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We have read these two reports with inter€sey show increased incidence of malignant
schwannoma in the heart and brain gliomanaleratsexposed either to GSivhodulated or
CDMA modulated cell phone radiofrequency (RF) radiation for two yddwsre are also
increased incidences of some other tumor types and dis@ésesscuss in the following
some of the major findings.

The reports the results @ohwannoma and glioma are of s concern since they
corroborate human epidemiology finding$ws, t is noteworthy that similar tunne were
found in the NTP studgs in epidemiological studies ®uman use of wireless phones;
mobile phones or cordless phones (DE@®Aalignant gshwannoma in the heartassimilar
type of tumor asestibular schwannoma humans, also calleacoustic neuroma, although
acoustic neuromis usually benign anohay rarely undergo malignant transformation.

In the following we give an updated evaluation on the scientific evidence for increased risk
for glioma and estibular schwannom@coustic neuromagssociateavith use of wireless
phonesin our opinion als@ertain aspects on human epidemiology on this issue need to be
further clarified and elaborated in the NTP report.

OQur study group has since the ecodroletidies he 199
on use of wireless phones and brain tunsk (Hardell et al 1999)An increased risk for

brain tumors was found forspateral use of mobile phondle same side of the brain as the

phone was used statistically significant increased risk was publishednfiatignant brain

tumors (Hardell et al ZIR) andvestibular sctvannoma (Hardell et al 2003jurther scientific

evidence on the associatibas more recently beeliscussed by Carlberg and Hardell (2017).

Background

The brain is the main targitr exposure to R radiation during use of handheldreless

phones; both mobile and cordless phones (Cardis et al 2008, Gandhi et al 2012). An increased

risk for brain tumors has been of concern for a long tim&ldy 2011 RF radiation in the

frequency range 30 k300 GHz was evaluated to be a Groupi2B, e . a Opossi bl ec
carcinogenby the International Agency for Research on Cancer (IARC) aivibed Health



Organization \VHO) (Baan et al 2011, IARC 2013). This was based on an increased risk for
glioma and acoustic neuroma in human epidemiologitalies.

The IARC cancer classification includes all sources of RF radidftom exposure from

mobile phone base stations, YWiaccess points, smart phones, laptops and tablets can be
long-term, sometimes around the clock, at home, at work placehaols and in the

environment. For children this risk may be accentuated because of a cumulative effect during
a long lifetime use (Hedendahl et al 2015).

The exposure guideline used by many agencies was established loyXB88nternational
Commissioron Norlonizing Radiation Protection (ICNIRP) and was based only on
established sheterm thermal (heating) effects from RF radiation neglectingthermal
biological effects (ICNIRP 1988). The ICNIRP guidelines were updated in 2009 but still do
not cower cancer and other losigrm or northermal effects (ICNIRP 2009%ee also Hardell
(2017)

ICNIRP gives the guideline 2 to 10 Wiior RF radiation depending on frequency. This is

only based on a sheterm immediate thermal effect (ICNIRP 200E)NIRP is a private
non-governmental organisation (NGO) based in Germany. New expert members can only be
elected by rambers of the organizatiomany of the ICNIRP members have ties to the

industry that is dependent on the ICNIRP guidelines. The guideline$ laugeeconomic

and strategic importance to the military, telecom/IT and power industry.

In contrast to ICNIRP, the Biolnitiative Reports from 2007, updated in 2012, based the

evaluation also on netnermal health effects from RF radiation (BiolnitiatWérking Group

2007, 2012)The scientific benchmark for possible health risks was defined to be 30 to 60

HW/m?. In 2012, the Bioinitiative Working Group proposed a precautiotsaget level of B

6 eW/m?, using a safety factor of 10. Using the significantly higher guideline by ICNIRP

gives a O0green carddéd to roll out the-wireles
thermal health effects from RF radiation.

Since the IARC evaluation in 2011 necstudies have been published that support a causal
association between RF radiation and brain and head tufiurs, it ispertinent to make an
up-dated presentation in the NTP reports on current evidence on cancer risks associated with
use of wirelesslpnes.

ADani sh cohort study on 6 mob iSthézetah2606)ésnats er s 6
includedheredue to serious methodological shortcomings in the study design, see (Sdderqvist

et al 2012). The study by Benson et al (2013) is of limited value since use of cordless phones

was not included, mobile phone use was assessed only at baseline and no orfamati

tumor laterality including ipsilateralersuscontralateral use were given. In spite of the many
shortcomings an increased risk for acoustic neuroma was reported. The study will not be

further discussed below.

First human epidemiology studies on &fie tumor types are discussed. Then N-BRgly
findings arepresented and finally an evaluatiofithe combined evidence from human and
animal studies.



