
Contents lists available at ScienceDirect

Environmental Research

journal homepage: www.elsevier.com/locate/envres

Report of final results regarding brain and heart tumors in Sprague-Dawley
rats exposed from prenatal life until natural death to mobile phone
radiofrequency field representative of a 1.8 GHz GSM base station
environmental emission

L. Falcioni, L. Bua, E. Tibaldi, M. Lauriola, L. De Angelis, F. Gnudi, D. Mandrioli, M. Manservigi,
F. Manservisi, I. Manzoli, I. Menghetti, R. Montella, S. Panzacchi, D. Sgargi, V. Strollo, A. Vornoli,
F. Belpoggi⁎

Cesare Maltoni Cancer Research Center, Ramazzini Institute, Castello di Bentivoglio, via Saliceto 3, Bentivoglio, 40010 Bologna, Italy

A R T I C L E I N F O

Keywords:
RF
Sprague-Dawley rats
Life-span bioassay
Mobile phone
Carcinogenicity

A B S T R A C T

Background: In 2011, IARC classified radiofrequency radiation (RFR) as possible human carcinogen (Group 2B).
According to IARC, animals studies, as well as epidemiological ones, showed limited evidence of carcinogenicity.
In 2016, the NTP published the first results of its long-term bioassays on near field RFR, reporting increased
incidence of malignant glial tumors of the brain and heart Schwannoma in rats exposed to GSM – and CDMA –
modulated cell phone RFR. The tumors observed in the NTP study are of the type similar to the ones observed in
some epidemiological studies of cell phone users.
Objectives: The Ramazzini Institute (RI) performed a life-span carcinogenic study on Sprague-Dawley rats to
evaluate the carcinogenic effects of RFR in the situation of far field, reproducing the environmental exposure to
RFR generated by 1.8 GHz GSM antenna of the radio base stations of mobile phone. This is the largest long-term
study ever performed in rats on the health effects of RFR, including 2448 animals. In this article, we reported the
final results regarding brain and heart tumors.
Methods: Male and female Sprague-Dawley rats were exposed from prenatal life until natural death to a 1.8 GHz
GSM far field of 0, 5, 25, 50 V/m with a whole-body exposure for 19 h/day.
Results: A statistically significant increase in the incidence of heart Schwannomas was observed in treated male
rats at the highest dose (50 V/m). Furthermore, an increase in the incidence of heart Schwann cells hyperplasia
was observed in treated male and female rats at the highest dose (50 V/m), although this was not statistically
significant. An increase in the incidence of malignant glial tumors was observed in treated female rats at the
highest dose (50 V/m), although not statistically significant.
Conclusions: The RI findings on far field exposure to RFR are consistent with and reinforce the results of the NTP
study on near field exposure, as both reported an increase in the incidence of tumors of the brain and heart in
RFR-exposed Sprague-Dawley rats. These tumors are of the same histotype of those observed in some epide-
miological studies on cell phone users. These experimental studies provide sufficient evidence to call for the re-
evaluation of IARC conclusions regarding the carcinogenic potential of RFR in humans.

1. Introduction

Early warnings on the potential carcinogenic risks of mobile phone
radiofrequency radiation (RFR) raised in the early 2000 when, for the
first time, it was published that people using mobile phones had a
significant increased risk to develop vestibular Schwannoma and brain
tumors (Hardell et al., 2003, 2002). In 2011, the International Agency

for Research on Cancer (IARC) classified RFR as possible human car-
cinogen (Group 2B) based on limited evidence both in humans and
experimental animals (Baan et al., 2011; IARC, 2013). Two epidemio-
logical case-control studies resulted more informative for the IARC
evaluation, showing that the risk to develop brain tumors and vestib-
ular Schwannoma was increased in people with the highest cumulative
use of mobile phones, in people who had used mobile phones on the

https://doi.org/10.1016/j.envres.2018.01.037
Received 9 October 2017; Received in revised form 19 December 2017; Accepted 23 January 2018

⁎ Corresponding author.
E-mail address: belpoggif@ramazzini.it (F. Belpoggi).

Environmental Research xxx (xxxx) xxx–xxx

0013-9351/ © 2018 Elsevier Inc. All rights reserved.

