the

exposure from lack of information about corporate subscriptions is likely to have a minimal effect on the risk
estimates. Limitations are the lack of information about amount of phone use eastibth duration of mobile
phone use in the population at the time of the study. An increased risk of glioma and meningioma after only up
to 2 years of exposure seems unlikely to be real, and chance is an alternative explanation.]

case recruitment between June 1, 2005 and May 31, @fTsias et al., 2009Cases were ascertained from
the 7 hospitals in the study area, and were in the age rain§@ g&ars. Two controls per case were recruited

A hospitatbased caseortrol study of cerebral glioma was conducted in six districts in Greece with

among patients witbervical myelopathy or disk herniation that were treated at the neurosurgical department of
one of the hospitals, matched to cases on sex, age and district of residence. -Ebatoalsstudy included the
first 41 out of a total of 56 cases, and 82 cdstrblo information was given about nparticipation, thus
participation rates cannot be calculated. Exposure information was collected through interviews. Mobile phone

us e

was measur eédy ecarrisde lwh ease finhien utees p bemdnther bf mimaes

asked

talking on a mobile phone per day with the number of years of use. The exposure was used as a continuous
variable (minuteyears) in the logistic regression analysis, which did not take the matching variables into
consideration, but waadjusted for alcohol consumption, smoking, and severe head trauma. No association with
mobile phone use was found (OR=1.00; 95% CI101991). [The study is limited by the hospi#zdsed design
with further limitation by possible noncomparability of popuations in the catchment are&&tweenthe
hospitals used for recruitment of cases #rahospital used farontrols. In addition, exposure assessment was
very crude, and numbers of subjects small.]

Spinelli and colleagues conducted a pilot hosgiitededcasecontrol study of brain tumours in two

districts in France, were eligible cases were 18 years or older and diagnosed with a primary malignant brain
tumour during 200%Spinelli et al., 201 One control per case, matched on age and sex, was selected among
patients treated at the neurosurgery department for diseases unrelated to cancer at the sdras tiespaae.
Exposure information was collected through a preliminary-agffiinistered questionnaire and fdodace
interviews at the hospitals. Unconditional logistic regression was used for analyses, adjusted for age and sex. In
total 122 (75%) caseand 122 controls (participation rate not given) participated in the study. Cumulative
mobile phone use was estimated through the number of hours of subscription per month times the number of
years of use, and categorized into four categories [the rhgidoa choice of cutpoints was not given].
Malignant brain tumours were not associated with mobile phone use, the OR in the highest exposure category

036

-hearsi was 1.07 (95% CI 0.£182). [The exposure definition is unclear; hours of subscriptiomtmig
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mean hours included in the contract or actual hours used, which could make a large difference. Lack of
information about control participation rate, and the hospital based study design are other limitations.]

Corona and cavorkers performed a hospitbhsed caseontrol study of acoustic neuroma in two
municipalities in Bahia, Brazi{lCorona et al., 20)2The study was conducted between 2006 and 2010, and 85
patients O18 years di agn aentfidd inbcellabaratiennwitl?o@mifolarynyalogy2 0 1 0 w
and neurology clinics. Three control patients per case were selected from the same outpatient clinic as cases.
Controls were the first three patients who had sought care after the case for unilatengl loss or tinnitus,
and where a MRI scan excluded a tumour diagnosis, in total 181 controls. The reference date for controls was
the date of their MRI examination. Exposure information was collected through personal interviews or over the
telephone, vih 44 cases (52%) and 104 controls (57%). The main reason fgramticipation was inability to
locate the person because of outdated registry information, although refusal was more common among controls
than cases. Proxy respondents were used for 4 ease2 controls. Analyses were made with unconditional
|l ogistic regression and included as covariates vari al
are not stated). Regular use (defined as at least once per week over a period tof andediss) was associated
with an OR for acoustic neuroma of 1.38 (95% CI 03%14) compared with nease/irregular use. For duration
of use O6 years the T&R7), withsthe tutoff 4t the MBdtan, @ith naBers7a3
comparison. In théighest category of amount of use the OR was 1.15 (95% CIAQ@B, reason for choice of
cutpoints not given. The OR for ipsilateral use was higher than for contralateral, the latter being considerably
below unity. Slightly higher risk estimates were gdpd for analogue phone use than for digital phones,
although none of the results were statistically significant. [The study is limited by the hbsgia design.

Another limitation is the poor participation rates among both cases and controls, lzpasletg delay between
disease occurrence and recruitment, and the small number of subjects included. It is unclear how laterality of
phone use among controls was included in the analyses.]

A hospitaltbased caseontrol study of acoustic neuroma was cartdd by Han and colleagues in
Pittsburg, USA(Han et al., 201 Cases were patients who underwent Gamma Knife surgery at the University
of PittsburghMedical Center between 1997 and 2007. In total, 822 were identifieergage not given), and
patients with neurofibromastosis Type 2 or living outside the North American continent were excluded from the
study. In total 712 cases were contacted for giggtion in the study. One control per case, matched on age and
sex, was identified from the outpatient degenerative spinal disorders service at the same medical centre, among
patients evaluated for cervical or lumbar spine disorders. Information abaduegpvas obtained through a
selfadministered questionnaire, received by cases through mail, and answered by 420 patients (59%), either by
mail or over the telephone, whereas controls filled out the questionnaire while waiting for their outpatient
appoinment. Information about number of contacted controls is lacking, thus, the participation rate cannot be
calculated for controls. Analyses included complete matched pairs, in total 348oca®¢ pairs, and were
made with conditional logistic regressi@ujusting for race, education, cigarette smoking, alcohol consumption,
occupational exposure to noise, history of hay fever or diabetes, and family history of cancer. Regular mobile
phone use, defined as at least once per week during at least six ma@astlassaciated with an OR of 0.95 (95%
Cl1 0.58 1.58), and the OR for more than 10 years of cell phone use was 1.29 (95%iQl.48%%ased on 92
exposed cases. Corresponding results for cordless phones were close to unity. The study did not investigate
amount of phone use. [The study is limited by the hostiteled design, the low participation rate among cases,
lack of information on control participation, and different procedures for data collection among cases and
controls, which may affect comparabjliof the information. A strength is the large sample size, with a large
number of longerm users, as well as comprehensive information on potential confounders. All included cases
went through stereotactic radiosurgery, thus, they are unlikely to emizsatvith early detected small tumours.]

Studies with uncertainties related to inclusion criteria

Warren and colleagues conducted a hospital baseecoag®l| study in the US primarily focused on
intratemporal facial nerve (IFN) tumours in relation to i®lphone usgWarren et al., 2003 Cases were
identified from the fiscal dcare mduiaas centre The studg included 51or s 6
18 cases of IFN. Controls were selected from the same datafmched on age, sex and ethnicity, from three
patient groups: 1. rhinosinusitis, 2. dysphonia or gastroesophageal disease, 3. acoustic neuroma (as an
alternative case group with a tumour location assumed to be less exposed than the IFN tumourshiin tota
cases of acoustic neuroma and 141 other control patients were included. Risk factor information was collected
by telephone interview. Unconditional logistic regression was used for analysis, with no adjustment for potential
confounders. Analyses of @astic neuroma risk in relation to mobile phone use were also made. For acoustic
neuroma ever use of a mobile phone was associated with an OR of 1.2 (95%2@)) 0ahd use at least once
per week with an OR of 1.0 (95% CI e€42). Corresponding resulfer cordless phone use was 0.8 (95% ClI

23
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1089

0.4-1.6) and 1.0 (95% CI 0:8.0). [Response rates are not stated and it is not clear how many subjects were
excluded for various reasons. Acoustic neuroma patients selected were matched to IFN cases, andeiris not cl

if other acoustic neuroma cases would have been eligible if the study had been focused on acoustic neuroma.
The study is given little weight in the overall assessment, and is not included in the table].

Table 12.1.2. Case-control studies of mobile phone use and brain tumours i Time since first use

Country No. cases/controls Exposure No. exp Relative risk Comments Reference
Time period  Source of controls cases  (95% ClI)
Age range
Sweden Brain tumours Mobile phone use In total at least 8 h mobile Hardell et al.
1994-1996 209/425 matched on  >1 year 78 0.98 (0.69-1.41)  Phone use was required tobe  (1999)
20-80 sex, age, geographic 5 years 24 0.83 (0.49-1.42) defined as moblle.phone user.
region. Exposure categories for no. of
Population registry >10 years 16 1.20(0.56-2.59)  yegars overlap.
Matched analyses, no additional
Malignant tumours Time since first use adjustment.
136 cases >1 year 53 0.98 (0.63-1.50)
Meningioma Time since first use
46 cases >1 year 16 1.05 (0.49-2.27)
Acoustic neuroma Time since first use
13 cases >1 year 5 0.78 (0.14-4.20)
Sweden Brain tumours Mobile phone use, Definition of 0 Hardelletal
1997-2000 1429/1470 matched  @nalogue require a minimal amount of (2002; 2002)
20-80 (r); ﬁ)gne' sexand TLyear 188 1.3(1.02-1.6) ;ie.osure categories for no. of
Pogpulation registry :ioyf/::rs 1i2 ig (1.04-1.8) yegrs overlap i?1 most analyses
.8 (1.1-2.9) (except for acoustic neuroma,
Mobile phone use, digital where non-overlapping
estimates could be calculated
:; zzz:s 222 (l)g (0.8-1.2) from the tables).
9 (0.6-1.5) Matched analyses, no additional
Cordless phone use adjustment.
>1 year 238 1.0 (0.8-1.2)
>5 years 102 1.3 (0.99-1.8)
Malignant brain Mobile phone use, High reported participation
tumours analogue rates, but not calculated
rdin nventional
588 cases e o LE0®L Sandards o cases,
: P07 No rationale given for choice of
>6 years 43 1.17 (0.75-1.81) 6 years as cutpoint for analyses
Mobile phone use, digital of malignant tumours.
>1year 112 1.13 (0.86-1.48)
>1-6 years 100 1.08 (0.81-1.43)
>6 years 12 1.71 (0.67-4.34)
Cordless phone use
>1year 104 1.13 (0.85-1.50)
>1-6 years 68 0.97 (0.69-1.36)
>6 years 36 1.56 (0.92-2.63)
Meningioma Mobile phone use,
611 cases analogue
>1 year 60 1.1 (0.7-1.5)
Mobile phone use, digital
>1 year 78 0.8 (0.6-1.03)
Cordless phone use
>1 year 90 0.9 (0.6-1.1)
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Acoustic neuroma

Mobile phone use,

159 cases analogue
>1 year 38 3.5(1.8-6.8)
>1-5 year 12 3.0 (1.0-9.3)
>5-10 years 19 3.8(1.4-10.2)
>10 years 7 3.5(0.7-16.8)
Mobile phone use, digital
>1 year 23 1.2 (0.7-2.2)
>1-5 years 21 1.2 (0.6-2.2)
>5 years 2 2.0 (0.2-22.1)
Cordless phone use
>1 year 11 1.8 (0.7-5.0)
Sweden Malignant brain Mobile phone use, Definition of #f Hardelletal
2000-2003 tumours analogue require a minimal amount of (20054a; 2006¢)
20-80 359/692 matched on  >1 year 68 2.6 (1.5-4.3) use. ed fusted
age Unmatched analyses, adjuste
Pipulation registry :;-ioy?/::rs 2?) 1.8 (0.9-3.5) for age, sex, SE%/' year Ojf
i diagnosis.
>10 years 48 3.5(2.0-6.4) High reported participation
Mobile phone use, digital rates, but not calculated
oty o 1oaazn Gl e
>1-5 years 100 1.6 (1.1-2.4) '
>5-10 years 79 2.2 (1.4-3.4)
>10 years 19 3.6 (1.7-7.5)
Cordless phone use
>1 year 171 2.1(1.4-3.0)
>1-5 years 83 1.8 (1.2-2.8)
>5-10 years 58 2.1(1.3-3.4)
>10 years 30 2.9(1.6-5.2)
Meningioma Mobile phone use,
305/692 analogue
>1 year 35 1.7 (0.97-3.0)
>1-5 years 1 1.2 (0.1-12)
>5-10 years 14 1.4 (0.7-2.8)
>10 years 20 2.1 (1.1-4.3)
Mobile phone use, digital
>1 year 151 1.3 (0.9-1.9)
>1-5 years 96 1.2 (0.8-1.8)
>5-10 years 47 1.4 (0.9-2.3)
>10 years ) 1.5 (0.6-3.9)
Cordless phone use
>1 year 140 1.3(0.9-1.9)
>1-5 years 81 1.3(0.9-1.9)
>5-10 years 40  1.1(0.7-1.8)
>10 years 19 1.9(0.97-3.6)
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Sweden
2007-2009
18-75

Acoustic neuroma

84/692

Malignant brain
tumours

593/1368 matched on

age, sex, and

geographic region of

residence

Mobile phone use,
analogue

>1 year

>1-5 years

>5-10 years

>10 years

Mobile phone use, digital
>1 year

>1-5 years

>5-10 years

>10 years

Cordless phone use
>1 year

>1-5 years

>5-10 years

>10 years

Mobile phone use,
analogue

>1 year

>1-5 years

>5-10 years

>10-15 years
>15-20 years
>20-25 years

>25 years

Mobile phone use, digital
>1 year

>1-5 years

>5-10 years

>10-15 years
>15-20 years
>20-25 years

>25 years

Cordless phone use
>1 year

>1-5 years

>5-10 years

>10-15 years
>15-20 years
>20-25 years

>25 years

20

11

53
29
23

45
31
13

144

25
39
48
30

546

42
213
187
104

461
102
188
108

57

4.2 (1.8-10)
9.9 (1.4-69)
5.1 (1.9-14)
2.6 (0.9-8.0)

2.0 (1.05-3.8)
1.7 (0.9-3.5)
2.7 (1.3-5.7)
0.8 (0.1-6.7)

1.5 (0.8-2.9)
1.8 (0.9-3.6)
1.4 (0.6-3.2)
0.3 (0.03-2.2)

1.8 (1.04-3.3)
0.6 (0.1-3.1)
1.4 (0.7-3.0)
1.4 (0.7-2.7)
2.1 (1.1-4.0)
3.3 (1.6-6.9)

1.6 (0.996-2.7)
1.8 (1.01-3.4)
1.6 (0.97-2.7)
1.3 (0.8-2.2)
2.1(1.2-3.6)

1.7 (1.1-2.9)
2.0 (1.1-3.4)
1.6 (0.95-2.7)
1.6 (0.9-2.8)
2.1(1.2-3.8)
1.5 (0.5-4.6)

fi Hardell et al.
(2013a; b)

Definition of
require a minimal amount of
mobile phone use, but in total at
least 39 h of any type of
wireless phone use.

Unmatched analyses, adjusted
for age, sex, SES, year of
diagnosis.

Participation rate among
malignant brain tumour cases
45%, benign 81%, controls
85%.

Results for acoustic neuroma
only reported pooled with
previous material.
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Meningioma

Mobile phone use,

Carlberg et al.

709/1368 analogue (2013)
>1 year 108 0.9 (0.6-1.5)
>1-5 years 0 -
>5-10 years 3 0.5(0.1-2.1)
>10-15 years 21 0.8 (0.4-1.6)
>15-20 years 39 1.1 (0.6-1.9)
>20-25 years 29 0.9 (0.5-1.5)
>25 years 16 1.3 (0.6-2.8)
Mobile phone use, digital
>1 year 593 1.0 (0.7-1.4)
>1-5 years 70 1.1 (0.7-1.7)
>5-10 years 236 0.9 (0.7-1.4)
>10-15 years 212 1.0 (0.7-1.5)
>15-20 years 75 1.0 (0.6-1.5)
>20-25 years 0 -
>25 years 0 -
Cordless phone use
>1 year 522 1.1(0.8-1.5)
>1-5 years 109 1.0 (0.7-1.5)
>5-10 years 217 1.0 (0.7-1.5)
>10-15 years 128 1.1 (0.8-1.7)
>15-20 years 61 1.2 (0.7-1.8)
>20-25 years 7 1.3 (0.5-3.4)
>25 years 0 -
us Malignant brain Regular mobile phone use Regular defined as having a Muscat et al.
1994-1998 tumours Never 403 1.0 mobile phone subscription. (2000)
18-80 469/422 matched on  pyer 66 0.8 (0.6-1.1) Unmatched anglyses adjusted
age, sex, race and for age, education, sex, race,
month of admission ~ NO- of years study centre, occupation, date
Hospital-based 1 year 21 0.7 (0.4-1.3) of interview, proxy subject.
2-3 years 28 1.1 (0.6-2.0)
04 years 17 0.7 (0.4-1.4)
1997-1999 Acoustic neuroma No. of years Muscat et al.
(2002)
18+ 90/86 0 72 1.0
1-2 7 0.5 (0.2-1.3)
36 11 1.7 (0.5-5.1)
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us Glioma Regular mobile phone use Regul ar use def Inskipetal
1994-1998 486 No use 285 1.0 calls/week. (2001)
18+ 798 controls Ever 85 0.8 (0.6-1.2) Cé’_”di“((’j”fa' 'OgiS“hC_ regreS_SibOI”
frequency matched on  pyyration of regular use 2nj(;J(Sjtaete gfrim:tr(\:/i;nwg t\;apréaofes
ﬁggbi?;),(’prs)(;?ﬁity of Never or rarely 398 1.0 respondent, educatio'n,
residence to hospital  <0.5 years 24 0.6 (0.3-1.1) Eggﬁﬁhcﬂs;p:gc’g]?ﬁ;m; ZZatus
Hospital-based 0.5-<3 years 31 0.9 (0.5-1.6) religion, radiothérapy tothe
O3 years 30 0.9 (0.5-1.5) head or neck, handedness.
Meningioma Regular mobile phone use 130 1.0
197 No use 32 0.8 (0.4-1.3)
Ever
Duration of regular use 165 1.0
Never or rarely 6 0.5(0.2-1.4)
<0.5 years 12 0.8 (0.4-1.9)
0.5-<3 years 14 1.1 (0.5-2.5)
03 vyears
Acoustic neuroma Regular mobile phone use
96 No use 56 1.0
Ever 22 1.0 (0.5-1.9)
Duration of regular use
Never or rarely 74 1.0
<0.5 years 0.3(0.1-1.3)
0.5-<3 years 8 1.8 (0.7-4.5)
03 years 10 1.4 (0.6-3.4)
Interphone Glioma Regular mobile phone use Regular use defined as at least  Interphone
13 countries 2708/2972 matched ~ Never 1042 1.0 one call per week over a period  study group
2000-2004 ~ Onbirthyear, sex,  pygr 1666 0.81(0.70.004) O 2tleastsixmonths. - (2010)
geographic region ) . ) Conditional logistic regression
30-59 Population-based Time since first regular analyses adjusted for education.
use Other variables did not change
1-1.9 years 156 0.62 (0.46-0.81) (rjisk estimzﬁ_esf(s?cio—
2-4 years 644 0.84 (0.70-1.00) oi&%%?(fn; Eall\jlzlgcasiposure and
5,'9 years 614 0.81 (0.60-0.97) ionizing radiation, medical
010 years 252 0.98 (0.76-1.26) histo_ry,_m_edical _ionizing and
non-ionizing radiation exposure
Meningioma Regular mobile phone use ;r;d;/r:;(;l::g)(.)f heterogeneity in
gﬁotgﬁtzhessarpastgzed Never 1147 1.0 results between study centres
geographic region o 1262 079 (0.68-0.91)  Was found.
i Time since first regular
Population-based use
1-1.9 178 0.90 (0.68-1.18)
2-4 years 557 0.77 (0.65-0.92)
5-9 years 417 0.76 (0.63-0.93)
010 years 110 0.83 (0.61-1.14)
Acoustic neuroma Regular mobile phone use Interphone
1105/2145 matched ~ Never 462 1.0 study group
on birth year, sex, Ever 643 0.85 (0.69-1.04) (2011)
geographic region : ) !
) Time since first regular
Population-based use
1-1.9 63 0.73 (0.49-1.09)
2-4 years 276 0.87 (0.69-1.10)
5-9 years 236 0.90 (0.69-1.16)
010 years 68 0.76 (0.52-1.11)
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Nordic-UK Glioma Regular mobile phone use Regular use defined as at least Lahkola et al.
Intetrphone 1496/3134 frequency  Never 629 1.0 opetciall pter_week ;)r:/er a period (2007)
centres ; of at least six months.
matchedonbirth Eyer 867  0.78(0.68-0.91) )
2000-2004 year, sex, geographic __ . ) Includes a wider age-range than
18-69 region Time since first regular Interphone core protocol,
Population-based use frequency matching results in a
1.5-4 years 384 0.77 (0.65-0.92)  larger number of controls.
5-9 years 342 0.75 (0.62-0.90)  Glioma and meningioma
010 years 143 0.95 (0.74-1.23) analyses includes Nordic
countries and UK South,
acoustic neuroma analyses
Meningioma Regular mobile phone use includes also UK North.
1204/2945 frequency  Never 631 1.0 Conditional regression analysis, Lahkola et al.
matched on birth Ever 573 0.76 (0.65-0.89) conditioning on frequency (2007; 2008)
year, sex, geographic __ . fi | matching variables. Adjustment
region Time since first regular for educational level, family
Population-based use history of glioma, radiation
1.5-4 years 286 0.72 (0.60-0.86)  therapy to the head and neck,
5-9 years 214 0.78 (0.64-0.96)  neurofibromatosis or tuberous
. sclerosis did not change the
010 years 73 0.91 (0.67-1.25) results.
A " No evidence of heterogeneity in
coustic neuroma Regular mobile phone use results between study centres
676/3546 freq_uency Never 316 1.0 was found. Schoemaker et
matched on birth al. (2005)
year, sex, geographic Ever 360 0.9 (0.7-1.1)
region Time since first regular
Population-based use
1.5-4 years 174 0.8 (0.7-1.0)
5-9 years 139 0.9 (0.7-1.2)
010 years 47 1.0 (0.7-1.5)
Finland Glioma Subscription No. of cases and controls is Auvinen et al.
1996 198/989 matched on  Ever ? 15(1.0-2.4) 8,”'}; given for a”a'ogutela”d (2002)
igital phones separately, ma
20-69 age and sex No. or years ovgerla;?. P Y, may
Reglst(_ar-_based, <1 1.2 (0.5-3.0)
subscriptions.
1-2 1.6 (0.8-2.9) Conditional logistic regression
>2 1.7 (0.9-3.5) analysis. Adjustment for place
of residence, occupation,
Meningioma e socioeconomic status did not
129/643 Subscription change the results.
) Ever ? 1.1 (0.5-2.4)
Register-based,
subscriptions. No. or years
<1 1.5 (0.5-4.6)
1-2 1.2 (0.4-3.6)
>2 0.8 (0.2-3.5)
Greece Glioma Continuous variable Logistic regression analysis, did Gousias (2009)
2005-2007 41/82 matched on Minute-years 1.00 (0.99-1.01) _not take t_he me_atchlng_ variables
age, sex, district of into consideration, adjusted for
residence alcohol consumption, smoking,
. severe head trauma.
Hospital-based
Brazil Acoustic neuroma Regular mobile phone use Regular use defined as at least Corona (2012)
2006-2010 44/104 Never 10 1.0 one call per week over a period
. of at least six months.
18+ Hospital-based Ever 34 1.38 (0.61-3.14) . L. .
) Unconditional logistic regression
Duration of use analysis, covariates were
No use 9 1.0 variables with
<6 years 12 1.14 (0.42-3.08) univariate analyses (not stated
. which variables).
O6 years 23 1.81 (0.73-4.47)
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Pittsburg, USA  Acoustic neuroma Regular mobile phone use Regular use defined as at least Han et al.
1997-2007 343/343 matched on  Never 140 1.0 one call per week over a period  (2012)
age-range not  29€ and sex Ever 203 0.95 (0.58-1.58) of at Ieas‘t s months.
given Hospialbased  Years of mobile phone cases. o Information given for
use controls.
<’10 years 111 0.79(0.45-1.37)  conditional logistic regression
010 years 92 1.29 (0.69-2.43)  analysis adjusted for race,
Cordless phone use education, residgncy, smoking,
alcohol, occupational exposure
Never 76 1.0 to noise, hay fever, diabetes,
Ever 267 0.93 (0.53-1.63)  family history of cancer.
Years of cordless phone
use
<10 years 197 0.91 (0.52-1.60)
010 years 70 1.07 (0.51-2.24)
1090
Table 12.1.3. Case-control studies of mobile phone use and brain tumours i Amount of phone use
Country Diagnosis Exposure No. exp Relative risk Comments Reference
Time period cases  (95% ClI)
Age range
Sweden Brain tumours Mobile phone use In total at least 8 h mobile Hardell et al.
1994-1996 Not reported for <136 h 38 1.01 (0.64-1.58)  Phone use was required tobe  (1999)
20-80 spepific types of 136 h 40 0.96 (0.61-1.52) defined as mobile phone user.
brain tumours
Sweden Brain tumours Mobile phone use, analogue Amount of use not reported for  Hardell et al.
1997-2000 085 h 114 1.3 (0.99-1.8) specific types of brain tumours.  (2002)
20-80 >85 h 96  1.2(0.9-1.6) Definition of i
) . require a minimal amount of
Mobile phone use, digital use.
055 h 165 1.0 (0.8-1.3)
>55 h 130 0.9 (0.7-1.2)
Cordless phone use
0183 h 136 0.9 (0.7-1.1)
>183 h 161 1.1 (0.9-1.4)
Sweden Malignant brain Mobile phone use, analogue Definition of f Hardelletal
2000-2003 tumours osh 17 1.4 (0.7-2.8) require a minimal amount of (20054a; 2006¢)
20-80 >80 h 51 4.0(2.2-7.3) use:
Mobile phone use, digital
064 h 79 1.6 (1.1-2.4)
>64 h 119 2.4 (1.6-3.7)
Cordless phone use
0243 h 81 1.8 (1.2-2.8)
>243 h 90 2.4(1.5-3.6)
Meningioma Mobile phone use, analogue
080 h 15 1.4 (0.7-2.7)
>80 h 20 2.2 (1.1-4.3)
Mobile phone use, digital
064 h 77 1.1 (0.8-1.7)
>64 h 74 1.7 (1.1-2.6)
Cordless phone use
0243 h 59 1.0 (0.7-1.6)
>243 h 81 1.7 (1.1-2.6)
Acoustic neuroma  popile phone use, analogue
080 h 7 3.0 (1.1-8.6)
>80 h 13 6.0 (2.2-17)

Mobile phone use, digital
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064 h 23 1.7 (0.8-3.4)
>64 h 30 25(1.2-5.2)
Cordless phone use
0243 h 21 1.4 (0.7-2.9)
>243 h 24 1.7 (0.8-3.5)
Sweden Malignant brain Mobile phone use, analogue Definition of 0 Hardellet
2007-2009 tumours >39-405 h 90 1.7 (0.9-3.0) requ_ire a minimal amot_mt of al.(2013a)
mobile phone use, but in total at
18-75 406-1091 h 22 1.6 (0.8-3.4) least 39 h of any type of
1092-2376 h 18 2.6 (1.2-6.0) wireless phone use.
>2376 h 14 7.7 (2.5-24) Categories according to
Mobile phone use, digital quartiles of th_e distribution of
~39-405 h 202 14(08-2.3) :nmyot%/pe of wireless phone use
g controls.
406-1091 h 138 1.9 (1.1-3.3)
1092-2376 h 84 1.4 (0.8-2.5)
>2376 h 122 3.2 (1.8-5.6)
Cordless phone use
>39-405 h 164 1.3(0.8-2.2)
406-1091 h 120 1.7 (1.01-3.0)
1092-2376 h 98 2.1(1.2-3.7)
>2376 h 79 3.1(1.8-5.5)
us Malignant brain Cumulative hours of use ARegul ar" def i n Muscatetal
1994-1998 tumours >0-08 . 7 17 1.0 (0.5-2.0) mobile phone subscription. (2000)
18-80 >8.7-<60 12 0.6 (0.3-1.3)
>60-04 8 0 19 0.9 (0.5-1.8)
>480 14 0.7 (0.3-1.4)
1997-1999 Acoustic neuroma  Cumulative hours of use
18+ 1-60 9 0.9 (0.3-3.1) (’\%ZZ‘;“ etal.
>60 9 0.7 (0.2-2.6)
us Glioma Cumulative hours of use Regul ar use def Inskipetal
1994-1998 <13 26 0.8 (0.4-1.4) calls/week. (2001)
18+ 13-100 26 0.7 (0.4-1.3)
>100 32 0.9 (0.5-1.6)
Meningioma Cumulative hours of use
<13 8 0.7 (0.3-1.9)
13-100 13 1.1 (0.5-2.4)
>100 11 0.7 (0.3 1.7)
Acoustic neuroma  Cumulative hours of use
<13 5 0.7 (0.2-2.3)
13-100 8 1.2(0.5-3.1)
>100 9 1.4 (0.6-3.5)
Interphone Glioma Cumulative hours of use AiRegul ar wused d Interphone
13 countries <5h 141 0.70 (0.52-0.94) Iea_st one call per vyeek overa  study group,
period of at least six months. (2010)
2000-2004 5-12.9 145 0.71 (0.53-0.94)
30-59 13-30.9 189 1.05 (0.79-1.38)
31-60.9 144 0.74 (0.55-0.98)
61-114.9 171 0.81 (0.61-1.08)
115-199.9 160 0.73 (0.54-0.98)
200-359.9 158 0.76 (0.57-1.01)
360-734.9 189 0.82 (0.62-1.08)
735-1639.9 159 0.71 (0.53-0.96)
>1640 210 1.40 (1.03-1.89)
Cumulative number of calls
<1.5 *100 calls 147 0.74 (0.55i 0.99)
1.5-3.4 141 0.71 (0.541 0.95)
3.5-7.4 161 0.76 (0.58i 1.00)
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7.5-13.9 174 0.90 (0.68i 1.20)
14-25.4 180 0.78 (0.59i 1.02)
25.5-41.4 156 0.83 (0.621 1.10)
41.5-67.9 163 0.71 (0.531 0.94)
68-127.9 186 0.93 (0.701 1.23)
128-269.9 193 0.96 (0.72i 1.28)
>270 165 0.96 (0.71i 1.31)
Meningioma Cumulative hours of use
<5h 160 0.90 (0.69-1.18)
5-12.9 142 0.82 (0.61-1.10)
13-30.9 144 0.69 (0.52-0.91)
31-60.9 122 0.69 (0.51-0.94)
61-114.9 129 0.75 (0.55-1.00)
115-199.9 96 0.69 (0.50-0.96)
200-359.9 108 0.71 (0.51-0.98)
360-734.9 123 0.90 (0.66-1.23)
735-1639.9 108 0.76 (0.54-1.08)
>1640 130 1.15 (0.81-1.62)
Cumulative number of calls
<1.5 *100 calls 159 0.95 (0.72-1.27)
1.5-34 136 0.62 (0.46-0.83)
3.5-74 148 0.90 (0.68-1.19)
7.5-13.9 143 0.80 (0.61-1.07)
14-25.4 122 0.60 (0.45-0.81)
25.5-41.4 111 0.81 (0.58-1.13)
41.5-67.9 129 0.79 (0.58-1.09)
68-127.9 134 0.92 (0.67-1.26)
128-269.9 100 0.81 (0.57-1.16)
>270 80 0.80 (0.55-1.17)
Acoustic neuroma  Cumulative hours of use Shown here are analyses using Interphone
<5h 58 0.77 (0.52-1.15) 1 year latency for comparability. study group
Paper presents also secondary  (2011)
5-12.9 63 0.80 (0.54-1.18) analyses using 5 year latency.
13-30.9 80 1.04 (0.71-1.52)
31-60.9 66 0.95 (0.63-1.42)
61-114.9 74 0.96 (0.66-1.41)
115-199.9 68 0.96 (0.65-1.42)
200-359.9 50 0.60 (0.39-0.91)
360-734.9 58 0.72 (0.48-1.09)
735-1639.9 49 0.48 (0.30-0.78)
>1640 77 1.32 (0.88-1.97)
Cumulative number of calls
<1.5 *100 calls 59 0.76 (0.51-1.14)
1.5-34 60 0.68 (0.45-1.03)
3.5-74 73 1.11 (0.76-1.61)
7.5-13.9 87 1.22 (0.84-1.77)
14-25.4 79 1.11 (0.75-1.64)
25.5-41.4 55 0.64 (0.42-0.98)
41.5-67.9 50 0.74 (0.49-1.12)
68-127.9 62 0.65 (0.43-0.98)
128-269.9 56 0.67 (0.44-1.02)
>270 62 0.93 (0.611.41)
Nordic-UK Glioma Cumulative hours of use Lahkola et al.
Interphone <125h 368 0.75(0.64-0.89) (2007)
centres 125-503 h 193 0.69 (0.55-0.85)
2000-2004
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18-69 >503 h 262 0.90 (0.73-1.10)
Cumulative number of calls
<2172 352 0.73 (0.62-0.87)
2172-7792 205 0.74 (0.60-0.91)
>7792 265 0.91 (0.74-1.12)
Meningioma Cumulative hours of use
<125h 278 0.68 (0.57-0.82) Lahkola et al.
125-514 h 125 0.79 (0.62-1.02) (2008)
>514 h 140 0.88 (0.68-1.13)
Cumulative number of calls
<2195 285 0.68 (0.57-0.82)
2195-7790 130 0.86 (0.67-1.10)
>7790 128 0.83 (0.64-1.07)
Acoustic neuroma  Cumulative hours of use
<116h 168 0.9 (0.7-1.1)
116-534 h 89 0.9 (0.7-1.2) Schoemaker et
al. (2005)
>534 94 0.9 (0.7-1.2)
Cumulative number of calls
<2149 173 0.9 (0.7-1.1)
2149-8000 82 0.8 (0.6-1.1)
>8000 99 1.0 (0.7-1.3)
5 Interphone  Glioma Regular mobile phone use Unconditional logistic regression Cardis et al.
study centres: Never 266 1.0 analyses, stratified on age, sex (2011a)
Australia, and region, and adjusted for
Canada, Ever 542 0.92(0.75-1.13)  eqycation and the interaction
France, Israel, Cumulative call time between study region and time
New Zealand <13 h 69 0.88 (0.63-1.24) period of interview (6-month
2000-2004 13-<61 103 0.93 (0.69-1.25) rtez;';)' Ca "
30-59 or 59% of glioma cases the
61-<200 110 0.74 (0.55-0.99)  yymour location was determined
200-<735 123 0.94 (0.71-1.26) by neuroradiologists from MRI
0735 137 1.17 (0.88-1.56) and CT scans, for 41% it was
estimated from radiological
reports.
Glioma, subset with Regular mobile phone use Total cumulative specific energy
information on total  Neyer 196 1.0 (TCSE) at tumour location
cumulative specific estimated from self- reported
energy (TCSE) Ever 355 0.93(0.73-1.18)  mgpile phone use history,
Cumulative call time based on network
<13 h 44 0.83 (0.55-1.26) characteristics, frequency
bands, communication systems,
13-<61 68 0.93 (0.65-1.32) calling time, laterality of phone
61-<200 63 0.66 (0.46-0.96)  use, handsfree devices, type of
200-<735 90 1.07 (0.76-1.50) phones used, and frequency of
6735 90 1.25 (0.88-1.77) :Zeslg urban alnd rurlellk)I:)cfatlons.
) was only available for a
TCSE (joules/kg) subset of individuals, for
<76.7 67 0.76 (0.53-1.09)  comparability, results for
76.7- 68 0.94 (0.66-1.35) cumulative call time is also
284.1- 60  0.80 (0.54-1.18) ﬂ“’e:géh'slsu::’ste; ot
or calculated withou
978'9' 57 0.89(0.61-1.30)  congideration of laterality of
03123.9 103 1.35(0.96-1.90)  phone use the OR in the top
category was 1.23 (0.89-1.72)
for glioma.
Meningioma Regular mobile phone use
Never 356 1.0
Ever 486 0.80 (0.66-0.96)
Cumulative call time
<13 h 102 0.86 (0.64-1.15)
13-<61 101 0.79 (0.60-1.04)
61-<200 97 0.71 (0.53-0.94)
200-<735 89 0.69 (0.51-0.93)
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0735 97  1.01(0.75-1.36)

Meningioma, subset Regular mobile phone use For 51% of meningioma cases
with informat!on on  Never 294 1.0 the tumour location was _
total cumulative determined by neuroradiologists
specific energy Ever 381 0.77(0.63-0.95)  from MRI and CT scans, for
(TCSE) Cumulative call time 41% it was estimated from

<13 h 80 0.84 (0.60-1.16) radiological reports.

13-<61 82 0.80 (0.59-1.10)

61-<200 73 0.64 (0.46-0.89)

200-<735 67 0.63 (0.45-0.88)

0735 79 1.06 (0.75-1.48)

TCSE (joules/kg)

<76.7 103 0.90 (0.67-1.21)

76.7- 71 0.74 (0.53-1.04)

284.1- 56 0.56 (0.39-0.80)

978.9- 62 0.72 (0.51-1.02)

03123.9 88 0.90 (0.66-1.24)

1091
1092 Case-case studies

1093 Radiofrequency exposure during mobile phone use is highly localized, and declines rapidly with
1094 distance to the exposure source. The energy absorption reaches only a few centimetresbiaio bee

1095 Chapter 2 This means that tumours in mobile phone users, if caused by the radiofrequency exposure, would be
1096 expected to more often be located closer to the exposure source than tumours in patients who are not mobile
1097 phone users. Three casase studies have beemdacted to test this hypothesis.

1098 A casecase study of mobile phone use and the risk of acoustic neuroma was conducted in Japan
1099 (Sato et al.201). In total, 1589 cases were identified between 2000 and 2006, from 22 consenting hospitals in
1100 Japan out of 68 contacted. Exposure information was collected througkeasétistered postal questionnaire,

1101 answered by 800 cases (51%), of whom B&d a unilateral tumour with known tumour location. Analyses

1102 were made with reference dates at 1 and 5 years before diagnosis, and were restricted to regular mobile phone
1103 users (at least once per week during >6 months) who used the mobile phone orerredsigle the head, and

1104 had no symptoms of the tumour at the reference date. In analyses with one year latency, 180 cases were
1105 included, and with five years 150 cases. Gease analyses were made according to a method described by
1106 Inskip and colleaguesyhere mobile phone use laterality was related to tumour latefalgkip et al, 200J).

1107  The overall risk ratio for regular mobile phone use with one year latency was 1.08 (95 %iQLlZBYa&nd with

1108 5 years latency 1.14 (95% CI 0i9640). Averag call duration >20 minutes/day (heavy use) was associated
1109  with a risk ratio of 2.74 (95 % CI 1.18.85) with one year latency and 3.08 (95 % CI 17441) with five

1110 vyears. Risk ratios for 120 minutes/day was 0.82 (95% CI 0.85L9) with one year laten@nd 0.84 (95% ClI

1111 0.621.44) with five years. Among heavy users, the tumour diameter tended to be smaller in cases with
1112 ipsilateral use than contralateral use, a pattern that was not seen among patients with smaller amounts of use. [A
1113 casecase design prewts selection bias caused by +participation among controls, but cannot prevent

1114  selection bias caused by earlier detection of the tumour. As noted by the authors, hearing loss is a common early
1115 symptom of acoustic neuroma and may lead to an earliestoiet®f tumours among heavy mobile phone users.

1116 This may explain some of the risk increase observed among heavy users, an assumption supported by the
1117  finding of smaller tumours in this group. In addition, recall bias will not be prevented by this tgypseshse

1118 design, as the seteported side of mobile phone use was used in the analyses, but may be less severe than in a
1119 casecontrol study. The study found some indication of recall bias in the reported side of mobile phone use, and
1120 it is noteworthy tharisk estimates of intermediate categories of amount of use were slightly reduced.]

1121 Larjavaara and cworkers conducted a casase study of glioma based on data from seven

1122  Interphone study centres (Denmark, Finland, Norway, SwederSaikh, Italy, and @rmany)(Larjavaara et

1123  al., 2011h. In total 873 glioma cases were included. For each patient, neurorésti®logtermined the

1124  localization of the tumour migoint on a threalimensional 1 cm x 1 cm x 1 cm grid, by scrutinizing

1125 r adi ol ogi cal i mages, blind to casesd exposure status.
1126  mid-point of the tumoulnd the typical location of a mobile phone during a phone call. To avoid recall bias,

1127  selfreported laterality of phone use was not taken into consideration when calculating the distancas€ase

1128 analyses were made with unconditional logistic regressisimg distance between the midpoint of the tumour

1129 and the exposure source as a binary outcome: O5 cm ar
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1130 and country. Exposure was estimated as regular use, cumulative call time (categorized gatedsadtiiies),

1131 laterality and duration of use in years (categorized as in previous studies based on théJKdrderphone

1132 data). The reference category in all analyses was never regular use. In addition, analyses were performed using a
1133  casespecular meénod, where the actual location of the tumour (case) was compared to a hypothetical location
1134  (specular control). The hypothetical control location was determined by symmetrically reflecting the location of
1135 the actual tumour site across the midpoint ofgkial and coronal planes to obtain a misimage location, and

1136 analyses were made with logistic regression conditioned upon matched sets (case and spseukesilts

1137  showed thatumours were equally distributed between the right and the left sideedidad. No substantial

1138 differences in the mean distance between exposure source and tumour location were observed between different
1139 categories of mobile phone use. The distance was somewhat shorter-fegatam users and for contralateral

1140 users, and lager for the highest category of cumulative hours of use and longest duration of use, although none
1141  of the differences were statistically significant. The ORs for having a tumour located within five centimetres of
1142 the exposure source were below unity fircategories of mobile phone use when compared teregular

1143  users. For regular use the OR was 0.80 (95% Cli@.5615) , for O10 vyears duration
1144  1.86), and for the highest tertile of cumulative hours of use 0.58 (95% CI0098). In the casespecular

1145 analysis most ORs for having a tumour within 5 centimetres of the exposure source were above unity, both
1146  among regular users (OR=1.19; 95% CI 08899) and nofregular users (OR=1.30; 95% CI 0i(9530). [This

1147  casecase analysis mimizes recall bias, because the selforted side of mobile phone use was not taken into

1148 consideration when calculating the distance from the tumour location to the exposure source. Selection bias
1149 caused by noparticipation among controls is eliminatenl this analysis, and for glioma it is unlikely that

1150 mobile phone use will affect detection of the tumour. Defining exposed locations as within 5 centimetres from a
1151 hypothetical exposure source may result in some exposure misclassification. Tisperade analysis is

1152 complicated by the nesymmetrical distribution of glioma within the brain, which may explain ORs above
1153  unity for both mobile phone users and for ngers.]

1154 In the pooled analysis of casentrol data on glioma and meningioma from 5 Interghcountries

1155 made by Cardis and emorkers a casease analysis was also conduc(€ardis et al., 201)aln total 556

1156 glioma and 672 meningioma cases were included. The tumour location was determined from MRI and CT scans
1157 by neuroradiologists who also estimated the tumour centre on adilmeasional 1 cm x 1 cm x 1 cm grid.

1158 Scans were available for 59% of gliomada51% of meningioma cases; for the remaining cases radiology
1159 reports were used to construct a tumour volume and a computer algorithm developed to estimate the tumour
1160 centre. The outcome was defined as having a tumour located in the most exposed ard#ad tfthe area

1161 receiving 50% of the absorbed energy), not consideringragtfrted side of phone use. Controls were cases

1162  with tumour locations outside this area. Mobile phone exposure was estimated as regular use, time since start of
1163  use (categorizedsali 4, 59 , 010 years), and cumul ative calll ti me
1164 cases with tumours located outside the most exposed area). The reference category in all analyses was never
1165 regular use. Regular mobile phone use was associatecmi@®R of 1.35 (95% CI 0.62.87) for glioma and

1166 0.74 (95% CI 0.401.11) for meningioma. A raised OR was observed for glioma in the highest category of time
1167  since first use (OR= 2.80; 95% CI 1i8B394), but in the categoryi 9 years the OR was considerab&gduced

1168 (OR=0.72; 95% CI 0.271.90). In the highest category of cumulative call time the OR was close to unity. For
1169 meningioma, the ORs in the highest exposure categories of both time since first use and cumulative call time
1170 were above unity but with wideonfidence intervals. [The analyses were based on small numbers of exposed
1171  subjects, and no consistent dose response patterns were observed. For a large proportion of cases the estimated
1172  tumour centre was uncertain, which may have resulted in some egpomatassification. A smaller proportion

1173  of glioma cases were considered exposed in this study compared to the study by Larjavaara et al. discussed
1174 above (8% compared to 23%), which may have reduced the statistical power and introduced exposure
1175 misclassifcation considering that 50% of the energy was absorbed at locations that were considered unexposed.]

Table 12.1.4. Case-case studies of mobile phone use and brain tumours

Country No. cases Exposure No. exp Relative risk Comments Reference
Time period cases (95% ClI)

Age range
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Japan Acoustic neuroma One year latency Sato et al.
2000-2006 787 cases Regular mobile phone use 180 1.08 (0.93-1.28) (2011)
All ages Hospital-based Years since start
05 112 1.06 (0.88-1.31)
5-9 56 1.05 (0.82-1.45)
>10 12 1.62 (0.79-4.77)
Number of calls per day
01 64 1.24 (0.94-1.76)
1-3 69 0.96 (0.79-1.24)
3-5 22 1.21 (0.78-2.26)
>5 25 1.11 (0.77-1.87)
Average daily call duration
03 min 79 1.18 (0.93-1.57)
3-10 min 50 0.89 (0.72-1.21)
10-20 min 28 0.82 (0.65-1.19)
>20 min 23 2.74 (1.18-7.85)
7 Interphone  Glioma Regular mobile phone use Tumour location determined by  Larjavaara, et
study centres:  g73 cases Never 91 1.0 neuroradiologists from MRl and  al. (2011b)
Denmark, ) CT scans.
Finland Population based Ever 107 0.80 (0.56-1.15) . )
' . ) Odds ratio of a tumour location
Germany, Cumulative call time within 5 cm of the exposure
IStalyaNONL\j?(y, 0.001-46 h 33 0.82 (0.51-1.31) source, not considering self-
S\gll_?therh 47-339 h 38 0.97 (0.60-1.56) reported side of phone use.
>339 h 30 0.58 (0.35-0.96) Unconditional logistic regression
2000-2004 ) ( ) adjusted for age, sex,
18-69 Duration of use education, and country.
1.5-4 years 65 0.85(0.57-1.25) 5304 of cases located within 5
5-9 years 30 0.71 (0.43-1.18) cm of exposure source.
010 years 10 0.85 (0.39-1.86)
Laterality
Ipsilateral 51 0.80 (0.52-1.22)
Contralateral 37 0.77 (0.47-1.24)
5 Interphone  Glioma Regular mobile phone use For 59% of glioma cases the Cardis et al.
study centres:  ggg cases Never 14 1.0 tumour location was determined (2011a)
Australia, by neuroradiologists from MRI
Canada, Ever 30 1.35(0.64-2.87) ang CT scans, for 41% it was
France, Israel, Time since first regular use estimated from radiological
New Zealand 1-4 years 12 1.37 (0.59-3.19) 'eports.
2000-2004 5-9 years 7 0.72 (0.27-1.90) Odds ratio of a tumour location
30-59 - in the area receiving 50% of the
010 years 11 2.80 (1.13-6.94) absorbed energy, not
Cumulative call time considering self-reported side of
<39 h 6 1.19 (0.40-3.51) Phone use.
39-<220 4 0.93 (0.27-3.14) Unconditional logistic regression
analyses, stratified on age, sex
220-<520 S 1.38 (0.42-4.53) znq region and adjusted for
520-<1147 10 2.55 (0.94-6.91) education and timing of
61147 5 0.99 (0.30-3.27) Interview.

8% of glioma and 20% of
meningioma were located in the
most exposed area.
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Meningioma Regular mobile phone use For 51% of meningioma cases
Never 66 1.0 the tumour location was

672 cases determined by neuroradiologists

Ever 69 0.74(0.49-1.11) from MRI and CT scans, for
Time since first regular use 41% it was estimated from
1-4 years 38 0.67 (041_107) radiological reports.

5-9 years 22 0.75 (0.42-1.34)

010 years 9 1.34 (0.55-3.25)

Cumulative call time

<39 h 16 0.55 (0.29-1.02)

39-<220 21 0.93 (0.51-1.68)

220-<520 9 0.52 (0.23-1.14)

520-<1147 10 0.67 (0.30-1.48)

01147 13 1.41 (0.66-3.02)

1176

1177

1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215

Brain tumours in children

Currently, there is only one study available on mobile phone use and cancer risk in children. Aydin and
colleagues conducted a popidatbased caseontrol study of brain tumours among children agéti97years
in Denmark, Norway, Sweden and Switzerla@d/din et al., 2011 Eligible cases were diagnosed with a
primary brain tumouduring 20042008. Cases were ascertained through pediatric, oncology, and neurosurgery
departments and/or from populatibased cancer registries. All diagnoses were either histologically confirmed
or based on unequivocal diagnostic imaging. Two contretscase were randomly selected from population
registries, matched on age, sex, and geographic region. In total, 352 (83%) cases and 646 (71%) controls
participated in the study. Information about mobile phone use history and potential confoundingweaotors
collected through personal interviews with the child and at least one parent using a computer assisted
guestionnaire. Regular use of a mobile phone was defined as at least one call per week over period of at least six
months. Exposure within six morgttof the diagnosis (or corresponding date for the matched controls) was not
taken into consideration. Analyses were made with conditional logistic regression, and apart from the matching
variables evaluation of confounding from a large number of poteigiafactors were made, but as this did not
appreciably change the results they were not kept in the final model. For about one third of the participants
exposure information was available from mobile phone operators. Cumulative hours of phone use &nd numb
of calls were categorized according to the median afigp@Ecentile of the distribution among the controls.

For selfreported regular mobile phone use an OR of 1.36 (95% CT B.92) was found. Risk estimates
did not increase with increasing tirsmce first use; the OR for >5 years since first use was 1.26 (95% CI 0.70
2.28), and were not higher for ipsilateral mobile phone use than contralateral, or for tumours in the temporal
lobe compared to other locations. The ORs increased with increasmgative hours of use, but none of the
effect estimates were statistically significant; in the upper quartile the OR was 1.55 (95% iQ.8286No
consistent trend was seen for cumulative number of calls; the OR in the highest quartile was 1.42 (9596 CI 0
2.53). In the small subset with operator traffic data, an increased OR was observed in the upper quartile of time
since first subscription (OR=2.15; 95% CI 1i.@729). No consistent trend was observed with operatorded
cumulative duration of callghe OR in the upper quartile was 1.38 (95% CI 03631). A projected incidence
trend was calculated based on the assumption of an OR of 2.15 after three years of regular mobile phone use and
was found to be incompatible with the observed incidence teendng Swedish childreni I9 years old
between 1990 and 2008. [The strengths of the study are rapid case ascertainment, pbpskdicontrols, and
data collection through structured compedssisted personal interviews with wthined interviewers.
Limitations are the use of retrospectively collected-sgtbrted information about mobile phone use and
limited statistical power. The findings of naignificant effect estimates slightly above unity in most analyses
do not provide evidence against rand variation as the explanation because the analyses are not independent;
all analyses include the same participants. If random variation affects the distribution between unexposed and
exposed, this will affect all analyses of specific indices of amoudumation of phone use. Use of operator
recorded traffic data is a strength, and is likely to reduce misclassification of exposure, but this information was
only available for a small nerandom subset of the participants, which prevents causal inteipmefat
especially in the light of incompatible incidence trends.]
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1216

Table 12.1.5. Case-control studies of mobile phone use in children and brain tumours

Country No. cases/controls  Exposure No. exp Relative risk Comments Reference
Time period  Source of controls cases  (95% ClI)
Age range
Denmark, Brain tumours Regular mobile phone use Regular use defined as at least Aydin et al.
Norway, 352/646 matched on  Never 158 1.0 one call per week over a period (2011)
Sweden, ; of at least six months.
Switzerland ?gg(;ii)z(.e)(‘ geographic E.ver o 194 1.36(0.92-2.02) Conditional logistic regression
2004-2008 Population registry Tlme since first use analyses. No additional
7-19 03.3 years 95 1.35(0.89-2.04)  adjustment in final model, a

3.3-5.0 years 53 1.47 (0.87-2.49) large set of confounders

assessed.
>5.0 years 46 1.26 (0.70-2.28) -
. Additional analyses were made

C\:umulatwe hours of use of a small subset with operator

035 94 1.33(0.89-2.01)  recorded exposure information,

36-144 48 1.44 (0.85-2.44) but was not randomly selected.

>144 49 1.55 (0.86-2.82)

Cumulative no. calls

0936 94 1.34 (0.89-2.02)

937-2638 50 1.47 (0.86-2.51)

>2638 47 1.42 (0.79-2.53)
1217
1218 12.1.2.2 Salivary gland tumours
1219 In total, six studies of salivary gland tumour risk in relation to mobile phone use have been
1220 conducted, of which one was a cohort study and five-castol studies.
1221 A Danish cohort studgdohansen et al., 20Pihcluded 4295 mobile phone subscribers. The cohort
1222  includes only private subscribers; the apfmately 200000 corporate subscriptions could not be linked to a
1223  person. A detailed description of the study design is given in the section about brain tumouss.(Beg#gy,
1224  the cohort was followed from first subscription through 1996. Averagewalip time was 3.5 years. Cancer
1225 incidence in the cohort was ascertained by linkage to the Danish Cancer Registry. Standardised incidence ratios
1226  (SIR) were calculated comparing cancer incidence in mobile phone subscribers with national rates allowing for
1227  se, age and calendar period. In total, 7 cases of salivary gland tumours were identified in the subscriber cohort
1228  during the study period, all males, resulting in a SIR of 0.78 (95% Ci 0.8Q) for men.
1229 The Danish cohort study was updated by Schiz 28069 by extending the followup with an
1230 additional 7 years, to December 31, 2002. In total, 26 cases of salivary gland tumours were identified during the
1231  entire study period, including also the 7 casiesiified in the first followup. All 26 cases were males. National
1232 incidence rates used for comparison were calculated after exclusion of the exposed cohort. The SIR for ever
1233 being a mobile phone subscriber was estimated at 0.86 (95% CGL®6 for men and 0.00 (95% CI 0.00
1234  1.02) for women. No doseesponse analyses of time since first subscription were made. The results provide no
1235 evidence in support of the hypothesis that mobile phone use increases the risk of salivary gland cancer.
1236 [The study has thited power to analyse such a rare disease as salivary gland cancer. The register
1237 based design minimizes selection bias, and guarantees that exposure information is collected independent of the
1238 di sease, and does not n e enohbetthwir mobile ghone nse.Jsiny p substriptidn a b i
1239 as a proxy for mobile phone use results in-ddferential misclassification of the exposure, since the actual
1240 user of the phone is unknown. This error is, however, unlikely to be of any greater magdniindethese early
1241  years of mobile telephony when mobile phone use was quite expensive. Not being able to include corporate
1242  users also introduce exposure misclassification, as they are likely to be among the earliest and heaviest users of
1243  mobile phones, hich primarily weakens the statistical power of the study. However, the study covers a period
1244  when mobile phones were still used by a small minority of the population and the resulting exposure
1245  misclassification would have only a minor effect on the ristkmeates.]
1246 Auvinen and colleagues performed a easetrol study of brain tumours and salivary gland cancer
1247  nested within the Finnish populatigAuvinen et al., 200R Cases of salivary gland tumours in the age range
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1288
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1298
1299
1300
1301
1302
1303
1304
1305

20i 69 diagnosed during 1996 were identified throtigh nationwide Finnish Cancer registry (n=34). Five-age

and sexmatched controls per case were randomly selected from the population registry. Information about start
and end date of mobile phone subscriptions, and type of network, was obtained froobileephone network
providers. No information was collected on amount of phone use. Information was only available on private
subscriptions; corporate mobile phone use could not be assessed. In total, 3 (9%) cases of salivary gland cancer
had had an anajpe phone subscription, and 1 (3%) case had had a digital phone subscription. The
corresponding numbers for controls were 15 (9%) and 3 (2%), respectively. Ever having had a mobile phone
subscription was associated with an OR of 1.3 (95% Q14073. All but one case and one control had had a
subscription for a maximum of two years. [The study can only address potential effects -@€rshartobile

phone use. Considering the low prevalence of mobile phone use in the population, misclassification of the
expoure from lack of information about corporate subscriptions is likely to have a minimal effect on the risk
estimates.]

Hardell and colleagues conducted a eamatrol study of mobile phone use and the risk of malignant
salivary gland tumours in the age gan21 80 years(Hardell et al., 2004a Regional cancer registries that
covered the whole of Sweden were used to identify 407 cases, during the periegtP2994h some regions to
2000). At the time of theada collection 114 cases were excluded either because they had died (96), were too ill
to participate (3), or the treating physician did not grant permission to contact the case (15). The participation
proportion among cases was reported to be 91%, matidtilated according to conventional standards it was
66% (i.e. when including deceased, too ill, and physician refusal in the denominator). Four controls per case,
matched on age and sex, were selected from controls used in previous brain tumour sthdiesaine group,
covering the period 1994996 (Hardell et al., 199Pand 19972000 (Hardell et al., 2002 The participation
proportion among the previously selected controls 92&. New controls were selected when the matching
criteria could not be fulfilled, and to cover two geographical regions that were not covered by the previous
studies, in total 357 controls of whom 303 participated (85%). In total, 267 cases and 106& cuerte
included in the analyses. Information on mobile phone use history was collected through a mailed questionnaire,
and all subjects were also contacted by phone to supplement the answers. Of the cases, 12% had used analogue
phones and 17% digital phes. For controls, the proportions were 11% and 16%, respectively. Hours of phone
use was categorized according to the median value among the controls. Unconditional logistic regression was
used to estimate odds ratios, adjusted for age and sex. Adjalstinfpr geographical region did not change risk
estimates, but was not reported. Risk estimates for ever use of an analogue phone was OR=0.9 (95% CI 0.6
1.5), for digital phone use OR=1.0 (95% CIid?%), and for cordless phone use OR=0.99 (95% CIi0.88).

Risk estimates did not increase with time since first use or hours of use. The authors report that no consistent
pattern of risk estimates was found according to laterality of phone use, but these data were not shown. In the
analyses by anatomic Iagan, the risk estimate for the submaxillary gland was OR=1.4 (95% CB®&.)for

any phone use, for the parotid gland OR=1.0 (95% Q1104j, and for other locations OR=1.1 (95% CIi0.5

2.7). The results do not support the hypothesis that mobile phenéncreases the risk of salivary gland
tumours. [The study has limited power to study potential effects oftkmmg mobile phone use. In the original
studies from which the majority of the controls were drawn, matching of controls to brain tumour cases wa
made on age, sex and geographic region.]

Lénn and colleagues reported results on parotid gland tumours pooling data from the Swedish and
Danish Interphone casmntrol studiegL6nn et al., 200% The studies cover approximately 6.7 million people
(the whole of Denmark and a large part of Sweden). Eligible cases were pers68sygars old diagnosed
during 20002002 with malignant parotid gland tumours or benign pleomorphic adenoma (the lattéoon
two geographical regions in Sweden). In total 71 malignant and 128 benign eligible cases were identified
through the nationwide cancer registries and from clinics treating these patients. There was no overlap of cases
with the study by Hardell etl.adescribed abov@Hardell et al., 2004a Controls were randomly selected from
population registries, in Denmark individually matched to cases on age and sex, in Sweden stratified on age, sex
and geographal region. In total 60 (85%) malignant cases, 112 (88%) benign cases, and 681 (70%) controls
participated in the study. Information about mobile phone use history was collected through standardized
personal interviews that included questions about the whan mobile phone use started, number of phone
calls, hours of phone use, preferred side of the head, and use offfeendsvice. Amount of phone use was
categorized according to the ®%nd 7%' percentiles among the controls. Analyses were conducset
unconditional logistic regression, adjusted for age, sex, residential area, country and education. Using
conditional logistic regression analyses for the Danish material did not change results materially. Regular
mobile phone use (defined as at leaste per week during at least six months) was reported by 60% of
controls. Ever being a regular mobile phone user was not associated with parotid gland tumour risk; OR=0.7
(95% CI 0.4 1.3) for malignant tumours and 0.9 (95% CIli@ %) for benign tumourRisk estimates did not
increase with duration of use, time since first use, cumulative call time or cumulative number of calls. Odds
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1306 ratios for ipsilateral mobile phone use (use on the same side as where the tumour was diagnosed) were increased
1307 in some aalyses, but were accompanied by corresponding reduced risks for the contralateral side. The OR for
1308 ipsilateral use that started more than 10 years prior to the diagnosis was 2.6 (95%7@) G&® benign

1309 tumours, while the corresponding OR for contrakitese was 0.3 (95% CI G.2.3). The results do not support

1310 the hypothesis that mobile phone use increases the risk of parotid gland tumours. [It does not seem biologically
1311  plausible that RF exposure would increase the risk of salivary gland tumourg siderof the head and at the

1312 same time protect against tumours on the opposite side. Therefore the findings related to ipsilateral use were
1313 interpreted as information bias.]

1314 The lIsraeli Interphone studiBadetzki et al., 20Q08dentified benign and malignant parotid gland

1315 tumours among all Jewish individuals in Israel 18 years or older during 2001 tol@G08&al, 531 cases with

1316 confirmed tumours were identifiethrough periodic review of pathology/cytology reports from all 22

1317 otolaryngology departments in the count®f the 460 (87%) participating cases, 58 were malignant, and the
1318 benign were distributed as 2deomorphic adenoma, 117 Warthin's tumour, and 21 others. Controls were
1319 randomly selected from the population registry, individually matched to cases identified for the Interphone study
1320 which also included glioma, meningioma and acoustic neuroma. Cowmtrigisally matched to the other

1321  tumour types were post hoc matched to parotid gland tumour cases on age, sex, interview date and continent of
1322  birth. Through this procedure, up to 7 controls per case was selected. In total, 1929 controls were selected, of
1323 whom 1266 (66%) participated. Information on mobile phone use history was collected through personal
1324 interviews according to the Interphone study protocol, in the same way as in the Swedish/Danish study
1325 described above. Analyses were made using conditilmggdtic regression, with adjustment for smoking.

1326  Regular mobile phone use (at least once per week over a period of at least six months) was reported by 55% of
1327  controls, and was not associated with parotid gland tumours; the OR for malignant tumour@en&s%. ClI

1328 0.5412.10) and for benign tumours 0.85 (95% CI 0.64.2). Overall, the OR was 0.87 (95% CI 0.68.3). No

1329 increased risks or trends were observed according to time since start of phone use, duration of use, cumulative
1330 number of calls, or cumuige calling time. However, based on subgroup analyses (regular users only, rural
1331 areasi based on the evidence of greater phone energy output in rural compared to urban areas, because of
1332  higher distances to antennasnd particularly ipsilateral use)ettauthors concluded that their results suggest an
1333  association between mobile phone use and parotid gland tumours. For example for ipsilateral mobile phone use,
1334  the odds ratios for aboveedian use were: 1.58 (95% CI 1i.2124) for cumulative number of caland 1.49

1335 (95% CI 1.052.13) for cumulative call time. However, the corresponding results for contralateral use were 0.78
1336 (95% CIl 0.511.19) and 0.84 (95% CI 0.55.28), respectively. [With no raised risk estimates overall, an
1337 increased risk associatedtiipsilateral phone use is likely to indicate recall bias when cases report usual side
1338 of phone use prior to diagnosis, as it must be accompanied by a reduced risk in other subgroups, i.e. among
1339 subjects with contralateral phone use or who lack informagimout side of phone use, considering that more

1340 than half of the subjects reported ipsilateral phone use.]

