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PRIMARY CNS TUMORS IN ADULTS AND ENVIRONMENTAL FACTORS:
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The incidence of adult primary brain tumorsisincreasing in some European countries.

High-dose ionizing irradiation, rare genetic syndromes, and genetic predisposition in 5 % of families are a few estab-
lished environmental risk factors for brain tumor.

Mobile phone use that causes near brain exposure to radiofrequency electromagnetic waves and thus creates risks of
CNS tumor s has been the focus of many studies.

Nine meta-analyses were available on this subject. The Interphone multi-center case-control study is the largest one to
date; it included 2.708 glioma and 2.409 meningioma cases and matched controls in 13 countries. Sudies exploring metals
(cadmium, lead), pesticides, outdoor pollution, virus, and risk of glioma created by exposure to them were reviewed.

Interphone study did not show increased risk of glioma or meningioma in mobile-phone users. One recent meta-
analysisin 2017 found that prolonged exposurei.e.,> 10 years of all phone types was associated with increased risk of ipsi-
lateral CNS tumor locations. In another meta-analysis, long-term use of mobile-phones was found to be a risk factor for low-
grade glioma. In case of all durations regarding mobile phone use and both sides of the head, the results of pooling data
were more discordant. A large prospective study in 2014 showed that long term use vs never use increased risks of acoustic
neurinoma (10+ years: RR = 2.46, 95 % CI| = 1.07-5.64, P = 0.03), but not of glioma or meningioma. Studies of other risk

factors showed no/weak/contradictory association with brain tumor risk.
In the absence of robust and consistent evidence, a causal relation between radiofrequency exposure and CNS tumors
was not found. Large prospective studies of this kind regarding a disease with low incidence require a high number of par-

ticipants and a long follow-up period.
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Gliomas account for more than 70 % of
all adult primary brain tumors. According to
the 2016 World Health Organization (WHO)
classification of CNS tumors, diffuse glio-
mas include the WHO grade II and grade II1
astrocytic tumors, grade II and grade III oli-
godendrogliomas, and the grade IV glioblas-
tomas [1]. Malignancy ranges from grade I—
IV, with grade IV glioblastoma being the
most malignant form of gliomas. The prog-
nosis remains dismal for patients with
glioblastoma, despite advances in surgery,
radiotherapy, and chemotherapy with a me-
dian survival time of 9—15 months. Anaplas-
tic grade III WHO gliomas have a median
survival time of 1.6 years, and low-grade
WHO grade II gliomas that have a more in-
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dolent course and grow slowly have a me-
dian survival time of 5-10 years [2].

Meningiomas that account for approxi-
mately 20 % of all primary brain tumors are
the second most common tumors with inci-
dence rates of 3—4 cases per 100,000 males
per year and 9—13 cases per 100,000 females
per year [3]. Most meningiomas grow
slowly, are asymptomatic, and are discov-
ered by accident. According to the 2016
WHO classification of brain tumors, they are
regarded as grade I, meaning benign tumors
[1]. The presence of brain invasion, necrosis,
high cellularity, and prominent nuclei are
among the histological features that classify
a diagnosis of WHO grade II, atypical men-
ingioma [1].
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Meningiomas larger than 2.5-3 cm usu-
ally cause symptoms. Unpredictable and dif-
ferent clinical behavior of meningiomas
causes difficulties in assessing mortality and
morbidity rates. Estimates of 5-year survival
usually range from 73 % to 94 % [4].

The annual incidence of glioma has re-
mained relatively stable since 1983, despite
the high prevalence of mobile phone use [5].
However, an increasing trend in the inci-
dence of gliomas has been observed in some
European countries. The annual incidence of
glioblastoma more than doubled in England
between 1995-2015 [6].

Epidemiological studies are of great im-
portance in identifying risks that contribute
to the development of CNS neoplasms.

Apart from the well-known risk caused
by high-dose ionizing irradiation and classi-
fied as a group 1 carcinogen, the genetic
predisposition in about 5 % of families, and
rare genetic syndromes, there are few estab-
lished environmental risk factors for glio-
ma [7]. When treating 10,834 Israeli pa-
tients with cranial and cervical irradiation
with a mean dose of 1-6 Gy for tinea capitis
the relative risk for developing a tumor or a
glioma after a latency of >30 years in-
creased by 6.9 and 2.6 respectively. This
was the first conclusive evidence of an as-
sociation between ionizing radiation and
brain tumors [8]. A 6.5-fold increase in
meningioma risk was reported among resi-
dents of Hiroshima following the nuclear
attack of 1945 [9].

More evidence for Ionizing radiation as
an established carcinogen is based on fol-
low-up studies performed on patients who
underwent radiotherapy for cancer treatment
during childhood, where odds ratios (OR’s)
equal to 6.78 and 9.94 were reported for
glioma and meningioma respectively [10].
Regarding diagnostic head CT scans during
childhood, recent follow-up studies of chil-
dren and adolescents reported an excess RR
for brain tumor as large as 23 per Gy [11].
However, to date, no association between CT
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scans of the head and cancer risk in adults
has been established.

Nonionizing radiation in terms of near
brain exposure to radiofrequency electro-
magnetic waves on mobile phones and risks
of CNS tumors has been the focus of many
studies. By the end of 2018, 67 % of the
global population was subscribed to mobile
services.