Please cite this article as: Falcioni, L., Environmental Research (2018), https://doi.org/10.1016/j.envres.2018.01.037

http://www.sciencedirect.com/science/journal/00139351
https://www.elsevier.com/locate/envres
https://doi.org/10.1016/j.envres.2018.01.037
https://doi.org/10.1016/j.envres.2018.01.037
mailto:belpoggif@ramazzini.it
https://doi.org/10.1016/j.envres.2018.01.037


same side of the head as that on which their tumor developed, and in
people whose tumor was in the temporal lobe of the brain (the area of
the brain that is most exposed to RFR when a wireless phone is used at
the ear) (Hardell et al., 2011; Interphone study group, 2010). Another
small case series study contributed to the IARC evaluation of evidence
for an association of vestibular Schwannoma with mobile phone (Sato
et al., 2011). The IARC Working group also noted that well conducted
mechanistic studies showed that RFR induced aneuploidy, spindle dis-
turbances, altered microtubule structures or DNA damage in several in
vivo and in vitro models (IARC, 2013). Nevertheless, the IARC Working
Group evaluated the overall evidence from mechanistic studies as in-
conclusive (IARC, 2013).

Experimental studies defining the potential carcinogenic effects of
exposure to RFR have been largely inadequate because of the exposure
conditions applied, because of the limited number of animals used in
each experimental group and because of the short duration of the ex-
periments. Since the late 90's, the need for well-conducted studies on
laboratory animals has been identified by several public health in-
stitutions, including the World Health Organization and the US Food
and Drug Administration (FDA, 1999; Repacholi, 1997). Indeed the
conduct of cancer bioassays with RFR presents challenges that are not
ordinarily met in studies with chemical or other physical agents. For
example, the radiation frequency is an important determinant of the
specific absorption rate (SAR). The whole-body SAR provides little in-
formation about spatial or organ-specific energy deposition, as it
strongly depends on field polarization and animal posture. Further-
more, long-term exposure to RF radiation at a fixed frequency and
power density will result in substantial changes in SAR over time as an
animal gains body weight. Even if the power is adjusted for body weight
changes, the spatial distribution can vary (IARC, 2013). Although SAR
is a key parameter for thermal RFR effects, several other parameters of
RFR exposure such as exposure duration, frequency, polarization,
modulation, and environmental magnetic fields are of importance for
biological RFR effects (IARC, 2013; Belyaev, 2010). In addition phy-
siological parameters, which may vary in development and between
individuals, are of importance (IARC, 2013; Belyaev, 2010). Variability
of physiological parameters need to be addressed in long-term bioassays
using a large group of animals adequately randomized.

Following the nomination to study cell phone radiofrequency ra-
diation made by the U.S. Food and Drug Administration, the US
National Toxicology Program (NTP) started a large systematic and in-
tegrated experimental project on RFR, including in vivo long-term
bioassays in Harlan Sprague-Dawley (HSD) rats and B6C3F1/N mice
exposed to RFR from prenatal life up to 2 years in the situation of near
field, reproducing the exposure to RFR generated by the antenna of
mobile phone (Wyde et al., 2016).

In 2005, the Ramazzini Institute (RI) started a life-span carcinogenic
study on Sprague-Dawley rats to evaluate the carcinogenic effects of
RFR in the situation of far field, reproducing the environmental ex-
posure to RFR generated by an 1.8 GHz GSM antenna of the radio base
stations of mobile phone (Soffritti et al., 2006, 1999). This is the largest
long-term study ever performed in rats on the health effects of RFR,
including 2448 animals. The plan of the experiment is reported on
Table 1.

The elaboration of the NTP studies have been already completed
and a report of partial findings has been recently published (Wyde
et al., 2016). The communication of the first important findings of the
study was urged by two factors: 1) the fact that also a small increase of
the incidence of tumors induced by the exposure to RFR could have
great impact for public health; and 2) because the tumors of the brain
and heart observed at low incidence in male rats exposed to Global
System for Mobile Communications (GSM) – and Code Division Mul-
tiple Access (CDMA) – modulated cell phone RFR in the NTP study are
of the type similar to the ones observed in some epidemiological studies
of cell phone users. Interim cohorts were also examined for evidence of
RFR-induced genotoxicity: DNA damage was significantly increased in

the frontal cortex of male mice (both CDMA and GSM), peripheral
leukocyte of female mice (CDMA only) and hippocampus of male rats
(CDMA only) (Smith-Roe et al., 2017). Previous studies have also
shown that RFR might disrupt the blood-brain barrier. (Nittby et al.,
2008).