1341 Duan and ceworkers(2011) performed a hospitddased caseontrol study of mobile phone use and

1342  epithelial parotid glandnal i gnanci es i n Beijing, China. Cases were
1343 clinic covering the time period 1993 to March 2010. Unmatched controls were recruited from other patients
1344  treated for other diseases at the same clinic during the sam@eriod, including patients with impacted teeth,

1345 maxillofacial trauma, infections, temporomandibular joint disorders, maxillofacial nerve disorders, non
1346  cancerous potentially oral and maxillofacial tumours (without salivary gland tumour involveméingrysa

1347 gland infections, congenital cleft lips and palates, or maxillofacial deformities, and excluding patients with
1348 potential malignancies. In total, 221 eligible cases and 2643 eligible controls were identified. Only living
1349 subjects, who agreed to paitiate, were included in the study leaving 136 (62%) cases, and 2051 (78%)
1350 controls for analyses. Cases were in the-ragge 7 to 80 years; no information about the-ragge among

1351 controls was given. Information on mobile phone use and potential coficuwere collected through personal

1352  or telephone interviews. Amount of phone use was categorized according to the median and third quartile
1353 among the controls. Analyses were performed using unconditional logistic regression with adjustment for sex,
1354  age, reidential area, marital status, education, income, and smoking. No adjustment was made for year of
1355 diagnosis. No association was found between regular mobile phone use (at least once per week during at least
1356  six months) and epithelial parotid gland tumo(@8R=1.14; 95% CI 0.72L.81) or mucoepidermoid carcinoma

1357 (OR=1.37;95% CI 0.632.10). However, in analyses of indices of amount of mobile phone use considerable
1358 risk increases were reported. For example, for time since first mobile phone use, significartged risk

1359 estimates were observed in all exposure categories, varying from 1.7 to 5.4. [Reported risk increases for amount
1360 of phone use are incompatible with overall risk estimates close to unity. Therefore, these results are impossible
1361 to interpretExposure cutpoints do not seem to have been defined as described by the authors. In addition, there
1362 is potential for confounding from date of diagnosis, as mortality is likely to be higher among the cases with
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1363 malignant tumours, than among controls, aneréfore a smaller proportion of cases are likely to have been
1364 included from the early part of the study period when mobile phone use was less common.]
1365 Soderqvist and colleagué2012 conducted a caseontrol study of mobile phone use and the risk of
1366  malignant salivary gland tumours in parts of Sweden. The regional cancer registries in Uppsala/Orebro and
1367 Linkoping were used to identify 88 eligible cases during the periodi2003. Tkere was no overlap between
1368 this study and the previous study by the Hardell group. In total, 69 cases agreed to participate. The participation
1369 proportion among cases was reported to be 88%, but if calculated according to conventional standards it was
1370 78% (.e. when including in the denominator also six deceased cases and four cases for whom the physician did
1371  not permit contact). Four controls per case, matched on county, age and sex, were randomly selected from the
1372  population registry, and 262 agreed to tigggate (83%). Information about mobile phone use and use of
1373 cordless phones were collected through mailed questionnaires, using the same questionnaire as in the previous
1374  studies by the same group. Cases and controls were in tharage22 to 80 yeardnalyses were made using
1375 unconditional logistic regression, adjusted for age, sex, year of diagnosis and socioeconomic status. Hours of
1376 phone use was categorized according to the median value among the controls, and in additional analyses,
1377  cutpoints at 100 h and 2000 h were used. Mobile phone use was reported by 43% of cases and 42% of controls,
1378 and was not associated with malignant parotid gland tumours; OR=0.8 (95% Cl6).&Risk did not increase
1379  with increasing amount of use or time since first WdBly 2 cases had used a mobile phone longer than 10
1380 years. No associations were found with cordless phone use. The results do not support the hypothesis that
1381 mobile phone use increases the risk of parotid gland tumours. [The prevalence of mobile phuag lose
1382 and the study had limited statistical power to study {emm mobile phone use.]
Table 12.1.6. Case-control studies of mobile phone use and salivary gland tumours
Country No. Exposure No.exp  Relative risk (95% Comments Reference
Time period cases/controls cases Cl)
Age range Source of
controls
Finland Malignant salivary Mobile phone subscription Auvinen et al.
1996 gland Never 30 1.0 (2002)
20-69 34/170 Ever 4 1.3 (0.4-4.7)
Population Time since first subscription
registry <1 year 0 0.0-
1-2 years 3 1.7 (0.4-7.5)
>2 years 1 2.3(0.2-25.3)
Sweden Malignant salivary Mobile phone use, analogue Exposure categories for ~ Hardell et al.
1994-1999 gland Ever, time since first use no. of years overlap. (2004a)
(2000) 267/1053 >1 year 31 0.92 (0.58-1.44)
21-80 Population >5 years 17 0.78 (0.44-1.38)
registry >10 years 6 0.71 (0.29-1.74)
Cumulative hours of use
091 h 16 0.94 (0.52-1.68)
>91h 15 0.90 (0.49-1.66)

Mobile phone use, digital
Ever, time since first use

>1 year 45 1.01 (0.68-1.50)
>5 years 8 1.22 (0.54-2.78)
Cumulative hours of use

064 h 22 0.96 (0.58-1.59)
>64 h 23 1.07 (0.64-1.80)
Cordless phone use

Ever 48 0.99 (0.68-1.43)
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Sweden,
Denmark,

Malignant parotid
gland

Regular mobile phone use

Lonn et al. (2006)

Interoh Never 35 1.0
nterphone
2000p2002 60/681 Ever 25 0.7 (0.4-1.3)
Population Time since first regular use
20-69 registry
<5 years 14 0.7 (0.3-1.3)
5-9 years 0.7 (0.3-1.7)
010 years 0.4 (0.1-2.6)
Cumulative hours of use
<30 h 7 0.7 (0.3-1.6)
30-449 h 11 0.7 (0.3-1.4)
0450 h 5 0.6 (0.2-1.8)
Benign Regular mobile phone use
pleomorphic Never 35 1.0
adenoma
Ever 77 0.9 (0.5-1.5)
112/321 i . )
) Time since first regular use
Population
registry <5 years a7 1.0 (0.6-1.8)
5-9 years 23 0.8 (0.4-1.5)
010 years 7 1.4 (0.5-3.9)
Cumulative hours of use
<30 h 20 1.1 (0.6-2.3)
30-449 h 34 0.9 (0.5-1.6)
0450 h 22 1.0 (0.5-2.1)
Israel, Malignant parotid Regular mobile phone use Sadetzki et al.
Interphone gland Never 25 1.0 (2008)
2001-2003 58/194 Ever 33 1.06 (0.54-2.10)
o1ls Population Time since first regular use
registry
<5 years 21 1.25 (0.58-2.68)
5-9 years 11 0.92 (0.37-2.27)
010 years 1 0.47 (0.05-4.51)
Cumulative hours of use
<5479 18 1.21 (0.58-2.53)
5480-18 996 5 0.67 (0.19-2.38)
01 897 10 1.22 (0.43-3.48)
Benign parotid Regular mobile phone use
gland Never 150 1.0
402/1072 Ever 252 0.85 (0.64-1.12)
Population Time since first regular use
registry
<5 years 117 0.77 (0.56-1.06)
5-9 years 123 0.95 (0.68-1.32)
O 1 gears 12 0.93 (0.44-1.98)
Cumulative hours of use
<266.3 103 0.78 (0.57-1.06)
266.411034.9 75 1.05 (0.72-1.53)
01035 73 1.08 (0.72-1.62)
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China
1993-2010

7-80 for cases,

Malignant parotid Regular mobile phone use Results for extent of Duan et al. (2011)
gland Never 45 1.0 phone usg (timfe si“nce first

use, number of calls,
136/2051 Ever 91 1.37 (0.64-2.10)

calling time, etc) do not

not given for  Hospital-based  Time since first regular use correspond to the overall
controls 0-6 67 1.69 ; result. Selective non-
years .69 (1.05-2.73
response because of

7-8 years 6 4.17 (3.25-5.10) higher mortality among

9-10 years 3 5.36 (4.09-6.63) cases is likely to produce

>10 years 15 4.13 (3.28-4.99) an upward bias.
Sweden Malignant salivary Mobile phone use Sdderqvist et al.
2000-2003 gland Ever 30 0.8 (0.4-1.6) (2012)
22-80 69/262 Time since first use

Population O5 years 14 1.0 (0.4-2.2)
registry

6-10 years 14 0.9 (0.4-2.1)

>10 years 2 0.3(0.1-1.4)

Cumulative hours of use

066 h 16 0.9 (0.4-1.9)

>66 h 14 0.7 (0.3-1.6)

Cordless phone use

Ever 19 0.6 (0.311.2)
1383
1384 12.1.2.3 Other tumours
1385 Other tumours that have been studied in relation to mobile phone use are pituitary glaods t(8
1386  studies), leukaemia (4 studies), Ndlob dgki ndéds | ymphoma (4 studies), uveal
1387 cancer (2 studies), and melanoma and other skin cancer (3 studies). In addition, the two cohort studies report
1388 results for several othermwour types.
1389  Pituitary gland tumours
1390 Takebayashi and eworkers included newly identified patients with pituitary adenoma in the age
1391 group 3069 years, in parts of Tokyo between December 2000 and November 2004, and interviewed 101 (76%)
1392 cases and 161 (49%bntrols as part of the Japanese Interphone gflakebayashi et al., 20p8Controls were
1393 selected through random digit dialling, matched to cases by age, sex, and residence. ExXposatéon was
1394  collected through personal interviews, as described above for the Interphone study. Analyses were performed
1395  with conditional logistic regression, with adjustment for education and marital status. Regular mobile phone use
1396 was associated withn OR of 0.90 (95% CI 0.5Q2.61), and effect estimates did not increase with time since
1397  first use or amount of use.
1398 Schoemaker and Swerdlow extended the-&iuth Interphone study to also include pituitary gland
1399 tumours in the age group B9 years, identied between 2001 and 20@Schoemaker & Swerdlow, 20R9n
1400 total, 317 (63%) cases patrticipated. Controls were randomly selected from general practitioners patient lists,
1401 considered to cover approximately 98% of ti€ population, and were frequency matched to cases (including
1402  also brain tumour cases) on the sex, age, and kaaltiority distribution. Of the selected controls, 603 (43%)
1403  participated. Exposure information was collected through personal interviewdgsasbed above for the
1404 Interphone studyUnconditional logistic regression was used for the analyses, with adjustment for adjusted for
1405 sex, age, geographic area, reference date, and Townsend deprivation score (as a measure of socioeconomic
1406  status).Regula mobile phone use was associated with an OR of 0.9 (95% (C1.8)7 and effect estimates did
1407  notincrease with time since first use or amount of use.
1408 Benson and colleagues studied several different tumour types in relation to mobile phone use in their
1409  cohort study based on data from the UK Million Women col{@g&nson et al., 2IBg. See pag« for a
1410 description of the study design. In total, 110 cases of pituitary gland tumours were identified. Ever use of a
1411  mobile phone was associated with a RR of 1.52 (95% CIi 2.99), while for daily mobile phone use the RR
1412  was 1.45 (95%1 0.68 3.10). At least 10 years duration was associated with a RR of 1.61 (95% C3.85)8
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Leukaemia

Two casecontrol studies of leukaemia have been conducted. Kaufman and colleagues conducted a
hospitatbased caseontrol study of leukaemia with 186ligible cases 18 years or older diagnosed at one
hospital in Bangkok 1992003 (Kaufman, Anderson & lIssaragrisil, 2009All eligible cases agreed to
participate. Controls were identified among other patients at the hospital, e.g. with acutensifecauma,
appendicitis, matched to cases on age, sex, and residential requirements. A total of 756 controls were eligible,
and all of them participated in the study. Exposure information was collected through interviews. Analyses were
conducted with uconditional logistic regression, but authors state that results from conditional analyses did not
differ from those presented. Adjustment was made for age, sex, income, solvents, pesticides, working with
power lines, residence near power lines. Mobile plomere used by 14% of controls, with a median duration
of 2 years. Mobile phone use was associated with an OR of 1.5 (95%i l4),&nd there were no differences
between cases and controls with regard to duration or amount of use [ORs were notdjrésemtef a GSM
phone was associated with an OR of 2.1 (95% Q14LQ), with similar duration and amounts of use between

cases and control s. A Ahigh riskd group was identi fi

antennawas extende and/ or whet her met al gl asses were ever
(95% CI 1.13.2). [The authors list a number of other factors that they believe are associated with higher
exposure levels, but include only a selected number wherscor uct i ng t heir Ahigh ri
limited by the short duration of mobile phone use among the majority of subjects and the -basgital
identification of cases and selection of controls from other patient groups at the hospitals.]

Cooke and colleagues conducted a @asdrol study of leukaemia (excluding chronic lymphocytic
leukaemia) in South East England with eligible cases agefi9lyears diagnosed between 2003 and 2007 (to
2009 in two areasCooke, Laing & Swerdw, 2010Q. In total, 806 (50%) cases participated. Controls were
selected among nelmlood relatives to cases, who did not live with the case. In total 585 (75%) controls agreed
to participate. Exposure information was collected through-tiadace inerviews, using a modified version of
the Interphone questions about mobile phone use. Analyses were conducted with unconditional logistic
regression adjusted for age, sex, sagonomic status, area of residence, ethnicity, smoking, interview lag time
and calendar period. Conditional logistic regression did not give materially different results. Amount of phone
use was categorized with cutpoints according to the median and third quartile of the distribution among controls.
Regular mobile phone use was agated with an OR of 1.06 (95% CI 0i7646). The highest category of time
since first use (015 years) wa si3.68swhiedORsin thedhrewioweh a n
categories were close to unity. Amount of phone use estimated asatiumulumber of calls or cumulative
hours of use was not consistently associated with leukaemia. None of the results stratified on type of phone use
was statistically significant, but ORs were slightly higher for analogue than digital phone use (e .B.fthre O
010 years since first wuse of i262),whieahk cogaspndindgresutdor wa s
use of a digital phone was 0.78 (95% CI 0.4.88). [A limitation islow case participation rate, which would
have resulted in a loss ofasistical power, anthe use of notbblood relatives as controls, although this is likely
to have resulted in a higher response rate among controls.]

Two cohort studies that included analyses of leukaemia are available. The Danish cohort study of
mobile phme subscribers identified 84 cases of leukaemia in their first an@lpdiansen et al., 200land in
the update with followup through 2002 Vrijheid et al., 200§ 351 cases (318 men and 33 women) were
identified (see pagex for a detailed description of the study). In the most updated analysis, the SIR for ever
being a mobile phone subscriber was 1.00 (95% CIi@9®) for men and 0.97 (95% CI 0i6736) for

WO

s k

Of

1.

WO men. There was no trend in risk estimates accordin

was 1.08 (95% CI 0.74.52) for men and women cduimed.

Benson and colleagues also included leukaemia as an outcome in their cohort study based on data
from the UK Million Women cohor{Benson et al., 2013aSee paga for a description of the study design. In
total, 860 cases of leukaemia were identified. Ever use of a mobile phone was associated with(a9RR o
(95% CI 0.791.05), while for daily mobile phone use the RR was 0.88 (95% CI 0.68). At least 10 years
duration of mobile phone use was associated with a RR of 0.92 (95% CL2TD

Non-Hodgkin lymphoma
Two casecontrols studies and two cohatudies have been conducted on-wtmdgkin lymphoma.
Hardell and ceworkers conducted a casentrol study in four geographical regions in Sweden with case

recruitment from December 1999 to April 20(2ardell et al., 200p Eligible cases were 184 years old and
identified through the clinics where these cases were treatdhrough pathologists. In total 1133 cases with
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nonHodgkindés | ymphoma were identified, and 910 (80%)
randomly selected from the population registry, frequency matched to cases by -ggar(fjeoups), seand
geographic region; 1016 (92%) agreed to participate. Exposure information was collected through mailed
guestionnaires, completed over the telephone. Analyses were made with unconditional logistic regression,
adjusted for age, sex and year of diagngsases) or enrolment (controls). Hours of phone use was categorized
according to the median among the controls. Ever use of an analogue mobile phone >1 year prior to diagnosis
was associated with an OR of 0.94 (95% CI 01680). Effect estimates were céo$o unity also for use of

digital or cordless phones, and did not increase with longer time since first use or higher amounts of use. In
analyses of subtypes of lymphoma, higher ORs were observedcit [fmphoma (53 cases in total), but risk
estimatediad wide confidence intervals, and reached significance only for cordless phone use. For analogue and
digital phones no consistent dassponse patterns with amount of use or time since first use were observed,
while for cordless phone use higher ORs evésund with longer times since first use, but not according to
amount of use. [Results for-@ell lymphoma were unstable, and finding the highest risk increase for cordless
phones which have the lowest exposure speaks in favour of random variatioexgsdhation.]

Linet and colleagues conducted a eesntrol study of notHodgkin lymphoma in 4 geographic
regions in the USALinet et al., 2005 Cases were 204 years old, identified through the National Cancer
I nstitut ebased Bwvpillahce, Epidemiology and End Results (SEER) program between July 1998
and June 20Q0n total 551 (61%) of the cases participated in the study. Controls were frequency matched to
cases on age, sex, ethnic group and geographic region, iggntifough random digit dialling when younger
than 65 year s, while 065 years were randomly selecte
participated. Exposure information was collected through personal interviews. Analyses were made with
unconditional logistic regression, adjusted for age, geographic area, gender, ethnic group, education, marital
status and family history of any lymphoproliferative malignancy amongdegtee relatives. Regular mobile
phone use, defined as >100 timessvassociated with an OR of 0.9 (95% CIi @.8). There were no trends in
risk associated with amount of use or time since first use. In the highest category of time since first use (>8
years) the OR was 1.6 (95% CI10378). Results were similar in septranalyses of the major subcategories of
lymphoma.

The Danish cohort study of mobile phone subscribers reported results fétodgkin lymphoma
only in their first analysis, where 120 cases were identifiethansen et al., 200)1(see pagex for a detailed
description of the study). The SIR for everrgea mobile phone subscriber was 0.93 (95% CIli@.AB) for
men and 1.04 (95% CI 0.562.86) for women. No other analyses of lymphoma were conducted.

Benson and colleagues reported results fortHodgkin lymphoma in their cohort study based on
data from he UK Million Women cohort(Benson et al., 2013aSee page for a desdption of the study
design. In total, 2058 cases of RApdgkin lymphoma were identified. Ever use of a mobile phone was
associated with a RR of 0.97 (95% CI 0.8®6), while for daily mobile phone use the RR was 0.94 (95% CI
0.78 1.13). At least 10 yeamuration of mobile phone use was associated with a RR of 0.99 (95% CI 0.83
1.17).

Uveal melanoma and other cancers in the eye

Stang and colleagues conducted a-cas#rol study of mobile phone use and uveal melan@teng
et al., 2009, as a followup of theirearlier study of occupational exposure to radio sets/mobile pliSteasg et
al., 200) (see section of occupational exposure (pageligible cases were agediZ@! years and diagnosed
between 2002 and 2004 at one hospital; 459 (94%) cases participated in the study. Three control groups were
identified; agreement to participate was obtained from 827 (57%) population based controls who were selected
from censuses nehed to cases by age, sex, and region of residence, 187 (57%) sibling controls who were
within 10 years of the caseds age, and 180 (52%) <con:
first half of the study period). Information about mohilbone use was obtained through compatsisted
telephone interviews using the Interphone questionnaire. Analyses were made with conditional logistic
regression accounting for the matching factors. Regular mobile phone use, with never use of a mabies pho
reference, was associated with an OR of 0.7 (95% GCI1M% using population based controls, and closer to
unity with sibling and patient controls. ORs when population based controls were used were all below unity,
while ORs with sibling or hospitdlased controls were slightly higher. There were no consistent associations for
categories of time since first use, or measures of amount of mobile phone use. [As in the Interphone study, non
participating population based controls were less likely to bbilm phone users, which may at least partly
explain the reduced risk estimates observed. Representativity of patient or sibling controls is questionable.]
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The Danish cohort study of mobile phone subscribers identified only 8 cases of eye cancer in their
first analysigJohansen et al., 200&nd in the ugate with followup through 2002, 44 cases were identified, of
which 38 were men (see pagefor a detailed description of the studyrijheid et al., 2005 The SIR for ever
being a mobile phone subscriber was 0.94 (95% CIl10.@8) for men and 1.10 (95% CI 0i4039) for
women.

Benson and colleagues identified 87 cases of cancer in the eye in their cohort study based on data
from the UK Million Women cohor{Benson et al., 2013aSee page for a description of the study design.
Ever use of a mobile phone was associated with a RR 1.01 (95% CL®6Y% while for daily mobile phone
use the RR was 0.75 (95% CI 012097). At least 10 years duration of mobile phone use was associated with a
RR of 0.82 (95% CI 0.32.19).

Testicular cancer

A casecontrol study of mobile phone use and testicular cancer was conducted by Hardell and
colleagies(Hardell et al., 200y Eligible cases were identified through the Swedish camggstry, were 2075
years old and diagnosed in Sweden between 1993 and 1997. One control per case was randomly selected from
the population registry, matched on age. Exposure information was collected through a postal questionnaire,
supplemented by telephe if necessary, with participation of 888 (84%) cases and 870 (89%) controls.
Analyses were made with unconditional logistic regression adjusted for age, year of diagnosis and
cryptorchidism. Hours of phone use was categorized according to the mediag #meaontrols. Use of an
analogue phone >1 year was associated with an OR of 1.0 (95%1@l3).8Results for digital or cordless
phones were essentially identical. Risk estimates did not increase with time since start of mobile phone use or
cumulative fours of use, but the numbers of subjects with itargn use was small.

The Danish cohort study of mobile phone subscribers identified 187 cases with testicular cancer in
their first analysigJohansen et al., 20p1and in the update with followp through 2002, 522 cases were
identified (see pagex for a detailed description of the studyjrijheid et al., 2005 The risk estimate in early
study was close to unity, and with the updated follgnthe SIR for ever being a mobile phone subscriber was
1.05 (95% CI 0.961.15). The majority of persons in the cohortdhanly used mobile phone during a short
period.

Malignant melanoma and other skin cancers

Hardell and colleagues conducted a Swedish nationwidecoas$i! study of malignant melanoma
in the head and neck regi¢Hardell et al., 20111 Eligible cases were(277 years old, diagnosed during 2000
and 2003. In total 347 cases (82%) participated in the study. One control per case was randomly selected from
the Swedish population registry, matched on age and sex. The analyses included also controls matcked to case
with skin cancers at other locations, and in total 1184 controls (80%) participated. Information about mobile
phone use and other risk factors was collected through mailed questionnaires. Analyses were made with
unconditional logistic regression, adjustéor age, sex and year of diagnosis. Contrary to previous studies,
analogue and digital phones were not analysed separately; results were presented for mobile phone use, cordless
phones use, and the two combined (wireless phone use). Cumulative callasncategorized according to the
median value among controls. The categories000, 10012000, and >2000 h were also used. Furthermore,
analyses were made according to laterality of phone use in relation to tumour side, according to age at start of
phoneuse, interaction analyses with known risk factors for malignant melanoma. In total, a very large number
of subgroups were analysed [likely a least 500], although not all results are shown in tables. For mobile phone
use, no associations were observed dyasaaccording to time since first use. The OR for >1 year of mobile
phone use was 1.0 (95% CI 0173), and for >10 years it was essentially identical, and did not change with
cumulative hours of use; >128 h of mobile phone use was associated with @1@R95% CI 0.v1.4). For
cordless phones, most risk estimates were also close to unity, with the exception of >365 h of usgé5with >1
years latency, where the OR was 1.6 (95% CI28). In corresponding categories with longer latencies results
wereclose to unity. Results for wireless phone use (mobile and cordless phones combined) were similar to the
results for cordless phones. Results using the categorization of hours of use with the highest >2000 h showed no
significant associations overall (naported in tables). Subgroup analyses according to location of the tumour
showed an OR of 2.1 (95% CI 13.8) for tumours located in the temporal area, cheek or ear for >365 h of
cordless phone use with B8 years latency; no associations for longernieiees or overall. Results for the
corresponding category for tumours at other locations were also slightly raised for cordless and wireless phone
use, but were not statistically significant, while again, all other categories had results close to onltgldw u
what appears to be a post hoc analysis, mobile phone use >365 h (the median for cordless phone use) was
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1575 associated with an OR of 2.1 (95% CIi®71) for tumours with location in the temporal area, cheek or ear with
1576  >1i5 years latency, based orekposed cases and 19 controls. [This means that the OR for the category 129
1577 365 h with corresponding latency and tumour location must be considerably reduced, as the category >128 h
1578 consisted in total of 7 cases and 55 controls.] Analyses according &b fge use of mobile or cordless phones

1579 indicated raised risks in the youngest category (<20 years), but were based on very small numbers and were not
1580 statistically significant. No interactions between wireless phone use and known risk factors foramalign
1581 melanoma were found. [Of the large number of analyses performed in this study, almost all showed no
1582  associations, regardless of time since first use, amount of use or tumour location, and the few raised ORs
1583 showed no consistent deessponse pattern thi amount of use or time since first use.]

1584 The Danish cohort study of mobile phone subscrib
1585 after linkage of the cohort to another nationwide cohort where information about indicators on socioeconomic

1586  status vas availabl¢Poulsen et al., 20)3similar to the latest updates of brain tumours described dBovieet

1587 al., 201). In total, 4675 cases of basal cell carcinoma, 540 cases of squamousctetinaar and 802 cases of

1588 melanoma were identified among the subscribers during the feifp®990 through 2007. Analyses were made

1589  with log-linear Poisson regression models, stratified by sex and adjusted for age and calendar period, and in
1590 addition educén and income. Analyses were made for the different cancer types overall, and more detailed

1591 analyses for tumour locations at head and neck, and torso and legs, respectively. In addition, the ratios of the
1592 IRRs for these two locations were calculated. Thengest | atency period investiga
1593  subscription. The results showed no evidence of an increased risk of any type of skin cancer located in the head
1594  and neck, or torso and legs among the early mobile phone subscribers. For gi@mmpédanoma overall, the

1595 IRR was 0.94 (95% CI 0.871.01), For men the IRR for melanoma of the head and neck was 1.05 (95% CI

1596 0.80/1.37), and did not vary with time since first subscription. The corresponding result for women was

1597 IRR=0.76 (95% CI 0.341.72), but was based on small numbers. Results for other types of skin cancers were

1598 based on larger number of subjects, and indicated no raised risks.

1599 Benson and colleagues identified 2116 cases of melanoma in their cohort study based on data from
1600 the UK Million Women cohor{Benson et al., 2013aSee page for a description ofhe study design. Ever use

1601 of a mobile phone was associated with a RR 1.06 (95% CI 0.96), and for daily mobile phone use the RR

1602 was 1.06 (95% CI 0.89.26). At least 10 years duration of mobile phone use was associated with a RR of 1.09
1603  (95% Cl 0.921.29).

1604  Other cancer types

1605 Both of the available cohort studiéBenson et al., 2013adohansen et al., 200¥rijheid et al., 200%

1606 included analyses of several other cancer types. The longest updated publication from the Danish cohort study
1607  of mobile phone sudzribers(Vrijheid et al., 2009 report results for all smoking related sites combined and

1608 separately (i.e. lung, larynx, bladder, buccal cavity/pharynx, oesophagus, liver, cervix uteri, stomach, kidney,
1609 pancreas) and breast, prostate, other cancers, unspecified capegtsfrom the cancers already discussed

1610 above. The study found a reduced risk for all cancers combined among men (SIR=0.93; 95% C9%).92

1611 11802 observed cases), while results for women were close to unity (SIR=1.03; 95% TI.@/92447

1612 observedcases). The risk reduction among men was mainly confined to smoking related cancer sites, the SIR
1613 for all smoking related sites combined was 0.88 (95% CIi@.84), and for male lung cancer 0.82 (95% CI

1614 0.780.87). For women, the risk of smoking relateahcers was instead increased, with SIR=1.11 (95% CI

1615 1.02'1.21). Also cervical cancer was associated with an increased risk estimate, SIR=1.30 (95464).08

1616  Risk estimates for other cancer sites were close to unity, including also the most commosggifieicancer

1617 sites prostate cancer (1001 cases) and female breast cancer (711 cases). [Mobile phone use in the early period
1618 was more common among persons with higher socioeconomic status, persons who also smoke less, which is a
1619 likely explanation for tk risk reduction observed for smoking related cancer sites among men (analyses were
1620 not adjusted for socioeconomic status). The risk increase for these cancer sites among women and for cervical
1621  cancer may indicate that the earliest female mobile phone badra different lifestyle compared to the general

1622 female population.]

1623

1624 The UK cohort study based on the Million Women cohort collected information about mobile phone
1625 use from the women in the cohort between 1999 and PB6Bson et al., 2013aand cancer incidence was

1626  followed through 2009 (see pagdor a detailed descrifin of the study design). The study report results for all

1627 invasive neoplasms combined, and separately for cancers of the thyroid, other head and neck, oesophagus,
1628 stomach, colon, rectum, pancreas, lung, breast, endometrium, ovary, kidney, bladder tiptel mydloma. A

1629 reduced risk estimate was observed for all cancers combined (RR= 0.97; 95% i@.90®5and for lung

1630 cancer (RR= 0.89; 95% CI 0.83.95) and stomach cancer (RR= 0.84 95% CIiQlaM). No significantly
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Studies with uncertainties related to inclusion criteria

raised risk estimates were observtte highest was for pituitary gland tumours discussed above [adjustment
was made for indicators of socioeconomic status and smoking, but residual confounding from smoking cannot
be ruled out, which also an observed risk reduction for stroke may in{licate.

Warren and colleagues conducted a hospital baseecoag®l| study in the US primarily focused on

intratemporal facial nerve (IFN) tumours in relation to mobile phone(\Wsaren et al., 2003 The study is
described in more detail on pageThe study included 18 cases of IFN. Controls used for analyses were other
patients with rhinosinusitis, dysphonia or gastroesophageal disease, in total 141 control pasieriesctd®
information was collected by telephone interview. Ever use of a mobile phone was associated with an OR of 0.6
(95% CI 0.21.9), and use at least once per week with an OR of 0.4 (95% -Ql11).1Corresponding results for
cordless phone use was3q95% CI 0.10.9) and 0.6 (95% CI 0:2.7). [Response rates are not stated and it is

not clear how many subjects were excluded for various reasons. The study is given little weight in the overall
assessment, and is not included in the table].

Table 12.1.7. Studies of mobile phone use and other tumours

Country Design Exposure No.exp  Relative risk (95% Comments Reference
Time period  No. subjects cases Ch
Age range cases/controls
Source of
controls
Pituitary gland tumours
Japan Case-control Regular mobile phone use Conditional logistic Takebayashi et al.
2000-2004 101/161 Never 39 1.0 regression, adjusted for  (2008)
30-69 Random digit  Ever 62 0.90 (0.50-1.61) education and marita
glr?lz!gg: ;ne?(t,cgﬁg Time since first regular use Extended Japanese
residence. <2.4 years 14 0.86 (0.39-1.88) Interphone study.
2.4- years 13 0.75(0.31-1.81)
4.5- years 22 1.64 (0.74-3.66)
7.2- years 13 0.75 (0.31-1.82)
Cumulative hours of use
<32h 15 1.00 (0.46-2.16)
32-h 14 0.97 (0.40-2.32)
160- h 12 0.72 (0.31-1.70)
620- h 21 1.33 (0.58-3.09)
UK Case-control Regular mobile phone use Unconditional logistic Schoemaker &
2001-2005  317/603 Never 116 1.0 ;i?(fe:gsé‘“%ggglrzt;ﬁ‘igf’f Swerlow (2009)
18-59 General Ever 175 0.9 (0.7-1.3) arez’al, reference date, and
E:ice“r?tolir;igs Time since first regular use Townsend deprivation
covers 98% of  1.5-4 years 89 1.0 (0.7-1.5) ?E‘)S“)a (as ameasure of
population, 5-9 years 62 0.8 (0.51.2) )
frequency 10-17 years 24 1.0 (0.51.9) Extended UK Interphone
matched on sex, ) study.
age, and health- Cumulative hours of use
authority <113 h 79 0.9 (0.6-1.3)
distribution 113-596 h 44 1.1(0.7-1.8)
>596 h 51 1.1(0.7-1.7)
Cumulative no. calls
<2203 72 0.8 (0.6-1.2)
2203-8300 45 1.1(0.7-1.8)
>8300 57 1.2 (0.7-1.9)
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UK Cohort study Ever mobile phone user Prospectively collected Benson et al.
1999-20057 791 710 women  No 33 1.0 self-reported information  (2013a)
followed participating in the vag 77 1.52 (0.99-2.33) on mobile phone use.
through 2009 UK Million . Definitiroon doi
Mean age 60.3 Women Study, Duration of use require a minimal amount
(SD 5.1) who answered a <5 years 29 2.31 (1.31-4.06) of use.
base;_lme ) 5-9 years 30 1.08 (0.64-1.82) Cox proportional hazards
guestionnaire . models adjusted for age,
1999-2005 010 years 11 1.61 (0.78-3.35) nroa baseé oES g
110 cases of Frequency of use geographical region,
pituitary gland <Daily 68 1.53 (0.99-2.36) height, BMI, smoking,
tumours Daily 9 1.45 (0.68-3.10) alcoh_ol, strenuous
exercise, menopausal
hormone therapy.
Leukaemia
Thailand Case-control Ever mobile phone user Unconditional logistic Kaufman et al.
1997-2003  180/756 No 145 1.0 regression, adjusted for  (2009)
B ) age, sex, income,
018 vy ea Hospital-based Yes 35 1.5(1.0-2.4) solvents, pesticides
matched on age, working with power lines,
sex, residential residence near power
requirements lines. Duration or amount
of use did not differ
between cases and
controls but were not
reported.
UK Case-control Regular mobile phone use Unconditional logistic Cooke et al.
20032009  806/585 Never 132 10 regression adjusted for (2010}
age, sex, socio-economic
18-59 Non-blood Ever 674 1.06 (0.76-1.46) status. area of residence
&ﬁiﬁt%‘zscg‘;t;'v'ng Time since first regular use ethnicity, smoking,
0.5-4 years 195 0.98 (0.68-1.42) interview 'ag_“?e and
calendar period.
5-9 years 307 1.07 (0.75-1.53) ncar peric
Modified version of the
10-14 years 111 0.98 (0.63-1.51) Interphone questions
015 50 1.87 (0.96-3.63) about mobile phone use.
Cumulative hours of use
<284 h 283 0.97 (0.69-1.36)
284-1156 h 160 1.14 (0.76-1.71)
>1156 h 176 1.19 (0.79-1.80)
Cumulative no. calls
<5350 292 1.01 (0.71-1.42)
5350-16062 166 1.13 (0.76-1.69)
>16062 160 1.03 (0.68-1.56)
Denmark Cohort study Ever subscriber, men 318 1.00 (0.90-1.12) Standardized incidence Vrijheid et al.
19822002 420095 mobile  Ever subscriber, women 33 0.97 (0.67-1.36) ratios, by age and sex. (2006}
018 phone Time since first subscription ~200 000 corporate
subscribers <1 33 1.09 (0.75-1.52 subscribers included in
Comparison year 09 (0.75-1.52) comparison group, .
group: the whole 1-4 years 151 1.05 (0.90-1.24) constitute less than 5% of
Danish population 5-9 years 135 0.92 (0.77-1.08) unexposed.
who were not 610 years 32 1.08 (0.74-1.52)

subscribers
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UK Cohort study Ever mobile phone user Prospectively collected Benson et al.
1999-20057 791,710 women  No 382 1.0 self-reported information  (2013a)
followed participating in the g 478 0.91 (0.79-1.05) on mobile phone use.
through 2009 UK Million ) Definition o
Mean age 60.3 Women Study, Daily use _ 53 0.88 (0.66-1.19) require a minimal amount
whoanswereda Dur ation of 67 0.92 (0.70-1.21 of use.
(SD5.1)
base-line Cox proportional hazards
questionnaire models adjusted for age,
1999-2005 area based SES,
860 cases of geographical region,
leukaemia height, BMI, smoking,
alcohol, strenuous
exercise, menopausal
hormone therapy.
Non-Hodgkin lymphoma
Sweden Case-control Mobile phone use, analogue Exposure categories for Hardell et al.
1999-2002 910/1016 Ever, time since first use no. of years overlap. (20085)
18-74 Population >1 year 141 0.94 (0.68-1.30) Unconditional logistic
registry, 5 131 1.02 (0.73-1.43 regression, adjusted for
frequency years .02 (0.73-1.43) age, sex and year of
matched to cases 10 years 74 0.96 (0.65-1.42) diagnosis or enrolment.
by age, sex and Cumulative hours of use
geographicregion ¢y1 98 h 61 0.82 (0.56-1.22)
>198 h 80 1.08 (0.73-1.59)
Mobile phone use, digital
Ever, time since first use
>1 year 422 1.02 (0.81-1.28)
>5 years 133 0.92 (0.66-1.27)
>10 years 7 1.13 (0.38-3.35)
Cumulative hours of use
091 h 223 0.98 (0.76-1.26)
>91 h 199 1.09 (0.82-1.45)
Cordless phone use
Ever 313 1.01 (0.80-1.28)
USA Case-control Lifetime mobile phone use Unconditional logistic Linet et al. (2006)
1998-2000 551/462 Never 234 1.0 regression, adjusted for
- age, geographic area,
20-74 Random digit Ever 317 1.0 (0.7-1.3) gender, ethnic group
ﬁ/‘lzg'_’(‘:%r(;% YS),  Total years of use education, marital status
i i
eliaibilil2years 26 0.9 (0.5-1.9) and family history of any
Y lymphoproliferative
yrs) frequency 3-5 years 32 0.5 (0.3-0.9) malignancy among first-
matchtehd onage, g.8years 15 1.4 (0.5-3.6) degree relatives.
sex, ethnic group
geographic region >8 years 20 1.6 (0.7-3.8)
Cumulative hours of use
078 h 35 0.8 (0.4-1.4)
79-208 h 23 0.8 (0.4-1.5)
0209 h 35 1.1 (0.6-2.1)
Denmark Cohort study Ever subscriber, men 109 0.93 (0.77-1.13) Standardized incidence Johansen et al.
1982-1995 420 095 mobile  Ever subscriber, women 11 1.04 (0.52-1.86) ratios, by age and sex. ~ (2001)
>18 phone All subscribers included in
subscribers calculations of national
Comparison incidence rates, but

group: national
incidence rates

constitute a small
proportion of the
population.
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UK Cohort study Ever mobile phone user Prospectively collected Benson et al.
1999-20057 791 710 women  No 874 1.0 Se'f'feg_fl’“e?] information  (2013a)
followed partICIpatlng in the Yes 1184 0.97 (088'106) onmo .I € p On? use.
through 2009 UK Million Dail 134 0.94 (0.78-1.13 Definition o
Mean age 60.3 Women Study, afly use 94 (0.78-1.13) require a minimal amount
(SD 5.1) who answered a Duration of u 176 0.99 (0.83-1.17) of use.
base-line Cox proportional hazards
questionnaire models adjusted for age,
1999-2005 area based SES,
2058 cases of geographical region,
non-Hodgkin height, BMI, smoking,
lymphoma alcohol, strenuous
exercise, menopausal
hormone therapy.
Uveal melanoma and other cancers in the eye
Germany Case-control Mobile phone use Interphone questionnaire  Stang et al.
2002-2004  459/827, 187,180 Never 20 1.0 was used to Co“e‘t%t (2009)
exposure information.
20-74 3 control groups:  Sporadic 44 0.9 (0.7-1.3) P . L
1. population Conditional logistic
based controls Regular 36 0.7(0.5-1.0) regression accounting for
selected from Time since first regular use the matching factors.
censuses 04 years 19 0.8 (0.5-1.2) Results shown are when
matcheq by afge, 5-9 years 14 0.6 (0.4-1.0) populati(;)n based controls
sex, region o . are used.
residence 010 years 3 0.6 (0.3-1.4)
2. sibling controls C\:umulaﬂve hours of use
who were within  O44 h, regul a 15 0.6 (0.4-1.0)
10 years of the >44-195 h, regular use 8 0.9 (0.5-1.5)
casebs a
g >195 h, regular use 12 0.8 (0.5-1.3)
3. controls among lati I
ophthalmology C‘:umu ative no. calls
patients (only 01176 14 0.8 (0.5-1.2)
ﬂulrflng :Ee flthé >1176-4350 10 0.6 (0.3-1.0)
alf of the study
period) >4350 11 0.8 (0.5-1.3)
Denmark Cohort study Ever subscriber, men 38 0.94 (0.66-1.29) Standardized incidence Vrijheid et al.
1982-2002 420 095 mobile  Ever subscriber, women 6 1.10 (0.40-2.39) ratios, by age and sex. (2006)
O18 phone ~200 000 corporate
subscribers subscribers included in
Comparison comparison group,
group: the whole constitute less than 5% of
Danish population unexposed.
who were not
subscribers
UK Cohort study Ever mobile phone user Prospectively collected Benson et al.
1999-20057 791710 women  No 35 1.0 self-reported Information ~ (20122)
followed participating in the  yeg 52 1.01 (0.64-1.60) onmo _' € p 0”‘_9 use.
through 2009 UK Million ) Definition o
Daily use 0.75 (0.29-1.97) require a minimal amount

Mean age 60.3
(SD5.1)

Women Study,
who answered a
base-line
questionnaire
1999-2005

87 cases of eye
cancer

Duration of wu

0.82 (0.31-2.19)

of use.

Cox proportional hazards
models adjusted for age,
area based SES,
geographical region,
height, BMI, smoking,
alcohol, strenuous
exercise, menopausal
hormone therapy.

Testicular cancer

51



Sweden Case-control Mobile phone use, analogue Unconditional logistic Hardell et al.
1999-2002 888/870 Never any type of wireless 515 1.0 regression adjusted for  (2007)
) age, year of diagnosis
20-75 Populat|on Ever 175 1.0 (0.8-1.3) and cryptorchidism.
registry, matched Time since first use
on age
>1-5 year 99 0.9 (0.6-1.2)
>5-10 years 62 1.2 (0.8-1.8)
>10 years 14 1.5 (0.6-3.7)
Cumulative hours of use
0160 h 110 1.3(0.9-1.7)
>160 h 65 0.7 (0.5-1.01)
Mobile phone use, digital
Ever 164 1.1 (0.8-1.5)
Time since first use
>1-5 year 154 1.1 (0.8-1.4)
>5-10 years 10 2.8 (0.8-11)
Cumulative hours of use
0182 h 96 1.3(0.9-1.8)
>91 h 68 0.9 (0.6-1.3)
Cordless phone use
Ever 174 1.0 (0.8-1.4)
Denmark Cohort study Ever subscriber, men 187 1.05 (0.96-1.15) Standardized incidence Vrijheid et al.
1982-2002 357 553 male ratios, by age. (2006)
o018 mobile phone Corporate subscribers
subscribers included in comparison
Comparison group, constitute less than
group: the whole 5% of unexposed.
male Danish
population who
were not
subscribers
Malighant melanoma and other skin cancers
Sweden Case-control Mobile phone use, any type Unconditional logistic Hardell et al.
2000-2003 347/1184 Never any type of wireless 2 1.0 regression ??jJ_USted for  (2011)
; age, year of diagnosis.
20-77 Population Ever 223 1.0 (0.7-1.3) ge.y g
) registry, matched _. . )
Malignant on age and sex. Time since first use
tmhg'ﬁggf;gr'lg Analyses included >1-5 year 85 0.9 (0.7-1.3)
neck also controls >5-10 years 81 1.0 (0.7-1.5)
matched to cases
With skin cancers >10 years 57 1.0 (0.71.5)
at other locations Cumulative hours of use
0128 h 120 1.0 (0.7-1.4)
>160 h 103 1.0 (0.7-1.4)
Cordless phone use
Ever 138 0.9 (0.6-1.2)
Time since first use
>1-5 year 80 1.1 (0.7-1.5)
>5-10 years 41 0.8 (0.5-1.2)
>10 years 17 0.6 (0.4-1.2)
Cumulative hours of use
0365 h 64 0.9 (0.6-1.2)
>365 h 74 0.9 (0.6-1.4)
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Denmark 358 403 mobile Basal cell carcinoma Log linear Poisson Poulsen et al.
1990-2007 phone Head and neck regression models, (2013)
) subscribers ) adjusted for age, calendar
030 All Danes born in Ever subscriber, men 1725 0.98 (0.93-1.03) year, education, income.
Denmark in 1925 EVer subscriber, women 275 0.93 (0.82-1.05) Exposed were
or later and alive ~ Time since first subscription subscribers between
in 1990, 3.21 Men 1987-1995. Non-
million persons subscribers during the
included in the 1-4 years 349 1.01(0.91-1.13) same period comparison
CANULI cohort 5-9 years 647 0.96 (0.89-1.04) group. Corporate
10-12 years 455 0.96 (0.87-1.05) %Ubst_cfr'bdefs COL:_'td t”m be
. identified, constitute a
013 years 274 1.02 (0.90-1.15) small proportion of the
Time since first subscription unexposed population.
Women
1-4 years 67 1.02 (0.80-1.30)
5-9 years 99 0.78 (0.64-0.95)
10-12 years 87 1.02 (0.83-1.26)
013 years 22 1.20 (0.79, 1.82)
Squamous cell carcinoma
Head and neck
Ever subscriber, men 234 1.01 (0.88-1.16)
Ever subscriber, women 13 0.85 (0.49-1.47)
Time since first subscription
Men
1-4 years 34 0.86 (0.61-1.21)
5-9 years 84 1.01 (0.81-1.26)
10-12 years 79 1.17 (0.93-1.48)
013 years 37 0.91 (0.66-1.27)
Malignant melanoma
Head and neck
Ever subscriber, men 65 1.05 (0.80-1.37)
Ever subscriber, women 6 0.76 (0.34-1.72)
Time since first subscription
Men
1-4 years 16 1.16 (0.69-1.94)
5-9 years 22 1.01 (0.65-1.57)
10-12 years 16 0.92 (0.55-1.54)
013 years 11 1.20 (0.65-2.22)
UK Cohort study Ever mobile phone user Prospectively collected Benson et al.
1999-2005i 791710 women  No 780 1.0 self-reported information  (2013a)
followed participating in the Yes 1336 1.06 (096'116) on mobile phone use.
through 2009 UK Million . Definition o
Daily use 160 1.06 (0.89-1.26)

Mean age 60.3 Women Study,
who answered a

Duration of wu 191

1.09 (0.92-1.29)

require a minimal amount
of use.

(SD5.1) .
base-line Cox proportional hazards
questionnaire models adjusted for age,
1999-2005 area based SES,
2116 cases of geographical region,
melanoma height, BMI, smoking,
alcohol, strenuous
exercise, menopausal
hormone therapy.
1644
1645 12.1.3 Occupational RF exposure and cancer risk
1646  12.1.3.1 Introduction
1647 Information on cancer risks in relation to occupational RF exposure comes from three types of
1648 epidemiological study designs: cohort studies, investigating a wide range of cancer (ar@hcenm outcomes
1649 in groups with potential RF exposure followed up rotiene; casecontrol studies of specific cancer sites,
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1650 investigating history of occupational RF among o#irgrosuresand analyses of routinely collected datasets on

1651 cancer incidence or mortality, in which risks of cancer have been assessed in rel@ioritte. The most

1652 extensive literature addresses brain tumours and leukaemia. Most studies published before 1993 and therefore
1653 reviewed in the previous WHO EHC rep@¥HO, 1993b included only a few exposed cases each. Two cohort

1654  studies with somewhat larger numbers are noted: Mil(iE9889 followed up a large cohort of male amateur

1655 radio operators in the USA and observed significardiged mortality from certain types of leukaemia and

1656 Robinette et al(1980 found no difference in cancer mortality between US naval personnel occupationally
1657 exposed to radand those who were not. The following sections focus on studies published after 1992.

1658 General shortcomings of published studies investigating occupational RF exposure in relation to
1659 cancer risk are that exposures have been assessed retrospectively aftdnaonly based on likelihood of

1660 exposure and exposure intensity rather than actual measurements. Many studies investigate particular
1661  occupational groupsyhereRF exposuregnay come with the jglbsuch as policemen, but there is no information

1662 availableon actual individual exposures. Such studies often lack a comparable unexposed control group and
1663 compare incidence or mortality rates in the study population against the general population, but employed group
1664  of subjects are often in better health than ¢femeral population overal 6 heal t hy wwwarker ef f o
1665 dissimilar in terms of socioeconomic status or lifestyle factors. The retrospective nature of the studies has the
1666 consequence that information on other risk factors that could confound theaissognder investigation is

1667  often not available. Most cohort studies had included small numbers of cancer cases by type of cancer, therefore
1668 reducing the ability of the study to detect associations with risk. We discuss here results from cohort studies an
1669 casecontrol studies separately, with results for main cancer types being summarised in J7ables 1

1670 The literature search was focused to capture environmental and occupational sources of
1671 radiofrequency electromagnetic fields and neoplasms. We iderii®i8darticles, 541 of which were excluded

1672  because they were not relevant. Among the 57 articles that were judged as potentially eligible, 34 were excluded
1673 because they were case series, reviews or letters to the editor with no new data and the remaieiag 23
1674 included. We manually retrieved a further 31 articles through examination of cited papers and expert reports,
1675 totalling 54 included articles in sections 12.1.3 and 12.1.4.

1676 12.1.3.2 Cohort studies of occupationally exposed populations

1677 Two populationsof male electrical utility workers, one in Québec, Canada (H@liébec) and one

1678 in France (Electricité de France), were followed up for malignancies for the periotl1P8B0and 19781989,

1679 respectivelyArmstrong et al., 1994 Nestedcasecontrol analyses of the 2679 cases of cancer identified during

1680 follow-up were conducted in relation to pulsed EMF (PEMFs). Controls were chosen at random from risk sets
1681  of cohort members surviving to the date of diagnosis of the case, and dhatchehort and year of birth. Four

1682 controls were chosen for cases with haematological or brain cancers or melanoma, whereas one control was
1683 chosen for other cancer sites. Exposures to pulsed electromagnetic fields were assessed threxglosujeb

1684 matiix estimated separately for the two cohorts from measurement of 829 French and 466 Canadian workers
1685 made in 19911992. Each of these workers wore a positron meter for a week monitoring the proportion of time
1686  during which the electric field was more thar02@/m in the 520 MHz range, measured in parts per billion.

1687 Analyses were based on conditional logistic regression with-amgeol sets and further adjustment for

1688  socioeconomic status, cumulative exposure to chemicals, and total duration of employmesgodlation was

1689 observed with exposure to pulsed electromagnetic fields for leukaemia, other haematopoietic cancers, brain
1690 cancer or melanoma, or at other sites, except for a significant excess of lung cancer. There was evidence for a
1691 doseresponse relanship with increasing cumulative exposure, calculated as the proportion of time greater
1692 than 100 parts per billion (OR=1.27, 95% Cl: G.96 6 8 f or Omedi an an#6.0OBr=3. 11,
1693 090t h percentile. The as stdydro-Quéebecoand natgpreserit ammongtthe desséro  wo r
1694  exposed workers at Electricité de France. The median value corresponded to 21.3%-®Quéymro and 2% at

1695  Electricité de France, thus exposure levels were higher at the former. Adjustment for crude indicators

1696 s moking and other factors left the results 1little ch
1697  exposures more than 20 years before diagnosis. [This finding could suggest causality or could be due to chance
1698 because the many canceesiianalysed could have resulted in spurious significant associdtior®rrections

1699 for multiple comparisons were magle.

1700 Cantor et alinvestigated mortality records for 19889 from 24 states in the USA including

1701 information on occupation and industiry order to identify workplace exposures potentially related to female
1702  breast cancer ris{Cantor et al., 1995 Using a caseontrol approach and after excluding housewives5@3

1703 female subjects who had died from breast cancer and@94 ctontrols were randomly selected amag:

1704  cancer deaths by strata of age and ethnicity. A job exposure matrix was developed on the basis of professional
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judgment of an industrial hygienist, supported by the general occupational hygiene literature and two databases,
the NI OSHG6s J oxbandeEhepdnegrated eMankerment Information System of the Occupational
Safety and Health Administration. This was used to estimate the probability and level of 31 workplace
exposures, categorized ags40and 03, respectively, with 0 being neexposed. Aalyses were conducted
separately for women of white and black ethnicity and were conducted for each of the 31 exposures, including
RF exposure. Among females of white ethnicity the odds ratio of a breast cancer death in relation to RF
exposure was raisedrf exposure probability group 3 (OR=1.15, 95% CI:11.2), but not for group 4
(OR=0.99, 95% CI: 018L.2), after adjusting for socioeconomic status and age. Odds ratios by exposure level
were significantly raised for category 1 and 3 but not for cateBoAmong black females, odds ratios were
significantly raised in exposure probability categories 1 and 3, but not 2 and 4, and in exposure level categories
1 and 3. [This study did not have any information on any of theestdiblished risk factors fordmist cancer. In

the absence of information on which particular jobs were associated with RF exposure, it is impossible to
evaluate whether they would attract women with a particular risk profile regarding to breast cancer, such as, for
example, jobs invoimg night shifts being more common among women without children, in the light of
nulliparity increasing breast cancer risk. The study was large so that associations of moderate size can reach
statistical significance, and many analyses were conductedigiogethe probability of observing statistically
significant associationsNo adjustment was made for multiple comparisoBseast cancer was weakly
associated with certain categories of likelihood and level of RF exposure, but without a cleasdose. It is

therefore likely that these findings were by chance or due to uncontrolled confajinding

Cancer risks in relation to RF, ELF and light at nigtere investigated in a cohort of 2619
Norwegian female radio and telegraph operators, certified bet@@20 and 1980, working at s€&ynes et al.,
1996. Such subjects had potential exposure to light at night, RF (4082kH¢HZz) and to ELF (50 Hz). Light
exposure at night is thought to decrease melatonin production by the pineal gland and it is hypothesised that this
might increase susceptibility to sésormonerelated cancers. Information on incident cancer was obtained by
linking to the Cancer Registry of Norway for the period I9@P1. The observed number of cancers was
compared against those expected in the Norwegiaaléepopulation standardised for age and calendar year.
There were 140 observed cancers over the fellpwime, with a SIR of 1.2 (95% CI: 1.0.4). Among those,
50 were of breast cancer, with a significantly raised SIR of 1.5 (95% CGR.0)land 12 of terine cancer with
a SIR of 1.9 (95% CI: 1i(.2). Relative riskavere not appreciably raisddr leukaemia(SIR=1.1, 95% CI:
0.1i 4.1), lymphoma(SIR=1.3, 95% CI: 0.42.9) or brain cance(1.0, 95% CI 0.B2.3). In a nested casepntrol
analysis of 50 breasancer cases with four to seven matched controls drawn from the cohort, detailed job
histories were collected from the Norwegian Seamen Registry. Controls were selected among certified radio and
telegraph operators alive at the time of diagnosis andhedton year of birth. Duration of employment and
shift work was not associated with breast cancer disignosed under age 50, but there were statistically
significant exposureesponse relationships for both when restricted to ages at diagnosis of S@iygaver.
When shift work was adjusted for duration of employnam vice versa, the effect of shift work was stronger
than that of duration of employment, and tests for trend were no longer significant.

Szmigielski(1996 examined cancer incidence in theolMhpopulation of military career personnel in
Poland over the period 1971985 and provided an update in 2001 extending the fallpweriod with five
years to 199(Szmigielski, Sobiczewska & Kubacki, 2002006. Only the second papeés discusged here
because it is based on a longer time period and beitdnskides important information needed to interpret the
original study. The studied populatiorasvthat of all career personnel in the Polish army in the age rangé of 25
59 years during active service. The total population size is not disclosed but the population size averaged
124500 subjects per year. Cancer diagnoses were ascertained from rhiisgiyal records and the central
military medical board, but it is unclear whether subjects who leave the services remain to be followed up for
cancer. Radiofrequency and microwave exposure assessment was based on military safety, service personnel
and halth department records for all subjects, and for those who developed cancer also on records from hospital
and central medical board data. For the period 19830, case ascertainment was done prospectively, whereas
for 1971 1985 this was conducted retresgively. For the period 1983990, additional information on RF was
also obtained from questionnaires given to personnel who had been newly diagnosed with a neoplasm. The
researchers assessed all service posts with RF/MW exposure for exposure levedsperidld, allowing
classification into four exposure categoriesQ12 6,61 0 , O £)0Tharhmal average number of exgubs
personnel was 3860. Annual cancer incidence rates in unexposed and exposed populations were calculated by
dividing the numbebpf cancers by the population size in that year. The ratio of average annual rates between
exposed and unexposed personnel was then taken as the relative risk. Results were provided oveedl; in 10
age categories and for 12 cancer sites. The authovstedpl38 neoplasms in exposed and 2355 in unexposed
personnel, with a relative risk of 1.83 (p<0.01). Raised relative risks were reported for several categories
including haematological and lymphatic cancers, cancers of the skin, nervous system, ossapthatpmach,
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colon and rectum. Relative risks were greater thdold for various subcategories of lymphatic cancer and
leukaemia, and were raised in all subgroups of age. It can be derived that leukaemia risk overall was more than
6-fold increased. Abat 85% of service men were deemed to have average exposure levels not exceeding
2 W/m?, with the remainder around & W/n?; higher intensities were recorded incidentally. Fields were mostly
pulsemodulated RF/MW at 158500 MHz. Cancer morbidity rates wereer twofold greater in subjects with
average levels ofi@0 or >10 W/ compared with thosei 2 W/nf. [The description of the study population
remains unclear. It is, for example, not stated whether women were included and whether there was adjustment
in the results for sex. Statistical methods employed are poorly described and unconventional for cohort studies.
Cancer occurrence appears to have been assessedentissally by year, instead of subjects having been
followed-up longitudinally. The caldated relative risks were not weighted for changes in population sizes over
years, and did not take into account difference in- agesex distribution (or changes over time in these
distributions) between the two groups. Using additional sources forsespassessment such as hospital
records and supplementary questionnaires for diagnosed cases only gives substantial potential for bias in the
direction of an overestimation of risk because there is scope for extra sources of RF exposure to be added to
ca®s, but not to cohort members who did not develop cancer. The observation of a significantly raised risk for
all cancer sites overall supports the presence of such bias. The likely biases in this study, the unsatisfactory
design and statistical methodsdatihe unusually high observed relative risks have the consequence that this
study can be given little weight in the overall assessment.]

A cohort of 13805 male workers employed in any of five electrical utility companies in the USA
between 1950 and 1986 was followed up for mortéftgvitz et al., 1997 Following the finding by Armstrong
et al (1994) of an excess risk dfing cancer in relation to pulsed electromagnetic fields, the researchers
examined lung cancer deaths in this cohort. There were 1692 deaths from lung cancer duringpfeltaing
in December 1988. Followp was based on the National Death Index froif91%he earlier period was covered
through multiple sources. Job titles were grouped into 28 categories for assignment of exposure. In addition to
exposure to 60 Hz magnetic fields, which is not in the remit of this report, exposure to pulsed EMFs was
estmated by assuming that workers with similar work activities as in the Hydébec component of the study
by Armstrong et al. would have the same scores. Units were derived as the proportion of workers exceeding the
100 parts per billiorfppb) threshold(see the description of Armstrong et @1994)above) and the duration of
work in each job. Analyses were adjusted for age, calendar time, ethnicity, social class, active vs. inactive work
status, and years of exposure to occupational lung carcindgates.on tobacco smoking were, however, not
available. No significantly raised rate ratios were observed for any of the categories of years in exposed
occupations, in 10 year age groups, with an exposed job defined as one in which more than 25% of the
measvements exceeded the 100 ppb time threshold. Cumulative exposure was derived as the proportion of
workers in the job group exceeding the 100 ppb time threshold and the duration of work in each job. For total
exposure, rate ratios were between 1.3 andritthé above background categories, with weak evidence for a
doseresponse. These associations were similar when analysed by time since exposure. [No formal statistical
tests for trend were reported. The evaluation of pulsed EMFs was tenuous becausi&dmenpeter usedh the
study by Armstrong et al(1994 had been found to respond to much higher frequencies than intended
(including mobile phone frequencies), and because the current study assumed exposure levels to baghe same
in that study. The uncertainties in exposure assessment and the weak associations observed either suggests that
there is an association with pulsed EMF but errors in exposure assessment have attenuated the rate ratios or that
there is no association,tw residual association due to confounding (e.g. cigarette smoking) or biases.]

A small cohort of 481 female and 201 male plastare workers exposed to RF EMF generated by
dielectric heat sealers in Italy was followed up for mortality over 19892 (Lagorio et al., 199/ Study
subjects were dearéd from a single manufacturing plant and could be categorised inke&é&r operators,
other labourers, and whitmllar workers. There were 15 deaths among females, and one among males, during
the study period, ascertained through the Registry Offiteeomunicipalities of residence and death. The SMR
for all cancer mortality among female REaler operators was slightly elevated (SMR=2.0, 95% Ci4(BY,
but with large imprecision due to small numbers of deaths. [Analyses were conducted by speséiof death
with only single observed deaths in individual categories, which could therefore not be meaningful. There was
also one death among all males overall, too few to conduct analyses.]

Finkelsteinet al retrospectively assessed cancer incidanca cohort of 2297 police officers in
Ontario, Canada, due to concerns about health effects from police(Faulstein, 1998 The cohort was
assembled from lists of officers and retirees employed si8@®, or a later date if no earlier records were
available, from 83 participating Ontario police departments. There was no information on individual exposure to
radar. Information on cancer and mortality was obtained by probabilistic linkage to the @aacer Registry
and the Ontario Mortality Database. Follayw started on the date of employment or at which complete cohort
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identification was possible at the specific department, whichever was later, and ended at the end of 1995.
Among male police offices, there was no increased risk of cancer overall (age and caj@ataadjusted
SIR=0.90, 95% CI: 0.83.98) compared with the population of Ontago for cancer overakxcludinglung

cancer (SIR=0.96, 95% CI: 0.88.05), for which the SIR was partianly low (SIR for lung cancer=0.66, 95%

Cl: 0.520.82) Risk was elevated for melanoma (SIR=1.45, 95% CI:i1LBB), and nossignificantly so for
testicular cancer (SIR=1.30, 95% CI: 0.884) and prostate cancer (SIR=1.16, 95% CI: iQl983). There

were 16 cases of incident brain tumours, with no increased risk compared with the population (SIR=0.84, 95%
Cl: 0.48 1.36). When followup was evaluated from start of employment for all officers, the SIR for testicular
cancer was borderline statistically siggant (SIR=1.33, 95% CI: 1i@.74). Among female officers, only 11
tumours were observed (SIR=0.77) and no further analyses were repbhietadk of exposure assessment and

of an internal unexposed control group necessitates the use of generalipopalas to derive estimates of
relative risk in this study. Comparison of cancer rates in this occupational group against the general population
rates is, however, problematic, in particular for cancers which are strongly associated with lifestyle Hecau
group of interest might be different with regard to lifestyle and other confounding fatherstrong reduction

in risk of lung cancerate suggestdower cigarette smoking prevalence and associated with ahtggher
socioeconomic profile opolice officers compared with the general populatiBoth testicular cancer and
melanoma risks are positively associated with socioeconomic ,stahish could have contributed to the
findings related to these neoplasrm$e raised risk of melanoma midbe due to increased sun light exposure

due to holidays or certain characteristics of their profession. Analyses of fgfidwom start of employment

during years that employment records were not complete might have introduced bias due to those not on the
records being different in relation to cancer risk.]

A large cohort study of employees of Motorola, a manufacturer of wireless communication products,
was followed up for mortality in the United Stat@dorgan et al.,, 2000 Wo r dxmosue®d occurred at
frequencies of 30, 150 and 450 MHz for tway radios (from 1960s), 800 MHz for mobile phones and higher
frequencies for microwave communications. The cohort comprised 2®®mployees who had had at least 6
months of cumulative enipyment, contributing 2.7 million perseyears over a period of 20 years (1876

1996) . I nformation on employeebs job code and start
companyos el ectronic personnel f ml tees US Saciald Secorrity vi t al
Admi ni strationds Mas tUS Natiada Death lIndex.yNo Hatal egistea frodn persorel
exposure monitoring, but relative exposures were cla
based on business sacs, work site, job code and descriptions, calendar period and expert assessments. Expert
assessments were conducted O6blindedd t o ,ahdmoetaitye st at L
rates compared to those of Arizona, Florida, lllineiid Texas, where most of the ¢

located, were significantly reduced for all causes (SMR=0.66, 95% CIi @6#) and for cancer specifically

(SMR=0.78, 95% CI: 0.7%.82), after adjusting for age, sex and ethnicity. Likewise, SMiRgntdividual

cancer types such as lymphatic or haematopoietic cancer and central nervous system cancer was reduced in the
entire cohort as well as in the group of employees considered to have had moderate or high RF exposure.
Further analyses showed tlI&Rs for these causes did not increase with increased duration of employment. To
reduce bias due to the O6healthy worker effectéd, i nte
peak and cumulative RF exposure scores were conducted Wititraent for age, sex and calendar period of
employment, which showed rate ratios near or below 1.0 for brain cancers, lymphatic and haematopoietic cancer

and norHodgki nés | ymphoma. There were no trendsncyof rel a
assumptions (5, 10, 20 years).

Groves et al(2002 reported an update of the cohort study by Robinette é1280 of mortality in
40581 nale US Navy veterans of the Korean war who had graduated into the Navy durifid 99%@nd had
potential exposure to high intensity radar. Radar or radio operator and aviation electrician's mate jobs were
classified as 61 ow r Bydvallrbelosvxi® \Wms?uand avigtiont ekeaironic sethhicia, u s u a
el ectronics technician and fire control techtfcian as
but usual exposures less than 10m#. The cohort was followed up to 1997 witie use of beneficiary records
of the Department of Veterans and matching against t|
and the US National Death Index for 197997. There were 8393 deaths during the follgw period.
Compared againsthite males in the USA, standardised mortality ratios for overall mortality were reduced for
the cohort overall (SMR=0.74, 95% CI: 0i1876 for the entire cohort) and for the hi@MR=0.69, 95% CI:
0.670.71) and low exposuréSMR=0.80, 95% CI. 0.78.82 cohort separately, after controlling for age at
entry and attained age. Likewise, SMRs were reduced in all groups for-speo#fic mortality and for the high
radar exposure potential group for brain cancer (SMR=0.71, 95% CI;0%). There were nsignificantly
raised mortality rates for specific types of canddrere was a tendency for deaths from all cancers, lung cancer,
lymphoid malignancies and brain cancer to be less common in the high exposure group than in the low exposed
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1878  group.For leukaena deaths, the SMR was 1.14 (95% CI: 0.2@4) in the high radar exposure potential group,
1879 0.77 (95% CI: 0.581.04) in the low exposure potential group and 0.96 (95% CI:i 0.86) in the overall
1880 cohort. When the high and low exposure groups were comptue@ was an excess risk of death in the high
1881  exposure group from leukaemia (RR=1.48, 95% CI: i12017) and nostlymphocytic leukaemia specifically
1882 (RR=1.82, 95% CI: 1.0%.14). Relative risks for all leukaemia compared with the low exposure group were
1883  atistically significantly raised for highly exposed aviation electronic technicians (RR=2.60, 95% GI: 1.53
1884  4.43), but not for highly exposed electronics technicians (RR=1.30, 95% CE2@38pB or fire control
1885 technicians (RR=1.04, 95% CI: 0-£827) or bw exposure aviation electrician mates (RR=1.12, 95% CI=-0.39
1886  3.19).[This cohort study had the strengths of being large with long duration of folgvand relatively good
1887  exposure assessment, but had the limitation that only mortality and not incidasdavestigated, and there
1888 was no information on confoundefdortality rates were generally considerably lower in this cohort compared
1889  with the general population, a likely manifestation of the selection of physically fit subjects into the navy.
1890 Internal comparisons, however, showed thatess leukaemia mortality was particularly evident in aviation
1891 electronics technicians, bittis not clear why this raised riskas not present in other occupations with similarly
1892  high exposure levels.]

