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SSM perspective

Background

In the past few years, a discussion has been ongoing in both the research
community and the media as to whether exposure to radiowaves from the

use of mobile phones has an impact on the incidence of brain tumours in
the general population. Ever since the introduction of mobile phones in the
1980s, their use has increased dramatically and has now spread to almost all
parts of the world. According to the International Telecommunication Union,
there were nearly 7 billion mobile phone subscriptions globally in 2014.
Because this distribution is so widespread, there is a great need to investigate
possible impacts on health. In 2011, the International Agency for Research
on Cancer (IARC) gathered experts in the field to form a working group for
discussion of the outcomes of relevant studies. The decision was made to
classify mobile phones as “possibly carcinogenic to humans” mainly based on
indications of an elevated risk of gliomas, a kind of brain tumour.

Sweden is one of the countries where mobile phone use blossomed early on,
for which reason incidence trends based on Swedish registries are of per-
tinent interest in the puzzle of knowledge that needs to be put together to
form a solid foundation for risk assessments. However, it is important to keep
in mind that this kind of analysis can never prove the lack of, nor the exist-
ence of, a correlation. Incidence trends can be influenced by a wide range

of factors, apart from direct registry factors (changed coding practice, and
the like), in addition to environmental factors and changed lifestyle patterns;
other possible aspects are not only protective factors, but also risk factors
whose strength is variable over time. Another aspect that should be consid-
ered is that some illnesses are characterised by a long latency period. Conse-
quently, they may not manifest themselves until many years after an exposure
situation. Nonetheless, it is reasonable to assume that a strong link between
radiowave exposure and brain tumour development would have a clear impact
on incidence trends within a period of 15 years following large-scale imple-
mentation of mobile telephony.

Results

This project initially compiled data from the Swedish Cancer Registry for the
purpose of identifying all brain tumour diagnoses made between the years
1980 and 2013, and subsequently estimating the incidences of the brain
tumour types of low-grade gliomas, high-grade gliomas, and meningiomas
during this period. Also, via Statistics Sweden (SCB), data was collected on
these patients’ incomes in order to analyse a possible correlation between
income and incidence. It transpired that there was a time lag in the statistics
that risked causing substantial underestimation of the number of identi-
fied cases in 2013. The findings from the entire period have been taken into
account in this report, though the presentation of incidence trend param-
eters has consequently been limited to the period 1980-2012. In total during
the period 1980-2012, 30,255 primary brain tumours were identified on the
part of 30,142 patients.

In the case of the meningioma tumours, there was an increased incidence in
the age group 0-74. Patients over 75 years of age showed a decrease in the
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annual incidence. The overall conclusion, based on all the age groups, was
that no significant incidence trend was observed for meningiomas.

The researchers observed a slight decrease in the annual incidence of high-
grade brain tumours among patients in the age group 0-39 years, and an
increase in the age group 60-74 years of age (p=0.029). On the whole, high-
grade brain tumours showed no overall incidence trend.

The outcomes demonstrated a statistically significant decrease in the annual
incidence of low-grade gliomas during the period 1980-2012. In terms of age
group classification, this significant decrease in low-grade glioma incidence
was observed in all age groups above the age of 39. However, these findings
should be interpreted cautiously. It is clear that the outcomes largely depend
on selecting where the survey begins and ends. Nonetheless, there does not
seem to be any long term, upward trend.

No clear difference could be discerned between males and females in terms
of incidence trends for all the types of tumours, with the exception of low-
grade gliomas (p=0.001). The outcomes from the incidence’s dependency on
income are irregular, or rapidly variable, on the part of higher incomes. This
indicates an all too low statistical volume and provides no information about
possible correlations.

Overall, there was no clear increase in the annual incidence of the stud-
ied tumour types from the years 1980-2012, a period of time during which
mobile phone use increased sharply. Nevertheless, it should be noted that
this study did not investigate a specific correlation between mobile phone
use and brain tumour incidence. Many factors have an influence on the
development of brain tumours.

All the same, the observation has been made that the presented findings do
not provide evidence that any environmental factor encompassing a large
proportion of the population (for instance, mobile phone use) has had a
material impact on the risk of development of brain tumours between 1980
and 2012.

Relevance

The present report provides support for the previous assessment made by
the Swedish Radiation Safety Authority: Exposure to radiowaves while using
mobile phones does not pose any significant risks leading to brain tumours.
The recommendation to observe precautions by using hands-free equipment
during mobile phone calls nevertheless remains in effect, mainly due to long-
term uncertainties and indications of biological effects in animal studies.

Need for further research

As this study has only had access to a somewhat complete body of data up

to and including 2012, it is strongly recommended to carry out an update. It
would be appropriate to launch this kind of study in 2021, with an analysis of
statistics up to and including 2017.

Project information
Contact person SSM: Torsten Augustsson
Referens: SSM 2016-498 / 7030054-00
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Sammanfattning

Under de senaste aren har det debatterats huruvida miljofaktorer kan
paverka incidensen av hjarntumarer i den generella populationen. En
av de huvudsakliga faktorer som har omnamnts i dessa sammanhang
ar anvandandet av mobiltelefoner. Sedan introduktionen av
mobiltelefoner under 80-talet har anvandandet 6kat kraftigt och nar nu
ut till néstan alla varldens horn. Enligt International
Telecommunication Union fanns det ar 2014 néra 7 miljarder
mobiltelefonabonnemang varlden éver. Eftersom utbredningen ar sa
omfattande sa ar det av hogsta vikt att ta reda pa dess potentiellt
skadliga effekter hos manniska. Under 2011 samlade the International
Agency for Research on Cancer (IARC) flertalet experter inom
omradet for att i en arbetsgrupp diskutera resultaten av aktuella
studier. Man beslutade att riskklassificera mobiltelefoni som “mojligt
carcinogen for ménniskan” baserat pa tecken till en 6kad risk for

uppkomst av hjarntumaortypen gliom.

Primadra hjarntumaorer &r de tumdérer som har sitt ursprung i hjérnan,
hjarnhinnorna, kranialnerverna, hypofysen eller tallkottkorteln.
Tumorerna delas i sin tur upp i subgrupperingar beroende pa dess
egenskaper och aggressivitetsgrad enligt World Health Organization
(WHO) fyrgradiga klassifikationssystem. Laggradiga hjarntumorer
(WHO grad 1-2) beskriver tumérer med lag tillvaxthastighet och
sparsam infiltrationsformaga till omgivande vavnader. Hoggradiga
gliom (WHO grad 3-4) beskriver tumdrer med hdg tillvéxthastighet,
stor infiltrationsférmaga och ett aggressivt beteende.

| denna rapport har vi samlat in data fran det svenska cancerregistret
for att identifiera samtliga hjarntumordiagnoser mellan aren 1980-
2012 och for att sedermera berékna incidensen av hjarntumortyperna
laggradiga gliom, hdggradiga gliom samt meningiom under denna
period. Vidare samlade vi via Statistiska Centralbyran (SCB) in data

pa inkomst hos dessa patienter for att analysera eventuella samband



mellan inkomst och incidens. Totalt identifierades 30 255 priméra
hjarntumaorer hos 30 142 patienter.

Avseende meningiom sag vi en 6kning av incidensen i aldrarna 0-39,
40-59 och 60-74, medan en sjunkande incidenstrend sags i
aldersgruppen > 75 &r. Mén och kvinnor visade pd en minskning samt
okning av incidensen, respektive. Sammantaget alla aldrar sags ingen

signifikant incidenstrend av meningiom.

Vi sag en diskret minskning av arliga incidensen av hoggradiga gliom
hos patienter i aldersgruppen 0-39 ar och en diskret 6kning i
aldersgruppen 60-74 ar. Ingen skillnad mellan kon iakttogs.
Sammantaget foreldg ingen évergripande incidenstrend av hoggradiga

gliom.

Vi kunde visa en statistiskt signifikant minskning av den arliga
incidensen av laggradiga gliom under tidsperioden 1980-2012.
Avseende aldersgrupperingar sag vi denna signifikanta minskning av
ldggradiga gliom i samtliga &ldersgrupper over 40 &r. Aven for man
och kvinnor kunde vi se denna signifikanta minskning av

incidenstrend for laggradiga gliom.

Vid laga inkomster (0-100 tkr/ar) sags latt sjunkande incidens for
meningiom och laggradiga gliom. Vid inkomstgrupperna >100-200
tkr/ar och >200-360 tkr/ar sags latt 6kande incidenser for samtliga
tumorentiteter. Data géallande inkomst bor dock tolkas med stor
forsiktighet.

Sammantaget har det inte skett nagon 6kning av den arliga incidensen
for undersokta tumorentiteter fran 1980-2012, en tidsperiod da
mobiltelefonanvéndande har 6kat. Data ska tolkas med forsiktighet
eftersom att vi inte har undersokt det faktiska sambandet mellan
mobiltelefoner och hjarntumdrer och det kan finnas ytterligare hittills

okénda faktorer som kan paverka utvecklingen av hjarntumorer.



Introduction

1. Radiation: ionising versus non-ionising

Energy emitted from a source is referred to as radiation. Typical
electromagnetic radiation behaves in a “wave-like” manner. Examples
of electromagnetic radiation include radio waves, infrared light,
visible light, ultraviolet light, X-rays and gamma rays. These only

differ in wavelength and frequency.!

lonizing radiation, for example X-rays and gamma rays, has enough
energy to interact with an atom in terms of removing an electron from
the orbit of the atom. As a result, the atom becomes charged or
ionised.

Non-ionizing radiation, however, does not have sufficient energy to
remove the electron causing ionisation. This type of radiation includes
electric and magnetic fields, radio waves, infrared, visible and
ultraviolet radiation.! Even though ultraviolet radiation is normally
classified as non-ionizing radiation, shorter wavelengths can cause
molecules to ionise and it has been proven that UV-radiation has a

carcinogenic effect.

2. Brain tumours

2.1 The 2007 WHO classification

Based on histopathological assessment, tumours in the central nervous
system are divided as per the 2007 WHO classification, using a four-
point scale. Per definition a brain tumour is an abnormal tissue within
the cranium including the brain, cranial nerves, meninges, skull,
pituitary gland and pineal gland.? In the clinical setting, the grading
system is an important tool to decide choice of therapy, particularly
adjuvant radiation and chemotherapy.

There are more than 100 types of brain tumours, mostly emerging

from the cells that support the brain cells. These cells are called glial



cells and tumours consisting of glial cells are called gliomas.

The grading definition is made by a pathologist based on histology of
the tumour. A tumour with a histology close to normal is generally
defined as grade I, whilst a tumour with an abnormal histology is
classified as a high grade tumour, WHO grade I11 or V. High grade
tumours (WHO I11-1V) are regarded as malignant and these tumours
are generally fast growing, often relapse and may spread to other parts
of the brain or the spinal cord. Low grade tumours (WHO I-I1), on the
other hand, generally grow slowly, are less likely to relapse, normally

do not spread and may be treated by surgery alone.’

2.2 Astrocytic tumours

Astrocytic brain tumours arise from astrocytes in the brain, which are
supporting cells surrounding neurons, giving structural and metabolic
support. The astrocytes also regulate ion concentration in the
extracellular space, modulate the synaptic transmission and transmitter
reuptake, and are an important part of the blood-brain barrier. There
are few known etiologic factors to the development of astrocytic brain
tumours. A minority of patients have a hereditary predisposition and
in these patients a familial aggregation of brain tumours is often
present. Another known etiologic factor is ionizing radiation.*

The astrocytic tumours include all WHO grades within its subgroups.
According to the WHO classification, the following subgroups of
astrocytic tumours are listed:

Pilocytic astrocytoma (grade 1), Subependymal giant cell astrocytoma
(grade 1), Pleomorphic xanthoastrocytoma (grade 1), Pilomyxoid
astrocytoma (grade 1), Diffuse astrocytoma (grade I1), Anaplastic
astrocytoma (grade 111), Glioblastoma (grade 1V), Giant cell

glioblastoma (grade 1V) and Gliosarcoma (grade 1V).°
Pilocytic astrocytoma

The yearly incidence of pilocytic astrocytoma in the United States in
the late 1990s was about 0.23 per 100,000 with about 700 new cases



per year. Pilocystic astrocytoma generally forms sacks of fluid (cysts)
and is classified as one of the most benign astrocytomas of all types. It
is normally seen in children or young adults, and is often removed

with surgery alone.*®

Subependymal giant cell astrocytoma

Subependymal giant cell astrocytoma is a ventricular tumour that is
quite common in patients with tuberous sclerosis with a prevalence of
6% to 15% in these patients.*® It is a slow-growing tumour that

usually forms within the walls of fluid-filled spaces in the brain.”