The elaboration of the RI study data is still ongoing. However,
partial findings are now available and, for the same reasons reported by
the NTP, we felt motivated to publish urgently the final results on brain
and heart tumors.

2. Materials and methods

2.1. 1.8 GHz base station exposure system and facilities

In order to expose the animals to a mobile phone radiofrequency
field representative of a 1.8 GHz base station, a specific radiation
system, totally representative of the real environmental situation pre-
sent in geographic areas close to GSM base station radiation emissions
(Fig. 1). The exposure system was designed and constructed by TESEO
S.P.A. Company, Turin, Italy. The field generation, in order to be re-
presentative of a real GSM field emission, has been modulated in GMSK
mode, in CalI operating mode and with the complete Time Slot

assignment. The field emission has been determined in the fre-
quency of 1835MHz, normally used for GSM services. The intensity
ofthe fields generated in the test areas can be defined in the 1–50 V/m
range. The RF generation units regulates the output RF levels using a
closed loop control system, able to stabilize the generated RF level in an
uncertainty level of 1 dB range.

The rats were located in 4 rooms with the same environmental
conditions (i.e. temperature of 22± 3 °C, a relative humidity of
40–60% and 12 h/day homogeneous diffusion of light). The exposure
rooms were totally shielded with RF absorbing material (Hyfral
APM12) in order to minimize the effect of field non-uniformity due to
reflections and consequent interferences caused by the walls. The
shielded rooms ensured a minimum insulation of 30 dB. The rat cages
were located in wooden circular-shaped devices. Each single exposure
devices served at least 400 rats. All devices were identical and a dif-
ferent intensity of RFR was provided as reported by the experimental
design. The exposure system included the following parts: 1) main
generator unit; 2) external control panel; 3) main radiator system
(transmitting antenna); 4) feedback probe

1) The main generator unit was assembled in a metallic crack to

Table 1
Long-term bioassay on 1.8 GHz base station RFR, administered at different doses to
Sprague-Dawley rats, from prenatal life to spontaneous death: plan of the experiment
(Experiment BT 1CEMRF).

Group Treatment Animals

No. GSM-RFR 1.8 GHz Sex No.
(V/m)a

I 0 M 412
F 405
M+F 817

II 5 M 401
F 410
M+F 811

III 25 M 209
F 202
M+F 411

IV 50 M 207
F 202
M+F 409

Total 2448

a Treatment with GSM-RFR 1.8 GHz for 19 h/day started on the 12th day of pregnancy
and lasted until natural death for groups I, II, III, IV.
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produce the following functions: a) generate a GSM signal, with
complete channel simulation capability and frequency preselection;
b) signal pre – amplifications – age, with gain regulation input; c)
final stage, dimensioned for a total power output of plus 50 dBm; d)
reference signal loop back input, for closed loops power control; the
control was closed at the antenna connection level in order to sta-
bilize at the maximum level the radiation unit RF feed; e) power
supply unit; f) cooling unit for continuous use of the device.

2) The external control panel was installed to ensure the personnel
health. The exposure system status was controlled using an external
control panel installed on the wall in proximity of the room door.
The panel was connected to the main unit using a multiple wire,
terminated with connectors.

3) The main radiation system was connected to the main generator unit
through a low loss coaxial cable. The RFR emission was radiated to
the cage using a collinear antenna (a phased array of stacked di-
poles) installed in the center of the cage devices. The about radiator
was able to transmit an homogeneous RFR far field (with cylindrical
distribution of the strength) and shape able to cover the complete
height of the cage devices. A reflector, installed on the top of the
radiator reduced the vertical emission lobe. Part of the RF power
feeding the radiator unit was coupled using a splitter; this signal was

used to feed the closed loop level control system installed in the
tower rack. The rat cages were distributed on dielectric structures
with circular profile; the RF radiator has been installed in the center
of each structure. Animals were located on five levels up to a height
of about 1.6 m. Each level forms a ring within the toroid at a dis-
tance of about 2m from the toroid center. The horizontal radiation
polar diagram of the system allow a total field uniformity better
than 3 dB on the total exposure surface. The radiation pattern on the
vertical section of the exposure area has a cardioids shape; the
vertical opening angle allow a field uniformity better than 3 dB on
the exposed area

4) Monitoring probe. The method applied for the measurement of the
RFR was completely in compliance with the measurement standards
generally applied during “on–site” GSM measurement and evalua-
tion. The about mentioned standard in Italy has been defined in
detail in the D.L. 381/98 that outlines the timing and procedures to
apply during this measure. The probe used to measure the field was
the TESY2001 field sensor. The probe was linked to a personal
computer and it was able to show continuously the field intensity
value updated every 10 s. The TESY2001_WIN software was used to
control the probe, to download the recorded information and pro-
duce diagrams of thee field values of the day, week or month.