1893 In a retrospedte cohort study, mortality was compared between 4417 Belgian men who served in
1894  antiaircraft radar units in Germany at some time during 19694 and 2932 Belgian men who worked in

1895 military units that were not equipped with radar in the same rg@egrave et al., 2009Modelled exposure

1896 levels for typical job locations ranged between 3@ V/m. There were 424 deaths in the exposed and 271
1897 deaths in the unexposed group ovlee period 19682004. There was no significant difference in overall

1898  mortality between the two groups, nor a trend with duration of service in exposed jobs, after adjusting for age.
1899  Causespecific mortality was raised for neoplasms (RR=1.23, 95% CIi 1.83), and specifically lymphatic

1900 and haematopoietic neoplasms RR2, 95% CI: 1.0847.9) and eye, brain and other nervous system
1901 neoplasms (RR2.71, 95% CI: 0.4217.49). Comparison against national mortality statistics rather than the
1902 control groupshowed decreased standardised mortality ratios for cancer, for both the exposed and unexposed
1903 groups. There was a naignificant increase of cancer mortality compared with the control group with length of
1904  service in radar battalions, but cancer mortaligs not greater in subjects who had served before shielding of
1905 microwave generators was introduced (late 1970s). Cause of death could only be established from the national
1906 death registry for 71% of exposed and 70% of control subjects, and had to bedlftanereports from

1907 relatives of the deceased for other deaths, and remained unknown for about 10 percent of subjects. [This
1908 incompleteness of cause of death ascertainment leaves open the potential for bias. The radar had an average
1909 radiated power of 1.5W and peak power in pulses of about 500 kW, and also emitted ionising radiation, and
1910 there is therefore the possibility that the raised leukaemia incidence was due to the latter.]

1911 12.1.3.3 Case-control studies
1912 12.1.3.3.1 Brain and other intracranial tumours

1913 Grayson(1996 investigated risk of primary malignant brain tumanrrelation to a range of EMF

1914  exposures in a cas®ntrol analysis nested within a cohort composed of all male members of the US Air Force

1915 who had completed at least one full year of service betwekandaryl970 and 31 December 1989. Incident

1916 cases werd@entified through screening of hospital discharge records of individuals who were serving in the US

1917  Air Force during the study period. Four controls per case were selected, exactly matched on year of birth and

1918 ethnicity, and being in the Force atthmg& of t he ¢ as e-@&posuttimatgxnvassdevelopedXor j o b

1919 exposure assessment, based on job titles, including allowance for changes in intensity scores over time. Job titles
1920 wer e classified as having & n oéxposutegooRFMWHreqaehcies il 6 pr ok
1921 éprobabled category was assigned to occupations that
1922 essentially all occupations involved in maintenance
1923  was assigned to job categories involving the operation of such transmitters for which excessive exposures had

1924  not been reported. All other job categories were considered unexposed. The analyses included 230 cases and
1925 920 matched control©dds ratios were masignificantly raised for ever having had potential exposure to ELF

1926 (OR=1.28, 95% CI: 0.98..74) and significantly raised for ever exposur&gmicrowave (OR=1.39, 95% CI:

1927 1.0171.90) after adjusting for age, ethnicity and senior military rank. Therenwadear evidence for dose

1928 response according to categories of product of exposure intestgitg and duration in the specific job,

1929 however. No association was reported for ionising radiation exposure, but numbers of exposed subjects were

1930 much lower tharfor norrionising radiation. [There was no attempt to identify cases from subjects who had left

1931 theAir Force, which is a drawback especially for brain tumours which may take long to develop.]
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Berg et al (2006 investigated the association between risk of glioma or meningioma and
occupational RF field exposure based on data from the German Interphone study. Cases diagnosed aged 30 to
59 years (October 2008eptember 2001) or aged 30 to 69 years (Octoberi Zidber 2003) were recruited
from the four neurosurgical clinics in the study regions of Bielefeld, Heidelberg/Mannheim and Mainz. Controls

were selected from compulsory population registers in the thre

e regions matched to cases on age, sex and centre.

Partidpation rates were 80% for glioma, 88% for meningioma, and 63% for controls. Information on past
exposures was collected by personal compassisted interview, which included questions on occupational
activities related to RF/MW fields such as use ofustdal heating equipment, use of radar, manufacturing

semiconductor chips or microelectronic devices and work wit
mast s. Job activities were

h broadcasting/telecommunication antennae and
groupeddhi gho ldRdéxposuer p O S UT €

based on an activitgxposure matrix. Analyses were adjusted for region, sex, socioeconomic status,

urban/rural, age at diagnosis, cigarette smoking status and

ionising radiation expbswe.with highly

probable exposure had an odds ratiglioma of 1.22 (95% CI: 0.62.15) overall and among those, subjects
with more than 10 years of exposure had an odds ratio of 1.39 2088]. For meningiomahese odds ratios
were 1.34 (95% CI: 0.62.96) and 1.55 (95% CI: 0.62.62), respectivelythe latter based on 6 exposed cases.
There was no association of glioma (OR=1.04, 95% CI:i@&4) or meningioma risk (OR=1.12, 95% CI:

0.66 1.87) in relation to the combined groups of probable and
probable gposure.

high potential RF/MW exposure vs. nore or not

Karipidis et al (20073 conducted a casmontrol study of glioma in relation to occupational exposure
to ionising and nosonising radiation in Melbourneiustralia. Histologically confirmed cases first diagnosed
1987 1991 at ages 200 years were recruited from 14 Melbourne hospitals, with controls selected from
electoral roll in the study area matched by age, sex and postcode of residence. Exposunerdassasshased

on a detailed job history obtained from each subject byaskifinis

tered questionnaire followed by faoeface

interview, and included seteported RF and ionising radiation exposure. This information was evaluated

against a Finnish jobxposure matrix (FINJEM) and job histo

ries were also evaluated by expert review to

evaluate the potential for exposure. The study included 416 cases and 422 controls, accounting for 66% of cases

and 65% of controls who were eligible and with whom contast
a next of kin was interviewed instead of the subject due to

mwade. For 44% of cases and 2% of controls
death or disaDitiy.eighteen cases and 17

controls had been occupationally exposed to RF, jobs with the highest numbers being plastic proéust work

telephone installation crew, line men and cable jointers, physi

otherapists and woodworking occupations. There

was no trend of odds ratios in relation to cumulative exposure to RF, adjusted for sex, age and years of
education, with tertile of exposu(®@R=0.57, 95% CI: 0.16..96, OR=1.80, 95% CI: 0.58.13, and OR=0.89,

95% CI: 0.282.81 for exposed tertiles 1, 2 and 3 versus no
relation to number of years of exposure were not significantly
based on selfeport or on expert assessmdRarticipation rates wi

exposure, respectively). Odds ratios of risk in
raised fartadagory, whether exposures were
ere not particularly high in this study, leaving

open the possibility for selection bias and additionally, for a high proportion of cases a proxy wéswetbr

which could have under or overestimated reported exposures.]

Spinelli et al (2010, in their caseontrol study of glioma (discussed Bection 12.1.2)1 also
investigated risk in relation to occupational sources of RF, among wthmey residential and occupational

exposures, but observed no association with microwave freq
cases and controls respectively (OR=1.20, 95% Cli@.30).

uency field exposure, based on 7 and 4 exposed

A casecontrol study in Gironde, France, of brain asttier intracranial tumours in relation to EMF
exposure was reported by Baldi et &011). The study included 105 gliomas, 67 meningiomas and 23

neurinomas. The authors state these comprised cases diag

nosed between May 1999 and April 2001 in the

Gironde area, but the source of case ascertainment and its completeness is not stated. Qentevidosdy
selected from the local electoral rolls, with two controls per case individually matched on age, sex and area.
Participation rates were 70% for cases and 69% for controls. Job histories were collected by personal interview
for every job lastingmore than six months, which was assessed on type of EMF, exposure duration and

exposure probability. Furthermore, in a second step, expert

judgment was compared against a Swedish Job

Exposure Matrix, prioritising expert judgment in case of disagreemenly. D cases and 16 controls were
occupationally exposed to RF, with a relative risk of 1.50 (95% CIi@.48) for all intracranial tumours. For
glioma specifically, the relative risk was 1.44 (95% CI: 0403), with numbers being too small for other

tumour types.
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Studies with uncertainties related to inclusion criteria

A casecontrol study in the USAWarren et al., 2003examined risks of intratemporal facial nerve
tumours in relation to mobile phone use and occupali®F exposures (previously discussedSection
12.1.2.). The study was small and was not populatased. It included 51 cases of acoustic neuroma and 18
of intratemporal facial nerveumours with cases obtained from the fiscal database at a teda®y centre.
Controls were selected from the same database matched on age, sex and ethnicity, and were distributed in three
groups: those with (1) rhinosinusitis (2) dysphonia or gastroesophageal disease (3) acoustic heuroma, the latter
as an intermediatexposure comparison group. Risk factor information was collected by telephone interview.
No associations were observed with occupational exposures to RF. [Response rates are not stated and it is
therefore not clear how many subjects were excluded forugargasonsThe study is given little weight in the
overall assessment, and is not included in the table.]

12.1.3.3.2 Ocular melanoma

Holly et al conducted a caseontrol study to investigate risk factors for intraocular (uveal)
melanomgHolly et al., 1998. They recruited patients diagnosed with uveal melanoma at the Ocular Oncology
Unit at the University of California San Francisco, patients referred to the centre for treatment between
January 1978 and February 1987. White males betweerd2@ears of age at diagnosis and resident in 11
specified states were considered eligible for the study. A total of 221 men were intervieweshorwlirgg to a
participation rate of 9. All cases were histopathologically confirmed. Two male white controls per case were
recruited matched on geographic area and age group by random digit dialing methods, with a participation rate
of 74%. The questionaire was administered by telephone by trained interviewers and included demographic
characteristics, occupational history and information about chemical exposures. Information about six
occupations that subjects had held the longest was coded to the &lpakhbndex of Industries and
Occupations and analyses were conducted according to groups of similar occupations. Information on ever
having worked with or having had regular exposure to chemicals, defined as at least 3 hours a week for at least 6
months,was also obtained. Analyses were conducted by occupational group, chemical exposures, and ever
exposure to microwaves or radar (excluding home microwave ovens). It is not stated how information about
microwaves or radar had been obtained but it can bdéieichg was added to the questions about chemical
exposures. There were 21 cases and 22 controls who had ever had exposure to microwave or radar,
corresponding to an odds ratio of 2.1 (95% CIi 4.0). Analyses were adjusted for age, number of large haevi
eye colouyand tanning or burning response to half hour sun exposure in the summer. [The fact that this odds
ratio related to O6ever 6 expo s-tespense,thasimdll numbersfofisubjedtse r d a't
and the lack of informationb@ut how this information was collected do not give confidence in the résults

Stang et al(2001) examined risk of ocular melanoma in relation to occupational exposures to various
sources of electromagtic fields in Germany. The 118 cases were obtained from two sources: 37 from a
populationbased study (84% participation rate) and 81 from a single hospital (88% participation rate). In total,
475 controls were included: 327 populatioaisedcontrolschasen at random from a population register (48%
participation rate) and 148 hospitzised controls (79% participation rate) with ocular disease, matched on sex,
age and region of residence. Participants were interviewed about a variety of lifestyle acal faetbrs,
occupational history and sources of EMF. They reported a raised risk of ocular melanoma in subjects with self
reported exposure for at least 6 months for several hours per day to radio sets (OR=3.3, 95%.2); @Wiich
was stronger for thpopulationbased than for the hospiiaased study (OR=4.6, 95% CI: 11®.2 and 1.8,
95% CI: 0.3 14.3, respectively). There was no relation to duration of exposure, however, and risk was not raised
for radarexposure (OR=0.4, 95% CI: 0.2.6). [The studyas small, and combined subjects from two different
study designs. The choice of controls with ocular disease is a potential concern if such disease were associated
with EMF exposures. While populatidrased controls are generally considered methodologigzerior to
hospitatbased controls, participation rates among populdiesed controls were low, which could have
introduced selection bias. It is not reported whether the study hypotheses were revealed to participants at the
time of invitation to thestudy, which could have resulted in biased participatether by weakening or by
artificially increasing the associatign

A casecontrol study conducted in nine European countries investigated risk of ocular melanoma in
relation to occupational expaguto EMF(Behrens et al., 20)0In total, 293 incident cases of ocular melanoma
and 3198 controls aged 13D years, with controls being populatibased or hospitddased depending on the
country, were interviewed about past jobs invalvEBMF including RF. Cases were diagnosed betweeni1994
1997 with ascertainment being nationwide in Denmark and Latvia, from certain administrative areas in France,
Germany, Italy and Sweden, from hospital recruitment areas in Spain and Portugal, andifrgla eye clinic
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in the United Kingdom. Controls were matched by region, sex ayghbage group. Participation rates were

82% for cases, 62% for populatimased controls and 86% for hospibalsed controls. Classification of
exposure to radar units whased on assumptions as published by Baumgadnas et al (2002, which used

expert opinion and measunents from unpublished expert reports. Analyses were adjusted for country and 5
year age groups, sex, eye colour, skin tone, number of episodes of eye burns, alcohol consumption and
educational level. None of the female subjects had been exposed toamrdleamong men, there was no
association of risk with potential exposure to radar units. [The number of exposed cases and the effect estimates
were not reportedl

12.1.3.3.3 Testicular cancer

Hardell et al (1998 conducted a caseontrol study of risk factors for testicular cancer in the Middle
and Northern parts of Saden. Cases agedi3® years incident during 1989992 reported to the Swedish
Cancer Registry were recruited into the study. Two controls per case were selected from the Swedish population
register matched on year of birth. The study included 148 case8lanhcontrols, with participation rates of
91% and 87%, respectively. Selfiministered questionnaires were used to obtain information on a range of
occupations and occupational exposures. -Bignificantly raised risks were observed for amateur radio
opeators (OR=2.2, 95% CI. 0iB.6), work with radar equipment (OR=2.0699 CI. 0.3 14.2) and work as
engineer in the electronics and telecommunications industry (OR=2.3, 95% GI6.0)8TThese relative risks
were based on very small numbers of exposegestshand the study did therefore lack statistical power to
detect an effect if there were indeed fne

A German populatioiased caseontrol study of testicular cancer investigated risk in relation to
occupational exposures from proximity to mobile prgnmdio and radar, ascertained by personal interview
(BaumgardtElms et al., 200R The study areeomprised five German geographic regions covering a population
of about 1.5 million male residents at ages@%years. In total, 269 cases of testicular cancer incident during
1995 and 1997 were recruited through an active reporting system of clinigaatinodiogical departments in the
study regions. In total, 797 agand regioamatched controls were randomly selected from population registers
within strata of region and fivgear age group. Participation rates were 76% and 57%, respectively. Data were
collected on five categories of EMF exposure, including radiofrequency emitters and radar units in the RF
spectrum. A weighted score was calculated taking into account the durationrefpseted exposure in years
and distance t o i29md 9mpRelatveisk (vaB@oBe tannityith en who reported ever
working near radiofrequency transmitters (OR=0.9, 95% CI:i0.@4) based on 50 exposed cases and 166
exposed controls. It waseither raised or reducdd those who reported to hawver worked near radars
(OR=1.0, 95% CI: 0.60L.75), based on 22 exposed cases and 58 cont@nols, was norsstatistically
significantly reduced in those whaere assessed by experts to have had radar exposure based on their
occupational history (OR=0.4, 96ClI: 0.7 1.2). Analyses were adjusted for age and region. Analyses of risk by
tertiles of a score weighted by duration and distance did not shomificsigtly raised associations.
[Participation rates of cases and controls were relatively low which dwaud affected the findings either
upwards or downwards.]

12.1.3.3.3 Other malignancies

La Vecchia et al(1990 conducted dospitatbasedcasecontrol study in GreateMilan, Italy, of
occupational exposures in relation to bladder cancer risk. The study included 263 cases with histologically
confirmed bladder cancer ascertained from teaching and general hospitals in the study region and 287 controls
were recruited fom wide range of acute, ngreoplastic and noearinary tract diseases in the same hospitals. It
was reported that less than 3% of cases and controls refused to be interviewed. The study was conducted
between 1985 and 1988. Subjects were interviewed withuatgred questionnaire including a wide range of
guestions on sociodemographic, lifestyle and occupational exposure characteristics, including radar exposure.
Analyses were adjusted for age, sex and cigarette smoking. The study reported no assodiatamanyibut
numbers of exposed subjects and relative risks were not reported. [The lack of information on exposed numbers
gives this study little weight. It was unclear whether this study ieclwaly newly diagnosed patients during
the study period.]

Karipidis et al (200789 conducted a populatiebased caseontrol study of noHod g ki noé s
lymphoma(NHL) in Australia. The study consisted of 694 NHL cases diagnasédd regions in Australia
during 20002001 ascertained from the New South Wales Central Cancer Registry, and 694 pcpaksgin
controls matched by age, sex and region of residence selected from electoral roll. The participation rate was
61% for controd, and it was stated that 85% of approached cases participated, but it was not stated how many
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cases could not be approached for example because they had died before their existence was notified to the
research team. A detailed occupational history wéaindd by a mailed sefdministered lifetime calendar and

an extensive (6@ninute) telephone interview. Exposure to ionising, UV, RF, ELF radiationaaseassed using

a Finnish jobexposure matrix. Analyses were adjusted for the matching variables amcitgtiihere was a
suggestion that odds ratios increased in relation to a measure of cumulative exposure tonfRyedfs/ the

product of level and duration of exposure), but this was based on very small numbers and none of the odds ratios
or the trendést reached statistical significance. In the highest category ®®0@3Mm?years, the odds ratio

was 3.15 (95% CI: 0.635.87), based on 6 exposed cases.
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Table 12.1.8. Studies of haematological or lymphopoietic cancer incidence and mortality in people occupationally exposed to RF EMF

Country Study design Exposure source Outcome and subgroups No. of Relative risk Comments Reference
Time period and population and assessment exposed (95% ClI)

cases

(/controls)
Canada and France Nested case- Pulsed EMF, >200V/m Incidence of leukaemia Controls Armstrong et
19701 1988 (Quebec) contr(_)l of N in 51 20 MHz range Cumu_lative exposure (OR) selected at  al. (1994)
19787 1989 (France) electrical utility Job-exposure matrix <’med|an 57/201 1.00 random from

workers Omedi an 38/173 0.69(0.4011.17) t he <cac

302 cases, 1193
controls, males
only

Adult

based on 100 person-
weeks of
measurements from
exposure meters worn
by workers to derive
estimates of short-
duration PEMFs or
high-frequency
transient fields

090th percentil €9/28

Incidence of haematological

cancer

Cumulative exposure (OR)

<median 167/672
Omedi an 135/521

090t h percenti | €28/101

Incidence of Hodgkin's disease
Cumulative exposure (OR)

<median 43/169
Omedi an 24197
090t h percentil €412

Incidence of Non-Hod g ki n o

lymphoma

Cumulative exposure (OR)

<median 54/252
Omedi an 56/183
09 0 petcentile 13/40

Incidence of multiple myeloma
Cumulative exposure (OR)

<median 13/50
Omedi an 17/68
090th percentil €221
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0.80 (0.19i 3.36)

1.00
0.90 (0.65i 1.25)
0.96 (0.48i 1.90)

1.00
0.90 (0.43i 1.89)
1.33 (0.231 7.68)

1.00
1.41 (0.83i 2.38)
1.80 (0.62i 5.25)

1.00
0.84 (0.30i 2.34)
0.20 (0.03i 1.39)

risk set and
matched by
utility and
year of birth.
Analyses
adjusted for
case-control
set and
socioeconom
ic status,
exposure to
chemicals,
duration of
employment.



Norway
19611 1991

Poland
19711 1990

Italy
19621 1992

Canada
19641 1985

Cohort of
women certified
as radio and
telegraph
operators 1920-
1980

2619 females
Adult

Annual rates in
all career
personnel in
Polish army
124500 subjects
(3860 exposed)

25-59y

Cohort of Italian
plastic factory
workers

481 females

Adult

Cohort of police
officers in
Ontario, Canada
22197 subjects,
both sexes

Adult

Radio and telegraph
operators on merchant
ships with potential
exposure to RF fields

Exposure of personnel
to RF/MW

Military safety, service
personnel/health
department records,
for cases also hospital
records and
questionnaire

RF field exposure
through work in
dielectric heat sealing
department

Unclear, reports that
>10 W/m? frequently
exceeded

Potential exposure to
traffic radar

Not assessed

Incidence (SIR)
Leukaemia
Lymphoma

Incidence of
haematological/lymphatic cancer
Ever exposed (RR)

No

Yes

Incidence of leukaemia
Ever exposed (RR)

No

Yes

Mortality from leukaemia (SMR)

Incidence (SIR)
Leukaemia

a1 N

211
36

19

12

Hodgkinds di seas8
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1.1(0.1i 4.1)
1.3 (0.4i 2.9)

1.00
5.33 (p=0.01)

1.00
6.55 (p<0.01)

5.0 (1.27i 27.9)

0.60 (0.31i 1.05)

0.84 (0.36i 1.66)

Adjusted for
age, time
since
certification,
calendar
year, age at
first
childbirth.
Also
exposed to
light at night.

Cross-
sectional
study. For all
cancers
combined,
RR=1.83,
(p=0.01).
Multiple
sources to
identify
exposure
among
cases, but
not among
non-cases.

Sex, age,
calendar
period-
specific
SMRs.

Analyses for
males only,
standardised
for age and
calendar
year.

Tynes et al.
(1996)

Szmigielski
et al. (1996;
2001; 2006)

Lagorio et al.
(1997)

Finkelstein
(1998)



USA
19761 1996

Cohort of US
Motorola
employees
95775 subjects,
both sexes
(24621 exposed)

Adult

Moderate or high peak
RF exposures through
design, manufacture

and testing of wireless

Job title with
expert
assessment of
usual exposures

Mortality from
lymphatic/haematopoetic cancer
External comparison (SMR)

All cohort

Moderate/high exposure

Internal comparison, cumulative
exposure (RR)

No exposure

<median

Omedi an

Mortality from leukaemia
External comparison (SMR)
All cohort

Moderate/high exposure

Internal comparison, cumulative
exposure (RR)

No exposure

<median

Omedi an

Mortality from Hodgkin's Disease
External comparison (SMR)

All cohort

Moderate/high exposure

Internal comparison, cumulative
exposure (RR)

No exposure

<median

Omedi an

Mortality fromnon-Ho d g ki n
lymphoma

Internal comparison, cumulative
exposure (RR)

No exposure

<median

Omedi an

193

66

13

70

14
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0.77 (0.67i 0.89)
0.54 (0.33i 0.83)

1.00
0.74 (0.39i 1.28)
0.67 (0.40i 1.05)

0.8 (0.6i 1.0)
0.77 (0.38i 1.38)

1.00
0.64 (0.26i 1.33)
0.57 (0.28i 1.04)

1.1(0.7i 1.8)
1.11 (0.23i 3.24)

1.00
0.52 (0.12i 1.50)
0.59 (0.22i 1.33)

1.00
0.99 (0.21i 3.29)
0.95 (0.25i 2.84)

Adjusted for Morgan et al.
age, sexand (2000)
ethnicity for

SMR and

age, sex and

period of hire

for RR



United States
19791 1997,

Australia
20007 2001

Cohort of radar
technicians in
US Navy

40581 males
(20021 high
exposure
potential)

Adult

Population-
based case-
control study

694 cases, 694
controls

20-74 year

Occupations with high
or low radar exposure
potential

Job title, expert
assessment on
potential for high
exposure, type and
power of radar units

Occupational
exposure to RF

Detailed questionnaire
and interview and job-
exposure matrix

Mortality from leukaemia
External comparison (SMR)
All cohort

Low exposure

High exposure

Internal comparison, high vs. low
group (RR)

Mortality from lymphoma or
multiple myeloma cancer
External comparison (SMR)
All cohort

Low exposure

High exposure

Internal comparison, high vs. low
group (RR)

IncidentNon-Hod gki nds
lymphoma

Cumulative exposure (product of
level and duration) (OR)
Unexposed

>01 <25

251 <175

1751 900

182

91

91/91

678/685
4/4
6/3
6/2
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0.96 (0.80-1.16)
0.77 (0.58-1.04)
1.14 (0.90-1.44)

1.48 (1.01-2.17)

0.91 (0.79-1.06)
0.94 (0.77-1.16)
0.89 (0.72-1.09)

0.91 (0.68-1.22)

1.00

1.08 (0.2714.35)
1.89 (0.461 7.69)
3.15 (0.63i 15.9)
P trend=0.09

Adjusted for
age at entry
and attained
age.

Response
rate: 66%
(cases), 65%
(controls).

Adjusted for
matching
variables
(age, sex,
region) and
ethnicity.

Groves et al.
(2002)

Karipidis et
al. (2007b)



Belgium Cohort of military High radar exposure
1968i 2004 personnel Characterisation of

serving 1963- exposure levels at
1994 in 2 site, no individual
battalions assessment
operating

complex radar

devices

compared with 3
battalions not
operating radar
7349 males
(4417 exposed)

Adult

Mortality from lymphatic and
haematopoietic cancer (RR)
Exposure group

Control batallion

Radar batallion

1.00
7.22 (1.09i 47.9)

Cause of
death
retrieved for
71% in radar
group and
70% in
control
group.

Degrave et
al. (2009)
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Table 12.1.9. Studies of brain and other nervous system cancer incidence and mortality in people occupationally exposed to RF EMF

Country Study design Exposure source Outcome and subgroups No. of Relative risk Comments Reference
Time period and population and assessment exposed (95% ClI)

cases

(/controls)

Norway Cohort of Radio and telegraph Incidence of brain cancer (SIR) 5 1.0 (0.312.3) Age, time Tynes et al.

19617 1991 women certified  operators on merchant since (1996)
as radio and ships with potential certification,
telegraph exposure to RF calendar
operators 1920- year, age at
1980 first
2619 females childbirth.

Adult Also
exposed to
light at night.

United States, 19707 1989, Nested case- Potential exposure to Incident brain tumour Controls Grayson et
control study of RF/MW matched on  al. (1996)
male personnel 34 title-time- Ever exposed (OR) year of birth,
in US Air Force exposure matrix, from No 136/639 1.00 ) eth_mc[ty and
230 cases, 920  personnel records, Yes 94/281 1.39(1.0171.90) being in
controls, males  measurements in c_ohortfat
Adult radio rooms of 3 ships Product of RF/MW exposure Emaes e bs

score and duration in months for dia :

- gnosis.
each occupation (OR) Eurther
None 136/639 1.00 covariates
27 48 15/62 1.26 (0.71i 2.24) were age
497127 29/71 1.50 (0.90i 2.52) rank ’
125i 235 25/68 1.26 (0.71i 2.22) ethnicity
2361 610 25/80 1.51 (0.907 2.51)

Canada and France Nested case- Pulsed EMF, >200V/m Incident malignant brain cancer Controls Armstrong et

19707 1988 (Quebec) Cc_>nt_rol study in 5-20 MHz range Cumu_lative exposure (OR) selected at  al. (1994)

1978i 1989 (France)i within Job-exposure matrix <median 49/176 1.00 ) random from
populations of based on 100 person- Omedi an 35/149 0.84(0.47i1150) t he <ca:
electrical utility O90th percenti |l €929 1.90 (0.48i 7.58) risk set and

weeks of
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workers measurements from Incident benign brain tumour matched by

84 cases, 325 ~ ©Xposure meters worn Cumulative exposure (OR) utility and
controls, males by workers to derive <median 9/50 1.00 year of birth.
Adult estimates of short- Omedi an 16/48 1.58 (0.52i 4.78) Analyses
_uratlon PEMFs or 090th percentil el i adjusted for
high-frequency case-control
transient fields set and
socioecono
mic status,
exposure to
chemicals,
duration of
employment
Italy Cohort of Italian RF field exposure Mortality from brain cancer (SMR) 1 10.0 Sex, age, Lagorio et al.
1962i 1992 plastic factory through work in calendar (1997)
workers dielectric heat sealing period-
481 females department specific
Adult Job exposure matrix SMRs

based on 1 week
monitoring of
employees in 1991-

1992

Canada
19641 (1997)
Canada Cohort of police Potential exposure to Incidence of brain cancer (SIR) 16 0.84 (0.48i 1.36) Analyses for Finkelstein
1964i 1985 officers in traffic radar males only,  (1998)

Ontario, Canada Nt assessed standardised

22197 subjects, for age and

both sexes calendar

ear

Adult y
USA Cohort of US Moderate or high peak Mortality for CNS and brain Adjusted for Morgan et al.
19760 11996 Motorola RF exposures through cancer age, sexand (2000)

' employees design, manufacture External comparison (SMR) ethnicity for

195775 total and testing of wireless All cohort SMR and

(24621 devices moderate/high exposure 53 0.60 (0.45i 0.78) age, sex and

exposed), both  Job title with expert 7 0.53 (0.21i 1.09) period of hire

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

69



Poland
19711 19901

United States
1979i 1997

sexes
Adult

Annual rates in
all career
personnel in
Polish army

124500 subjects
(3860 exposed)
25-59 year

Cohort of radar
technicians in
US Navy

40581 males
(20021 high
exposure
potential)

Adult

assessment of usual
exposures

Exposure of personnel
to RF/IMW

Military safety, service
personnel/health
department records,
and for cases also
hospital records and
questionnaire

Occupations with high
or low radar exposure
potential

Job title, expert
assessment on
potential for high
exposure, type and
power of radar units

Internal comparison,
Cumulative exposure (RR)
no exposure

<median

Omedi an

Nervous system/brain cancer
Ever exposed (RR)

No

Yes

Mortality from brain cancer
External comparison (SMR)
All cohort

Low exposure

High exposure

Internal comparison,
high vs. low group (RR)

34

10

88

37

37/51
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1.00
0.97 (0.37i 2.16)
0.91 (0.41i 1.86)

1.00
2.70 (p<0.01)

0.86 (0.70i 1.06)
1.01 (0.77i 1.33)
0.71 (0.51i 0.98)

0.65 (0.43i 1.01)

for RR
Cross- Szmigielski
sectional et al. (1996;

study. For all 2001; 2006)
cancers
combined,
RR=1.83,
(p=0.01).
Multiple
sources to
identify
exposure
among
cases, but
not among
non-cases.

Adjusted for Groves et al.
age at cohort (2002)
entry,

attained age



Germany
20007 20031, T

Case-control
study in four
neurosurgical
units in three
regions in
Germany

366 glioma, 381
meningioma
cases and 1494
controls

30-69 year

Occupational
exposures to RF/MW
obtained by computer-
assisted interview

Job title, expert
assessment on
potential for high
exposure, type and
power of radar units

Glioma

Total exposure (OR)
No/not probable
Probable/high

Likelihood of exposure (OR)
No exposure

Not probable

Probable

High

Duration of high exposure (OR)
Not highly exposed

<10yrs

O10yrs

Meningioma

Total exposure (OR)
No/not probable
Probable/high

Likelihood of exposure (OR)
No exposure

Not probable

Probable

High

Duration of high exposure (OR)
Not highly exposed

<10yrs

O10yrs

328/653
38/79

308/607
20/46
16/42
22/37

344/695
9/17
13/20

355/714
26/48

340/687
15/27
15/31
11/17

370/745
5/9
6/8
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1.00
1.04 (0.68i 1.61)

1.00
0.84 (0.48i 1.46)
0.84 (0.46i 1.56)
1.22 (0.69i 2.15)

1.00
1.11 (0.48i 2.56)
1.39 (0.67i 2.88)

1.00
1.12 (0.66i 1.87)

1.00

1.11 (0.57i 2.15)
1.01 (0.52i 1.93)
1.34 (0.61i 2.96)

1.00
1.14 (0.37i 3.48)
1.55 (0.52i 4.62)

Participation
rates: 80%
(glioma
cases), 88%
(meningioma
cases), 63%
(controls).

Adjusted for
SES,
urban/rural,
exposure to
ionising
radiation,
cigarette
smoking,
age at
diagnosis.

Berg et al.
(2006)



Melbourne, Australiai
19871 19911

Belgium
1968i 2004

France
1999i 2001

Population-
based case-
control study,
cases identified
from 14
hospitals in
Melbourne area,
controls from
electoral roll in
the study area

416 cases and
422 controls,
both sexes

20-70 year

Cohort of
military
personnel
serving 1963-
1994 in 2
battalions
operating
complex radar
devices, 3
battalions not
operating radar

7349 males
(4417 exposed)

Adult

Case-control
study of general
population of
Gironde, south

Occupational
exposure to RF

Detailed job history
obtained from
questionnaire and
interview, job
exposure matrix
(FINJEM), self-report
and expert review

High radar exposure

Characterisation of
exposure levels at
site, no individual
assessment

Self-reported
occupational RF
exposures collected
by personal interview

Glioma (OR)

Cumulative exposure (W m-2
years, tertiles)

Unexposed

0<11

11<52

>52

Duration of exposure (yrs)
Self-reported exposure
Unexposed

0<to3

3>t08

>8

Expert assessment
Unexposed
0<to3

3>t06

>6

Eye, brain, nervous system
cancer mortality (RR)
Exposure group

Control battalion

Radar battalion

Incident brain tumours overall
Ever exposed (OR)

No

Yes

396/404
417
8/4
6/6

385/373
9/16
8/18
12/14

381/396
10/9
12/8
11/8

148/375
7122
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1.00

0.57 (0.16i 1.96)
1.80 (0.53i 6.13)
0.89 (0.28i 2.81)
P trend=0.91

1.00

0.53 (0.23i 1.21)
0.43 (0.18i 1.00)
0.82 (0.37i 1.82)
P trend=0.08

1.00

1.20 (0.481 3.04)
1.65 (0.66i 4.17)
1.57 (0.62i 4.02)
P trend=0.17

1.00
2.71 (0.42i
17.49)

1.00
1.50 (0.48i 4.70)

Response
rates: 85%
(cases), 61%
(controls)

Adjusted for
sex, age and
years of
education

Cause of
death
retrieved for
71% in radar
group and
70% in
control group

Participation
rates: 70%
(cases),
69%

Karipidis et
al. (2007b)

Degrave et
al. (2009)

Baldi et al.
(2011)



Francei
2005

western France,
controls selected
from local
electoral rolls

221 brain
tumours
including 105
glioma, 442
controls

01 ear

Hospital-based
case-control
study from two
main centres

122 cases, 122
controls

01 gear

Probability of
exposure to RF and
duration of exposure
for each job assessed
by occupational
hygienists

Occupational
exposure to RF/MW

Job history, expert
judgment, job
exposure matrix

Incident glioma
Ever exposed (OR)
No

Yes

Incident meningioma
Ever exposed (OR)
No

Yes

Incident acoustic neuroma
Ever exposed (OR)

No

Yes

Glioma

Ever occupationally exposed
(OR)

No

yes

71/191
7116

61/121
0/2

31/59
1/5

109/112
7/4

1.00
1.44 (0.50i 4.13)

1.00

1.00
0.40 (0.05i 3.42)

1.00
1.20 (0.30i 4.77)

(controls).

Adjusted for
exposure to
pesticides,
cigarette
smoking,
educational
level.

Participation Spinelli et al.
rates: 72%  (2010)
(cases),

unknown for

controls.

Adjusted for
sex, age,
education
level and
occupational
exposure
levels.
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Table 12.1.10. Studies of breast cancer incidence and mortality in people occupationally exposed to RF EMF

Country Study design Exposure source and Outcome and subgroups No. of Relative risk Comments Reference
Time period and population assessment exposed (95% ClI)
cases
(/controls)
USAT Case-control 31 workplace Mortality from breast cancer Based on Cantor et al.
19847 1989, study of exposure to RF Exposure probability (OR) record (1995)
mortality in 24 Job exposure matrix, White women 24505/844 ||n|§age,
USA states industrial hygienist 0 84 1.00 ) adjusted for
33500 cases, opinion, expert 1 2107/6939 1.00 (0.9i __l.l) age and
117794 controls, databases 2 668/2630  1.06 (0.97i1.2)  socioecono
females only 3 1518/6484 1.15 (1.1i1.2) mic status.
4 199/699 0.99 (0.811.2)
All ages
Black women 3437/1259
0 6 1.00
1 28/585 1.22 (1.0i 1.4)
2 92/409 0.93 (0.711.2)
3 274/965 1.27 (1.1i 1.5)
4 35/115 1.08 (0.7i 1.6)
Exposure level (OR)
White women 24505/844
0 84 1.00
1 1183/4260 1.15 (1.1i1.2)
2 1940/6758 0.95 (0.9 1.0)
3 1369/5734 1.14 (1.1i1.2)
Black women 3437/1259
0 6 1.00
1 150/487 1.23 (1.0i 1.5)
2 243/815 1.02 (0.8i 1.2)
3 236/772 1.34 (1.1 1.5)
Norway Cohort study of Radio and telegraph Incidence of breast cancer (SIR) 50 1.5(1.112.0) Standardise Tynes et al.
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19617 1991

USA
19761 1996

United States
19791 1997

women certified
as radio and
telegraph

operators 192071

1980
2619 females
Adult

Cohort of US
Motorola
employees
195775 total
(24621
exposed), both
sexes

Adult

Cohort of radar
technicians in
US Navy
40581 males
(20021 high
exposure
potential)

Adult

operators on merchant
ships with potential
exposure to RF

Moderate or high peak
RF exposures through
design, manufacture
and testing of wireless
devices

Job title with expert
assessment of usual
exposures

Occupations with high
or low radar exposure
potential

Job title, expert
assessment on
potential for high
exposure, type and
power of radar units

Nested casei control
Duration of employment, yrs (OR)
Age at diagnosis <50y

none 3/15
>0i 2.6 13/67
>2.61 8.8 13/68

Age at diagnosi s

none 1/19
>0i 3.2 5/44
>3.21 14.6 150/46

Mortality from breast cancer

External comparison (SMR)

All cohort 214
moderate/high exposure 9

Mortality from breast cancer
External comparison (SMR)
All cohort

Low exposure

High exposure

NN B

1.0

0.9 (0.2i 3.7)
0.8 (0.2i 3.6)
P trend=0.80

1.0

1.9 (0.2117.9)
5.9 (0.7i 47.7)
P trend=0.02

0.8 (0.7 0.9)
0.9 (0.4i 1.8)

1.09 (0.41i 2.91)
1.13 (0.28i 4.54)
1.05 (0.26i 4.20)

d for age (1996)
and

calendar

year. Also

exposed to

light at night.

Tests for
trend in
nested
casei control
analyses no
longer
significant
after
adjusting for
shift work
category
(p=0.29 for
age<50,
p=0.32 for
ageO50"
adjusted for
age at first
birth and
time since
certification.

Adjusted for Morgan et al.

age, sex and (2000)
ethnicity for

SMR and

age, sex and

period of

hire for RR

Adjusted for Groves et al.

age at (2002)
cohort entry

and attained

age
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Table 12.1.11. Studies of lung cancer incidence and mortality in people occupationally exposed to RF EMF

Country Study design Exposure source and Outcome and subgroups No. of Relative risk Comments Reference
Time period and population assessment exposed (95% ClI)
cases
(/controls)
Canada and France Nested case- Pulsed EMF, >200V/m Incidence of lung cancer Controls Armstrong et
19707 1988 (Quebec) control yvithin in 51 20 MHz range Cumqlative exposure (OR) selected at  al. (1994)
19781 1989 (France) i populations of 55 exposure matrix <median 200/229  1.00 random from
electrical utility  pased on 100 person- Omedi an ' 308/279 1.27 (0.96.|_ 168 the ca
workers weeks of O90th percenti | e84/63 3.11 (1.60i 6.04) risk set and
508 cases, 508 measurements from matched by
controls, males  exposure meters worn utility and
only by workers to derive year of birth.
Adult estimates of short- Analyses
duration PEMFs or adjusted for
high-frequency casel
transient fields control set
and
socioecono
mic status,
exposure to
chemicals,
duration of
employment
Norway Cohort of Radio and telegraph Incidence of lung cancer (SIR) 5 1.2 (0.4i 2.7) Adjusted for Tynes et al.
19617 1991, women certified operators on merchant age and (1996)
as radio and ships with potential calendar
telegraph exposure to RF year

operators 19201
1980

2619 females
Adult
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USA Cohort of Pulsed EMF Mortality from lung cancer Adjusted for Savitz et al.

19507 1988, electrical utility 351 exposure matrix Cumula_tive exposure (units of age, (1997)
workers based on scores at ‘proportion>10ppb-years') (RR) calendar
138905 males  Hydro-Quebec as in 0i 0.70 404 1.00 . time,
Adult Armstrong et al (1994) O.70_|_ 2.50 323 1.27 (1.06_|_ 1.51) ethr_1|C|ty,
2.50i 5.40 362 1.25 (1.04i 1.51) social class,
5.401 11.90 401 1.32 (1.09i 1.60) work status,
11.90i 41.15 196 1.35(1.07i1.69) and
exposure to
asbestos.
No
information
on cigarette
smoking.
Italy Cohort of Italian RF field exposure Mortality from lung cancer (SMR) 1 5.0 Sex, age, Lagorio et al.
1962i 1992 plastic factory through work in calendar (1997)
workers dielectric heat sealing periodi
481 females department Zna\ﬂe;iﬁc
s
Adult
Poland Annual rates in  Exposure of personnel Incidence of larynx/lung cancer Crossi Szmigielski
19717 1990i all military to RF/MW Ever exposed (RR) sectional et al. (1996;
career Military safety, service No 724 1.00 study. 2001; 2006)
personnel personnel/health Yes 27 1.16 (p>0.05) Calculated
personnel in department records, from data in
Polish army and for cases also paper.
124500 subjects hospital records and Multiple
(3860 exposed) questionnaire sources to
25i 59 year 'edxepnot'sfyure
among
cases, but
not among
non-cases.
Canada Cohort of police Potential exposure to Incidence of lung cancer (SIR) 77 0.66 (0.5210.82) Analyses for Finkelstein
1964i 1985 officers in traffic radar males only, (1998)
Ontario, standardise
Canada d for age
22197 subjects, and
both sexes cgl:rndar
Adult y
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USA
19761 1996

United States
19791 1997

Belgium
1968i 2004

Cohort of US
Motorola
employees

195775 total
(24621
exposed), both
sexes

Adult

Cohort of radar
technicians in
US Navy

40581 males
(20021 high
exposure
potential)

Adult

Cohort of
military
personnel
serving 1963i
1994 in 2
battalions
operating
complex radar
devices
compared with 3
battalions not
operating radar

7349 males
(4417 exposed)

Adult

Moderate or high peak
RF exposures through
design, manufacture
and testing of wireless
devices

Job title with expert
assessment of usual
exposures

Occupations with high
or low radar exposure
potential

Job title, expert
assessment on
potential for high
exposure, type and
power of radar units

High radar exposure

Characterisation of
exposure levels at site,
no individual
assessment

Mortality from lung cancer (SMR)
All cohort 612
moderate/high exposure 94

Mortality from trachea, bronchus
and lung cancer
External comparison (SMR)

All cohort 897
Low exposure 497
High exposure 400

Internal comparison

High vs. low group (RR) 400/497
Mortality from respiratory and

intrathoracic cancer

Exposure group (RR)

Control battalion 28
Radar battalion 45

0.8 (0.7 0.9)
0.7 (0.6i 0.9)

0.75 (0.70i 0.80)
0.87 (0.79i 0.94)
0.64 (0.58 0.70))

0.73 (0.637 0.83)

1.0
1.07 (0.66i 1.71)

Adjusted for
age, sex
and ethnicity
for SMR and
age, sex
and period
of hire for
RR

Adjusted for
age at
cohort entry
and attained
age

Cause of
death
retrieved for
71% in
radar group
and 70% in
control

group

Morgan et al.
(2000)

Groves et al.
(2002)

Degrave et
al. (2009)
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Table 12.1.12. Studies of uveal melanoma incidence in people occupationally exposed to RF EMF

Country Study design Exposure source and Outcome and subgroups No. of Relative risk Comments Reference
Time period and population assessment exposed (95% ClI)
cases
(/controls)

us Hospital-based, Occupational Incidence of uveal melanoma Participation Holly et al.
1978i 1987 case-control, microwave and radar Ever exposed to microwave or rates: 93%  (1996)

study from 1 exposure information radar (OR) (cases),

unit at UCSF, collected by interview No 200/425 1.0 74%

controls from Yes 21/22 2.1 (1.17 4.0) (controls).

random digit Adjusted for

_dlallng, resident age, number

in 11 states of large

221 cases, 447 naevi, eye

controls, males colour,

only tanning

response,

Germanyi Population- Occupational exposure Incidence of uveal melanoma Participation Stang et al.
Population-based: 1995 based case- to radio sets or radar Radar units rates for (2001)
1997 control study Questions about use of Ever exposed cases and
Hospita-based: 19961 dumveilance and 200 SC1S O radar Popuiaton! based 27/46% 0800168  population
1998 _ occupationally for at pulationi base .7/4.6 % 8 .01 6. ) populationi

cancer registry, |east a few hours a day Hospitali based 0/2.7 % 0.0 (01 3.6) based (84%,

hospital-based 48%),

at one Radiosets hospitali .

doi)ftl;:er\?nigtlc?éy Both groups 7.6/4.4% 3.3(1.2i9.2) ?gﬁ%d (88%,

) Ever exposed 7.6/3.8% 3.3(1.2i9.2) :

Population- 05 yrs prior 5.9/3.8%  2.5(0.8i7.7) Adjusted for

based: 37 cases O 3years prior age, sex,

and 699 region, SES

controls, 35i 69 and eye and

yr, both sexes Populationi based hair colour

Hospital-based: Ever exposed 13.5/5.5% 4.6 (1.0i 19.2)

81 cases and O5 yrs prior 13.5/4.6% 4.5 (1.0i 17.5)

148 controls, O3 years prior 10.8/4.6% 3.8 (0.7i 16.9)
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351 74 year,

both sexes
9 European countries Population-
1994i 1997 based and

hospital- based
case-control
study,
depending on
country

293 cases,
3198 controls

351 69 year

Occupational exposure
to RF

Based on interview,
and for radar on
assumptions as in
(Baumgardt-Elms et
al., 2002), and job-
exposure matrices

Hospitali based

Ever exposed

05 yrs prior
03 years prior

Incidence of uveal melanoma
Ever occupational radar exposure

4.9/2.0%
4.9/2.0%
3.7/12.0%

Not
reported

1.8 (0.3 14.3)
2.0 (0.3i 15.8)
1.3 (0.1i 11.4)

No association

Participation
rates: 82%
(cases),
62%
(populationt
based
controls),
86%
(hospitali
based
controls).

Numbers
and relative
risks not
reported in
the paper.

Behrens et
al. (2010)
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Table 12.1.13. Studies of cutaneous melanoma incidence in people occupationally exposed to RF EMF

Country Study design Exposure source and Outcome and subgroups No. of Relative risk Comments Reference
Time period and population assessment exposed (95% ClI)
cases
(/controls)
Canada and France Nested case- Pulsed EMF, >200V/m Incidence of malignant melanoma Controls Armstrong et
1970i 1988 (Quebec) control yvithin in 51 20 MHz range Cumu]ative exposure (OR) selected at  al. (1994)
1978i 1989 (France) populations of  35h_exposure matrix <median random from
electrical utility  pased on 100 person- Omedi an ' 26/107 1.00 ) the ca:
workers weeks of O90th percenti |l e23/84 1.38 (0.661 2.87) risk set and
508 cases, 508 measurements from 3/20 0.31(0.03i2.82) matched by
controls, males  exposure meters worn utility and
only by workers to derive year of birth.
Adult estimates of shorti Analyses
duration PEMFs or adjusted for
high-frequency case-control
transient fields set and
socioecono
mic status,
exposure to
chemicals,
duration of
employment.
Diagnoses
include
uveal
melanoma.
Norway Cohort of Radio and telegraph Incidence of malignant melanoma 9 0.9 (0.4i 1.7) Age and Tynes et al.
1961i 1991 women certified operators on merchant (SIR) calendar (1996)
as radio and ships with potential year
telegraph exposure to RF stratified.

operators 19201
1980

2619 females
Adult

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

81



Canada Cohort of police Potential exposure to Incidence of malignant melanoma 41 1.45 (1.10i 1.88) Analyses for Finkelstein

1964i 1985 officers in traffic radar (SIR) males only, (1998)
Ontario, Not assessed standardised
Canada for age and
22197 subjects, calendar
both sexes year.
Adult
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Table 12.1.14. Studies of testicular cancer incidence and mortality in people occupationally exposed to RF EMF

Country Study design Exposure source and Exposure groups No. of Relative risk Comments Reference
Time period and population assessment exposed (95% ClI)
cases
(/controls)

Swedeni Case-control Potential RF exposure Incidence of testicular cancer Adjusted for Hardell et al.
19897 1992 study; cases through work in Ever had occupation (OR) case-control (1998)

identified from telecommunications or Amateur radio operator 17 2.2 (0.7 6.6) set.

cancer registry  radar or amateur radio Radar worker 2/3 2.0(0.3i 14.2)

and controls operator Engineer in 8/9 2.3(0.8i6.7)

fror_n population  gelf.administered electronics/telecommunication

register questionnaire about job

148 cases, 314 history

controls, males

only

301 75 year
Canada Cohort of police Potential exposure to Incidence of testicular cancer 23 1.30 (0.891 1.84) Analyses for Finkelstein
1964i 1985 officers in traffic radar (SIR) males only, (1998)

Ontario, Canada Nt assessed standardised

22197 subjects, for age and

both sexes calendar

(20601 males) year.

Adult
United States Cohort of radar  Occupations with high Mortality from testicular cancer Adjusted for Groves et al.
1979i 1997 technicians in or low radar exposure External comparison (SMR) age at (2002)

US Navy potential All cohort 9 0.53 (0.28i 1.02) cohort entry

40581 males Job title, expert Low exposure 4 0.46 (0.1771.24) and

(20021 high assessment on High exposure 5 0.60 (0.2511.43)  attained

exposure potential for high age.

ial . .

potential) exposurfe, tt/jpe an_? Internal comparison 5/4 1.30 (0.35i 4.89)

Adult power of radar units High vs. low group (RR)
Germanyi Population- Occupations involving Incidence of testicular cancer Participation Baumgardt-
19951 1997 based case- RF emitters or radar in RF emitters rates: 76%  Elms et al.

control study in  job of at least 6 months Ever exposed (OR) (cases), (2002)

Hamburg, duration No 219/631 1.0 57%

Bremen, Essen, Yes 50/166 0.9 (0.6011.24)  (controls).

Job titles and job
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Saarbrucken descriptions, expert

Weighted measure by duration
and the Federal assessment for radar

and distance from source (tertiles)

State of exposure (OR)

Saarland not exposed

269 cases, 797 >0i 06

controls 61015

O1 Seary 1510102
Radar units
Ever exposed (OR)
No
Yes

Weighted measure by duration
and distance from source (tertiles)
(OR)

not exposed

>0i04 5

4510135

135102225

220/635
19/52
14/54
16/56

2471739
22/58

251/741
7/15
4/21
7/20

1.0
(0.56i 1.74)
0.7 (0.38i 1.35)
(0.46i 1.56)

1.0
1.0 (0.60i1 1.75)

1.0

1.4 (0.55i 3.77)
0.5 (0.17i 1.55)
0.9 (0.36i 2.19)
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2103
2104 12.1.4 Environmental RF exposure and cancer

2105 Studies of residential RF exposure such as from radio and TV transmission masts in relation to cancer
2106 risk have started to emerge in the late nineties, with only one study published before the previous Environmental
2107  Health Criteria reporfWHO, 1993b. This study, in San Francisco in 19@&elvin, Schulman & Merrill, 1992

2108 was focussed on statistical analysis of spatial data and the raseltsot reported according to standard

2109 epidemiologic practice. Indeed the authors did not even report a relative risk. The source of exposure was a large
2110 TV tower, and the three statistical methods considered in the paper all showed that the pattecerof can
2111 incidence was essentially random with respect to the tower. Studies published in the nineties have only been of
2112 television and radio towers, but with the introduction of mobile telephony, studies have also started to emerge
2113  with respect to mobile phorlgase stations from 2004 onwards. Many of the studies around transmitters have
2114  been of ecological design investigating incidence rates of cancer in the vicinity of masts. They are therefore
2115 affected by the limitations of an ecological design, which is ipahmt it assesses cancer risks in relation to

2116  exposure at population level rather than at the level of the individual, therefore, it may not follow that individuals
2117 with the disease are the individual sFuthermdre, thdrteeisahi gh e
2118 lack of information on other risk factors that are potentially confounding the investigated association. Other
2119 studies have been of casentrol design using register data. The use of such register data minimises the
2120 likelihood of selection and recall bias usually associated with-castrol studies based on patient contact. The

2121  considerable drawback is, however, the lack of information on relevant confounding factors and other sources of
2122 RF. Some studies have been of cressticnal design, in which there is no follewp of individuals and

2123 exposure and disease are assessed at one point in time, which is associated with particular methodological
2124  weaknesses including that the study population does not include people who were bxphdsae moved out

2125 of the area. Most early studies of environmental RF exposure and cancer risk have been conducted in response to
2126 local public concerns about the exposure source or perceived cancer clusters near a TV or radio transmitter and
2127  have focuss on occurrence of leukaemia and brain tumours in adults or children. Many studies have applied
2128  very crude exposure assessment based on distance from the transmitter, with some more recent studies providing
2129 improved exposure assessment.

2130 In the following ®ctions we discuss studies of radio and television masts, mobile phone base stations,
2131 and DECT cordless phone base stations. For each of these exposures, where applicable, ecological studies are
2132  discussed separately from cohort or easetrol studies becese the methodological issues vary between these

2133  study designs. Table$ 4 summarise the findings for the main cancer types that have been investigated.

2134 12.1.4.1 Radio and television masts

2135 The evidence for RF exposure from radio and television mastsaitiorekto cancer risk comes from
2136  ecological studies and from casentrol or crossectional studies.

2137  12.1.4.1.1 Ecological studies

2138 Hocking et al.(1996 compared cancer incidence during 10¥290 in three local government areas

2139 immediately surrounding three towers broasting TV and FM radio in northern Sydney to the cancer incidence

2140 in six adjacent areas, estimating power densities from information on commencement of service of each tower,
2141  power and frequency band. The areas were selected because of the similar figstative towers to the nearest

2142  borders, their residents having a similar upméddle class socioeconomic status, and their areas being large
2143  enough for there being a decrease in power density. For leukaemia incidence in adults and children combined
2144  theyfound an age sex and calendar perieddjusted relative risk of 1.28%% CI:1.09 1.40) for the inner

2145 three areas compared with the surrounding areas, based on 1206 cases overall. Their highest relative risk, 1.67
2146  (95% CI:1.122.49), was forths ubcat egory 060t her | eukaemi ab, but roi
2147  lymphatic leukaemia (RR=1.32, 95% CI: 1i@9%69). For childhood leukaemia they observed a relative risk of

2148 1.58 @5% CI:1.07 2.34) for incidence and 2.32 (95% CI: 1i3901) for motality. Neither for all ages nor for

2149  children were there any risk elevations for brain tumours. Rate ratios for leukaemia or brain tumours among
2150 adults only were not presented, but there appears to be no excess risk among adults. Comparison of childhood
2151  cancer incidence and mortality against rates for New South Wales showed no increased risk of childhood brain
2152  tumours in the inner or outer areas. For leukaemia, however, both incidence (SIR=1.8, 95% 223) h2d

2153  mortality (SMR=2.4, 95% CI: 1i8.7) wereraised in the inner area, but not in the outer areas (SIR=1.1, 95%
2154 CI: 0.9 1.4 and SMR=1.0, 95% CI: Q.I.4, respectively). The towers broadcasted at frequencies between 63
2155 533 MHz, with television frequencies transmitting at 100 kW power. Calculated memsities in the vicinity
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2156
2157
2158
2159
2160
2161
2162

2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176
2177
2178
2179
2180
2181
2182
2183
2184

2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198
2199
2200

2201
2202
2203
2204
2205
2206
2207
2208
2209
2210
2211
2212

of the towers ranged from 8 pW/@rwithin 2 km of the centre point of the towers to 0.2 pW/ah 4 km
(approximately the boundary of the inner area), and lower values at longer distances. Some measurements found
actual levels tdoe five times less than those calculated, however. Because data were not only available at local
government area level, no attempts were made to test incidence or mortality with levels of RF power density.
[Limitations to this study included that no allamce could be made for population movements and that there

was no information available on confounders. Given the wide variation in RF levels between the areas, the
dichotomisation of exposure into two aggregate areas seems somewhat crude.]

McKenzie and clleagues reexamined the Sydney results discussed above with respect to all
childhood leukaemia and acute lymphoblastic leukaemia specifically at local government area level over the
same time perio@McKenzie, Yin & Morrell, 1998. They irvestigated 16 local government areas in the vicinity
of the transmitters, conducted field strength measurements in the areas and used a more accurate method for
calculating field strengths in the areas based on distance, effective radiated power araf daeglmation.

Areas proximate to the towers that had been previously excluded by Hocking et al. because they had dissimilar
socioeconomic distribution were included as well as further outer areas at comparable distance from the towers
as those in the aii n a | 6outerd area. They found that distance
exposure than modelled exposure levels. They examined the possibility of-eesiesese relationship with

ALL risk at local government area level and invedtglsecular changes in aggecific ALL incidence over

three time intervals spanning the study. There was asigmificant positive association between calculated RF
exposure level and aggandardised incidence of total (RR=1.38, 95% CI: Q19®1) and AL leukaemia

(RR=1.45, 95% CI: 0.98.19) after adjusting for ardavel socioeconomic status and age. It was found,
however, that this association was entirely due to an excess in Lane Cove, one of the three local government
areas in thereadgiwhéréasnanother area of similarly
incidence rate of leukaemia which was comparable to that of New South Wales as a whole. Analyses excluding
Lane Cove showed no positive association between predicted REuegpand total (RR=0.90, 95% CI: (.56

1.44) or ALL leukaemia (RR=0.83, 95% CI: 0i4555). A replication of the original analyses comparing inner

and outer areas showed a relative risk of 1.5 overall and a relative risk around 1.0 after exclusiorCofveane

for both total and ALL. Furthermore, a significant proportion of the cases in Lane Cove were diagnosed before
the television transmitters came into-2dur service, suggesting the original finding might have been due to
chance or some local factor etithan RF radiation.

Hocking and Gordor§2003later published a followup on their original work investigating survival
from childhood leukaemia in the investigated regions. It wagsdban 134 patients diagnosed during 19820
and therefore also included in the original study, and a further 26 patients diagnosed dufid®9398urvival
rates were investigated in relation to municipality of residence at the time of diagnosisebexsidence at the
time of death was not available, but the authors established that there was little movement between areas. Among
160 cases of childhood leukaemia, 21 of 36 (58%) who resided in the inner area and 53 of 124 (43%) cases in the
outer areahad died before the end of 1993, the censor date of the studyydavend teryear survival rates
were lower in the inner than in the outer areas. There was a significant difference between the two survival
curves for all cases (le@nk test p=0.04)Usi ng Cox6s proportional hazard mod
diagnosis and sex, the resulting mortality hazard ratio was 1.8 (95% C3.Q).0Analyses restricted to the 123
diagnosed cases of acute lymphatic leukaemia also showed significargraiéfén survival between the two
areas, with the adjusted mortality hazard ratio being 2.1 (95% GK.D)1 [Survival as the outcome instead of
risk of disease has some additional complexities because factors such as effectiveness of treatmentalso play
role, but no information was available on received treatments. Because the study included the same patients and
study population as in the original paper the methodological problems discussed for the original study also apply
to this study.]

Dolk et al. (19971 followed up an apparent cluster of leukaemias and lymphonssaneK radio
and TV transmitter at Sutton Coldfield, West Midlands, England. Field strength measurements in the vicinity of
the transmitter showed a maximum total power density at any one point of 0.02FaNMY and 0.057 W/rh
for FM radio with consideable variability between different measurement points. Observed numbers of selected
types of cancers during 1974986 were compared against those expected based on national incidence rates with
regional adjustment stratified by sexy&ar age group, yeadeprivation index for the areas within a 2 km radius
and within a 10 km radius. Ten bands of increasing distance from the transmitter were defined as the basis of
testing for declining incidence with increasing distance. Relative risk for all cancersigvaficantly raised
within a 0 2 km radius (SIR=1.09, 95% CI: 1101.17, 703 cases) and withiii 1D km radius (SIR=1.03, 95%
Cl: 1.021.05, 17409 cases). Risks of individual types of cancer were raised for adult leukaemia within 2 km
(SIR=1.83, 95% Cl1.22 2.74) with a significant decline in risk with distance from the transmitter over 10 km
distance (Stone trend test p=0.001). There was no excess of childhood cancer overall and excess of childhood
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leukaemia was not statistically significant (O/E=2/({<2km); O/E=34/29.7 (<10km)). A significant decline in
relative risk with increasing distance was also observed for bladder cancer and skin cancer. Socioeconomic
deprivation score at census enumeration district level showed greater affluence nearawosthitér than in

areas further away.

The Sutton Coldfield Study was followed up by a study of cancer incidence near 200khigh TV
and frequency modulation (FM) radio transmitters in Great Br{aolk et al., 1997a Through record linkage
with cancer registry data 3305 cases of adult leukaemia, 1540 of skin melanoma and 8307 cases of bladder
cancer were identified diagnosed during 19”86 and resident withini@0 km of a transmitter. There was no
excess risk in thei@ km band for adult leukaemia (SIR=0.97, 95% CI: D1781) or childhood leukaemia
(SIR=1.12, 95% CI: 0.62.06). The highest ratio for all transmitters combined was in tt& Kn radius
(SIR=1.15). The SIR withinid0 km radius for all transmitters combined was 1.03 (95% CI:i1.0@) for
adult leukaemia, with some evidence for a decline with distance, despite the absence of a raised ri$k in the O
2km band. SIRs were 0.9@0%% CI: 0.850.94) for skin melanoma and 1.09 (95% CI: 1.0d41) for bladder
cancer, with no evidence for a decline with distance. [Therefore, this study only provided very weak support to

the authorsoé6 earlier results.]

The Sutton Coldfield results haaso been followed up by another gro(@ooper, Hemming &
Saunders, 2001 They used more timglcancer data (19871994) to reanalyse cancer incidence around the
transmitter and found considerably weaker results than the original. Mainly, there was no statistically significant
excess risk overall related to thé20km band (SIR=1.32, 95% CI. 0:8105). They did not observe an
increased risk of leukaemia within a 2 km radius of the transmitter and observed a decrease in risk with
increasing distance from the transmitter which was restricted to women.

An ltalian study was conducted to address concefniecal residents of leukaemia incidence in
children and mortality in adults within a 10 km radius of the Vatican Radio si{@tichelozzi et al., 2002 The
radio station consists of numerous short and mediawve transmitters with transmission powers varying
between 5 and 600 kW and with different frequency ranges. Mortalitgtatatfor 19871998 were obtained for
adults from the Lazio Region Geographic Information System. Data on incidence in children fol 9®BWas
collated from several sources including a register of leukaemia cases in associated hospitals (1989 anwards),
system of hospital discharges (1996 onwards) and from hospitals directlyi {P9%J. The residence of each
case at the time of diagnosis or death was retrieved from the register offices. Population data were available at
census tract level with an avgeaof 253 residents per census tract. There were 40 deaths of leukaemia among
adults and 8 incident childhood leukaemia cases during the study period. In adults of both sexes taken together
the SMR within 2 km of the station was 18560 CI:0.3i5.5)basd on 2 <cases. Stoneds tec
over successive 2 km bands around the station gaveadue of 0.14. The excess risk and the trend were
essentially confined to males. In children the SIR for those living within a 2 km radius we&b%01C(: 0.4/
27.5) based on one case. The Stone test for trend was reported as p=0.04 when comparing cumulative number of
cases within 2 km bands. [The completeness of case ascertainment from the several sources is unclear and
subjects treated outside the studgaawould not have been included.]

Ha et al. reported a crossectional ecology study of cancer incidence in the vicinity of AM radio
transmitters in South Korddlaetal., 2008 The study regpowerdacltadedngll bay
less from transmitters i 1001 500 kW powerpoaved 631 egli ows |l ocated 2
transmitters with 50 kW power. Four control areas for each-payter area were selected adjacent to high
power areas to obtain expected -agecific incidence rates. Cancer registras were obtained for 1993996
for cases over age 10 years, with census and population registration data for 1995. Population sizes ranged from
3152 to 126523 persons per area. Rate ratios comparing high to low areas were somewhat raised forsll cancer
(RR=1.2, 95% CI: 1.111.4), but were not significantly raised for leukaemia, malignant lymphoma, brain cancer
for both sexes or female breast cancer.-§eecific analyses showed a borderline raised relative risk for brain
cancer in females (RR=2.0, 95%: @.0i 13.6) but not males (RR=1.6, 95% CI: 1883). The authors also
compared observed rates against expected based -@pegjfic incidence rates in control areas between regions
with transmitters of different transmitting power (100 kW, 250 kW, 500 RBO0 kW) for each of the five
outcomes investigated. SIRs were above 1.0 for all categories except the 500 kW group for all cancers. For
leukaemia, they were significantly raised for the 250 kW and 1500 kW group but not for the 500 kW group
(<1.0). For lnain cancer, SIR was raised for the lowest transmission power group but not for the higher ones and
none were raised for female breast cancer. [Therefore, there were several categories showing excess risk but for
none of the outcomes there was a consisleseresponse. Furthermore, the derivation of expected rates from
the 44 control areas of unreported population size might have resulted in unstable estimates if the population size
was relatively small. The major methodological problem with this stuthyaisit investigates incidence rates in
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2269 administrative units which contain a transmitter, and therefore does not even use distance from exposure. Control
2270 areas were at least 2 km away from the transmitters so that it is unclear whether control aressedaddwer
2271  exposure levels than the areas that were considered exposed.].