Pleomorphic xanthoastrocytoma

Pleomorphic xanthoastrocytoma is a rare histologic type of brain
tumour and accounts only for less than 1% of all astrocytomas. Most
commonly it affects children and young adults. In most cases this type
of tumour affects the temporal lobes of the brain, and thereby they

frequently present with seizures.®

Diffuse astrocytoma

Diffuse astrocytomas often contain microcysts and mucous-like fluid.®
The incidence of these tumours is about 0.1 per 100 000 persons per
year, and it accounts for about 35% of all astrocytic brain tumours. In
North America, 1500 to 1800 new cases are diagnosed each year.*
Diffuse astrocytoma is either of the fibrillary, germistocystic or
protoplasmic type. It has a tendency to invade surrounding brain tissue
but usually grows at a quite slow pace. Treatment of diffuse
astrocytomas is usually surgery when the tumour is anatomically
accessible and can be completely removed. When treating children or
young adults radiation as additional therapy can be discussed. When
the tumour is inaccessible or cannot be completely removed, radiation

as additional therapy is also often used.®

Anaplastic astrocytoma
The incidence of anaplastic astrocytoma is about 0.49 per 100.000

people per year, and the mean age at diagnosis is 40 years.* This high-
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grade tumour tends to invade surrounding tissue, making radical
surgery difficult. Treatment includes surgery followed by radiation

therapy and additional chemotherapy can also be used.®

Glioblastoma

In Europe, the incidence of glioblastoma is estimated to be about 3.55
new cases per 100.000 people per year and glioblastomas accounts for
about 69% of all incident cases of astrocytic and oligodendroglial
tumours - and is thereby the most frequent histologic type.® The
tumour might contain cystic material, calcium deposits, blood vessels
and a mixed grade of cells. Treatment includes surgery followed by
radiation therapy. Chemotherapy is also often given at the same time

as the radiation therapy (concomitant).®

2.3 Oligodendroglial tumours

Oligodendroglial tumours arise from glial cells in the cerebral
hemispheres. They normally occur in the cerebral white matter and
have a cellular appearance. The tumours are divided into WHO grade
Il and an anaplastic WHO grade 111, which is more aggressive and has
a poorer prognosis. The incidence of oligodendrogliomas is about 5-
19% of all intracranial tumours. The median survival for the
oligodendroglial grade Il tumours range from 4-10 years, and the
prognosis for the anaplastic type (grade I11) is only 3-4 years.'°
Treatment includes surgery in both grades of tumours. If the tumour is
incompletely removed and if the tumour is anaplastic, additional
radiotherapy is a standard therapy choice. Chemotherapy is often used

after radiation therapy in the anaplastic grade 111 tumours.°

2.4 Oligoastrocytic tumours

Oligoastrocytic tumours contain a mixture of oligodendroglial and
astrocytic differentiation, and are estimated to account for about 5% to
10% of all infiltrative gliomas. These tumours are divided into
oligoastrocytomas (WHO grade I1) and anaplastic oligoastrocytomas

(WHO grade 111).1* The tumour can arise within the cerebral



hemispheres of the brain but is usually present in the frontal or
temporal lobes. Oligoastrocytomas usually develop in young adults
and middle-aged people and are rarely seen in children.'?

Standard therapy is surgery if the tumour is accessible. Radiation
therapy and chemotherapy can also be used depending on tumour

grade and complete removal during surgery or not.!2

2.5 Ependymal tumours

Ependymal tumours include subependymoma (WHO grade 1),
myxopapillary ependymoma (WHO grade 1), ependymoma (WHO
grade 1) and anaplastic ependymoma (WHO grade I11) based on
histologic appearance. Subependymoma is a rare type of tumour with a
benign character. Myxopapillary ependymoma is almost exclusively
located to the cauda equina (lower part of the spinal cord).
Ependymomas and anaplastic ependymomas arise from transformation
of normal ependymal cells in the brain. They represent 6% to 9% of
primary brain tumours and account for about 30% of all brain tumours
in children younger than 3 years. The mean age of diagnosis is 4
years. In children the tumour is usually located in the fourth ventricle
(in the central parts of the brain), whilst in adults and adolescents it
normally presents within the spinal canal. In older children and adults,
radiotherapy followed by surgical resection is standard therapy. In
children younger than 3 years chemotherapy is recommended instead
of radiotherapy to avoid adverse radiation effects.!3

2.6 Choroid plexus tumours

This group of tumours includes choroid plexus papilloma (WHO
grade 1), atypical choroid plexus papilloma (WHO grade I1) and the
more malignant choroid plexus carcinoma (WHO grade I11).

Choroid plexus papilloma
Choroid plexus papilloma is a benign type of intraventricular tumour
that accounts for about 1% of all brain tumours, 2-6% of all paediatric

brain tumours and 0.5% of all adult brain tumours. About 85% of all
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choroid plexus papillomas develop in children under 5 years of age.
Treatment should include radical surgical excision and is often
curative. The majority of these tumours are benign, but a small

percentage can be malignant.'4*®

Choroid plexus carcinoma

Choroid plexus carcinoma is a more malignant type of brain tumour
with an annual incidence of less than 0.1 per 100 000 people in
Europe.'® The initial therapy choice is surgical resection, and adjuvant
radiotherapy and chemotherapy have been demonstrated to increase

survival and may be indicated for aggressive disease.’
2.7 Other neuroepithelial tumours

Angiocentric glioma

Angiocentric glioma (WHO grade 1) is a very rare type of brain
tumour first identified in 2005. The tumours are typically slow-
growing with supratentorial location and treatment with total surgical
resection seems to have excellent results. If complete resection cannot

be achieved, additional radiotherapy is indicated.!8°

Choroid glioma of the third ventricle
Choroid glioma of the third ventricle (WHO grade 1) is a rare type of

tumour that arises from ependymal cells in the roof of the third
ventricle. It mainly affects adult women with a mean age of

approximately 45. Complete surgical resection is standard therapy.%:2

2.8 Neuronal and mixed neuronal-glial tumours

This group of tumours includes gangliocytoma (WHO grade 1),
gangliogliomas (WHO grade 1), anaplastic gangliogliomas (WHO
grade I11), desmoplastic infantile astrocytoma and ganglioglioma
(WHO grade 1), dysembryoplastic neuroepithelial tumour (WHO
grade 1), central neurocytoma (WHO grade 11), extraventricular
neurocytoma (WHO grade 11), cerebellar liponeurocytoma (WHO
grade 1), paraganglioma of the spinal cord (WHO grade 1), papillary

11



glioneuronal tumour (WHO grade 1) and rosette-forming glioneuronal
tumour of the fourth ventricle (WHO grade 1).° These rare and mostly
benign tumours occur most often in children and young adults. They
derive from ganglion-type cells, which are a group of nerve cells.

Treatment is often surgical resection.?

2.9 Pineal tumours

The pineal gland is located in the middle of the brain and synchronises
hormonal release with phases of the light-dark cycle. The exact
function of this gland, however, remains unclear. Tumours developed
from the gland account for about 0.4-1.0% of all brain tumours in
adults and 3.0-8.0% of all brain tumours in children. Based on
histology the tumours differentiate into Pineocytoma (WHO grade 1),
Pineal parenchymal tumour of intermediate differentiation (WHO
grade I1-111), Pineoblastoma (WHO grade 1V) and Papillary tumour of
the pineal region (WHO grade I1-111). Treatment includes surgery and,
depending on histologic diagnosis, additional radiotherapy and

chemotherapy can be used.?®

2.10 Embryonal tumours

These highly malignant brain tumours often develop in children, and
are highly cellular and invasive. All three kinds: medulloblastoma,
CNS primitive neuroectodermal tumour (PNET), and atypical
teratoid/rhabdoid tumour, are WHO grade 1V.%

Medulloblastoma

Medulloblastoma is the most common type of brain tumour in
children and young adults, and accounts for about 20% of all primary
brain tumours in people younger than 19. Peak incidence is between
five and nine years of age, and the tumour is rarely seen in people

older than 40 years.?

Primitive neuroectodermal tumour (PNET)

Primitive neuroectodermal tumour is a highly malignant

medulloblastoma-like brain tumour that occur primarily in the
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cerebellum but can spread to other parts of the brain. This tumour also
mainly affects children.?:?

Atypical teratoid/rhabdoid tumours

Atypical teratoid/rhabdoid tumours are a rare, highly malignant brain
tumour that account only for about 1-2% of all primary brain tumours
diagnosed. However, in children younger than 3 years of age, the
tumours account for approximately 10-20% of all primary brain
tumours. Given the rarity of this type of tumour, there are no standard

treatment recommendations.?
2.11 Tumours of the cranial and paraspinal nerves

Schwannoma

Schwannoma is a benign (WHO grade 1) type of tumour that arises
from the Schwann cell. The Schwann cell plays a vital role in
maintaining the axons of the neurons in the peripheral nervous system
(PNS).?° Vestibular Schwannoma/Acoustic neuroma is a type of
Schwannoma that arises from the vestibular portion of the eighth
cranial nerve (responsible for hearing). The incidence is
approximately 1 per 100 000 people / year. The mean age at diagnosis
is about 50 years and the tumours are unilateral (occur on only one
side) in 90% of cases.®® They account for about 6% of all intracranial
tumours. Most cases are sporadic without known aetiology, but there
is a familial autosomal dominant type called neurofibromatosis type 2
where the patients have bilateral (on both sides) vestibular tumours as
well as other intracranial tumours. Treatment can be radiation therapy,

surgery or observation.3!

Neurofibroma

Neurofibroma is also a benign (WHO grade 1) type of tumour located
along a nerve or nervous tissue. The tumour is mainly associated with
the genetic diseases neurofibromatosis type 1 and 2 (NF-1/ NF-2). In
NF-1, neurofibromas can occur throughout the body, including tumour
lesions under the skin. NF-2 on the other hand is associated with

13



bilateral acoustic neuromas, meningiomas, other types of
schwannomas and ependymomas.3? The incidence of NF 1 is about 1
in 2 600-3 000 individuals, whereas the incidence of NF-2 is about 1
in 36 000 — 40 000 individuals. Treatment most commonly includes

surgical resection of the tumour3?33

Perineuriomas
Perineuriomas (WHO grade I, Il & 111) are a rare type of nerve sheath

tumour that can be spread throughout the body.3*

High grade malignant peripheral nerve sheath tumours
High grade malignant peripheral nerve sheath tumours (MPNST)
(WHO grade I, 11l & 1V) are a rare type of sarcoma originating from
Schwann cells, fibroblastic cells or perineural cells in peripheral
nerves. The tumour is mostly seen in NF-1. Treatment can include

surgical resection, radiation therapy and chemotherapy.®

2.12 Meningeal tumours

Meningeal tumours arise from the meninges which are 3 connective tissue

layers that cover the brain and spinal cord.

Meningiomas

Meningiomas are common primary tumours in the central nervous
system (CNS), accounting for about 36% of all primary brain tumours
and 53.5% of all non-malignant tumours. The benignant (WHO grade
I) tumour is slow-growing and develops from meningothelial cells of

the arachnoid layer (one of the three connective tissue layers).%®

Atypical meningiomas

Atypical meningiomas (WHO grade 1) represent 20-35% of all
meningiomas. These tumours tend to grow faster, and sometimes
relapse after seemingly complete surgical resection.®” Anaplastic
meningioma (WHO grade 111) is a rare malignant type of meningioma
with a high rate of recurrence and death. Treatment often includes

surgical resection followed by radiotherapy.=®
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Meningeal haemangiopericytoma

Meningeal haemangiopericytoma (WHO grade Il) is a rare
mesenchymal tumour that accounts for about 2.5% of all meningeal
tumours and 1% of all intracranial tumours. After treatment with
macroscopic surgical resection they often recur with a local recurrence
rate up to 91%.3°

Atypical meningeal haemangiopericytoma

Atypical meningeal haemangiopericytoma (WHO grade I11) is an even
rarer type of haemangiopericytoma with only a few reported cases.
Because of the rarity of this tumour, no definite treatment guidelines

have been established.*°

Haemangioblastoma

Haemangioblastoma (WHO grade 1) is a rare type of benign vascular
neoplasm. It accounts for about 1-2.5% of all intracranial tumours. In
about one quarter of all cases, the tumour is associated with a
hereditary syndrome called von Hippel-Lindau disease. Standard
treatment is surgical resection unless the risk of operation outweighs

the benefits.*!