Fig. 1. RI study on 1.8 GHz base station RFR: exposure system. The rat cages were located in wooden circular-shaped devices, as in a sort of condominium. Each single exposure device
served at least 400 rats (A). The exposure rooms were totally shielded in order to minimize the effect of field non-uniformity due to reflection and consequent interference caused by the
walls (B). Detail of the RFR feedback probe used to measure the field (TESY2001 field sensor) and of the animal cage with methacrylate markers, cover and mangers (C).

L. Falcioni et al. Environmental Research xxx (xxxx) xxx–xxx

3



The exposure system was positively evaluated by representatives of
the US National Institute of Standards and Technology and the US
National Institute of Environmental Health Sciences.

2.2. Diet

All the animals received standard feed administered in pellets ad
libitum and provided by the “Laboratorio Dottori Piccioni” (Milan,
Italy), the formulation being certified for each supply used at the Cesare
Maltoni Cancer Research Center of the RI (CMCRC/RI) over a period of
more than 40 years. All the animals received tap water ad libitum. Both
feed and water were periodically analyzed to exclude the presence of
contaminants.

2.3. Experimental animals

Sprague-Dawley rats from the same colony used for more than 40
years at the CMCRC/RI were used as experimental animals. The basic
expected spontaneous tumor incidence and its fluctuations were based
upon data derived from more than 20,000 historical controls.

The animals in experiment were generated in the following way: 1)
inbred males and females of the experimental animals used to generate
the breeders, were randomized in 4 groups avoiding to have more than
1 brother or sister per group. The size of the breeder groups was pro-
portional to the member of offspring required for the experiment; 2)
mating of the studies who generated the experimental animals was
strictly outbred (mode possible by pedigree identification number of
each animal); 3) all offspring of each litter of these breeders were as-
signed to the respective planned experimental group.

The experimental animals were identified by ear punch (Jackson
Laboratory method) and distributed by sex, litter by litter, until the
planned number for each group was reached. After weaning, animals
received ordinary feed and water ad libitum. Animals were housed 5
per cage, in polycarbonate cages (41 × 25 × 15) and a shallow layer of
white wood shavings as bedding. In order to minimize dispersion and
interferences, no metal cage accessories were used and instead metha-
crylate markers, cover and mangers were adopted. All the animals were
kept in a temperature-controlled environment at 22±3 °C and 40–60%
relative humidity, with 12 h/daylight/dark alternation.

The experiments were conducted according to the current
(2005–2008) Italian law regulating at the time, the protection of ani-
mals used for experimental and other scientific purposes (Legislativo,
1992). The experiment was performed following the principles of Good
Laboratory Practice (GLP), with the same standard operating procedure
described in our previous studies (Soffritti et al., 2016a, 2016b).

2.4. Treatment

Four groups of 817, 811, 411, 409 male and female Sprague-Dawley
rats of our colony were exposed from prenatal life (12th day of mother
gestation) until natural death to a 1.8 GHz GSM far field respectively of
0 (control, sham exposure), 5, 25, 50 V/m with a whole-body exposure
for 19 h/day, using the remaining 5 h for maintenance purposes, like
feed and water refill, cage cleaning, test system verification and check
of the health of animals. The plan of the experiment is reported on
Table 1.

2.5. Statistical analyses

Statistical analysis for possible differences in survival times was
based on Kaplan-Meier survival curves evaluated by Log-rank tests, as
well as on the Cox proportional hazard regression model (Cox, 1972).
To highlight possible differences in the incidence of tumors among
treated groups and controls or among different treated groups, Chi-
squared and Fisher tests were performed. The Chi-squared test was used
when the number of tumors was higher than 5 in all groups; in all other
cases Fisher's Exact test was used. The level of significance was set at p
≤ .05. The statistically significant p-values found are reported in the
tables. The presence of a linear trend in tumor incidences was evaluated
by the Cochran-Armitage trend test with a level of significance set at p
≤ .05.