2272 A further study in South Korea of similar design reported cancer mortality rates oveérl9994in

2273 ten areas including AM radio broadcast towers of over 100 kW power, and tenl @rete without radio

2274  broadcasting tower@ark, Ha & Im, 2004 It observed statistically significantly raised radity from cancer in

2275 the exposed areas (direct standardised mortality rate ratio: 1.29, 95% C.49)2 While most cancdype

2276  specific mortality rate ratios were above 1.0, none of them reached statistical significance, including for
2277  leukaemia (SMR=X0, 95% CI: 0.843.45). However, leukaemia mortality was significantly raised in children
2278 under 15 years (SMR=2.29, 95% CI: 1.698) and in young adults agedi®9 years (SMR=2.44, 95% CI:

2279  1.075.24). [This study is very similar to that of Ha et(@003 and $ares the same methodological issues. It is
2280 uncl ear whether the study areas are identical or OoVe
2281 place of death, and because the authors state that in Korean tradition most people return to ehiiwvhom
2282  shortly before they die, there could be considerable exposure misclassification. As with other ecological studies,
2283  control for confounding was not possible.]

2284 Studies with uncertainties related to inclusion criteria

2285 Hallberg and Johanss@a002 reported melanoma incidence statistics in relation to FM broadcasting
2286 in four countries in response tooD k et al 6s finding of an inverse ass
2287  Coldfield transmitter. They attributed the increasing trends in incidence of melanoma to increased density of FM
2288 transmitters by comparing incidence rates of melanoma over tiney Jilibsequently reported that median
2289 melanoma incidence rates were positively correlated with average number of FM transmitters across
2290 municipalities in Sweder{Hallberg & Johansson, 20D5[Exposure estimates did not include distance to
2291 transmitters. Confounding from UV exposure (e.g. through leisome, holidays abroad or sunbede), an

2292  established risk factor for melanoma, was not taken into consideration. The lack of information on other
2293  contributory factors, and the problem that the associations were measured at pefavetioreans that this

2294  study does not provide meanfob data that can be used to assess a potential impact of RF exposure on
2295 melanoma risk. The study is given little or no weight in the overall assessment.]

2296 12.1.4.1.2 Case-control and cross-sectional studies

2297 A casecontrol study based on an apparent clusfechildhood leukaemigMaskarinec, Cooper &

2298  Swygert, 199%was prompted by an observation of an unusually high number of childhood leukaemia cases in
2299 Waiainae, a region in Hawaii. The excess was attributed to the presence of a military instalthtitmw-

2300 frequency radio towers transmitting at 23.4 kHz. Cases were defined as children under age 15 diagnosed with
2301 acute leukaemia between 197990 who had resided in three census tracts in the region. They were ascertained
2302 from records of the local hiéh centre providing primary care to >90% of the population. Four controls were
2303 ascertained from current patients in the health centre,aagesex matched to cases. There were 12 leukaemia
2304 cases, and the odds ratio for having lived within 2.6 mileseofdtdio towers, the median value, before diagnosis
2305 was 2.0 5% CI: 0.06 8.3). Comparison of the 12 cases against incidence rates from the Hawaii Tumor
2306  Registry showed a SIR of 2.09 (95% CI: 1.8%5). It was reported that the greatest excess of caseduwag

2307 19821984, but the authors could not suggest a particularly reason regarding the radio transmitter why this
2308 would be so. [It is unclear how many cases were initially part of the observed cluster, but the study appears to
2309 cover at least part of theame region, and therefore an inflated SIR is likely to be observed. Although
2310 information on other risk factors was collected, it is unclear to what extent analyses have been adjusted for them.
2311 An additional drawback of the casentrol analysis is thats small size meant it was unlikely to detect risk

2312  increases.]

2313 Ha et al.(2007) followed up their observations with a casentrol study of childhood leukaemia and

2314  brain cancer risk in relation to estimated RF exposure from AM radio transnfiiars2008. Cases with a

2315 leukaemia or brain cancer diagnosis under age 15 during 1993 were recruited from 14 hospitals using the

2316  South Korean Medical Insurance Data System. Controls were recruited from the same hosgitedsl omage,

2317 sex and year of first diagnosis and were diagnosed with respiratory diseases. Exposures were assessed for each
2318 individual child using a prediction program incorporating a geographic information system, and were estimated
2319 as the total RF fieldrom all nearby transmitters and the peak RF field exposure from any of them. This program
2320 was validated against actual measurements for 11 transmitters. A total of 31 AM transmitters with a power of at
2321 least 20 kW were considered. A total of 1928 caddeukaemia, 956 brain tumour patients and 3082 controls

2322  were recruited. Risk of leukaemia after adjusting for residential location, socioeconomic status and population
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density of the community was borderline significantly raised among children residbimt 2vkm of the nearest

AM transmitter compared with those more than 20 km away (OR=2.15, 95% Ci4¥60) but significantly
reduced (OR=0.66, 95% CI: 0/43.99) for those residenfi2 km from the transmitter, with no evidence for

trend (p=0.10). Fordukaemia risk overall, odds ratios were below 1.0 for increasing levels of predicted total RF
field compared to the first quartile (e.g. OR=0.83, 95% CI: QL& for top quartile), and for the second and

third quartile even statistically significantly .sén analyses separately for lymphocytic and myelocytic
leukaemia, odds ratios were similarly reduced. The authors later also provided risk estimates for peak RF field
(Ha, 2008 showing no increased risk for leukaemia overall, but a raised risk for lymphocytic leukaemia
(OR=1.40, 95% CI: 1.041.88) and a reduced risk for myelocytic leukaemia (OR3;096% CI: 0.410.97) in

the highest quartile, corresponding to 608.35 mV/m or greater. Further subdivision of this top quartile into less
or greater than 1012.07 mV/m (95th percentile), did not show further raised risks for lymphocytic leukaemia
(1.45, 986 CI: 1.06 2.00 and 1.24, 95% CI: 0.B1.91) respectively). No associations of distance or predicted
exposure levels were observed for childhood brain cancer. [This study is methodologically much stronger than
past studies into this topic which had bedrecological design, due to its casentrol approach with large
numbers of subjects and individual exposure estimation.]

A casecontrol study investigated exposure to RF EMF in relation to childhood leukaemia risk in an
area of West Germany containing Iigower radio and TV broadcast towdhkerzenich et al., 2008In total,
1959 cases aged D4 years diagnosed 198003 were identified from the cancer registry and three controls per
case from population registers matched on age, sex and transmitter area. Exposures to RF fialdis Figim
and television transmitters were calculated for each individual, and were found to be highly correlated with
measured field§Schmiedel et al., 2009 Risk was not raised (OR=0.86, 95% CI: 0.611) when comparing
upper (090 tandloner. (PO 0.504 \tm) quantiles of individual RF exposure for exposure up to
1 year prior to diagnosis. Relative risks for children living within 2 km of the nearest transmitter compared with
those living 1014 km away were not statistically sigie#intly raised overall (OR=1.04, 95% CI: 0.85%67), or
for lymphoid leukaemia (OR=1.31, 95% CI: 0i&015). Analyses for AM and FM transmitters separately did
not affect the results. Exposure assessment was based on address of diagnosis only (or egtéesdtamt
controls) but a subanalysis of subjects who had not moved address since birth did not materially affect the
results. As this study did not involve patient contact, information on other exposure sources or on confounders
were not available.

Studies with uncertainties related to inclusion criteria

Preece et a[2007 conducted a crossectional study of health measures in relation teeRfosure in
three villages following raised concerns about health effects of RF exposure from military antenna systems at
Akrotiri, Cyprus. This study has also been described in section 5.1.3.2. The researchers collected longitudinal
and shorterm radiofequency measurements and administered questionnaires including information on general
wellbeing, specific illnesses, reproductive history and mortality, including from cancer, from approximately
1870 individuals, with 87% response rate. Mortality dataeveslected from several sources including national
records, cemeteries and reports from family members. The two villages considered exposed had field strengths
with a maximum of 0.30 V/m from the 17.6 MHz military transmissions and up to 1.4 V/m frorecifisg
sources, mainly mobile phone frequencies, whereas for the unexposed village these were <0.01 V/m. They
reported no overall differences between villages for cancer or leukaemia, but the authors report that the numbers
of deaths were small. [The stud s -sectional slesign and its lack of comprehensive source of mortality data
make it uncertain whether adequate information on population size and demography could be obtained and
whether all deaths were identified. The study is given little or nghwén the overall assessment.]

12.1.4.2 Mobile phone masts

Studies of cancer risks in close proximity to mobile phone masts have, due to mobile telephony being
a relatively new technology, started to emerge from 2004. There are a few studies investayatergreports
around individual base stations or in individual towns or villages, and more recently, studies have started to
emerge investigating cancer risk in relation to numerous base stations in wider geographical areas. These studies
have mostly bee of ecological design, with the limitations described above. Studies around a single transmitter
are particularly problematic because the population exposed to it is small due to its limited range of transmission,
and investigations of cancer therefore imited to small numbers of observed cancers of heterogeneous types
diagnosed over a long time interval. Furthermore, such studies have usually been initiated due to the observation
of a cancer cluster or concerns of local residents and conductingydrsthd area in which these cases occurred
is likely to show a positive association. Most studies into this topic have had deficiencies in identification of the
study population base as well as outcome ascertainment. They may not have had complet¢éie@noiealia
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individuals in the study population in a weléfined study area and over a wedlfined calendar period, and they

may not have been able to ascertain all cases with the outcome of interest in this population, leaving scope for
bias. Because nsb studies have been of ecological design, they have lacked information on other risk factors for
cancer that might confound a possible association between RF exposure and cancer risk, as well as information
on other sources of RF exposure, and they havesually taken account of population movements which could
therefore introduce exposure misclassification.

12.1.4.2.1 Studies around single or a few transmitters in small geographical areas
Studies with uncertainties related to inclusion criteria

Severasmall ecological studies around one or more transmitters in a small geographical area have
been published, that have assessed the correlation between all cancer and distance from the transmitter. The
selection of the study base isdléfined in these stlies, and they do therefore not meet the inclusion criteria for
this report. They are discussed here because some have sometimes attracted sometimes substantial media
attention, but they are given little or no weight in the overall analysis due to themeall numbers observed of
specific cancetypes, and weaknesses in study design.

Wolf and Wolf (2004 investigated people living in an area viitta 350 m radius of a mobile phone
transmitter for 87 years in Netanya, Israel. The exposed group consisted of 622 people identified from one of

the authorsd health c¢clinic, and the control atgdh oup of

that this group was closely matched on environmental, workplace and occupational characteristics, but no further
details were given of this. The antenna was installed in 1996 and had a total maximum transmission power at
frequencies of 850 MHz of 1500att, and measured and predicted power density was far below 0.53 fiw/cm

The number of cancer cases in the exposed population between July 1997 and June 1998 was compared against
the number in the control population, incidence rates in the town of Natang national incidence rates. Eight

cases of six different types of cancer were diagnosed in the study period, and this rate (8/622) wdsldeveral
higher than that of the general population (31000 per year) and in the nearby clinic (2/1222). [Bhedy

design is methodologically weak and rate ratios are based on very small numbers of cases of heterogeneous types
of cancer, and are not agend sex standardised. The selection of the study population is poorly described, in
particular criteria for dcision in respect to residential boundaries for exposed and unexposed groups and
matching, with a high likelihood of selection bias towards the exposed area. Selection of study subjects from
health clinics results in an-tlefined study population bas&s with most other studies, there is no information

on confounding factors or other sources of RF fields.]

A study in Naila, Germany, investigated cancer incidence in the vicinity of two mobile phone
transmitterg(Eger et al., 2004 The first GSM mobile phone mast in Naila became operational in 1993 and a
second was install ed i fimedBh®hbeidg. withinla d00 metar rmdius Gomahe eellulaw a s
transmission site, and 6outerd was defined as being
beam hits the ground at 350 meters distance. All four general practice doctorsomrheok part in the study
and their team researched the names of patients from the selected streets who had been ill with tumours since
1994. The authors report that this method covered nearly 90% of local residents. From the 9472 registered

residentsit he t own, 320 o6innerd6 and 647 o6outerd residents

d

in the inner and outer arig0a4, theatdamsrfamdd® cages of Gancer athomge per

320 eligible O6inngr ®6r7e Hiodledretrd ardi denamorf OR=2. 35) ;
the period 19982004. Only crude odds ratios were reported, although average age and proportions of females
were similar between the two areas. Observed numbers of cases were highletpt@ad based on Saarland

cancer registry data in the 6inner6é area but | ower
have been lower than reported. [This study has ateflhed population base and unclear completeness of case
ascertainment and selection of O0similar residential

possibility for bias. Also, it was stated that the study was restricted to patients who had been living during the
entire observation timef 10 years at the same address, but it is unclear whether this criterion was applied to all
study subjects, and numbers of subjects who were excluded because of this criterion were not provided. As with
the study by Wolf and Wolf, rate ratios were basedeterogeneous types of cancer and were netaamgesex
standardised.]

The Northern Ireland Cancer Registry conducted an ecological study of cancer incidence and
mortality around a telecommunications mast in Cranlome, Northern Ireland, durin@j20@1due to an
alleged cancer cluster of 11 cag€mvin & Catney, 2006 The mast was erected 1989, and was taken down
in 2002. The 11 reported cases were validated against the cancer registry records, and unreported cases in the
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vicinity of the mast were identified from the same source with help of experts in geographical information
systems fromOrdnance Survey Northern Ireland. Concentric circles of radius of 1, 2, 3, 4 and 5 km around the
mast were constructed. The COMPAS address database was used to highlight and list all addressing within these
geographic boundaries. Observed cancer ratéiseirpopulation in an up to 5 km radius were compared with
national cancer incidence rates using indirect age standardisation. Six of the 11 alleged cases could be identified
from contacts with the community among which two were not cancer and one wasvaligmant tumour. In

addition to the three confirmed cancer cases a further 17 cases within 5 km of the mast were identified from
cancer records. The distribution of tumour types was in accordance with what one might expect from the general
population. Al-cause malignancy was not raised (SIR=0.94, 95% CIi0.98 for males and SIR=1.00, 95%

Cl: 0.94 1.06) for females. For brain, lymphoma and leukaemia combined the SIRs were 1.01 for males and
0.99 for females, and analyses by other common subtypestdahow raised risks. [While the definition of the
population base and case ascertainment is reasonablgefielkd, the study had very small numbers of cases

and is therefore considered uninformative.]

Eger and Nepp€2009 investigated cancer occurrence for the period PR007 around a mobile
phone base station in Westphalia, Germany. They identified 23 cases, of 10 specifisitas\dey docato-door
interviews among 575 residents who lived within 400 meter of a single base station. Cancer incidence in the five
years immediately after the installation of the mast was compared to that in later years, and it was concluded that
there was a statistically significant increase in incidence in the five years immediately after the installation
compared with the 2.5 year period that followed (OR=2.63, 95% ClIi @.1@). [The lack of a welllefined
population base, the small numbers &mderogeneous types of observed cancers and the potential for biased
case ascertainment makes this study uninformative. It is also unclear why, if a true effect existed, cancer risks
would be only raised within five years of exposure.]

Stewart et al(201]) investigated a cancer cluster alleged by residents in a street in Sandwell, West
Midlands, United Kingdom, which was attributed to the installation of a mobile phone base stati@ir
locality in 1997. Health professionals identified a total of 19 patients diagnosed2Dd™4and resident in the
street by asking residents and from cancer registrations from the West Midlands Cancer Intelligence Unit. Their
diagnoses were of @nge of cancers, all but one of them common, cotunticative of a cancer cluster. Data
on cancer incidence and mortality at ward level were obtained fori 1998, 19992001, 20012003, 2002
2004 [it is not clear why some of these periods overlap] waaré compared against the West Midlands overall.
Mortality of malignant neoplasms excluding amelanoma skin cancers was significantly raised for females
(SMR: 1.38, 95% CI: 1.08..74), but not males (SMR: 1.20, 95% CI: 0.955) during the period 2002003,
and was not raised for 2002004. There was a raised SMR for gastrointestinal cancer during 19883 prior
to installation, and for 2002003, with only one case who had been resident in the street and their diagnosis
predated installation of theast. The SIR for lung cancer was raised during 19001 but was reduced in
females during 1993995. There was no association with colorectal, female breast and prostate cancers. The
authors commented that it was unlikely that information around a shegge station could demonstrate
causality.

A study by Atzmon et ali2012 invegigated the prevalence of a past cancer diagnosis in relation to
distance from RF and MW antennae in the population of the Druze village of Isifya, Israel. The first radio
transmitters were erected in 1970s and mobile phone transmitters in the 19908shbutaar 2000 all antennae
were destroyed by residents due to health concerns. An excess observed cancers durd@p19ekl been
indicated according the National Cancer Registry, especially in men (RR=1.57, 95% CR.02)2A total of
348 study sujects were interviewed fage-face and asked about demographical, medical and lifestyle factors.
After exclusion of subjects who moved to the area after 2000 and patients without documents, the study
population was 307 subjects. Feggven subjects repted past diagnosis of cancer. Houses were geographically
mapped and individual exposure intensity to the closest transmitter was estimated based on the distance from the
transmitter. Exposure intensity was not significantly related to prevalence of dahg afain types of cancer
observed apart from colorectal cancer (OR=1.03, 95% CI:i 1.0%, units not provided). [The paper gives
insufficient detail in order to evaluate the methodological aspects of the study appropriately. It was not described
how studysubjects were selected, what the participation rates were or what proportion of the village was
investigated; therefore the study base is undefined. Furthermore, this study is of prevalent cases and therefore is
a study of survivors from cancer. It is tetd that family members were interviewed for deceased patients but it
not stated for how many and whether this would have captured all patients diagnosed in the area over a specified
time. Besides, the quality of recall from proxies is likely to be conaidg poorer. It appears that exposure was
assessed at the time of recruitment to the study and not retrospective prior to diagnosis of cancer, which would
be aetiologically relevant. The presented odds ratios in relation to exposure intensity have ri@iy na
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confidence intervals despite of being based on very small numbers of cases and it is unclear how they have been
modelled.]

12.1.4.2.1 Studies of transmitters in larger geographical areas

An ecological study in Bavaria, Germany, investigated canc@dénce according to three categories
of mobile phone base station covergieyer, 2006. There were 15 rural districts and independent towns
comprising a total of 2.98 million inhabitarttgat were considered to have complete coverage by the local cancer
registry in 2005, defined as reporting at least 90% of the expected cases of cancer. From these areas 48 small
municipalities with a total of 177428 inhabitants were selected for the studyto the amount of work
associated with geographical mapping of base stations. The majority (36) of municipalities included under 5000
residents, with only five havingover 00 r esi dent s. Exposure | evels were
6medat ed. 6Noned6 entailed that none of the municiopal
station, or that any base stations had been operational for less than five years, considered too short for an
induction period if there were aneflec O Moder at ed exposure entailed that
for at |l east 8 years and at | east 15% of the municip
transmitter or that it had been operational fof years and aehst 30% of the area was within 400 meter radius.
Areas that could not be categorised under O6nonhed or
one municipalities no base stations were considered, for 12 one, for 4 two and for 1 thotal. & 37
municipalities were categorised as O6nonebo, 8 as o611 it
2002, 2003 or for both years for each municipality depending on whether cancer registrations were judged as
complete for the respéve year. A total of 1116 malignant neoplasms were reported irb@3ersoryears.

Standardi sed incidence ratios for all mal i gnanci es b
approximately 2.5; these municipalities generally hadst,eka | | est popul ati on si ze. For
varied between 0.7 and 1.3 and for the 6émoderated be
|l arger than in the Ononed group. Th eexpesuregroupsinmbtiRs si gni f

for cancer of the breast, brain and central nervous system, thyroid and leukaemia [There was therefore no
evidence for higher incidence rates of cancer in municipalities with higher exposure levels, and indeed, the large
heterogenigy in SIRs among small municipalities draws into perspective the results for studies on single
transmitters. The study by Meyer et al. was, however, based on aggregated data, with the associated deficiencies
of ecological studies, and could not take iatzount patienspecific information on distance from transmitters.

The authors did not specify the criteria on which they selected the 48 municipalities from the larger population.
The age range of the population is not specified but is implied to inchitizen and adults; SIRs were adjusted

for age differences, however].

The first nationwide study to investigate cancer risks in relation to mobile phone masts to date was
conducted by Elliot et al (2010 in Great Britain. It linked cancer registry and national birth register data in
order to investigate early childhood cancer risk in relation to proximity of residence to mobile phone base
stations. A total of 1397 sas of childhood cancer were identified diagnosed at agegdars during 1992001
in Great Britain. Four controls per case were selected from national birth registers, individually matched on sex
and date of birth. Analyses were conducted for all diaga groups and for the two main groups separately:
leukaemiaand nehlodgki nés | ymphoma (527 cases) and brain and
distance of registered birth address from the nearest macrocell base station was assessetidnaindatadase
of basestation antennae. There was no statistically significant difference between cases and controls with respect
to mean distance to the nearest antenna (1107 vs. 1073 meter, p=0.31), total power output of all base stations
within 700 meer of the address (2.89 vs. 3.00 kW, p=0.54), or modelled power density from base stations within
1400 meters-B0.3 vs. 29.7 dBm, p=0.41), for cases overall or by main diagnostic group. There was no evidence
for trend when comparing exposures in a laveimediate and high category. [Exposures were assessed for the
time period of the pregnancy since for controls only birth address was available. If postnatal exposures also
substantially contributed to aetiology, however, misclassification of exposutie ould have biased the results
because among cases, 528 (38%) moved residence between birth and diagnosis. While the design of this study
based on record linkage minimizes selection and reporting biases, there was no information on confounders or on
other relevant exposure sources such as mobile phone and DECT use during pregnancy, which in turn also
affects the ability of the study to detect true effects.]

Spinelli et al.(2010 conducted a caseontrol study of glioma risk in relatioto occupational and
environmental risk factors, including living near a mobile phone base station. The study was conducted in France
and included 122 cases diagnosed in 2005 from brain cancer treatment centres in Marseilles and Toulon and 122
controls seleted from the neurosurgery department of the same hospitals. The participation rate among cases
was 71.6% and for controls was not reported. Nineteen cases and 33 controls lived in the vicinity of a mobile
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phone base station (OR=0.49, 95% CI: 0262). [This information was apparently se#ported and it is
unclear how well people are able to report mobile phone base stations in their residential area, in particular
patients with glioma who may suffer cognitive effects.]

A populationrbased caseontrol study of childhood cancer in relation to mobile phone transmitters in
Taiwan was reported by Li et g20123. Cases were children under age 15 years neialgndsed between
2003 2007 for neoplasms, identified through the Inpatient Expenditures by Admission Database, which covers
all Taiwan citizens. Thirty controls who did not have neoplasms and were insured in the same year as the case
had been admitted wemandomly selected matched on year of birth from all children on the Registry for
Beneficiaries database. A total of 2606 cases were newly diagnosed, including 939 cases of leukaemia and 394
cases of brain neoplasms. Information on mobile phone basenstatas obtained from the Taiwan National
Communication Council. The researchers calculated the annual summarised power (ASRy@amwfatt each
mobile phone base station annually from 19887 from the product of duration of operation and real emitted
power (watt). The annual power density (APD) in each of the 367 townships in Taiwan was then calculated as
the ratio of total ASP from all base stations in a township to the area of that township. For each study subject
ADP was averaged over the five yearsor to the year of diagnosis of the index case. Analyses were adjusted
for age, sex, calendar year of diagnosis, urbanisation level of township andohage transmission line
density of township, and accounted for correlation in the error term $ecubjects could be clustered in
township. The odds ratio for all neoplasms per 10 Wedir per krfiincrease in a-§ear average of APD after
adjusting for these confounders was 1.02 (95% CILiA®B). There was a statistical significant increase in OR
among children with average APD greater or equal to the median level compared to those wiimddxditw
levels (OR=1.13, 95 % CI: 1.01.28). When average APD levels were analysed in tertiles, however, the OR for
the highest tertile was not significantigised compared with the bottom tertile (OR=1.10, 95% CI:iQ.&3).
The authors reported there was a sharp excess of cases at 3AehFtercentile, and therefore, a dichotomous
classification of exposure with the median as theofuted to raised OR For leukaemia, the greatest OR was
in subjects with over median level of exposure (OR=1.23, 95% CIi 0.88), but odds ratios were not
increased when exposure level was analysed in tertiles (1.00, 0.85, 0.82, respectively). For brain tumours, the
oddsratio associated with over median level of exposure was 1.14 (95% Ci:1®B3 with odds ratios in
relation to tertiles being 1.00, 1.03, 1.14; none of these reached statistical significance. [This study had the
strength that it was populatidrased wih very high completeness of ascertainment and that it encompassed a
large area. Even though exposure assessment included a measure of power density, a refinement over studies
only using distance from the transmitter, such assessment was still veryasragposures were averaged over
towns. As with other ecological studies, information on confounders were only available at population level, no
information on individual risk factors for childhood cancer were available, and neither information on other
sources of RF].

Studies with uncertainties related to inclusion criteria

An ecological study in Minas Gerais state, Brazil, investigated the spatial correlation between
mortality from cancer 199006 and geographical concentration of mobile phone transiittennag¢Dode et
al., 201). Information on deaths from the City Health Department, geographical location of base stations from
the Brazilian Telecommunications Agency, and city census from the Brazilian Institute of Geography and
Statistics were geocodemic cor ding to oO6census tractsd geographical
deaths at all ages and of types previously investigated withiomiging radiation during the study period.
Residential address for cases of eligible cancer deaths vegtedphgainst distance from the first transmitter that
the resident was possibly exposed. Mortality rates were derived within each radius of 100 ma&@)8 (0),
using the number of deaths divided by the estimated population in that radius. Mortelitgtiaé were 1.35
within 100 meters, 1.08 within 500 meters, and declined with distance although no statistical test was applied to
assess statistical significance for a trend. No results were presented for canegretifie mortality rates.
Measured pwer density varied from 0.04 pW/érto 40.78 uW/cri [While this study has the advantage that it
was conducted in a large area with a large numbers of transmitters, its ecological design and lack of data on
contributory factors still present difficultiés interpreting its results. A particular problem was the assessment of
the size of the population in each of the 100 m bands. As base stations are positioned in densely population
areas, it seems likely that the number of residents in close proximithetotransmitters have been
underestimated and those further away have been overestimated, which could have resulted in spurious raised
risks in the bands close to the transmitters. Calculations did not take into account differences in distribution of
age ad sex, and other relevant factors such as socioeconomic status. Most deaths occurred within 1 to 2 years of
installation of the primary base stations; such a short induction period seems aetiologically unlikely. The study is
not included in the table, arsigiven little or no weight in the overall assessment.]

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

93



2600

2601
2602
2603
2604
2605
2606
2607
2608
2609
2610
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621
2622
2623
2624
2625
2626
2627

2628

12.1.4.3 Base stations of DECT phones

Schiz et al(2006H conducted gpopulationbased caseontrol study in the regions of Bielefeld,
Heidelberg, Mainz and Mannheim in Germany to investigate whether theel@lvRF emitted from the base
station of DECT cordless phones is associated with risk of glioma and meningiomas€bertdrol study was
part of the Interphone Study and has been described elsewhere (e.g. in section 12.1.3, occupational exposure).
Cases diagnosed aged 30 to 59 years (Octobeii 2@pember 2001) or aged 30 to 69 years (Octoberi2001
October 2003) wereecruited from the four neurosurgical clinics in the study region. Controls were selected
from compulsory population registers in the three regions according to the sex, age and region distribution of the
cases. Participation rates were 80% for glioma, 8&%neningioma, and 63% for controls. Information on past
exposures was collected by personal compassisted interview. Questions regarding cordless phones were
asked using a paper questionnaire developed from especially for the German study ofretdtptmllected
information on DECT and analogue cordless phones in the residence, make and model, start and stop dates of

use and the |l ocation of the base station within the
was defined as ®ECT base station located in the bedroom, 3 or less meters away from the bed or directly
adjacent to the wall/l of the neighbouring room next

absence of a DECT phone in the house. Because partiifoamtd it difficult to recall whether a phone was a

DECT phone, information on make and model of the phone was used to assess whether a cordless phone was
indeed 6definitively a DECT phoned or 6possibly a
matched to cases by sex, birth year (x 2 years), and region. Analyses were conducted with conditional logistic
regression adjusted for sex, age, socioeconomic status, and living in a city. Interviews were conducted with a
nextof-kin for 10.9% of glioma ases, 1.3% of meningioma cases and 0.4% of controls. Three glioma cases and

five meningioma cases were considered exposed to 6de

Cl: 0.141.76) for glioma and 1.09 (95% CI: 0i3%23) for meningioma. Fopossible or definitively DECT

phones, these odds ratios were 0.82 (95% Cl:i2.23) and 0.83 (95% CI: 0.29.36) respectively, based on 5
exposed cases of each tumour type. For those in this category who reported first use more than five years ago
oddsratios were 0.68 (95% CI: 0.13.40) for glioma and 1.29 (95% CI: 0i3¥.48) for meningioma. [Due to

the small numbers of exposed cases in the study, and the difficulties in obtaining accurate recall of exposures,
this study only had sufficient statistiqgadwer to detect substantial risk increases, if these existed.]
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Table 12.1.15. Ecological studies of leukaemia incidence or mortality in the vicinity of radio, TV or mobile phone transmitters

Country Study population Exposure Exposure, No. of Relative risk (95% Comments Reference
Time period Design source subgroup exposed CI)
cases
(/controls)
Sydney, Australia Incidence in 3local 3 TV/FM radio All ages SIR in inner area for Hocking et al.
1972i 1990 government areas transmitters Exposure area childhood leukaemia: (1996)
botdgring antenrjae Inner vs. outer 337/869 1.24 (1.09-1.40) 1.8, 95% CI: 1.2-2.5)
(6innerd)
adjacent( 6out e
135000 ( ? in 0-14 year
450000 (6ou Exposure area
residents Inner vs. outer 33/101 1.58 (1.07-2.34)
All ages
Sydney, Australia Incidence in 16 local 3 TV/FM radio Exposure area Analyses at local McKenzie et
1972i 1990 government areas in  transmitters all Inner vs. outer Not reported 1.47 (0.98-2.19) government level, al. (1998)
] . Sydney surrounding without Lane Cove  |nner vs. outer not reported 0.99 (0.59-1.64 including larger
Reanalysis of Hocking transmitters ' P 99 (0.59-1.64) geographical area than
(1996) 0-14y Hocking 1996 and
RF exposure level 1.38 (0.99-1.91) calculated RF exposure
(continuous, units 0.90 (0.56-1.44) levels
not specified)
all
without Lane Cove
Sutton Coldfield, Great Incidence in 1TVandFMradio 015 year P Stone test for Dole et al.
Britain population resident  transmitter Distance (km) trend=0.001 (1997b)
1974i 1986 <10 km from 0-2 23 1.83 (1.22-2.74) (unconditional and
transmitter 0-10 304 1.01 (0.90-1.13) conditional)
408 000 residents
All ages 0-14 year
Distance (km)
- 2 O/E=2/1.1
0-10 97 O/E=34/29.7
Great Britain Incidence in 20 TV and FM 015 year P Stone test for Dolk et al.
1974i 1986 population resident radio transmitters ~ Distance (km) trend=0.001 (1997a)
within 10 km of a 0-2 79 0.97 (0.78-1.21) (unconditional,0.052
transmitter 0-10 3305 1.03 (1.00-1.07) (conditional)
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Sutton Coldfield, Great
Britain
19871 1994

Reanalysis of Dolk et al
(1996) with updated cancer
data

Rome, Italy

Mortality 19871 1998
incidence 19871 1999

South Korea
1993i 1996

3.39 million residents
All ages

Incidence in
population resident
<10 km from
transmitter

All ages

Mortality and
incidence in
population <10km of
transmitters

49 656 residents

Mortality: > 14 year
incidence: 0-14 year

Incidence in 11 high-
power and 44
adjacent control
areas, and 31 low-
power areas
ascertained from
census data

Total population size
not known

010 year

1 TV and FM radio
transmitter

Vatican Radio
Station (multiple
transmitters 500-
600 kw)

42 AM radio
transmitters in
total, high power
siteskw10
low-power=50 kW

0-14 year
Distance (km)
0-2

0-10

All ages
Distance (km)

0-10

0-14 year
Distance (km)
0-2

0-10

>15 year (mortality)
Distance (km)

0-2

2-4

4-6

6-8

8-10

0-14 year
(incidence)
Distance (km)
2-4

4-6

6-8

8-10

Region according to
power of transmitter
High vs. Low-power

SIRs for high-power
only, sites with:

100 kW

250 kw

500 kw

1500 kw

10
317

20
333

[oNeNO NN

Not reported

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

1.12 (0.61-2.06)
0.97 (0.87-1.08)

1.32 (0.81-2.05)
1.16 (1.04-1.29)

1.13 (0.03-6.27)
1.08 (0.71-1.59)

1.8 (0.3-5.5)
1.5(0.7-2.7)
1.0 (0.5-1.7)
1.1 (0.6-1.8)
0.7 (0.3-1.5)

6.1 (0.4-27.5)
2.3(0.7-7.2)
1.9 (0.7-4.0)

1.5 (0.7-6.6)

1.20 (0.55-2.28)

2.45 (1.27-4.29)
0.65 (0.31-1.19)

4.26 (1.16-10.89)

P Stone test for
trend=0.266
(unconditional)

P Stone test for Cooper et al.
trend=0.038 (2001)
(unconditional) 0.409

(conditional).

P Stone test for
trend=0.420
(unconditional).

SIR 0-6 km: 2.2 (1.0-4.1)  Michelozzi et
al. (2002)

SIR 0-10 km: 1.2 (0.6-2.3)

SIRs with expected Ha et al.

values based on 5-year (2003)
age-specific incidence
rates of control areas.



South Korea Mortality in 10 areas 0100 k W A All ages Park et al.
19947 1995) with a O10 transmitter Exposed yes vs. no 55 1.70 (0.84-3.45) (2004)
transmitter, and
control areas

1.2 million exposed

illi 0-14 year
6.9 million
unexposed Exposed yes vs. no 11 2.29 (1.05-5.98)
All ages
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Table 12.1.16. Case-control and cross-sectional studies of leukaemia incidence or mortality in the vicinity of radio, TV or mobile phone transmitters

Country Study population Exposure Exposure, No. of Relative risk (95% Comments Reference
Time period Design source subgroup exposed Ci)
cases
(/controls)
Hawaii, USA Case-control study in  LF radio (23.4 kHz)  Distance (miles) SIR analysis on same Mascarinec et
19797 1990, 1979 1990 3 census tracts <2.6 (median) 12 2.0 (0.06-8.3) cases: 2.09 (95% CI: al. (1994)
ascertained from 1.08-3.65)
local health centre
covering >90% of
population
12 cases, 48 controls
0-15 year
South Korea Hospital-based case- 31 AM radio Distance (km) P trend=0.10 Ha et al.
19937 1999 control study in 14 transmitters >20 kW 0-2 36 2.15 (1.00-4.67) (2007; 2008)
hospitals >2-4 73 0.66 (0.44-0.99)
1028 cases, 2064 >4-6 120 1.07 (0.77-1.49)
controls >6-8 218 1.26 (0.96-1.65)
>8-10 276 1.10 (0.85-1.41)
0-14 year >10-20 428 0.80 (0.65-0.99)
>20 772 1.00 baseline
Total RF P trend=0.44
(mV/m),
quartiles
<518.41 737 1.00 baseline
518.41-<624.35 362 0.75 (0.58-0.97)
624.35-<916.96 330 0.70 (0.55-0.90)
0916.96 494 0.83 (0.63-1.10)
Peak RF P trend=0.43
(mV/m),
quartiles
<274.31 737 1.00 baseline
274.31-<380.79 362 0.95 (0.75-1.20)
380.79-<608.35 330 0.86 (0.68-1.09)
0608. 35 494 1.02 (0.81-1.29)
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West Germany
19841 2003

Great Britain
1999i 2001

Taiwan
20031 2007)
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Population-based

case-control study
1959 cases, 5848

controls
0-14 year

Population-based

case-control study
from cancer and birth

registers
527 cases of

leukaemia and non-
Hodgki nds

2108 controls
0-4 year

Population-based

case-control study
from national hospital

admission and

insurance database

939 leukaemia
cases, 28 170
controls

Macrocell mobile
phone base stations

Mobile phone base

16 AM and 8 FM/TV Exposure (V/m)

<0.164 (90%)
0.164-<0.198
(90-94%)
0.198-0.185
(695 %)

Distance (km)
0-<2

2-<6

6-<10

10-<15

015

Distance (m),
tertiles

<612
612-1071.7
>1071.7

Modelled power
density (dBm),
tertiles

<-26.5

-26.5t0 -17.6
017.7 vs <-
26.5

Average annual
power density
(Watt-year per
km?) over 5
years prior to
diagnosis year
Per 1 SD
increase

<168.7
(median)
O 168.7

99

5263
292

86

25

172
314
551
866

182
167
178

179
179
169

1.00 (baseline)
1.02 (0.80-1.31)

0.86 (0.67-1.11)

1.04 (0.65-1.67)
0.81 (0.66-0.99)
0.79 (0.67-0.93)
1.00 (baseline)

1.00 (0.88-1.14)

1.00 (baseline)
0.99 (0.78-1.27)
1.05 (0.71-1.35)

1.00 (baseline)
1.16 (0.90-1.48)
1.03 (0.79-1.34)

0.97 (0.87-1.08)

1.00 (baseline)

1.23 (0.99-1.52)

Merzenich et

al. (2008)
P trend=0.75 Elliot et al.
(2010)
P trend=0.51
Li et al.
(2012a)



<92.2 (tertile 1) 1.00 (baseline)

92.2-<932.9 0.85 (0.68-1.07)
(tertile 2)

0392.9 ( 0.82 (0.59-1.13)
3)
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Table 12.1.17. Ecological studies of brain and CNS tumour incidence or mortality in the vicinity of radio, TV or mobile phone transmitters

Country Study population Exposure Exposure, No. of Relative risk Comments Reference
Time period Design source subgroup exposed (95% Cl)
cases
(/controls)

Sydney, Australia Incidence in3local 3 TVand FM All ages Hocking et al.
1972i 1990 government areas transmitter Inner vs. 740 (total) 0.89 (0.71-1.11) (1996)

bordering antennae outer

(6innerd)

adJacent"( 0-14 year

135000 (6i n Inner vs. 12/52 1.10 (0.59-2.06)

450000 (6ou Outer

residents

All ages
Sutton Coldfield, Great Incidence in 1TV and FM radio 015 ye P Stone test for Dolk et al.
Britain population resident  transmitter Distance trend=0.612 (1997b)
1974i 1986 <10 km from mast (km) (unconditional)

408 000 residents 0-2 17 1.29 (0.80-2.06)

0-10 332 1.04 (0.94-1.16)

All ages
Great Britain Incidence in 20 TV and FM radio  0-14 year P Stone test for Dolk et al.
1974i 1986 population resident  transmitters Distance trend=0.465 (1997a)

within 10 km of a (km) (unconditional).

transmitter 0-2 4 0.62 (0.17-1.59)  Results for adults not

3.39 million residents 0-10 244 1.06 (0.93-1.20) reported.

All ages
South Korea Incidence in 11 high- 42 AM radio Region Brain cancer only, SIRs Ha et al. (2003)
1993i 1996 power and 44 transmitters in total, according to with expected values

adjacent control high power sites power of based on 5-year age-

areas, and 31 low- O1 Okw/, low- transmitter specific incidence rates of

power areas power=50 kW High vs. Not reported 1.8 (0.9-11.1) control areas

ascertained from low-power
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South Korea
19947 1995(

Bavaria, Germany
2002-2003

census data

Total population size
not known

All ages

Mortality in 10 areas O 1 Ok&V AM
with a O10 transmitter
transmitter, and

control areas

1.2M exposed, 6.9M
unexposed

All ages

Incidence in 48 Mobile phone base
municipalities with stations
completeness of

cancer registrations

>90%

177428 residents

All ages

SIRs for
high-power
only, sites
with:

100 kw
250 kW
500 kw
1500 kw

Exposed,
Yes vs. no
All ages
0-14 year

Exposure
level of
municipality

municipaliti
es with no,
8 with little
and 3 with
moderate
exposure

16

16

Not reported

2.27 (1.30-3.67)
0.86 (0.41-1.59)
1.47 (0.84-2.38)
2.19 (0.45-6.39)

1.52 (0.61-3.75)
2.12 (0.44-12.06)

No significant
differences in SIR
between three
exposure
categories,
p=0.17

Park et el.
(2004)

Meyer (2006)
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Table 12.1.18. Case-control studies of brain and CNS tumour incidence or mortality in the vicinity of radio, TV or mobile phone transmitters

Country Study population Exposure Exposure, No. of Relative risk Comments Reference
Time period Design source subgroup exposed (95% Cl)
cases
(/controls)
South Korea Hospital-based case- 31 AM radio Distance P trend=0.76 Ha et al. (2007)
1993-1999 control study in 14 transmitters >20 kW (km)
hospitals 0-2 10 1.42 (0.38-5.28)
956 cases, 1020 >2-4 32 1.40 (0.77-2.56)
controls >4-6 59 1.02 (0.66-1.57)
>6-8 90 1.26 (0.96-1.65)
0-14 year >8-10 114 1.08 (0.73-1.59)
>10-20 244 0.94 (0.67-1.33)
>20 400 1.00 baseline
Total RF P trend=0.73
(mV/m),
quartiles<5
32.55 329 1.00 baseline
532.55- 185 0.66 (0.47-0.92)
<622.91
622.91- 181 0.72 (0.51-1.01)
<881.07
0881.0 254 0.77 (0.54-1.10)
Great Britain Population-based Macrocell mobile Distance P trend=0.75 Elliot et al.
19997 2001 case-control study phone base stations (m), tertiles (2010)
from cancer and birth <612 85 1.00 (baseline)
251 cases of brain >1071.7 81 0.95 (0.65-1.38)
and CNS
ngr:tc;glrss 1004 Modelled P trend=0.33
power
0-4 year density
(dBm),
tertiles
<-26.5 93 1.00 (baseline)
-26.5to - 80 0.97 (0.69-1.37)
17.6
017.7 vs <- 78 0.76 (0.51-1.12)
26.5
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France
2005

Taiwan
20031 2007

Hospital-based case-
control study from
two main centres

122 cases of glioma,
122 controls

Population-based
case-control study
from national hospital
admission and
insurance database

394 brain neoplasm
cases, 11 820
controls

Mobile phone base
stations

Mobile phone base
stations

Residence 19
<500 from

mobile

phone base

station

Yes vs. no

Average
annual
power
density
(Watt-year
per km?)
over 5
years prior
to diagnosis
year

Per 1 SD
increase

<168.1
(median)
O 168.

<94.0
(tertile 1)
0392.9
(tertile 2)
0392.9
(tertile 3)

0.49 (0.26-0.92)

1.09 (0.95-1.25)

1.00 (baseline)

1.14 (0.83-1.55)

1.00 (baseline)
1.03 (0.73-1.45)

1.14 (0.70-1.85)

Spinelli et al
(2010)

Li et al. (2012a)
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12.1.5 Incidence studies

Studies of changes in incidence trends over time can be informative provided that the exposure
prevalencas sufficientlyhigh in the general populatieand has changed substantially ogeshorttime period,
and that population based cancer registrieb gitod coverage are available, which are not in a-bpilphase
With regard to mobile phone use, the exposure prevalence in many countries worldwide has changed from non
existent to close to 100% of the population in less than two decades. If RF exjposuraobile phone use is
associated with an increased risk of cancer, e.g. brain tumours, this should be reflected in increasing incidence
trends unless the risk is restricted to a small subgroup of the population, e.g. extremely heavy users, or appears
only after a very long induction time period. This type of ecological studies cannot, however, replace analytic
study designs such as cohort or eagstrol studies, which collect exposure information on an individual level,
but can under certain circumstas be used as a consistency check for results obtained with analytic study
designs. Therefore, only incidence studies that cover a sufficiently long time period (at least a few years into the
2000s) to capture potential effects from mobile phone use oétidos reported in some analytical
epidemiological studies are discussed below. Several studies have been conducted that cover earlier time
periods, and end in the late 1990s or early 2000s, which is too early to provide data of relevance for evaluation o
an effect of mobile phone use on the incidence of brain tumours, and especially of a slow growing tumour like
acoustic neuroma. These studies have in common that they find no increased incidence of brain tumeurs in age
groups where mobile phone use wagstncommon(Cook et al., 2003Rd06sli et al., 200) while for acoustic
neuroma a gradual increasetlie incidence was found from the 1970s/1980s that coincides with the introduction
of CT and later MRI, and the increasing availability of these diagnostic techr{iEness et al., 20Q05Hardell et
al., 2003 Nelson et al., 20Q6ropp et al., 2006

For periodic updates of incidence trends from the same ceegistry restriction is made to the most
recent publication, unless an earlier publication provide information of relevance that are not available in the
latest update. Incidence studies performed to specifically discuss potential effects of mobileugdhare
included, provided they fulfil the inclusion criteria.

12.1.5.1 Brain tumours

Brain tumour incidence studies from various countries have been published over a number of years,
and some more recent studies have been performed to specificallygateetite consistency between observed
incidence trends and results obtained in some publisheecoas®el studies of mobile phone use and glioma
risk.

Deltour and colleague@®eltour et al., 201Ranalysed age standardized glioma decice trends for
men and women 209 years old in the Nordic countries 192908, using joinpoint regression analyses.
Through simulations, estimations were also made of the probability of detecting, as a significant increase in the
glioma incidence ratejarious magnitudes of increased risks of glioma related to mobile phone use, specifically
risk levels that had been reported in a few gam#rol studies. Data on glioma incidence were collected from the
national cancer registers, and prevalence of mgditme use was estimated from data collected in the Nordic
Interphone studies. From the Nordic Interphone studies information was abstracted about the proportion of
persons who used a mobile phone regularly and the proportion of heavy users (at leastmiiidfive hours)
for each year from 1980 to 2002 by sex and age group. For the period following the end of the data collection for
Interphone, i.e. 2063008, mobile phone use was extrapolated from 2002 as rising by 3% annually, which is
slightly slower han the average over the years 12900. The results showed that over the whole period, the
glioma incidence had increased on average by 0.4% per year (95% €606} among men and 0.3% (95% ClI
0.1 0.5%) among womerFor men in the age groupiZ yearsthe incidence had decreased since 1987, in the
age group 4069 it had been stable over the whole study period, and among meé® ¥&ars a slight increase in
the incidence was observed. Also for women the increased incidence was primarily observerdesthage
group. The probability to detect an increased risk in incidence trends was 100% for a relative risk of 2.0 or
higher associated with mobile phone use with an induction period of up to 15 years, and a relative risk of 1.5 or
higher with an indugon period of up to 10 years, and 100% to detected a relative risk of 1.2 or higher with up to
5 years induction period. For heavy mobile phone use, corresponding to the highest exposure category in the
Interphone study (>1640 cumulative hours), the podlhgwas 100% to detect a relative risk of 2.0 with up to 5
years induction period, and 98% to detect a relative risk of 1.5 with up to one year induction time. [This means
that if the risk increases that were reported in a few-cas&ol studies to bassociated with mobile phone use
were real, they would have resulted in a detectable increase in the glioma incidence in the Nordic countries. The
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Nordic countries were among the earliest to adopt the mobile phone technology in the general population. The
study did not provide information for longer induction periods than up to 15 years.]

Ahlbom and Feychting presented glioma incidence trends in Sweden during the time periobd 1970
2009(Ahlbom & Feychting, 201} stratified on age in three groups (29,4059, O0O60), based on
Swedish national cancer registry. No indication of increased incidence during theetatewas found.

In an earlier study, Deltour et gDeltour et al.,, 200@reported mcidence trends in the Nordic
countries for glioma and meningioma during the period 1BJ@3. While the relevant data for glioma are
included in the study discussed above, meningioma incidence rates were not covered. For meningioma, the
incidence increaskslightly over the whole study period among men (annual percent change 0.8), and more
pronounced among women (annual percent change 2.9 during188/74 and 3.8 during 1992003), and did
not exhibit any change related to the introduction of mobile phdh@proved diagnostic techniques, like CT
and MR, are likely to affect the incidence rate for meningioma, which is a slow growing and generally benign
tumour. The study period is likely too short to detect any effect in agtowing tumour like menirigma.]

Little and colleagueéLittle et al., 2012 compared the observed glioma incidence rate among adults
(18 years or older) in the US during the period I2®D8 with projected incidence rates estimated from relative
risks rgoorted in the study by Hardell et al. with pooled data from two-casg&ol studiegHardell, Carlberg &
Hansson Mild, 201Jaand from the Interphone studinterphone Study Group,020). Glioma incidence data
were collected from 12 registries in the US population based Surveillance, Epidemiology, and End Results
(SEER) programme. The glioma incidence was stable over the study period with an average cl@adgeef
year (95% CI-0.28% to 0.25%). A decreased incidence was observed for low grade gi0®286 per year
(95% CI-3.49% to -2.54%), and for tumours with a poorly specified locatie®,35% (95% CI-2.81% to -
1.8%%), and an increased incidence for glioma in the tempobal, 0.73% per year96% C10.23 1.23%) and
other specified site€).79% per yeardb% CI10.40' 1.19%). There was no accelerating increase in the incidence
of temporal lobe tumours when comparing the incidence before and after 1996. The predictedeinaidenc
from estimations based on relative risks, latency periods and cumulative hours of use from the Hardell study
showed a 44.5% higher predicted than observed incidence rate. For temporal lobe tumours the predicted
incidence rate was 30.6% higher ththe observed incidence, and for astrocytoma the predicted incidence rate
was 58.3% higher than the observed. The corresponding predictions using the modest risk increases and risk
decreases in the Interphone study were compatible with the observed iacidgec[The study provides
evidence against an association between mobile phone use and glioma risk of the magnitude and with the latency
periods reported by Hardell et al. A risk increase restricted to a small subgroup of the population, or after a
longe latency period than has so far been studied, would not be detected in the US incidence trends. Mobile
phone use in the US became widespread in the general population later than in the Nordic countries, e.g. in the
early 2000s mobile phone subscriptiorer gapita was around 40% in the US compared to 80% in Sweden
(Swerdlow et al., 200]]

Incidence studies from the US were also reported by Inskip and collgégsidp, Hoover & Devesa,
2010, covering the time period 1972006, and by Kohler and colleagughler et al., 201}, for the period
1975 2007. The data included in these studies are also covered in the study by Little etcalghattiese
studies included a wider age range, and presented some additional analyses. Inskip et al. rgpectfiage
incidence trends separately for the periods 12991 and 19922006, where the early period covers the
introduction of CT and MRI, whil the second period covers the introduction of mobile phones. An increased
brain cancer incidence during the early period was observed in the youngest age groups (<20 yea9and 20
years) and in the ol dest ( O6ncidenee showell a slightty dowimeard freact e r
in most age groups, although not statistically significant. In women age&92Rowever, an upward trend was
observed. Kohler et al. used joinpoint regression analyses, and observed an increased rate of el@lroepith
tumours, which are mostly glioma, by 1.9% per year from 1980 to 1987, and a decreased rate by 0.4% per year
1987 2007. Incidence trends differed among histological gro{lpgorovement and increased availability of
new diagnostic techniques ardhanges incoding and classificatiopractices may affect incidence trends for
specific histological subgroups.]

Dolecek and colleagud®olecek et al., 20)2published brain tumour incidence trends in the US for
the time period 2002009 based on data fronmet Central Brain Tumor Registry of the United States
(CBTRUS). CBTRUS covers the largest collection of ydapon based data on the incidence of primary brain
and CNS tumours in the US, and receidesa from all healthcare data sourcks example from the SEER
program. No significant changes in the incidence of all primary malignant or benign brain aadl emvous
system (CNS) tumours were observed during the study period. Thadamged incidence rate of malignant

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

106

pe



2738
2739

2740
2741
2742
2743
2744
2745
2746
2747
2748
2749
2750
2751
2752
2753
2754
2755
2756
2757
2758
2759
2760
2761
2762
2763

2764
2765
2766
2767
2768
2769
2770
2771
2772

2773
2774
2775
2776
2777
2778
2779
2780
2781

2782
2783
2784

2785
2786
2787
2788
2789
2790
2791
2792

brain and CNS tumours was 7.4/1000 in 2005 and 7.1/10I00 in 2009, while corresponding results for
benign brain and CNS tumours was7/200000 and 13.8/10000, respectively.

In a study from Israel, Barchana and colleagigerchana, Margaliot & Liphshitz, 201 2lescribed
incidence trends for low and high grade glioma from 1980 to 2009 based on data from the national cancer
registry, and changes in the tumour lateyatitiring this time period. In addition, a survey was conducted to
assess the preferred side of the head for mobile phone use in a random sample of 1000 Israeli adults. The
majority, 70%, reported that they used the mobile phone mostly or always on thsidigghwhile 13% used it
equally often on both sides, and 17% reported use mostly or always on the left side. The penetration of mobile
phone use, measured as number of mobile phones per total population (including also children and elderly), was
2% in 194, 29% in 1997, 67% in 2000, and reached 100% in 2003. Incidence rates were reportgelfor 5
periods, three periods before 1994, and three periods during the time when mobile phone use increased
substantially in the population. Over the whole studyigogrthe incidence of low grade glioma decreased
significantly both among men and women, with the sharpest decrease during the perib200994 he
incidence of higkgrade glioma increased over the whole time period 12@09, but the increase levelled of
during the latter part of the period, especially among men. For all glioma combined, the annual incidence among
men in the period 1990994 was 6.86/10000 and in 20042009 7.21/10@00 population. The corresponding
numbers for women were 5.07/1000 and 5.1/100000, respectively. Tumour laterality changed from being
more common on the right side in the period 19889 to be more common on the left side during 22008
(data were not available for 2009), although differences were small, and for aimdhird of the patients
tumour side was not recorded. The shift towards left sided tumours was more marked among persons diagnosed
in the ages 2019 years. [Missing data on tumour side is unlikely to differ between right and left sided tumours,
thus, thedata do not indicate that right sided tumours have increased, which would have been expected if
localized exposure from mobile phone use affected glioma occurrence. The modest increase in glioma incidence,
most pronounced during the early study periodoteethe introduction of mobile phones, does also not support
an effect of mobile phone use, although an effect after a long latency period would not be detected. Access to
information about laterality of tumours is a strength of this study.]

Brain canceincidence time trends in England between 1998 and 2007 were reported by de Vocht and
colleaguegde Vocht, Burstyn & Cherrie, 20),lJbased on cancer incidence data from the UK Office of National
Statistics. Only malignant brain cancers were included, which means the majority of cancers were glioma.
Between 1990 and 2002, mibiphone use in the UK increased from 0 to 65%. No statistically significant
change in brain cancer incidence was found, either for men or women, or in different age groups. A slight
increase in the incidence of tumours in the temporal and frontal lobeob&erved, and a decrease in the
incidence of tumours in overlapping lesions of the brain, parietal lobe, cerebrum, and cerebellum. [A shift in
incidence between tumour locations may reflect improvements in diagnostic methods used, e.g. increased access
to MRI scanning, which is indicated by the decrease in overlapping tumours.]

Dobes and colleagues conducted a multicentre study of brain tumour incidenc@@B parts of
Australia, New South Wales and the Australian Capital Terri(brgbes et al., 2001 Data were collected
retrospectively through pathology databases serving neurosurgical centres in these areas, anolagibalyst
confirmed cases were included. Agiandardized incidence rates were calculated and trends analysed with
joinpoint analysis. A significant increase in the incidence of malignant brain tumours was observed, with an
annual percent change of 2.3hdnth men and women, which was largely due to an increased incidence in the
ol dest age group, 065 years. [l ncidence rates are
ascertainment of cases through less intensive use of imaging technaleigespective case identification, and
omission of tumours that are not histologically confirmed.]

A report from the New South Wales populatioased cancer regist{{Currow & Thomson, 2014
described no significant change in the incidence for brain cancer@GEC71) in New South Waleturing the
period 20002009. For men the annual percent change-@#&sand for womer0.4.

Ding and colleague®ing & Wang, 201} studied the incidence of brain and nervous system tumours
in urban Shanghai, China, 198907, using data collected from the Shanghai cancer registry, to which it is
mandatory to report all new cases of cancer. Joinpoint anabgsisised to describe incidertcends and detect
changes in the trends. Brain and nervous system tumour incidence increased over the whole studied period, but
no significant change in the increase was observed. The annual percent change was 1.2 in men and 2.8 in
women. Mobile phones werintroduced in 1987, and there were D00 subscribers in 1995, 1 million in 1998
and 10 million in 2000. The authors concluded that their results do not support an effect of mobile phone use, as
the incidence rates continued a gradual increase thedstaell before the introduction of mobile phones.
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Nomura and colleagudgdlomura, loka & Tsukuma, 20)ktudied the incidere rates of intracranial
tumours in Osaka between 1975 and 2004, using data from the Osaka Cancer Registry, and analysing trends with
joinpoint analysis. The incidence rate of malignant intracranial tumours increased significantly between 1975
and 1986 (amual percent change 3.5), and decreased significantly from 1986 to 2004 (annual percent change
1.4). A similar pattern was seen for all intracranial tumours combined (malignant and benign).

Saika and colleagug$aika & Katanoda, 20)Idescribedbrain and central nervous system (CNS)
cancer mortalityates in 11 countries 198P006, based on information from the WHO database. Mortality rates
were stal# or decreasing in all countries except Russia and for women in Spain. [Mortality rates are affected
both by changes in incidence and in survival.]

Studies with uncertainties related to inclusion criteria
The study by Lehrer and colleagugehrer, Green & Stock, 20])1s not included in the evaluation

because the authors correlated the number of brain tumour cases with the number of mobile phone subscriptions
in 19 states in the US, but did not adequately consider population size, age and sex distribution.

Table 12.1.19. Incidence studies i brain tumours

Country/ Time period Outcome Cancer Cancer trend Comments Reference
location Age range incidence data
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Denmark 197912008 Glioma Incidence rates Annual % change (95% Joinpoint analyses.  (Deltour et al.,

Finland 20i 79 year frotr_n N(?rdic Cl): High quality cancer ~ 2012)
national cancer strati
Men registration.
Norway registries . 9 . i
Sweden 19791 2008: 0.4 (0.1, 0.6)  Nordic countries

20i 39 years: among the earliest to

" adopt mobile phone
19791 1987: 3.8 (0.5, 7.2) technology in the

19871 2008: -0.7 (-1.4, 0.1) general population.
4071 59 years: Latency period up to

19797 2008: 0.1 (-0.2,0.3) 15 years.
60i 79 years: No evidence of an

" ) impact of mobile
19791 2008: 0.9 (0.5, 1.2) phone use on glioma

Women incidence.
19791 2008: 0.3 (0.1, 0.5)

201 39 years:

1979i 2008: 0.3 (-0.2, 0.8)

407 59 years:

19791 2008: 0.0 (-0.2, 0.2)

601 79 years:

1979i 2008: 0.6 (0.3, 0.9)

Projections based on
simulations:

1 year induction period:

Ever use: 100% probability
to detect RR 1.2 or higher
and 0.8 or lower

Heavy use (>1640 h):
100% probability to detect
RR 2.0 or higher, 98%
probability to detect RR 1.5
or higher

5 years induction period:
Ever use: 100% probability
to detect RR 1.2 or higher
and 0.8 or lower

Heavy use (>1640 h):
100% probability to detect
RR 2.0 or higher

10 years induction period:

Ever use: 100% probability
to detect RR 1.5 or higher,
96% probability to detect
1.2 or higher

15 years induction period:

Ever use: 100% probability
to detect RR 2.0 or higher

Sweden 1970i 2009  Glioma Incidence rates No indication of increased  High quality cancer  (Ahlbom &
20 39 year from Swed_ish incidence during later registration. Feychting,
401 59 year cancer registry  years. Latency period over 2011)
. 15 years.
060 ye.
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Denmark 197412003 Glioma Incidence rates Glioma results included in  Joinpoint analyses.  (Deltour et al.,

Finland 20-79 year and from Nordic Deltour et al. 2012 above High quality cancer 2009)
meningio  national cancer \jeningioma, annual % registration.

Norway ma registries h 95% CI): _ ,

Sweden change (95% Cl): Improved diagnostic

Men techniques (CT,

19741 2003: 0.5 (0.2,0.8)  MRI) are likely to
affect the incidence
Women

rate for meningioma.
19741 1987: 2.9 (2.2, 3.7) Latency period up to

19871 1990: -2.1 (-8.1, 4.2) 10 years.

19901 2003: 3.8 (3.2, 4.4)  No evidence of an
impact of mobile
phone use on glioma
or meningioma

incidence.
USA 1997i 2008 Glioma Incidence rates Annual % change (95% Results from Hardell (Little et al.,
O1 gear from SEER Cl): et al. 2011 not 2012)

Overal:-0. 02 (710. compatible with
observed incidence.

High grade: . .
Mobile phone use in

0.64 (0.33, 0.95) the US became

Low grade: widespread in the

T3.02 (713. 49, generalpopulation
" later than in the

Nordic countries.
Latency period over

Temporal lobe:
0.73 (0.23, 1.23)

Other specified sites: 10 years.
0.79 (0.40, 1.19) No evidence of an
Poorly specified location: ~ impact of mobile

- _ phone use on glioma
12.35 (T12.81, jyidence.
Projections based on

results from Hardell et al.

2011:

Predicted incidence rate for
glioma overall 44.5%
higher than observed

For temporal lobe tumours:
30.6% higher than
observed

For astrocytoma: 58.3%
higher than observed
Projections based on
results from Interphone,
2010:

Compatible with observed
incidence

USA 197712006 Brain Incidence rates 19771 1991: Increased Latency period up to  (Inskip, Hoover
Separate cancer from SEER brain cancer incidence in 10 years. & Devesa,
trends for (excluding the youngest age groups No evidence of an 2010)
197711991  meningio (<20, 20-29) and oldest impact of mobile
and 19921 ~Maand (065) phone use on glioma
2006 other 1992 2006: Slightly incidence.
Al ages, Ben_lgn downward trend in most
age specific rain age groups. Upward trend
analyses umours) in women 20-29 years
(frontal lobe tumours)
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USA 197512007 Neuro- Incidence rates Annual % change: Joinpoint analyses.  (Kohler et al.,
020 ye ‘tep'the"a' from SEER 19807 1987: 1.9 (p<0.05)  No evidence ofan  2011)
umours i i
19871 2007: -0.4 (p<0.05) ~ impact of mobile
(mostly (p ) phone use on glioma
glioma incidence.
Improvement in
diagnostic
techniques and
changes in coding
and classification
practices may affect
incidence trends for
specific histological
subgroups.
USA 20051 2009  Brain Incidence rates No significant changes in Latency period over (Dolecek et al.,
All ages tumours  from CBTRUS the incidence of all primary 10 years. 2012)
(includes also  malignant or benign brain N evidence of an
SEER) and central nervous system impact of mobile
(CNS) tumours phone use on glioma
Annual incidence rate, incidence.
malignant:
2005: 7.4/100 000
2009: 7.1/100 000
Annual incidence rate,
benign:
2005: 12.7/100 000
2009: 13.8/100 000
Israel 1980i 2009 Glioma Incidence rates Low grade glioma Tumour laterality (Barchana,
from the Israeli decreased significantly missing for 1/3 of Margaliot &
national cancer both among men and tumours. Liphshitz, 2012)
registry women, sharpest decrease \jgpile phone
Information during 1994i 2009 penetration: 2% in

about tumour
laterality 1980-
2008

High-grade glioma
increased slightly over the
whole time period, but the
increase levelled off during
the latter part of the period

Incidence rate, all glioma
combined:

Men:

1990i 1994: 6.86/100 000
20047 2009: 7.21/100 000
Women:

19901 1994: 5.07/100 000
20047 2009: 5.1/100 000
Tumour laterality:

19801 1989: right side
tumours more common

2000-2008: left side
tumours more common

1994, 29% in 1997,
67% in 2000, 100%
in 2003.

Survey showed 70%
mobile phone use on
right side.

Latency period over
10 years.