2.13 Tumours of the sellar region

Sella turcica (Turkish chair) is a saddle-like compression in the base
of the skull where the pituitary gland is located. Tumours arising in
this area are gathered in this anatomically based classification group

according to WHO classification system.®

Craniopharyngioma

Craniopharyngioma (WHO grade I) is a slow-growing tumour that
usually occupies the sellar region. The tumour is more common in
children with an incidence worldwide of about 1.4 cases per million
children per year. In children craniopharyngiomas account for about
5-10% of all intracranial tumours and 56% of all tumours in the sellar
region. Overall the tumour accounts for 1-3% of all intracranial
tumours and 13% of all tumours in the sellar region.*? Treatment

15



includes either gross total resection or limited resection followed by
radiotherapy.*®

Granular cell tumours of the neurohypophysis

Granular cell tumours in general can arise anywhere in the body but in
rare cases occur in the sellar region. In these cases they are called
Granular cell tumours of the neurohypophysis, they mostly have a
benign behaviour and are classified as WHO grade |. Because of the
rarity, there have not been any large systematic studies and therefore
there are no standard treatment guidelines. Total or partial surgical
resection is, however, mostly mentioned in the literature as a good

option.*

Pituicytoma

Pituicytoma (WHO grade 1) is a very rare low-grade spindle cell
astrocytic tumour originating in the neurohypophysis, just above the
sella turcica. Until 2011 only 31 cases were reported in the literature.

The best treatment seems to be total surgical resection.®

Spindle cell oncocytoma of the adenohypophysis

Spindle cell oncocytoma of the adenohypophysis is a very rare type of
neoplasm in the sellar region that was established as a
clinicopathological diagnosis by WHO in 2007. It normally shows a

benign behaviour and is therefore characterised as WHO grade 1.4

16



3. In vitro studies

In vitro studies are made to investigate specific individual cells.
Because of the complicity of interactions between cells and their
environmental surroundings in situ (animal and/or human) they cannot
completely mimic the real condition and can therefore only be used to
assess cell toxicity and risk assessment. Without in situ studies, results
cannot be used to predict toxicity and risk in humans.*’ In the last
decade, there have been several in vitro studies regarding potential
cell-damage due to mobile phone radiofrequency electromagnetic
field (RF EMF) exposure. In theory damage to the cell DNA could
increase the risk of brain tumour development. In general however,
RF EMFs do not have enough energy to induce DNA-damage.*® It
has, however, been suggested that indirect effects of cell stress due to

exposure to RF EMF could cause cell cycle disturbances.*

3.1 Apoptosis and cell damage

In 2012 a study group in China investigated the potential altering
effect by mobile phone RF EMF on already established glial cancer
cells from rats as well as on normal astrocytes. In the study, they
exposed astrocytes and glial cells to 1950-MHz for 12, 24 or 48 hours
and found an increased apoptosis (programmed cell death) due to
damage in the mitochondria. And increased expression of caspase-3, a
hallmark of apoptosis, was also found. The study did not, however,
show any significant tumour development due to the exposure.> Due
to the findings, another study was made in 2015 to investigate the
relationship between mobile phone use and human glioblastoma
development. In the study, human glioblastoma cell lines were
exposed to 1950-MHz RF EMF for 12, 24 or 48 hours. No effect on
apoptosis nor proliferation was seen in the human glioblastoma cells.
Neither was there any structural change in the exposed human
glioblastoma cells compared to the unexposed cells. The results also
showed that exposure to RF EMF did not alter the migration, invasion
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capacity nor the development or progression of human glioblastoma

cells.5t

In 2010 a pilot study was made showing tumour-promoting effects by
life-long RF EMF exposure to mice treated by carcinogenic agent in
utero.®? A replication study was made in 2015 with higher numbers of
animals per group. They found significantly higher numbers of
tumours in lungs and livers as well as lymphomas compared to
controls. However, the results did not show any increase in brain
tumours due to EMF exposure.> To our knowledge, no follow-up
study has been made to confirm the results regarding lung-expression

and liver cancers or lymphomas.

In line with these results, Hook et al. 2004 studied whether RF
radiation could induce DNA-damage or apoptosis. They used cultured
cell lines and exposed them to five types of frequency/modulation
with SARs at 2.4, 3.2 or 24 W/kg and 2.6 or 26 mW/Kkg respectively
for 24 hours. Results showed that there was no statistically significant
difference in DNA damage or apoptosis between RF exposed cells and

controls.>*

3.2 Heat shock proteins

Heat shock proteins (HSPs) are proteins in our cells involved in
diverse functions including assembly of multiprotein complexes,
transportation of polypeptides and regulation of protein folding.
Phosphorylation of HSPs is normally a response to cellular stress.> In
2001 French et al. proposed that repetitive RF EMF exposure to
human cells leads to upregulation of HSPs, which alters normal cell
function and leads to cancer.%® Leszczynski et al. 2002 studied the
results of 1 hour non-thermal 900-MHz mobile phone RF EMF
exposure on cultured human endothelial cells. They showed an
increased phosphorylation of HSP27 and stated the hypothesis that
mobile phone RF EMF exposure could facilitate the development of
brain cancer by inhibiting a specific apoptosis pathway, and also by

increasing blood-brain barrier permeability through stabilisation of
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endothelial cell stress fibers.>’

Following these results, however, Hirose et al. 2007 similarly cultured
cell lines from human glioblastoma and fibroblasts from foetal lung.
These cell lines were exposed to 2.1425 GHz signals and did not
induce HSP27 phosphorylation, suggesting that exposure to RF
signals up to 800 mW/kg could not induce heat shock response in
these human cells.> Similar results were found by Chauhan et al.
2006, who exposed cultured cell lines to 1.9 GHz pulse-modulated RF
fields for 6 hours. They found no evidence that RF EMF exposure to
human cells increase HSPs, thus no evidence of cell stress due to non-

thermal radiation.>®

3.3 p53

In our cells we have an important cell regulation protein called p53.
As a result of cell stress, this protein can accumulate and be activated
through phosphorylation. If this happens it induces apoptosis
(programmed cell death), mediates cell cycle arrest (allows cell
damage repair) and stimulates DNA-repair. It is therefore an important
tumour suppressor involved in preventing cancer.*® Bourthoumieu et
al. 2013 analysed whether p53 levels were affected by GSM-900 MHz
RF EMF exposure to human amniotic cells for 24 hours. The study
did not, however, show any accumulation or activation of p53
compared to controls following RF exposure, suggesting that exposure
to RF EMF up to 4 W/kg does not induce p53 pathway and cellular
stress in human cells.>®

These results were in accordance with the study by Li et al. 1999. In
this study they exposed human fibroblast cells to 837 MHz
continuous-wave microwave irradiation for 2 hours. In both exposed
cells and controls, the p53 levels remained unchanged.®°

Hirose et al. 2006 also analysed the potential effects on p53
expression due to EMF radiation. They used cultured human
glioblastoma cells and human fibroblasts from foetal lungs and

exposed them to either RF EMF at a specific absorption rate (SAR) of
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80 mW/kg or to continuous wave (CW) RF fields at 2.1425 GHz.
They did not, however, find any differences in p53 levels in exposed
cells compared to controls, suggesting that exposure to low-level RF
signals does not induce p53-dependent apoptosis, DNA-damage or

other stress response in human cells.

3.4 Genotoxicity

To study the structure and properties of chromosomes and
chromosomal behaviour after RF exposure, Bourthoumieu et al. 2010
used cultured human amniotic cells and exposed them to GSM-900
MHz for 24 hours at a specific absorption rate of 0.25 W/kg. The
genotoxic effects were assessed using R-banded karyotyping, allowing
visualisation of all chromosomal rearrangements. Results showed no
cytogenetic effects after exposure.®

In 2008 Hirose H et al. evaluated morphology of cultured cells
continuously exposed to 2.1425 GHz RF fields at specific absorption
rates of 80 and 800 mW/kg from mobile base stations for 6 weeks.
Results showed that there is no evidence of malignant transformation
of cells due to RF field radiation.®?

In 2006 Qutob et al. exposed cultured glioblastoma cells to non-
thermal 1.9 GHz pulse-modulated RF field for 4 hours at specific
absorption rates of 0.1, 1.0 and 10.0 W/kg to assess the potential effect
on gene expression of the glioblastoma cells. The results however did
not show any change in gene expression, suggesting that RF EMF in
these specific absorption rates do not affect tumour progression in

human glioblastoma cells.5?
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4. Epidemiologic studies investigating the role
of mobile phones and brain tumour

development

4.1 1998-2002

In the late 90s, concerns were expressed about the potential risk of
brain tumour development due to exposure of RF EMF, especially
those from mobile phones. On January 16, 1998, the International
Agency for Research on Cancer decided to launch a study on health
consequences of exposure to weak RF EMF exposure (300 Hz — 300
GHz). The main reason was to find out whether there was an
association with brain tumours and other types of head cancers.%* By
this time, several other studies were also made to investigate the

subject.

One of the first case control studies was made by Hardell et al. in
2000. They included a total of 233 living men and women, aged 20 to
80 years, who had a histopathologically verified brain tumour and
lived in the Uppsala-Orebro region (1994-1996) or in the Stockholm
region (1995-1996). A non-significantly increased risk of brain
tumour in the temporal or occipital lobe was shown on the same side
as the mobile phone had been used. No significant dose-response
relationship between mobile phone use and brain tumour development
could be seen.®

In 2000 Muscat et al. presented another case control study. This
included a total of 469 men and women aged 20 to 80 years with
primary brain cancer and 422 matched controls without brain cancer.
The study was conducted in five US academic medical centres
between 1994 and 1998. Results showed no association between brain
cancer and mobile phone use. A non-significant increase in

neuroepitheliomatous cancers in patients using mobile phones was
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seen, however.%®

A third large case control study was published by PD Inskip et al.
2001. This was the largest study conducted until that point in time. It
included 782 patients in four different hospitals in the United States.
Of all the patients 489 had histopathologically confirmed glioma, 197
had meningioma and 96 had acoustic neuroma. Another 799 patients
with non-malignant conditions were included as controls. The results
did not, however, show any associated risk between mobile phone
usage and brain tumour development, but there was a non-significant
increase in acoustic neuroma.®’ None of the above mentioned case
control studies could find any significant association between the side
of brain tumour development and the side on which the mobile phone

was used.

In 2001 Johansen et al. published a Danish cohort study including
420 095 subjects. The study design was to identify mobile telephone
subscribers in Denmark from 1982 until 1995, linked to the Central
Population Register to collect personal information and also to match
this against the Danish Cancer Registry to study whether there was an
association between mobile telephone subscription and development
of malignancies. They did not see any increased incidence of tumours
of the brain and nervous system among the subscribers compared to
the general population. Neither was there any dose-response
relationship on malignancies based on number of years as a
subscriber. As in the case control studies mentioned above, this study
could not find any anatomic clustering that could be related to the side

of mobile phone usage.5®

At this time the increased media focus on the possible relationship
between mobile phone usage and brain tumour development caused
the Center for Devices and Radiological Health (CDRH) of the US
Food and Drug Administration respond in October 1999, stating “the
available science does not allow us to conclude that mobile phones are

absolutely safe, or that they are unsafe. However, the available
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scientific evidence does not demonstrate any adverse health effects

associated with the use of mobile phones”.®°

In 2002 Hardell et al. again investigated the subject when they
included a total of 1 617 patients aged 20 to 80 years of both sexes in
a case control study. All cases had histopathologically verified brain
tumour and one matched control was selected from the Swedish
Population Register. Patients were collected from the Uppsala-Orebro,
Stockholm, Linkdping and Gothenburg medical regions of Sweden. A
questionnaire was used to assess exposure and a total of 1 429 patients
and 1 470 controls answered. Results showed a significantly increased
risk with analogue telephone (450 or 900 MHz) usage with an odds
ratio of 1.3 (95% confidence interval (CI) 1.02-1.6). With a tumour
induction period of more than 10 years, the risk increased even further
with an odds ratio of 1.8 (95% confidence interval 1.1-2.9). Increased
risk was also found in patients with a tumour in the temporal area
exposed to microwaves from analogue telephones in the ipsilateral
side of the brain, though non-significant. No increased risk was found
in digital telephones (defined as 070 as prefix of telephone number).
When analysing pathologic subtypes of temporal tumours, they found
an association between analogue telephone usage and acoustic
neuromas with an odds ratio of 3.5, confidence interval 1.8-6.8. The
risk of meningiomas was also increased with an odds ratio of 4.5,

confidence interval 1.0-20.8.7°

A register-based case control study was also published in 2002 by
Auvinen et al. In this study a total of 398 brain tumours and 34
salivary gland cancers were included (every diagnosed patient
between 20 and 69 years of age in Finland in 1996). There were five
controls per patient, matched from the population register. Only 13%
of brain tumour cases, 12% of salivary gland cancer cases and 11% of
controls had ever had a personal mobile phone subscription. Both
analogue and digital mobile phones were included, but the average

duration of subscription on digital mobile phones was less than one
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year whereas it was 2-3 years for analogue phones. Results showed
that overall mobile phone usage did not associate with brain tumours
or salivary gland cancers. There was however a weak association

between analogue mobile phone usage and gliomas.’*

4.2 2003-2007
In 2004 an epidemiological study was published by L6nn et al. that

included national data from the national cancer registers in Denmark,
Sweden, Norway and Finland. They obtained data and calculated
annual age standardised incidence rate of all intracerebral tumours
from 1969-98. There was an annual incidence increase in the late
1970s and early 1980s, coinciding with improved diagnostic methods
being introduced. However, since the introduction of mobile phones in
1983 with only few users prior to 1994, no increase in annual
incidence could be found, suggesting that mobile phone usage does

not associate with brain malignancies.’