2.6. SAR estimates

SAR estimation has been performed in collaboration with Dr. Franco
Maroglio (TESEO S.p.A. Company, Turin, Italy.) and Dr. Perry Wilson
(US National Institute of Standards and Technology). The SAR estimate
was obtained multiplying a far-field coupling factor (F) with the power
density (E2/η0). A far-field coupling factor of 0.18W/Kg/(mW/cm2) for
the rat whole body SAR was derived from previous estimates (Anderson
et al., 2004), while η0 is the free-space impedance (η0 = 377Ω). For E
= 50 V/m, we get a power density (E2/η0) of 0.66mW/cm2 and a
whole body SAR of 0.1W/Kg (0.18 × 0.66). For 25 V/m, we get a
power density of 0.17mW/cm2 and a whole body SAR of 0.03W/Kg.
For 5 V/m, the power density will be 0.07mW/cm2 and the expected
whole body SAR 0.001W/Kg.

In Fig. 2a comparison between the estimated SAR levels of the RI
study (far-field RFR) and the SAR levels of the NTP study (near-field
RFR).

3. Results and discussion

3.1. Food and water consumption, body weight and survival

The experiment proceeded smoothly and no unexpected alteration
in the clinical status of the animals was observed in the various groups.
The biophase parameters for control and treated groups are presented
in Fig. 3. No differences were observed in mean water consumption (A
and B), food consumption (C and D), mean body weight (E and F) or
survival index (G and H), either in male or in female rats.

3.2. Neoplastic lesions

In this article we are reporting the final results from the histo-
pathological evaluation of all brains and hearts of treated and untreated
animals. The estimated exposure SAR levels of the RI study (0.1W/Kg,
0.03W/Kg, 0.001W/Kg) are significantly lower than the ones used by
the NTP (6W/Kg, 3W/Kg, 1.5W/Kg), but the time and length of ex-
posure of the RI study (19 h/day, continuous exposure, 7 days/week,
life-span) was longer than in the NTP study (18 h/day, 10min on/
10mins off, 7 days/week, 104 weeks). The number of rats analyzed by
the RI study (> 200 animals/sex/group, 4 groups, total 2448 animals)
is also higher than the NTP study (90 animals/sex/group, 4 groups,

Fig. 2. Comparison between the estimated SAR levels of the RI
study (far-field RFR) and the SAR levels of the NTP study (near-
field RFR). The estimated exposure SAR levels of the Ramazzini
Institute study (0.1W/Kg, 0.03W/Kg, 0.001W/Kg) are sig-
nificantly lower than the ones used by the NTP (6W/Kg, 3W/Kg,
1.5W/Kg).
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total 720 animals).

3.2.1. Pre-malignant and malignant lesions of the heart
The incidence of pre-neoplastic and neoplastic lesions of the heart

are reported in Table 2. A statistically significant increase in the in-
cidence of heart Schwannoma was observed in treated male rats at the
highest dose: 0/412, 3/401 (0,7%), 1/209 (0,5%), 3/207 (1,4%)

(P< .05; Fisher). Furthermore, an increase in the incidence of Schwann
cells hyperplasia was observed in treated male rats at the highest dose,
although this was not statistically significant: 3/412 (0,7%), 2/401
(0,5%), 1/209 (0,5%), 5/207 (2,4%). An increase in the incidence of
Schwann cells hyperplasia was observed in treated female rats at the
highest dose, although this was not statistically significant: 2/405
(0,5%), 0/410, 0/202, 2/202 (1,0%). Schwann cell hyperplasia or

Fig. 3. Male (A) and female (B) water consumption, and male (C) and female (D) food consumption from 8 to 104 weeks of age; male (E) and female (F) mean body weight from 8 to 136
weeks of age; male (G) and female (H) survival index from 0 to 152 weeks of age. Data shown refer to control group (▢), 5 V/m (■), 25 V/m (▲), and 50 V/m (◆) treated group.
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Schwannoma are two proliferative lesions of cardiac Schwann cells in
rats (Alison et al., 1987; Novilla et al., 1991). In Sprague-Dawley rats,
Schwannoma of the heart is a rare malignant tumor and it occurs more
frequently in males rather than females. There are subendocardial and
intramural variants of heart Schwannoma, with local invasion more
common than distant metastases (Giovannini et al., 1999). Heart
Schwannoma occurs in a variety of rat strains and has not been de-
scribed in mice (Elmore et al., 2017). In a period of over 20 years
(1984–2004), the data on historical control rats of the RI show that only
19 cases of Schwannoma have been reported out of 3160 untreated
males (incidence 0,6%) and only 10 cases of Schwannoma have been
reported out of 3165 untreated females (incidence 0,3%). The patho-
logical diagnostic criteria of Schwann cell hyperplasia and Schwan-
noma of the heart have been recently revised by the NTP and the pa-
thological diagnosis of the RI were performed in blind and in
compliance with the most recent NTP recommendations and the In-
ternational Harmonization of Nomenclature and Diagnostic Criteria
(INHAND) guidelines (Berridge et al., 2016; Elmore et al., 2017). Fur-
thermore, in order to harmonize the diagnostic criteria, the patholo-
gical lesions of the heart observed by the RI, on April 2017 have been
screened for second opinion diagnosis in blind by NTP pathologists.