Glioma

Human studies

Glioma is the most common malignant brain tumor and represents about 60 % of all central
nervous system (CNS) tumors. Most of these are astrocytic tumors divided irgosidey

(WHO grades-ll) and highgrade (WHO grades HIV). The most common gliomape is
glioblastoma multiforme (WHO grade V) with the peak incidence in the age gredp 45
years and median survival less than one year (Ohgaki, Kleihues R@a0&)bstantial

increasing survival has been obtained during recent yHamse research grosave

provided results in cassontrol studies on glioma, Interphone (Interphone 2010), Coureau et
al (2014) andhe Hardell group in SwedeHlérdell, Carlber@009,2015%; Hardell et al
2006,20113, 2011H.

Random effects model was used rizetaanalyses of published studies, based on test for
heterogeneity i n t heseealse http:lwww.giaingiatiye.orgibta | | mo b
that only our group assessed also use of cordless phones. Thus the reference category in our
studies inclded cases and controls with no use of wireless phones in contrast to the other
studies investigating only mobile phone use.
group would biashte risk estimates towards unity (Hardell el at 2011a)

In Table lresults for highest cumulativese in hours of mobile phones gieen. All studies
reported statistically significant increased risk for glioma and the-aretlysis yielded odds

ratio (OR) = 1.90, 95 % confidence interval (Cl) = 12316. For ipsilateral mobile phone use

the risk increased further to OR = 2.54, 9% 1.833.52 in the metanalysis based on

247 exposed cases and 202 exposed controls. Further support for the increased risk of glioma
associated with mobile phone use has been obtained in additional analyses of parts of the
Interphone study (Cardis at 2011, Grell et al 2016, Momoli et al 2017).

Table 1. Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95 %
confidence interval (ClI) for glioma in casentrol studies in the highest category of
cumulative use in hours for mddiphone use.

All Ipsilateral

Cal/Co OR |95 % CI Cal/Co OR |95%ClI

Interphone 2010
Cumul ati ve us ¢210/154 |1.40 | 1.037 1.89 100/62 |1.96 | 1.22i 3.16
Coureau et al 2014
Cumulative use896 h 24/22 2.89 | 1.411 5.93 9/7 2.11 | 0.73i 6.08
Hardell, Carlberg 2015
Cumul ati ve wus¢211/301 |2.13|1.617 2.82 138/133 | 3.11 | 2.18i 4.44

Meta-analysis
Cumul ati ve wus€445/477 |1.90 | 1.317 2.76 247/202 | 2.54 | 1.8371 3.52

*0O896 h used for Coureau et al

We analyzed survival of the patients in our studies and found shorter survival in patients with
glioblastoma multiforme associated with use of wireless phones compared with patients with
no use (Carlberg, Hardell 2014). Interestingly mutation of the pb8 gwolved in disease

progression has been reported in glioblastoma multiforme in patients with mobile phone use



>3 hours per day. The mutation was statistically significant correlated with shorter overall
survival time (AkhavasSigari et al 2014).

NTP study
No increased incidence of glioma was reported in the mice SNy TR 595

In malerats (NTP TR 59bmalignant glioma and glia cell hygeasia occurred in affroups

exposed to GSMnodulated cell phone RF radiation for 2 years.l&sionswere seetn

sham controls. In female rats glial cell hyperplasia occurred in one rat (3 W/kg)neuhno

sham controls. One malignant glioma occuiredne rat in the 6 W/kg group bobnein

sham controlsThese results were not statistically sigrafit.

In male rates exposed to CDMAodulated cell phone RF radiation for 2 years there was an
increased incidence of malignant glioma watstatistically significant trend, p = 0.044. In

females three malignant glioma occurred in the 1.5 W/kg groumdnetin the other exposed
groups or sham control. Glial cell hyperplasia was seen in most exposed groups, although not
statistically significant.

Evaluation
Based on human epidemiology studies and the &flialstudy there i€learevidence that
RF radation causes glioma humans

Meningioma

Human studies

Meningioma is an encapsulated, wedmarked and rarely malignant tumor. It is the most
common benign brain tumor that accounts for about 30 % of intracranial neoplasms. It
develops from the pia aratachnoid membranes that cover CNS. It is slow growing and gives
neurological symptoms by compression of adjacent structures. Most common are headaches
and seizures. The incidence is about two times higher in women than in men and meningioma
develops mo$t among middle aged and older persons {Sedano et al 2012). The same
research groups as for glioma included also meningioma in theicoag®el studies with a
separate publication on meningioma by Carlberg, Hardell (2015). Results of the meta
analy®s for cumulative exposure in highest exposure category are givenlenZT @b

statistically significantncreasedisk was obtained for ipsilateral mobile phone use Wikh=

1.49, 95 % CI =1.02.06

Table 2. Numbers of exposed cases (Ca)camdiols (Co) and odds ratio (OR) with 95 %
confidence interval (CI) for meningioma in casantrol studies in the highest category of
cumulative use in hours for mobile phone use.