No evidence of an
impact of mobile
phone use on glioma
incidence.
Information about
tumour laterality a
strength.
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UK 199812007 Malignant Incidence rates No statistically significant Latency period up to (de Vocht,
All ages brain from the UK change in brain cancer 10 years. Burstyn &
age speé:ific cancer Offi_ce of incidence was found, (_either A shiftin incidence  Cherrie, 2011)
analyses National for men or women, or in between tumour
Statistics different age groups. locations may reflect
A slight increase in the improvements in
incidence of tumours in the diagnostic methods
temporal and frontal lobes, used, e.g. increased
and a decrease in the access to MRI
incidence of tumours in (indicated by the
overlapping lesions of the  decrease in
brain, parietal lobe, overlapping
cerebrum, and cerebellum. tumours).
No evidence of an
impact of mobile
phone use on glioma
incidence.
Australia, 20001 2008 Malignant Retrospectively Annual % change: Joinpoint analyses.  (Dobes et al.,
New South || ages, brain collected data 3 3 among both menand  Increased incidence  2011)
Walesand  4g¢ gpecific  fumours  through women (statistically largely due to an
the analyses pathology significant) increase in the
Aust_rallan data_bases oldest age group
Cap!tal serving (065 years
Territory neurosurgical )
centres in No evidence o_f an
these areas. impact of mobile
Only phone use on glioma
histologically incidence.
confirmed
cases.
Australia, 2000i 2009  Brain Incidence rates Annual % change: No evidence of an (Currow &
New South ages cancer from the New Men: -0.5 (not significant) impact of mobile_ Thomson,
Wales South Wales ) phone use on glioma 2014)
population Women: -0.4 (not incidence.
based cancer  Significant)
registry
China, 1983i 2007 Brain and Incidence rates Annual % change (95% Joinpoint analyses.  (Ding & Wang,
Shanghai nervous  from the _ CI): Incidence increased 2011)
tsystem Shanghai ) Men: 1.2 (0.4, 1.9) gradually over the
umours  cancer regis ;
95T Women: 2.8 (2.1, 3.4) whole study period,
no significant
change after
introduction of
mobile phones.
No evidence of an
impact of mobile
phone use on glioma
incidence.
Japan, 1975i 2004 Intracrani Incidence rates Annual % change (95% Joinpoint analyses.  (Nomura, loka
Osaka All ages al from the Osaka CI): No evidence of an & Tsukuma,
tumours  cancer registry - najignant tumours impact of mobile 2011)
1975-1986: 3.5 (1.8,5.3)  Phone use on glioma
incidence.
1986-2004: -1.4 (-2.2, -0.6)
11 countries 19901 2006  Central Mortality rates  Mortality rates were stable  Mortality rates are (Saika &
nervous  from the WHO or decreasing in all affected by changes Katanoda,
system database countries except in Russia  both in incidence 2011)
cancer and for women in Spain. and survival.
2806
2807  Children and adolescents
2808 Ward and colleague@Vard et al., 201reported childhood cancer incidence rate trend analyses in
2809 the US based on datilmm the SEER 9 registrieturing the period 1972010. No significantly increasing trend
2810 was found in the incidence rate of brain and central nervous system tumours in children and adolescénts aged O
2811 19 years, confirming earlier observations made by Inskip et al., with falfpthrough 200§Inskip, Hoover &
2812 Devesa, 2010 and Kohler et al. with followup through 200TKohler et al., 201}
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2839
2840

2841
2842
2843

2844
2845
2846

McKeanCowdin and ceworkers (McKeanCowdin et al.,, 2018 studied the incidence rates of
malignant childhood (01l4 years) brain tumours in tHéS 1973 through 2009, using data from nine SEER
registries, and presented more detailed data than Ward et al. described above. Trends were analysed using
joinpoint regression. The incidence rate was quite stable fromi 1983, increased significantly lveden 1983
and 1986, and was again stable during 1987 through 2009 (annual percent change 0.10:®@3%4d00.61 for
the latter period).

Aydin and colleaguefAydin et al., 201} presented age and sex standardized brain tumour incidence
rates in Sweden for children and adolescents add® years during the period 1990 through 2008, and
estimated projected incidence rates under thengsson of increased risks associated with mobile phone use
(OR 1.36 and 2.15, as was observed in some analyses in theooas# study described in section 12.1.2.1).
While the observed incidence rate was stable and even declined slightly during thpestad, the projected
incidence rates showed a slight increase under the assumption of an increased risk by 1.36, and considerably
increased projected incidence rates during the latter part of the study period assuming an OR of 2.15. In a
separate publation, Aydin and colleagues presented -adpisted brain and central nervous system tumour
incidence rates for children and adolescents ag&8 $ears in the Nordic countries from 192009, based on
data from NORDCANAydin et al., 2012 During the study period, incidence rates were stable for both boys
and girls. They also estimated the proportion of regular mobile phong instirese countries, which reached
40% in the beginning of the 2000s.

Rosychuk and ceworkers (Rosychuk et al., 20)2describe childhood central nervous system
incidence trendsni Alberta, Canada, during the period 1982 to the beginning of 2004, including children and
adolescents <20 years. Data was collected from the population Béseda Cancer Registyyto which
registration of new cases is mandatory. The incidence ratesaged over time, from 2.1/1000 in 1983/1984
(95% CI 1.33.4) to 4.3/10®0O0 in 2003/2004 (95% CI 3.%.9). The increase occurred as a gradually increasing
trend over the whole study period. [The time period of follgavis likely too short for any patéial effect of
mobile phone use to appear.]

The study of brain cancer incidence time trends in England between 1998 and 2007, discussed above,
reported agepecific results, including incidence trends for childred Years and adolescentsi 20 years(de
Vocht, Burstyn & Cherrie, 20)1No increase in the brain cancer irede was observed.

The study of brain tumour incidence 20@008 in parts of Australia, New South Wales and the
Australian Capital Territory, discussed above, also reported results for the age ¢ymé&rs(Dobes et al.,
2011, with no evidence of an increasing incidence trend in age group.

The study of incidence rates of intracranial tumours in Osaka between 1975 and 2004, discussed
above(Nomura, loka & Tsukuma, 20)1found no increase of the incidence of primary intracranial tumours in
the age group-Q9 years.

Table 12.1.20. Incidence studies i brain tumours in children and adolescents

Country/ Time Outcome Cancer Cancer trend Comments Reference
location period incidence
Age range data
USA 1975i 2010 Brain and Incidence No significantly Joinpoint analyses. (Ward et al.,
0i 19 year central rates from increasing trend in the 2014)
nervous SEER incidence rate of brain
system and central nervous
tumours system tumours.
USA 1973i 2009 Primary Incidence Stable incidence rate  Joinpoint analyses. McKean-
0i 14 year malignant rates from 19731 1982, significant Cowdin et al.,
brain SEER increase 19831 1986, 2013)
tumours stable 19871 2009

Annual % change
(95% CI) 1987i 2009:
0.10 (-0.39, 0.61)

USA 1992i 2007 Brain Incidence Annual % change APCs were calculated (Kohler et al.,
0i 19 year ~ cancer rates from (95% ClI): using weighted least 2011)
SEER -0.26 (-0.91, 0.40) squares method.
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USA 197712006 Brain Incidence Annual % change The three US studies (Inskip, Hoover

0i 19 year ~ cancer rates from (95% CI): overlap, but present & Devesa,
SEER 1977i 1991: 1.93 different analyses and 2010)
(0.57, 3.31) time periods.
1992 2006 -0.42 (- No evidence of an impact
1.84, 1.02) of moblle pho_ne_use on
brain tumour incidence
from any of the three US
incidence studies.
Denmark 199071 2008 Brain Incidence Sweden: Age-standardized (Aydin et al.,
Finland (Sweden) tumours r'\?teds‘ from Based on assumption incidence rates. 2|01%é)lA%/d|n et
Norway 1990-2009 negtriolr(lzal RR=1.36 projected Nordic countries among al., )
rates showed slight the earliest to adopt
Sweden (all four cancer increase, and mobile phone technology
countries) registries RR=2.15 considerable in the general population.
5i 19 year NORDCAN increase, while Latency period up to 15
observed incidence years.
was stable or ) )
declining. No ewdence of an impact
) . of mobile phone use on
Four Nordic countries:  prain tumour incidence.
Stable incidence rates
for both boys and girls.
Canada, 19821 Central Incidence Incidence rates The increase occurred as  (Rosychuk et
Alberta beginning of nervous rates from increased over time, a gradually increasing al., 2012)
2004 system Alberta from 2.1/100 000 in trend over the whole
0i 19 year tumours cancer 1983/1984 (95% ClI study period.
registry .1.3-3.4) to 4.3/100 000 Time period of fO||0W-Up is
in 2003/2004 (95% CI  jikely too short for any
3.1i5.9). potential effect of mobile
phone use to appear.
UK 1998i 2007 Malignant Incidence rates No statistically Latency period up to 10 (de Vocht,
brain from the UK significant change in  years. Burstyn &
<10 year
101 20 year cancer Of‘fl_ce of _bra_ln cancer No evidence of an impact Cherrie, 2011)
National incidence was found. 5t mobile phone use on
Statistics glioma incidence.
Australia, 20007 2008 Malignant Retrospectively No increase in the Joinpoint analyses. (Dobes et al.,
New South .19 year brain collected data incidence in this age N evidence of an impact 2011)
Wales and tumours  through group. of mobile phone use on
the pathology glioma incidence.
Australian databases
Capital serving
Territory neurosurgical
centres in these
areas. Only
histologically
confirmed
cases.
Japan, 19751 2004 Intracrani Incidence rates Annual % change Joinpoint analyses. (Nomura, loka
Osaka 0-19 year al from the O_saka (95% CI): No evidence of an impact & Tsukuma,
tumours  cancer registry  1975.2004: -0.2 (-0.9, of mobile phone use. 2011)
0.6)
2847
2848 12.1.5.2 Acoustic neuroma
2849 Fewincidence trend studies have been conducted on acoustic neuroma, which is a benign and usually

2850  slow growing tumour. In many countries, registration of benign tumours like acoustic neuroma is not mandatory,

2851  which may affect completeness of registration, avahy cancer registers do not record acoustic neuroma at all.

2852 I n addition, the first treatment option is often Awai
2853  after discovery, and more invasive treatments may have unwanted side effeceforE) a large proportion of

2854  acoustic neuroma tumours are not histologically confirmed, but can be unequivocally diagnosed through CT or

2855  MRI scanning. Without histological confirmation, however, identification of cases through pathology reports are

2856  not possible, which may lead to underreporting of cases to cancer registers. Increased availability of advanced
2857 diagnostic techniques like CT and MRI is likely to lead to a higher detection rate, as small asymptomatic

2858 tumours may previously to a greater extieave remained undetected. Furthermore, coding and classification of
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2880
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2882

acoustic neuroma in the WHO International classification of diseases (ICD) has changed, which may also affect
reporting of this tumour. Thus, changes in acoustic neuroma incidence rgtestaaly reflect true changes of

the incidence but may also occur as a result of changes in detection, registration and reporting practices, and are
less reliable than observed changes in incidence rates for malignant brain tumours.

Larjavaara and¢o-workers(Larjavaara et al., 201}1atudiedthe incidence of acoustic neuroma in the
Nordic countriedbetween 1987 and 2007, using data from the national cancer registers. In the Nordic countries,
it is mandatory by law to report new cases of both gnalint and benign nervous system tumours to the cancer
registers. Over the whole time period, an annual increase in the incidence rate of 3% was observed, but varied
over time, and between countries. The incidenceirgteased slightly between 1987 aneé tate 1990s, and
stabilized or even decreasé@m the beginning of the 2000fThe observed trend in the incidence rate for
acoustic neuromis not compatible with thancreasedisk estimates associated with mobile phonethathave
beenreported in &ew casecontrol studieslf risk would appear only after a very long induction period, or in a
small subgroup, this would not have been detectable in the incidence trends.]

Stangerup and colleaguéStangerup et al., 201Gtudied the incidence of acoustic neuroma in
Denmark 19762008. This study covered all the Danish data on annual incidence rates included in the study by
Larjavaara et al. described above, and extended the calémeéawith one year, buncluded also information
about tumour size and degree of hearing loss at diagnosis. The incidence pattern described is the same as in
Larjavaara et al., i.e. it shows a gradual increase from the start of the study period uatiytR@@0s, with the
peak incidence rate in 2004, and thereafter a decreasing trend. Over the study period, the average size of the
tumours decreased considerably, and hearing became less impaired at the time of diagnosis, indicating an earlier
detection 6tumours over time. They also observed that age at diagnosis increased over the study period.

Benson and colleaguéBenson et al., 2013aeported annual incidence rates for acoustic neuroma for
men and women 209 yearsold, based on national in@dce data in England between 1998 and 2008. No
increased incidence of acoustic neuroma was observed for either men or women.

Table 12.1.21. Incidence studies i acoustic neuroma

Country/ Time period Outcome Cancer Cancer trend Comments Reference
location Age range incidence
data
Denmark 19871 2007  Acoustic Incidence The incidence rate Age-standardized (Larjavaara
Finland All ages neuroma rates from increased slightly incidence rates. et al,, 2011a)
Nordic between 1987 and the Nordic countries among
Norway national late 1990s, and stabilized  he earliest to adopt
Sweden cancer or even decreased from mobile phone technology
registries the beginning of the in the general population.
2000s . Latency period over 10
Over whole study period, years.
annual increase 3% ) .
L No evidence of an impact
Variation between of mobile phone use on
countries acoustic neuroma
incidence.
Denmark 197612008  Acoustic Incidence Gradual increase from High quality cancer (Stangerup
All ages neuroma rates from 1976 until the early registration. et al., 2010)
Tumour Danish cancer 2000s, with the peak Latency period up to 15
size and registry incidence rate in 2004, years.
degree of and thereafter a No evidence of an impact
hearing decreasing trend. of mobile phone use on
loss at Average size of the acoustic neuroma
diagnosis tumours decreased incidence.
considerably over the . .
study period, and hearing Indlcat_lon of earlier
became less impaired. detection (smaller
tumours, less hearing
impairment).
UK, England 1998i 2008 Acoustic National No increase in the No evidence of an impact (Benson et
201 79 year neuroma incidence data incidence, either among  of mobile phone use on al., 2013a)
in England men or women. glioma or meningioma

incidence.
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2883
2884 12.1.5.3 Parotid gland tumours and eye tumours

2885 Shu and colleagugShu, Ahlbom & Feychting, 20)3tudied trends in the age standardized incidence

2886 rate of salivary gland tumours among adults (020 yeal
2887 tumours in Sweden during the period 19Z009. No significant changes were observed in theagligland

2888  tumour incidence rate overalirfnual pecent change0.10% (95% C}+0.38 to 0.18)Jn men and0.19% (95% CI

2889 -0.53 to 0.13)n women, or in the incidence rate of parotid gland tumours specifically (incidence rate in men

2890  0.9/100000 in 1970 and.8/100000 in 2009, in women the incidence rate was 0.700@Din both 1970 and

2891  2009).

2892 De Vocht and colleagudde Vocht, 201} studied the annual incidence rate of parotid gland tumours
2893 in England from 19862008, based on data from the UK Office of National Statistics. The annual age
2894  standardized incidence rate increased from 0.5 to 0.8Q00n men (test for trend p<0.01) and from 0.4 to 0.6
2895 per 100000 in women (p<0.01) over the studyripd. The increase in the incidence rate started before the
2896 introduction of mobile phones, and did not exhibit a marked shift at any time after mobile phone use had become
2897 prevalent in the population. [The UK incidence rate in 2008 had reached aboumnthéesal as the incidence

2898 rate in Sweden had been since the 1970s.]

2899 Studies with uncertainties related to inclusion criteria

2900 The study by Czerninski et al. is not included in the evaluation because the trend during00870
2901 was presented only as the numbé cases of salivary gland cancer per year, without taking into consideration
2902 population size, or age and sex distributi@zerninski, Zini & SgarfCohen, 201l This prevents any

2903 comparisons over timeas the Israeli population size has increased considerably, and most industrialized
2904  populations are aging. The annual incidence of salivary gland cancer was Q@01@® which approximately

2905 60% were parotid gland cancer. Aeld increase in the numbef parotid gland cancer cases per year between
2906 1970 and 2006 was reported. It is unclear, however, how the age and sex adjusted rat®@@@p&€fbns has
2907 changed over time. [The reported incidence rate is considerably lower than in the UK and thedontiies.]

2908 Two incidence studies of ocular melanofmave beerconducted but they cover only a short time

2909 period after the introduction of handheld mobile phones. A Danish study covereidl2983Johansen et al.,

2910 2002, and a US study 1974998 (Inskip, Devesa & Fraumeni, 2003None of the studies found evidence of
2911 changes in the gidence of ocular melanoma after the introduction of mobile phones. [The studied time periods
2912  weretoo early to provide data of relevance for evaluation of an effect of mobile phone use on the incidence of
2913  ocular melanoma.]

Table 12.1.22. Incidence studies i parotid gland tumours

Country/ Time period Outcome Cancer Cancer trend Comments Reference
location Age range incidence
data
Denmark 19701 2009  Salivary Incidence Salivary gland Age-standardized (Shu,
Finland 020 ye: gland rates from Annual % change (95% CI): incidence rates. Ahlbom &
tumours  Nordic ; ; Feychtin
) Nordic countries among yenting,
Norwa ; Men: -0.10 (-0.38, 0.18 -
y Parotid national _ ( ) the earliest to adopt 2012)
Sweden gland car!cer Women: -0.19 (-053, 013) mobile phone technology
tumours :ﬁgmtrlﬁs Parotid gland in the general population.
rou . :
(only NORI%CAN Incidence rate, men: Latency period up to 15
Sweden)
Swedish 1970: 0.9/100 000 years.
cancer registry 2009: 0.8/100 000 No evidence of an

Incid . impact of mobile phone
ncidence rate women: use on brain tumour

1970: 0.7/100 000 incidence.
2009: 0.7/100 000
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England 19861 2008  Parotid Incidence Significantly increased Age-standardized (de Vocht,

gland rates from the incidence rates, from 0.5to incidence rates. 2011)
UK Office of 0.8/100 000 in men and 0.4 The increase started
National to 0.6 per 100 000 in before the introduction of
Statistics women

mobile phones.

Incidence rate in 2008
similar to Swedish
incidence rate from 1970
onwards.

12.2 Animal studies

Animal studies investigating thearcinogenic potential of RF radiation were reviewed by WHO
(1993h. At that time there was only a limited number of studies available. WHO concluded that there was no
definite evidence that RF exposure has an effect on carcinogenesis, but that there clearly was a need for furth
studies. Many of such studies haven been performed since then. In order to get a complete picture, also the
papers published before 1992 that were described in \(\MI9@BH are discussed ithis review.

The present search resulted in 3@pgrs, of which 237 were notlfilling the specifications. Of the
resulting 63 papers, 4 were in a language that could not be understood, 7 were comments to other papers or
otherwise not relevant, and 3 papeosild not be obtainedne paper was retrieved by another seartiat left
50 papers to bdisaussed

Evaluating carcinogenicity in laboratory rodents has remained a cornerstone in identifying agents
likely to cause cancer in humans. According to IARCerag for which there is sufficient evidence of
carcinogenicity in experimentanimals are considered to pose carcinogenic hazard to humans, unless there is
scientific evidence that the agent causes cancer through a sgeefic mechanismhat does nobperate in
humans(IARC, 2011). However, despite the similarities in many cancer characteristics betwesn$ and
laboratory rodents, interspecies differences need to be taken into account when extrapolating data from rodents
to humans: many agents that are carcinogenic in rodents (often only at very high doses) are not carcinogenic to
humans, and some humaarcinogens do not affect rodenf8mes & Gold, 19990 Anisimov, Ukraintseva &

Yashin, 2005Trosko & Upham, 2006

The effects of stress resulting from regitaind related daily handling hasdpeseen in many animal
cancer studies as a lower body weight among the hguosed (restrained) animals than among the-cage
control (unrestrained) animals (st instance(Heikkinen et al., 20030berto et al., 20Q7Shirai et al., 2007
Smith et al., 2007Yu et al., 2006Zook & Simmens, 2006 In many of these studies, tumour incidence has also
been lower and survival higher in the sharposed (restrainedjroup than in the cageontrol (unrestrained)
group, which may be related to the observations that reduced energy intake inbidiése¢lopment of tumours
(Keenan et al., 199&Klurfeld et al., 1991 Sinha, Gebhard & Pazik, 1988mmobilization has not caused
experimental bias in studies assessing carcinogenicity of RF radiation, as both the RF exposed and the sham
exposed animals have been restrained, loatritbe argued that stress could act as an effedifier and obscure
possible RFnduced effects. However, there is no evidence of such modifying effects: many of the studies
reviewedbelow have used freely moving animals, and the majority of studies fradriced negative findings
independent of the handling (restrained or unrestrained) of the animals.

Classical carcinogenicity bioassays involve exposure of animals over most of their lifetime to the
agent being tested. Such studies are potentially caphldeealing whether the tested agent alone could act as a
complete carcinogen or serve to increase the incidence of spontaneous tumours. This type of studies are,
however, not sensitive in detecting weak carcinogenic effects (because of the low nutolbesws induced)
and cacarcinogenic effects (interaction with other carcinogens). To overcome these limitations, several studies
have used tumotprone animal strains or combined exposure to RF radiation and known carcinogens. The
animal sudies are clasfied here astudies with exposure to RF field alone (Tab®2.1), including studies
using tumouwprone aimals strains (Tabld2.2.2); studies using exposure to RF radiation combined with a
known genotoic/carcinogenic agent (Tabl2.2.3); and studis evaluating effects of RF radiation on implanted
or injected timour cells (Tabld2.2.4).
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12.2.1. RFradiation alone
12.2.1.1. Conventional laboratory animal strains
Lymphoma

Utteridge etal. (2002 performed astudythat was planned as meplicationexperiment of an earlier
study (Repacholi et al., 1997reporting enhanced development of lymphoma inFiml transgenic mice
exposed to RF radiation (see below). In addition to transgamimals, Utteridge and colleagues used also
corresponding wildtype C57BL/6Ntac mick contrast to the Repacholi studyheve the animals were free
roaming, in this study they were restrained during the exposures, which allowed for more accurateydosimetr
Groups of 120 animals weshole-body exposedo 898 MHz GSM signals for 1 h peay, 5 days pemweek,
during 104 weeks at four SAR levels ranging from 0.25 toW/kg. Animals that died during this period and all
those that survivedntil the end of the exposure periagre examined histopathologicallfhere were only a
few lymphoblastic leukaemias in the wilgpe animals which precluded a meaningful analysior non
lymphoblastic leukaemias there were no statistically signifid#férences between ttgham and Riexposed
animals.

Heamatological tumours

Jin et al.(20123 assesseith Sprague Dawley rathe effect of simultareus exposure to two types of
RF fields an 849 MHzcode division multiple access (CDMAand an 1900 MHzwideband code divisio
multiple access (WCDMASignal each at an SAR of 2 W/kg, so the combined SAR was 4 W/kg. fiineaks
were exposed for 45 min per day, 5 days per week up to 8 wHeksnain thrust of the study was on effemts
the immune system of rafgliscussed in &ction 10.3), buhistopathological changes the spleernwere also
assessedvaluatedNo tumaurs were observenh the spleen

Skin tumours

Sanchez et a[20063 exposedhe skin of hairlesFA Credarats to 900 MHz and 1800 MHz GSM
signals for 2 h per day, 5 days per week and 12 weeks. The SAR was either ¥V8kgr &nd the animals were
restrained during exposure. After the last exposure skin biopsies were taken and the histology of the skin
investigated. No differences were observed betwieexposed and shasxposed animal§The number of 8
animals per group ithis study was rather small.

In an experiment that was primarily aimed at studying the effect of RF exposure orcalhemi
induced skin cancer (ssection12.2.2), Paulraj and Behaf2011) exposed male Swiss mice to either 112 MHz
EMF, amplitude modulated at 16 Hz, at an SAR of 0.75 W/kg, or to 2.54 GHz at an SAR of 0.1 W/kg without
the chemical induction. Neither type of exposure resulted in any effect on skin tunidwersiwymber of animals
in this study is not clear: the authors use an unsped#igectivednumber of animals in their analysis.]

Central nervous system tumours

Usingasec al | ed 6éxpamureoseatp ®rl well-defined RF exposure levels in the brain, five
studies failedo find evidence of enhancetbvelopment obrain tumors in RF fieldxposed rat§Adey et al.,
1999 Adey et al., 2000Anderson et al., 2004.a Regina et al., 200Zook & Simmens, 2001at average SARs
in the brain up to about 1¥/kg. In the carasel setup, the rats are restrained head first in cylindrical tubes
arranged in a radial configuration with the RF antenna at the centre of the carousel, where the head is
preferentially irradiated. The SAR in other body parts is much lower, and theofdti@in average SAR to
whole body average SAR may be up to 10:1 at mobile phone frequéBclgmborn, Pakvic & Kuster, 2004
The animalsin groupsranging from56 to 100 per studywereexposed for most of their lifetime, and three of
the studies also included in utero exposiifetey et al., 1999Adey et al., 2000Anderson et al., 2004 There
was a nonsignificant (p>0.05) decreased CNS gligmour development in the group exposed to NADC
modulated RF field (Adey et al., 1999 [The unexpectedly high incidence of spontaneous CNS tumours in the
sham exposedroup suggests thahis difference might be a consequence of chamde.other effects on brain
tumours were observed in any of the studiEise studies that involved histopathological evaluation of other
organsalsoprovided no evidence of enhanagdeielopment ofumaursin other tissuesexposed at considerably
lower SAR values than the brgiAnderson et al., 2004.a Regina et al., 200Zook & Simmens, 200).
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Multiple tumours

The combined incidence of malignant twm® (all tumour types combined) was statistically
significantly increase@p<0.008)in male Spragu®awley rats exposed to radype pulsed 2.45 GHz Rields
for 21.5 h per day during 25 months (100 animals per gr@Cipu et al., 1992 The whole-body average SAR
varied from0.15to 0.4 W/kg depending on the size of the animdlhe orgarspecific tumour incidences were
low (except those in some endocrine organs). The incidence of any single fypearfy malignant or benign
neoplasm, the combined incidence of benign neoplasn®urvival were not statistically significantly affected
Overall, the study did not show any definite biologically significant effects. The incidence of benign
pheochromodypma was reported to be higher in-Biposed rats, but the difference did not reach statistical
significance.

Two studies evaluated carcinogenicity of both a GSM (Global System for Mobile Communication)
signal at 902 MHz and a DCS (Digital Personal Comications System) signal at 1747 MHz in B6C3F1 mice
(Tillmann et al., 200yand in Wistar rat§Smith et al., 200 Three exposure Vels from 0.4 to 4V/kg (and
sham exposure) were used. In the mouse sfiidimann et al., 200); using groups of 130 animalsio
significant increase in the incidence of any particular tumour type in thexRésed groups was observed.
Interestingly, in both studies and with both RF signals the incidence of liver adenomalesndecreased with
increasing exposure level, with a statistically significant differepe®.05 between the highest exposure and
the sharrexposed group. However, comparison to published tumour rates in untreated mice revealed that the
observed tumourates were within the range of historical control data. In conclusion, theesprdduced no
evidence that exposure at whdledy SARs of up to 4.8V/kg increased the incidence or severity of neoplastic
or nonneoplastic lesions, or resulted in any othdversenhealth effects. The rat stuggmith et al., 200/was a
combined chronic toxicity and carcinogenicity study, and some of the animals (15 males and 15 females per
group) were killed at 52 weeks from the start of the study. There were no significant differences in the incidence,
multiplicity, latency or seerity of neoplasms, or any other adverse responses to RF field exposure.

In a studyusinga mouse model of multiorgan tumar developmen{see below)Saran et al(200%)
also exposewvild-type siblings to 900 MHz GSNy/pe radiation abn SAR 0f0.4 W/kg for 30 min twice a day
for 5 days (starting on postnatal day 2). Brains, any visible tumours and preneoplastic skin lesions were
examined histopathologically. No staiislly significant differences in survivadnd tumour incidencevere
found between exposed and shaxposed animals.

Studies not included in the analysis

Not many studies have been performed using frequencies higher than those used in mobile
telecommuniation. lvanov et al.(2005 studied the effects of loAgrm exposure to 37 GHz RF EMF in inbred
albinoand C57BI/6 mice, as a simulation of SHF (supigh frequency) therapy in patients. The authors stated
that the animals were repeatedly exposed for 1 month, that the total exposure time was 3.5 h, and that the
exposure level was <10 mW/ér.00 Wi/nf). Under these conditions they observedeardased wvival in
C57BI/6 adults and offsprin@nd increasetimour formation in albino adults and offsprifighis study suffers
from a number of inadequacies. Many experimental details, such as the age and number of animals and the exact
exposure level are nsisi n g . Moreover, the authors state that part
and part had been exposed to SHF EMF in previous, unspecified, experiments. Therefore the results of this study
cannot be interpreted.]

Table 12.2.1. Studies on carcinogenesis in non-tumour-prone rodents using RF alone.

Animals, number Exposure: source, Response Comment Reference
per group, age at schedule, level,
start freely moving or

restrained
Lymphoma
Mouse: C57BL/6Ntac  GSM 898 MHz No effect. Results for Utteridge et al.
(n=120) 1 h/d, 5 d/week, 104 Iyr_'nphoma-prone (2002)
4-6 weeks + 10 d weeks mice in Table 12.2.2.
acclimatization WBA SAR 0.25. 1.0

2.0, 4.0 Wikg

Restrained

Haematological tumours
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Rat: Sprague
Dawley(n=80)

9 weeks

849 MHz CDMA and
1900 MHz WCDMA

45 min/day, 5
days/week, 8 weeks

combined WBA SAR
4 Wikg

Free

No effect.

(Jin et al., 2012a)

Skin tumours

Rat: hairless (n=8)

5 weeks + 1 week
acclimatization

Mouse: Swiss albino,
normal ( n=18)

7-8 weeks
Skin tumour

GSM 900 MHz, 1800
MHz

2 h/d, 5 d/week, 12
weeks

Skin SAR 2.5, 5 W/kg
Restrained

112 MHz, 16 Hz AM;
2.54 GHz

2 h/d, 3 d/week, 16
weeks

112 MHz: WBA SAR
0.75 W/kg; 2.54 GHz:
WBA SAR 0.1 W/kg

Free

No effect on skin
histology.

No effect on skin
tumour.

Small number of
animals.

Small number of
animals. Meaning of
6effective
animals not clear.

Sanchez et al.
(2006a)

Paulraj & Behari
(2011)

CNS tumours

Rat: Fischer 344,
(n=56, 60)

Gestationd 15+ 3 d
acclimatization

Rat: Fischer 344,
(n=90)

Gestationd 15+ 3d
acclimatization

Rat: : Sprague
Dawley, (n=60)

Gestation d 15

Rat: Fischer 344,
(n=160)

4 weeks + 2 weeks
acclimatization

CNS & other tumours
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NADC 835 MHz

2 h/d, 7 diweek
(prenatal), 4 d/week
(postnatal), 2 years
Brain SAR 0.33-0.53
Wikg

Free (prenatal),
restrained (postnatal)

FM 836 MHz

2 h/d, 7 diweek
(prenatal), 4 d/week
(postnatal), 2 years
Brain SAR 0.33-0.53
Wikg

Free (prenatal),
restrained (postnatal)

860 MHz pulsed, CW
6 h/d, 5 d/week, 22
months

Brain SAR 1.0£0.2
Wikg

Restrained
FDMA 835 MHz,
CDMA 847 MHz

4 h/d, 5 diweek, 2
years

Brain SAR 1.3+0.5
Wi/kg

Restrained

Non-sigificant
reduced incidence of
tumours.

No effect on tumour
incidence and
survival.

No effect on
neurogenic or other
tumours.

No effect of either
type of signal on
brain or other
tumours.

120

See Table 12.2.3 for
results regarding
initiated tumours.

See Table 12.2.3 for
results regarding
initiated tumours.

See Table 12.2.3 for
results regarding
initiated tumours

Adey et al. (1999)

Adey et al. (2000 )

Zook & Simmens
(2001)

La Regina et al.
(2003)
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Rat: Fischer 344,
(n=180; control: 160)

4 d before birth

Brain and other
tumours

Iridium 1.6 GHz

2 h/d, 7 diweek
(perinatal); 2 h/d, 5
d/week, 2 years
(postnatal)

Brain SAR: 0.16
W/kg (perinatal);
0.16, 1.6 W/kg
(postnatal)

Free

No effect on survival,
brain or other
tumours.

Anderson et al.
(2004)

Multiple tumours

Rat: Sprague
Dawley, (n=100)

3 weeks + 5 weeks
acclimatization

Mouse: B6C3F1,
(n=130)

4-5 weeks + 4 weeks
acclimatization

Rat: Wistar, (n=130)

4-5 weeks + 2 weeks
acclimatization

Mouse: Patchedl
wild type (n=50-63)
2d

2450 MHz, pulsed
21.5 h/d, 25 months

WBA SAR 0.15-0.4
Wikg

Free

GSM 902 MHz, DCS
1747 MHz

2 h/d, 5 d/week, 24
months

WBA SAR 0.4, 1.3,
4.0 W/kg

Restrained
GSM 900 MHz, DCS
1800 MHz

2 h/d, 5 d/week, 104
weeks

WBA SAR 0.44, 1.33,
4.0 W/kg

Restrained

GSM 900 MHz
2x0.5h/d, 5d

WBA SAR 0.4 W/kg
Restrained

No overall effect on
tumour development;
but more primary
malignant tumours in
exposed; no effect on
benign tumours and
overall survival.

Tumour rates were
within the range of
historical control

No effect of GSM,
decreased number of
tumours with DCS

exposure. data.

No effect on

carcinogenesis and

survival.

No effect on Results for Patched1,
carcinogenesis and  transgenic, X-ray
survival. tumour prone mice in

Table 12.2.2.

Chou et al. (1992)

Tillmann et al. (2007)

Smith et al. (2007)

Saran et al. (2007)

Abbreviations: CDMA: Code Division Multiple Access; CW: continuous wave; DCS: Digital Communication Signal;

FDMA: Frequency Division Multiple Access; FM: frequency modulation; GSM: Global System For Mobile
Communication; NADC: North American Digital Cellular; WBA SAR: whole-body averaged SAR

12.2.1.2. Studies using genetically predisposed animal models

Animal strains developg tumours (in some organs) with particularly high frequency and/or early in

|l i fe are

cl apsonmhe

edt agi ms a.moThese

strains

ncl

ude

gene manipulation (transgenic animals), as well as strains wgdpgonally high tumour incidence due to their
genetic background. The division betwe@mmourproned and dtheid strains is somewhat arbitrary, because
spontaneous tumour frequency varies greatly between different animal strains. The spontaneous incidence of
tumours in this kind of experimental models is important: if nearly all animals in the unexposed confpol grou

develop tumours, there is not much room for an additional effect from RF field exposure. Note, however, that
accelerated development of tumours can be detected even if the final incidence is 100%, if the tumours are

externally observable during the exipeent. This ighe casdor, e.g, skin tumours and mammary tumours.

Lymphoma

Transgenic EfPim1 mice overexpressindpe Piml oncogene in their lymphoid cells are prone to

malignant lymphoma. In the first study with this model wéttposure tdRF EMF (Repacholi et al., 1997Ep-
Pim1 mice were exposddr 2x30 min per day during 24 monttes 900 MHz GSMtype fields at whole-body

SARs ranging from 0.181.4 W/kg (if all possible animal orientations are included, the range was /(D8

W/kg). The RFexposed animalgn=101) had an increasedymphoma incidence compared $hamexposed

controls (n=100) with an odds ratio of 2.4 (95% confideninterval: 1.B4.5). At the time the study was
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terminated, lymphoma incidence was increasing rapidly in both exposed anégbased animals. The authors
emphasize that even if the observed effect were established, the relevance of the animal imoahaifaancer

risk assessment needs to be carefully consid@itestopathology of lymphoma was only performed on animals

that died before the end of the experiment. The lymphoma incidence in surviving animals is unknown, and this is
thus also the case fire overall lymphoma incidengde

The findings of tik Repacholi et aktudy were not confirmed in a replication studyUityeridge et al.
(2002, who used the same strain of mofreen the same supplieas the earlier study. The investigators also fed
the same food to the mice. The later study had some refinements in experimental design: four SAR levels (0.25,
1.0, 2.0 and 4.0N//kg) were used instead of one in the original study; animals were restrained during the
exposure for better control of variati® in exposure levein the 104 weeks lasting study thaimals were
exposed once per dalyring5 days per weelnstead ofin two episodes of 30 minutg®r day, 7 days per week
as in the Repacholi studsind full necropsy was performed on BHH0 mice per groupat the end of the studin
RF fieldexpo®d animals enhancd development of lymphomavas not observedThe incidence of
lymphoblastic leukaemia was slightly lower in all ®Fposed groups compared to that of the shaposed
animals, and the défence was statistically significa(p=0.02 at the SAR of 0.25 W/kg In contrast, the
incidence of nodymphoblastic leukemia was slightly higher in R€xposed groups, but these differences were
not statistically significant either in pairwise companis@r in a trend test. The incidence of lymphomas in the
RF-shamexposed group was surprisingly high, and the publication stirred debate whether some critical features
of the origiral experiment had been chand&bldstein et al., 2003#&; Kundi, 2003ab; Lerchl, 2003.

The study reported b@berto et al(2007) was also a replication and an extension ofRkepacholi et
al. (1997 study. EPim1 trangenic mce were exposed for 1 h per day, 7 daysvpeek to pulsed 900 MHz
(pulse repetition rate 217 Hize. a GSMtype signal RF radiation at wholdody SARs of 0.5, 1.4 or 4.0V/Kkg.
50 animals per sex per group were exposed, sh@used or used as cage controls. There were several
methodological improvements compared to the original studydpacholi et al(1997), including use of several
exposure levels, wetlefined dosimetry and more uniform exposure (achieved through restaive animals)
and necropsy and extensive histopathology of all animals. Cothpaitke sharexposed controls, survival was
reduced in the animals exposed to RF radiation. The intergroup differences were statistically significant in the
male animalgp<0.05, but there was no trend with increasing exposure le¢kellgwest survivalwas foundat
0.5 WIKQ). In females, a decreased survival was only observed with an SAR of 0.5 W/kg (p&b(dbgrease
in lymphoma ncidence was observed amy of theRFexposed groups. Concerning other neoplastic findings,
Harderian gland adenomas weirecreased in male mice, with a significant doskated trend (p<0.01).
However, this trend was not supported by the findings on female animals, in which no tumours in the highest
exposure groups were observ§tihe statistical analysis used in thisidst can be criticized. The cagmntrol
and the sharmexposed control groups were combined for statistical comparisons, which is not a valid procedure
given the differences in body weight development and tumour incidence between these groups (these differences
are most likely related to restraint of the shexposed animals). However, based on the data reported in the
paper, a different analysis strategy (comparison to the -sl@wsed group only) would not essentially change
the interpretation that there was affect of RF radiation on tumour incidence at any site. The reduced survival
in RF field-exposed animals is not thoroughly discussed by the authors; this finding remains unexplained and
difficult to interpret without detailed information about the caudfedeath]

Development of lymphoma in female AKR/J mice did not change @Givi-type RF exposure a
nominal SAR of 0.4N/kg applied continuously for 46 weekSommer et al., 2004The AKR/J strain is prone
to develop lymphoma due to expression of an AKV retrovirus in all of their tissues. About 90% 60
animalsin both the sharexposed and RExposed groups developed lymphoma by the entheoi0-month
study. Essentially all mortality was reported to be related to the development of lymphoblastic lymphoma, and
survivalwas not different betweeRF field and shanexposure. No effects of exposuwere seen in differential
leukocyte courd of blood samples collected 50 months after the beginning of RF exposiifghe nominal
SAR was 0.4W/kg, but as in other studies using several freely moving animals per cage, igt&wan
exposure level would undoubtedly have been large.

In another study by the same gro(fommer et al., 20Q7unrestrained AKR/J mice, 160 animals per
group, were chronically shaexposed or exposed to a generic UMTS test signal for 2dr Hay, 7 dayger
week at a SAR of 0.4V/kg. Additionally, 30 animals were kepis cage controls. The animals were checked
visually each day and were weighed and palpated weekly to detect swollen lymph nodes. Starting at the age of 6
months, blood samples were taken from the tail every 2 weeks to perform differential leukocyteanduiats
measure the hematocrit. Visibly diseased animals or those older than 43 weeks were killed and tissue slices were
examined for metastatic infiltrations and lymphoma type. &agerol animals had a significantly lower growth
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rate than those kept imé radial waveguides. Incidence of lymphoma, survival time and the severity of the
disease indicated that there was no effect from exposure to RF radiatiorcdbaige animals had significantly
lower body weights and higher occurrence of metastati¢ratfibns in liver and meninges than the other groups.
This difference was most likely related to different housing conditions and stress level.

Lee et al(20113 used the same AKR/J mouse straimd exposed the animals simultaneously to two
mohle phone signals used in Kore848.5 MHzCDMA (GSM-like) and 1950 MHzWCDMA (UMTS-like).
Exposure of the unrestrained anim@® per groupyas for45 minperday, 5 daysperweek duringd2 weeks at
awhole-body SAR of 4.0W/kg. The animals were examined weekly for the presence of a large spleen or large
lymph nodes and were killed when visibly ill. The surviving animals were killed at the end of the experiment at
48 weeks of ageNecropsy was performed on all middo differencein survival and lymphoma incidence was
observed between exposed and steaqmosed animals.

Mammary tumours

Although the study bySzmigielskiet al. (1982 has been discussed in WH@9931 it will be
described here as well for completeness. The authgrssedyroups of 40female C3H/HEA micethat havea
high spontaneous mammary cancer incidetw@450 MHz RF fields with a power density of 5 or 15 mWicm
corresponding to wholbody SAR levels of 23 and 68 WI/kg, respectively. They observed a ddspendent
acceleration of mammary cancer development resulting in shortening of lifeTtmeeponse to the lower RF
level was reported to be similar to that of confinement stf#¢bole-body exposure to the highest SAR level
can certainly result in heating of the animals, but also an SAR of 2 W/kg is already a significant systemic
challengeto a mouse with a metabolic rate of 4 W/kg under thermal neutral conditiosn increased body
temperature can result eccelerationof tumour growth(Dickson, 1977 Wile, Nahabedian & Mason, 1983
although not all tumours seem to respond similarly calenate heatin(Sen et al., 2011

Similarly to Szmigielski et al., Frei and -weorkers used continuous 2.45 GHz RF radiatierei et
al., 1998aFrei et al., 1998h They exposedroups of 100nammary tumouproneC3H/HeJ mice for 20 hoar
perday, 7 dayperweek for 18 months at SARs of 0.3 and W(kg. No effect was observed of tleeexposures
on the number and rate of growth of the mammary tumours.

Two other studies used signals consisting of short plEasechem et al., 200Toler et al., 199%
Toler et al.(1997) exposed C3H/HeJ mice @435 MHz pulsed radar signal for 22 heyerday, 7 daygper
week and 21 moht The unrestrained animal800 per groupyveresham exposed @axposed at a wholeody
SAR of 0.32W/kg. Jauchem et a(2001) investigatedn the same mouse strdime effects of an ultravideband
(UWB) pulsed RF signal. This type of signal is studied by the military for use againsetatle military targets.
Free roaming animals were exposed for 2 min per week during 12 \igrekp size: 100 animalsThe peak
power of the pulses was very high, 40/RV but because of their short duration the overall wholdy SAR
was calculated tde only 0.0098W\/kg. In both studies, o difference between exposed and shaxposed
groupswereobserved in mammary tumour idence nor were differences found in stival.

Although the four later studig§rei et al., 1998aFrei et al., 1998bJaichem et al., 20QIToler et al.,
1997 were designed specifically to examine mammary tumours, they included histopathological analyses of
other main tissues. Overall, RF field exposure did not affect the development of tumours or surtial of
animals. The only statistically significant differences in tumour incidence reported in these studies were a
smaller number (0 vs. 4) of alveolarorchiolar adenomas in RF fielss. shamexposed animal@=0.04)in one
study(Frei et al., 1998a andanincreased incidence of bilateral ol tumourg10 in exposed vs. 2 in sham
exposed animal§=0.03 in another studyToler et al., 199¥ The latter was, however, not accompanied with
increase in the number of mice developing an ovarian tumour.

Multiple tumours

Saran et al(2007 used Patchedl heterozygous knockout mice, an animal model ofongalti
tumour developmerih which exposure of newborn animals to ionizingiaéidn greatly enhances development
of brain tumours (medulloblastoma). Newborn Patchedl heterozygous mice and thefypwildiblings
(discussed aboveyere exposed to 900 MHz GStype radiation aan wholebody SAR 0f0.4 W/kg for 30 min
twice aday for5 days starting on postnatal day(80i 63 animals per groypBrains, any visible tumours and
preneoplastic skin lesions were examined histopathologically. No statistically significant differences in survival
were found between exposed and shegosed animals. Medulloblastomas (in 7 animals) and
rhabdomyosarcomas (in 56 animals) were found in the Patchedl mice but not in tiypevichimals. The
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incidence of rhabdomyosarcoma was higher (68%, 36 animals) in the exposed group than in-éageten
group (51%, 20 animals), but this difference was not statistically significant. The incidences of
medulloblastomas, othéunspecified}tumours or preneoplastic skin lesions did not differ between the exposed
and sharexposed groups.

Studies not included in the analysis.

Anghileri et al.(2005 exposed noitransgenic Ico:OFI(1.O.P.S. Caw) miedgth a high lymphoma
incidenceto a GSM 800 MHzfield for 1 hour per weekduring 4 manths. They observed adreased survival
and more lymphonsin exposecdcompared teshamexposed animal$n arotherpublications of the same group
(Anghileri et al., 200bthe same data are provided and tumour itidody RF is compared to that by the ferric
ATP complex studied by this group as a promotor of carcinogenesis because of its induction of cellular calcium
ion influx. In a third study using the same experimental systfemghileri et al.(2009 studied the effect of RF
exposure combined with calcium chlorjdeluminium lactate or aluminium citrate administration. Thes
compounds affect the calcium homeostasis.yTbbserved a decreased survival in aninetposed to the
combined treatments compared to RF al8iece innone of thesgublicatiors exposure levalare provided,
these studies cannot be interprefted.

Table 12.2.2. Studies on carcinogenesis in tumour-prone rodents using RF alone.

Animals, number Exposure: source, Response Comment Reference
per group, age at schedule, level,
start freely moving or
restrained
Lymphoma
Mouse: Ep-Pim1, GSM 900 MHz Higher risk in Large variability in Repacholi et al.
transgenic 2%30 min/d. 24 exposed, exposure, therefore  (1997)
lymphoma-prone months ' OR=2.4(1.3-4.5). difficult to interpret.

(n=101; controls:
n=100)

4-6 weeks + 10 d
acclimatization

Mouse: Ep-Pim1,
transgenic
lymphoma-prone
(n=120; cage control
n=30)

4-6 weeks + 10 d
acclimatization

Mouse: Ep-Pim1,
transgenic
lymphoma-prone
(n=100)

6 week s+20d
acclimatization

Multiple tumours

Mouse : AKR/J,
normal, but with high
lymphoma incidence
(n=160)

4-5 weeks

Mouse: AKR/J,
normal, but with high
lymphoma incidence
(n=160)

8 weeks
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WBA SAR 0.008-4.2
Wikg (indiv); 0.13-1.4
Wi/kg (in cage)

Free

GSM 898 MHz

1 h/d, 5 d/week, 104
weeks

WBA SAR 0.25, 1.0,
2.0, 4.0 Wikg

Restrained

GSM 900 MHz

1 h/d, 7 d/week, 18
months

WBA SAR 0.5, 1.4,
4.0 W/kg

Restrained

GSM 900 MHz

Continuous, 46
weeks

WBA SAR 0.4 W/kg
+ 40%

Free

UMTS

Continuous, 43
weeks

WBA SAR 0.4 W/kg
+ 40%

Free

Lower incidence of
lymphoblastic
leukaemia at 0.25
Wikg.

No effect on non-
lymphoblastic
leukaemia.

Decreased survival in
males, no dose-
response; in females
only with 0.5 W/kg.
No effect on
lymphomas and other
tumours.

No difference in
lymphoma incidence,
survival.

No difference in
lymphoma incidence,
survival.
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Incomplete
histopathology.

Despite small
modifications in
design, adequate
replication of
Repacholi study.

See Table 12.2.1 for
results for wildtype
mice.

Despite small
modifications in
design, adequate
replication of
Repacholi study.

Sham and cage-
controls combined in
analysis.

Utteridge et al.
(2002)

Replication of
Repacholi et al.
(1997)

Oberto et al. (2007)

Replication of
Repacholi et al.
(1997)

Sommer et al. (2004)

Sommer et al. (2007)
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Mouse: AKR/J,
normal, but with high
lymphoma incidence
(n=40)

5 weeks

CDMA, WCDMA

45 min/d, 5 d/week,
42 weeks

WBA SAR 4.0 W/kg
Free

No difference in
lymphoma incidence,
survival.

Lee et al. (2011a)

Mammary tumours

Mouse: C3H/HeA,
normal, but with high
mammary cancer
incidence (n=40)

6 weeks

Mouse: C3H/HeJ,
normal, mammary
tumour-prone
(n=100)

3-4 weeks +10d
acclimatization

Mouse: C3H/HeJ,
normal, mammary
tumour-prone
(n=100)

3-4 weeks + 10 d
acclimatization

Mouse: C3H/HeJ,
normal, mammary
tumour-prone
(n=200)

3-4 weeks + 1 month
acclimatization

Mouse: C3H/HeJ,
normal, mammary
tumour-prone
(n=100)

3-4 weeks + 10 d
acclimatization

2450 MHz

2 h/d, 6 d/week, 10.5
months

WBA SAR 2-3, 6-8
W/kg

Free

2450 MHz

20 h/d, 7 d/week, 18
months

WBA SAR 0.3 W/kg
Free

2450 MHz

20 h/d, 7 d/week, 78
weeks

WBA SAR 1.0 W/kg
Free

435 MHz pulsed

22 h/d, 7 d/week, 21
months

WB SAR 0.32 W/kg
Free

UWB

2 min/week, 12
weeks

40 kV m™ peak; WBA
SAR 0.0098 W/kg

Free

Acceleration of
development of
mammary cancer;
effect chronic stress

same as of 2-3 W/kg.

No effect on number
and growth of
tumours.

No effect on number
and growth of
tumours.

No effect on number
and growth of
tumours.

No effect on tumour
incidence, survival.

Heat stress may
have accelerated
tumour growth.

Szmigielski et al.
(1982)

Frei et al. (1998a)

Frei et al. (1998b)

Replication of Frei et
al. (1998a)

Toler et al. (1997)

Jauchem et al.
(2001)

Multiple tumours

Mouse: Patched1,
transgenic, X-ray
tumour-prone (n=50-
63)

2d

GSM 900 MHz
2x0.5h/d, 5d

WB SAR 0.4 W/kg
Restrained

No effect on survival
and carcinogenesis.

See Table 12.2.1 for
results for wildtype
mice.

Saran et al. (2007)

Abbreviations: CDMA:

12.2.2.

Code Division Multiple Access; GSM: Global System For Mobile Communication; UMTS:
Universal Mobile Telecommunications Signal; UWB: Ultra Wide Band; WBA SAR: whole-body average SAR;
WCDMA: Wideband Code Division Multiple Access

Combined RF and known genotoxic/carcinogenic agents

Both theoretical considerations (low photon rgy¢ and experimental evidence indicdbet direct
DNA-damaging effects of weak RF electromagnetic radiation are not likely. Therefore, there has been
considerable interest in testing RF radiation as agemotoxic carcinogen or a-@arcinogen that enhances the
effects of known carcinogenagents. Methods for detecting Rganotoxic carcinogens and-carcinogens are
less well developed than those for detecting genotoxic carcinogens. It can be argued that classical animal
carcinogenicity bioassays should identify carcinogens independenthe ahechanisms. However, because of
the very low number of tumours induced, such studies (involving exposure to the agent alone, without co
exposures) may suffer from low statistical power to deteatatoinogens. Animal studies on-carcinogenic
effecs have usually been designed based on the concefitgtiafion6and @romotiord Such studies involve a
shortterm exposure to adnitiatord (a known DNA-damaging agent), followed by losigrm exposure to the
putative @ancer promotér However, it hasbeen questioned whether the initiatipromotion approach is
sufficient for describing the complex interaction of genotoxic andgenotoxic agentg¢Juutilainen, Lang &
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3199 Rytomaa, 2000 Although most of the studies on-carcirogenicity of RF radiation have tested RF radiation as
3200 a possible promoter after a single dose or steonh treatment with a known initiator, a few studies have used
3201 different approaches such as lelegm simultaneous exposure to RF radiation and the kmawnginogen, or RF
3202 field exposure before treatment with the known carcinogen.

3203 Details of studies evaluating combined exposure to RF radiation with known genotoxic/carcinogen
3204 agents are shown in Tabl.2.3 Like in case of genetically predisposed med@ee sectiod22.1.2), the

3205 incidence of tumours in the control group (exposed only to the known carcinogen) should be at an appropriate
3206 level to allow detection of a possible further increase related to RF field exposure. Therefore, information of
3207  tumour incidence in the control (known carcinogetly) group is included in Tabl#2.2.3

3208 Lymphoma

3209 Heikkinnen et al(2001) exposedgroups of 50 female CBA/S mice irradiated witkraysto 902 MHz
3210 RF fields, eithercontinuous (frequency modulated} a wholebody SAR of 1.5 W/kgor pulsed (GSM
3211 modulation)at an SAR 00.35W/kg for 1.5 hour perday, 5 days per weekhey didnot observean effect on
3212 the development of lymphomasr other tumoursand onsurvival. The Xrays were delivered during the first
3213 three weeks of the study in thr&zactions and the exposures to RF radatcontinued for 1.5 years. The only
3214  statistically significant differences in tumour inciden¢est of several dozen investigatedgre a decreased
3215 incidence of glandular polyps in the continuous wave grg@#0.011), anda decreased incidence of benign
3216 pheochromocytomas dhe adrenal glands in both RF field grougsontinuous field: p=0.041; pulsed field:
3217  p<0.039. The results were corrected for multiple comparisons.

3218 Skin tumours

3219 Topical application of two different chemicanitiators have been used to induce skin tumours:
3220 benzo(a)pyrene (BAP) and 7;tidmethylbenz(a)anthracene (DMBA).

3221 Szudzinski and cevorkers reported significardosedependenticceleration of the delopment of
3222  BAP-inducedskin tumours ingroups of 4Balb/c mice irradiated with 2.4&%Hz RFfields at about 26 W/kg
3223  (Szudzinski et al., 1992Just like the study omammary tumours by the same grd@zmigielski et al., 1982
3224  this study is included in WH@L993h), but will be discussed here also for completengsposure to both BP
3225 and RFfields were longterm (6 months)2 hours daily for 6 dayper week Enhanced development of skin
3226  tumours was reported also if the RF exposure was if8rmorths prior to the bginning of BA? exposures.
3227 [Some of these results appear to have beportedoy Szmigielski et al(1982. There are some inconsistengies
3228 however,between these two reports (e.g. the group size anaxhct handling of the shaexposed animals)
3229 which complicate the interpretation of the resiifidhe authors detected no increase of rectal temperature, but
3230 admitted that at the highest exposure level formation of signifitertispot®was possible dut norruniform
3231 absorption of RF energyAs mentioned previously with the study of Szmigielski et(4882, whole-body
3232  exposure to the highest SAR level can certainly result in heating of the armaidso an SAR of 2 W/kg is
3233 already a significant systemic challenigea mouse with a metabolic rate af74W/kg under thermal neutral
3234  conditions An increased body temperature can result in acatiddn of tumour growth(Dickson, 1977 Wile,
3235 Nahabedian & Mason, 198although not all tumours seem to respond similarly to moderate hé&gnget al.,
3236 201)]

3237 Chagraud and Veyret exposed BAReated female Sprague Dawley redsRF fields at whole-body

3238 SARs of 0.075 00.27 W/kg (Chagnaud & Veyret, 1999Neither exposurevas observed to hawan effect on
3239 the appearanceof BAP-induced subcutaneous sarcomas on survival Similarly, the levels of anti
3240 phosphatidylinositol autantibodies, a suggested marker of malignant transformatiere not higher in RF
3241 field-exposed animals than in shaxposed animalsThe expogre to RF radiationvasfor 2 hoursperday for2

3242  weeks beginning on day 20, 40 or 75 aft&MBinjection.[The exposed groups were smalhly 7 9 animals per
3243  group]

3244 RF field exposures haasonot been observed to induce tumourshi@skin of DMBA-treated CB1

3245 mice(Imaida et al., 2001or ICR mice(Huang et al., 2005The animalsvere subjected to topical application of

3246 DMBA on dorsal skin a week before the beginning of RF field exposlresdaet al.exposed groups of 30 or

3247 48 animalsat a whole-body SAR of2 W/kg, while Huang et al. used groups of 20 arisnfor exposure to a

3248  wholebody SAR of0.4 W/kg. No skin tumours were observed either in sham oifi@#-exposed animals

3249  during the 19veekstudies, or not even afta oneyear followup (Huang et al., 2005whereas a clear tumour

3250 response was observed in the positive control animals exposed to repeated topical treatment with the classical
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tumour promoter phorbdl2-myristatel3-acetate (PMA). RF field exposureas not found taffect either the
epidermal tickness (Huang et al., 20Q09maida et al., 2001or expression of proliferatincell nuclear antigen
(Huang et al., 2005 No difference was observabln the incidence of lympimoa (Imaida et al., 2001(only
liver, kidney, adrenal glands and spleegreevaluated for lymphomas

Paulraj and Beharf2011) exposed Swiss ailto mice to either a 16lz amplitudemodulated 112
MHz signal orto a 2.54 GHz RF field for 2 houyser day, 3 daygperweek and 16 weeks. Exposures started
1 week after application of DMBA to the skin. The SARs were calculiatdxk0.75W/kg and 0.1W/kg, for the
112 MHz and 2.54 GHz sigrsalrespectively. No tumours were observed ingheups with DMBA only, with
RF only or in the DMBA+RF group, while application of DMBA and croton oil (that contains the tumour
promotor TPA) induced skin tumours in 18/&nimals.[Although the experimental groups initially each
contained 18 ani mal s, fdble limtkefpdbkcationis & 4 18ss. it is mobt dear wgyi v e n
this is the casg.

Heikkinen et al(2003 reported that expaose for 1.5 h perday, 5 caysperweek during 52 weeks to
pulsed 849 or 902 MHz RF radiation with two modulation characteristics (GSM or DAMPS) did not
significantly affect the development of skin tumours induced by UV radiation in femalet@Dgyenic nue
(K2) or in their nontransgenic littermaten=45 49 per group) Skin tumours were induced by exposure to
solarsimulating UV radiation three times a week during the whole study. The development of skin tumours was
faster in RF fieldexposed animals than the control group exposed to UV radiation only. This was consistently
seen with both RF signals and in both transgenic andtraosgenic animals, but did not reach statistical
significance even in a combined analysis.

Mammary tumours

DMBA is alsoused to induce mammary gland tumours in rode3gseral studies have investigated
the effects of RF fieldexposurén this experimental system

The study of Bartsch and -e@orkers (2002 differs from most other RF field studies publisheds thi
far, in that the daily RF exjsure time was long (nearly diine exposure). The study involved exposures of
freely movingSprague Dawley rafd.2 per cage) at lowhole-body SAR levels (008 W/kg or below)to a GSM
900 MHz signal The study consisted tiiree experimeniseach started exactly at the same time of the year on

three consecutive years. The animals were exposetinuouslyu nt i | ipractically al/ ani

macroscopi c mammary tumour 0 an dcblindedfashion.drt onecoktipeeghree me n t
experiments median latency for the development of the first malignant tumour was statistically significantly
extended in the RF fieldxposed group. This finding was not supported by the two other experiments. The
overall conclusionis thatin these experimenisng term exposure to RF radiation had no significant effect on

the development of DMBAnduced mammary tumours in SpradDawley rats.

The study ofAnane et al(2003 consisted of two separate experimeifismale Sprage Dawley rats
were administered DBIA 10 days before the beginning of tESM 900 MHzexposureswhich were giverfor
2 hours per day, 5 days per waktking9 weeks Each experiment containddli 16 ratsper group.The whole
body SAR levelavere 1.4, 2.2 and 3.5 W/Kkg in the first experimaend 0.1, 0.7 and 1.4 W/kg in the secoimd.
the first experimentan increased incidencate of malignant mammary tumourgas observedavith 1.4 and 2.2
Wi/kg (p=0.02 and 0.04), but not with the highest exposure levehelrsecond experimeatdecreasedate of
incidence was observed with 1.4 W/kg (p=0.04) and no effect with the two lower exposureNevetfect was
observed on tumg latency (time of detection of the first tumour). For tumour multiplicity (the number of
tumours per animalho effectswere observed, except for the group exposed to 1.4 W/kg in the second
experiment, where the multipity was lower than in the shaexposed group (p<0.01). The two experiments
were thus not consistent, butevall showedno effect of exposure.

The study byYu et al. (2006 did not provide evidence for effectd exposure to GSM 900 MHz
fields on the development of DMB#nitiated development of mammary tumours Sprague Dawleyats.
Exposure levels up to W/kg were covered and 100 animals per group were ESqubsure waor 4 h perday;,

5 days perweek and 26 weeks. The incidence of mammary gland adenocarcinomas was slightly lower in the
group exposed to the lowest SABR.44 W/kg) but the tumours were slightly larger compared to the animals
exposed to DMBA only. A sligiy enhanced development of adenocarcinomas was found at the highest SAR
level. However, none of these differences were statistically significant. Significant differeapebserved
between the cageontrols and the other experimental groups, with irsgdabody weight and higher number
and more rapid development of mammary tumanithe cagecontrol group. These differences are most likely
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related to restraint of the shaamposed and RExposed animal§The statistical analysis of tumour appearance
wasapparently done without making a distinction between tumours observed during the study by palpation and
tumours detected in histopathological evaluation. While this could in principle mask differences between the
groups (also small nepalpable tumours ardetected in histopathology), the data shown in the paper suggest
that a different statistical analysis would not essentially change the conclusion that RF radiation did not promote
mammary tumour developmeht.

Hruby et al.(2008 used a study design similar to that usedYyet al. (2006, exposing thel00
Sprague Dawley ratper groupalso for 4 h per day, 5 days per week and 6 monthere were several
statistically significant differences betwe#me GSM 902 MHzfield-exposed groups dnthe shamexposed
group. All RFexposed groups had significantly more palpable mammary gland tissue masses than the sham
exposed groufp<0.09, but there were no differences between the three gexpssed wittwhole bodySARs
of 0.4, 1.3,or 4.0 W/kg espectively The incidence of malignant mammary tissue tumours was lowest in the
shamexposed group, and significantly increased in the-kighosure groufp<0.05. However, the incidence of
benign tumours was siditantly lower in the three RExposed ups than in the shasxposed group
(p<0.05. The number of animals with benign or malign neoplasms was similar in theestparsed group and
in the three RFexposed groups. The cagentrol group had the highest incidence and malignancy of neoplasms
amory all groups. Given that the DMBA mammary tumour model is known to be prone to high variations in the
results, the aut hor s 6 ncastbetweern tketgeoups wenencaemtal. Corhparisont h e
with the results of the almost identicaligy by Yu et al.(2006 supports this conclusion: both studies reported
similar development of mammary tumours in three groups, but lower rate of development (seen in the
appearance of palpable tumours and/or reduced malignamoyg group. Hruby et al. found the lowest rate of
development in the shasxposed group, while Yu et al. found it in the 0M4kg group. [Both studies
consistently reportethe highest incidence of tumours in the cagmtrol group, which is most likglrelated to
the different handling of the cagentrol animals (different stress level, differences in food inthke).

Liver tumours

Exposure to 1.39 GHz (Imaida et al., 1998aor 929.2 MHz (Imaida et al., 1998bpulsed RF
radiation atwhole-body SARs 0f0.4i 0.8 W/kg (maximum localSAR in the liver 0.9 2.0 W/kg) wasused to
study effects onpromoton of liver cancerin Fisher 344rats. Groups of 48rats were exposed to
diethylnitrosamine (DEN), partially hepatectomised a few weeks laterthe@mixposed to RFields for 1.5 h
per day, 5 days per week duringmM@eks.The development of gludlthione Stransferase positive liver foci, a
preneoplasticat liver lesion used as an graint marker in this assay, was slightly decreased in thexpbsed
when compared to the shaexposedanimals in both studies, the difference being statisticallgifstgnt at
1.439 GHz (p<0.05. When ompared tothe unrestrainedcagecontrol animals, the levaeh the RFexposed
animalswas about the sam&he levelin the shamexposed animala/as slightly but significantly higher than
that in the cageontrols (p<Q05).

Brain tumours

Several animal studies have evaluated the effects ofilde&l RF fields on the development of
tumours initiated by transplacental administratiothafknown genotoxic agentethylnitrosourea (ENU)

Adey et al.(1999 exposedFisher 344rats before and after birth to an NADC 835 MHz signal at
SARsin the brainof 0.33 0.53 W/kg. The groups of 56 or 60 animals were exposed for 2 hours per day, 7 days
per week for 2 years. They observed a reduced incidence ofildNided CNS tumours in the R¥xposed
group (a similar tendency was seen also in spontaneous turseesection12.2.1.1), but the difference was not
statistically significant. RF exposure did not statistically significantly affect the mortality of-tEddted
animals, although survivalas slightly increased in the R#xposed group.

In similar experimets but using another type of signal, FM 836 MHzedin SARs of 1.0 or 1.2
Wi/kg, and groups of 90 animalédey et al.(2000 did not observe any effect of RF exposure on survival and
CNS tumour incidence.

Shirai et al.(2005 exposedyroupsof 100 Fisher 344rats born from ENWreated mothers to a 1439
MHz TDMA signal atbrain SARs of 0.67 or 2.0 W/képr 90 min per day, 5 days per week for 104 wedkey
observed naignificanteffect of RF exposuren braintumours although the incidence in females was slightly
lower in bothexpo®d groupscompared to the sharaxposed The incidence of pituitary tumours showed a
tendency for increase in both sexes treated with ENU compared to theardgd animalsthe differences
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being more consistent for females. Compared to the shquosed group, incidence of pituitary tumours was
decreased in males of both ®ekposed groups. At the higher RKkposure level (2.0V/kg) the decrease was
statistically significan{p<0.01) and theincidence was slightlyput not significantlydecreased in females. The
authors questioned the biological meaning of high pituitary tumour incidence in their study, and stated that the
incidence may still be within the wide range of background data ostifais. An earlier study did not report any
effect of RF on tumoudevelopmentn pituitary glands of ENU treated SpragDawley rat§Zook & Simmens,

200) (see below)but the proportion of pituitary glanissues available for histology was only about 80% in

this study.