The RI findings on heart tumors are consistent with the results re-
ported by the NTP (Wyde et al., 2016). In the NTP study, for both
modulations (GSM and CDMA), there was a significant positive trend in
the incidence of Schwannomas of the heart in rats with respect to ex-
posure SAR (6W/Kg, 3W/Kg, 1.5W/Kg). Additionally, the incidence of
Schwannomas in the 6W/Kg males was significantly higher in CDMA-
modulated RFR-exposed males compared to controls. In the 6W/Kg
GSM-modulated RFR-exposed males the incidence was higher, but not
statistically significant (p = .052) compared to controls. Schwann cell
hyperplasia of the heart was also observed in three males exposed to
6W/Kg CDMA-modulated RFR (Wyde et al., 2016).

Our findings are also consistent with the epidemiological evidence,
where an increased incidence of tumors of the same cells, vestibular
Schwannoma, had been associated with the use of mobile phones
(Hardell et al., 2013). Schwannomas in humans might present pre-
malignant characteristics: they can progress to malignant lesions
(Hasegawa et al., 2013) and they often present molecular character-
istics that a typical of pre-malignant lesions, such as aneuploidy
(Warren et al., 2003). In particular, genetic factors (e.g. neurofi-
bromatosis) and environmental factors (e.g. gamma radiation) can in-
crease up to 10 fold the risk of malignant progression of vestibular
Schwannoma (Seferis et al., 2014). The statistically significant increase
in the incidence of heart Schwannomas observed in male rats in the late
part of their life, both in the RI and NTP studies, are consistent with the

epidemiological findings, where the highest increase in risk of vestib-
ular Schwannoma among humans exposed to RFR was observed in men
over 50 years of age with the highest cumulative exposure (Hardell
et al., 2013, 2003).

3.2.2. Pre-neoplastic and neoplastic lesions of the brain
The incidence of pre-neoplastic and neoplastic lesions of the brain

are reported in Table 3. No statistically significant increase in the in-
cidence of pre-neoplastic and neoplastic lesions of the brain was ob-
served. However, a non-statistically significant dose dependent increase
in the incidence of malignant glial tumors was observed in treated fe-
male rats: 2/405 (0,5%), 3/410 (0,7%), 2/202 (1,0%), 3/202 (1,5%).
No malignant glial tumors were observed in male controls (0/412) and
only 2 malignant glial tumors were observed in female controls (2/405,
incidence 0,5%). In a period of over 20 years (1984–2004), the data on
historical control rats of the RI show that only 15 cases of malignant
glial tumors have been reported out of 3165 untreated females (in-
cidence 0,5%) (and 41 cases of malignant glial tumors have been re-
ported out of 3160 untreated males, incidence 1,3%). Therefore, the
incidence of malignant glial tumors observed in treated female rats is
slightly increased, in particular at the highest dose, if compared with
our historical controls. The pathological diagnostic criteria of malignant
glial tumors have been recently revised by the NTP and the pathological
diagnosis of the RI were performed in blind and in compliance with the
most recent NTP recommendations and the INHAND guidelines (Elmore
et al., 2017; Kaufmann et al., 2012). Furthermore, in order to harmo-
nize the diagnostic criteria, the pathological lesions of the brain ob-
served by the RI, on April 2017 have been screened for second opinion
diagnosis in blind by NTP pathologists.

