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Noepidemiological studyoncentralnervoussystemtumours isavail-
able for Mongolia. The aim of this study was to determine the inci-
dence, mortality and survival of people diagnosed with central ner-
vous system tumours in Mongolia. It reports cancer data for the
entire population (3.3 million) during the period between 2015 and
2019. Data was obtained from the National Cancer Registry of Mon-
golia. Diagnosis of tumours was established according to the diag-
nostic criteria of the International Classification of Diseases-10 (ICD-
10). Incidence and mortality rates were calculated as mean annual
numbers per 100,000 population. Age-standardized incidence and
age-standardized mortality rates were calculated from age-specific
rates byweightingdirectly from theWorld StandardPopulation. The
three-year survival from 2015 through 2017 was calculated between
treatment types by the Kaplan-Meier survival analysis. It found
515 (adults: 83 %; children: 17%) newly diagnosed central nervous
system tumour cases over the five year period. The national age-
standardized incidenceof centralnervous systemtumours for theen-
tire population was 3.7 per 100,000. The rate was higher for males
than females (4.2 versus 3.4 per 100,000, respectively). Only 23% of
the diagnosed cases were confirmed histologically. The most com-
mon tumour was glioma (57.6% of histologically verified tumours).
In children (age 0--19 years) the age-specified incidence rate of tu-
mourswas 1.4 per 100,000. Geographically, the age-standardized in-
cidences of the Eastern region were higher than the country average
rates for both genders. During the period, 381 deathswere registered
with an age-standardized mortality rate of 3.0 per 100,000 popula-
tion. Furthermore, theoverall three-year survival ratewas40.6%(out
of 283 patients, 115 survived). The five-year prevalence of tumours
was 183 and the mean per 100,000 population was 5.5. In conclu-
sion, the data from theNational Cancer Registry indicate that the in-
cidence and survival rates of central nervous systemtumours inMon-
golia are relatively low. The most common location of central ner-
vous system tumours was the brain. Glioma was the most common
tumour among histologically confirmed cases. Despite the limita-
tions, data from this study should provide information for national
health policy and health care assessment. To improve the diagnosis,

prognosis and treatment of central nervous system tumours, expan-
sion of the cancer registry through collecting data on non-malignant
tumours, increasing the rate of histological verification, conducting
studies on cancer epidemiology and the introduction of advanced
treatment technologies for central nervous system tumours are rec-
ommended.
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1. Introduction
Mongolia is located between China and Russia, but dis-

tinct from either both ethnically and culturally. It has a small
population (3.3 million) but a large geographic area. Mon-
golia is classified as a lower-middle income economy by the
World Bank [1]. The country is divided into four regions:
Western, Mountain (Khangai), Central and Eastern. Ulaan-
baatar, the capital city with half of the total population, is
counted separately. The Mongolian population is relatively
young, with 38% of people aged 0–19 years. More than half
of this fairly homogenous population lives in rural areas in
a Ger (a nomadic pelt tent) as nomadic herdsmen. Gers are
not connected to water, electricity, sanitation, or heating sys-
tems. Recent migration of rural population into Ulaanbaatar
has expanded its Ger areas where 60% of the residents live [2]
in one of the most air-polluted cities in the world [3].