All Ipsilateral

Cal/Co OR |95%CI Cal/Co OR |95 % Cl

Interphone 2010
Cumul ati ve us q130/107 |1.15|0.817 1.62 46/35 1.45 | 0.801 2.61
Coureau et al 2014
Cumulative use896 h 13/9 2.57 | 1.021 6.44 6/4 2.29 | 0.581 8.97
Carlberg et al 2013
Cumul ati ve usq141/301 |1.24 |0.931 1.66 67/133 |1.46 | 0.987 2.17

Meta-analysis
Cumul ati ve use€284/417 |1.27 |0.987 1.66 119/172 | 1.49 | 1.08i 2.06

*0O896 h used for Coureau et al




NTP study
No increased incidence was reported in mM€R TR 595

In the rat studyN TP TR 59pincreasedncidence of malignant or benign granular cell tumors
occurred in the malesxposed to GSMnodulated cell phone RF radiation for 2 yediisis

was not statistically significantrend p = 0.343nlfemale rats granular cell tumarslignant

or benignwerenot associated with RF radiation, p trend = 0.594

Evaluation
Based on human epidemiology studies and the &flialstudy there is equivocal evidsmn
thatRF radiationcauses meningioma in humansaly be related to exposiire

Rate/incidence of brainumors

The Swedish Cancer Register has not shown increasing incidence of brain tuanstusdin

for the time period 1972008,and has been used to dismiss epidemiological evidence on a
risk (Deltour et al 2012). We have previously published that descriptive studies cannot be
used to dismiss results in analytical epidemiology with individual exposure histories such as
in casecontrol studies. We have also published the deficiencies in negaiftirain tumors

to the Swedish Cancer Regis{elardell, Carlberg 2015blResults for more recent time

periods have now been published. These articles discuss also results from studies in other
countries.

We used the Swedish National Inpatient Regi@iR) and Causes @feath Register (CDR)

to study the incidencef brain tumorcomparing with th&SwedishCancer Register data for

the time period 1998013 using joinpoint regression analy@iardell, Carlberg 2015b)n

the IPR we found a joinpoint in 2007 with Annual Percentage Change (APC) +4.25%, 95%
Cl +1.98, +6.57% during 2002013 for tumors of unknown type in the brain or CRigure

1 shows time trends in IPR for brain tumors of unknown type (D43), rechlwgemobile

phone communicatigmumber of ougoing mobile phone minutes in millions per year

(blue line). The figure shows increasing rates of brain tumors with some latency in relation to
increasing use of mobile phones.
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Figure 1. Number of outgoing mobile phone minutes in millions during 192913
(http://statistik.pts.se/pts2013/download/Svensk%20Telemarknad%20201 aquHssed

on 1 April 2015) and joinpoint regression analysis of number of patients per 100,000
inhabitants aaerding to the Swedish National Inpatient Register for all ages duringi 1999
2013 diagnosed with D43 = tumor of unknown type in the brain or CNS
(http://www.socialstyrelsen.se/statistik/statistikdatabas/diagnoserislutenaacgssed on

1 April 2015).

In the Causes of Deathdgister CDR) joinpoint regression found one joinpoint in 2008 with
APC during 20082013 +22.60%, 95% CI +9.68, +37.03%. These tumor diagnoses would be
based on clinical examination, mainly CT and/or MRI, but without histopathology or

cytology. No statistically significant increasing incidence was found in the Swedish Cancer
Register during these years. We postulated that a large part of brain tumors of unknown type
are never reported to the Cancer Register. Furthie, the frequency afiagnoss based on
autopsy has declined substantially due to a general decline of autopsies in Sweden adding
further to missing cases. We conclude that the Swedish Cancer Register is not reliable to be
used to dismiss results in epidemiological studietheruse of wireless phones and brain

tumor risk.

In Figure 2 we show rates per 1000 of deaths in unknown type of brain tumor (D43), red
line, andnumber of owgoing mobile phone minutes in milliorfblue line)during 1999

2013. We postulate that the increasing rate of patients deceased with brain tumor may be
associated with the increasing use of mobile phones.
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Figure 2. Number of outgoing mobile phone minutes in millions during 192913
(http://statistk.pts.se/pts2013/download/Svensk%20Telemarknad%202013aocdessed

on 1 April 2015) and joinpoint regression analysis of-agadardized death rates per

100,000 inhabitants according to the Swedish Causes of Death Register for all ages during
1999 2013diagnosed with D43 = tumor of unknown type in the brain or CNS
(http://www.socialstyrelsen.se/

statistik/statistikdatabas/dodsorsakeccessed on 1 April 2015).

In an up-datedfurther analysis & used the Swedish Inpatient Register (IPR) to analyze rate
of brain tumors of unknown type (D43) during 198&15in different age group@ardell,
Carlberg 2017)Average Annual Percentage Change (AAPC) per 100,000 increased with
+2.06 %, 95 % confidence interval (Cl) +1.27, +2.86 % in both genders combined. A
joinpoint was found in 2007 with APC 192807 of +0.16 %, 95 % CG0.94, +1.28%, and
20072015 of +4.24 %, 95 % CIl +2.87, +5.63 %. Highest AAPC was found in the age group
20-39 years.