The RI findings on brain tumors are consistent with the results re-
ported by the NTP (Wyde et al., 2016). In the NTP study, a statistically
significant positive trend in the incidence of malignant glial tumors was
reported only in male rats (p< .05) for CDMA-modulated RFR ex-
posures. A low incidence of malignant glial tumors was observed in all
groups of male rats exposed to GSM-modulated RFR and in different
groups of female rats exposed to GSM-modulated RFR and CDMA-
modulated RFR exposures. No malignant glial tumors were observed in
controls (0/180). Also in the RI study, only 2 malignant glial tumors
were observed among controls (2/817, incidence 0.2%), while a
slightly overall increased incidence was observed in male and female
treated rats (13/1631, incidence 0.8%). It is noteworthy that the esti-
mated exposure SAR levels of the RI study (0.1W/Kg, 0.03W/Kg,
0.001W/Kg) are significantly lower than the ones used by the NTP
(6W/Kg, 3W/Kg, 1.5W/Kg).

The increase in the incidence of malignant glial tumors observed in

Table 2
Long-term bioassay on 1.8 GHz base station RFR, administered at various doses to male (M) and female (F) Sprague-Dawley rats (Experiment BT 1CEMRF): results on pre-neoplastic and
neoplastic lesions of the heart.

Group Dose Animals Hyperplasia Endocardial Intramural Total

No. GSM-RFR Schwann cells Schwannoma Schwannoma Schwannoma

1.8 GHz (V/m) Sex No. No. % No. % No. % No. %

I 0 M 412 3 0.7 0 0.0 0 0.0 0 0.0
(control) F 405 2 0.5 0 0.0 4 1.0 4 1.0

M+F 817 5 0.6 0 0.0 4 0.5 4 0.5
II 5 M 401 2 0.5 2 0.5 1 0.2 3 0.7

F 410 0 0.0 2 0.5 7 1.7 9 2.2
M+F 811 2 0.2 4 0.5 8 1.0 12 1.5

III 25 M 209 1 0.5 1 0.5 0 0.0 1 0.5
F 202 0 0.0 0 0.0 1 0.5 1 0.5
M+F 411 1 0.2 1 0.2 1 0.2 2 0.5

IV 50 M 207 5 2.4 2 1.0 1 0.5 3 1.4*

F 202 2 1.0 1 0.5 1 0.5 2 1.0
M+F 409 7 1.7 3 0.7 2 0.5 5 1.2

* Statistically significant p ≤ .05 using Fisher exact test.
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the RI experimental study, is consistent with the epidemiological evi-
dence, where an increased incidence of brain tumors of a similar his-
totype, glioma, had been associated with the use of mobile phones
(IARC, 2013; Carlberg and Hardell, 2017). Central nervous system
(CNS) tumors are rare in rats(< 0,1%), nevertheless their importance as
sentinel tumors in carcinogenesis bioassays has been proved funda-
mental, since different substances are able to induce increased in-
cidence of these malignancies (Elmore et al., 2017).

4. Conclusions

In 2005, the RI started a life-span carcinogenic study on Sprague-
Dawley rats to evaluate the carcinogenic effects of RFR in the situation
of far field, reproducing the environmental exposure to RFR generated
by 1.8 GHz GSM antenna of the radio base stations of mobile phone.
This is the largest long-term study ever performed in rats on the health
effects of RFR, including 2448 animals. In this article, we report the
final results regarding brain and heart tumors. A statistically significant
increase in the incidence of heart Schwannoma was observed in treated
male rats at the highest dose (50 V/m). Furthermore, an increase in the
incidence of Schwann cells hyperplasia was observed in treated male
and female rats at the highest dose (50 V/m), although this was not
statistically significant. An increase in the incidence of malignant glial
tumors was observed in treated female rats at the highest dose (50 V/
m), although this was not statistically significant. Similarly to the NTP
(Wyde et al., 2016), the communication of the first important findings
of the RI study was urged by different factors: 1) the fact that also a
small increase of the incidence of tumors induced by the exposure to
RFR could have great impact for public health; 2) The RI findings on far
field exposure to RFR are consistent with the results of the NTP study on
near field exposure to RFR (Wyde et al., 2016), as both reported an
increase in the incidence of tumors of the brain and heart in RFR-ex-
posed Sprague-Dawley rats;and 3) because the tumors of the brain and
heart observed at increased incidence in rats exposed to RFR generated
by an 1.8 GHz GSM antenna in our study are of the same cytological
origin of those observed in some epidemiological studies of cell phone
users. These experimental studies provide sufficient evidence to call for
the re-evaluation of IARC conclusions regarding the carcinogenic po-
tential of RFR in humans.
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