The health care system is divided into three levels of ser-
vices. Primary health care is provided through 334 primary
health centers distributed throughout Mongolia. Secondary
health care is delivered through general hospitals: seven in
the capital city, eighteen in the prefectures and three in the
regions [4]. Any suspicious case of tumour detected at a
primary health center is referred to a secondary health care
hospital. Each secondary hospital provides outpatient ser-
vices for cancer patients. For diagnosis verification, treat-
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ment and palliative care, patients are further referred to ter-
tiary health care centers. Tertiary health care is provided
through the National Centers for main medical disciplines.
The National Cancer Center (NCC) serves the entire pop-
ulation with specialized health care in oncology by preven-
tion, early detection, registry, diagnosis and treatment. It was
established in 1961 and is the only hospital in the country
that provides radiation therapy and chemotherapy for can-
cer. The department of radiotherapy includes eight oncol-
ogists, sixteen registered nurses, and ten radiology techni-
cians and offers conventional radiotherapy with a 3D Cobalt
type teletherapy unit (Bhabhatron 2, India), a Cobalt type
Teletherapy (GWHJ-80, China), a Simulator X-ray (HMD-
1B, China), a Simulator X-ray (Imagin, India) and a Simula-
tor CT scan (Somatom Emotion 6, Siemens, Germany). The
department of radiology includes four radiologists, two reg-
istered nurses and four technicians and has a computer to-
mography (CT) scan unit (Somatom, Siemens, Germany) and
four X-rays (Heliodent, Mobilett, Siemens, Germany). Addi-
tionally to the NCC, the Third General Hospital of Mongolia
(TGHM) is the only health care center that provides surgical
therapies for central nervous system (CNS) tumours in the
country. The department of neurosurgery has nineteen neu-
rosurgeons, twenty-five registered nurses and seven techni-
cians. Therefore, patients with CNS tumours are mostly di-
agnosed in the secondary health care hospitals, treated in the
tertiary health care centers and sent back for monitoring to
a secondary health care hospital for specialized medical ser-
vices. If patients seek medical help abroad after diagnosis
verification, their diagnoses are registered but the outcome
is not recorded at the National Cancer Registry of Mongolia
(NCRM). Due to the limitations in diagnostic and manage-
ment resources, patients are encouraged to visit other public
and private hospitals for diagnostic purposes. Some newly
established hospitals such as National Diagnostic Center and
the Mongolia-Japan Teaching Hospital have magnetic reso-
nance imaging systems (3TVantage, Canon, Japan, or equiv-
alent), CTs (64-slice Aquilion, Toshiba or equivalent) and
other diagnostic equipment.

NCRM is the nationwide cancer registry located at the
NCC.NCRMcollects data on newly-diagnosedmalignant tu-
mours, deaths due to malignant tumours and treatment care
for malignant tumours from all hospitals through both pas-
sive and active case-finding methods. It does not collect data
for non-malignant tumours. Active registration is supple-
mentary to passive registration through occasional visits by
registrars to pathology laboratories in tertiary care centers.
Cases are detected through death certificates in cases where
the death occurred at home. The records are sent to statisti-
cal units of geopolitical administration offices, then compiled
and reported to the respective departments of the General
Authority for State Registration and the Ministry of Health.
NCRM uses a registry software program, CANREGMON,
which is based on CanReg4 software produced by the In-
ternational Agency for Research on Cancer. It is an open-

source software package for cancer registries to enter, quality
control and store data on cancer according to international
guidelines. Duplications are eliminated using an unique cit-
izen ID number. All hospitals must report new cancer cases
and deaths from cancer to the NCRM following the Can-
cer Registry Guideline with a notification form (#AM5) ap-
proved by the Ministry of Health. NCRM collects all data on
malignant tumours and sends annual reports to the Health
Development Center of Mongolia (HDCM). A major disad-
vantage of NCRM is its inability to register non-malignant
tumours. There is no place to register benign tumours in
Mongolia. Therefore, the term of CNS tumour employed
in this article represents only malignant CNS tumours reg-
istered at NCRM. Another limitation is that the pathological
laboratories in secondary and tertiary health care belong to
the National Pathology Center (NPC) which does not report
histological examination results of newly diagnosed tumours
to the NCRM. The pathology laboratory of NCC does not
examine CNS tumours. Generally, cancer diagnoses should
be based on the results of imaging techniques, i.e., in most
cases by CT andMRI in Mongolia, then verified by histolog-
ical examination. However, in Mongolia, diagnoses of CNS
tumours aremostly based on imaging technique results, since
the pathology laboratory of the TGHM does not report their
histological findings of the neurosurgery patientswho under-
went a surgical operation. Also, NCRM registers CNS tu-
mour diagnosis based on imaging results only without histo-
logical confirmation if a patient dies shortly after a diagnosis.
This is reasonable since postmortem diagnoses of cancer are
very rare in Mongolia due to cultural and religious factors.
Therefore, it is speculated that the histologically confirmed
diagnosis rate of CNS tumours in Mongolia may be very low
compared to other countries.