The INTERPHONE study, which was
coordinated by the International Agency for
Research on Cancer (IARC), was the largest
multinational study investigating a possible
association between carcinogenic risks of
tumors in the head and neck regions and ra-
diofrequency fields emitted by mobile
phones [12]. This multi-center case-control
study included 2,708 glioma and 2,409
meningioma cases as well as matched con-
trols in 13 countries. The results did not
show increased risk of glioma or men-
ingioma in the whole population of mobile-
phone users [13].

To date, nine meta-analyses have been
published on this subject, mostly based on
studies from the INTERPHONE group. The
main brain cancer typesincluded in the
study were glioma, meningioma, and acous-
tic neurinoma.

Two recent meta-analyses in 2017 found
that prolonged exposure 1.e.,> 10 years toall
phone types was associated with increased
risks of ipsilateral CNS tumor locations, and
the long-term use of mobile-phones was
found to be a risk factor for low-grade glioma
[14-16]. Low-grade gliomas are known to
grow slowly and have a long latency period,
usually affecting younger patients. Indeed,
considering the natural history of low-grade
glioma, it is important to keep in mind that
this type of tumor may possess different car-
cinogenic mechanisms as well as different
risk factors compared to glioblastoma.

In case of all durations regarding use and
both sides of the head, the results of pooling
data were more discordant. A large prospec-
tive study showed that long term mobile
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phone use limited to 10 years vs those who
never used a mobile resulted in increased
risks of acoustic neurinoma (10+ years:
RR = 2.46, 95 % CI = 1.07-5.64, P = 0.03),
but not of glioma or meningioma.

In the absence of robust and consistent
evidence, a causal relation between radiofre-
quency exposure and CNS tumors was not
found. The only evidence is for an associa-
tion among long-term users with acoustic
neurinoma. Large prospective studies of this
kind on a disease with low incidence require
a high number of participants and a long fol-
low-up period. Another limitation is how to
quantify the level of exposure, depending on
a phone type and generation, in addition pat-
terns of mobile phone use change over time.
These factors partially explain the limited
quality of studies included in meta-analyses.
As a result of conflicting scientific evidence,
the IARC classified radiofrequency electro-
magnetic waves in the group 2B, which
means possible carcinogens.

N-nitroso compounds (NOCs) are
known to be potent carcinogens in animal
models. Nitrosamines can form endoge-
nously from foods, and are present in cured
meat, tobacco, cosmetics, automobile interi-
ors and drugs such as diuretics, antihista-
mines, antibiotics, tranquilizers, and narcot-
ics. The observations from animal studies
suggested a hypothesis of NOCs as a possi-
ble risk factor of brain tumor. The most re-
cent studies are from a decade ago; three
prospective studies evaluating consumption
of red processed and cured meats did not re-
veal increased risks of glioma [17-19]. One
case-control study investigating transplacen-
tal exposure to ethylnitrosurea through ma-
ternal diet during pregnancy and risk of brain
tumors in childhood showed OR equal to 1.8
for astrocytomas [20]. Studies of this kind do
not allow definitive conclusions due to recall
and selection bias.

Regarding metals, cadmium as a type 1
carcinogen has been associated with a vari-
ety of cancers. However, any evidence for an
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association with brain tumor risk is weak,
and based on only one study [21]. Case-
control studies focusing on exposure to lead
in the highest quantities revealed slightly in-
creased risks of brain tumor [22].

A possibility of an association between
exposure to pesticides and the higher risk of
CNS cancers in farmers has been explored in
several case-control studies with contradic-
tory results [23]. A cohort study of nearly
200,000 French farmers showed higher risk
of CNS tumors in farmers exposed to pesti-
cides, where the greatest increases in risks of
meningioma were detected for pig farmers
and those growing sunflowers, beets and po-
tatoes. For farmers growing grasslands there
were increased risks of gliomas [24].

Outdoor air pollution was classified as
a carcinogenic factor by IARC in 2013.
Outdoor air pollution has been associated
with increased risk of ischemic stroke,
Parkinson disease, and has shown a strong
causal association with lung cancer. Fine
microparticles from pollution such as Par-
ticulate matter (PM) and O; have been rec-
ognized as the most important risk factors
to public health [25].

However, the data on brain tumors do
not provide evidence for an association with
outdoor air pollution, mainly due to small
numbers of such studies and conflicting re-
sults. Interestingly, a study found a negative
association between exposure to air pollution
and CNS cancer mortality [26]. The protec-
tive effect was suggested to be induced by
immune hyperactivity that was characteristic
for allergy and asthma. An inverse associa-
tion between self-reported allergies and
gliomas has been confirmed in previous
studies [27, 28].

Regarding associations between viruses
and risks of glioma, previous studies identi-
fied polyomavirus, including JC virus, BK
virus, and Simian virus — 40 in human
glioma but an association was not confirmed
[29]. Human cytomegalovirus (HCMV) be-
ing carried by the majority of people world-
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wide is the major infectious cause of devel-
opmental disorders in the CNS [30].

The presence of CMV genomic expres-
sion and protein material in human glioma
samples has been well documented [31, 32].
Trials with anti-viral therapy have failed to
improve survival in these patients. However,
immunotherapy has been used to target
CMYV antigens in patients with glioblastoma
with promising initial results.

In conclusion, identifying the potential
risk factors for brain tumors is extremely

important due to devastating consequences
of the disease. The low incidence of brain
tumors, the natural history of slowly growing
patterns, difficulties in quantifying exposure
to environmental factors, and recall bias re-
main the main challenges in designing pro-
spective studies.
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