To investigate the anatomical distribution of brain tumours, A Kahn et
al. 2003 included 73 Irish neurosurgical patients with unilateral
histopathologically confirmed glioma and studied whether there was
an association with the hand in which the mobile phone was used.
They did not find any statistically significant association in this
matter.”® A potential bias in this study is that they hypothesised that
the patients held their phone in the dominant hand side, which of

course may not be true.

In January 2004 the Independent Advisory Group on Non-ionising
Radiation, led by Professor Swerdlow at the Institute of Cancer
Research, London, reviewed the experimental and epidemiological
studies published so far to assess the evidence of adverse health
effects from radiofrequency emissions, especially those associated
with mobile phones and base stations. The review stated that the
research did not give cause for concern, but it cautions about the
variable quality of studies meaning that adverse health effects could

therefore not be ruled out. It said that “the possibility therefore
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remains that there could be health effects from exposure to
radiofrequency fields below guideline levels; hence continued

research is needed”.’*

Based on the findings on acoustic neuroma from the four studies
mentioned above (Johansen et al, Inskip et al, Muscat et al. and
Hardell et al.), Christensen et al. 2004 aimed to investigate the
potential association between mobile phone use and risk of acoustic
neuroma. They included 106 incident cases between 2000 and 2002 in
Denmark. They did not find any increase in risk of acoustic neuroma
(relative risk 0.90 with a confidence interval of 0.51 — 1.57), nor did
they found any increased relative risk of using mobile phones for
more than 10 years over that of short-term users. Also, the anatomical
position of the tumours did not associate with the side of the head

where the telephone was mostly used.”

To further study the risk of acoustic neuroma, L6nn et al. also
published a case control study in 2004 and included a total of 148
cases aged 20 — 69 years diagnosed with acoustic neuroma between
1999 and 2002 in Sweden and matched them to 604 controls. Mobile
phone RF exposure data was provided by face-to-face interviews for
the majority of cases and controls. Results showed that the overall
relative risk for regular use of mobile phones was 1.0 (95%
confidence interval 0.6-1.5). The long-term effects, that is over at least
10 years of mobile phone usage, did however show an increased
relative risk for acoustic neuroma with an odds ratio of 1.9 (0.9-4.1).
When analysing ipsilateral mobile phone use of at least 10 years, the
relative risk was estimated to be 3.9 (1.6-9.5), indicating an increased
risk of acoustic neuroma in long-term (more than 10 years) usage of

mobile phones.”®

Following these results, another study was published by Lonn et al. in
2005 to investigate the long-term effects of mobile phone use and
brain tumour risk. They included all new cases of gliomas and

mengiomas in patients aged 20 to 69 years, diagnosed in the Umea,
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Stockholm, Gothenburg and Lund regions between 2000 and 2002. A
total of 371 glioma cases and 273 meningioma cases and 674 controls
were included. Exposure collection was made by face-to-face
interviews for the majority of both cases and controls. Results showed
that for regular mobile phone use, regardless of duration, the odds
ratio was 0.8 (95% CI 0.6-1.0) for glioma and 0.7 (95% CI 0.5-0.9)
for meningioma. When adjusting for duration of mobile phone use, no
further odds ratio was increased for either gliomas or meningiomas.
No increase was seen either when analysing the subgroups of digital
and analogue mobile phones respectively. No anatomical association

to the side where the mobile phone was used was seen.””

A similar study was made in 2005 by Christensen et al. who published
a nationwide population-based case control study to investigate
whether there was an association between mobile phone usage and
brain tumours - that is gliomas and meningiomas respectively. All
incident cases of glioma and meningioma in Denmark between 2000
and 2002 in ages 20 to 69 years were included. A total of 252 people
with glioma and 175 people with meningioma as well as 822
population-based controls matched for age and sex were included.
Mobile phone usage was associated with low relative risk of high-
grade glioma with an odds ratio of 0.58 (95% CI 0.37-0.90). No
increased risk was seen in either low-grade gliomas or meningiomas

due to use of mobile phones.”

To investigate the potential geographical differences (in urban and
rural areas) of association between mobile phone usage and brain
tumours, Hardell et al. 2005 analysed 1 429 cases of brain tumours
diagnosed in the central part of Sweden between 1997 and 2000, aged
20 to 80, as well as 1 470 matched controls. One reason for this
geographical study was that the output power from mobile phones
differs in urban and rural areas due to increased distance between base
stations, with a higher output in rural areas than in urban areas.

Interestingly, the risk of having a brain tumour was greater in people
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living in urban areas compared to those living in rural areas using
digital mobile phones; OR 1.4 (95% CI 0.98-2.0) and 0.9 (95% ClI
0.8-1.2) respectively. After more than five years latency time results
showed an odds ratio of 3.2 (95% CI 1.2-8.4) and 0.9 (95% CI 0.6-
1.4) respectively. These results should be carefully interpreted though,

because of low numbers in the subgroup analysis.™

In 2005 Hardell et al. published a case control study on the use of
mobile phones and cordless phones and the potential association with
acoustic neuroma and meningioma. Cases were included from 2000
until 2003, both men and women aged 20 to 80 years at time of
diagnosis. Recruiting areas included the Linképing and
Uppsala/Orebro medical regions. All had a histopathological diagnosis
of brain tumour. Controls were included from the national population
registry, living in the same areas as their matched subjects. A total of
305 cases with meningioma and 84 cases with acoustic neuroma were
included. Another 24 cases of benign brain tumours were not
calculated due to low numbers. When using analogue mobile phones,
the odds ratio for meningioma was 1.7 (95% CI1 0.97-3.0). With a
latency period of more than 10 years, the odds ratio increased to 2.1
(95% CI 1.1-4.3). For digital and cordless mobile phones, there was a
tendency towards increased risk for meningioma, however this was
not statistically significant.

For acoustic neuroma, use of analogue mobile phones yielded an odds
ratio of 4.2 (95% CI 1.8-10), increasing to 8.4 (95% CI 1.6-45) with a
latency period of more than 15 years. This result is, however, based on
low numbers (4 cases, 12 controls). Use of digital mobile phones gave
an odds ratio of 2.0 (95% CI 1.05-3.8), increasing to 2.7 (95% CI 1.3-
5.7) with a latency period of 5-10 years. The more than 15 year
latency time could not be conclusive since only 1 case was analysed.
For cordless phones, no significant increase was seen. The conclusion
was that use of analogue mobile phones is a significant risk factor for
acoustic neuroma.?® In 2013 Hardell et al. published results from a

pooled analysis based on the previously mentioned case control study
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and from a further study including subjects diagnosed with acoustic
neuromas between 2007-2009. In total 316 participant cases and 3 530
controls were included. Use of analogue mobile phone yielded an OR
of 2.9 (95% CI 2.0-4.3), increasing with > 20 years latency period to
OR 7.7 (95% CI 2.8-21). Use of digital 2G mobile phones showed an
OR of 1.5 (95% CI 1.1-2.1), increasing to 1.8 (95% CI 0.8-4.2) with
> 15 years latency time. Cordless phones showed an OR of 1.5 (95%
Cl1.1-2.1), increasing to 6.5 (95% CI 1.7-26) with latency time > 15
years. Digital wireless phones (2G and 3G mobile phones and cordless
phones) yielded OR of 1.5 (95% CI 1.1-2.0), increasing to 8.1 (95%
Cl 2.0-32) with a latency period > 20 years.8! Hardell et al. also
published a case control study in 2006 to investigate the association
between mobile and cordless phones and malignant brain tumours. As
in their previous study, they included cases in Linkdping and
Uppsala/Orebro region between 2000 and 2003, with both men and
women aged 20 to 80 years. A total of 359 cases of malignant brain
tumours were included, of whom 248 had astrocytoma (204 cases of
high grade and 44 cases of low grade astrocytoma). 69 cases had
“other malignant” brain tumours. Of all malignant brain tumours, use
of analogue mobile phones showed an odds ratio of 2.6 (95% CI 1.5-
4.3), increasing to 3.5 (95% ClI 2.0-6.4) with a latency period of more
than 10 years. The use of a digital mobile phone gave an odds ratio of
1.9 (95% CI 1.3-2.7), increasing to 3.6 (95% CI 1.7-7.5) if having
used the digital mobile phone for more than 10 years. A significantly
increased risk was also seen in cordless phone use, with an odds ratio
of 2.1 (95% CI 1.4-3.0), and with more than 10 years latency period
the odds ratio was increased to 2.9 (95% CI 1.6-5.2). In total, using a
multivariate analysis analogue, digital, and cordless phones showed an

increased risk of having a malignant brain tumour.®?

Hardell et al. also used the data collected from the previous study to
investigate whether there is an association with brain tumours in
different age groups. The results showed an increased risk in using an
analogue mobile phone with an odds ratio of 1.31 (95% CI 1.04-1.64),
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and with ipsilateral use the odds ratio increased to 1.65 (95% CI 1.19-
2.30). The highest risk was found in the age group 20-29 years (odds
ratio 5.91 (95% CI 0.63-55)) for ipsilateral use, but these results
should be interpreted carefully because of low numbers (6 cases, 1
control). Furthermore analysing > 5 year latency time, the highest
odds ratio was also found in the 20-29 age group using analogue
mobile phones (odds ratio 8.17 (95% CI1 0.94-71)) and using cordless
phones yielded an odds ratio of 4.30 (95% CI 1.22-15). These results
were also based on low numbers - 7 cases, 1 control and 13 cases, 5
controls respectively, and should therefore be interpreted with

caution.®

In October 2005, the INTERPHONE collaboration published results
based on a multinational case control study on association between
mobile phones and acoustic neuromas. The United Kingdom (UK) as
well as Denmark, Finland, southern and central parts of Norway and
the Stockholm, Gothenburg and Lund regions of Sweden conducted
those studies. A total of 678 cases of acoustic neuroma and 3 553
controls were included, and all studies followed the core protocol of
the INTERPHONE Study, coordinated by the International Agency
for Research on Cancer, though including a wider age range. The
cases were diagnosed between 1999 and 2004 and ages included were
20-69 in the Nordic countries, 18-59 in the southeast of England and
18-69 in northern UK. A majority of the exposure collection was
carried out by face-to-face interviews. Results showed no increased
risk of acoustic neuroma in either analogue or digital mobile phone
use (odds ratio 0.9 (95% CI1 0.7-1.2) and 0.9 (95% CI 0.7-1.1)
respectively). No association could be seen in latency periods up to
more than 10 years, nor were they able to find any association to
lifetime hours of use of either mobile phone type. A trend was,
however, seen in the risk of acoustic neuroma in ipsilateral use of
mobile phone if first use was more than 10 years previously (odds
ratio 1.3 (95% CI 0.8-2.0)) and with cumulative years of use more
than 10 years yielded an odds ratio of 1.8 (95% CI 1.0-3.3). The trend
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was not statistically significant (Fisher’s exact test: p = 0.4 and p=0.11
respectively). Also, self-reported use of exposure could be a recall
bias, especially after the brain tumour diagnosis, since the cases might
believe that mobile phone exposure caused their tumour. In
conclusion, no associated risk between mobile phone use and acoustic

neuroma was seen.®*

To further investigate the possible association between mobile phone
use and gliomas, in 2006 Hepworth et al. published a case control
study in the UK, including cases diagnosed between 2000 and 2003.
There were five centres in the UK involved in the study and the cases
included patients aged 18-69 or 18-59. The majority of exposure
information was gathered by face-to-face interviews. A total of 966
cases and 1 716 controls were included. Results showed an odds ratio
of 0.94 (95% CI 0.78-1.13) for regular users. Neither was any
increased risk of gliomas associated with lifetime years of use,
cumulative hours of use or cumulative numbers of calls. Neither was
there any association with rural or urban areas as seen in Hardell et al.
2005.7° There was, however, a significant odds ratio of 1.24 (95% Cl
1.02-1.52) for tumours on the ipsilateral side of the phone use, as was
there a reduced odds ratio of 0.75 (95% CI 0.61-0.93) for contralateral
(the other side than the use of mobile phones). The authors suggest
that these results might be due to recall bias of which side the phone
has been used.®> Many comments have been made by other authors
since the publication, saying that the study has many flaws: i.e.
“controls were more affluent than cases”, “non-participating controls
were more likely than participating controls not to use cellphones”,
“The reference group was never/non-regular cellphone users and
because this reference did not exclude cordless phones, the reference
group cannot be described as unexposed”, etc.®® The last remark

clearly points to a relevant flaw in the study.