In the Swedish Cancer Register the-aggndardized incidence rgier 100,000 increased for

brain tumors, ICBcode 193.0, during 1998015 with AAPC in men +0.49 %, 95 % CI

+0.05, +0.94 %, and in women +0.33 %, 95 %29, +0.45 %Hardell, Carlberg 2017)

The cases with brain tumor of unknown type lack morphologixamination. Brain tumor
diagnosis was based on cytology/histopathology in 83 % for men and in 87 % for women in
1980. This frequency increased to 90 % in men and 88 % in women in 2015. During the same
time period CT and MRI imaging techniques were intgatliand morphology is not always
necessary for diagnosis. If all brain tumors based on clinical diagnosis with CT or MRI had
been reported to the Cancer Register the frequency of diagnoses based on cytology/histology
would have decreased in the registédre results indicate underreporting of brain tumor cases

to the Cancer Registefhe real incidence would be higher. Thus, incidence trends based on



the Cancer Register should be used with caution. Our results support mobile and cordless
phones as risk fagts for brain tumors with a reasonable latency period.

Figure 3 shows ginpoint regression analysis of ag&ndardized incidence rates per 100,000
in men aged 60r9 years with astrocytoma grade 1l or IV in the Swedigh¢@r Register
during 19982015 and Figure 4 results iomen.

Age-standardized incidence of astrocytoma grade III-IV (ICD-7 193.0, PAD 476), 60-79 years,
men : All : 0 Joinpoints
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Figure 3.Joinpoint regression analysis of agfandardized incidence rates per 100,000 in
men aged 6079 years with astrocytoma grade Ill or IV in the Swedish Cancer Register
during 19982015.APC/AAPC +1.68 %, 95 % C+0.39, +2.99 %.
(http://www.socialstyrelsen.se/statistik/statistikdatabas/cancer
https://doi.org/10.1371/jounal.pone.0185461.9g005
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Age-standardized incidence of astrocytoma grade III-IV (ICD-7 193.0, PAD 476), 60-79 years,
women : All : 0 Joinpoints
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Figure 4. Joinpoint regression analysis of agjandardized incidence rates per 100,000 in
women aged G0r9 years with astrocytoma grade Il or IV in the Swedish Cancer Register
during 19982015.APC/AAPC + 1.38 %, 95 % C+0.32, +2.45 %.
(http://www.socialstyrelsen.se/statistik/statistikdatabas/cancer
https://doi.org/10.1371/jourhpaone.0185461.9006

Evaluation

Increasing ratéscidences of brain tumors in Sweden, a country with among the earliest use
of wireless phonei the world have been publishe8imilar findings have been reported

from other countries. The results giseme evidence th&F radiationcauses brain tumors in
humans

Acoustic neuromgvestibularschwannoma)

Human studies

Acoustic neuroma, also called vestibular schwannoma, is a benign tumor located on the eight
cranial nerve from the inner ear to thmin. It is usually encapsulated and grows in relation to
the auditory and vestibular portions of the nerve. It grows slowly and due to the narrow
anatomical space may give compression of vital brain stem structures. First symptoms of
acoustic neuroma atessually tinnitus and hearing problems. Results for use of mobile phones
in Interphone (2011) and Hardell et al (2@818re given in Table 3. Statistically significant
increased risk was found for cumulative ipsilateral4¢640 h yielding OR = 2.71, 95 % CI
=1.724.28.


http://www.socialstyrelsen.se/statistik/statistikdatabas/cancer
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Table 3. Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95 %
confidence interval (Cl) for acoustic neuroma in eesetrol studies in the highest category
of cumulative use in hos for mobile phone use.

All Ipsilateral

Cal/Co OR [95%CI Ca/Co |OR |95 % CI

Interphone 2010
Cumul ati ve wus|77/107 |1.32|0.88i 1.97 47146 2.33 | 1.231 4.40
Hardell et al 2013
Cumul ati ve wus|27/301 |240 |1.397 4.16 19/133 |3.18 | 1.65i1 6.12

Meta-analysis
Cumul ati ve us|104/408 |1.73 | 0.961 3.09 66/179 |2.71 | 1.72i 4.28

The study by Moon et al (2014) was not included in the 1aeédysis since data on

cumulative mobile phone use with numbers of casesantlols were not given. Support of

an increased risk was seen in the ezase part of the study (Moon et al 2014), as also
reported by Sato et al (2011) in their casse analysis. Pettersson el al made acasiol

study on acoustic neuroma in Swedaher overlapping our study (Pettersson et al 2014). An
increased risk for highest category of cumulative use of both mobile ph@&® h OR =

1.46, 95 % CI = 0.92.17) and cordless phong900 hours OR = 1.67, 95 % CI = 1:2319)

was found. We did nahclude that study in our metmalysis due to the many scientific
shortcomings in the study, e.g. laterality analysis was not made for cordless phone and the
numbers in the laterality analysis for mobile phone are not consistent in text and tables and
obvi ously not correct, and the dunexposed?d
mobile or cordless phone (Hardell, Carlberg 2014).