A later study from the same gro(fhirai et al., 200)Yhada similar protocol, but a different mdbi
phone signal was used (1.95 GHz WCDMA versus 1.482 GDMA used in the first study). In contrast to the
previous study, brain tumour incideniceboth females and males tended to be higher in theXpbsed than in
the sharexposed group, but no statistically significalifferenceswere reported[The statistical method used
(two-gr oup comparisons with Fisherés exact test) is not
level. Using combined femaland male data from the paper, tuared test for trend shows-agdue of 0.0395
for an increasing trend from the shaxposed group to the highest exposure gioNp.differences in pituitary
tumours were observed in this stu@@iven the inconsistentrfdings and opposite trendbserved in these two
studieg(Shirai et al., 2005Shirai et al., 200) the differences observed are most likely incidehtal.

Zook and Simmen&00)) treated pregnant female Sprague Dawley rats twthdifferent doses of
ENU and exposed the offspring to 860 MHz pulsed or continu@we RF EMF, aa brainSAR of 1 W/kg.The
exposures were fd® h per day 5 days perweek and 22 maths and the groups counted 60 animals. Neither
continuousnor pulsed ield exposure significantly affect incidence, volume, multiplicity, malignancy or fatality
on ENUinduced brain tumours or development of tumoauarsight other organd here was a slight statistically
nonsignificant tendency toward higher incidence aéfdrain tumours in the group treated witie higher level
of ENU and exposed to the pulsed RF field.

In a followrup study,Zook and Simmen$2006 investigated further any promoting effect of the
pulsed RF signal. Latency and other characteristics of neurogenic tumours were investigated in the progeny of
pregnant Spragubawleyrats treated withiwo dosesof ENU. The offspring werexposed tgulsed RF, sham
exposed or kept asagecontrok. The expogreto the 860 MHz RF field was for6 hperday, 5 daysperweek at
a SAR of 1.0W/kg averaged over the brain (0i2¥42W/kg averaged over the whole body). An equal humber
of rats from each group were killed every 30 days between the ages of 171 and 325 days; 32 rats died and 225
rats were killed when they were moribund. All rats were necropsied and the brain and spinakreaxiwened
histopathologically. No evidence was foundaof effect ofRF exposureon the incidence, malignancy, volume,
multiplicity, latency or fatality associated with any kindbw&intumour.

Colon tumours

Wu et al. investigated the effect of expasupo 2.45 GHz RF radiation otihe development of
dimethylhydrazine (DMHjinduced colon tumours irgroups of 2632 Balb/c mice(Wu et al., 1994 Exposure
was at a relatively high wholeody SAR of 1012 W/kgfor 3 h perday, 6 days perweek and5 manths No
difference in tumour incidence was observed between exposed aneéspased groups.

Multiple tumours

Heikkinen et al(2006 evaluated possible effects @kposure tdRF fields on tumours induced by the
mutagen and multisite carcinogen-cBloro-4-(dichloromethyl}5-hydroxy-2(5H)-furanone (MX) given
continuously during the experiment in drinking water. Female Wistar rats were eXpoelper day 5 days
perweek, and 104 weeks to 900 MHz RF (GSM modulation) athole-body SARs 0f0.3 or 0.9W/kg (72 rats
per group) No statistically significantlydifferent mortality or orgarspecific incidence of any tumour typeas
observed in the exposed compared to skaposed groupsThe only satistically significant difference was an
increase in the combined frequency of vascular tumours of the mesenteric lymph nodes in-Eie gighp
compared to the shaRF group(p<0.05. However, comparison to cagentrol animals suggested that this
difference was due to unusually low frequency of this type of tumours in theRRagmoup, rather than high
frequency in the highRF group.

Tillman et al.(2010 continuously exposedroups of 54 60 female C57BI/6N and male C3H/HeN
mice for 24 months to a UMTFlke signal at power densities of 4.8 or 48t exposure started at th& Glay
of pregnaicy. The genotoxic agentethylnitrosourea (ENU) was given to pregnant femalethe 14 day of
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pregnancy. An ricreased number of lung tumoungas found after exposure to thewer power density
(p<0.0010.05) but not afterthe high one when compared to the ENWnly group No effectof the UMTS
exposure was seeron any other type of tumour. A striking finding was the increase in liver tumours in all
groups, including controls. This could be explained by an initially undetétéédobacter hepaticusmfection

that appeared to be already present in the parent ffiibe.lack of an ENU+sham exposure group makes it
difficult to draw definitive conclusionsn this study.]

Table 12.2.3. Studies on carcinogenesis in rodents using RF and genotoxic/carcinogenic agents.

Animals, number
per group, age at
start

Exposure: source,
schedule, level,
freely moving or
restrained

Response Comment

Reference

Lymphoma
Mouse: CBA/S,
normal (n=50)
3-5 weeks

Lymphomas and
other tumours

Induction by X rays
(Lymphoma

NMT 902 MHz, GSM
902 MHz

1.5 h/d, 5 d/week, 78
weeks

WBA SAR: NMT: 1.5
W/kg; GSM: 0.35
Wikg

No effect on X ray-
induced lymphomas,
other neoplasms or
survival.

Heikkinen et al.
(2001)

incidence 24% Restrained

without RF exposure)

Skin tumours

Mouse: Balb/c, 2450 MHz Acceleration of skin ~ Heat stress may Szmigielski et al.

normal (n=40)
6 weeks
Initiated by BAP

(Skin tumour
incidence 50%
without RF exposure)

Mouse: Balbi/c,
normal (n=100)
Age not provided
Initiated by BAP

(Skin tumour
incidence 95%
without RF exposure)

Rat: Sprague
Dawley, normal (n=7-
9; control: n=6)

2 months

Initiated by BAP
(Malignant sarcoma
development 100%)
Mouse: CD-1, normal
(n=30, 48)

5 weeks

Initiated by DMBA

(No macroscopic skin
tumours without RF
exposure)

Mouse: ICR, normal
(n=20)

6 weeks

Initiated by DMBA

(Skin tumour
incidence 0% without
RF exposure)

2 h/d, 6 d/week, 10.5
months

WBA SAR 2-3, 6-8
Wikg

Free

2450 MHz

2 h/d, 6 d/week, 1, 2,
3, 6 months

WBA SAR 2-3, 6-8
W/kg during BAP; 4
W/kg before BAP

Free

GSM 900 MHz
2 h/d, 2 weeks

WBA SAR
0.075+0.025,
0.27+0.09 W/kg

Restrained

TDMA 1.5 GHz

1.5 h/d, 5 d/week, 19
weeks

Skin peak SAR 2.0
Wikg

Restrained

849, 1763 MHz

2x45 min/d, 5
d/week, 19 weeks

WBA SAR 0.4 W/kg
Free

have accelerated
tumour growth.

cancer; effect chronic
stress same as WBA
SAR 2-3 W/kg.

Dose-dependent
acceleration of skin
cancer; in part same
data as Szmigielski
et al. (1982);
comparison of
different treatment
regimes.

Heat stress may
have accelerated
tumour growth.

No effect on tumour
development or
growth, and on
survival.

No effect on skin
tumour development.

No effect on skin
tumour.

(1982)

Szudzinski et al.
(1982).

Chagnaud & Veyret
(1999)

Imaida et al. (2001)

Huang et al. (2005)
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Mouse: Swiss albino,
normal (n=18)

7-8 weeks

Skin tumour

Initiated by DMBA

(Skin tumour
incidence DMBA:
0%; DMBA+TPA:
71%)

Mouse: K2 (ODC
transgenic) and wild-
type (n=45-49; cage
control: n=20)

12-15 weeks
Initiated by UV

(Skin tumour
incidence 22%
without RF exposure)

112 MHz, 16 Hz AM;
2.54 GHz

2 h/d, 3 d/week, 16
weeks

112 MHz: WBA SAR

0.75 W/kg; 2.54 GHz:

WBA SAR 0.1 W/kg
Free

GSM, DAMPS

1.5 h/d, 5 d/week, 52
weeks

WBA SAR 0.5 W/kg
Restrained

No effect on skin
tumour.

No effect on skin
tumour.

Small nhumber of
animals.

Paulraj & Behari
(2011)

Heikkinen et al.
(2003)

Mammary tumours

Rat: Sprague
Dawley, normal
(n=60)

38+13d
acclimatization;
43+8 d
acclimatization;
34+17d
acclimatization

Initiated by DMBA

(Malignant mammary
tumour incidence 79-
91% without RF
exposure)

Rat: Sprague
Dawley, normal
(n=16; cage control:
8)

55d

Initiated by DMBA

(Malignant mammary
tumour incidence
60% without RF
exposure)

Rat: Sprague
Dawley, normal
(n=100)
36+12d
acclimatization

Initiated by DMBA
(Mammary tumour

incidence 45%
without RF exposure)

Rat: Sprague
Dawley, normal
(n=100)

5 weeks + 12 d
acclimatization

Initiated by DMBA

(Mammary tumour
incidence 60%
without RF exposure)

GSM 900 MHz

Continuously until
Aipractical
animals had
developed a
macroscopic
mammar y
WBA SAR max 0.08
Wikg

Free

GSM 900 MHz

2 h/d, 5 d/week, 9
weeks

WBA SAR 0.1, 0.7,
1.4, 2.2, 3.5 Wikg

Restrained

GSM 900 MHz

4 h/d, 5 diweek, 26
weeks

WBA SAR 0.44, 1.33,

4.0 W/kg
Restrained

GSM 902 MHz

4 h/d, 5 d/week, 6
months

WBA SAR 0.4, 1.3,
4.0 Wikg

Restrained

tu

No effect on tumour
latency and
incidence.

No effect on tumour
latency, volume,
multiplicity; in 1% of 2
experiments inverse
dose relation for
incidence.

No effect on tumour
latency, size,
multiplicity,
incidence.

More palpable
mammary glands but
no dose response
relation; more
malignant mammary
tumours in 4 W/kg
group; fewer benign
tumours in all
exposed groups; no
effect on number of
animals with benign

or malign neoplasms.

Bartsch et al. (2002)

Anane et al. (2003)

Incidence and
latency higher in
cage-controls than in
exposed.

Yu et al. (2006)

Incidence higher in
cage-controls than in
exposed.

Hruby et al. (2008)

Liver tumours
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Rat: Fischer 344,
normal (n=48)
5+1 week
acclimatization

Initiated by
diethylnitrosamine
(Liver foci incidence
100% without RF
exposure)

Rat: Fischer 344,
normal (n=48)
5+1 week
acclimatization
Initiated by
diethylnitrosamine

(Liver foci incidence
100% without RF
exposure)

TDMA 929 MHz

1.5 h/d, 5 d/week, 6
weeks

WBA SAR 1.7-2.0
Wikg

Restrained

TDMA 1439 MHz

1.5 h/d, 5 d/iweek, 6
weeks

WBA SAR 0.937-
1.91 Wikg

Restrained

No effect on number
of foci and size.

No effect on number
of foci and size.

Serum hormones
discussed in section
07.2.

Serum hormones
discussed in section
07.2.

Imaida et al. (1998b)

Imaida et al. (1998a)

CNS tumours

Rat: Fischer 344,
normal (n=56, 60)
Gestationd 15+ 3d
acclimatization
Initiated by ENU
(CNS tumour
incidence 17%
without RF exposure)

Rat: Fischer 344,
normal (n=90)
Gestationd 15+ 3d
acclimatization

Initiated by ENU
(CNS tumour

incidence 22%
without RF exposure)

Rat: Fischer 344,
normal (n=30)

Gestation d 18
Initiated by ENU

(Brain tumour
incidences 24% in
males and 30% in
females without RF
exposure)

Rat: Fischer 344,
normal (n=100)
Gestation d 18
Initiated by ENU
(Brain tumour
incidences 10% in
males and 8% in

females without RF
exposure)
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NADC 835 MHz

2 h/d, 7 d/week
(prenatal), 4 d/week
(postnatal), 2 years

Brain SAR 0.33-0.53
Wikg

Free (prenatal),
restrained (postnatal)

FM 836 MHz

2 h/d, 7 d/week
(prenatal), 4 d/week
(postnatal), 2 y

Brain SAR 1.0, 1.2
Wikg

Free (prenatal),
restrained (postnatal)

TDMA 1439 GHz

90 min/d, 5 d/week,
104 weeks

Brain SAR 0.67, 2.0
Wikg

Restrained

WCDMA 1.95 GHz

90 min/d, 5 d/week,
104 weeks

Brain SAR 0.67, 2.0
Wi/kg

Restrained

Non-significantly
reduced tumour
incidence and
increased survival.

No effect on survival
and tumour
incidence.

Lower incidence of
pituitary tumours in
males after high level
RF, no other RF
effect on neurogenic
or other tumours.

No effect on
neurogenic or other
tumours.

132

See Table 12.2.1 for
results regarding
spontaneous
tumours.

See Table 12.2.1 for
results regarding
spontaneous
tumours.

Serum hormones
discussed in section
07.2.

Adey et al. (1999)

Adey et al. (2000)

Shirai et al. (2005)

Shirai et al. (2007)



3414

3415

3416
3417
3418
3419
3420
3421
3422

Rat: Sprague
Dawley, normal
(n=60)
Gestation d 15
Initiated by ENU

(Brain tumour
incidence 10-16%
(low-ENU) and 58%
(high-ENU) without
RF exposure)

Rat: Sprague
Dawley, normal
(n=60)
Gestation d 15

860 MHz pulsed, CW
6 h/d, 5 d/week, 22
months

Brain SAR 1.0£0.2
W/kg

Restrained

860 MHz pulsed

6 h/d, 5 d/week, 325
d

Brain SAR 1.0+0.2

No effect on
neurogenic or other
tumours.

No effect on
incidence,
malignancy, volume,
multiplicity, latency or
fatality of neurogenic

Zook & Simmens
(2001)

See Table 12.2.1 for
results regarding
spontaneous
tumours.

Zook & Simmens
(2006)

Replication of Zook
& Simmens (2001)

Initiated by ENU Wikg tuMmours.

(Brain tumour Restrained

incidence 50%

without RF exposure)

Colon tumour

Mouse: Balb/c, 2450 MHz No effect. Wou et al. (1994)

normal (n=26-32)
4-5 wk
Initiated by DMH

3 h/d, 6 d/week, 5
months

WBA SAR 10-12

(Colon tumour Wikg

incidence 46% Restrained

without RF exposure)

Multiple tumours

Rat: Wistar, normal GSM 900 MHz Increase in frequency Unusually low Heikkinen et al.
(n=72) 2 hid. 5 d/week, 104 Of combined vascular frequency of vascular (2006)

7 weeks weeks ' tumours of the tumours of the

Initiated by MX

(Malignant tumour
incidence 51%
without RF exposure)

Mouse: C57BI/6N &
C3H/HeN , normal
(n=54-60)

6 d post conception
Initiated by ENU

(Malignant tumour
incidence up to 55%
(lung carcinomas)
without RF exposure)

WBA SAR 0.3, 0.9
Wikg

Free

UMTS continuously
24 months

0, 4.8, 48 W/m?
Free

mesenteric lymph
nodes with 0.9 W/kg.

No effect on organ
specific tumours and
survival.

Increased number of
lung tumours after
low, but not after high
exposure; no effect
on other tumours.

mesenteric lymph of
tumours in the sham-
exposed group.

ENU+sham exposure Tillmann et al. (2010)
group missing.

Abbreviations: AM: amplitude modulation; BAP: benzo(a)pyrene or 3,4 benzopyrene; CNS: central nervous system;
CW: continuous wave; DAMPS: Digital Advanced Mobile Phone System; DMBA: 7,12-dimethybenz[a]anthracene;
DMH: dimethylhydrazine; ENU: ethylnitrosourea; FM: Frequency Modulation; GSM: Global System For Mobile
Communication; NADC: North American Digital Cellular; NMT: Nordic Mobile Telephony; MX: 3-chloro-4-
(dichloromethyl)-5-hydroxy-2(5H)-furanone; WBA SAR: whole-body averaged SAR; TDMA: Time Division Multiple
Access; TPA: 12-O-tetradecanoylphorbol-13-acetate; UMTS: Universal Mobile Telecommunications Signal; UV:
ultraviolet (radiation); WCDMA: Wideband Code Division Multiple Access

12.2.3. Effects of RF radiation on transplanted tumour

Szmigielski et al(1982 exposed BALB/c mice injected with sarcoma cells to 2.45 GHz microwaves
for 2 h per day 6 days perweek, during 1, 2 or 3 months awholebody SARs of 23 and 68 W/kg.
Significantly elevated mmbers of neoplastic lung foci nodules after both 1 and 3 months were reported at both
RF exposure level§<0.01with the highest level)[The interpretation of this study is complicated by the fact
that methods are not described in detAs. mentioned peviously, vhole-body exposure to the highest SAR

level can certainly result in heating of the animals, but also an SAR of 2 W/kg is already a significant systemic
challengeto a mouse with a metabolic rate off AV/kg under thermal neutral conditionsn increased body
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3424

3425
3426
3427
3428

3429
3430
3431
3432
3433

3434
3435
3436
3437

3438

3439
3440
3441
3442
3443
3444
3445
3446

temperature can result in acgeltion of tumour growth(Dickson, 1977 Wile, Nahabedian & Mason, 1983
although not all tumours seem to respond similarly to moderate héggénget al., 2011

Santini and ceworkers (1988 exposedgroups of 15C57/6J micdifelong for 2.5 h per day, 6 days
per weekto continuousor pulsed 2.45 GHz RF fiefdat an whole body SAR of.2 W/kg. After 15 exposure
days animals were subcutaneously impldntéth B16 melanoma cell®o significant effects of RF radiation on
tumour development or survival time&re observed

Paulraj and Behaf2011) injected Swiss albino mice intraperitonealljtiwascites cells and exposed
or shamexposed therfor 2 h per day during 14 days either 112 MHz RF EMF amplitude modulated at 16 Hz
(SAR=0.75 W/kg), or 2.54 GHz(SAR=0.1 W/kg). No difference was observed between sham and exposed
groups in terms of humber of ascites cells, body weight and surfiviah only 8 animals per grouphe groups
were very small, howevér.

Higashikubo et al(1999 implanted male Fischer 344 rats with gliosarcoma cells and exposed them
for 4 hperday, 5 days perweek,during 4 weeksto an 835 MHz continuous wave FM signal or a 84Mz
CDMA signal at a brain SAR of 0.75+0.25 W/kg. They observed no effect of RF exposure on survival,
independent of the number of cells injected.

Studies not included in the analysis

Salford et al.(1993 1997 pairwise implanted male and female Fischer 344 rats glittma cells.
One animal was sham exposed and one exposed to a 915 MHz RF field either continuous or pulse modulated at
4, 8, 16, 50 or 200 Hz. The output of the pulses was kept constant, therefore the SAR varied from 0.0077 to 1.67
Wi/kg. The animals were exposddr 7 h per day, 5 days perweek for up to3 weeks. In some pairs tumour
growth in the exposed animal was faster than in the sham control, but overall there was no significant effect of
exposure on tumour growth. [The animals used in these studies werelhdefined; they had a range of body
weights and presumably of ages. The use of inoculated cells with varying viability resulted in a large variation in
tumour growth. Consequently the experimental conditions show too much variation for a meanadg#is 4n

Table 12.2.4. Studies on effects of RF on growth and development of implanted tumours in rodents.

Animals, number Comment Reference
per group, age at

start

Exposure: source,
schedule, level,
freely moving or
restrained

Response

Lung tumour

Mouse: Balb/c, 2450 MHz Increased incidence  Difficult to interpret Szmigielski et al.

normal, injected L1
sarcoma cells
(n=unknown)

6 weeks

(2.8+£1.6 lung
colonies without RF
exposure)

2 h/d, 6 d/week, 1, 2,
3 months

WBA SAR=2-3, 6-8
Wikg

Free

of metastatic tumour
colonies on lung
surface, more
pronounced at the
higher exposure
level.

because methods are (1982)
not described in

detail, group size

unknown.

Heat stress may

have accelerated
tumour growth.

Skin tumours

Mouse: C57/6J
normal, implanted
melanoma (n=15)

5 weeks

(Average survival
with tumour below 4
weeks)

2450 MHz, pulsed,
cw

2.5 h/d, 6 d/week,
lifelong

WBA SAR 1.2 W/kg
Free

No effect on
melanoma tumour
growth, survival.

Santini et al. (1988)

Ascites tumour

Mouse: Swiss albino,
normal (n=8)

71 8 weeks
Ascites tumour

112 MHz, 16 Hz AM;
2.54 GHz

2h/d, 14d
112 MHz: WBA SAR

0.75 W/kg; 2.54 GHz:

WBA SAR 0.1 W/kg
Free

No effect on number
of ascites cells,

survival, body weight.

Small nhumber of
animals.

Paulraj & Behari
(2011)
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CNS tumours

Rat: Fischer 344, FMCW 835 MHz, No effect on survival, Higashikubo et al.
normal (n=12-67 CDMA 847 MHz independent of (1999)

(sham), 10-49 4 h/d, 5 diweek, 4 number of cells

(FMCW), 22-38 weeks injected.

(CDMA), groups from
2 experiments
combined)

Inoculated 9L
gliosarcoma cells

28d

(Survival 0-27%
without RF exposure,
depending on
number of inoculated
cells)

Brain SAR 0.75+0.25
Wikg

Restrained

Abbreviations: CW: continuous wave; CDMA: Code Division Multiple Access; FMCW: Frequency-Modulated
Continuous Wave; WBA SAR: whole-body averaged SAR

3447
3448 123 In vitro studies
3449 12.3.1 Genotoxicity

3450 In the previous WHO repo(WHO, 1993avery few studies relevant for genotoxicity were identified.

3451 In most of thes studies researchers did not observe significant effects of RF EMF exposure on DNA integrity in
3452  cells, even under mild hyperthermic conditions, and the conclusion of the report was that RF EMF exposure is
3453  not genotoxic. There were no studies examininggieotoxic effect of combined exposure of the cells to RF
3454  EMF and chemical or physical agents.

3455 The present literature search identified a large number of papers devoted to evaluating the effect of RF
3456 EMF exposure, either alone or combined with chemicdl@anphysical agents. The aim of the latter type of

3457  studies was to examine whether RF exposure modifies the genetic damage induced by known genotoxic agents.
3458 Investigators have useeéaently developedenotoxicitytechniques as well as classical cytogenetiethods,

3459 such as,DNA single/double strand breaks (SB, mostly assessed using the comet assay), chromosomal
3460 aberrations (CA)micronuclei (MN), sister chromatid exchanges (SCE) and mutations (MUT).

3461 The search criteria are described in AppendixX e present search resulted in 75 papers. Moreover,

3462 25 papers were obtained from other sourgdimgether 100 relevant publications were identified. Of these, 25

3463 were excluded because they did not meet the inclusion criteria for in vitro studies (sewiApfe These

3464  studies are not described in the text but they are letetde end of this sectiohe remaining 75 papers are

3465  described in the text, but 12 of these did not comply with the quality criteria for inclusion as described in
3466  Appendix X, e.gbecause of inadequate description of the exposure system and/or dosimetry, or an inadequate
3467 number of experiments. These studies are presented in a separate section at the end of the section and are not
3468 included in the overall analysis. This section issthased upo63 publications.

3469 Unless specifically mentioned, papers did not report on blinding of the investigators to the exposure
3470 conditions.

3471 12.3.1.1 Human cells

3472 The great majority of studies on human cells have been carried out using freshly collected peripheral
3473  blood lymphocytes, but other cells of different origin have also been investigated.

3474  Human peripheral blood lymphocytes
3475 A great majority of lymphocytes faut 99.6 %) circulating in human blood are in the resting stage, or
3476 GO phase, of the cell cycle. They can be stimulated to enter the cell cycle with the addition of a mitogen,

3477  phytohemagglutinin (PHA). In most of the studies reported below, samples ¢ whlowd collected from
3478 healthy volunteers (containing resting lymphocytes) were exposed to RF EMF. In some studies, isolated
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3479
3480

3481
3482
3483
3484
3485
3486

3487
3488
3489
3490
3491
3492
3493
3494
3495

3496
3497
3498
3499

3500
3501
3502
3503
3504

3505
3506
3507
3508
3509

3510
3511
3512
3513
3514
3515
3516

3517
3518
3519
3520
3521
3522
3523
3524
3525
3526
3527

3528
3529
3530

lymphocytes (either unstimulated or stimulated with PHA for varying periods of time) were also used in
experiments of such exposur

Vijayalaxmi et al (2000 investigated the effect of 2 h exposure at 2450 MHz RF EMF, pulsed wave
(pulsewidth of 10 ps and pulse repetition rate of 10 kHza &AR of 2.135 W/kg. An alkaline comet assay was
used to assess the extent of SB in lymphocytes from blood samples of three healthy donors immediately after
exposure and at 4 h post exposure to asddébs damageand repair, respectivelyfter blind exposure, @
significant differences between R&nd sharrexposed samples were obseratedny of thaime points Cultures
treated with gamma rays served as positive controls and gave positive findings.

The extent of SB was also investigated by Chemeris. é2@06 to test the potential genotoxicity of
high power microwave pulses (HPMP; 8.8 GHz, 180 ns pulse width, average QWRVIIE, pulse repetition
frequency 50 Hz) in wholelood leukocytes anddlated lymphocytes from 36 donors. Samples of whole blood
from 18 donors were exposed for 40 min and leukocytes were examined immediately after exposure while those
from eightdonors were tested at 30 min post exposure. Isolated lymphocytes from theimgrh@idonors were
examined immediately after RF exposukdter blinded analysis, msignificant differences in SB were observed
between RF EMF exposed samples and sham conitnotsiltures treated with ethylmethanesulphonate (EMS,
an alkylating agentxs positive control, a significant increase in SB was recofdétiough the authors refer to
control samples, they are actually sharposed samples].

Sannino et al(2006 also failed to detect significant effects on SB in isolated leukocytes $iom
donors exposeith blind for 24 h toa 1950 MHz UMTS RF EMF signal, & SAR of 0.50r 2 W/kg. Hydrogen
peroxide was used as positive control and showed positive findmgss study cell viability was investigated
and resulted unaffected.

Baohong et al(2007) carried out blindexpogsires ofisolated leukocytes frorthreehealthy donors to
an 1800 MHz GSMsignalat a SAR of3 W/kg. Two exposure dations were tested, 1.5 and 4 h. The comet
assay did not reveal any significant effect of RF exposure on @Byirof theexposure conditionSreatments
with chemical mutagens (mitomici@, bleomicin, methymethane sulphonate) employed as positive controls,
induced SB, as expectdd.this study, the effect of eexposures was also investigated.

Zhijian et al (2009 exposed isolated leukocytes fraiour healthy donors t@an 1800 MHz GSM
signal in blind conditionsintermittent exposures (5 min on/10 min off cycles) were carried out for 24 8AR
of 2 W/kg. The exposure did not induce SB, as assessed by the cometlmassdiures exposed to x rays as
positive controls a significant increase in SB was recorbtethis study the effect of combined exposures was
also investigated.

In a series of studieBelyaev and his colleagues investigated the effect of RF EMF on chromatin
conformation and DNA repair proteins. The anomalous viscosity time dependence (AVTD) assiasyhasea
on changes in chromatin conformation due to the formation of large-pria#&in complexes which prevent the
access of DNA repair proteins to repair sites in the DNA. Moreover, the rapid phosphorylation of two check
point proteinssuch as 5 3 B P-H2AA, rartd their congregation in the vicinity of double strand breaks in the
DNA to provide scaffolding to repair sites have been demonstrated using specific antibodies. Such repair sites
can be visualized in cells as discrete foci which can be counted using a fluorescent microscope.

Sarimov et al (2004 exposed isolated lymphocytes frosevendonors and transformed cells
(immortalization of lymphocytes with EpstéiBarr virus from 1 donor) to RF EMF at different frequencies in
the range of 89815MHz (GSM modulatiofh. The exposures were 30 to 60 miraatSAR of5.4 mW/kg. The
results fromthe AVTD assay showed that 3fin exposure at 900 and 905 MHz resultedaistatistically
significant increase in condensation of chromatin in lymphocytes dr@of threedonors, while the analysis of
pooled data from all donors resulted in statistically significant effect (p<0.01). A stronger effect was observed in
four of five donors exposed for 1 h to 905 MHz and, the pooled data from all donors shteddtically
significant effect (p<0.01). Transformed cells exposed to 895 and 915 MHz for 30 min also showed significant
chromatin condensation (p<0.05Jreatments with camptothecin as positive controls induced significant
chromatin condensatiofAs statedby the authors, the measured effects are strongly dependent on frequencies
and vary among donats

Belyaev et al (2005 collected blood samples frosevenhealthy donors rad sevenelectromagnetic
hypersensitive (EHS) individuals and exposed isolated lymphocytes to 915 MHz RF 828437 mW/kg)
for 2 hours in blind conditions A significant increase in chromatin condensation (AVTD assay) was detected
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3531
3532
3533
3534
3535

3536
3537
3538
3539
3540
3541
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3544
3545
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3550
3551
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3553
3554

3555
3556
3557
3558
3559
3560
3561
3562
3563

3564
3565
3566
3567
3568
3569
3570
3571
3572
3573

3574
3575
3576
3577
3578
3579
3580

3581
3582
3583

immediately after exmure (p<0.005) and at 2 h peastposure (p<0.05)Analysis with the inmunostaining

method indicated a distinct reduction in 53BP1 foci in cells from all individuals (p<0.05). These observations
were similar to those in cells subjected to kedaick treatmt (positive controls)No difference in response was
observed between lymphocytes from EHS and healthy subjects. Thus, the overall data suggested decreased
accessibility of 53BP1 protein to double strand breaks repair sites due to increased chromatisatiomd

Markova et al (2005 used 905 or 915 MHz RF EMF (GSM signal, SAR=37 myyfo expose cells
from five EHS andfive healthy individuals for 1 hin blind conditions A significant increase in chromatin
condensation and r ed@AXddciiwere fsund imcellS &xpoBetl to 81rp dMHzo(p<0.86)
in cltures treated witlyamma rays, as positive control. No effect was detdateglls exposed to 905 MHz.
There was no significant difference between healthy and EHS donors. [However, there was a large inter
individual variation in cells exposed to 905 MHz .RF

In a similar stidy, Belyaev et al2009 exposed the cells frofive EHS andfive healthy individuals
to 9050r 915 MHz RF EMF (GSM signal, mean SAR=37 mW/kg) as well as 1947 MHz (UMTS signal, mean
SAR=40 mW/kg) for 24 and 72 hourBF exposure was performed in blind conditioRsr all frequencies
testedthe SAR ranged from 15 to 14mW/kg and about 50% of cells were exposed 8AR between 20 and
40 mW/ kg. The increased chromatin condensai#2AXn and
foci were more pronounced in cells exposed to 1947 MHz compared to those exposed tblAl&anMthe
decreased foci persisted up to 72 hours following RF exposure (p<0.05), indicating that the effect was not only
on double SB but also on their repair processsignificant differencesvere observetietweercells exposed to
905 MHz RFand shamexposed onesAs for the previous study, positive controls were set up by treating
cultures with gamma rays and worked propehy.this study also, no difference in response was observed
between lymphocytes from EHS and healthy subjects.

In some studiethe extent of SB was evaluated together with chromosomal damage, such as CA or
MN.

Zeni et al (20070, used a Free Electron Laser equipment to deliver 120 and 130 GHz RF EMF (a
Atraind of mi cropul ses, each 50 ps long anMfdml¥30 ps
healthy subjects. The 120 GHz exposure was tested at calcBkkedf0.4 W/kg, while the 130 GHz exposure
was tested at SARs of 0.24, 1.4 and 2 W/kg. The extent of genotoxicity was evaluated in cultures established
afterblind exposure by meand the cytokinesis block MN technique. Moreover, blood samples exposed to 130
GHz at SAR of 1.4 and 2 W/kg were also tested for SB using the comet assay immediately after exposure. The
resultsof both endpoirg indicated that RF EMF exposure did not indwignificant damage[No positive
controls were included in the study desi¢m.this investigation cell proliferationhasalso been measured, as
reported in Section 12.3.6].

The same research group investigated the effex®60 MHz GSM signal a8ARsof 0.3 and 1 W/kg
by exposing unstimulated human lymphocytes froime donors for 2 h(Zeni et al., 200b No differences
between RF EMF exposed and sham controls were detected fiv&Hdnors) and CA and SCHo(r donors).
In a separate study, the researchers did not observe changes in MN in unstimulated (wholer iéld)
stimulated lymphocytes frosix donors intermittently exposed (6 min on/2h off cycles) to 1950 MHz (SAR=2.2
Wi/kg). The exposure duration was from 24 to 68 h to cover different stages of the cell cycle. Moreover, no
effects on SB were detected in unstimulated cells after 24 h exg@aunieet al, 200§. In both investigations
blind exposures were carried out and positive controls, assessed by treating cultures with mito(Mii€)
or methylmethane sulphonattMMS), gave the expected reults. [These studies have also been described in
Sectin 12.3.6¢cell proliferation.

No significant genotoxic effects were reported by Schwarz.€2@08, in human peripheral blood
lymphocytes fronthreedonors exposeih blind to a 1950 MHz UMTS signal (SAR=0.W/kg) for 16 h (5 min
on/10 min off cycles). Exposures were carried out on unstimulated cells to evaluate SB and-stiniRitbded
cells to evaluate both SB and MNreatments of cell cultures with UV light and vincristine served as positive
controls forSB and MN, respectively and gave the expected redalthis paper the effect of RF exposure on
primary human fibroblasts has also been investigated and the results are reported in the nexOgketion (
human cells

McNamee and cavorkers used wholelbod samples fronfive healthy donors to investigate the
effect of 2 h exposure to RF EMF afrequency of 1900 MHzSAR=0.1i 10 W/kg) on SB and MN induction
and did not find any significant difference between RF EMF and shgmosed cells with CWWMcNamee et al.,
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3584  2002h or pulsed waveexposurg(1/3 duty cycle, 50 Hz, 3.54 W pe#&trward power, 1.18 W average forward

3585 power)(McNamee et al., 2002aln a follow up study, the authors confirmed the lack of effects when RF EMF
3586  exposure duration was increased to 2MicNamee et al.2003, for both CW and pulsed wavelds. In all

3587 cases, the experiments were performed in blind and treatments with gamma rays served as positive controls.
3588 [The results of the latter study do not confirm the findings reported by Tice anwdrkers(Tice etal., 2003

3589  which have been described in the sectardies not included in the analypis

3590 Scarfi et al (2006 conducted an investigation with the participation of researchers from another
3591 independent laboratory. Lymphocytes from blood sampleésroflonors were exposedrf 24 h toa 900 MHz

3592 GSM signal, atSARs of1, 5 and 10 W/kg and then cultured for 72Nuone of the two laboratories found

3593 significant changes in MN frequency at all SARs examined when compared withcehtnmls. The same

3594  research group also failed tmd significant increase in MN frequency in human peripheral blood lymphocytes
3595 from 14 donors exposed to a 900 MHz GSM signal (SAR=1.25 W/kg) for 20 h in several stages of the cell cycle
3596 (Sannino et al., 200912011). In a follow-up study the authors also failed to find effects when-2@posureso

3597 al1950 MHz, UMTS signal were given in the S phase of the cell cycle at SAR values of 0.15, 0.3, 0.6 and 1.25
3598 WI/kg (Zeni et al., 2012aIn these investigations RF exposure wagiedrout in blind conditions and cultures

3599 treated with MMC served as positive controls and worked properly. Moreog#rproliferation was also

3600 investigatedas reported in Section 12.316 the latter three studies the effect of combined exposuresls@s

3601 evaluated.

3602 In another study involving the participation of researchers from two independent laboy&ivaeati

3603 etal (2006 investigated the effect of a 935 MHz GSM signal at SAR values of 1 and 2 W/kg. Lymphocytes in
3604  whole blood (G phaseof the cell cycle) from 14 healthy donors wédaendly exposed to RF EMF for 24 h and
3605 DNA damage was evaluated by several assaysh asthe alkaline comet technique to detect SB (10 donors),
3606 metaphase analyses to detect chromosomal aberrations (14)dandrsister chromatid exchanges (4 donors),
3607 andmicronuclei in cytokinesiblocked binucleate lymphocytes (14 donors). Comparison with appropriate sham
3608 exposed and control samples indicated no effect of RF EMF for any of the endpoints invesOgatéel.

3609 contrary, treatments with x rays as positive controls gave the expected increase for all the enbipthigs. [
3610 study the effect of combined exposures was also investigResllts on cell proliferation are reported in
3611  Section 12.3.6].

3612 Manti et al (2008 exposed isolated leukocytes froilmur donors toa 1950 MHz UMTS signal
3613 (SAR=0.5 and 2 W/kg) for 24 hour®& blind conditions Cells were then stimulated to divide and the
3614 fluorescence in git hybridization (FISH) technique was used with molecular probes specific for whole
3615 chromosomes 1 and ®hich account for about 16% tiietotal human genome. There was no significant effect
3616 at 0.5 W/kg while a small but statistically significant increasexchange aberrations/cell was observed at 2
3617  WI/kg (p<0.05).Treatments with x rays as positive contnitsrked properlyln this study the effect of combined
3618 exposures was also investigated.

3619 Vijayalaxmi et al. did not find significant effects in CA andNMwvhen human peripheral blood
3620 samples were exposed to different RF EMF conditions in several separate investigations. (i) Cells from two
3621 donors were exposed to 2450 MHz, CWt, an SAR of12.5 W/kg, for 90 min delivered continuously or
3622 intermittently (30 mn on/30min off cyclesVijayalaxmi et al., 199 (ii) Cells from 4 donors were exposed for
3623 24 h totest the effect of two different modulations, FDMA at 835.6 MMigayalaxmi et al., 2001jpand CDMA

3624  at 847.74 MHZVijayalaxmi et al., 2000a The SAR values in these studies were 4.4 or 5 W/kg (835 MHz) and
3625 4.9 or 5.5 W/kg (847 MHz), (iii) PHA stimulated (for 24 h) and unstimulated calls 8 donors were exposed
3626  for 2 hours to 2450 MHz (pulse width 10 pus, pulse repetition rate 10 kHz, duty factor 0.1) and 8.2 GHz (pulse
3627 width 8 ns, pulse repetition rate 50 kHz, and duty factor 0.0008ARs 0f2.13 and 20.71 W/kgespectively

3628  (Vijayalaxmi, 200§. In all the above studieblind procedure was followed and cultures treated with gamma
3629 rays servedas positive control and gave the expected findings. Moreowdt, proliferation was also

3630 investigatedas reported in Section 12.3.6].

3631 In two separate studies, Hansteen andvodkers (Hansteen et al., 200920091 investigated the
3632 incidence of CA in stimulated human peripheral blood lymphocytes &i@donors exposed for 53 h to RF
3633 EMF. In the first study the RF exposure was at 2.3 GHz, 103pawer density, CW or pulsed wave (200 Hz
3634  pulse fregency, 50% duty cycleHansteen et al., 200Rdn the second study, higher frequencies were tested,
3635 such as16.5 GHz, 10 W/rpower density, pulsed wave kHz pulse frequency, 50% duty cycle) and 18 GHz,
3636 1 W/nt power density, CW(Hansteen et al., 20094n both studies, CA frequencies were also recorded in cells
3637  where DNA synthesis and repair were inhibited with hydroxyurea and caffeine, respe@ogitive catrols).
3638  Moreover, blind procedure was followed. all experiments RF exposudéd notinduce statistically significant
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increase in CA. In this study combined exposures were also carried out. [Although the authors do not mention it
clearly, the controls are sharexposed. The authors did not include dosimetric details but provided the
necessary information so that other groups can use it for numerical analysis to repeat the study: the justification
was that from rough calculations, the assessed exposwgkewas close to the ICNIRP recommended safety
limits.]

Korensteinllan et al (2008 stimulated lymphocytes isolated from whole blood samplegiiné
donors with PHA for 116 hours, followed by exposure to 100 GHz RF EMF, CW (0.03 m\W/ton 1, 2 and 24
hours in an incubator in which GQevels were not controlled. The cells were thentwwed in a regular
incubator with CQ. The cells collected after a total culture period df&hours were examined for aneuploidy
of chromosomes 1, 10, 11 and 17. The results: (a) chromosomes 11 and 17 were most vulnerable (about 30%
increase in aneupldy after 2 and 24 hours exposure; p<0.05) while chromosomes 1 and 10 were not affected,
and (b) asynchronous mode of replication of centromeres 11, 17 and 1 was increased by 40% after 2 hour
exposure and of all four centromeres by 50% after 24 hour ofsarpdp<0.05). The authors mentioned that
fiber-optic sensors were used to measure the temperature difference betwegpoRe&d and control cells
which never exceeded 0.3°C. In another study carried out by the same researdMgamuet al., 2008 PHA-
stimulated cells fronten donors were exposed tmntinuous wav8800 MHz RF EMF (SAR=2.9 or 4.1 W/Kg),
for 72 hours in an incubator maintathat 36 37°C. The observations included increased aneuploid cells
carrying chromosomes 11 and 17 at lower SAR and chromosomes 1 and 10 at higher SAR (p<0.05). Multisomy
(chromosomal gain) appears to be the primary contributor to the increase in aneuploidy. Control cells from a
separate group dbur donors did not shovncreased aneuploid cells when cultured over the temperature range
of 33.540°C. [Thus, the data in these 2 investigations showed differential effect of RF exposure on different
chromosomedn both studies, positive controls have not been included].

In aprevious study, the same research grexgposed PHAstimulated lymphocyte cultures frofive
donorsin blind to 830 MHz RF EMF, CW (mean SAR 188 W/kg) for 72 hours in an incubator maintainang
temperaturef 33.5 37.5 °C(Mashevich et al., 2003Cells from a separate groupfofe donors were cultured,
without RF, in incubators whose temperatures ranged froni 84.86 °C: these cells served as temperature
controls. The incidence of aneuploidy of chromosome 17 was determined using asaadlitea DNA repeat
sequences present in its centromeric region. The data indicated a linear arde/@&ent increase in
aneuploidy in RF exposed cellsi @6 atSARs of2.0i 8.2 W/kg) as compared with control cells $%). In
temperature controls, there was iacrease in aneuploidy in cells kept at 40 °C (7.8%) while no such increase
was observed in cells maintained from 3488.5 °C (4.4%). [Sham sampleere kept in the same incubator as
the exposed sam@ebut they seem not to have been in contact withntietal plates of an identical paraifgate
resonator (i.e. a thermal mass) to that used with the exposed sample. The precisionedfpsizame is difficult
to assess since it is dependent on the internal design of the incubator. In addition, Cheicamtc® mmented
that the experimental set up and the conditions used in this study would creatarafoion heating within the
samples owing to inefficient heat exchange and that localized elevation in temperature within the sample may
well have exceedk 40 °C (Chou & Swicord, 2008 As a result, the observed increase in anueploidy of
chromosome 17 might be duedthermal effect. However, the response from the authors was that the observed
effect was nofthermalsince cells cultured at 401 °C showed a robust increase in aneuploidy (about 80%)
respect to controls grown at 373C

Schrader et a(2011) conducted a study using the weltablished humahamster hybrid (FC2) cells
containing a single copy of human chromosone They exposed cell cultures for 30 min to RF EMF at
frequency of 900 MHzSAR=10.7-17.2 mW/kg, Efield strengths 45 or 90 V/m). The exposure equipment had
separate electric(E) and magnetifield (H) components.Two experiments were carried out at room
temperature (2@2 °C) and the third at 37°C. A blind analysis was performEae resultof pooled datavere
that the E component was able to induce significantly increased spindle disturbances (p<0.05) while the H
component did nofNo positive contrad were included in the study design].

Studies not included in the analysis

Baohong et al(2005 exposed isolated leukocytes from a healthy donor to RF EN8BO MHz,
GSM signa) at anSAR of 3 W/kg. Two burs ofexposire did not induce SB, as assessed by the comet assay
carried out immediately after exposure and also 21 h later. In this study combined exposures were also carried

out. [Theinterpretation of the results reportedthis study isdifficult due to the inaision of data from one
donor only]
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Tiwari et al (2009 exposed whole blood fromix healthy donors for 1 h tan 835 MHz CDMA
signal at an SAR 0f1.17 W/kg. No effects o SB were detectedith the comet assay. [In this study neither
dosimetric information nor detailsn theexposure system are provided. Moreover, it is not clear if the sham
controls are actually sham

Figueiredo et al(2004) exposed whole blood samples frdour healthy donors to 2450 MHz RF
EMF (power output 3 W) or to 10.5 GHz (power output 15 mW) for 40 sec and 5 min, respectitelyRAf
exposure the cells were cultured for 48 h and the incidence of CA was recorded. No effect of exposure was
observed aany of the twdrequencies investigated. In this study combined exposures were also carried out. [In
this study sham exposure ispre r t e d , al though it is definesw?2dhegativ
MHz were performed by means of a microwave oven, while no information is reported about the exposure
system at 10.5 GHz.]

Scarfi et al(2003 exposed wholdlood samples fromine healthy donors for 20 min to 120 and 130
GHz at 1 and 0.6 mWvarage power, respectively. After exposure, lymphocytes were allfare72 h to
determine the incidence of MN. No statistically significant differences were detected between exposed and
shamexposed cultures. In this study cell proliferation was als@stigated. [In this study no sufficient
dosimetric information is reportdd

Esmekaya et a(2011) reported a statigally significant, timedependent increase of SCE in cultured
lymphocytes isolated from blood of healthy donors and exposad1800 MHz GSMsignalfor 6, 8, 24 and 48
h atan SAR 0f0.21 W/kg. Cell viability and the effect of combined exposures were also evaluated. [The
relevance of this study is questionable since no proper dosimetric evaluation was perfidien84AR was
estimated by using electric field measured along the hormrantéloreover, the number of donors included in
the study is not cledr

Hintzsche et al(2011) observed statistically significant increased spindle disturbances in anaphase
and telophase of the cell division in hurd@amster hybrid cells exposéal 30 min toCW 106 GHz RF EMF at
power density of 0.43 and 4.3 mW/Eifp<0.05), but not at 0.043 mW/émHowever, there was no power
intensitydependent effecfin this study the results have been obtained from just two replicate cultures and
dosimetryis not reported

Tice et al (2002 exposed wholdlood samples from two healthy donors to RF EMF at 837 MHz or
1907.8 MHz at SARranging from 1 to 10 W/kg, for 3 or 24 hours. The results indicated no significant effect on
SB. However, a significant anease in MN indices was observed in cells exposed for 24 h at 5 W/kg (p<0.05)
and 10 W kg (p<0.01). The -sgpwtthscdr swhmecrht iionmdeidc alt ceada | ti ezn
during RF exposure. [l n this stiudey csohnatm od xop. o sTuhree rwassu
uninterpretablesince blood samples from one donor for each frequency was tested, therefore individual
variability is not taken into accouht

Table 12.3.1. In vitro studies assessing genotoxic effects of RF EMF exposure on human peripheral blood cells

Cell type Biological endpoint Exposure conditions Results Comment Authors
Number of
independent
experiments
Blood SB 2450 MHz, pulsed (10 No effect directly (Vijayalaxmi et
lymphocytes us pulses at 10 kHz) or at 4 h after al., 2000)
n=3 SAR 2.135 W/kg exposure.

2h
Blood SB 8.8 GHz, pulsed (180 ns No effect directly (Chemeris et al.,
lymphocytes pulses at 50 Hz) or 30 min after 2006)
n=36 Average SAR 1600 exposure.

Wi/kg

40 min
Blood SB 1950 MHz, UMTS No effect. Cell viability also (Sannino et al.,
lymphocytes SAR 0.5 and 2 W/kg investigated. 2006)
n=6 24h
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Blood SB 1800 MHz, GSM No effect. Combined exposures (Baohong et al.,

lymphocytes Average SAR 3 W/kg also investigated. 2007)
n=3 150r4h
Blood SB 1800 MHz, GSM No effect. Combined exposures  (Zhijian et al.,
lymphocytes Average SAR 2 W/kg also investigated. 2009)
n=4 24 h (5 min on/10 min
off cycles)
Blood chromatin 895-915 MHz, GSM Increase in Effect dependingon  (Sarimov et al.,
lymphocytes  condensation (AVTD Average SAR 5.4 chromatin donors and 2004)
n=7 assay) mW/kg condensation frequency.

after 30 minand  gjmjlar results in

30-60 min
1 h exposure transformed
from analysis of lymphocytes.
pooled data. ) .
No information on
blinding of staff
Blood chromatin 915 MHz, GSM Increase in No difference (Belyaev et al.,
lymphocytes  condensation (AVTD Average SAR 37 mW/kg chromatin between healthy and  2005)
n=14% assay) and 53BP1 foci condensation EHS donors.
2h immediately and
2 h after
exposure.
Decrease in
53BP1 foci.
Blood chromatin 905 or 915 MHz, GSM  Increase in No difference (Markova et al.,
lymphocytes  condensation (AVTD Average SAR 37 mW/kg chromatin between healthy and  2005)
n=10° assay) 1h condensation and EHS donors.
53BP1 and 9-H2AX decrease of
foci 53BP1 and o-
H2AX foci at 915
MHz.
No effect at 905
MHz.
Blood chromatin 905, 915 MHz, GSM Increase in No difference (Belyaev et al.,
lymphocytes  condensation (AVTD Average SAR 37 mW/kg chromatin between healthy and  2009)
n=10° assay) 1847 MHz. UMTS condensation and EHS donors.
53BP1 and 2-H2AX ’ decrease of
foci Average SAR 40 mW/kg 53BP1 and o-
24. 72 h H2AX foci at 915
' and 1947 MHz.
No effect at 905
MHz.
Blood MN, SB 120 GHz No effect. For cell proliferation (Zeni et al.,
lymphocytes SAR 0.4 W/kg see Section 12.3.6. 2007b)
n=17 130 GHz
SAR 0.24, 1.4, 2 Wikg
20 min
Blood SB, CA, SCE 900 MHz, GSM No effect. For cell proliferation (Zeni et al.,
lymphocytes Average SAR 0.3 and 1 see Section 12.3.6.. 2005)
n=9 Wikg
2h
Blood MN, SB 1950 MHz, UMTS No effect. For cell proliferation (Zeni et al.,
lymphocytes SAR 2.2 W/kg see Section 12.3.6.. 2008)
n=6 SB: 24 h
MN: 24-68 h
(6 min on/2 h off cycles)
Blood MN, SB 1950 MHz, UMTS No effect. Human fibroblasts (Schwarz et al.,
lymphocytes SAR 0.1 Wkg also investigated. 2008)
n=3 16 h (5 min on/10 min
off cycles)
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Blood
lymphocytes
n=5

Blood
lymphocytes
n=5

Blood
lymphocytes
n=5

Blood
lymphocytes
n=10

Blood
lymphocytes
n=5

Blood
lymphocytes
n=9

Blood
lymphocytes
n=9

Blood
lymphocytes
n=14

Blood
lymphocytes
n=4

Blood
lymphocytes
n=2

Blood
lymphocytes
n=4

Blood
lymphocytes
n=4

Blood
lymphocytes
n=3

MN, SB

MN, SB

MN, SB

MN

MN

MN

MN

SB, CA, SCE, MN

CA

CA, MN

CA, MN

CA, MN

CA, MN

1900 MHz, CW
SAR 0.1-10 W/kg
2h

1900 MHz, pulsed (1/3
duty cycle, 50 Hz, 3.54

W peak forward power,
1.18 W average forward

power)

SAR 0.1-10 W/kg

2h

1900 MHz, CW, pulsed

(1/3 duty cycle, 50 Hz,
3.54 W peak forward

power, 1.18 W average

forward power)
SAR 0.1-10 W/kg
24 h

900 MHz, GSM
SAR 1, 5, 10 Wikg
24h

900 MHz, GSM

Average SAR 1.25 W/kg

20 h

900 MHz, GSM

Average SAR 1.25 W/kg

20 h

1950 MHz, UMTS

SAR 0.15, 0.3, 0.6, 1.25

Wikg
20 h

935 MHz, GSM
Average SAR 1,2 W/kg
24 h

1950 MHz, UMTS
SAR 0.5, 2 W/kg
24h

2450 MHz, CW

SAR 12.5 W/kg

90 min continuous or
intermittent (30 min
on/30 min off cycles)
835.62 MHz, FDMA
SAR 4.4, 5 W/kg

24 h

847.74 MHz, CDMA
SAR 4.4, 5 W/kg
24h

2450 MHz, pulsed
SAR 2.13 W/kg
8.2 GHz, pulsed
SAR 20.8 W/kg
2h

No effect.

No effect.

No effect.

No effect.

No effect.

No effect.

No effect.

No effect.

No effect at 0.5
Wikg.

Increase in
exchange
aberrations at 2
Wikg.

No effect.

No effect.

No effect.

No effect.

The results do not
confirm the ones
reported by Tice et al.
(Tice et al., 2002).

For cell proliferation
see Section 12.3.6.

Combined exposures
also investigated.

For cell proliferation
see Section 12.3.6.
Combined exposures
also investigated.
For cell proliferation
see Section 12.3.6.
Combined exposures
also investigated.

For cell proliferation
see Section 12.3.6.

Combined exposures
also investigated.

For cell proliferation
see Section 12.3.6.

Combined exposures
also investigated.

For cell proliferation
see Section 12.3.6..

For cell proliferation
see Section 12.3.6.

For cell proliferation
see Section 12.3.6.

For cell proliferation
see Section 12.3.6.

(McNamee et
al., 2002b)

(McNamee et
al., 2002a)

(McNamee et
al., 2003)

(Scarfiet al.,
2006)

(Sannino et al.,
2009b)

(Sannino et al.,
2011)

(Zeni et al.,
2012a)

(Stronati et al.,
2006)

(Manti et al.,
2008)

(Vijayalaxmi et
al., 1997)

(Vijayalaxmi et
al., 2001b)

(Vijayalaxmi et
al., 2001a)

(Vijayalaxmi,
2006)
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Blood CA 2.3 GHz, CW or pulsed No effect in No information (Hansteen et al.,
lymphocytes (200 Hz pulse proliferating and  provided to perform 2009a)
n=6 frequency, 50% duty DNA-synthesis numerical dosimetry
cycle) inhibited cells
power density 10 W/m?
53 h
Blood CA 16.5 GHz, pulsed (1 kHz No effect in No information (Hansteen et al.,
lymphocytes pulse frequency, 50% proliferating and  provided to perform 2009b)
n=6 duty cycle) DNA-synthesis numerical dosimetry
power density 10 W/m?  inhibited cells
53 h
Blood aneuploidy 100 GHz, CW Increase for Different effect on (Korenstein-llan
lymphocytes power density 0.031 chromosome 11  different et al., 2008)
n=9 mWi/em? and 17 chromosomes.
1.2and 24 h No effects for
' chromosomes 1
and 10.
Asynchronous
replication of all
chromosomes
investigate.
Blood aneuploidy 800 MHz, CW Increase for Increased aneuploidy (Mazor et al.,
lymphocytes SAR 2.9-4.1 Wikg chromosome 11  attributed to 2008)
n=10 and 17 at 2.9 multisomy.
72 h Wikg
Increase for
chromosome 1
and 10 at 4.1
Wikg
Increased
multisomy
Blood Aneuploidy of 830 MHz, CW Linear and SAR- RF exposed samples (Mashevich et
lymphocytes  chromosome 17 average SAR 1.6-8.8 dependent at 37.5 °C. al., 2003)
n=5 Wikg Increase In Precision of sham-
72h aneuploidy exposure difficult to
assess
Human- Spindle disturbances 900 MHz, CW, GSM Increased spindle Separate E and H (Schrader et al.,
hamster SAR 0.01-0.017 Wkg disturbances due components. 2011)
hybrid cells ) tothe E
=3 E: 45 0r 90 V/Im component
30 min No effect of H
component.
27 healthy and 7 EHS individuals
® 5 healthy and 5 EHS individuals
AiNo effectd means no statistically significant effect.
3726
3727  Other primary and cultured human cells
3728 In several studies other primary and cultured human cells have been examined for g#ynotoxi
3729 induced by RF EMF exposure
3730 Two studies have been carried out on amniotic cells collected during amniocentesis and two more
3731  studes on trophoblast cells.
3732 Bourthoumieu et al(2010 cultured amniotic cells fronfour separate donors for 15 days and then
3733  cells were exposed @900 MHz GSM signal (SAR=0.25 W/kg) for 24 houBdind examinaton of Rbanded
3734  chromosomes, immediately after and 24 h after RF exposure, did not reveal significant changes in the incidence
3735 of chromosomal breaks, rearrangements, structural and numerical aber@tibtaes treated with bleomycin
3736 (BLM) as positive cotrols gave positive findingsn a subsequent study, the authors applied the same exposure
3737  protocol on amniotic cells fronthree donors to test four SAR values, 0.25, 1, 2, 4 W/kg, for 24 hours
3738 (Bourthoumieu et al 201). The temperature during RF exposure ranged from 86.3 to 39.7+ 0.8°C. The
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cells in interphase were hybridized with centrorgpecific probes for chromosomes 11 and 17 (FISH
technique). No significances changes were observed in monoaadhitisomic cells and in the total number of
aneuploid cells[No positive controls were included in the study].

Valbonesi et al(2008 observed no changes in SB in a human trophoblast cell line gA1éd)
following a 1h exposure t@ 1817 MHz GSM signal (SAR=2 W/kgh blind conditions as assessed by alkaline
comet assay performed @ix independent experimeniis this study, gene and protein expression has also been
investigated, as reported in Section 12.3I8Jafollow up study the same research group investigated the effect
of longer exposure duration and different signals in the same cell ifiodealzellitti et al., 201D In particular,
in six independent experiments HT8neo cells were intermittently exposed (5 min on/10 min off cycles) for 4,
16 and 24 h at 1800 MHz RF EMBoth CW and GSM modulated (basic and talk madd)ind conditions No
variation in SB was detected after CW exposure. GSM modulated signals induced an increase in SB following
16 and 24 h RF exposure (p<0.05). The effect was transi@ce it disappaad 0.52 h after RF exposure.
However, he reported increase in SB was dependent on the comet parameters arjbdytesbse papes,
hydrogen peroxide was used as positive control and induced increased SB, as expected].

Glioblastomaand neuroblastoma cells were investigated in six studies and no significant effect of RF
exposure was detected on primary DNA damage (SBjhynof the studies

In two separate studiesMalyapa and cavorkers exposed exponentially growing U87MG
glioblasbma cells to RF EMFRor 2, 4 and 24 h to evaluate the induction of SB by applying the comet assay. In a
first study(Malyapa et al., 199jaell cultures werexposed to 2450 MHz, CW, ah SAR of0.7 W/kg (hree
independent experiments). In the secdnsgestigation (Malyapa et al., 1997btwo types of frequency
modulations were studied: frequentydulated continuousiave (FMCW), with a carrier frequency of 835.62
MHz, and codelivision multipleaccess (CDMA) entered on 847.7MHz, both at mean SARs df.6 W/kg
(threeindependent experiments). No significant effect was detected whexised cells were compared with
their respective shawontrols. The studies were carried out in blind conditions and expdsugamma rays
were used as positive controls and induced SB. Brplosure conditions were also applied to evaluate the effect
of RF EMF exposure on murine cell lines (see next section for details).

Miyakoshi et al (2002 did not find an effect on SB in MO54 glial cells derived from a patient with
brain tumor when exposed @50 MHz RF EMF, CWat SARs of50 and 100 W/kg for 2 hours (three
independent experimentslultures exposed to x rays served as positive confféls. same research group
evaluated the effects of 2 and 24 h exposure to RF from mobile radio base stations employing the International
Mobile Telecommunication 2000 (IMZ000) cellular system at 2.1425 GHz in two cell lines, Al172
glioblastoma and normal IRF90 fibroblasts from fetal lung&Sakuma et al., 2006A172 cells were exposed to
aWideband Code Division Multiple Access (@DMA) modulated signal at SARs of 80, 250, and 800 mW/kg
and CW radiation at 80 mW/kg, while IM80 cells were exposed to both-@DMA and CW at a SARf 80
mW/kg (hree independent experiments for each condition tested). No significant differences in SB were
observed between the exposed and the sham exposed controls, as ewalbéitetimmediately after the
exposure by alkaline comet asshaypositive controls (cultures treated with MMS) a significant increase in SB
was recordedln this paper numerical dosimetry is not reported, while experimental dosimetry has been carried
out]

Luukkonen et al(2009 exposed SHSY5Y neuroblastoma cells for 1 h to 872 MHz RF EMF, CW
and GSM signal, (SAR=5 W/kg). The results frtlmeeindependent experimengerformed in blindindicated
no significantdifferencein SB compared toshamexposed culturesTreatments with meadione served as
positive controlsln a further studyLuukkonen, Juutilaine & Naarala, 201pthe authors applied the same
protocol but the exposure duration was ard positive controls were obtained by treating cell cultures with
MMS. Also in this case no significant changes in SB were detected (4 experiméatited). [In both studies
oxidative stressvasalso investigatedas reported in Section 12.3Moreover, combined exposures were carried
out]

Lens epithelial cell culturesere exposed to intermittent (5 min on/10 min off cycl&$M 1800
MHz RF EMF (SAR=1, 2, 3, V/kg) for 2 hours by Yao et a(20083. In three independent experiments, a
significant increase in single SB was observe8A&Rs of3 and 4 W/kg (p<0.001), while no differences were
detected on doubl &2AX Boci formationarslsceon ef 8B viay detected in positive
controls, treated withl-nitroquinolinel-oxide (4NQO) In this study(also reported in Section 6.4.2 Ocular
functions, and 12.3.5 Oxidative streasd the effect of combined exposures were also investigated
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Lymphoblastoid cells were employed in four studi¢illips et al (1998 exposed Mok4
lymphoblastoid cells to RF EMF atfrequency of 813.56 MHz (iDEN signal, SAR=2.4 and 24 W/kg) or 836.55
MHz (TDMA signal, SAR=2.6 and 26 W/kg ) for 2, 3 or 21 hours. At lower SARs, there wamidicsint
decrease in SB at 2 and 21 hours (p<0.01) but not at 3 hours. At higher SARs, depending on the type of RF
signal, power intensity and duration of exposure, significant incseaseell as significant decrease SB were
observed (p<0.001). Thaumber of experiments for each condition varied frone to eight [No positive
controls were included in the study].

In a replication study, Hook et.gRP004 used the same Met cells,and thesame as well as other
RF signals under the same and higher SAR. In particular, they exposed c@|s3for 21 h to RF EMF as
follows: a) 847.74 MHz, CDMASAR=3.2 W/kg; b) 835.62 MHz, FDMASAR=3.2 W/kg; c) 813.56 MHz,
iDEN, SAR=2.4 and 24 W/kg; d) 836.55 MHz, TDMASAR=2.6 and 26 W/kg. The data, fromhree
independent experiments for each conditidmmveed no significant differences on ®Btween sharreated cells
and cells exposed to RF radiation for any frequency, modulation or exposur&tithees exposed to gamma
rays as positive control gave positive findingheflefore the results from theriginal study were not confirmed.
[In this study the induction of apoptosis was also investigatedeported in Section 12.3.4]

Two more recent studies failed to find effects of RF EMF on primary DNA daniéggng et al.
(20083 did not find an effect on SB in-lymphomaderived (Jurkat) cells exposed for 1, 4 and 24 h t@3176
MHz CDMA-modulated RF EMF (SAR=10 W/kg), as assessetthi@eindependent experimengerformed in
blind. Positive controls (cultures exposed to gamma rays) gave positive findirgs. §ilidyhas also been
reported in Sections 10.3 (immune system aneintaology), 12.3.2 (signal transduction), 12.3.3 (gene and
protein expression) and 12.3.6 (cell proliferation).]

Zhijian et al (2010 also failed to find any effect on SB when human HMBR lymphoblastoid B
cells were intermittently (5 min on/10 min off cycles) exposedlind to RF EMF at 1800 MHz, GSM
moduated (SAR=2 W/kg) for 6, 12, 18 and 24 hour®yr independent experimentdositive controls were
treated with BLM and gave positive findingt this study the effect of combined exposure was also
investigated.

Skin fibroblasts cultures, establishedrfr a 6 year old boy (E$ cells), were employed by several
authors to evaluate the effect of RF exposure in terms of SB and/or MN.

Schwartz et al(2008 exposed ES cellsto a continuous and intermittent 199%0Hz UMTS signal,
for 24 h at SAR values of 0.05, 0.1, 0.5ar1d2 W/kg. Moreover, cells were also exposed at 0.1 W/kg for 4, 8,
12, 16, 20, 24and 48 hours. The tail factor (TF) analysis and the evaluation of MN frequency indicated
significant increasesn SB and centromereegative MN (p=0.02) for all the SARinvestigated when
intermittent exposures were performed. Moreover, the effect resddéipendent from the exposure duration
(after 8 and 12 h exposure, for SB and MN, respectively; p=002effeds were detected for short exposure
duration. In a further set of experiments the authors confirmed these findings on fibroblast cultures from three
different donors, but not on shadgrm lymphocyte cultures from three donors (see previous section canhum
lymphocytes).Positive controls were treated with UV and vincristine for SB and MN, respectively, and gave
positive findings[The TF, a surrogate marker for SB, was mageby arbitrary transformation of the comets
(collected manually and subjectivelyito A, B, C, D and E categories giving their weights as Ax2.5, Bx12.5,
Cx30.0, Dx67.5 and Ex97.5. In a letter to the editor, other reseantiechl, 2009 Lerchl & Wilhelm, 2010
Tuffs, 2008 Vijayalaxmi, McNamee & Scarfi, 20Q6have expressed concern about the data reported in this and
the other publication reported by Diem et(@005 (seesectioniSt udi es not included i n the
the use of tail factor method, low standard deviations, low -intdvidual differences and inapgpriate
statistical analysis. The response from the authors thatsthey believe in the results obtained since the
experiments were carried out in blind conditions and microscope slides were scored by the same operator
(Rudiger, Kratochvil & Pilger, 20Q8Rudiger, 2009ab). Cell proliferation was also investigated, as reported in
Section 12.3.p

Speit et al (2007 performed an independent replicationtbé Diemet al. (2005 study, alsousing
ES1 skin fibroblasts, continuous and intermittent (5 min on/1@ off cycles) 1800 MHz RF EMF (CW;
SAR=2 W/kg) exposure in the same exposure equipment supplied by the same company and the same laboratory
protocols. Some of the authors of the original investigation participated in the study. After 1, 4 and 24 h
exposurghe TF method as well as computerized image analysis was utilized to examine the SB. An additional
MN end-point was also included in the experiments. The data frmeeindependent experimentserformed in
blind, indicated no significant effect on bo8B and MN Cultures exposed to gamma rays were included as
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positive controls and gave positive findingus the original results were not confirmed. In this investigation
the effect of RFEMF exposure was also investigated in animal cells.