Another study was published in 2006 by the German INTERPHONE
Study Group to assess the risk of glioma and meningioma by using
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mobile phones and cordless phones. The case control study was made
in three different regions in Germany, including a total of 366 cases of
glioma and 381 cases of meningioma aged 30-69. Another 1 494
control subjects were collected using a population registry. Overall,
results showed no increased risk of having neither gliomas nor
meningioma using a mobile phone. Respective odds ratios were 0.98
(95% CI 0.74-1.29) and 0.84 (95% CI 0.62-1.13). Using a mobile
phone for more than 10 years, an increased risk was seen with an odds
ratio of 2.20 (95% CI1 0.94-5.11). This result is, however, based on
low numbers (12 cases, 11 controls), and should be interpreted
carefully. Furthermore, this study did not analyse analogue and digital
phones separately as in other studies. No increased risk was seen in
using cordless phones: an odds ratio of 0.90 (95% CI 0.66-1.23) was
seen in the group using cordless phones for more than 5 years.%’

In 2006 Muscat et al. published a study where they analysed time
trends in age-adjusted incident rate of neuronal cancers. Results
showed, however, that the age-adjusted incidence rate between 1973-
1985 was 0.01/100.000 (95% CI 0.00-0.02) and between 1986-2002
the age-adjusted incidence rate was 0.01/100.000 (95% CI -0.01-
0.01), indicating that introduction of mobile phones does not affect the

risk of neuronal cancers.®®

Similarly, a Swiss study group analysed the age adjusted mortality
rate of neuroepithelial tumours in Switzerland to evaluate whether
there had been an increase since the widespread use of mobile phones.
The study period was divided as before and after 1987 - the time at
which analogue mobile phones were introduced. Time trend analysis
showed generally increasing mortality rates between 1969 and 1987.
In 1987-2002, however, results showed a fairly stable mortality rate in
all age groups with the exception of increases that were seen in
mortality rates in elderly people (60-74 and 75+). In younger people,
however, who are more frequent users of mobile phones, no increase

in mortality rate was seen.®
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Based on the INTEPHONE study in five North European countries,
we reported findings on the publication in October 2005 by
Schoemaker et al.®* in which associated risk between mobile phone
use and acoustic neuroma was assessed. Further analysis of a possible
association with glioma was made by Lahkola et al. in 2007 and the
study design is described above. The population-based case control
study included 1 521 cases of glioma and 3 301 controls. Results
showed that there was no increased risk of glioma in mobile phone
users (odds ratio 0.78 (95% CI 0.68-0.91). Nor was there any
increased risk when analogue mobile phones and digital mobile
phones were analysed separately. No association could be seen with
duration of use, years since first use, cumulative number of calls or
cumulative hours of use. An increased risk of glioma was, however,
found when mobile phones were used for more than 10 years on the
ipsilateral side where the tumour was located (odds ratio 1.39 (95% CI
1.01-1.92)). The number of cases was quite low in this analysis (77
cases, 117 controls), and p value for trend was 0.04 - hence just about
significant, and the results should therefore be interpreted with

caution.®°

In 2007 another population-based case control study was published by
Klaeboe et al. including patients aged 19-69 from southern parts of
Norway with either glioma, meningioma or acoustic neuroma
diagnosed between 2001 and 2002. The reason for the study was to
test whether mobile phone use could increase the incidence of these
intracranial brain tumours. A total of 289 glioma cases (response rate
77%), 207 meningioma cases (71%) and 45 acoustic neuroma cases
(68%) were included as well as 358 controls (69%). Results showed
that use of a mobile phone is not associated with increased risk of
glioma (odds ratio 0.6 (95% CI 0.4-0.9), meningioma (odds ratio 0.8
(95% CI 0.5-1.1) or acoustic neuroma (odds ratio 0.5 (95% CI 0.2-
1.0)). No increasing trend was seen for glioma or acoustic neuroma
over time since first regular use, cumulative use of mobile phones or

increasing duration of regular use. For meningioma, the trend

32



mentioned showed a tendency to increase, but this was not significant.
The conclusion is that no association could be seen between mobile
phones and intracranial brain tumours. This was, however, a study
with fairly low numbers and with a low response rate, hence there is a

potential selection bias of both cases and controls.®

In 2007 Hardell et a. summarised the results of 16 case control studies
and two cohort studies to investigate if long-term use of mobile
phones is associated with acoustic neuroma and glioma in a meta-
analysis. Long-term use was defined as 10 or more years, and only 11
of the identified studies gave results for this latency period. Of seven
studies on acoustic neuroma, four had a latency period eligible for the
study, and three of these studies showed a significantly increased risk
of acoustic neuroma if exposed to microwaves, especially if used on
the ipsilateral side. In the meta-analysis, ipsilateral mobile phone use
for acoustic neuroma with a latency period of 10 or more years gave
an odds ratio of 2.4 (95% CI 1.1-5.3).

Nine studies analysed the risk of gliomas, and of these a total of six
studies were eligible for the inclusion criteria of latency period of 10
years or more. All studies showed increased odds ratios. The meta-
analysis for ipsilateral mobile phone use for glioma gave an odds ratio
of 2.0 (95% CI 1.2-3.4) using a latency period eligible to the study.®?

4.3 2008-2012

In 2008, however, P Kan et al. also published a meta-analysis on
mobile phone use and brain tumour development. A total of nine
studies were included, and in the pooled analysis of all tumour types
regardless of latency period the risk for mobile phone use and brain
tumour development yielded an odds ratio of 0.90 (95% CI 0.81-0.99.
For all brain tumour types with a latency period of 10 years or more
(five studies), a slightly increased odds ratio was seen: OR 1.25 (95%
Cl11.01-1.54). No separate analysis was made on acoustic neuroma
and long-term use of mobile phones. The overall results on acoustic

neuroma, however, regardless of latency time, yielded an odds ratio of
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0.96 (95% C1 0.83-1.10). Interestingly the pooled analyses for
analogue mobile phone use compared to unexposed patients gave an
odds ratio of 1.13 (95% CI 0.83-1.54), whereas digital phone use
yielded an odds ratio of 0.86 (95% CI 0.68-1.09) compared to the
unexposed group. When analogue mobile phone use was compared to
digital mobile phone use, the pooled odds ratio was 1.22 (95% CI
1.06-1.41). The authors suggest that the slightly increased long-term
risk (OR 1.25) could be explained by the confounding relationship
between duration of use and mobile phone type, since long-term users

were also analogue mobile phone users.®

Another case control study was published by Takebayashi et al. in
2008. The authors estimated the SAR (specific absorption rate) inside
the tumours based on the anatomical location of the tumours and on
the intracranial radiofrequency distribution. A total of 88 glioma
cases, 132 meningioma cases, 102 pituitary adenoma cases and 683
matched controls were included. Exposure assessment was made
using the INTERPHONE protocol with face-to-face interviews.
Results showed that the maximal SAR was below 0.1 W/kg, which is
not enough to cause thermal effects in the cell. The odds ratio in
mobile phone users was 1.22 (95% ClI 0.63-2.37) for glioma, 0.70
(95% CI 0.42-1.16) for meningioma and 0.90 (95% C1 0.50-1.61) for
pituitary adenoma. In the laterality analysis the odds ratio for
ipsilateral and contralateral use were 1.24 (95% CI 0.67-2.29) and
1.08 (95% CI 0.57-2.03) for glioma, and 1.14 (95% CI 0.65-2.01) and
0.65 (95% C1 0.37-1.13) for meningioma, respectively. No increasing
trend in risk could be seen in relation to cumulative latency time nor
cumulative call time. Neither was any increased risk observed
regarding cumulative exposure levels inside the tumour, as defined by
estimated SAR.% The study design has, however, later criticised for
having selected controls with a higher socioeconomic status, hence
probably more frequent users of mobile phones. Also the possible

recall bias of exposure may have contributed to false results.*®
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To investigate the possible association between mobile phone usage
and pituitary tumours, Schoemaker et al. published a population-based
case control study in May 2009. The authors included patients aged 18
-59 from Southeast England between December 2000 and February
2005. A total of 291 cases and 630 controls were included. Results
showed that there was no increased risk associated with mobile phone
usage overall: odds ratio 0.9 (95% CI 0.7-1.3), nor to a latency time of
more than 10 years: odds ratio 1.0 (95% CI 0.5-1.9). Neither was there
any association to 10 or more years of cumulative use: odds ratio 1.1
(95% C1 0.5-2.4).%

In 2009 Khurana et al. published another meta-analysis to review the
potential long-term effects of mobile phone use and brain tumour
development. To be included, the studies had to be published in a
peer-reviewed journal. Incorporation of both latency time of more
than 10 years as well as laterality were also inclusion criteria. A total
of eleven epidemiological studies were included. The pooled data
analysis showed an overall odds ratio of 1.9 (95% CI 1.4-2.4) in
glioma if a mobile phone was used on the ipsilateral side for more
than 10 years. Overall odds ratios in acoustic neuroma and
meningioma were 1.6 (95% CI 1.1-2.4) and 1.3 (95% CI 0.9-1.8)
respectively. Statistical significance was thus seen in glioma and
acoustic neuroma, but not in meningioma. Based on the analysis, the
authors suggest that there is in fact a link between long-term mobile

phone usage and the development of an ipsilateral brain tumour.®’

Myung et al. published yet another meta-analysis in 2009 on the issue.
Epidemiologic studies that were of case-control design, investigating
associations between mobile phones or cordless phones and malignant
or benign tumours were selected. The authors included a total of 23
case control studies, including 12 344 cases and 25 572 controls.
Pooled data analysis showed no increased risk in overall use of mobile
phones when analysing all 23 studies included: odds ratio 0.98 (95%
C10.89-1.07) for malignant and benign tumours. In subgroup analysis
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however, a positive association in risk of tumours was seen in mobile
phone users compared to never or rare users when analysing case
control studies of high methodological quality or that used blinding of
the exposure assessment interviewer. In studies with either low
methodological quality or that did not use blinding, a negative
association was seen. Furthermore, mobile phone usage of more than
10 years was associated with an increased risk of tumour
development: odds ratio 1.18 (95% CI 1.04-1.34). The authors
conclude that there is a possible link between mobile phone use and
development of brain tumours, based on the findings of pooled data

analyses from low-biased epidemiological case control studies.%®

To assess the issue further, Deltour et al. 2009 published a study in
which time trends in the incidence of glioma and meningioma in
Denmark, Finland, Norway and Sweden between 1974 and 2003 were
studied. A total of 59 984 cases aged 20-79 were diagnosed during the
observation period. In neither the glioma nor in the meningioma cases,
could any significant trend change in the incidence rate be linked to
the introduction of mobile phones among the general population,
indicating that mobile phone use is not associated with glioma or

meningioma.®®

In 2010, the INTERPHONE study group published results from their
multinational interview-based case control study. 16 study centres
from 13 countries (Australia, Canada, Denmark, Finland, France,
Germany, Israel, Italy, Japan, New Zealand, Norway, Sweden and the
United Kingdom) were included. A total of 3 115 meningioma cases,
4 301 glioma cases and 14 354 controls were identified. Of these, 2
425 meningioma cases (78%; range 56-92%), 2 765 glioma cases
(64%; range 36-92%) and 7 658 controls (53%; range 42-74%)
participated in interviews. The most common reason for non-
participation was patient refusal. Exposure assessment was as
mentioned in previous studies carried out by face-to-face interviews

with a trained interviewer, using a computer-assisted questionnaire.
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Results showed a reduced odds ratio of meningioma for regular
mobile phone use in the past year or more: odds ratio 0.79 (95% CI
0.68-0.91). A reduced risk was also seen in glioma cases: odds ratio
0.81 (95% C1 0.70-0.94) in mobile phone users compared to never
regular users. Neither was there any increased risk in long-term use
(10 years or more): OR 0.98 (95% C1 0.76-1.26) in glioma and OR
0.83 (95% C1 0.61-1.14) in meningioma. As mentioned by the authors
themselves, the results must be interpreted with caution, since there is
a potential selection/participation bias as well as possible recall bias of
exposure.t® Also, as mentioned in the meta-analysis by Myung et al.
the interviewers were not blinded, further lowering the quality of the

study design.