The Danish part of Interphone study reported mean tumor volume 1%&6wng regular
mobile phone users and 1.88° for nonusers p = 0.03) (Christensen et al 2004). We

analyzed percentage change in tumor volume per year of latency and 100 h of cumulative use

(Hardell et al 2013). For all types of wireless phones the percentage of tumor volume
increased, statistadly significant for analogue mobile phones. Moon et al (2014) reported
statistically significant larger mean tumor volume for heavy users (#113243 crf)

compared with light users (4.885.60 cni) based on daily amount of mobile phone yse (
0.026) Similar results were found for cumulative hours of use. Taken together these results
support tumor promotion by RF radiation.

NTP study
No malignanschwannoma waseportedn the micestudy(NTP TR 59k

In the rat studyN TP TR 59%there was an increased incidence of maligeeimvannoma in

the heart in malesxposed to GSM modulated cell phone RF radiation for 2 yearsl p =
0.041. The tumor was found in all exposed male rats, whereas no matigmaahnoma was
found in shantontrols. Endocardial hyperplaschwann cell lesions, that are preneoplastic,
were found in one 1.5 W/kg and in two 6 W/kg males, but no in sham control. Two female
rats were diagnosed with malignahwannoma in the heat in the 3 w/kg group, no was
found in the two other exysure groups or in sham control, p trend = 0.640.

Evaluation
Based on human epidemiology studies ardNfi Panimalstudy there is cleavidence that
RF radiation causes vestibulahgvannoma (acoustic neuron@ahumans

r e
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Pituitary tumor

Human studies

In a casecontrol study from Japan no statistically sfgrant increased risks were found for

use of mobile phone (Takebayashi et al 2008). A somewhat increased risk was found in the
highest cumulative call time in hours, OR = 1.33, 95 % CI =-8.88. The cases were aged
30-69 years and diagnosed dur2@002004.

In a UK casecontrol study with patients diagnosed during 2@005 overall no statistically
significant increased risks were found (Schoemaker, Swerdlow 2009). In the grouplWith

years of use a somewhat increased risk was found for analog mobile phone use, OR = 1.2, 95
% CI = 0.62.4, and digital mobile phone use with OR = 2.5, 95 % CI =0QL7

In a casecontrol study from Chinavith cases diagnosed 20@610mobile phonaise yielded
an increased risk for pituitatymor, OR = 7.6, 95 % CI = 251.4 and duration of use gave
OR = 8.5, 95 % CIl = 2:24.4 (Leng, Zhang 2016However no more data were given.

The incidence of pituitary tumors increased during the time p200&2009 in USA

(Gittleman et al 2014). The incidence is increasing in Sweden especially sine 2000, see Fig 5.
There seems to be a drop during the latest year, but this may be explained by a time lag in the
reporting to the Swedish Cancer Register.

Age-standardized incidence of pituitary tumors (ICD-7 195.3) in Sweden 1970-2016, all ages

o
3]

w

= \en

w==\\Oomen

Incidence per 100,000 person-years
- N
w N w

-

o
]

0
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Figure 5. Age-standardized incidence of pituitary tumors (KZR95.3) in Sweden 1970
2016 for men and women, all agescording to the Swedish Cancer Register
(http://www.socialstyrelsen.se/statistik/statistikdatabas/cancer).
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NTP

In malerats exposetb GSMmodulated cell phone RF radiation for 2 ye@3$P TR 59%
increased incidence of pituitary adenoma was found in all exposed groups, although not
statistically significant. In females the incidence of adenoma in 1.5 W/kg and 6 W/kg were
statisticaly significantdecreased.

In male rats exposed to CDMiodulated RF radiation for 2 years an increased incidence of
pituitary adenoma was found in the 1.5 W(kg0.208)and3W/kg (p=0.030). In females

there was a statistically decreased inciden@dehoma or carcinoma in the 3 W/kg group
(p=0.030).

In male mice NTP TR 59pexposed to DMA-modulated RF radiation foryears two

adenoma and one carcinoma occurred in pars distalia of the pituitary gland. No carcinoma or
adenoma occurred in the shaantrol or the other two exposure groups. No increased
incidence was seen in female mice.

Evaluation:
Based on human epidemiology studies and the NTP animal study there is equivocal evidence
that RF radiation causes pituitary tumor in humans (maglaged to exposure).

Thyroid cancer

Human studies

The incidence of thyroid cancer is increasing in many countries, especially the papillary type
that is the most radiosensitive type. We used the Swedish Cancer Register to study the
incidence of thyroiccancer during 1972013 using joinpoint regression analy&arlberg et

al 2016) In women, the incidence increased statistically significantly during the whole study
period AAPC +1.19 % (95 % CI +0.56, +1.83 %). Two joinpoints were detected, 1979 and
2001, with a high increase of the incidence during the last periodZIA with an APC of

+5.34 % (95 % CI +3.93, +6.77 %).