Globally, CNS tumours have increased by almost 20% in
recent decades. East Asia, in particular, had themost incident
cases of CNS tumours regardless of sex [5]. In theAsia-Pacific
region, the countries with the highest age-standardized in-
cidence rates of CNS tumours were China, India, Australia
and New Zealand [6]. As Global Cancer Incidence, Mortal-
ity, and Prevalence (Globocan) 2018 reported, the worldwide
incidence rate and mortality rate of malignant CNS tumours
were 3.5 and 2.8 per 100,000 population, respectively [7].

According to the annual reports on health indicators de-
veloped by HDCM, cancer-related disease burden and mor-
tality have dramatically increased in recent decades. Deaths
from cancer account for 24%ofmale and 30%of female deaths
[4]. Mongolians have the highest age-standardized cancer
mortality rate in the Asia Pacific region [8] which is associ-
ated with late-stage diagnosis, low survival rate and limited
coverage of health care [8, 9]. For instance, according to a
global cancer survival study, Mongolia had among the low-
est five-year survival estimates for lung and liver cancers [9]
and the incidence of liver cancer was one of the highest in the
world [10–13]. Similarly, it is speculated that survival of CNS
tumours might also be very low.
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These unique characteristics may raise particular interest
in the epidemiology of CNS tumours in Mongolia. Despite
a low incidence rate, CNS tumours represent a considerable
burden of morbidity and mortality worldwide [13].

There has been no study on the epidemiological and clin-
ical characteristics of CNS tumours in Mongolia. Therefore,
this study provides quantitative data on the distribution of
CNS tumours and can inform awareness of the differences
between geographical regions and survival rates. Increased
understanding of the epidemiology of CNS tumours might
provide information for health policy and medical services
toward better treatment, diagnosis and prevention. The pur-
pose of this article is to describe the national incidence, mor-
tality and survival of CNS tumours for 2015–2019 in Mon-
golia.

2. Materials andmethods
2.1 Data source

The national cancer registry data from the NCRM was
used. The study includes all newly diagnosed cases and deaths
due to primary CNS tumours registered at NCRM from 2015
to 2019 for the entire population from birth to 95 years, di-
vided into five-year age groups. In a period of five years a to-
tal of 515 patients were diagnosedwith CNS tumours accord-
ing to the International Classification of Diseases-10 (ICD-
10): Malignant neoplasm of brain (C71.0–C71.9); Malignant
neoplasm of meninges (C70.0–C70.9); and Malignant neo-
plasm of spinal cord (C72.0–C72.9) [14]. Newly diagnosed
cancer must be registered with a notification form to NCRM
that includes either histological or radiological evidence. The
childhood incidence rate was calculated separately for chil-
dren aged between birth and nineteen. During the same pe-
riod a total of 381 deaths attributed toCNS tumourswere reg-
istered. Histological grouping was classified by the ICD-O-3
classification [15]. For a three-year survival analysis, the data
from 283 patients diagnosedwith CNS tumours from 2015 to
2017 were included. Data from 232 patients who were either
diagnosed in 2018 and 2019 orwere untraceable for follow up
for three years were excluded. Population denominator data
were drawn from the 2019 reports of the National Statistical
Office of Mongolia [2].

2.2 Statistical analysis
Age-standardized incidence rates (ASRs) and age-

standardized mortality rates (ASMRs) were calculated as
the mean annual rates per 100,000 population. The direct
age standardization method was employed to produce ASRs
and ASMRs utilizing the World Standard Population [16].
Age-specific incidence rates were calculated according to
eighteen age groups categorized by the national census with
a five-year interval from birth. The ASRs were calculated by
dividing the annual average of cases in a period between 2015
and 2019 by the average annual population in this period
and were expressed per 100,000 population. Although
the primary objective of this study was to determine the
incidence rate, the five-year prevalence was also calculated

Table 1. Five-year new cases, mean annual age-standardized
incidence rates by geographical region, 2015–2019 (n = 515).