In 2010 Hardell et al. published a case control study on deceased
patients and controls to investigate the association between mobile
phone usage and risk of malignant brain tumours. All deceased
patients aged 20-80 included in previous studies between 1997 and
2003 were included. Deceased controls had either died from other
types of cancer or other diseases. A total of 346 (75%) cases, 343
(74%) cancer controls and 276 (60%) other controls were included.
Exposure assessment was made by using a questionnaire sent to next-
of-kin for both cases and controls. Use of mobile phone with a latency
period of 10 years or more showed an odds ratio of 2.4 (95% CI 1.4-
4.1), with an increased risk from both analogue and digital mobile
phone use. With cumulative number of hours for mobile phone use, a
statistically significant trend was seen in odds ratio. With cumulative
lifetime hours of mobile phone use for more than 2000 hours,
increased odds ratios were seen in both the analogue mobile phone
group: OR 5.1 (95% CI 1.8-14), and in the digital mobile phone
group: OR 3.4 (95% CI 1.4-8.1). No association was seen with
cordless phone use.'%! Since the exposure assessment was made
through next-of-kin, the potential recall bias in the study design must,

however, be considered when interpreting these results.
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To further investigate the risk of brain tumour development due to
mobile phone usage, an epidemiologic study was published by Lehrer
et al. in 2011. The authors included the brain tumour incidence rate in
nineteen U.S. states and analysed whether it was associated with the
number of mobile phone contracts. The results showed a statistically
significant association between the number of brain tumours and
number of mobile phone contracts (p < 0.001). Since the number of
brain tumours could simply be higher in states with larger populations,
a multiple linear regression analysis was performed with number of
brain tumours as the dependent variable, while mobile phone
subscription, population, mean income and mean age were used as
independent variables. Even in this analysis the effect of mobile phone
subscription was statistically significant (p = 0.017), and thus
independent of both mean income, population and age. %2

Another epidemiologic study was published in 2010 by Inskip et al.
To investigate the possible association between brain tumours and
mobile phone usage, the authors examined trends in incidence of brain
cancer among Caucasians in the United States between 1977 and
2006. A total of 38 788 brain cancers were identified during the
period, of which 95% were gliomas. In the period from 1977 to 1991
there were significantly increasing trends among both males and
females under 30 and 65 or older. Between 1992 and 2006, a
significant increase in frontal brain tumours was seen in the female
population aged 20-29. No increases were seen, however, in temporal
or parietal lobe cancers. Neither was any increasing trend in overall
brain tumours seen in the male population, nor in any other age group
during this period. The authors suggest that the increasing trend seen
among the female population is a result of improved diagnosis, and
the overall results do not support any association between mobile

phone usage and brain tumour development.1%3

A similar epidemiological study was made in England by de VVocht et
al. 2011, who analysed trends in incidence rates of brain cancer in
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England between 1998 and 2007. No trends in overall incidence rates
of brain cancers were seen in either male or female populations during
the period nor in any specific age group. However, a systematic
increase in temporal lobe cancers was seen (0.04 new cases/year) in
men and (0.02 new cases/year) in women. Corresponding decreases
were seen in the incidence rates of parietal lobe cancers (-0.03/year),
cerebrum cancers (-0.02/year) and cerebellum cancers (-0.01/year). As
a conclusion, however, the authors suggest that use of mobile phones
during the period of 1985-2003 did not increase the risk of brain
tumour development in England between 1998 and 2007. The sparse
increase of temporal lobe cancers would constitute less than 1
additional case per 100 000 and the need for population-based

precautions should therefore not be implemented.*%*

In 2009 the Scientific Committee on Emerging and Newly Identified
Health Risks (SCENIHR) of the European Commission assessed the
risk of mobile phone usage and brain tumour development. They
concluded that the evidence to date of epidemiologic, animal and in
vitro studies showed that the development of cancer is unlikely due to
RF exposure below the guideline levels. It was also concluded that
further studies were needed to assess the long-term effect of RF
exposure.’® As a result: “Cosmos”, a large prospective multinational
cohort study of mobile phone users was launched in 2011, with an
ongoing recruitment of 250.000 men and women aged 18+ in
Denmark, Sweden, Finland, UK and the Netherlands. Follow-up time

will be 25+ years.1%

In 2011 a Danish nationwide cohort study was published by Schiiz et
al., including data from two separate cohort studies of the Danish
population to evaluate the potential association between mobile phone
usage and development of acoustic neuroma. One of the studies
included analysed mobile phone subscriptions from 1995 or earlier,
and the other study investigated sociodemographic factors and cancer
risk. A total of 2.9 million subjects were included and results showed
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that there was no increased risk of acoustic neuroma in long-term
users (11 years or more) in either the male or female population. No
increased incidence of right sided tumours was seen; this being the
side where most Danish people use their mobile phone according to
the study results. The authors conclude that there is no evidence of

increased risk of acoustic neuromas due to mobile phone exposure.'®’

The INTERPHONE study group published yet another multinational
case control study in 2011. This study investigated the association
between mobile phone usage and the development of acoustic
neuroma. Study design is described above, and a total of 1 105
patients and 2 145 controls were included. No increased risk of
acoustic neuroma in patients ever having been a regular mobile phone
user could be seen (odds ratio 0.85 (95% CI 0.69-1.04)). In patients
who had used mobile phones regularly for 10 years or more, the odds
ratio was 0.76 (95% CI1 0.52-1.11). An increased odds ratio 1.32 (95%
C10.88-1.97) was seen in the group reporting the highest number of
cumulative call hours (>1 640 hours). The authors suggest that these
results might be due to chance, reporting bias or a causal effect. The
conclusion was, however, that the latency time might have been too
short to make a risk assessment since acoustic neuroma is a slowly

growing tumour.1%®

An epidemiologic study was made in 2012 by Deltour et al. analysing
trends in incidence rate of glioma in the Nordic countries between
1979 and 2008 in patients of both sexes aged 20-79. A total of 35 250
cases of glioma were included. The authors showed that the annual
percentage change in incidence rate was 0.4% (95% CI 0.1%-0.6%) in
men and 0.3% (95% CI 0.1%-0.5%) in women, and that no trends of
glioma incidence rate could be found as an association with mobile

phone subscription.1%

Similarly, in the same year in the United States, Little et al. also
published an epidemiologic study comparing the incidence trends of

glioma between 1992 and 2008 with estimated projected rates of
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glioma between 1997 and 2008, based on results of a 2010
INTERPHONE study and a 2011 Swedish Hardell study. Subjects
included were non-Hispanic white people aged 18 or older and a total
of 24 813 cases were included. Results showed age specific incidence
rates being relatively constant in the period 1992-2008 (-0.02%
change / year, 95% ClI -0.28%-0.25%), and in 2008 the incidence rates
were far lower than expected by the Hardell study in 2010 that led to

the IARC’s evaluation of mobile phone exposure.!*°

4.4 2013-2015

In 2013, Hardell and colleagues published results from a study that
investigated the association between the survival of patients diagnosed
with glioma in relation to the use of mobile phones and cordless
phones. A total of 1 251 patients with malignant brain tumours were
included from the previous Hardell case-control studies between 1997
and 2003. Results showed decreased survival for astrocytoma grade
IV with wireless phone (cordless and mobile) usage for 10 years or
more (hazard ratio 1.3 (95% CI 1.03-1.7)) and with increasing
cumulative hours of use: the highest tertile (> 426 hours) yielded a
hazard ratio of 1.2 (95% CI 0.95-1.5). A survival benefit was however
seen in low-grade gliomas, and the authors suggest that these results
might be due to exposure-related symptoms leading to earlier
diagnosis in that patient group.!*

A prospective study was published by Benson et al. in 2013,
investigating the association between mobile phone use and the
development of brain tumours and other types of cancers. A total of
791 710 middle-aged women were included in the prospective UK
cohort study “Million Women Study”. The women reported mobile
phone use in 1999 to 2005 and again in 2009. In the 7-year follow-up,
the authors reported no increased relative risk (RR) for all intracranial
CNS tumours (RR 1.01, 95% CI 0.90-1.14, p=0.82) nor for specified
CNS tumour types. In long-term users (10 years or more) no increased
relative risk was seen in glioma (RR = 0.78, 95% CI 0.55-1.10,
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p=0.16) or in meningioma (RR 1.10, 95% CI 0.66-1.84, p=0.71). An
increased risk was however seen in long-term users with acoustic
neuroma (RR 2.46, 95% CI 1.07-5.64, p=0.03) and the risk increased

with duration of use.'*2

To assess the association between wireless phones and meningioma,
Carlberg et al. published a case control study in 2013, where they
included 709 meningioma cases diagnosed between 2007 and 2009, as
well as 1 368 controls. The exposure assessment was made through a
self-administered questionnaire supplemented over the phone. The
authors showed that mobile phone use yielded an overall odds ratio of
1.0 (95% C1 0.7-1.4) and the respective odds ratio for cordless phone
use was 1.1 (95% CI1 0.8-1.5). The risk increased with cumulative
hours of use, and the highest odds ratio was found in the fourth
quartile (> 2 376 hours). In this group mobile phone use yielded an
odds ratio of 1.3 (95% CI 0.8-1.9, p=0.34), and cordless phone gave
an odds ratio of 1.8 (95% CI 1.2-2.8, p=0.0003). Wireless phone
usage overall yielded an odds ratio of 1.4 (95% CI 0.9-2.0, p=0.01).
No statistically significant association was seen, however, in
ipsilateral mobile phone or cordless phone use in relation to temporal
lobe meningioma or per year of latency. Thus the conclusion was that
there is no certain evidence of any association between wireless phone

use and the development of meningioma.**®

In 2014, results from the CERENAT multicentre case control study
were published. Subjects were included in four centres in France
between 2004 and 2006. In total, 253 glioma cases, 194 meningioma
cases and 892 matched controls were included. Exposure assessments
were made through face-to-face interviews. The authors showed that
there was no association between mobile phone users and brain
tumour development: odds ratio 1.24 (95% CI 0.86-1.77) for glioma
and odds ratio 0.90 (95% CI 0.61-1.34) for meningioma respectively.
A positive association was, however, seen in the subgroup of highest

exposure due to cumulative hours of use (=896 h OR 2.89, 95% CI
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1.41-5.93 for gliomas, OR=0.90, 95% CI 0.61-1.34 for meningioma)
and number of calls for gliomas (>18.360 calls, OR=2.10, 95% CI
1.03-4.31), indicating a possible association between heavy mobile
phone usage and brain tumour development.'**

Based on the results from the CERENAT study, Morgan et al.
reviewed the literature and published an article in May 2015, in
which they implied that radiofrequency fields should be classified as
Group 2A “probable” human carcinogen, using the IARC criteria from
Lyon, France. The IARC classification of radiofrequency fields has
not been changed to date though, and is still Group 2B - “possibly
carcinogenic to humans”, as decided in May 31, 2011 in Lyon,

France.116

Materials and Methods
5.1 Electronic database searches

Information about the majority of brain cancers mentioned in the
introduction was collected through searches in the Medscape
Reference: eMedicine.

In vitro studies about the subject were found in the PubMed electronic
database using non-systematic searches including MeSH-terms mobile
phone, in vitro, apoptosis, p53, genotoxicity and heat shock proteins.
To find relevant articles about the history of epidemiologic studies
regarding mobile phone usage and the possible correlation with brain
tumours; a non-systematic search was made in PubMed using MeSH-

terms mobile phone and brain cancer.