In the age group 2089 yearsginpoint regression analis of agestandardizeihcidence of
thyroid cancer iwvomen, aged 29 yearsAPC increased with + 10.7 (95 % CI +5.75,
+16.04 9% during the time period 2008013, see Figuré.
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Age-standardized incidence of thyroid cancer (ICD-194), women, 20-39 years : All : 1 Joinpoint
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Figure 6. Joinpoint regression analysis of aggandardized incidence of thyroid cancer for
women, aged 2@9 years1970 2013. Incidence per 100,000 inhabitants for {ZPode 194
according to the Swedish Cancer Register
(http://www.socialstyrelsen.se/statistik/statistikdatabas/caqncer

Analyses based on data from the Cancer Register showed that the increasing trend in Sweden
was mainly caused by thyroid cancer of the papillary type. The incidence increased
statistically significantly in women with an AAPC of +4.38 % (95 % CI +2.95, +%34

during 19932013, see Figuré. One joinpoint was detected in 2006; 19986 APC +1.69

% (95 % CI +0.32, +3.08 %), 2013 APC +9.58 % (95 % CI +5.85, +13.44 %). The
incidence increased in men during 194BL3 with amrAAPC of +3.95 % (95 % CI +2.20,

+5.73%).


http://www.socialstyrelsen.se/statistik/statistikdatabas/cancer
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Age-standardized incidence of thyroid cancer, papillary, women : All : 1 Joinpoint
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Figure 7. Joinpoint regression analysis of agjandardized incidence of papillary thyroid
cancer for women, all ages, 192813. Incidence per 100,000 inhabitants for {€Bode
194; data obtained from the Swedish Cancer Register

AAPC for all men during 19742013 was +0.77 % (95 % @0.03, +1.58 %). One joinpoint

was detected in 2005 with a statistically significant increase in incidence during@@085

APC +7.56 % (95 % CI +3.34, +11.96 %). Based on NORDCAN data, there was a
statistically significant increase in the incidence of thyroid cancer in the Nordic countries
during the same time period. In both women and men a joinpoint was detected in 2006. The
incidence increased during 202613 in women; APC +6.16 % (95 % CI +3.98,42 %)

and in men; APC +6.84 % (95 % CI +3.69, +10.08 %), thus showing similar results as the
Swedish Cancer Register.

We postulate that the whole increase cannot be attributed to better diagnostic protedures
Figure8 Swedish data are shown on number otgaing mobile phone minutes during 2001
2013 and the incidence of thyroid cancer in men (green line) and in women (red line). Clearly,
with a lag time of some years after the increasing number ajang calls, thehyroid

cancer incidencedsicreasing.

Increasing exposure to ionizing radiation, e.g. medical CT scans, and#&aigtonshould
be further studied as causative factors to this emerging thyroid cancer health problem.
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Figure 8. Number of outgoing mobile phone minutes and incidence of thyroid canceri2001
2013. Mobile phone minutes in millions in the Nordic countries
(http://statistik.pts.se/PTSnordic/NordicBaltic2014/) and incidence per 100,000 {yeasn

for all ages 20012013 according to NORDCAN
(http://Iwww-dep.iarc.fNORDCAN/english/frame.asp). Joinpoint regression analyses based
on the time period 197@013

Figure9 shows three developments in the antenna design in mobile phones that may be of
relevance in thyroid carcinogenesis. The second generation (2G) mobile phones started in the
1990s with the external retractable monopole or helical antennas. The 2G GSMbatdd

at 800/900 MHz frequency band, later accompanied by 1,800 MHz band. Around the turn of
the millennium, the external antennas were starting to disappear, replaced with new phone
models with internal planar or microstrip antennas. The first intamtehna was introduced

in 1998 and the first duddand mobile phone, with the internal antenna, was introduced on the
market in 1999 (Garg et al 2001). The internal antennas were positioned at the top of the
telephone. With the emergence of the smartphon#ge mid and late 2000s, the internal
antenna location started to shift from the top of the phone to the bottom. Currently, the
majority of smartphone models have their antenna pasii@t the bottom of the phone, thus
closer the thyroid gland (grew figure). This would have a major impact on increasing
radiation to the thyroid gland from smartphones.
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Figure 9. Mobile phone antenna placements in regard to the thyroid gland

Some published laboratory studies are of inteR&tliofrequencyadiation at 2.45 GHz at a
nontthermal level modified the morphology of the thyroid glamd study on ratsThe
central and peripheral follicles presented increasasize and the thickness of peripheral
septa decreased. Peripheral follicles increasetze with repeated exposure at 3 W power
(Misa-Agustifio et al 2015)

In another study on rats, whole body exposure to 900 MHz -putskilated RF radiation that

was similar to that emitted by the global system for mobile communications (GSM) mobile

phones caused pathological changes intthgoid gland.The glandstructure was altered and
caspasalependent pathways of apoptosis were enhapdeckk me k aya et al 2010)

NTP studies
In mice NTP TR 59Bno increased incidence was reported.

In female rat§NTP TR 595 a statistically significant increased incidence eddll
hyperplasia was found in the 2 years GSM exposed groups (1.5, 3 and 6 W/kg, respectively).
In males a statistically nesignificant increased incidence was seen in the 1.5 W/kg exposure

group.