Skin fibroblasts and stem cells were investigated in three more papansino et al(20093 used
skin cells established from healthy individuals as well as from sulgffetsed byT ur ner 6 s (aggnetid r o me
disorder associated with a chromosomal imbalar€e)l cultures were exposed blind to a 900 MHz GSM
signal (SAR=1 W/kg) for 24 hour§here was no significant effect on SB and MN in both cell types with respect
to shamexposed controldifreeindependent experiments for each cell ty@#).the contrary, in cultures treated
with MMC as positive control an increase in both SB and MN de&tectedIn this study cell proliferation was
also investigatedas reported in Section 12.3Moreover, combined exposures were carried out.

Hintzsche et al (20123 exposed primary dermal fibroblasts (HDF) and a keratinocyte cell line
(HaCaT) to 106 GHEMF with power densities between 0 and 0.88 mW/fam 2, 8 and 24 h to evaluate SB
(comet assay) and chromosomal damagl @ssay). The RF EMF exposurasd shamexposures were carried
out in a modified incubator at defined environmental conditions.skparate set of experiments, cells were also
exposed to higher power intensities of 2 mWicirhe results ofhreeindependent experimentperformed in
blind, showed neither SB nor MN increase in-Bfposed cultures compared with sharposed onefositve
controls, treated with MMS, gave positive findinds.this study cell proliferation was also investigated
reported in Section 12.3.6From the sharexposure description, it can be argued that sbgposure was
subsequent to RF exposlijre

Markovaet al (2010 confirmed and extended their previous results on human lymphq8gbgev
et al., 2009to VH-10 fibroblasts and mesenchymal stem cells (MSCc). They exposed c@BvO05and915
MHz signaé (SAR=37 mW/kg) ora 1947.4 MHz UMTS signal (SAR=39 mW/kg). The exposures were either
acute for 1, 2 and 3 hours or chronic for 1 hour per day, 5 pltyweek for 10 days. There was a significant
decrease in 53BP1 foci in 915 and 1947 MHz exposed celk@h and p<0.0001 for VM0 and MSC cells,
respectively) after 1 h exposure, but not in cells exposed to 905 MHz (acute exposures). Chronic exposures also
decreased foci formation in MSCc (p<0.05) but not in-YH fibroblasts. For each cell lindaree tofive
independent experiments were perfornmedlind. Positive controls have been included in the study (cultures
exposed to gamma rays) and worked properly.

Studies not included in the analysis

Hintzsche et al(2012h did not observe significant effecon MN in keratinocytes (HaCaT cells)
exposed to RF EMF at 900 MHz, CVdt 5, 10, 30or 90 V/m for 30 min and 22 hti{ree independent
experiments). The same experimental conditions fadedduce effects also in humdwamster hybrid cells. In
this study cell proliferation was also investigated. [No dosimetry has been carried out. The results are reported
as a function of the E field strength.]

Lixia et al. (2006 exposed immortalized lens epithelial cells (hLEC) to 1800 MHz G&ddulated
RF EMF SARs of1i 3 W/kg. DNA SB and their repair were measured immediately after 2 h exposure and at
incubation times of 30, 60, 120 and 240 rpiostexposure, respectively. By comparing exposed and sham
exposed cells the comet assay revealed no differences in SB at 1 and, 2Wilk@ significant increase was
observed at 3 W/kg SAR immediately after RF exposure and after 30 min incubatiorbjp¥@&re was no RF
exposure effect in DNA repair rate assessed at 30, 60, 120 and 240 minutes after RF exposure. The increase in
SB observed ain SAR of3 W/kg was reduced at 30 minutes and returned to control levels in 2 hours. In this
study the expregmn of HSPs and cell proliferation have been also investigated. [The number of independent
experiments carried out is not reported, although statistical analysis was performed].

Diem et al (2005 exposed ES cells to continuous and intermittent (5 min on/10 min off cycles) RF
EMF at 1800 MHz.The field was either CW (SAR=2 W/kg) or with two differagpes of modulation, GSM
basic (2 W/kg) and GSNalk (1.2 W/kg), for 4, 16 and 24 h. The results from the comet assay were analyzed in
terms of At ail factoro (TF). The conclusions were:
(p<0.01) withno further increase after 24 hours exposure, (b) intermittent exposure produced a stronger effect
than continuous exposure, and (c) the induced DNA damage cannot be based on thermal effects. The same
protocol was also applied to expose rat granulosa @Ireported in the section on animal cells). [In this study
the number of independent experiments carried out is not reported].

Table 12.3.2. In vitro studies assessing genotoxic effects of RF EMF exposure on other primary and cultured human
cells
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Cell type Biological endpoint Exposure conditions Results Comment Authors
Number of
independent
experiments
Amniotic cells CA 900 MHz, GSM No effect on (Bourthoumieu
n=4 Average SAR0.25 ~ breaks, etal., 2010)
Wikg rearrangements,
structural/numerical
24h aberrations, soon
after and 24 h post
exposure.
Amniotic cells Aneuploidy 900 MHz, GSM No effect for any of No information on (Bourthoumieu

n=3

Trophoblast cell
line (HTR-
8/neo)

n=6
Trophoblast cell
line (HTR-
8/neo)

n=6

Glioblastoma
U87MG cells

n=3
Glioblastoma
U87MG cells
n=3

Brain tumor
MOb54 glial cells

n=3
Glioblastoma
A172 cells
n=3

normal IMR-90
fibroblasts

n=3

Neuroblastoma
SH-SY5Y cells

n=3

Neuroblastoma
SH-SY5Y cells

n=4

(chromosome 11 and
17)

SB

SB

SB

SB

SB

SB

SB

SB

Average SAR 0.25, 1,
2,4 W/kg

24 h

1817 MHz, GSM
Average SAR 2 W/kg
1h

1800 MHz, CW and
GSM

SAR 2 Wikg

4,16, 24 h (5 min
on/10 min off cycles)

2450 MHz, CW
SAR 0.7 W/kg
2,4,24h

835.62 MHz, FMCW
847.74 MHz, CDMA
Average SAR 0.6 W/kg
2,4,24h

2450 MHz, CW
SAR 50, 100 W/kg
2h

2.142 GHz, W-CDMA,

SAR 80, 250, 800
mW/kg

CW, SAR 80 mW/kg
(A172)

2,24 h

2.142 GHz, W-CDMA,
or CW

SAR 80 mW/kg (IMR-
90)

2,24 h

872 MHz, CW and
GSM

SAR 5 W/kg

1h

872 MHz, CW and
GSM

SAR 5 W/kg

3h

the tested SAR.

No effect.

No effect at 4 h RF
exposure.

Transient increase
at 16 and 24 h that
reverted after 0.5-

2h.

No effect.

No effect.

No effect.

No effect.

No effect.

No effect.

blinding of staff

For gene expression
and cell proliferation
see Section 12.3.3
and 12.3.6

SB increase on the
base of the comet
parameter analysed.

Murine cells also
investigated.

Murine cells also
investigated.

No information on
blinding of staff

For oxidative stress
see Section 12.3.5

Combined exposures
also investigated.

For oxidative stress
see Section 12.3.5

Combined exposures
also investigated.

et al., 2011)

(Valbonesi et
al., 2008)

(Franzellitti et
al., 2010)

(Malyapa et al.,
1997a)

(Malyapa et al.,
1997b)

(Miyakoshi et
al., 2002)

(Sakuma et al.,
2006)

(Luukkonen et
al., 2009)

(Luukkonen,
Juutilainen &
Naarala, 2010)
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Lens epithelial
cells

n=3

Lymphoblastoid SB
Molt-4 cells

n=1-8

Lymphoblastoid SB
Molt-4 cells

n=3

T-lymphoma SB
derived (Jurkat)

cells

n=3

HMy2-CR SB
lymphoblastoid
B-cells

n=4

Skin fibroblasts SB, MN

from 3 donors
n=3

Skin fibroblasts SB, MN

(ES-1)
n=3

Skin fibroblasts  SB, MN

from healthy
and Turn
syndrome
donors

n=3

Primary dermal  SB, MN

fibroblast

Keratinocyte
cell line
(HaCaT)

n=3

SB, UH2AX foci

1800 MHz, GSM

Average SAR 1, 2, 3,4

Wikg

2 h (5 min on/10 min
off cycles)

813.56 MHz, iDEN
SAR 2.4, 24 W/kg
836.55 MHz, TDMA
SAR 2.6, 26 W/kg
2,3,21h

813.56 MHz, iDEN
SAR 2.4, 24 W/kg
836.55 MHz, TDMA
SAR 2.6, 26 W/kg
847.74 MHz, CDMA
835.62 MHz, FDMA
SAR 3.2 Wikg
2,3,21h

1763 MHz, CDMA
SAR 10 W/kg
1,4,24n

1800 MHz, GSM
Average SAR 2 W/kg
6, 12, 18, 24 h (5 min
on/10 min off cycles)
1950 MHz, UMTS
SAR 0.05-2 W/kg

24 h

SAR 0.1 W/kg

4-48 h (continuous and

5 min on/10 min off
cycles)

1800 MHz, CW

SAR 2 W/kg

1, 4, 24 h (continuous
and 5 min on/10 min
off cycles)

900 MHz, GSM
Averager SAR 1 W/kg
24 h

106 GHz
0-2 mW/cm?

Increased single
SBat3and 4
Wi/kg.

No effects on
doubl e-HBR
foci).

Significant increase
or decrease in SB
(p<0.01)

No effect.

No effect.

No effect.

Increased SB at
0.05 and 1 W/kg,
no further increase
at 1 and 2 W/kg.

Time-dependent
effect for SB (up to
8 h) and MN (up to
12 h).

No effect.

No effect.

No effect.

For ocular functions
and oxidative stress
see section 6.4.2. and
12.3.5

Combined exposures
also investigated

No information on
blinding of staff

No information on
blinding of staff

Repetition study of
Phillips et al. (Phillips
et al., 1998).

For apoptosis see
Section 12.3.4
No information on
blinding of staff

For gene expression
and cell proliferation
see section 12.3.3
and 12.3.6.

Combined exposures
also investigated.

Manual scoring (TF).

Human lymphocytes
also investigated.

Controversial data.

For cell proliferation
see Section 12.3.6

Replication study of
(Diem et al., 2005).

Animal cells also
investigated.

For cell proliferation
see Section 12.3.6

Combined exposures
also investigated.

For cell proliferation
see Section 12.3.6

(Yao et al,,
2008a)

(Phillips et al.,
1998)

(Hook et al.,
2004b)

(Huang et al.,
2008a)

(Zhijian et al.,
2010)

(Schwarz et al.,
2008)

(Speit, Schiitz
& Hoffmann,
2007)

(Sannino et al.,
2009a)

(Hintzsche et
al., 2012a)
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3896

3897

3898
3899
3900

3901
3902
3903
3904
3905
3906
3907
3908
3909
3910
3911
3912
3913
3914
3915
3916

3917
3918
3919
3920
3921
3922
3923

3924
3925
3926
3927
3928
3929
3930
3931

3932
3933
3934
3935

Diploid 53BP1 foci 905, 915 MHz, GSM Inhibition of foci Follow-up study of (Markova,

fibroblasts (VH- SAR 37 mW/kg formation (DSB) at (Belyaev et al., 2009). Malmgren &
10) 915 and 1947.4 Belyaev, 2010)
Mesenchimal 1947.4 MHz, UMTS 1147 in VH-10 and
stem cells SAR 39 mW/kg MSC cells after 1 h
(HMSc) 1-3h exposure. No effect

at 905 MHz.
n=3-5 1 h/day for 2 weeks

Inhibition of foci
formation after
chronic exposures
in MSC but not in
VH-10 cells.

ANo effectd means no statistically significant effect.

12.3.1.2 Animal cells

The studies reported and discussed below have been carried out using the cells of rodent origin. In
several such studies mouse fibroblasts (C3H 10T1/2 cells) have been invegiigatate stuiésthe effect of
RFEMF in human cellfias been also evaludiend the detaileave been reported in the previous section).

In two separate studies, Malyapa andwairkers exposed C3H 10T1/2 cells to RF EMF to evaluate
the induction of SB using the comet assHye experiments were performed in blifdla first sudy (Malyapa et
al., 1997 exponentially growing cell cultures were exposed to 2450 MHz, CW, (SAR=0.7 W/kg and 1.9 W/Kkg;
threeindependent experiments) for 2, 4 and 24 h. The extent of SB was assessedhietynefier exposure;
moreover, after 2 exposure SB were also measured at 4 h-gxgsbsure to assess DNA repair. In the second
investigation(Malyapa et al., 1997jkwo types of frequency modulations weredséal in both exponentigihase
and plateatphase cell cultures. The latter condition was used to simulate in vivo conditions for non
proliferating (plateau) cells. Frequenoydulated continuouwave (FMCW), with a carrier frequency of
835.62 MHz, and caadivision multipleaccess (CDMA) centered on 847.F4Hz (SAR=0.6 W/kg;three
independent experiments) RF EMF were used for 2, 4 and 24 h exposures; moreover, cells exposed for 2 h were
also tested for DNA repair at 4 h pestposure. No significant effeatas detected when RF EM#xposed cells
were compared with their respective shaomtrols in any of the experimental conditions testedoth studies,
cells exposed to gamma rays served as positive controls and gave positive fifithege. results doat
confirm the induction of SB reported byiland Singh in in vivo studie@lai & Singh, 19951996. The above
described exposure conditions were also applied to evaluate the effect of RF EMF exposure on human
glioblastoma cell lines (see previousten for details).

The discrepancy between the results on SB reported by Lai and(1¥8§ 1996 and those of
Malyapa et al(Malyapa et al., 1997a) could be due to the presence of-RBuced DNADNA or DNA-
proteins crosslinks. To clarify this, Lagroye et @004 exposed C3H 10T1/2 cells to RF EMF at 2450 MHz,
CW, for 2 h atan SAR of 1.9 W/kg the highest used in the Malyapa investigatiomsplind. The experimental
protocol included expase to gamma rays to induce SPositive controlsiand treatment witlproteinase K to
digest crosslinked proteins. No effects of RF EMF exposure were detected for any of the experimental conditions
(three to fouindependent experiment$)ositive controls worked properly.

Li et al. (2001 also performed experiments with exponentially growing and plateasepG&8H
10T1/2 cells. The exposures were carried out to 835.62 or 847.74 MHz RF (FDMA or CDMA signals
respectively, at average SAR of 3.8 W/kg) for 2 and (#limd experiments)The extent of SB was evaluated
immediately after exposure and, in the cas€ di RF exposure, at 4 h pestposure. The effect of 24 h
exposure was investigated at SAR values of 4.9 and 5.1 W/kg for CDMA and FDMA signals, respectively. No
significant effects on SB and DNA repair were detected for any of the experimental contbstets as
assessed in three independent experimghts positive controls have been includethis study does not
confirm the results reported by Phillips et(998 on lymphoblastoid Mot cells (see previous section)].

Absence of effects in terms of MN was reported by Bisht e(2802. They employed the same
exposureconditions tested byi et al. (2007) in terms of frequency, signals and SAR to expose exponentially

growing and in plateau phase C3H 10T1/2 cells for 3, 8,d®] 24 hours threeindependent experiments
performed in blindl Cells exposed to gamma rays served as positive control and gave positive findings.
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Huang et al.(2008h) exposed a mouse auditory hair cell line (HEC1) to 1763 MHz CDMA
modulated RF EMF (SAR=20 W/kg) for 6, 24 and 48 h. No changes in SB were observed in three independent
experiments following RF exposuf@.ositive controls we not included in the study design. Thagperhas also
been reported in Section 6.4.1 auditory function, 12.3.2 signal transduction, 12.3.3 gene and protein expression,
12.3.6 cell proliferation].

Kumar et al(2011) excised femuand tibia bones from 11 rats and exposed tiebiind for 30 min
to 900 MHz RF EMF, CW (SAR=2 W/kg). No significant changes were observed in SB in bone marrow cells
extracted from such bonesmparedo shamexposed controlPositive controls, treatedith concanavalirA
gave the expected increase in SB. this study, erythrocyte maturati@nd cell proliferation and were also
investigatedas reported in Section 10.3 and 12.3.6]

Zeni et al.(2012H failed to find changes in SB in rat neuronal cells (PC12) exposklihd for 24 h
to a 1950 MHz UMTS signal (SAR=10 W/kg), in three independent experimBotstive controls treated with
MMS worked properly. Ip this study, apajesiswasalso investigatedas reported in Section 12.3.4].

The investigation carried out by Speit et @007 on ES1 human skin fibroblasts (see section on
human cells) aimed to replicate the experiment®iem et al.(2005 also included V79 rodent cells. The cells
were intermittently (5 min on/10 min off cycles) exposedlind to 1800 MHz RF EMF (CW; SAR=2 W/kg)
for 1, 4 and 24 h. Afterraadditional8 h cultivation, MN and SB were evaluated. Moreo%X frequency was
also measured immediately after 18 h-&fposure. As for human fibroblasts, the data on V79 cells froee
independent experiments indicated no significant effect on both SB andnvfidsitive controls, exposed to
gamma rays, SB and Mi¢sulted increased, as expected.

Kim et al (2009 in two independent experiments reported no significant effect on SB and CA in
mouse L5178Y TK+/lymphoma cells exposed @W 835 MHz RF EMF (SAR=4 W/kg). The exposure viais
24 h (CA) or 48 h (CA an&B). Treatments with cyclophosphamide (CPA) or 4ANQO served as positive controls
and resulted in a significant increase in both CA andisBiis studythe effect of combined exposuneasalso
investigated.

Nikolova et al (2005 examined SB, CA and SCE in mouse neural progenitor stem cells exposed to
intermittent(5 minon/30 min off cycles1710 MHz GSMfields (average SAR=1.5 W/kg), for 6 and 48 hours.
In six independent experiments a small but statistically significant increase in 8®%pwvas observed only at
6 h, that disappeared after a further incubation period of 18 h. No effect was detevidiatelyafter 48 h
exposure and 24 and 48 h later. No effects were detected in terms of CA and SCE. [As also stated by the authors,
the increase in SB was transieRbsitive controls have not been included in the study deshgs.studyhas also
been described in Section 12.3.2 signal transduction, 188 and protein expressjat?.3.4apoptosis and
12.3.6 cell proliferation].

Koyama et al reported the data frotihreeseparate investigations carried oat Chinese hamster K1
(CHO-K1) cells exposed t€W 2450 MHz RF EMF in different conditions. For each stutiyeeindependent
experiments were carried outblind and treatments witBLM as positive controls gave positive resultsthe
first study(Koyama et al., 2002he incidence of MN was evaluated using kinetochore method in cells exposed
for 18 hours atSARs of13, 39, 50, 78 and 100 W/kg. A statistically significant increase in MN frequency
(p<0.01) was detcted in cells exposed to SAR values higher than 50 W/kg. However, cells exposed to 39°C
temperature alone for 18 hours also showed increased MN. In the secon(Kstyaiya et al., 2004ACHO-K1
cells were exposed fd2 hours atSARs of5, 10, 20, 50, 100 and 200 W/kg and a significant increase in MN was
observed in cells exposed at 100 and 200 W/kg SAR (p<0.01). In the third invest{gati@ma et al.2007)
the latter experimental conditions were tested to evaluate mutation (MUT) frequency at hypo>gurhine
phosphoribosyl transferase (HPRT) locus. A statistically significant increase in MUT frequency was detected
after exposure a@n SAR 0f200 W/kg (p<0.05). [As also stated by the authors, a thermal effect may be possible
in samples exposed at high SARs].

Xu et al (2010 dissected cortical neurons from newborn rats and 8fteys of culturing they were
exposed taan 1800 MHz GSM signal (SAR=2 W/kg) for 24 hours (5 min on/10 min off cyclesyr hours
before RF exposurthe cells were treated with melatonin. The levels €ddG adducts, a common biomarker
for oxidative damageyere examined in mitochondrial DNA (mtDNA). RF exposure alone induced a significant
increase in adducts with a concomitant decrease on mtDNA copy numbers and mitochondrial RNA transcripts
(p<0.01), as reported threeindependent experimemerformed irblind. Each of these disturbances in mtDNA
was reversed in cells pteeated with melatonirPositive controls treated with hydrogen peroxide gave positive
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3989 findings.[ Al t hough the authors do not c¢ aThisstidy hadisolbbeemd t he
3990 presented in section 12.3&xidative stress]

3991  Studies not included in the analysis

3992 Campisi et al(2010 exposed asbglial cells from newborn rat brains for 5, 10 or 20 min to 900 MHz,

3993 CW or amplitude modulated at 50 Hat the same power density of 0.26 V¥{mo SAR reported). A significant

3994 increase in SB (p<0.001) was observed after modulated exposure for 20 miffetts were detected when

3995 shorter exposure duration or CW were used (five independent experiments). In this investigation the effect of RF
3996 exposure on cell viability and reactive oxygen spegieealso evaluated. [The absence of dosimetry makes the
3997  resuts of this studyninterpretabld.

3998 Komatsubara et a(2005 examined the incidence of CA in murine m5S skin fibroblagpoged to

3999 CW 2450 MHzfields (SAR=5, 10, 20, 50, 100 W/kg) or pulsed waver 2 hours.n the latter case, cells were

4000 exposed to a peak SAR of 900 W/kg for 1 s, followed by resting intervals of 17 or 8 s resulting in average SARs
4001 of 50 or 100 W/kg, respéuely. There was no significant effect in exposed cetimparedto sham exposed

4002 ones for all the conditions testedithough after 2 h exposure temperature increased to 39 °C and 41 °C, in
4003 samples exposed to 50 W/kg and 100 W/Kkg, respectiieig resuls reported in this papseem taefer to just

4004 one experimenialthough the authors claimed that statistical analysis has been carrjed out.

4005 Diem et al (2005 exposed SV4@ransformed rat granulosa cells to continuous and intermittent (5
4006  min on/10 min off cycles) RF EMF at 1800 MHz. The field was either without modulation (CWsESWRKQ)

4007  or with two different types of modulation, GSM bas8AR=2 W/kg) and GSM Talk§AR=1.2 W/kg), for 4, 16

4008 and 24 h exposur e. The results from the comet assay v
4009 was detectedafter 16 hour exposure (p<0)With no further increase after 24 hours exposure. Moreover,
4010 intermittent exposure produced a stronger effect than continuous exposure. The same protocol was also applied
4011 to expose human skin fibroblasts (as reported in the section on human cells)s [stutly the number of

4012 independent experiments carried a#snot reported. fie results of this study have been criticized by several

4013  authors, as reported in the section on human.kells

Table 12.3.3. In vitro studies assessing genotoxic effects of RF EMF exposure on cell cultures of animal origin

Cell type Results Comment Authors

Number of
independent
experiments

Biological endpoint Exposure conditions

mouse SB, DNA repair 2450 MHz, CW No effect on SB. Human cells also  (Malyapa et al.,
fibroblasts SAR 0.7, 1.9 W/kg No effect on DNA  investigated. 1997a)
giﬁ; 10T1/2 2,4,24h repair in cells

exposed for 2 h
n=3 and incubated for

additional 4 h.
mouse SB, DNA repair 835.62, FMCW No effect on SB. Human cells also  (Malyapa et al.,
fibroblasts 847.74. CDMA No effect on DNA investigated. 1997b)

(C3H 10T1/2
cells)

n=3

mouse
fibroblasts
(C3H 10T1/2
cells)

n=3-4
mouse
fibroblasts

(C3H 10T1/2
cells)

n=3
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SB, crosslinks

SB, DNA repair

Average SAR 0.6 W/kg
2,4,24h

2450 MHz, CW
SAR 1.9 W/kg
2h

835.62 MHz, FDMA
847.74 MHz, CDMA
Average SAR 3,8 W/kg
2,4h

Average SAR 4.9-5.1
Wi/kg

24 h

repair in cells
exposed for 2 h
and incubated for
additional 4 h.

No effect.

No effect on SB.

No effect on DNA
repair in cells
exposed for 2 h
and incubated for
additional 4 h.

151

Repetition study

of (Malyapa et al.,

1997a; b).

Repetition study
of (Phillips et al.,
1998).

(Lagroye et al.,
2004)

(Li et al., 2001)



mouse MN 835.62 MHz, FDMA No effect. (Bisht et al.,
fibroblasts 847.74 MHz, CDMA 2002)
(C3H 10T1/2
cells) Average SAR3.2-5.1
W/kg
n=3
3,8,16,24h
HEI-OC1 SB 1763 MHz, CDMA No effect. For auditory (Huang et al.,
Mouse SAR 20 W/kg function, signal 2008b)
auditory hair transduction,
cells 6,24,48h gene and protein
n=3 expression and
proliferation see
Section 6.4.1,
12.3.2,12.3.3
and 12.3.6
No information on
blinding of staff
Rat bone SB 900 MHz, CW No effect. For erythrocyte (Kumar et al.,
marrow SAR 2 Wikg maturation and 2011)
lymphocytes . cell proliferation
n=11 30 min see Section 10.3
and 12.3.6
rat neuronal SB 1950 MHz, UMTS No effect. For apoptosis see (Zeni et al.,
cells (PC12) SAR 10 W/kg Section 12.3.4 2012b)
n=3 24h
V79 Chinese  SB, MN 1800 MHz, CW No effect. Human cells also  (Speit, Schitz &
Hamster Cells SAR 2 Wikg investigated. Hoffmann, 2007)
n=3 1, 4, 18,24 h (5 min
on/10 min off cycles)
Mouse SB, CA 835 MHz, CW No effect. Combined (Kim et al., 2008)
L5178Y TK+/- SAR 4 Wikg exposures also
lymphoma investigated.
cells 24,48 h . .
No information on
n=2 blinding of staff
Mouse neural 1710 MHz, GSM SB increased at Transient SB (Nikolova et al.,
progenitor Average SAR 1.5 W/kg 6 h but not at 48 h. increase. 2005)
stem cells 6, 48 h (5 min on/30 min  No effecton CA For signal
n=6 off cycles) and SCE. transduction,
gene and protein
expression,
apoptosis and
proliferation see
Section 12.3.2,
12.3.3,12.34
and 12.3.6
CHO-K1cells MN 2450 MHz, CW Increased MN MN increase at (Koyama et al.,
n=3 SAR 13. 39 50, 78. 100 frequency at 78 39°C for 18 h. 2003)
Wikg and 100 W/kg. Possible thermal
18h effect at high
SAR.
CHO-K1 cells MN 2450 MHz, CW Increased MN Possible thermal  (Koyama et al.,
n=3 SAR 5. 10. 20. 50. 100,  frequency at 100 effect at high 2004)
200 W}kg ' T ' and 200 W/kg. SAR.
2h
CHO-K1 cells MUT at HPRT locus 2450 MHz, CW Increased MUT Possible thermal (Koyama et al.,
n=3 SAR 5. 10. 20. 50. 100,  frequency at 200 effect at high 2007)
200 W/kg Wi/kg. SAR.
2h
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Rat cortical 8-OHdG adducts 1800 MHz, GSM Increase in 8- Effect reverted in  (Xu et al., 2010)
neurons (mtDNA) Average SAR 2 W/kg OHJG adducts. cells pre-treated
with melatonin for

n=3 24 h (5 min on/10 min off 4 h (see Section
CyCIeS) 12.3.1.2
combined
exposures).
ANo effectd means no statistically significant effect.
4014
4015 12.3.1.2 Combined exposures
4016 Several studies have been performed to evaluate the effects of combined exposure to RF EMF and

4017 genotoxic agents. The RF exposure was applied before, during and/or after treatment with genotoxic agents. All
4018 studies included the effect of RF exposure alarthe details are presentedSection 12.3.1.1. In most of the

4019 studies on combined exposures, RF exposure alone had no significant effects on any of the endpoint
4020 investigated, unless otherwise mentioned.

4021 In the following, in vitro studies on RF combinedth exposures to chemical agents, ionizing
4022 radiation and ultraviolet rays are presented. Treatments with the chemical or physical agent alone served as
4023  positive control.

4024  Chemical agents

4025 In most caseshemotherapeutic drugs halveen employed to perforoombined exposures, although
4026  other chemical agents have also been used.

4027 Three papers were published by the same research group, showing that 20 h exposure of human
4028 peripheral blood lymphocytes to RF EMfas able to reduce the genotoxic effects induced kpulasequent

4029 treatment with mitomycH€C (MMC), as assessed by MN frequentiie reductiorwas detectegvith a 900 MHz

4030 GSM signal (SAR=1.25 W/kgjSannino et al., 2009bn cell cultures ifom five healthy donors (p<0.01) and

4031  with a 1950 MHz UMTS signalSAR=0.3 W/kg six donors; p<0.05). In the lattstudy, SARs of 0.15, 0.6 and

4032 1.25 W/kg were also tested and gaveefiect (Zeni et al., 2012a The authors provided further evidence that

4033 the cells were required to be exposed to RF EMF in thea&8e ofthe cell cycle to exhibit the reduced DNA

4034  damage(cell cultures fromnine donorg (Sannino et al., 2011(Sannino et al., 2031In all the studies, blind

4035 protocols were followd. [Taken together, these studies suggest thatiowiming radiation is capable of

4036 i nducing 6éadaptive responsed similar to thaCell obseryv
4037  proliferation has also been investigated, as reported in SE&iBr6]

4038 Zhijian et al (2010 used doxorubicin (DOX)at treat cultured human lymphoblastoid cells before,
4039  during and afteblind intermittent exposure (5 min on/10 min off cycleskhtwl1800 MHz GSM signal (SAR=2

4040  WIkg) for2 hours. In experiments where RF was given before DOX or concurrently, the expositiendwas

4041 2 h, while for exposures after DOX treatmeitteas6, 12, 18or 24 h. No significant effeatf the RF exposures

4042 on DOX-induced SB was found in any of the experimental schedules, although in certain exposure conditions
4043 combined treatments camfiuence DNA repair (p<0.05), as assessefbim independent experiments.

4044 Koyama and cavorkers reported the data frothree separate investigations carried out in Chinese
4045 hamster K1 (CHEK1) cells treated fol h with Bleomycin (BLM) and then exposéublind to CW 2450 MHz

4046 fieldsin different conditions. For each studireeindependent experiments were carried out. In the first study
4047 (Koyama et al., 2003 the incidence of MN was evaluated usitig kinetochore methoda fluorescence

4048 technique that employs specific antibodies tonst@ntromeresin cells exposed for 18 hours at SAR values up
4049 to 100 W/kg. Asignificant increase in MN frequency was found in cultures exposed to RF alone at SAR of 100
4050 Wi/kg (p<0.01). Moreover, aynergistic increase in MN frequency (p<0.01) was detdatedlls ceexposed to

4051 SAR values higher than 50 W/kg, compared to cultures treated with BLM alone. In the secor{layadya et

4052  al., 20034 CHO-K1 cells were treated with BLM and then exposed for 2 hours in the same range of SARs. A
4053  significant increase in MN was observed only in cefposed at the highest SAR (200 W/kg; p<0.0N9.

4054  synergistic effects with BLM were detecteth the third investigation(Koyama et al., 2007 the latter

4055 experimental conditions were tested to evauatutation (MUT) frequency athe hypoxanthineguanine

4056 phosphoribosyl transferase (HPRT) locus. A statistically significant increase in MUT frequency was detected
4057  afterexposure to RF alone at 200 W/kg (p<0.05) and aftexposure at 100 and 200 W/kg SAB0.01). [As

4058  also stated by the authors, a thermal effacinot be excludeid samples exposures at high SARS].
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4059 Kim et al (2008 assessed SB and CA in mouse L5178Y TFKythphoma cells exposed to 835 MHz
4060 RF EMF (CW, SAR=4 W/kg) together with cyclopgphamide (CP),-Mlitroquinoline-1-oxide (4NQO) or ethyl
4061 methane sulfonate (EMS). For SB evaluation, cells were exposed to RF for 48 h anddueatgthe last 4 h
4062  with CPA or 4NQO. To evaluate CA, cells were-Bfposed for 6 h ithe presence of CPA dEMS. Culture
4063 medium was then removed, cells were washed and reincubated in fresh medimadditional 18 or 44 h with
4064  or without RF. The results indicated a significant increase in SB in culturegposed to CPA or 4NQO
4065 (p<0.01). The incidence of C#vas not affected in cells exposed to RF and CPA or HWSs study is based on
4066 just two independent experiments, although several experimental conditions have been tested].

4067 Luukkonen et al(2009 exposed SFSY5Y neuroblastoma cells fdr h to 872 MHZfields, both CW

4068 and GSMmodulated, at aBAR of 5 W/kg, together with menadion@ blind protocol was appliedlhe results

4069 from threeindependent experiments indicated a significant increase in SB in @posed cultures compared

4070  with those treated with menadione alone (p<0.01), but not in thesgpmsed tahe GSM signal. In a similar

4071  study, the same research group applied the sapasure protocol fa8 h and SHSY5Y cells were concurrently

4072  treated with ferrous chloride (FefLhnd diethyilmaleate (DEM) (the latter enhances the free radicals induced by
4073  the former, resulting in decreased antioxidant levglaukkonen, Juutilainen & Naarala, 2Q1Mo significant

4074  effect was observed on SB in both CW an&NG exposure conditions, as assessedour independent

4075 experiments.Ip both studies, the effect of combined exposure on oxidative stress has also been investigated, as
4076  reported inSection 12.3.5.

4077 Sannino et al(20098 exposed human skin fibroblasts from a healthy individual as well as a subject
4078 wi th Tur ner 6s as0) MidzrGsh signdl (58R=1 W/kg) for 24 hours and then tretiteccells
4079  with MX (3-chloro-4-(dichloromethyl}5-Hydroxy-2(5H)}furanone, a contaminant produced during chlorination
4080 of water) forl hour. In addition, RF exposure of TS cells was also testetl ioiNo significant effectof these

4081 treatments in both cell types weobserved on SB and MN, as assessethiee independent experiments
4082 performed in blindfor each condition/cell typgThe effect of combined exposure on cell proliferation was aslo
4083 investigated, as reported in Section 12]3.6

4084 Xu et al (2010 dissected cortical neurons from newborn rats and &fteys of culturing the cells

4085  were exposeth blind to GSM 1800 MHz (SAR=2 W/kg), for 24 hours (5 min on/10 min off cycles). The cells

4086  were treatd with melatonind h before RF EMF exposure. The levels eDBIdG adducts, a biomarkers for

4087 oxidative damage, were examined in mitochondrial DNA (mtDNA). RF EMF exposure alone induced a

4088  significant increase in adducts with a concomitant decrease on mtBpyArmmbers and mitochondrial RNA

4089 transcripts, as assessedtlimeeindependent experiments (p<0.01). Each of these disturbances in mtDNA was

4090 reversedincellspfer eat ed with mel atonin. [ The c eenxtproosle dcoe Iclesl |u
4091 The effect of combined exposure on oxidative stress has also been investigated, as repectemhih2.3.5.

4092 In two separate studies Hansteen andvodkers(2009a 20091 investigated the induction of CA in

4093  stimulated human peripheral blood lymphocytes freimmdonors exposeth blind for 53 h to RF EMF and

4094 treated with MMC after 30 hours of RF exposure. In the first staelys were exposed at 2.3 GHz, 10 W/m

4095 power dengy, CW or pulsedields (200 Hz pulse frequency, 50% duty cyc{élansteen et al., 200Rdn the

4096 second studyRF exposure was carried out at 16.5 GHz (10 ¥\gower density, pulsed wave) and 18 GHz (1

4097  W/m? power density, CW)(Hansteen et al., 2009hn both studies no significant effect of combined exposure

4098 was detected. [ Alt hough the authors do not cal l it f
4099 include dosimetric details but provided the necessary informatatmat other groups can use it for numerical

4100 analysis to repeat the study; the justification was that from rough calculations, the assessed exposure level was
4101 close to the ICNIRP safetyntiits].

4102  lonizing radiation (IR)

4103 Stronati et al (2006 conducted a studyn blind with the participation of researchers from two
4104 independent laboratories to investigate the effect 1 Gsys given before or after 24 h exposura &35 MHz

4105 GSM signal, at SAR values of 1 and 2 W/kg human blood lymphocytes. Several endpoints wesesiigated,

4106 such as SB (10 donors), chromosomal aberrations (14 donors), sister chromatid excfoamgesnors),

4107  micronuclei (14 donors). The results indicated that RF exposure was not able to alter the effiegtsofoX any

4108 of the endpoints investiteed. [The effect of combined exposure on proliferation has been reported in section
4109 12.3.9.

4110 Manti et al (2008 exposedin blind isolated leukocytes fronfiour donors to 4 Gy Xays and
4111  immediatelyafter to 1950 MHz RF EMF, UMT&odulated at SARs of 0.5 and 2 W/kg for 24 h. Cells were
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then stimulated to divide and the fluorescence in situ hybridization (FISH) technique was used with molecular

probes specific for whole chromosomes 1 and 2. A smulbtatistically significant increase the number of

exchange aberrationger cell was observed in cells exposed to RF alone at 2 W/kg SAR (p<0.05), and a

synergistic effect was observed in cells from some donors exposed to RFrayd §<0.05). The dlors

suggested thaRF exposuranay either influence the repair of damage or alter the cell death pathways of the

damage response.

Zhijian et al (2009 exposedin blind isolated leukocytes from blood samples collected ffoor
healthy donors t@an 1800 MHz GSM signal, aan SAR of 2 W/kg for 24 h (5 min on/10 min off cycleahd

then the cells were subjected to 0.25 or 0.5 Gyys The extent of SB and theiepair was assessed at 0, 15,

45, 90, 150 and 240 minutes afterrdy exposure. No significant effects were observed on SB and their re
when compared with the cells exposed toays alone, although there was individual variation.

Lagroye et al(2004) exposed C3H 10T1/2 cells @W RF EMF at 2450 MHz (SAR=1.9 W/kg) for 2
h followed by4 Gy gamma irradiation. The positive control cells were treated witpleitnum,a crosslinking
agent. The datérom three to fourindependent experimenisdicated that cells prireated with ciplatinum
showed a increase in gammeaysinduced SB, while prexposure to RF EMF did nathange the effect of
gammarays

Ultraviolet (UV) and other physical agents

Baohong et al(2007) exposed isolated leukocytes frahmeehealthy donorso different doses of UV
C (0.252 Jinf) followed by GSM modulatedl800 MHzfields (SAR=3 W/kg)for 1.5 or 4 hoursThe UV-
induced SB were decreasafter 1.5 hand increasedfter 4 h exposure t&RF EMF in the range of 0.2%.5
JInt, respectively(p<0.05), while no effects were detected at 2 &xposure.

pair

Yao et al (20083 exposed cultured human SRA01/04 lens epithelial cells to intermittent (5 min on/10

min off cycles) 1800 MHz RF EMF (SAR=1, 3, 4 W/kg) superposed with 2 uT electromagnetic noise9@0

Hz magnetidields in Helmholtz coils) for 2 hour3.here was a significant increase in SB in cells exposed to RF

alone at 3 and 4 W/kgnd he superposed electromagnetic noise was able tdk bhee RFinduced DNA
damageas assessed in three independent experiments.

Studies not included in the analysis
Baohong et al(2005 treated human blood lymphocytes wifbur different chemical mutagens,

MMC, 4NQO, BLM and MMS, for 3 h before or aftem 2-h exposure ta 1800 MHz GSM signal (SAR=3
WI/kg). A synergistic increase in SB was observed in cells treated with MMC and 4NQO (p«thd&)an

inconsistent increase in SB was recorded in cells treated with BLMMiMM8. Thus, the data suggested
differences in the interaction of RF with different chemical mutagdre ipterpretation of the results reported

in this study idifficult due to the inclusion of data from one donor dnly

Tiwari et al (2008 exposed human blood lymphocytes frgir healthy donors for 1 h to RF EMF

(835 MHz, CDMA; SAR=117 W/kg) together with aphidicolin (APC) and examined SB. There was a
significant increase in SB in cells exposed to Aty and also in cells exposed to RF+APC. The increased

damage appears to be reversilae it was repaired quickly. [In this studyither dosimetric information nor

detailson theexposure system are provided. Moreover, it is not clear if the sham controls are actually sham

Esmekaya et a(2011) observed a significant decrease in SCE in human blood lymphocytes exposed

to a GSM1800 MHz signal (SAR=0.21 W/kg) for 6, 8 and 24 hours together with ginkgo, anxaahdirt used
in alternative medicine. In this study, exposure of the cells to RF alsnécreased the incidence of SCH [

this study heresults are uninterpretablanse no proper dosimetric evaluation was performed (SAR estimated by
using electric fieldneasured along the horn antenna). Moreover, the number of donors included in the study and

the ceexposure protocol (RF before, after or concurrent to ginkgo) are nof clear

Figueiredo et al(2004 exposed whole blood samples frdour healthy donors to RF EMF at 2450
MHz (power output 3 W; 2 donors) or at 10.5 GHz (power output 15 mW; 2 donors) for 40 sec and 5
respectively. Then the cells were subgecto 1.5 Gy gamma radiation. No significant effect was observed
conventional CA analysis. [I'n this study sham
However, exposure to 2450 MHz were performed by means of a microwave ovénnhwhnformation is
reported about the exposure system at 10.5 GHz.]

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

155

min,
in
exposu



Table 12.3.4. In vitro studies assessing genotoxic effects of combined exposures to RF EMF and chemical or physical

agents
Cell type Biological endpoint Combined Exposure  Results Comment Authors
Number of
independent
experiments
Combined exposures with chemical agents
Human blood  MN 900 MHz, GSM Decreased MN RF-induced (Sannino et al.,
lymphocytes Average SAR 1.25 frequency adaptive 2009b)
n=5 Wikg response.
20h For cell
. proliferation see
RFin S-phase Section 12.3.6
MMC after RF
Human blood MN 1950 MHz, UMTS Decreased MN SAR-dependent (Zeni et al., 2012a)
lymphocytes SAR 0.15-1.25 W/Kg frequency at 0.3 RF-induced
n=6 W/kg but not at adaptive
20h 0.15, 0.6, 1.25 response.
RF in S-phase Wikg. For cell
MMC after RF proliferation see
Section 12.3.6
Human blood MN 900 MHz, GSM Decreased MN RF-induced (Sannino et al.,
lymphocytes Average SAR 1.25 frequency if RF adaptive 2011)
n=-9 Wikg given in S-phase. response,
20 h No effects for RF ~ dependent on
_ in in Go or Go/M the phase of cell
RF in Gy, S or G,/M phase. cycle.
phase For cell
MMC after RF proliferation see
Section 12.3.6
human SB 1800 MHz, GSM No effects on SB. (Zhijian et al., 2010)
lymphoblastoid Average 2 W/kg RF+DOC can
cells 224 h influence DNA
n=4 repair in certain
DOX experimental
RF before, concurrently conditions.
or after DOX
Chinese MN (kinetochore 2450 MHz, CW Synergistic Significant (Koyama et al.,
hamster K1 method) SAR 25, 78, 100 W/kg increase at 78 and increase at 100  2003)
cells o 100 W/kg. W/kg in cultures
=3 1 h BLM before 18 h RF exposed to RF
alone.
Thermal effects
cannot be
excluded at
higher SAR
levels
Chinese MN 2450 MHz, CW No effect of co- Significant (Koyama et al.,
hamster K1 SAR 5. 10. 20, 50. 100 €Xposures increase in MN  2004)
cells 200 Wikg SAR at 200 W/kg in
n=3 1 h BLM before 2 h RF cultures exposed
to RF alone.
Thermal effects
cannot be
excluded at
higher SAR
levels
Chinese MUT at HPRT locus 2450 MHz, CW Synergistic effect Increased MUT  (Koyama et al.,
hamster K1 SAR 5. 10. 20. 50 100, &t 100 and 200 frequency in 2007)
cells 200 W}kg SAR W cultures exposed
_ to RF alone.
n=3 1 h BLM before 2 h RF
Thermal effects
cannot be
excluded at
higher SAR
levels
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Mouse L5178Y SB, CA 835 MHz, CW Increased SB in No information (Kim et al., 2008)

TK+/- SAR 4 W/kg CPA and 4NQO on blinding of
lymphoma cells co-exposed staff
n=2 24,48 h cultures.

CPA, EMS or 4ANQO No effect on CA.
concurrent to RF

Neuroblastoma SB 872 MHz, CW and GSM Increased SB in Effect dependent (Luukkonen et al.,
SH-SY5Y cells SAR 5 W/kg CW, but not GSM  on RF signal. 2009)
n=3 1n co-exposed For oxidative
) cultures. stress see

Menadione Section 12.3.5

RF concurrently
Neuroblastoma SB 872 MHz, CW and GSM No effect. For oxidative (Luukkonen,
SH-SY5Y cells SAR 5 W/kg stress see Juutilainen &
n=4 3h Section 12.3.5 Naarala, 2010)

DEM or FeCl,

RF concurrently
Skin fibroblasts SB, MN 900 MHz, GSM No effect. For cell (Sannino et al.,
from healthy Average SAR 1 W/kg proliferation see  2009a)
and TS donors Section 12.3.6

24 h
n=3 )

1h(SBin TS cells)

MX

RF before MX
Rat cortical 8-OHdG adducts 1800 MHz, GSM RF-induced For cell (Xu et al., 2010)
neurons (mtDNA) Average SAR 2 W/kg increase in 8- proliferation see
n=3 . ) OHdG adducts Section 12.3.6

Z?f h (5I min on/10 min reverted by

off cycles) melatonin

Melatonin 4 h before RF treatment.

Blood CA 2.3 GHz, CW or pulsed No effect No information (Hansteen et al.,
lymphocytes (200 Hz pulse provided to 2009a)
n=6 frequency, 50% duty perform

cycle) numerical

power density 10 W/m? dosimetry

30 h MMC after 53 h RF
Blood CA 16.5 GHz, pulsed (1 No effect No information (Hansteen et al.,
lymphocytes kHz pulse frequency, provided to 2009b)
n=6 50% duty cycle) perform

power density 10 W/m? numerical

dosimetry

30 h MMC after 53 h RF
Combined exposures with ionizing radiation
Blood SB, CA, SCE, MN 935 MHz, GSM No effect. For cell (Stronati et al.,
lymphocytes Average SAR 1, 2 W/kg prollf_eratlon see 2006)
n=14 24 h Section 12.3.6

1 Gy X-rays before or

after RF
Blood CA 1950 MHz, UMTS Synergistic effect Increase in (Manti et al., 2008)
lymphocytes SAR 0.5, 2 W/kg at 2 Wikg exchange
n=a ' aberrations at 2

24h W/kg alone

4 Gy X-rays before RF (p<0.05).
Blood SB 1800 MHz, GSM No effect on SB (Zhijian et al., 2009)
lymphocytes Average SAR 2 Wikg and DNA-repair.
n=4 24 h (5 min on/10 min

off cycles)

RF before 0.25 or 0.5

Gy -rays
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4162

4163

4164
4165
4166
4167
4168
4169

4170

4171
4172
4173
4174
4175

4176
4177
4178
4179
4180
4181

4182
4183

4184

4185
4186
4187
4188
4189
4190
4191

Mouse SB 2450 MHz, CW No effect. (Lagroye et al.,

(C3H 10T1/2
cells) 4 Gy o-rays after 2 h RF

n=3-4

Combined exposures with Ultraviolet and other physical agents

Blood SB 1800 MHz, GSM Decrease in UV- (Baohong et al.,
lymphocytes Average SAR 3 W/kg induced SB at 1.5 2007)
n=3 h RF and increase
15or4h at 4 h RF.No
RF after UV-C (0.25- effect for 2 J/m?.
2 J/im?)
Lens epithelial ~ SB, 9-H2AX foci 1800 MHz GSM MF noise negated RF alone (Yao et al., 2008a)
(hLEC) cells Average SAR 1, 2, 3, 4 RF-induced SB. increased SB at
n=3 Wikg e 3 and 4 W/kg.
2 h (5 min on/10 min off For ocular
cycles) function and
: . oxidative stress
MF noise superposition see Section
(2 uT, 30-90 Hz) 6.4.2 and 12.3.5.
No information
on blinding of
staff
ANo effect" means no statistically significant effect.

Excluded references

(Agarwal et al., 2009Antonopoulos, Eisenbrandt & Obe, 19®allardin et al., 201;1d'Ambrosio et
al., 2002 d'Ambrosio G., 1995De luliis et al., 2009Falzone et al., 201@ajski & GarajVrhovac, 2009Maes
et al.,, 1993 Maes et al., 19951996 Maes et al., 199M™aes, Collier & Verschaeve, 2002001, Scarfi et al.,
1996 Schmid & Schrader, 20Q7Schrader et al., I8, Shckorbatov et al., 199&hckorbatov et al., 2010
Syldona, 2007Yamazaki, Matsubara & Yamada, 19%%ni et al., 2003Zhang et al., 2002Zotti-Martelli et
al., 2000 Zotti-Martelli et al., 200%

12.3.2 Intracellular and intercellular signalling

Studies on intracellular and intercellular signalling include releasalofum ions sgnal transduction
pathwaysand cytokine expression. In the previous WHO repgdWwHO, 1993h) only studies on release of
calcium ions were reported and the general conclusion was that, although calcium melgase useful to
understand the mechanisms of action, insufficient information is available to suggest a potential adverse effect
on human health.

The present literature search identifibd relevant papers on this topi&ix of them were in a
languagehat could not be understood. That K8 papers to be extracted. Among the relevant publicatiss,
were excluded because they did not meet the inclusion criteria for in vitro studies, and references aré¢hksted
end of this sectionTwelve papersdid not completely comply with the quality criteria for inclusion due to
methodological issuegherefore they are only presented in the text. The remaiBthgapers have been
described in the text and summarized in table

Unless specificallymentioned papers did not report on blinding of the investigators to the exposure
conditions.

Intracellular Calcium

Wolke et al.(1996 studied the effects of continuous wave (CW) and differently modulatetiZl6
30kHz) 900 1800 MHz RFEMF on intracellular calcium levelsneasured as fw2 fluorescence by means of
digital image analysjsn Guinea pig istated ventricular myocytes. They used several SAR le@elsqi 0.059
W/kg) and short (500 s) and lottgrm (120 min) exposure times and analyseti381single cells. In general,
they noticed no differences betwettie sham and RF exposed groupscept a ignificant difference detected in
the 900 MHz group which was modulated at 50 Hz (p<0.Ttg@atment of cells with aolution containind<Cl
instead of NaCl, served as posita@ntroland inducedn increase igalcium concentratiorfAs also stated

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

158



4192
4193

4194
4195
4196
4197
4198
4199
4200
4201

4202
4203
4204
4205
4206
4207
4208
4209
4210
4211
4212
4213
4214

4215
4216
4217
4218
4219
4220
4221
4222
4223
4224

4225
4226
4227
4228
4229
4230
4231

4232
4233
4234
4235
4236
4237
4238
4239
4240

4241
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by the authors, such difference cannot be regarded as relevant, since the measured mean value lies within the
limits of the standard deviation of the sham exposure.]

Linz and ceworkers(Linz et al., 1999 exposed isolated rat and Guinea pig ventricular myocytes to
RF EMF in a frequency range between 180 and 1861Z. In particular, exposures to 1800 and 900 MHz, GSM
modulated were carried out at different SAR valu@s015i 0.88 W/kg), while exposure at IBMHz, CW, was
conducted ab.08 W/kg. They appliec patch clamp technique ofi B4 single cells to evaluate action potentials
(currentclamp mode) and 4ype C&" and K membrane currents (voltagéamp mode). No effects on
electrophysiological membrandaracteristics were detected in the two cell jipgestigated for any of thRF
exposure conditions tested compared to sham exposed samples,owitindg the ambient temperature as a
positive control induced the expected changes.

The study ofCranfieldet al.(200]) investigatedchanges in average calcium levels or trends in human
leukaemicJurkatT-cells exposed to 915 MHz (CW and GSM) EMF with a weightedaverage SAR of 1.5
W/kg for 10 min. Intracellular calcium concentratiofspiking) were estimated by Flud fluorescenceausing
laser scanning confocal microsco@ince the mitogen phytohaeméaugtinin (PHA) induces repetitive transient
rises in calcium spiking within about 100 s of addition, both PidAvated and inactivated cells were studied.
The experiments were performed bkad No differences were detected between exposed and sham exposed
groups.When thepower spectral density distribution of fluorescence waaalysed, a significant difference
(p<0.05) was detected, but only in PHativated cells exposed to the GSM sigriadr each experimental
condition, at least 100 single cells wergkysed.Positive controls were not included in the study dedqigs.
also stated by the authors, the observed difference could be a statistical artefact, due to the large variability of the
observed phenomenoin this study the number of independent eipents is not reported, but the authors
stated that, ince each experiment yielded between 0 and 20 analysable cells, the results from sufficient
experiments were pooled to allow a comparison of at least 100 cells for each cdndition.

Green et al. (2005 showed no evidence of any consistent or biologically relevant effect on
intracellular calcium concentratiofC&"]i ) when rat cerebellar grateu cells (from 6 to 9 independent
experiments) or cardiac myocytes {237 single cells) were exposéor 20 minutesto Terrestrial Trunked
Radio signals (TETRA) at 380.8875 MHz (pulse modulated at 17.6 Hz, 25% duty cycle) with SAR level
between 0.00%nd0.4 W/kg. Although increases inC&"]i in response to potassivimduced depolarization in
TETRA-exposed cells were different from sham contréfee majority of the differensewas attributable to
initial biological variation between cell culture$he fuorescent dyed~uraPE3, Fluo3 or Flue4 were
employed to measuff€a’], usng digital image analysisThe study was carried out blinded. Positive controls
were not included[Indication about the homogeneity the SAR distributionis not given. The study is also
reported in Section 5.4 (Brain physiology and function).]

Whole-cell currentclamp and singlehannel recording was used Bharchionni et al (2006 to study
the effect of 900 MHz CW EMF on rat dorsal root ganglion neuffms to nine independent experiments)
Exposure aA SAR value of 1 kg for 10 s did not modify the frequency of action potentisnpared to sham
exposed samplemnd did not affect the-type C&" current and the Gaactivated K current, which are involved
in the control of the interspike intervaPositive controls have not been included in the study desjgor
dosimetric analysis the authors refer to a previous répifxrti et al., 2004 This study has also been described
in Section 5.4 (Brain physiology and function).]

Platanoand colleaguegPlatano et al., 2007studied B&" currents through voltaggated calcium
channels (VGCC) using primary cultures of rat cortical neyrahich were exposed fori B periods of 90 sec
to 900 MHz CW or GSMmodulated RF EMF (SAR = 2 W/kg). They measured B currents (to avoid C&
dependent inactivation of the currents) means ofwholecell patchclamp technique. The results, obtained
from three to seveindependent experiments, indicate that current amplitude or the cuoltage relationship
were not significantly altered by single or multiple acute exposures to 900 MHz CW oE&HMompared to
sham samplesSamples treated with CdCla specific bloker of voltagegated calcium channels, were used as
positive controls and gave positive findinffBhese findings are in agreement with the results reported by Linz et
al., (Linz et al., 1999). This study has also been desatlilie Section 5.4 (Brain physiology and function).]

Raoand coworkergRao et al., 2008mployedneuronal cells differentiated from a mouse embryonic
P19 carcinoma to study calcium dynamics and cytosolic calciuroetdrations and spikes after exposing the
cells toCW 700/ 1100 MHzRF EMF. Theytestedseveral SAR levels (0i50 W/kg) and the exposudiration
was 60 min. Flugt AM fluorescent dyeby means of fluorescence and differential interference contrast images
and timelapse sequencewas used to monita@a* spikes They found that RF exposure significantly increased
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the number of spontaneous fJaspikes (p<0.05) irthree to fourindepedent experiments. Thehangewas

dependent on the frequency (with a peak effect at 800 MHz) but not on the SAR in the range 0.5 to 5 W/kg.

When 50 W/kg was tested, tfehangewas significantly lowerthan with the lower SAR valueand was
accompanied by gemperature increase (&), which may have introduced thermaihduced alterations in
Ccd* dynamics. In sharexposed cells, spontaneous’Capi ki ng c o ul d-cohotoxinbGVabAcEk e d
selective blocker of the f/pe voltagegated C&" channels) otJ73122 & phospholipase C inhibitor). No effect
of RF exposure at 0.5 Xk wasfound. These observations indicate thatyye voltagegated C& channels and
phospholipase C are involved in intrinsic?Cspiking, and may be modulated by RFhis study ha been also
described in Sections 5.4 (Brain physiology) and 12.3.6.1 (Cell differentiation).]

O 6 Co neh al.f(2010 exposed human endothelial cells, rat-PX neuroblastoma cells and rat
primary hippocampal neurons to 900 MHz, GSM modulation; for human endotheliah €Nssignal was lao
tested.The study was performed blinde@ihe highthroughput imaging platform was employed to monitor
changes in cellular Galevels with Fura2 AM or FuraPE3 AM fluorescent dyes. The exposure was 30 min
long (SAR 0.0122 WI/kg). The experiments werdesigned to study the effects of RF on both resting and
induced C&' signals. The results indicate no effect of RF exposure on ba$ah@aeostasis or provoked €a
signalscompared to shaimontrols No positive controls were includefllhe number oexperiments carried out
is unclear This study has also been described in Section 5.4 (Brain physiology and fuhction).

Table 12.3.5. In vitro studies assessing effects of RF EMF exposure on intracellular calcium

Cell type Results Comment Reference

Number of
independent
experiments

Biological endpoint Exposure conditions

Guinea pig Intracellular [Ca®].
isolated

ventricular

cardiac

myocytes

n=31-55%

Guinea pig
and rat
isolated
ventricular
myocytes

n=5-14°

Action potentials, and
membrane currents (L-
type Ca*" and K*
currents)

Human Jurkat
T-cells

n=98-107%

Intracellular [Ca®']in
presence or in absence
of PHA.

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

900 MHz, CW, 186, 50,
217 Hz, and 30 kHz
modulated

SAR 0.015,0.029, 0.03,
0.059 W/kg

1300 MHz, 217 Hz
modulated

SAR 0.012 W/kg

1800 MHz, 217 Hz
modulated

SAR 0.009 W/kg
500 s and 120 min

180 MHz, CW
SAR 0.080 W/kg
900 MHz, GSM

Average SAR 0.015,
0.25 W/kg

1800 MHz, GSM

Average SAR 0.080i1
0.88 Wikg

3 min (maximum)
915 MHz, CW and GSM

Weighted average SAR
1.5 Wikg

10 min

160

Increase in [Ca®] No information on (Wolke et al.,
at 900 MHz, 50 Hz blinding of staff. =~ 1996)
modulated.

No effect of the
other conditions
tested.

No effect. No information on (Linz et al., 1999)

blinding of staff.

No changes in High variability of (Cranfield et al.,

average calcium  the observed 2001)
levels. phenomenon
Significant

difference in PHA-
activated cells
exposed to GSM
signal.

by
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4274
4275
4276

4277
4278
4279
4280
4281
4282

Rat cerebellar Intracellular [Ca®']. 380.8875 MHz (pulse No effect. For Brain (Green et al.,

granule cells modulated at 17.6 Hz, physiology see 2005)
n=6-9 25% duty cycle) Section 5.4
SAR 0.4 W/ kg
20 min
Cardiac
myocytes SAR 0.005i 0.04 W/ kg
n=93-177% 10 min
Rat dorsal root  Single channel ionic 900 MHz, CW No effect. For Brain (Marchionni et al.,
ganglion currents and firing SAR 1 W/kg physiology see 2006)
isolated frequency 10 sec Section 5.4
neurons No information on
n=3-92 blinding of staff.
Primary lon currents through 900 MHz, CW and GSM  No effect. For Brain (Platano et al.,
cultures of rat  VGCC using Ba*" as ion SAR 2 W/kg physiology see 2007)
cortical carrier 1.3 x 90 sec Section 5.4
neurons No information on
n=3-7 blinding of staff.
Neuronal cells Calcium dynamics and  700-1100 MHz, CW Increase in For Brain (Rao et al., 2008)
derived from cytosolic [Ca?"]. SAR 0.5-50 W/kg calcium spiking physiology and
mouse . frequencies. differentiation see
embryonal 60 min Sections 5.4 and
P19 carcinoma 12.3.6.2
cells No information on
n=3-4 blinding of staff.
Human Multiple parameters of 900 MHz, CW and No effect. 2 W/kg used for all cell ~ (O'Connor et
endothelial intracellular calcium GSM types; lower SARs for al., 2010)
cells, rat PC-12  signals (peak SAR 0.012-2 W/kg human endothelial cells
neuroblastoma amflitude, integrated 30mi only.
cells and rat Ca”" signal, recovery min For Brain physiology
primary rates) see Section 5.4
hippocampal
neurons
n not clear
2single cells
AiNo effectdo means no statistically significant effect

Abbreviations: [Ca®"]: calcium concentration; CW: continuous wave; GSM: Global System for Mobile Communication; PHA:
Phytohaemagglutinin; SAR: specific absorption rate; VGCC: voltage-gated calcium channels.

Signal transduction pathways

Transcriptional activity in responge stressors can be mediated by mitoegetivated protein kinase
(MAPK) pathways that include the extracellukgnal regulated kinases (ERKSs), p38 and the-liic N
terminal kinase (JNK) cascades. These pathways regulate a variety of cellular prinobsdiesy proliferation,
differentiation, metabolism and the stressor response. Upon phosphorylation of these kinases, a large number of
regulatory proteins and transcription factors (EgrElk-1) can become activated, thereby altering cellular
processeand allowing further gene transcription.

Lee et al(2006 exposedlurkat cells and rat primary astrocytes to 1763 MHZERH- at SARs of 2
or 20 W/kg for 30 mirto 1 h in the presence or absencehaf tumour promotol 2-O-tetradecanoylphorbel 3-
acetate (TPA). No evidena# altered phosphorylation status was observed for ERK1/2, INK1/2 eMpBK
after exposure in either the presence or absence of TPA, as assessed in three independent experiments.
Treatments with TPA alone induceddosedependent MAPK phosphorylation,dserved as positive controls.
[This study has also been presented in Section 12.3.3 (gene and protein expression.)]

In a further study, the same research greyposed human mammabyeast epithelia(MCF10A)
cells Kim et al.(2012. The exposure conditionssted were 837 MHz, CDMA, (SAR = 4 W/kg) for 4 h or 837
MHz, CDMA, plus 1950 MHz, WCDMA, at SAR of 2 W/kg for each signal (SAR = 4 W/kg) for 4. Moreover,
the latter condition was also tested 2 h per day for three consecutive days. The expression levels and
phosphorylation states of several MAP kinases (ERK, JNK and p38) were analyzed by Western blot. The authors
found no evidence that single or repeated exposure of these cells could elicit expression or phosphorylation
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4330
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changes in any kinases assessed (tim@gpendent experiments). In positive controls, assessed by treating cell
cultures with 1 Gy gamma rayshgsphorylation of both JNK and ERK occurred, whglesphorylation of p38

was not induced. [The results related to positive controls are not shaive paper. This study has been also
reported in Section 12.3.3 (gene and protein expression)]

Huang et al.(2008h exposed a mouse auditory hair cell line (HEC1) to 1763 MHz CDMA
modulated RF EMF at a SAR of 20 W/kg fori120 min. No changes in the protein expression level or
phosphorylation status of RK, JNK or p38 were observed RF exposed cultures compared to sham, as
assessed ithree independent experimentdeating of Jurkat cells to 43 + 0.2 °C for 30 min was included as a
positive control, whereby positive findings were detec{aéthis study las also been reported in Section 6.4
(Auditory functions), 12.3.1 (genotoxicity), 12.3.3 (gene and protein expression) and 12.3.6 (cell proliferation).]

In somestudies the effect of REMF exposure on the expression of other eukaryotic transcriptional
regulators, tumor suppressor genes, cell cycle proteins, signalling molecules and growth Hastdyeen
examined

Nikolova et al. (2005 exposed pluripotent embryonic mouse stem cells to 1710 MHz GSM
modulated RF EMF at an average SAR of 1.5 W/kg for up to 4hé.experiments were carried out blinded.
The authors observeathnsient changes in the expression of bax, GADD45 and Nurrl at specific (isolated) times
after exposure, but no consistent alterations in the expression of these genes was observed at-jpoias time
(five independent experiments). The authors obsenedorresponding changes on cellular proliferation or
apoptosis leading them to speculate that the effect of RF on these genes may be compensated for at the
translational and postanslational levelPositive controls were not included in the study. [T8tigdy has also
been described in Sections 12.3.1 (Genotoxicity), 12.3.3 (Gene and protein expression), 12.3.4 (Apoptosis) and
12.3.6 (Cell proliferation).]

Li et al. (1999 exposed human fibroblasts (primary and WSneol cells) to 837 ddHtinuousvave
RF EMF at SARs of 0.9 or 9.0 W/kg for 2 dndassessed the protein expression levels of p53 by Western blot
(three independent experimentslp differences were detected compared to sham exposed cultures at 2 to 48 h
after RF exposure, lile cultures exposed to ultraviolet radiation as positive control showed a significant
increase in p53 expression. The experiments were carried out blinded.