Characteristics
All population Males Females

Cases ASR Cases ASR Cases ASR

Mongolia 515 3.7 269 4.2 246 3.4
Urban region

Ulaanbaatar 213 3.5 105 3.7 108 3.3
Rural region

Western 55 3.1 25 2.6 30 3.4
Mountain 97 3.5 56 4.0 41 2.9
Central 87 4.0* 53 5.1* 34 3.0
Eastern 63 6.6* 30 7.6* 33 6.2*

*Higher than the national rate (3.7/100,000).

by considering the number of incident cases during the
period between 2015 and 2019 who were alive at the end
of 2019. The overall result for three-year survival was
calculated between the type of treatment modalities (surgical
treatment, radiotherapy/chemotherapy and treatment un-
known) during the period of 2015–2017 by the log-rank test
using the Kaplan-Meier method. Data are presented as mean
± standard deviation (Mean ± SD). Statistical significance
was set at p < 0.05 and all tests were two-tailed. Data were
analyzed using SPSS v26.0 (IBM Corp., New York, NY,
USA).

3. Results
3.1 Incidence rate
3.1.1 Age-standardized incidence rate

Between 2015 and 2019, a total of 515 CNS tumour cases
(age range: 1–95, children: 17%, mean age: 46± 23, and me-
dian age: 50) were reported to NCRM. 52% were male (n =
269, age range: 1–85, mean age: 43 ± 22, median age: 47)
and 48%were female (n = 246, age range: 1–95, mean age: 49
± 23, median age: 51).

By topographic distribution of CNS tumours, 436 (84.7%)
were diagnosed with malignant neoplasms of the brain, 60
(11.7%)withmalignant neoplasms ofmeninges and 19 (3.9%)
with malignant neoplasms of the spinal cord, respectively
(Fig. 1). Among men, the leading site of CNS tumours was
the brain (85.4%). Among women, the rate of CNS tumours
in the brain was slightly lower (83.8%) than for men. In chil-
dren, 90.8% of CNS tumours were malignant neoplasms of
the brain.

Furthermore, by ICD-10 classification, the most com-
mon originating site in the brain was the cerebrum except
lobes and ventricles (14%), whereas 57% of newly diagnosed
CNS tumours in the brain were not specified topographically
(Fig. 1B).

The national ASR of all CNS tumours was 3.7 per 100,000
population (Table 1). This ratewas higher inmales compared
to females (4.2 per 100,000 males; 3.4 per 100,000 females).

The ASRs in the Eastern regionwere higher than both the
rates in other regions and the national rates. The Central re-
gion also had higher rates, whereas the Western and Moun-
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Fig. 1. Topographic distributionofCNS tumours. (A) Topographic distribution of all newly diagnosed CNS tumours according to the ICD-10 classification
in adults by sex and in children. Themalignant neoplasms of the brainwere themost common site ofCNS tumours. (B)Distribution of themalignant neoplasms
of brain (C71) according to the ICD-10 classification by the originating site, 2015–2019. The cerebrum and cerebellum were the leading sites of the malignant
neoplasms of the brain specified topographically.

Fig. 2. The national mean annual age-standardized incidence rate of CNS tumours per 100,000 population, 2015–2019.

tain regions had lower rates than the national rate (Fig. 2).
Except for the Western region, the ASR was higher in males
than females.

3.1.2 Age-specific incidence rate
The age-specific incidence rates were calculated accord-

ing to eighteen age groups categorized by the national census
(0–4, 5–9, 10–14, 15–19, 20–24, 25–29, 30–34, 35–39, 40–
44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, 75–79, 80–84,
>85).

Fig. 3 displays the age-specific curves of incidence rates
for both sexes during 2015–2019 in Mongolia. During the
period, most CNS tumours were diagnosed in the age group
65–69 yearswith the highest age-specific incidence rate in the
ages 80–84 years for females and ages 55–59 for males.

3.1.3 Childhood incidence rate
A total of 87 cases (age range: 0–19, mean age: 8.3 ± 5.3,

median age: 7) of CNS tumours were diagnosed in children
(Table 2).

Table 2. Five-year new cases andmean annual incidence
rates per 100,000 children (0–19 years), 2015–2019 (n = 87).