Evaluation

C-cell hyperplasiaas a precursor t@amilial medullarythyroid cancetin humanss well
establishedC-cell hyperplasia may be a precursor to other types of thyroid cancer but its role
is not well establishedBased on human cancer statisacslthe NTP animal study there is
someevidence that thyroid cancercaused by RF radiation humans

Malignant lymphoma

Human studies

Few studies exist on malignant lymphoma and exposure to RF radlateonasecontrol

study nale and female subjecagied 1874 years living in Sweden were included during a
period from 1 December 1999 to 30 April 2002 (Hardell et al 2005). Controls were selected
from the national population registry. Exposure to different agents was assessed by
guestionnaireln total, 910 (91%) cases and 1016 (92%) controls participated. NHL of-the B
cell type was not associated with the use of cellular or cordless telephones. Regamling T
NHL and >5 year latency period, the use of analogue cellular phones yielded: OR = 1.46,
95%:;95 % Cl = 0.583.70, digital: OR=1.92, 95%; CI=0.74.80 and cordless phones:
OR=2.47;95 %CI=1.095.60. The corresponding results for certain, e.g. cutaneous and
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leukaemia, Tcell lymphoma for analogue phones were: OR=3.41, 95%; CI=Ib7B

digital: OR=6.12, 95%; CI=1.2@9.7 and cordless phes: OR=5.48, 95%; Cl=1.283.9.

The results indicate an association betwee@eTNHL and the use of cellular and cordless
telephones, however based on low numbers and must be interpreted with caution. Regarding
B-cell NHL no association was found.

A casecontrolstudy in USA used gquestionnaire to assessllular telephone use in 551 NHL
cases and 462 frequennyatched population controfkinet et al 2006)Compared to persons
who had never used cellul@iephones, risks were not increased among individuals whose
lifetime use was more than 100 times (e.g., regular users, OR = 0.9, §5%6Ql4).

Among regular users compared to those who had never usedhélanckllular telephones,
risks of NHL were nostatisticallysignificantly associated with minutes per week, duration,
cumulative lifetime or year of first use, although NHL was-s@nificantly higher in men

who used cellular telephones for more than 8 y&Rs= 2.4, 95 % CI = 0-8.0. Little
evidence linked use of cellular telephones with total, diffuse largellBymphoma or
follicular NHL. No results were presented forcéll lymphoma.

In USA primary central nervous system lymphoma (PCN&tgs inmmunocompeteninen
and women aged 65+ years increastdisticallysignificantly (17% and 16% peryear,
respectively, but rem@ed stable in other age groughsring 19922011 (Shiels et al 2016).
Thus, the increasing rates could not be related to HIV or immune suppression in organ
transplant patients.

In Sweden increasing incidence of PCNSL was reported for the time perioc@208@n
immunocompetent persons (Eloranta 2@l8).With 359 identified PCNSL cases (median

age 66years), overall incidence was 0.26 (95% 0124-0.29) and the average annual

increase 4%jp(= 0.002). The increasing trend was primarily observed among elderly
individuals (70+years). Similarly, an increase in incidence of all brain tumors was noted only
among the elderly.

No etiologic factor has clearly been defined to explain the increasiigmeof brain
lymphoma However, ithas occurred during a time period when RF radiation to the brain
from wireless phones has increased.

It should be noted that in transgenic mouse an increased incidence of lymphoma exposed to
900 MHz GSM RF radiation &s reported; p=0.006 versus sham group (Repacholi et al
1997).No increased risk for malignant lymphomvas found in mice exposed to GSM 900

MHz but the incidence in the sham exposed group was higher than in the Repacholi et al
(1997) study (Utteridge etl 2002).

NTP study
In NTP TR 595 no conclusive evidence of increased incidence of malignant lymphoma was
reportedn rats

In NTP TR 596 there were in fematace exposed to GSkhodulated cell phone RF
radiation for 2 years increased incidenoemalignant lymphoman all exposed groups
compared to the controls. The increase was statistically significant in the 2.341k§04)
and 5 W/kggroups (p=0.035).In the CDMA modulated cell phone RF radiation for 2 years
the incidence increased female mice in all exposed groups compared to the controls,
statistically significant in the 2.5 W/kg group (p=0.035).
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Evaluation
Based on human epidemiology studies ér@NTP study there is equivocal evidetitat
malignant lymfmoma is caused by RF radiatisnhumans (may be related to exposure).

Skin (cutaneous tissue)
Human studies

Few studies exist on RF radiation and the risk for skin tumors. In a Danish cohort on mobile
phone subscribers from 198895 followed to 200To increased risks of skin cancer was

seen (Poulsen et al 2013). The same cohort has also been used for studying brain tumor risk.
Due to serious methodological problems including misclassification of exposure it has been
evaluated to be uninformative (SFdvist et al 2012, IARC 2013).