5.2 Statistical methods

From the Swedish Cancer Registry brain tumour cases were first
identified in patients between 1980-2013. However, in the analysis of
the development of the incidence trend, only cases who were
diagnosed between the years 1980 - 2012 were included. The reason

for this was the delay in the registration of the tumours in the Swedish
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Cancer Registry in later years that led to a misrepresentation of the
actual number of tumours, specifically in 2013. Classification of the
tumours in the Swedish Cancer Registry during the period of study
follow the International Classification of Diseases (ICD)-7. The
tumours were included in the study if their ICD-7 codes were 193 and
if their pathologic codes were either 461, 463 or 466 (meningioma),
475 (low-grade glioma, LGG) or 476 (high-grade glioma, HGG). In
cases where the patients had been diagnosed with more than one brain

tumour the first tumour per diagnosis and patient were included.

In this report, direct age-standardised incidence rates have been
calculated to measure trends over time. Direct age-standardisation
requires that the age-specific rates of the study population be known.
The age-specific rates are then applied to one standard population,
here the Swedish population year 2000, i.e. the weightings used are
the same for the different study populations (Table 1). The age-
specific rates are then summed up to the age-standardised rate. Age-
standardisation accounts for variations in the age structure of the
population being looked upon as any difference in the rates over time
or between geographical regions does not merely reflect the
proportion of old or young people in the populations. The reason for
using age-standardisation when looking at cancer incidence rates is

that elderly people are affected most.

In order to calculate age-standardised rates for people with different
income, a table from Statistics Sweden containing income distribution
was used. The table contains data from between 1991 and 2016 and
thus cases prior to 1991 and after 2012 were excluded from the
analysis. Similarly, people less than 20 years old were excluded from
the analysis as well. The income data from Statistics Sweden is
categorised into many different levels depending on the amount of
income. In the analysis all these levels were combined into four
groups, 0-100 tkr (1000 SEK), >100-200 tkr, >200-360 tkr and >360
tkr.
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Table 1: Age distribution in Sweden year 2000

Age Proportion % Age Proportion %
0-4 53 45-49 6.6
5-9 6.9 50-54 7.4
10-14 6.4 55-59 6.3
15-19 5.7 60-64 4.9
20-24 5.9 65-69 43
25-29 6.7 70-74 4.1
30-34 7.2 75-79 3.9
35-39 6.9 80-84 2.6
40-44 6.6 >85 2.3

In order to assess possible differences in the trend of the diagnosis
during the study period, linear regression was used to fit a model to
the age-standardised incidence rates.
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Results

6.1 Overall results

Between the years 1980 - 2012, a total of 13 441 (44.4 %) new cases
of meningiomas, 12 259 (40.5 %) new cases of high grade gliomas

and 4 555 (15.1 %) new cases of low grade gliomas were reported into
the register (Table 2). 113 of the patients in the study had been

diagnosed with two tumours of different types (Table 3).

Table 2: No. of cases per Diagnosis

Diagnosis Cases, n Proportion %
Meningioma 13,441 44.4
LGG 4,555 15.1
HGG 12,259 40.5
Total 30,255 100

Table 3: No. of Patients and Tumours by Diagnosis

Patients Diagnosis Cases, n
13,363 Meningioma 13,363
4 Meningioma & LGG 8

29 Meningioma & HGG 58
4,498 LGG 4,498
18 LGG & Meningioma 36

31 LGG & HGG 62
12,168 HGG 12,168
27 HGG & Meningioma 54

4 HGG & LGG 8
30,142 Total 30,255

The results from the analysis suggest that there may be a negative
development in the trend for LGG of -0.016 cases per 100 000, with a

mean change per year of approximately -1% (Table 4). This

corresponds to a mean change per year in the fitted values of the trend
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of approximately -1%. In all age groups except 0-39 years,
significantly negative incidence trends were seen (Table 5).

The estimates are the calculated regression coefficients estimated by

the statistical model chosen.

Confidence Intervals (CI) are set to a certain confidence level. A
common confidence level is 95%. A CI of 95% means that if many
samples from the same population were drawn on numerous
occasions, and on each occasion Cls were constructed, the interval
would hold the true population parameter approximately 95% of the

time.

P-values give the probability of how compatible the sample is with the
null hypothesis, if there is no effect in the data. If the null hypothesis
is true, how likely is the observed result? If the observed p-value is
below a chosen level 5%, then the null hypothesis is rejected in favour

of the alternative hypothesis that there is a significant effect.

Table 4: Regression statistics

Diagnosis Cases, n Estimate 95% CI P-value
Meningioma 13,441 0.001 -0.013; 0.014 0.914
LGG 4,555 -0.016 -0.024; -0.007 0.001
HGG 12,259 -0.002 -0.011; 0.008 0.708

Also, a negative development in the trend for meningiomas of -0.037
(95% CI -0.051 to -0.023, p < 0.001) cases per 100 000, and a positive
trend of 0.042 (95% CI 0.023 to 0.064, p = 0.001) cases per 100 000
was seen in men and women respectively. In the age groups 0-39, 40-
59 and 60-74 there was a positive incidence trend during the study
period. However, in patients older than 75, results show a significant

negative incidence trend (Table 5, Figure 5).
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Table 5: Incidence trends by diagnosis, gender and age

Diagnosis Category Group Cases, n Estimate 95% ClI P-value
Meningioma Gender Men & Women 13,441 0.001 -0.013; 0.014  0.914
Men 4,021 -0.037 -0.051; -0.023 <0.001

Women 9,420 0.042 0.023; 0.062  <0.001

Ages 0-39 years 947 0.007 0.004; 0.009 <0.001

40-59 years 4,462 0.030 0.023;0.036 <0.001

60-74 years 4,925 0.009 0.003; 0.015 0.003

>75 years 3,107 -0.045 -0.054; -0.036 <0.001

Low-grade glioma Gender Men & Women 4,555 -0.016 -0.024; -0.007  0.001
Men 2,502 -0.020 -0.030; -0.009 <0.001

Women 2,053 -0.012 -0.022; -0.002  0.017

Ages 0-39 years 2,361 -0.001 -0.006; 0.003  0.566

40-59 years 1,295 -0.005 -0.009; -0.001  0.021

60-74 years 706 -0.005 -0.008; -0.003 <0.001

>75 years 193 -0.004 -0.005; -0.003 <0.001

High-grade glioma Gender Men & Women 12,259 -0.002 -0.011; 0.008 0.708
Men 7,124 0.002 -0.016; 0.019  0.822

Women 5,135 -0.008 -0.017; 0.002  0.097

Ages 0-39 years 1,340 -0.004 -0.006; -0.001  0.005

40-59 years 4,321 -0.001 -0.006; 0.004  0.640

60-74 years 5,439 0.006 0.001; 0.012 0.029

>75 years 1,159 -0.003 -0.009; 0.002  0.223

In HGG, there was a slightly decreased incidence trend in the age group
0-39 (-0.004 (95% C1 -0.006 - -0.001, p = 0.005) and a mildly increased
incidence trend in the age group 60-74 (0.006 (95% CI 0.001 — 0.012,
p = 0.029).

6.2 Results in graphic presentation

Below is incidence of brain tumours expressed as both absolute
number of cases per year (fig 1-7) and as age-standardised incidence
rates per year (fig 8-17). Both measures serve different purposes. If
one is aiming to appreciate the burden of cancer in a hospital then the

absolute number of cancer may provide an approximate answer.

Age-standardised incidence rate on the other hand is a measure that
allows for comparison over groups and between different geographical
locations. It also allows for comparisons across time because the
standard population used is fixed, i.e. its age distribution does not
change over time and this allows preservation of comparability across

time.
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Fig 1: Number of cases by site and year from 1980-2012
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Fig 2 Number of cases of meningioma by sex and year from 1980-
2012
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Fig 3: Number of cases of low grade glioma by sex and year 1980-
2012
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Fig 4: Number of cases of high grade glioma by sex and year 1980-
2012
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Fig 5: Number of cases of meningioma by age at diagnosis
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Fig 6: Number of cases of low grade glioma by age at diagnosis
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Fig 7: Number of cases of high grade glioma by age at diagnosis
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Fig 8: Age-standardised incidence by site and year
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Fig 9: Age-standardised incidence of meningioma by sex and year
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Fig 10: Age-standardised incidence of low grade glioma by sex and
year
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Fig 11: Age-standardised incidence of high grade glioma by sex and

year
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Fig 12: Age-standardised incidence of meningioma by age at
diagnosis
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Fig 13: Age-standardised incidence of low grade glioma by age at

diagnosis
Ages 0-39 Ages 40-59
1.5
s \/\/\/-/\'\jw-'\/
(=3
(=3
=3
g 0.5 N—M
e
=
3
o
g 00
s
E Ages 60-74 Ages 275
2 15
T
=
©
2
s 1.0
X
P
[
o
< o5
, M "Mm
S & 0 K P E O e S H O PSP S S o
FF S S S S F S PSS S

Year of diagnosis

Fig 14: Age-standardised incidence of high grade glioma by age at

diagnosis
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Fig 15: Age-standardised incidence of meningioma by income (tkr,
1000SEK)
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Fig 16: Age-standardised incidence of low grade glioma by income
(tkr, 1000SEK)
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Fig 17: Age-standardised incidence of high grade glioma by income
(tkr, L000SEK)
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Fig 18 Table of regression estimates of incidence rates
Diagnosis Group Cases, Estimate 95% Cl P-value
n
Meningioma 0-100 tkr 3162 -0.105 -0.190; -0.020 0.018
>100-200 tkr 4440 0.364 0.297; 0.430 <0.001
>200-360 tkr 1361 0.109 0.073;0.144 <0.001
>360 tkr 296 -0.068 -0.184; 0.048 0.233
Low grade glioma 0-100 tkr 523 -0.048  -0.073;-0.024 0.001
>100-200 tkr 1079 0.060 0.040; 0.080 <0.001
>200-360 tkr 449 0.021 0.003; 0.039 0.024
>360 tkr 91 -0.072 -0.102; -0.041 <0.001
High grade glioma 0-100 tkr 2477 -0.038 -0.108; 0.032 0.270
>100-200 tkr 3678 0.181 0.136; 0.226 <0.001
>200-360 tkr 1549 0.087 0.061;0.113 <0.001
>360 tkr 491 0.033 -0.088; 0.155 0.575

Tkr = 1000SEK
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Fig 19: Number of cases and age-standardised incidence by year of

diagnosis and diagnosis

Number of Cases and Age-standardised Incidence* by Year of Diagnosis and Diagnosis

Year of Meningioma Low Grade Glioma High Grade Glioma
Diagnosis Cases,n  Incidence Cases,n  Incidence Cases,n Incidence
1980 297 4.02 131 1.58 340 4.26
1981 292 3.92 117 1.39 295 3.59
1982 344 4.64 117 1.42 354 434
1983 386 5.08 140 1.69 366 4.37
1984 413 5.47 172 212 355 4.24
1985 380 4.92 150 1.84 379 454
1986 398 5.08 176 212 363 4.35
1987 396 4.93 170 2.03 362 4.38
1988 415 5.08 168 2.05 339 4.06
1989 405 4.88 167 1.95 390 4.65
1990 393 4.77 156 1.78 349 4.14
1991 322 3.82 153 1.79 340 3.96
1992 390 4.64 163 1.89 349 4.10
1993 397 4.69 149 171 363 4.23
1994 412 4.77 118 1.34 365 4.24
1995 396 4.57 132 1.52 368 4.23
1996 410 4.70 117 1.32 349 4.03
1997 412 4.72 156 1.76 388 4.47
1998 448 5.07 133 151 400 4.55
1999 418 4.72 134 151 362 411
2000 398 4.47 112 1.26 338 3.80
2001 392 4.38 107 121 318 3.55
2002 401 443 126 1.40 367 4.06
2003 492 5.37 107 1.19 371 4.05
2004 402 4.40 108 1.23 386 4.18
2005 443 4.80 131 1.45 401 4.30
2006 441 4.70 128 1.44 393 414
2007 426 4.48 132 1.44 398 417
2008 472 4.90 123 1.38 396 4.05
2009 439 461 143 1.54 396 4.06
2010 493 5.07 136 141 444 443
2011 456 4.64 131 1.39 442 448
2012 462 461 152 1.62 433 4.26
2013 411 4.04 134 1.46 476 4.73

* Standardised to the Age Distribution in the Swedish Population 2000
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Fig 20 The annual decrease rate of the age-standardised incidence rate
for low grade gliomas between 1980-2012

— | ow grade glioma 95% Prediction interval
== === == |ncidence trend estimate 95% Confidence interval

3.0
8
S 25
[=3
=4
S
2 20
[} —
E — — = -
T 15 —— e
Q
2 -
B
3 10
c
s
@
S 05
<

0.0

1980 1985 1990 1995 2000 2005 2010 2015

Year of diagnosis

59



Discussion

This report is a summary of available statistics in terms of incidence
rate as well as age-adjusted incidence rate in patients with high grade
as well as low grade gliomas and patients with meningiomas. The
present report does not intend to find a correlation between different
agents or exposures that might be, according to literature, linked to

increased risk of development of brain tumours.