Lee et al.(2011H investigated if single or combined RF EMF exposures interfere with cell cycle
regulation.Theyexposed human breast MCF7 cancer cells for 1 h to either 837 MHz, CDMA (average SAR =4
W/kg), or 837 MHz CDMA plus 1950 MHz WCDMA (2 W/kg CDMA and 2 W/kg WCDMA). three
independent experimentsarried out blindedprotein expression level of p53 and p21, known to regulate the
function of cyclindependent kinases, were unaffected by RF exposure. Similarly, the protein expression of
cyclin proteins A, B1 and D1 wewrdso unaffected by RF exposure, leading the authors to conclude that neither
single nor combined RF exposure affected cycle progression in this celllieepositive control group was
exposed tqgamma radiation and showed changes in cell cycle distibyihis study las also been described
in Section 12.3& (Cell proliferatior).]

Bourthoumieu et ak2013 investigated the expression of the p53 protein and its activation (due to its
ability to initiate apoptosis) in human amniotic cells exposed for 24 h to 900 MHz B&Mlaed RF EMF
(SARs = 0.25, 1, 2, and 4 W/kg). The results of three independent experiments performed using three different
donors showed no effect in p53 expression (Western blot assay) by comparingxgesad to Rfexposed
cultures.Treatments witlbleomycin as positive control resulted in a significant increase in apoptotic cells. [This
study has also been described in Sections 12.3.3 (Gene and protein expression), 12.3.4 (Apoptosis), and 12.3.6
(Cell proliferation).]

Sun et al(2012 exposed cultured human amniotic (FL) cells to 1808z GSM RF EMF for 15 min
at SARs ranging from 0.1 to 4.0 W/kg. Thethors reported clustering of epidermal growth factor receptors
(EGFR) on the cell membrane of R&posed celland a significant increase (p<0.01) in phosphorylated EGFR
protein expresen at RF exposures from 0.5 to 4.0 Wha@mpared to sham exposed cultufthsee independent
experimentgarried out blinded No positive control was included in the study.

Tuschl et al(2006 investigated the effect of 8ihtermittent(5 min on/10 min off cyclesgxposure of
human peripheral blood mononuclear cells from 15 different donors to 1950 MHzn@%Mated RF EMF at a
SAR of 1 W/kg, on the transcript expression of a variety of cytokines and immalevant genes using a PCR
array.The experiments were céd out blinded. No changes in exposed cells compared to sham controls were
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detected inntracellular production of IL2 anihterferong (INFg) in lymphocytes and IL1 antlimour necrosis
factorU (TNFU in monocytes, activity of immunreelevant genes (ILA and b, IL2, IL2-receptor, IL4,

macrophage colongtimulating factor (MCSF) receptor, TNF TNFUreceptor), and cytotoxicity of
lymphokineactivated killer cells (LAK cells)Positive controlswere not included in the study desigfThis

paper haslsobee described irsection104 (Immune system and haematolagyy)

Cervellati et al.(2009 exposed a human trophoblast cell line (H8/&Vneo) to 1817 MHz Q8-
modulated RF EMF at a SAR of 2.0 W/kg for 1lh.five independent experiments carried out blindbé, t
authors observed increased transcript expression of connexins 40 and 43 (prGeRptped cultures compared
to sham exposed ondsowever no changewere observed in the protein expression levels of these membrane
proteins Positive controls were not included in the study.

Studies not included in the analysis

Leszczynski et al(2002 exposed EAy926 cells to 900 MHz GSMhodulated RF EMF for 1 h at 2
W/kg. In four independent experiments, an increased expression of p38MAPK and HSP27 was reported at 1 h
postexposure, while decreased expression of these proteins was reported at 8 h after Ripd&aMie evelative
to the sham controls. The authors further reported that the phosphorylation of HSP27 could be inhibited by
SB203580 (a specific inhibitor of p@APK). [The absence af statistical analysjgo determine if any of these
resultswassignificant makes the conclusion of this paper questionabés study hasalsobeenpresented in
Sections.4. (Brain physiology and function), 12.3.3 (Gene and protein expression) and 12.3.4 (Apgptosis).

Zimmerman et al(2012 exposed hepatocarcinoma cells (HepG2 and Huh7) to 27.1 MHz (100 Hz
21 kHz frequencymodulated) RF EMKSAR = 0.4 W/kg for 3 h perday for 1 week. The authors found no
significant differences in gene transcript expression between sham and REXplEBed cultures in HepG2 cells
by RNA-Seq analysis. Thefurther examined two genes with an absolute foldinge >1.&y RT-PCR and
found decreased transcript levels for PLP2 and XCL2 in HepG2 and Huh7 cell lines, increased transcript
expression for PLP2 and XCL2 in a noralignant cell line (THLE2), and no effect on PLP2 expression in an
MCF7 cell line after exposurgp€ 0.05; four independent experimén{g he significance of these findinds
difficult to interpret as the RNAeq and RIPCR data showed inconsistent resplts

Buttiglione et al.(2007) assessed the expression levels of several transcription factor$, (Bgk2,
Elk-1) downstream of MAPK pathways in a human neuroblastoma cell lineS§&Y) exposed to 900 Mz
GSM-modulated RF EMF at a SAR of 1 W/kg for 5 min to 24 h. In three independent experiosritd out
blinded,the authors observed a transient increase irRlBganscript levels ati®0 min after exposure, but the
effect was no longer evident aftér24 h exposure. Phosphorylation of ERK1/2, JNK1/2 andlElkas also
transiently increased after various RF exposure times (5 min to 6 h), while a significant decrease in the transcript
levels of Bct2 and Survivin were observed after 24 h of exposub&. [frotein expression and Bak and Bax
transcript expression were not affected by RF exposure. However, a significant decrease in cell viability, the
appearance of suB1 nuclei and a G2Nblock wereobserved after 24 h of exposure, indicatihgt apoptosis
was induced in the cell cultur®ositive controls were not included in the studyhdTauthors reported the
efficiency of their exposure system to be 0.35 W/kg/(input Watt) and aimed for a target SAR of 1 W/kg.
However, it was stated that an input powé&B1.6 W was fed into the exposure system, which would lead to a
SAR of approximately 10 W/kg. Since culture temperatures were not measured during RF exposure and since
the exposure details are not clearly reported, the results of this study must bastaitierpreted as thermal
confounding may have occurre@his study has also been described in Sections 12.3.3 (gene and protein
expression), 12.3.4 (Apoptosis) and 12.3.6 (Cell proliferafion).

Hirose et al (2006 examined generdnscript levels in A172 and IMBO cells following RF EMF
exposure. A series of genes knotenbe components of p58ediated apoptosis (including APAF1, TP53,
TP53BP and CASP9) were assessed after cells were exposed to 2142.5 MHz at SB&D&\W/kg for up to
48 h. The authors observed no significant differences in the expression of thesgafsB apoptosis genes
relative to shantontrol groups under any condition testétbating of cultures at 42 °C served as positive
control and resulted in a siicant increase in gene expressif¢fihese observations are based on dnlg
independent experiments for each conditibrereby limiting the significance of these resultbis study has
also been reported in Sections 12.3.3 (Gene and protein exp)emsibl2.3.4 (Apoptosi$).

Jin and colleagueglin et al., 2012pbshowed that RF exposure of human promyelocytic leukaemia
HL-60 cells to 900 MHz, CW, at 12 pwW/émower density for 1 perday for 3 days did not induce differences
in intracellularCa* levels with respect to shacontrols. Intracellular fre€a* andC&*-Mg?*-ATPase activities
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were measured by employing cytofluorimetric and spectrophotometric techniques, respddively.er, the
effect of ceexposure with doxorubicin (DOX, a chemotherapeutic dwege also investigateg@re-exposure to
RF protected Ht60 cells from subsequent treatments with DOX, since the intrace@afadevelswerelower

in RFexposed and DOxXreatal cells as compared to cells treateith DOX alone (p<0.01)[The results refer
to only two independent experimeptisereby limiting the significance of these resuikhis study has also been
described in Section 12.3.4 (Apoptosik)].

Yoon et al.(2011) exposed cultured human dermal cells (hDPCs) to 1763 MHz RF EMF at SARs of 2

or 10 W/kg. After 3 h exposure at a SAR of 10 W/kg, the authors observed increased transcript expression of

IGF-1 (p<0.05). The also observed increased phosphorylation of MAPK1 and protein expression 2 BQL

cyclin D1, but decreased expression of Bidwms data appears to results from one independent expe}imard
follow-up experiment, VEGF and IGFE transcript expressiowere increased after onlyhlof RF exposure at 10
WI/kg (p<0.05). Similar alterations in IGF transcript expression were not observed in four other cell lines
exposed to the similar RF exposure conditidPasitive controls were not included in the studksign.[It is
unclear whether mRNA was pooled from multiple donors for transcript analysis, which would effectively result

in one independent sample, or whether true independent experiments were conducted. Since the experimental

approach employed is uear, the significance of these findings is questionablds study has also been
described in Sections 12.3.4 (Apoptosis), 12.3.5 (Oxidative stress) and 12.3.6 (Cell prolif¢ration).

Hao et al(2010 exposed murine microglial (N9) cells to 2450 MHz pulsed (2 us, 500 pps) RF EMF
for 20 min at a SAR of 6.2 W/kg (three independent experiments).i A2 h after RF exposure, cell extracts

were assessed by Western blot for the expression levels of phosphorylated STAT3, JAK1 and JAK2. Increased

expression of {8TAT3 and pJAK2 were reportedtali 12 h after RF exposure, whileJAK1 was only
increased at 1 h paskposure. When cells were-eaposed to pyridine 6 (an inhibitor of JAK:.STAT3 by RF

EMF wasnot increased. In a related study by the same grdiamg et al.(Yang et al., 201Dinvestigated
additional timepoints and inhibitor conditions (three independent experiments). N9 microglia cells were
exposed to RF EMF for 20 min at a SAR of 6 W/kg, then assegsé#@4 h thereafter. The authors reported
that N9 cells showed increaseeSpAT3 immunoreactivity following RF exposure, when imaged by confocal
microscopy (p<0.01). Western blot analysis demonstrated increased levels of-®0&Trg and pJAK2 at
timesranging from 124 h after RF exposure (p<0.01), whileJpK1 was only increased in expression at 1 h
postexposure. [In both studies, the cultures were exposed to a relatively high RF field intensity of ~6 W/kg.
Since culture temperatures were not moeidoduring or after RF exposure and SAR heterogeneity was not
assessed within the culture flasktlsermal confounding in these studies cannot be exclublkdeover, the
results cannot be interpreted sirthe description of the exposure system and dosinetngt adequateThese
studies have also been described in Section 8.3 (Neurodegenerative di§orders).

Liu et al.(2011) exposed primary rat cortical neuron cultures to RF EMF from a Nokia mobile phone
(GSM/ GPRS 900/ 1800 . Mdhzexposures were cariedimio den bhé mdhdend
mobile phone was placed atop-avéll culture plate in a tissue culture incubator and the cells were exposed for 2
h, six times a day for 2 days (three independent experiments). The authors reported a significantrirtotahse i
Bax after mobile phone irradiation by immunoprecipitation assay (p<0.001), but no change in total Bax was
observed by Western blot assay (p>0.05). The levels of aBtixavas reported to be significantly higher than in
the sham control in both ags (p<0.01)[There is an inadequate description of the RF exposure system and
dosi metry. Use of a mobile phone in Aond mode as
the exposure level. Moreover, it is questionable whether placgmibbile phone in staroly modeis an
appropriate sham contrahnd thereforevhether the study fulfilled the inclusion criterihis study has also
beenreported inSectiors 5.4 (Brain physiology and function) ari®.3.4(apoptosis]).

Yao et al.(2004 exposed cultured rabbit epithelial cells (RLEC) to 2450 MHz continuawe RF
EMF for 4 8 h at power densities ranging from 1210 mW/cni. The authors examinetie expression dfvo
genes related to the cell cycle, namely p27Kipl and p21WAF1. Western blot analysis (five independent
experiments) demonstrated increased protejoression of p27Kipl (p<0.05) afteri & h exposureat 2.0
mW/cn?f, but no changes were observed in p21WAF1 expressiorP@H analysis found no significant
difference in the transcript expression of these genes (four independent expergeentsection 12.3).
[Temperature measurements indicated a°@.6ncrease in temperature in the exposed samplesresults of
this study cannot be interpretesince no dosimetric evaluation was performédhis study has also been
described in Sections 6.4 (Auditorfunction), 12.3.3 (Gene and protein expression) and 12.3.6 (cell
proliferation)]
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4442 Friedman et al(2007) reported that exposure of Ratl cells and sestarved Hela cells to 87950

4443 MHz RF EMF at power densities ranging from 0.081 mW/cm for 5i30 min, caused increased

4444  phosphorylation of ERK1/2, but not p38APK or JNK1/2. The authors suggest that this activation is mediated
4445 by ROS generation following activation of NADPH oxidase by RF EMF. [The Western blot data were derived
4446  from only ore to three independent experiments for each endpoint. In many cased densitometric analysis of
4447  Western blots was not conducted. Statistical analysis of densitometry data was not performed. There was no
4448  assessment of dosimetry within the samples and the \Biftih the mobile phonexposed cells is unknown.

4449  Moreover, it is not reported how the shaontrols have been performethis study has been also described in

4450  Section 12.3.3 (Gene and protein expressjon).

4451 Natarajan et al(2002 investigaed the capability of RF EMF to promoENA-binding activity of

4452  nuclear factor kappa B\F-$B), a protein complex involved in cellular responses to several stimuli, including
4453  inflammatory cytokine, chemokines and interferon. Thegposed human monocyte MoMac-6 cells to

4454  pulsedwave radiation used in radar (8.2 GHz, 22pulse width and pulse repetition rate of 1p0Ges/sSAR

4455 =10.8% 7.1 W/kg at the bottom ofhe culture flask), for 90 min at 37 °@uring exposure, cell cultures were
4456  maintained at 3.4 + 0.4°C while sharexposed cultures were kept at 37.2 + 0.4°C. Cells wereréhieaubated

4457  at37°C, and harvested 4 h peskposure. Results showed a-88&l increase in DNAbinding activity of NFCB

4458 in exposed monocytesomparedto the sham exposednes (two independent experiments carried out in
4459 triplicate). Cell cultures treated with HL were included in the study as positive control and gave the expected
4460 results. he authorsalso performed experiments aimed to investigate the effect of heatthglzserved a
4461 decrease in NEB DNA-binding activity at 43 °C. [Nevertheless, as also stated by the authors, a broad
4462  distribution of SAR levels in the samples cannot be excludé@ results of this investigation cannot be
4463 interpreted due to the scanty roen of experiments; moreover, data are reported ascfadges and statistical
4464  analysis has not been performed. This study has also been presented in Be8tidmmune system and
4465  haematology]

4466 In a follow-up study Natarajan et ali2006 exposed the same cell type (Mekiac-6) for 90 min

4467  intermittently (30 min on, 30 min off 30 min on to 0.79 ns long pulses with average peak electric field of 1
4468  kV/cm (100 kV/m), pulse repetition rate of 250 Hz and carrier frequency ranging from 0 HiHe Cells

4469  were incubated and harvested at 10 min, 3 h, 8 h and 24 h post exposure. No difference éfsté NvkB

4470 DNA-binding activity was detected in cells harvested at 10 min, 3h and 8 h, while 24 h incubation after
4471  exposure resulted in a 3f6ld increase in NFE Bbinding activity in exposed cultures compared to sham
4472  controls. Such an increase disapmeel at 48 h incubation post exposure. However, the exposure did not
4473  significantly affect the expression of t@eBdependent gene expression profiles, measateégland 24 h post

4474  exposureln cultures exposed to gamma rays as positive control, positiieds were found. [The validity of

4475  the results remains unclear since the number of independent experiments carried out is not reported. Moreover,
4476  data are reported as fetthanges, although the authors claimed that statistical analysis has been peifbisned.
4477  study has alsbeendiscussedn Section10.3(Immune system and haematology)

Table 12.3.6. In vitro studies assessing effects of RF EMF exposure on signal transduction pathway

Cell type Biological endpoint  Exposure conditions Results Comment Reference
Number of
independent
experiments
Human T- Phosphorylation: 1763 MHz CDMA No effect in the For gene and protein  (Lee et al.,
lymphocytes- p38MAPK, ERK1/2 SAR 2 or 20 W/kg presence or expression see 2006)
derived (Jurkat) and JNK1/2 ) absence of TPA section 12.3.3
cells and rat 30 minor1h : -
8 . No information on
primary Combined exposures blinding of staff.
astrocytes with TPA
n=3
Human breast ~ Phosphorylation and 837 MHz CDMA No effect. Single or multiple (Kim et al.,
epithelial protein: ERK, JNK, SAR 4 Wikg exposures. 2012)
(MCF10A) cells  p38 ah For gene and protein
n=3 ' expression see
837 MHZ, CDMA, pIUS section 12.3.3

1950 MHz WCDMA
SAR 2+2 Wikg

4 h or 2 h/day for 3
days

No information on
blinding of staff.
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Mouse auditory Phosphorylation and 1763 MHz CDMA No effect. For results on auditory (Huang et al.,

hair cell-derived protein: ERK1/2, INK, gaR 20 Wikg system, genotoxicity, 2008b)
(HEI-OC1) cells p38 . ) gene and protein
n=3 15i 120 min expression and

proliferation see
sections 6.4, 12.3.1,
12.3.3 and 12.3.6.

No information on
blinding of staff.

Mouse mRNA: bax, GADD45, 1710 MHz GSM Transient For genotoxicity, gene (Nikolova et al.,
embryonic stem Nurrl Average SAR 1.5 expression and protein 2005)
(ES) cells Wikg changes. expression, apoptosis
n=5 and proliferation see
upto 48 h sections 12.3.1,
12.3.3,12.3.4 and
12.3.6.
Human Protein: p53 837 MHz CW No effect. (Li et al., 1999)
fibroblast SAR 0.9 or 9 W/kg
(WS1lneo and
primary cells) 2h
n=3
Human breast  Protein: p53, p21, 837 MHz CDMA No effect. Single and multiple (Lee etal.,
cancer derived  cyclin (A, B1, D1) SAR 4 W/kg exposures. 2011b)
(MCF7) cells 1h For cell proliferation
n=3 ' see Section 12.3.6
837 MHz, CDMA, plus
1950 MHz WCDMA
SAR 2+2 W/kg
1lh
Human amniotic Protein: p53, 900 MHz GSM No effect. For gene and protein  (Bourthoumieu
cells (primary)  phosphorylated-p53 Average SAR 0i 4 expression, apoptosis et al., 2013)
n=3 Wikg and cell proliferation
see Sections 12.3.3,
24h 12.3.4 and 12.3.6.
No information on
blinding of staff.
Human amniotic EGF receptor 1800 MHz, GSM Increase in EGF (Sunetal.,
(FL) cells clustering and Average SAR 0.1i 4 clustering from 0.5 2012)
n=3 phosphorylation Wikg to 4 W/kg.
15 min
Human mRNA: variety of 1950 MHz, GSM No effect. For immune system (Tuschl, Novak
peripheral blood cytokine and immune- Average SAR 1 W/kg see section 10.4 & Molla-Djafari,
mononuclear relevant genes 2006)
cells (PBMC) 8h
n=15 (5 min on/10 min off
cycles)
Human mRNA and protein: 1817 MHz, GSM Increased Cx40 and (Cervellati et al.,
trophoblast connexin (40 and 43) Average SAR 2.0 Cx43 transcript 2009)
(HTR-8/SVneo) Wikg expression, no
cells change in protein
n=5 1h expression.
ANo effectdo means no statistically significant effect.

Abbreviations: CDMA: code division multiple access; CW: continuous wave; EGFR: epidermal growth factor receptors; ERK:
extracellular-signal regulated kinase; GSM: Global System for Mobile Communication; JNK: 1/2c-Jun N-terminal kinase; MAPK:
mitogen-activated protein kinase; RT-PCR: Reverse transcriptase-polymerase chain reaction; SAR: specific absorption rate;
TPA: 12-O-tetradecanoylphorbol-13-acetate; W-CDMA: Wideband Code Division Multiple Access

4478
4479  Cytokine expression
4480 Cytokines are signalling molecules (proteins, peptides or glycoproteins) involved in cell signalling.

4481  They are key regulators of cell activation and inhibition and their expression regulates the signals to the immune
4482  system to promote, for exante, inflammation. Inappropriate expression of cytokines can induce an immune

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

166



4483
4484
4485
4486
4487

4488
4489
4490
4491
4492
4493

4494
4495
4496
4497
4498
4499
4500
4501
4502
4503

4504
4505
4506
4507
4508
4509
4510
4511
4512
4513
4514

4515
4516
4517
4518
4519
4520
4521
4522
4523
4524
4525
4526
4527

4528
4529
4530
4531
4532
4533
4534
4535
4536
4537

response, and can cause diseases. Studies on the cytokine expression in vitro are quite sparse and have been
appearing only in the very recent years. Among the six recognizéi@stfivehavebeen carried out on immune
competent cells and have already been reporteSettion10.3. The study by Yoon et.a2011) has been

already quoted irsection12.3.2.2 under thstudies not included in the analysikie to methodological issues.
Therefore, all the studies on cytokine expression will teyoriefly summarized here.

Tuschl et al(2006 exposed human lymphocytes, monocytes, and lymphocyte activated killer (LAK)
cells from at least 15 volunteers to RF EMFs at 1950 MHz, @®idulatedat an SAR oflL. W/kg for 8 hours (5
min on/10 min offcycles)in blind conditions No differences were detecteglativeto shamexposed controls in
the expression of different cytokines (I, IL-2, TNFU, -b NF act i v i-ftelgvaniodenes andnu n e
cytotoxicity of LAK cells against a tumo cell line. Positive controlswere not included in the study design
[This study is also discussed in Section 10.4 (Immune system and haemaltology)

Absence of effects on production of several cytokines (ENF -1B, ILL-6, IL-8, IL-10, IL-12) was
also reported by Chaah et al (20073 in different humarderived cell lines (TK6, Ht60, and MoneMac-6)
after 6 h intermittent (5 min on/10 min off cycles) exposure at 1900 MHz -pudskilated RF EMF at SAR
values of 1 and 10 W/kgror each cell line, five independent experiments were carriedMmreover, no
differencescomparedo shamexposed cultures werdsodetected in terms of apoptosis, cell cycle progression
and viability, analysed mmediately aftethe 6h exposure period and 18 h after exposiitee positive control
samples (heat shock for 1 h at 43) displayed a significant decrease in cell viabilaypincrease in apoptosis,
and an alteration in cell cycle kinetics (G2/M block). [This stuigs been also presented in Sections 10.4
(Immune system and haematology), 10.3.3 (Gene and protein expression), 10.3.4 (Apoptosis) and 10.3.6 (cell
proliferation)]

In a genomiewide analysis of gene expression, Huang ef241083 exposed human lymphoblastoid
Jurkat TFcells to al763 MHz CDMA signal for 24 h (SAR = 10 W/kg). The experiments were performed
blinded. By comparing exposed and sham exposed cultaregehesvere identified with a foldchangegreater
than 1.3 and, among them, two cytokine receptor geneshemokine (€X-C motif) receptor3 (CXCR3) and
interleukin 1 receptor, type Il (ILLR2Wwere downregulated but only the CXCR3 variation was statistically
significant (p<0.05). The results were obtained in five independent experirhflevtgver, these results were not
confirmed by reverse transcriptgselymerase chain reaction (FACR).The authors also reportéat exposure
did not produce significant changes cell number and cell cycle distributions evh assayed 24 h after
exposuresPositive controlswere not included in the study desigfiThis study has been alstiscussedn
sections 10.4 (Immune system and haematolod®)3.1 (Genotoxicity) and12.3.3 (Gene and protein
expression].

Thorlin and coworkers (2006 exposed rat primary astroglial cells to 900 MRE EMF. They
appliedGSM-modulatedEMF at an SAR of 3W/kg for 4, 8 and 24 hor CW at27 W/kg for 24 h. The release
into the extracellular medium of the two grdlammatory cytokinesl6 and tumar necrosis factealpha
(TN F)Jwas analysed. Further, the levels of the astrogliatspatific reactive marker glial fibrillary acidic
protein (Gfap), whose expression dynamics is different from that of cytokines, were measured in astroglial
cultures and in astroglial cetbnditiored culture mediunafter exposure to CW fieldat SARs of 27 and 54
W/kg for 4 or 24 hMoreover, nicroglial cell cultures were exposed to 900 MKESM modulatedat an SAR of
3 WI/kg for 8 h, and L6, TN F ,Uotal protein and the microglial reactivity marl&D1 (a macrophage activation
antigen) were measurelNo significant differencebetween EMF and shasxposed samplesere detected for
any of the parameters studied at any time and for any of the exposure cornditeds as assessed in three to
eight ndependent experiments performed in bli@éll cultures incubated at 38° or 42°C were used as positive
controls and gave positive findingglhis study has also been describedSiection 8.3 (neurodegenerative
disordersand 0.4 (Immune system and haewlagy).]

Absence of effects was also reportedHisoseet al (2010, who exposegbrimary rat microglial cells
to W-CDMA 1950 MHz EMF at SARsof 0.2, 0.8 and 2.@8V/kg and assessd functional changes in immune
reactionrelated molecule expression and cytokine producfidre duration of the RF exposure was and
assay samples were processed 24 and 72 hitateblind mannerResults showed that the percentage of cells
positive for major histocompatibility complex (MHC) class II, which is the most common marker featadti
microglial cells, did not differ between any of th&EMF-expo®d groups and the shaexposed controls.
Furthemorg no remarkable differences in the production of tunmecrosis factealpha(TNFU), interleukinlb
(IL1b), and interleukir6 (IL6) were observed (three independent experimentsiireatments with
lipopolysaccharide or interfereA as positive controls gave positive findingrhe SAR distribution in the
exposed sample was not very homogeneous (standard deviation 578%eamieraturéncrease of 0.7 °C was
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4538 recordedduring exposure toan SAR of 2.0 WKkg. This study has also been reported in Section 8.3
4539  (Neurodegenerative disorders) and 10.4 (Immune system and haematology).
4540  Studies not included in the analysis
4541 Yoon et al.(2011) exposed cultured human dermal cells (hDPCs) to 1763 MHz RF EMF at S&Rs of
4542  or 10 W/kg. After 3 h exposure at a SAR of 10 W/kg, the authors observed increased transcript expression of
4543  IGF-1 (p<0.05). The also observed increased phosphorylation of MAPK1 and protein expression e Bl
4544  cyclin D1, but decreased expression @fxBthis data appears to result from one independent expetinherat
4545  follow-up experiment, VEGF and IGFtranscript expression were increased after omlyol RF exposure at 10
4546  W/kg (p<0.05). Similar alterations in IGF transcript expression were nobserved in four other cell lines
4547  exposed to the similar RF exposure conditighiss unclear whether mRNA was pooled from multiple donors
4548  for transcript analysis, which would effectively result in one independent sample, or whether true independent
4549  expeiments were conducted. Since the experimental approach employed is unclear, the significance of these
4550 findings is questionabléeThis study has also been described in Sections 12.3.4 (Apoptosis), 12.3.5 (Oxidative
4551  stress) and 12.3.6 (cell proliferatign).
Table 12.3.7. In vitro studies assessing effects of RF EMF exposure on cytokines
Cell type Biological endpoint Exposure conditions Results Comment Authors
Number of
independent
experiments
Human mRNA: variety of 1950 MHz, GMS No effect. For Immune (Tuschl, Novak &
peripheral cytokine and immune- Average SAR 1 W/kg system see Molla-Djafari,
blood relevant genes Section 10.4. 2006)
mononuclear 8h
cells (5 min on/10 min off
n=15i 22 cycles)
Human derived Inflammatory cytokine 1900 MHz, Pulse No effects For immune (Chauhan et al.,
immune cell release (TNF-U, IL-1B,  Modulated immediately system, gene and 2007a)
lines (TK6, HL- IL-6, IL-8, IL-10, IL-12) Average SAR 1, 10 W/kg after exposure  protein expression,
60, Mono Mac- ' and 18 h later.  apoptosis and cell
6) 6h cycle see Sections
n=5 (5 min on/10 min off 10.4, 12.3.3,
cycles) 12.3.4 and 12.3.6.
Human Genome-wide analysis 1763 MHz, CDMA Down- For immune (Huang et al.,
lymphoblastoid of gene expression Average SAR 10 W/kg regulation of system, DNA 2008a)
Jurkat T cells CXCR3 and damage and gene
n=5 24h IL1R2. and protein
Results not expression see
confirmed by Sections 10.4,
Rat primary Release of TNF- Uand 900 MHz, GSM No effect. For (Thorlin et al.,
astroglial and  IL-6; cellular content of Average SAR 3 W/kg neurodegenerative 2006)
microglial cells Gfap and ED-1 disorders and
n=3i 8 4,8and 24 h immune system
34 900 MHz CW No effect. see Sections 8.3
n=3i
SAR 27, 54 Wikg and 10.4.
24 h
Primary Changes in immune 1950 MHz, W-CDMA No effects 24 SAR not (Hirose et al.,
microglial cell  reaction-related Average SAR 0.2, 0.8, 2 and 48 h after  homogeneous. 2010)
cultures molecule expression Wikg T exposure. For
n=3 Cytokine production neurodegenerative
(TNF-alpha, IL-1beta, disorders and
IL-6) immune system
see Sections 8.3
and 10.4.
No effectd means no statistically significant effect.
Abbreviations: CDMA: code division multiple access; GSM: Global System for Mobile Communication; IL: interleukin; RT-PCR:
Reverse transcriptase-polymerase chain reaction; SAR: specific absorptionrate; TNFU: t umor necrosi s f
4552

THIS IS A DRAFT DOCUMENT FOR PUBLIC CONSULTATION. PLEASE DO NOT QUOTE OR CITE.

168



4553

4554
4555
4556
4557
4558
4559
4560
4561
4562
4563

4564
4565

4566

4567
4568
4569
4570
4571
4572
4573
4574
4575
4576
4577

4578
4579
4580
4581
4582
4583

4584
4585
4586
4587
4588
4589
4590

4591
4592
4593
4594
4595
4596
4597
4598
4599

4600
4601
4602
4603

12.3.3 Gene and protein expression

In the previousVHO report(WHO, 1993 no studies on gene and protekpeession were reported.
The present literature search identified 72 papers on this topic. Nine studies did not meet the inclusion criteria for
in vitro studies and were not considerddit references are reported at the end of the chapter. Among the
remaning 63 papers19do not completely comply with the quality criteria for inclusion due to methodological
issues (inadequate description of exposure system and dosimetry, small number of experiments, lack or
inadequate statistical analysis) and are onsented in the text. The 44 included studieal withheatshock
proteins Gection 12.3.3.1), protencogenes Section 12.3.3.2), Ornithine Decarboxylase (ODG@gtivity
(Section12.3.3.3) andhe useof high-throughput genomics and proteomics technolo¢fiesction12.3.3.4). In
some cases combined exposures with chemical agents have also been carAddstudties reported below
included sham exposed cultures

In this draft is not yet reported if studies have been carried out blinded. Moreover no fidorana
given on positive controls included in the study design.

12.3.3.1 Heat Shock Proteins (HSP)

One group of proteins that have been reported to be affect&FliyMFsar e t he fAstress
also known as the heat shock proteins (HSP). HSPsfarailg of chaperone proteins that are found in all-cell
types, are highly conserved and abundantly expressed with diverse functions. They are expressed in response to
cold, heat and other environmental stresses, although some are constitutively expt8fsethcrease heat
tolerance and perform functions essential to cell survival under these conditions. Some HSPs serve to stabilize
proteins in abnormal configurations, while others play a role in the folding and unfolding of proteins, acting as
molecularchaperones. Stressduced transcription of HSPs requires activation of heat shock factors that bind to
the heat shock promoter element, thereby activating its transcription activity. As HSPs and their associated
factors are induced by a variety of stresséiSP gene and protein expression have been extensively investigated
in response to RF exposure in a variety of cell models. Such studies have explored both the protein and transcript
expression of a variety of HSP, but also the phosphorylation statiissef proteins.

In a followup studyof Leszczynski et al(2002 (described undefStudies not included in the
analysi3, Nylund et al.(2009 exposed a human endothelial cell line (EA.hy9®261800 MHz GSMmodulated
RF EMF for 1 hat aSAR of 2.0 W/kg The authors reported 8 differentially expressed proteins (p<0.05) by 2D
gel electrophoresis. d\statistically significant changegere observedroHSP27 (or other HSR)r vimentin
protein expressigrhowever, phosphorylation status was not assessede Témgts are based on 5 independent
experiments.

Czyz et al.(2009 reported that exposure of mouse embryonic stem (ES) cells to 1710 MHz GSM
modulated RF EMF at SAR valued 1.5 W/kg for 48 h and 2.0 W/kg for 72 h could induce a significant
(p<0.05) and stable umgulation in transcript levels of HSP70 in p&&ficient cells, but not in wildype cells.

No effects were observed when the 1710 MHz signal was modulatedausingy GtSaM k 6 par adi gm at
slotaveraged SAR values (6 independent experiments). The authors speculated that certain signal characteristics
(e.g. 217 Hz modulation of the carrier signal) and biological/genetic conditions (e.g. p53 function) may be
important for the detection of Rfelated cellular responses.

Valbonesi et al(2008 observed no changes in HSP70 protein or transcript expression in a human
trophoblast cell line (HTF8/neo) following a 1 h exposure t800 MHz RF EMF at a SAR of 2 W/kg (6
independent experiments). In a follayp study,Franzellitti et al.(2008 examined HSP70 gene and protein
expression in HTRB/SVneo cells after prolonged exposuré24 h) to 1800 MHz, CW or GSkhodulated
(GSMtak and GSM217 Hz). Protein expression of HSP70 and HSC70 were unchanged after RF exposure.
Similarly, the transcript expression of HSP70A, HSP70B and HSC70 was unchanged. However, the transcript
expression of HSP70C varied across the test conditions. ®{S®anscript expression was unchanged after CW
exposure, but was decreased aftet® h exposure to GSithlk and increased at 24 h after G2W7 Hz
exposure (6 independent experiments; p<0.05).

Vanderwaal et al(2006 exposed a series of cell lines (HeLa, S3 and EA.hy926) to either 837 MHz
Time Division Multiple Access (TDMAModulated RF EMF for 1, 2 or 24 h at a SAR of 5 W/kg or 900 MHz

GSM-modulated RF for 1, 2 or 5 h at a SAR of 3.7 W@l used Western blots to assess the expression of
phosphorylatedHSP27. In 3 independent experiments for each cell line, the authors found no evidence that RF
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exposure altered the expression of phosphoryEiteB27 in any of these cell lines under angditions tested,
while heatshock at 45C was found to markedly increase the expression of phosphorA&Ea7.

Lee et al(2006 exposed human-lymphocytederived Jurkat cells an@t primary astrocytes to 1763
MHz Code Division Multiple Access (CDMANodulated RF EMF at SARs of 2 or 20 W/kg for up to 1 h. The
authors reported no significant differences in the protein expression of HSP27, HSP70 or HSP9O0 in either cell
type (3 indepadent experiments). Similarly, no alterations in the expression of phosphor&e2i7, HSP70
or HSP90 were observed in rat primary astrocytes after RF expoBhig sfudy has alreadyeen described in
section 12.3.ZIntracellular and intercellular siglling).]

Kim et al. (2012 exposed human mammary (MCF10A) cells to 837 MHz and/or 1950 MHz RF EMF
for 2to 4 h at a SAR of 2 to 4 W/kg. The expression levels and phosphorylation states of several HSPs (HSP27,
HSP70, HSP90) were analyzed by Western blot. In three independent expetivaentthors found no evidence
that single or repeated exposure of these cells to RF could elicit expression or phosphorylation changes of any
HSPs[This study has been already describe8dation 12.3.ZIntracellular and intercellular signalling

Miy akoshi et al(2005 exposed human malignant glioma cells (MO54) to 1950 MHz C\AERIF
for up to 2 h at SARs of 1, 2, and 10 W/kg. Exposed cells (from 3 to 6 independent experiments) did not show
increased HSP27 or$P70 protein expression. However, cells exposed at a SAR of 10 W/Kigftreixhibited
a significant decrease in the level of phosphoryli&iP27 relative to the shaexposed controls (p<0.05).

Wang et al(2006 exposed A172 cells to relatively high intensity 2450 MHz at SARs ranging from 5
to 200 W/kg for 13 h. In 3 independent experiments the authors detected significantly increased expression of
HSP70and increased expression of phosphoryl&i&P27 at SARs greater than 50 W/kg (p<0.01). [These
results are most likely attributable to thermal effects.]

Huang et al.(2008h) exposed a mouse auditory hairlcighe (HEI-OC1) to 1763 MHz CDMA
modulated RF EMF at a SAR of 20 W/kg for2! h. No changes in the protein expression levels of HSP27,
HSP70 or HSP90 were observed following 6, 12 or 24 h RF exposure (3 independent experiments). [This study
hasbeen alrady quoted in section 12.3(ihtracellular and intercellular signalling

Lantow et al.(2006g exposed human umbilical cord bleddrived monocytes and lymphges to
1800 MHz CW or GSMmodulated RF EMF at 2 W/kg for 1 h. No effects on the protein expression of HSP70
were observed in the exposed monocytes at 0, 1 or 2 feppssure, relative to the sham controls, as assessed
in 3 independent experiments, undey RF exposure condition tested.

Similar results were observed in a series of studies by another researchGiraupan et a(2006a
2006h 20078H and Qutob et al.(2006 exposed a variety of humaterived cell lines (Mondlac-6, US7MG,
HL60, TK6) to 1900 MHz pulsenodulated RF EMF for 4 to 24 h at SARs ranging from 0.1 to 10 W/kg. In each
of these studies, conducted by performing 5 independent experiments, concumeandhiaeashock positive
controls were included. The authors found no evidence of altered transcript expression for HSP27, HSP40,
HSP70, HSP90 or HSP105 in any of these cell lines following any RF condition tested.

Several studies have evaluated alteratiin HSP expression or activating in primary human cells.
Capri et al(20043 exposed human peripheral blood mononuclear cells (PBMC) from 6 young and old donors to
three different GSMmodulations of 1800 MHz RF EMF for 44 h (10 min on, 20 min off) at SARs of 1.4 and 2.0
Wi/kg. Using flow cypmetry, the extent of fluorescentabelling of HSP70 on exposed PBMC was not found to
be significantly different than that of shearposed PBMC for any of the conditions tested.

Lim et al. (2009 exposed diluted (1:1) human peripheral whole ble@®00 MHz CW or GSM
modulated RF EMF at SARs of 0.4 to 3.6 W/kg for times ranging from 20 min to 4 h. No statistically significant
differences were detected in the percentage of lymphocytes or monocytes expressing elevated HSP27 or HSP70
after any RF expsure conditions. The data are based upon three independent experiments.

Sanchez et al(20060) exposed isolated humaskin cells (4 to 5 independent experiments) and
reconstructed human epidermis (4 to 7 independent experiments) to 900 MHaG@&Nated RFEMF at a
SAR of 2 W/kg for 48 h. Microscopy analysis of fluorescetdlyelled HSC70, HSP27 and HSP70
demonstratecho detectable changes in the protein expression of HSC70, HSP27 or HSP70 in keratinocytes
following RF exposure. However, HSC70 protein expression was reported to be significantly decreased in
fibroblasts after exposure (p<0.05). Similar changes in HSQ@fession were not observed in normal human
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fibroblasts purchased from a commercial supplier following similar RFR conditions. The authors reported a
slight, but significant, increase in HSP70 expression in reconstructed human epidermis ¢&lsveel&after

RF exposure, relative to the sham controls (p<0.05). However, this observation was based upon declining HSP70
expression in the sham group over time, rather than an increase in HSP70 expression in the exposed group over
time. In a followup study, te same investigators found that primary human skin cells (keratinocytes and
fibroblasts) did not display any alterations in HSP27, HSP70 or HSC70 protein expression following a 48 h
exposure to 1800 MHz GSivhodulated RKSanchez et al., 20D7This study had 8 independentperiments

for fibroblasts and % independent experiments for fibroblast cells. [The authors did not speculate on the
differential responses observed between these two studies.]

Terro et al(2012 exposed cultured cerebral cortical cells to 900 MHz G8btlulated RF EMF for
24 h at aSAR of 0.25 W/kg. Protein expression ld5C70 wasncreased by ~26% (p<0.01) and HSP90 was
decreased by ~10% (3 independent experiments; p<0.05), however similar changes were observed to occur after
relatively modest temperature alterations of@.3°C in these experiments. [Since the temperature within the
RF exposed cultures increased by ~0.5 °C during the 24 h exposure period relative to the sham controls, it is
likely that the observed changes on HSP expression are due to temperature elevatienRRexghosed
samples.]

Laszlo et al.(20095 exposed hamster (HA), mouse (C3H 10T1/2) and human (HelLa, S3) cell
cultures to 835.62 MHz or 847.74 MHz frequency domain multiple access (FDMA) or Giiddulated RF
EMF at SARs of ~0.6 W/kg and ~5 W/kg for 5 min to 24 h. The heat shock factor (HSHbiDidihg activity
was examined using a 32&belled HSF gel shift assay. Thatlaors reported no evidence of altered in HSF
DNA-binding ability in response to RF exposure in any of the cell lines for any of the exposure conditions (3
independent experiments).

Two studies have assessed the effect of millimeter wave RF EMF exposuHSFoexpression in
cultured cell lines.

Zhadobov et al(2007) exposed a human gliakll line (U-251MG) to 60 GHz RFEEMF for 33 h at
power densiti%os 0.54 mW/BMIM 3 te Windependent experiments, the authors found no
evidence that low level millimetewave exposure altered the transcript or protein expression of clusterin or
HSP70.

Nicolaz et al.(2009 assessed the effect of millimeter wavei@P GHz) on endoplasmic reticulum
stressresponsive chaperone proteins. After 24 h exposure at SARs 632364W/kg, the transcript levels of
BiP/GRP78, ORP/GRP170 and HSP70 were assessed-BP\CRTand found tbe unaffected by RF exposure (3
to 4 independent experiments).

Only two studies have assessed the effect of RF EMF exposure combined with another agent on HSP
protein expressianSimko et al.(2006§ exposed a human monocyderived cell line (MoneMac-6) to 1800
MHz CW or GSMmodulated RF EMF for 1 h at a SAR of 2 W/laither alone or in conjunction with ultfane
particles. The authors reported that RF exposure alone-expasure with ultrdine particles had no effect on
altering HSP70 protein expression (3 to 6 independent experiments). In afiplstudy,Lantowet al.(20069
investigated whether 1800 MHz CW or GS8ibdulated RF exposure at SARs of 0.5 to 2.0 W/kg for 45 min,
either alone or in the psence of phorbol tthyristate 13acetate (PMA), could cause altered expression of
HSP70 in MoneMac-6 and K562 cells. No significant effects were detected in HSP70 protein expression in
either cellline from RF exposure, under any of the conditions tegted 6 independent experiments).

Studies not included in the analysis

Cleary et al(1997) exposed HelLa cells and CHO cells to 27 MH2450 CW MHz RFR at a SAR
of 25 or 100 W/kg under isothermal exposure conditions (37 £@).2or 2 h. The authors reported no evidence
of altered stress protein induction was observed in either pelldnder any of the RFR exposure conditions
tested (2 independent experiments). [No statistical analysis was performed on thesg results

Leszczynski et al(2002 expesed a human endothelial cell line (EA.hy926) to 900 MHz global
system for mobile communication (GShjodulated RFR for 1 h at an average SAR of 2 W/kg. The authors
reported altered phosphorylation status for several proteins (4 independent experimentéyaBp HSP27
was reported to undergo a transient increase in expression and phosphorylation immediately after exposure. At 8
h after exposure, decreased expression of HSP27 was observed. [However, none of these observations were
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4736

subjected to statisét analysis. This paper has been also describegkdtiors 5.4.1 (Brain physiology and
function) and in12.3.2(Intracellular and intercellular signalling

Tian et al.(2002 exposed human glioma (MO54) cells to 2450 MHz RF EMF at a SAR 13®%
WI/kg for exposure times ofi26 h. Significant increasein HSP70 protein levels were observed at SARs
ranging from 25 to 100 W/kg (p<0.05), but no effect on HSP70 protein expression was observed at SARs below
20 W/kg. [Thermal confounding cannot be ruled out in this study at the higher SARs tested dubkigblyhe
nontuniform SAR distributions within the exposure system and the extreme loss of cell viability (~70%)
observed among some samples during RF exposure. Moreover, the nhumber of independent experiments is not
reported and statistical analysis was metformed on much of the ddta

Lixia et al. (2006 exposed human lens epithelial cells (hLEC) to 1800 MHz Gfddulated RF
EMF for 2 h atSARs of1i3 W/kg. The authors noted increased HSP70 protein expressiugheer doses
(p<0.05), but no corresponding change was observed in mMRNA expression. [The number of independent
experiments is not reported although statistical analysis was perfofimedstudy has been described in detail
in Section 12.3.1 (genotoxigit]

Hirose et al.(2007) examined the effect of RF exposure on HSP27 phosphorylation, transcript and
protein expression in two cell lines. Human glioblastateaved A172 cells and human fetal ludgrived IMR
90 fibroblasts were exposed far4B h to 2142.5 MHz CW or widebar@DMA modulated RF EMF at SARs of
0.08 to 0.8 W/kg. No evidence of altered HSRBiDsphorylation or transcript expression of a variety of HSPs
was observed in either cell line under any conditions tested. f@olyndepenént experiments from each cell
line were conducted in this studly

Gurisik et al.(2006 exposed a human glioblastoma cell line (U937) to 900 MHz @8Mulated RF
EMF for 2 h at a SAR of 0.2 W/kg. The authors found no evidence of altered HSP60, HSP70 or HSP90 protein
levels at 2 h post exposure (4 independent experimghisjvever, the authors also reported that these cell
cultures demonstrated low viability (~65%) in both the sham aneéX®Bsed samples at 24 h pesposure.
Furthermore, no statistical analysis was performed on Western bldt data

Ding et al.(2009 exposed three human glioma cell lines (MO54, A172, and T98) to 1950 MHz CW
RF EMF for 1 h at a SAR of 1 or 10 W/kg. The authors reported that RF field exposure did not alter the
distribution or expression of HSP27, or fh®tein expression of HSP27 or HSP70 under any of the RF exposure
conditions or cell lines tested (2 independent experiments). However, a significant decre&$8PR7pwas
observed in MO54 cells after a 1 h exposure to RF EMF &V/@ (p < 0.05). [Thee is no description of the
RF exposure system or dosimetry. The results are based upon an inadequate number of independent
experiments.]

Table 12.3.8. In vitro studies assessing the effect of RF fields on Heat Shock Proteins (HSP) in cell lines

Cells Biological endpoint  Exposure conditions  Results Comment Authors
Number of
independent
experiments
Human umbilical protein: HSP27 1800 MHz, GSM No effect. Follow up study to Nylund et al.
vein (EA.hy926) Average SAR 2 W/kg Leszczynski etal. (2009)
cells 1h (2002)
n=5 Phosphorylation
not assessed.

Mouse embryonic  mRNA: HSP70 1710 MHz, GSM Increased For Proto- Czyz et al. (2004)
stem (ES) cells Average SAR 1.5 W/kg HSP70 transcript oncogenes see
n=6 expression in 12.3.3.2

48h p53-deficient

Average SAR 2.0 W/kg cells.

72 h
Human mRNA and protein: 1817 MHz, GSM No effect. Valbonesi et al.
trophoblast-derived HSP70 and HSC70 Average SAR 2 W/kg (2008)
cell line (HTR-8/SV
neo) 1h
n=6
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Human

protein and mRNA:

trophoblast-derived HSP70 (A, B, C) and
cell line (HTR-8/SV HSC70

neo)
n=6

Human cervical
cancer-derived
(HelLa S3) cells,
human umbilical
vein (EA.hy926)
cell lines

n=3

Human T-
lymphocyte-
derived (Jurkat)
cells, rat primary
astrocytes

n=3

Human mammary
epithelial
(MCF10A) cells
n=3

Human glioma-
derived (MO54)
cells

n=3 or 6

Human
glioblastoma-
derived (A172)
cells

n=3

Mouse auditory
hair cell-derived
(HEI-OC1) cells

n=3
Human umbilical

cord blood

(primary)
monocytes and
lymphocytes.

n=3
Human

lymphoblastoid-
derived (TK6) cells

n=5

protein: p-HSP27

protein: HSP27,
HSP70 and HSP90

phosphorylation and
protein: HSPs (27, 70,
90)

protein: HSP27,
HSP70 and p-HSP27

protein: HSP27,
HSP70 an p-HSP27

protein: HSP27,
HSP70, HSP90

protein: HSP70

mRNA: HSP27,
HSP70

1800 MHz, CW or GSM
SAR 2 W/kg
4i24h

837 MHz, TDMA,

900 MHz, GSM

SAR 5 W/kg
1,20r24h

Average SAR 3.7 W/kg
1,2o0r5h

1763 MHz, CDMA
SAR 2 or 20 W/kg
30minorlh

837 MHz, CDMA;
1950 MHz W-CDMA
SAR 2i 4 Wkg
2i4n

1950 MHz, CW
SAR 1, 2, 10 W/kg
10130 min, 1 or 2 h

2450 MHz
SAR 5i 200 W/kg
1i3h

1763 MHz, CDMA
SAR 20 W/kg
6i24 h

1800 MHz, GSM
Average SAR 2 W/kg
1h

1900 MHz, PW
SAR 1, 10 W/kg

6 h (5 min on/10 min off
cycles)

No effect on
protein or
transcript
expression for
HSP70(A and
B) and HSC70.

HSP70C had
varied transcript
expression in
response to

1800 MHz GSM-

talk and GSM-
217 Hz.

No effect.

No effect.

No effect.

No effect on
HSP27 or
HSP70 protein
expression.
Decrease in p-
HSP27 at 10
Wikg.

No effect at
SARs less than
50 W/kg.

Increased
expression of
HSP70 and p-
HSP27 at SARs
> 50 W/kg.

No effect.

No effect.

No effect.

Follow up study to
Valbonesi et al.
(2008)

For signal
transduction see
Section 12.3.3.

Single and
repeated
exposures.

For signal
transduction see
Section 12.3.2.

For cell
proliferation see
Section 12.3.6.

Thermal
confounding is
possible at SAR
>50 W/kg.

Cell viability also
evaluated.

For signal
transduction see
Section 12.3.2.

For Proto-
oncogenes see
Section 12.3.3.2.

Franziletti et al.
(2008)

Vanderwaal et al.
(2006)

Lee et al. (2006)

Kim et al. (2012)

Miyakoshi et al.
(2005)

Wang et al.
(2006)

Huang et al.
(2008a)

Lantow et al.
(20064a)

Chauhan et al.
(20064a)
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Human
promyelocytic
leukemia-derived
(HL60) cells,
human monocyte-
derived (Mono-Mac
6) cells

n=5

Human
glioblastoma-
derived (US7MG)
cells, human
monocyte-derived
(Mono-Mac 6) cells

n=5

Human
glioblastoma-
derived (US7MG)
cells

n=5

Human peripheral
blood mononuclear
cells (PBMC)

n=6

Human peripheral
whole blood

n=3

Human primary
keratinocytes,
fibroblasts,
reconstructed
human epidermis
n=4i 5
(keratinocytes)
n=4i 7
(reconstructed
epidermis)

Human primary
keratinocytes and
fibroblasts

n=8 (keratinocytes)
n=3i 6 (fibroblasts)

Cultured primary
cerebral cortical
cells from
embryonic Wistar
rats.

n=3

Human cervical
cancer-derived
(HeLa S3) cells,
hamster ovary
(HA-1) cells,
mouse embryo
fibroblast derived
(C3H 10T1/2) cells

n=3
Human
glioblastoma-

derived (U-251
MG) cells

n=316

mMRNA: HSP27,
HSP70

mMRNA: HSP27,
HSP40, HSP70,
HSP86 and HSP105

MRNA: HSP27,
HSP40, HSP70,
HSP86 and HSP105

protein: HSP70

protein: HSP27 and
HSP70

protein: HSP27,
HSC70 and HSP70

protein: HSP27,
HSP70 and HSC70

protein: HSC70,
HSP90

HSF protein-DNA
binding activity

mRNA and protein:
HSP70 and clusterin

1900 MHz PW
SAR 1, 10 W/kg

6 h (5 min on/10 min off

cycles)

1900 MHz, PW
SAR 0.1, 1, 10 W/kg

61 24 h (5 min on/10
min off cycles)

1900 MHz PW
SAR 0.1, 1, 10 W/kg
4h

1800 MHz GSM

Average SAR 14,2
Wikg

44 h (10 min on/20 min

off)

900 MHz, CW or GSM

Average SAR 0.4, 2,
3.6 W/kg

20min, 1,4 h

900 MHz, GSM
Average SAR 2 W/kg
48 h

1800 MHz, GSM
Average SAR 2 W/kg
48 h

900 MHz, GSM

Average SAR 0.25
Wikg

24 h

835.62 MHz, FDMA,
847.74 MHz, CDMA

SAR 0.6 - 5W/kg
5160 min; 24 h

60 GHz, CW
5.4, 0.54 mW/cm?
1133 h

No effect.

No effect.

No effect.

No effect.

No effect.

No effect on

keratinocytes.

Significant
decrease in
HSC70 in
fibroblasts.

No effect.

HSC70
expression
increased.

HSP90
expression
decreased.

No effect.

No effect.

For Proto-
oncogenes see
Section 12.3.3.2.

For Proto-
oncogenes see
Section 12.3.3.2.

Follow up to
Sanchez et al.
(2006b)

Results differ from
2006 study.

0.5°C
temperature
difference
between sham/RF
cultures.

Chauhan et al.
(2006b)

Chauhan et al.
(2007b)

Qutob et al.
(2006)

Capri et al.
(2004a)

Lim et al. (2005)

Sanchez et al.
(2006b)

Sanchez et al.
(2007)

Terro et al.
(2012)

Lazlo et al.
(2005)

Zhabodov et al.
(2007)
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4737

4738

4739
4740
4741
4742

4743
4744
4745
4746
4747

4748
4749
4750
4751
4752
4753
4754
4755

4756
4757
4758
4759
4760

4761
4762
4763
4764

4765
4766
4767
4768
4769

Human mRNA: BiP/GRP78, 591 61 GHz No effect. Nicolaz et al.
astrocytoma- ORP/GRP170 and SAR 2.647 3.3 W/kg (2009)
derived (U-251) HSP70
cells 24h
n=3i4
Studies including co-exposures
Human monocyte- protein: HSP70 1800 MHz, CW or GSM No effect. Simké et al.
derived (Mono-Mac SAR 2 W/kg (2006)
6) cells
N 1h
n=3i 6 )
Co-exposures with
ultra-fine particles.
Human monocyte- protein: HSP70 1800 MHz, CW or GSM No effect. Follow-up to Lantow et al.
derived (Mono-Mac SAR 0.5, 1, 1.5, 2 W/kg Simké et al. (2006c¢)
6) cells, human N (2006)
myelogenous 45 min
leukemia-derived Co-exposures with
(K562) cells PMA.
n=4i 6

iNo e fnfieans hodstatistically significant effect.

12.3.3.2 Proto-oncogene expression

Several studies have investigated the ability of-BRF- to mediate the expression of proto
oncogenes. Protoncogenes are genes whose altered expression has the capability to induce cellular
proliferation and/or transformation. While thegenes are constitively expressed at low levels, they are rapidly
and transiently induced in response to external stressful stimuli.

Ivaschuk et al(1997 exposed nerve growth factor (NG§tjmulated rat PC12 pheochromocytoma
cells to 836.55 MHz TDMAmodulated intermittent (20 min on, 20 min off) RF for 20 to 60 min at SARs of
0.514.6 mW/kg. Northern blot analysis, performed on 5 independent experimetitstéd no change infos
expression after exposure, howevguie expression was significantly decreased after 20 min exposure at 4.6
mW/kg (p<0.05), but not at any of the other exposure intensities or times after exposure.

Goswami et al(1999 reported that exposure of C3H 10T1/2 cells toi& MHz modulated RF
EMF at an average SAR of 0.6 W/kg significantly increasémksdranscript expression (p<0.001 for exponential
growth phase and transition phase cells, p<0.04 for plateau phase Mellshanges were observed in the
transcript expression levels ofiun and emyc or in the DNA binding activity of the transcription factors AP1,
AP2 or NFa B (3 independent -epxspuey/Whitaeleeadt es al(2005 reassessed thd | o w
potential effect of exposure of these cells to-835 MHz modulated RF at SARs of 5 or 10 W/kg ofos
expression using RPCR (three independent experm®. The authors did not confirm their earlier
observations, although higher SARs were used in the falipwtudy.

Czyz et al.(20049 reported that p58eficient embryonicstem cells exposed to 1710 MHz GSM
modulated RFEMF caused a transient increase ijum expression immediately after a 48 h exposure and an
increase in gnyc expression at 5 days after exposure (p<0.05), in 6 independent experiments. However, no
changesn the expression of these praiocogenes were detected in the wilde exposed embryonic stem
cells.

Chauhan et al2006a 2006h exposed several humaderived cell lines to intermittent (5 min on/10
min off) 1950 MHz RFEMF at SARs of 1 or 10 W/kg fori@4 h and protencog@ee transcript expression was
assessed by RPCR. In 5 independent experiments no significant differences were observed on the relative
expression level of the protincogenes-un, c¢-fos and emyc in any of the cell lines examined.

Merola et al.(2006 exposed human neuroblastoma cell (LANto 90 MHz GSM modulated RF
EMF at an average SAR of 1.0 W/kg for 24 to 72 h. Western blot analysismgfbBand Nmyc, sensitive
markers of proliferation and differentiation, indicated no effect of RF exposure on the expression of these
oncogenes, either irhé presence or absence of retinoic acid or camptothecin stimulation, as assessed in 3
independent experiments.
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Table 12.3.9. In vitro studies assessing the effect of RF fields on the expression of proto-oncogenes

Cells Biological endpoint Exposure conditions Results Comment Authors
Number of
independent
experiments
Rat adrenal medulla mRNA: c-fos, c-jun  836.55 MHz, TDMA  Decrease in c-jun Ivaschuk et al.
pheochromocytoma- SAR 0.5i 4.6 mW/kg expression after 20 (1997)
derived (PC12) i . ) min exposure (4.6
cells 20i 60 min (20 min mWikg).
. on/20 min off)
- NGF-stimulated No effect on c-fos or
n=5 c-jun at other
exposure conditions.
Mouse embryo protein, mRNA: c- 835.62 MHz, FMCW  Increased c-fos Goswami et al.
fibroblast-derived fos, c-jun, c-myc 847.74 MHz, CDMA transcript expression (1999)
(C3H10T1/2) cells DNA binding: AP1, Average SAR 0.6 after RFR exposure.
i serum deprived AP2, NF-aB Wi/kg No effect on c-myc or
n=3 24 h c-un.
Mouse embryo mRNA: c-fos 835.62 MHz, FDMA  No effect. Follow-upto ~ Whitehead et al.
fibroblast-derived 836.55 MHz, TDMA Goswami et  (2005)
(C3H10T1/2) cells 847.74 MHz, CDMA al. (1999)
i serum deprived SAR 5 or 10 W/kg Higher SARs
n=3 05i2h than original
study.

Mouse embryonic
stem (ES) cells

mRNA: c-jun, c-myc

1710 MHz, GSM
SAR 1.5 W/kg for 48

Increased c-jun, c-
myc and p21

Similar results
not observed

Czyz et al. (2004)

n=6 h expression in p53- in p53-
deficient cells at competent
EAR 20Wlkgfor 72 yarous timepoints.  cells.
For HSP see
12.3.3.1.

uman m : c-fos, c-myc z o effect. or see auhan et al.
H RNA: c-f 1900 MHz PW No eff For HSP Chauh |
lymphoblastoid- and c-jun SAR 1, 10 W/kg 12.3.3.1. (20064a)
derived (TK6) cells " )

B 6 h (5 minon/10 min
n=5 Off)

uman m : c-fos, c-myc z, o effect. or see auhan et al.
H RNA: c-f 1900 MHz, PW No eff For HSP Chauh |
promyelocytic and c-jun SAR 1, 10 W/kg 12.3.3.1. (2006b)
leukemia-derived " )
(HL60) cells, human 6 h (5 min on/10 min
monocyte-derived off)
(Mono-Mac 6) cells
n=5
Studies including co-exposures
Human protein: B-myb, N- 900 MHz GSM No effect. For Apoptosis Merola et al.
neqroblastoma— myc Average SAR 1 W/kg see Section (2006)
derived (LAN-5) 12.3.4.

cells

247 72 hCo-exposures
with retinoic acid and

n=3 camptothecin.

N o e fnfieans hodstatistically significant effect
4770
4771  12.3.3.3 Ornithine Decarboxylase (ODC) Activity
4772 ODC is the ratdimiting enzyme in polyamine synthesis and thereby acts to regulate cell proliferation.
4773  Alterations in ODC activity have been linked with bathcontrolled growth of malignant cells and reduced
4774  apoptosis.
4775 Desh et al.(2003 investigated the ability of 835 MHz TDM#nodulated RF EMF at SARs of <1 to
4776 15 W/kg for 8 h to modulate ODC activity in L929 cells. This study found no evidence of altered ODC activity
4777  at RF exposures up t5 W/kg that did not induce sample heating (3 to 6 independent experiments). However
4778 decreased ODC activity was observed in RF andRierexposed samples where sampleperatures increased
4779 by 1.52.0 °C (p<0.05).
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Hoyto et al.(2006 exposed L929 murine fibroblasts to 900 MHz CW or GBiddulated RFEMF at
SARs of 0.20.4 W/kg for 2 to 24 h and assessed thpaat of RF exposure on ODC activity. The authors in 3
to 5 independent experiments found no evidence eingEced alterations in ODC activity but noted that small
increases in temperature (<1 °C) caused decreased ODC activity. The authors commente@ thetivdy is
remarkably temperatwgensitive and that precise temperature control is essential in studies on cellular ODC
activity. In a followup study,Hoyto et al.(20073 exposed L929 fibroblasts from 2 different cell repositories to
835 and 872 MHz CW and TDM#nodulated (50 Hz burst modulated, 33% duty cycle) RF at SARs of 2.5 or
6.0 W/kg for 2 24 h. Exposures were conducted using a Crawford exposure apparatus and a waveguide exposure
system (3 to 7 independent experiments). Using the Crawford exposure systeract®@was unaffected by
RF exposure except for a slight decrease after 2 h exposure at a SAR of 6 W/kg (p<0.05), which the authors
attributed to a thermal effect. When L929 cells were exposed using the waveguide system, ODC activity was
increased afteB h of exposure at 6 W/kg relative to the shexposed samples (p<0.05). No evidence of
amplitude modulatiospecific effects were observed. The authors speculated that the use of adjustéxdhitivater
temperatures for different SARs (to accommodate foiirRleced heating of the sample at 6 W/kg) using the
waveguide system may have decreased the basal ODC activity which was then increaseekpssiRE
6heat ed6 t h°€. Irsadditipnl teL929 dibroBlastsoyto et al.(2007h assessed the ability of 872
MHz RFEMF to modulate ODC activity in rat C6 glioblastoma cells, huterived SHSY5Y neuroblastoma
cells and rat primary astrocytes. The cell lines were exposed to 872 MHz CW anthGdilted RF at SARs
of 1.5, 2.5 and 6.0 W/kg, in a watgcketed waveguide for 2 to 24 h. ODC activity was reported to be
significantly decreased in rat primary astrocytes at SARs of 1.5 and 6.0 W/kg with both CW and GSM
modulation (p<0.005). The authorpreted no consistent effects on ODC activity in the other cell lines (5 to 12
independent experiments). In attempt to understand the variability in ODC responses among and within studies
Hoyto et al.(2008h investigated the influence of a variety of physgital conditions on ODC activity. Serum
starved and serwmnriched cultures of L929 cells were exposed to 872 MHz CW and-@88ulated RF at a
SAR of 5 W/kg for 1 or 24 h. No consistent evidence of altered ODC activity was observed following RFR
exposureSimilarly, the authors reported no evidence that physiological conditions of the exposed cells may alter
their responsiveness to RF EMF (3 to 6 independent experiments).

Billaudel et al.(20090 exposed L929 murine fibroblasts to 835 MHz TDNM#odulated RFEMF at
SARs of 0.52.5 W/kg for 8 h, 900 MHz GSNhodulated at SARs of 0.2.0 W/kg for 2 h or 1800 MHz GSM
modulated RF at 2.5 W/kg foii 24 h and ODC activity was assessed usintfaadiolabé assay. The authors,
in 3 to 5 independent experiments, found no evidence of altered ODC activity in any exposed group under any
exposure condition tested. In a related stigljfaudel et al (20093 expsed human neuroblastordarived SH
SY5Y cells to 835 MHz TDMAmodulated (50 Hz, 33% duty cycle) FMF or 1800 MHz GSMmodulated
RF at SARs of 1 or 2.5 W/kg for 8 or 24 h. Similarly, the authors found no evidence of altered ODC activity
following any RF EMF exposure condition (4 to 5 independexperiments).

Table 12.3.10. In vitro studies assessing the effect of RF fields on ornithine decarboxylase activity (ODC)

Cells Biological endpoint Exposure conditions Results Comment Authors
Number of
independent
experiments
Mouse ODC activity 835 MHz, TDMA No effect. Observed Desta, Owen &
fibr_osarcoma- SAR <1i 15 W/kg de9r9a§e in ODC Cress (2003)
derived (L929) activity in
cells 8h samples with
n=3i 6 temperature

increase.
Mouse ODC activity 900 MHz, CW or GSM No effect. Noted that small ~ Hoyto et al.
fibr_osarcoma- SAR 0.2i 0.4 Wkg increase in (2006)
derived (L929) N temperature
cells 2i24h (<1 °C) resulted
n=3i 5 in decreased

ODC activity.
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