In a Swedish study on cutaneous malignant melanoma diagnosed durir2083000

increased risk was seen overall (Hardell et al 201 the shortest latency period-8lyears

and highest cumulative use > 365 hours waglghone use (mobile phone and/or cordless
phone) yielded OR = 1.6, 95 % Cl = 0:2®. For melanoma in the most exposed anatomical
area during use of the handheld phone, temporal, ear, cheek, the risk increased to OR = 2.1,
95 % CIl = 1.13.8. The risk wa overall highest for cases with first use of a wireless phone
before 20 years of age, OR = 2.7, 95 % CI =126although based on low numbers. No
interaction was seen with known risk factéws malignant lymphomauch as hair and eye

color, skin type osunburns as teenager.

Figure1Odisplays the rapidly increasing incidence of malignant melanoma in Sweden in both
genders. The increase is most marked from early 2000.

Age-standardized incidence of malignant melanoma of skin (ICD-7 190) in Sweden 1970-2016, all ages
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Figure 10. Age-standardized incidence of malignant melanoma (ICI®0) in Swedet970
2016 for men and women, all ages, according to the Swedish Cancer Register
(http://www.socialstyrelsen.se/statistik/statistikdatabas/cancer).

NTP study

Male rats exposed to GSM modulated cell phone RF radiation for 2 }HPSTR 59p

showed higheincidences of fiboroma, fibrosarcoma, myxosarcoma, or malignant fibrous
histiocytoma in the skin (subcutaneous tissue) in all exposed groups. The increased rates were
not statistically significantNo statistically significant results were found in fenalts.

The incidences of malignant fibrous histiocytoma were higher in 5 W/kg and 10 W/kg mice
exposed to GSM modulated cell phone RF radiation for 2 yBdml TR 59% The results

were not statistically significant. The incidences of fibrosarcoma, saroomalignant

fibrous histiocytoma were higher in exposed mice compared with sham control, although not
statistically significant, p trend = 0.093. No increased incidence was seen in female mice.

Evaluation
Based on human epidemiology studies and NTiRarstudies there is equivocal evidence
that RF radiation causes skin cancer in humans (may be related to exposure).

Conclusion

Based on caseontrol studies there is a consistent finding of increased risk for glioma and
acoustic neuroma associated wise of mobile phones. Similar results are found for cordless
phones in the Hardell group studiese3dresults are supported by the results in the NTP
animal study(https://ntp.niehs.nih.gov/ntp/about ntp/trpanel/2018/march/tr595peerdraft.pdf
https://ntp.niehs.nih.gov/ntp/about_ntp/trpanel/2018/march/tr596peerdrafMalignant
vestibular shwannoma is a similar tumor type as acoustierama, also called vestibular
schwannoma.

The findings are less consistent for meningioma although somewhat increased risk was seen
in the metaanalysis of ipsilateral mobile phone use. A longer follgwtime is necessary for
this type of slow growing tumor.

The results on glioma and acoustic neuroma are supported by resultgtieyanimal

studies showing eoarcinogenic and tumor promoting effects from RF radiation (Tillman et
al 2010, Lerchl el 2015). he NTP study showed genotoxicity of RF radiationats and
mice exposed to RF radiation (SmRwoe et al 2017and now presented in more detdihat
result supports previous findingsDNA strand beaksin rat brain cells exposed to RF
radiation (Lai, Singh 1997).

One mechanism in carcinogenesis daog xidative stress with productiasf reactive

oxygen species (ROS) as summarised by Yakymenko et al (2016). This could be an indirect
mechanism for the increased brain and head tumor risk (Megha et al 2015) since ROS may
give DNA damage.

By now carcinogenicity has been shown in human epidemiological studies replicated in
animal studies. Laboratory studies on RF radiation have shown increased ROS praldatction
can cause DNA damag®/e published in 2013 the conclusion that RF radiationldhze


https://ntp.niehs.nih.gov/ntp/about_ntp/trpanel/2018/march/tr595peerdraft.pdf
https://ntp.niehs.nih.gov/ntp/about_ntp/trpanel/2018/march/tr596peerdraft.pdf
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regarded as a human carcinogen Group 1 according to IARC definition, based on scientific
evidence (Hardell, Carlberg 20d3Jurther supported in our wgated article (Carlberg,
Hardell 2017) That conclusion is reinforced by the current evaluation.

Overall evaluation of levels of evidence of carcinogenic activity

Glioma: Clear evidence

Meningioma: Equivocal evidence

Vestibular schwannom@coustic neuroma): Clear evidence
Pituitary tumor (adenoma): Equivocal evidence

Thyroid cancer: Some evidence

Malignant lymphoma: Equivocal evidence

Skin (cutaneous tissue): Equivocal evidence

Multi-site carcinogen: Some evidence

Based on the IARC preamble to the monographs, RF radiation should be classified as Group
1: The agent isarcinogenido humans

0This cat egor y suffcient svielahcewfltaamogenicieyhumans. s
Exceptionally, an agent may be placed in this category when evidence of carcinogenicity in
humans is less thasufficientbut there issufficient evidence of carcinogeity in

experimental animals and strong evidence in exposed humans that the agent acts through a
relevant mechanism of carcinogenicity. o
(http://monographs.iarc.frfENG/Preamble/currentb6evalrationale0706.php)
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