We show that for patients with high grade gliomas, there is no
statistically increased incidence rate over time (p=0.708), nor for
patients with meningiomas (p=0.914). Furthermore, we have found
no significant time trend of age-adjusted incidence rate in either male
or female patients diagnosed with HGG. However, there is a
statistically decreased annual incidence rate for development of low
grade brain tumours (p=0.001) (Table 4, Fig 20).

We have chosen to include patients diagnosed between 1980-2012
who were identified according to available registries at the National
Board of Health and Welfare. A total of 30 255 brain tumour
diagnosis were included in the study. Of these 13 441 patients (44.4
%), 4 555 patients (15.1 %) and 12 259 (40.5%) patients were
diagnosed with meningioma, LGG and HGG respectively (Table 2).
113 of the patients in the study had been diagnosed with two tumours
of different types (Table 3).

The results from the analysis suggest that there may be a negative
development in the time trend for LGG of -0,016 cases per 100 000
(Table 4). The mean change per year was approximately -1%. In all
age groups except 0-39 years, significantly negative incidence trends
were seen (Table 5).

Also, a negative development in the trend for meningiomas of -0.037
(95% CI -0.051 to -0.023, p < 0.001) cases per 100 000, and a positive
trend of 0.036 (95% CI 0.023 to 0.062, p = 0.001) cases per 100 000
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was seen in men and women respectively. In the age groups 0-39
years, 40-59 years and 60-74 years there was a positive incidence
trend during the study period. However, in patients older than 75
years, results show a significant negative incidence trend (Table 5, Fig
5).

In HGG, there was a slightly decreased incidence trend in the age
group 0-39 years (-0.004 (95% CI -0.006 - -0.001, p =0.005) and a
mildly increased incidence trend in the age group 60-74 years (0.006
(95% CI 0.001 - 0.012, p = 0.029).

Data available from registries has its pros and cons. The advantage is
that a large number of individuals can be identified resulting in a
sufficient number of patients to make the statistical calculations more
robust and trustworthy. The cons are that the registration of the
individual patient’s data is not always 100 % correct and thus, the
results from statistical analyses must always be interpreted with

caution.

When analysing the incidence of cancers affecting both men and
women, the male:female incidence ratios often range from 1.5:1-3:1.
Males have higher incidence rates for most cancers and usually also
poorer overall survival*'’-*?°, This indicates that sex plays a major role
in tumourigenesis. In malignant gliomas, the incidence has previously
been reported to be higher in males than in females!?t. Meningiomas,
on the other hand, are reported to be much more likely to occur in
women. Furthermore, in addition to the difference in incidence,
female meningiomas are more commonly low grade whereas the male
meningiomas are more commonly high grade!?!. Also there have been
reports of a higher risk of meningioma in women subjected to
hormone replacement therapies!??. Furthermore, there may be a
protective effect of testosterone as men with prostate cancer
undergoing androgen deprivation therapy have been shown to have an

increased risk of meningioma growth?%,
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In the current report we found no significant increase in incidence rate
for patients with HGG or meningiomas. In 2004 an epidemiological
study was published by Lénn et al. that included national data from
the national cancer registers in Denmark, Sweden, Norway and
Finland. They obtained data and calculated annual age standardised
incidence rate of all intracerebral tumours from 1969-98. There was
an annual incidence increase in the late 1970s and early 1980s,
coinciding with improved diagnostic methods being introduced.”? In
2006 Muscat et al. published a study where they analysed time trends
in age-adjusted incident rate of neuronal cancers. Results, however,
showed that the age-adjusted incidence rate between 1973-1985 was
0.01 per 100.000 (95% CI 0.00-0.02) and between 1986-2002 the age-
adjusted incidence rate was 0.01 per 100.000 (95% CI -0.01-0.01).%8

Another epidemiological study was published in 2010 by Inskip et al.
where the authors examined trends in incidence of brain cancer among
Caucasians in the United States between 1977 and 2006. A total of 38
788 brain cancers were identified during the period, of which 95%
were gliomas. In the period of 1977 to 1991 there were significantly
increasing trends among both men and women under 30 and aged 65
or older. Between 1992 and 2006, a significant increase in frontal
brain tumours was seen in the female population aged 20-29. No
increase was, however, seen in temporal or parietal lobe cancers. No
increasing trend in overall brain tumours was seen in the male

population either, or in any other age group during this period. 1%

A similar epidemiologic study was made in England by de Vocht et al,
who analysed trends in incidence rates of brain cancer in England
between 1998 and 2007. No trends in incidence rates were seen in
either male or female populations during this period. No trends were
seen in any specific age group. A systematic increase in temporal lobe
cancers was seen (0.04 new cases per year) in men and (0.02 new
cases per year) in women. Corresponding decreases were seen in the

incidence rates of parietal lobe cancers (-0.03 per year), cerebrum
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cancers (-0.02 per year) and cerebellum cancers (-0.01 per year). The
sparse increase in temporal lobe cancers would constitute less than 1
additional case per 100 000 and the need for population-based

precautions should therefore not be implemented.1%

An epidemiologic study was made in 2012 by Deltour et al. analysing
trends in the incidence rate of glioma in the Nordic countries between
1979 and 2008 in patients of both sexes aged 20-79. A total of 35 250
cases of glioma were included. The authors showed that the annual
percent change in incidence rate was 0.4% (95% CI 0.1%-0.6%) in
men and 0.3% (95% CI1 0.1%-0.5%) in women, and that no trends of
glioma incidence rate could be found!®. Similarly, the same year in
the United States, Little et al. also published an epidemiological study
comparing the incidence trends of glioma between 1992 and 2008
with estimated projected rates of glioma between 1997 and 2008,
based on results of a 2010 INTERPHONE study and a 2011 Swedish
Hardell study. Subjects included were non-Hispanic white people
aged 18 or older and a total of 24 813 cases were included. Results
showed age specific incidence rates being relatively constant in the
period 1992-2008 (-0.02% change per year, 95% CI -0.28%-0.25%)*°

In order to calculate age-standardised rates for people with different
income, a table from Statistics Sweden containing income distribution
was used. The table contains data from between 1991 and 2016 and
thus cases prior to 1991 and after 2012 were excluded from the
analysis. Similarly, people less than 20 years old were exlcuded from
the analysis as well. The income data from Statistics Sweden is
categorised into many different levels depending on the amount of
income. In the analysis all these levels were combined into four
groups, 0-100 tkr, >100-200 tkr, >200-360 tkr and >360 tkr.

We found a slight decrease of incidence rates in the group of lowest
income (0-100 tkr / year) in meningioma and LGG. In income groups
>100-200 tkr / year and >200-360 tkr / year - slightly increased

incidence rates were found in all tumour entities. Data from these
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analyses must be interpreted with caution since the distribution of
patients based on the previously mentioned assumptions resulted in
few observations in certain years in the high income group (>360 tkr).
These data are in some contexts contradictory to available data from
literature. Concerning the role of Socioeconomic Status (SES), it is
known to be associated with the risk of many different cancer types,
through various mechanisms?#126, Lung cancer is an example of a
disease which is more common in smokers than in non-smokers and
since low SES is associated with a higher prevalence of smoking, lung
cancer is more common in low SES groups*?®. On the other hand,
some cancer types such as early stage prostate and breast cancer are
discovered more in high SES groups because they often have better
access to cancer screening and health care'?’. For gliomas, no clear
occupational or exposure risk factors have been identified, although
some possible risk factors such as mobile telephones are still
controversial'?®. Most patients with gliomas have no history of
previous exposure to medical ionising radiation, which is considered
to be a risk factor for developing the disease?°. There have been
studies suggesting that people in certain occupations, such as
physicians are at increased risk of glioblastoma, but the results from
these studies have not been convincing enough for any definitive
conclusions to be made®*°.

The link between SES and incidence of gliomas has previously been
thoroughly investigated. In an American study, data from the SEER
(Surveillance, Epidemiology and End Results) Program, was used to
identify over 26 000 patients diagnosed with glioblastoma between
2000-2010*1. When comparing SES based on census tract of
residence it was found that higher SES was strongly associated with
increased risk of glioblastoma (p<0.001). Relative to patients in the
lowest SES quintile, the highest SES quintile had a rate ratio of 1.45
(95 % CI1 1.39-1.51). In a similar study of SEER data for all glioma
cases in adults >25 years of age reported between 2000-2006, higher

socioeconomic position based on county of residence was found to be
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statistically significantly associated with a higher incidence rate of
glioma®®2. Patients in the highest socioeconomic position quartile had
a glioma incidence rate 1.14 (95 % CI 1.05-1.23) times that of the
first quartile. In a study including 880 patients with glioblastoma
treated at a single neurosurgical unit in the United Kingdom
socioeconomic data was obtained at ward level from government
sources™®3, It was found that increasing incidence of glioblastoma was
associated with higher wage (p = 0.044), less unemployment (p =
0.0002), Indices of Multiple Deprivation (p = 0.05), lower population
density (p = 0.0015) and greater ownership of cars (p = 0.0005). A
population-based case-control study of 321 meningioma cases, 494
glioma cases and 955 controls was carried out in Sweden between
2000-2002 and found that a family income in the highest quartile was
associated with an increased risk of glioma (OR 1.5, 95% CI 1.1 -
2.1)1* However, socioeconomic factors were not associated with the
risk of meningioma. In another case-control study by Inskip et al. of
489 glioma cases, 197 meningioma cases, 96 acoustic neurinoma
cases and 799 controls treated in three hospitals in the USA between
1994-1998 the results showed a positive association with increasing
household income for the risk of LGG, meningioma and acoustic
neuroma but not for HGG®. Similarly, positive associations were
observed with level of education for LGG and acoustic neuroma, but
not for HGG or meningioma. One hypothesis regarding the increased
glioblastoma risk in people with high SES is related to mobile
telephone use. Before the almost universal use of mobile telephones
seen nowadays, the first users of the technology in the 1980s tended to
be business people as well as people who could afford to buy a mobile
phone, that is, people of high SES levels. However, the results from
several large well-designed studies such as INTERPHONE contradicts
this explanation and it seems that the reason for higher incidence of
gliomas in high SES groups is to be found elsewhere.

In a separate study, patients were interviewed regarding their use of

hand-held mobile phones®3. As compared with patients who had
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never, or very rarely, used a mobile telephone, the relative risks
associated with a cumulative use of a mobile telephone for more than
100 hours were not significantly elevated for any of the tumour
entities. Neither did tumours occur disproportionately often on the
side of the head on which the telephone was typically used. These
results are in line with the results from the large multinational
INTERPHONE case-control study that included 2 708 gliomas, 2 409
meningiomas and matched controls from 13 countries which showed
no increase in risk of glioma or meningioma with use of mobile
phones®®’,

In conclusion, in the present report we have included patients
diagnosed between 1980-2012, a time during which the usage of
mobile phones has increased substantially. The present study has not
investigated the actual influence of mobile phones on brain tumour
development and several yet unknown confounders might affect this
matter. During the investigated time frame, a total of 30 255 brain
tumours including meningeomas, LGG and HGG were analysed and
we did not find an increase of annual incidence rate during the study
period for patients with high grade brain tumours (p=0.708), neither
for patients with meningiomas (p= 0.914). Furthermore, we did not
find any significant time trend of age-adjusted incidence rate in either
male nor female patients. However, there is a statistically decreased
annual incidence rate for development of LGGs (p=0.001). Data
concerning income should be interpreted with caution, but there does
not seem to be a correlation in this material between increased income
and development of meningeomas, LGG or HGG. Further studies are
needed to fully elucidate the explanations to the findings in the present

report.
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