Characteristics
All children Boys Girls

Cases Rate Cases Rate Cases Rate

Mongolia 87 1.4 53 1.7 34 1.1
Urban region

Ulaanbaatar 33 1.2 20 1.4 13 1
Rural region

Western 9 1.1 5 1.2 4 1.0
Mountain 20 1.7* 13 2.2* 7 1.2*
Central 14 1.4 10 2.0* 4 0.8
Eastern 11 2.6* 5 2.3* 6 2.9*

*Higher than the national rate (1.4/100,000).

The incidence rate of CNS tumours per 100,000 children
was 1.4. This rate was higher in males than females (1.7 ver-
sus 1.1). Geographically, the Eastern region had higher rates
than the other regions, particularly for females.
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Fig. 3. Age-specific incidence of CNS tumours per 100,000 population by sex, 2015–2019 (n = 515).

Table 3. Distribution of CNS tumours by histology, 2015–2019 (n = 118).

ICD-O-3 classification
All population Children

Cases Percentage Cases Percentage

Gliomas, malignant (938–948) 68 57.6 18 72
Neuroepitheliomatous neoplasm (949–952) 3 2.5 2 8
Meningioma, malignant (953) 7 5.9 - 0.0
Nerve sheath tumours (954–957) 6 5.1 - 0.0
Others (germ cell malignant, hemiangiopericytoma malignant, chondrosarcoma, malignant lymphoma) 13 11.0 - 0.0
Neoplasm, unspecified 21 17.8 5 20
Total 118 100.0 25 100.0

3.1.4 Distribution of CNS tumours by histology

Histologically confirmed diagnoses were 23% (n = 118) of
newly diagnosed CNS tumours in Mongolia. Among proven
cases of CNS tumours glioma was the most prevalent histo-
logic group (57.6%) regardless of sex. Glioma accounted for
72% of all CNS tumours among children (Table 3).

3.2 Age-standardized mortality rate

From 2015 to 2019 a total of 381 deaths were registered
including 196 males and 185 females. The national five-year
mean annual ASMRwas 3.0 per 100,000 population inMon-
golia. This rate was higher in males than females (3.3 versus
2.6). The highest mean annual ASMR for males was in the
Eastern region (5.6 per 100,000), followed by the Central re-
gion (4.6 per 100,000 males). In Ulaanbaatar, the mean an-
nual ASMRwas lower than the country average. The Eastern
and Central regions had the highest rates, whereas theWest-
ern region had the lowest (Table 4).

3.3 Survival rate

283 cases were newly diagnosed during 2015–2017 and
were included in the survival analysis. The three-year sur-
vival of all CNS tumors was 40.6% which represents 115 pa-
tients with CNS tumours who were alive three years after

Table 4. Five-year death cases andmean annual ASMRs by
geographical region, 2015–2019 (n = 381).

Characteristics
All population Males Females

Cases ASMR Cases ASMR Cases ASMR

Mongolia 381 3 196 3.3 185 2.6
Urban region

Ulaanbaatar 172 3 77 3 95 3*
Rural region

Western 34 2.2 18 2.2 16 2.1
Mountain 61 2.3 35 2.8 26 1.9
Central 80 3.8* 45 4.6* 35 3*
Eastern 34 3.8* 21 5.6* 13 2.6*

*Higher than the national rate (3/100,000).

diagnosis. 232 cases were excluded of which 186 were di-
agnosed in 2018–2019 and 46 were untraceable and it was
not known whether they were alive or dead after three years.
The type of treatmentmodality receivedwas sorted into three
groups. In the first group, 141 patients were treated with
combined therapy of surgery, chemotherapy and radiother-
apy and 81 (57%) survived. In the second group, 13 patients
were treated with either chemotherapy or radiotherapy and
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6 (46%) survived. In the third group, 129 patients were un-
responsive or refused any treatment and 28 of them (22%)
survived. A log-rank test showed that the survival distri-
butions for the three treatment modalities were significantly
different (χ2(1) = 12.76, p < 0.001). Kaplan-Meier survival
curves showed the mean survival time for the first group was
12 months, for the second group 6 months and for the third
group 5 months, respectively (Fig. 4).

Fig. 4. Three-year survival rate by treatmentmodalities, 2015–2017 (n
= 283).

Therewas a total of 183 cases registered as alive during the
period between 2015 and 2019 regardless of diagnosis dates.
The five-year prevalence for all CNS was estimated to be 5.5
per 100,000 population.

4. Discussion
This is the first study on the epidemiology of CNS tu-

mours in Mongolia based on nationwide registry data. The
age-standardized incidence rate for CNS tumours inMongo-
lia was found to be 3.7 per 100,000 population during 2015–
2019. The annual incidence rate in children aged from birth
to 19 years was 1.4 per 100,000. Although earlier studies re-
ported that the ASR of total cancer increased from 171.3 to
238.6 per 100,000 inmales and from 103.2 to 174 per 100.000
in females between 1973 and 1999 in Mongolia, the rate of
CNS tumours was not listed [10–13]. Incidences in both
sexes increased from the age of 40 years with advancing age.
This rate was higher in males than females. In Mongolia the
most common location of CNS tumours was the brain re-
gardless of sex and age. In contrast, the meninges were the
most common location in other large registries such as Ko-
rea and the United States of America (US) [17, 18]. However,
those registries collect data on non-malignant tumours and
the meningeal tumours were most likely non-malignant.

CNS incidence in Mongolia seems to be in a lower range
when compared with other Asian nations or the Asian pop-
ulation in the US [5, 19–23]. This relatively low incidence
of CNS tumours found in Mongolia may be explained by the
absence of non-malignant CNS tumours data in the registry
compared to other larger registries such as the US Surveil-
lance, Epidemiology, and End Results Program (US-SEER)
or the Scandinavian registries [20, 24]. This difference may
reflect the expansion of cancer incidence after the shift of the
Korean Central Cancer Registry from the hospital-based to
a population-based registry [25]. The shapes of age-specific
curves of incidence rates were similar to those depicted from
the other well-established cancer registries in Asia [26]. Al-
though the cause of this significant geographical variation in
the incidence of CNS tumours is unknown, several studies
suggested that genetics, ethnicity, lifestyle, stress and envi-
ronment may be responsible for the differences [5, 20, 23].
It suggests that the trend of increase in the incidence rate of
CNS tumours is associated with the development of imaging
techniques, however, it is not similar to that in developing
countries like Mongolia [5, 20, 23].

The most commonly occurring CNS tumour among
histopathology proven cases was glioma both in adults and
children (57.6% for all populations, 72% for children). This
is concordant with the global pattern but unlike other Asian
countries where meningioma is the most common CNS tu-
mour [5, 23]. Histologically confirmed diagnoses were 23%
of newly diagnosed CNS tumours in Mongolia which is rela-
tively low when compared to that of 58% in Korea, 73% in
the US, and 86% in Japan. The main reason for the very
low number of histologically confirmed diagnoses may be re-
lated to the uncoordinated report system for registration of
the results of histological examinations in tertiary health care
settings. Most patients with CNS tumours receive surgical
treatment in the department of neurosurgery of TGHM but
the pathology laboratory does not have to send the results to
NCRM.The pathology laboratory at TGHMhad four pathol-
ogists and four technicians. Since 2019, the laboratory has
moved to NPC which currently has 14 pathologists, 23 tech-
nicians, and 2 assistant staff. Histology codes are only as-
signed by pathologists and this histopathology information
is available only in the patient’s medical record book. NPC
only transmits a summary of the histologic examinations to
HDCM and not to NCRM. It also does not provide infor-
mation on each examination by a patient’s unique registra-
tion number. Therefore, most CNS tumours were registered
without histological verification at NCRM. There is no coor-
dinated reporting system between NCRM and NPC regard-
ing histologic examinations, so no available data source for
the collection of histologic examinations for CNS tumours
in Mongolia via NCRM. Generally, no mechanism currently
exists for central review of diagnostic procedures including
either histologic or radiographic confirmation for tumours,
including CNS tumours, in the country. Therefore, infor-
mation on current biomarkers for CNS tumours or genomic
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profiling is not available at NCRM. Moreover, private hos-
pitals that provide spinal surgeries do not report whether
there was a CNS tumour to NCRM. In addition to this ma-
jor issue regarding the report system, non-malignant CNS
tumours are not registered anywhere in Mongolia. Neurol-
ogists, neurosurgeons and psychiatrists often refer patients
with headaches or seizures to radiological testing. However,
symptoms like headaches are nonspecific and only a few pa-
tients with headaches have CNS tumours [18]. The non-
availability of advanced imaging and radiologists, neurolo-
gists, oncologists and neurosurgeons clearly affects diagnostic
accuracy and therefore also registry and death certificate data.

381 deaths were registered as CNS tumours between 2015
and 2019 and the corresponding age-standardized mortality
rate was 3.0 per 100,000 population. This value is lower
than the rate in the US [23]. The five-year prevalence for all
CNS turours is estimated to be 5.5 per 100,000 population.
Survival outcomes depend on many factors including histo-
logic types, diagnosis accuracy and availability of treatment
modalities. The three-year survival rate for CNS tumours
in Mongolia was found to be 36.6%, which is not appropri-
ate for comparisonwith previous studies of five-year survival
rates. Nevertheless, it was close to the five-year survival rate
in the United States (35.8%) and even lower than found in
Korea (44.1%). The mortality to incidence ratio which can
be seen as a crude indicator for survival was found to be 0.74
(381/515). This is close to the world average of 0.72 which
was estimated by Globocan from 287,893 incident cases and
208,163 deaths in 2012 [5]. The relatively low survival out-
comes indicate that the effects of treatment available inMon-
golia are not sufficient. The main reason might be that there
are no advanced treatment modalities such as gamma knife,
cyberknife, proton-beam therapy or photon-beam therapy.
Additionally, treatment for CNS tumours is expensive and
usually takes a long time. InMongolia, patientsmust pay out-
of-pocket 30% of the entire amount of treatment cost. Health
insurance covered 70% of the cost for conventional therapies
including neurosurgery, regular radiation therapy and pallia-
tive care until 2020 and now covers 100% of the cost. How-
ever, due to the low survival rate of those conventional ther-
apies, with no advanced adjuvant and neoadjuvant therapies
available in Mongolia, patients with CNS tumours who were
capable of paying the high cost of treatment seekmedical care
abroad. In 2017, inoperable CNS tumours were included in
the official list of untreatable diseases inMongolia. Although
health insurance covers treatment cost, people have to pay al-
most the entire amount of diagnostic cost after the first visit.
For palliative care, health insurance partially covers inpatient
care.

Taken together, the findings of this study demonstrate
that there are the following issues in the care for CNS
tumours in Mongolia: (1) no collection of data on non-
malignant CNS tumours which are characterized by life-
threatening clinical features; (2) no collection of data on pre-
cise locations for CNS tumours; (3) a very low rate of his-

tological verifications; (4) no collection of data on outcomes
of CNS tumour cases which were treated abroad; (5) no re-
search reports on epidemiological, prognostic and therapeu-
tic features of CNS tumours; (6) no availability of advanced
treatment modalities for CNS tumours such as gamma knife
or external-beam therapy; and (7) no availability of neoad-
juvant therapies for CNS tumours. The issues identified in
this study may exist not only for the care of CNS tumours
but also for nationwide cancer care. Therefore, for national
health policy and health care assessment to improve the diag-
nosis, prognosis and treatment of CNS tumours, expanding
the cancer registry through collecting data on non-malignant
tumours and the subtypes of CNS tumours, raising the rate of
histological verification by clarifying diagnostic and report-
ing guidelines in line with international standards, conduct-
ing studies on health care service and cancer epidemiology
regularly and introducing advanced treatment technologies
for CNS tumours along with strengthening the human re-
source are recommended.

This study has several notable limitations: (1) no data
on non-malignant CNS tumours; (2) a low rate of histolog-
ically confirmed diagnoses; (3) a short-term period for sur-
vival analysis that makes this data inappropriate for compar-
ison with other studies; (4) limited information on precise
anatomical sites of CNS tumours; and finally (5) a relatively
high proportion of unspecified CNS tumour sites.

5. Conclusions
In summary, the data from the National Cancer Registry

indicate that the incidence and survival rates of CNS tumours
in Mongolia are relatively low. The most common location
of CNS tumours was the brain. Glioma was the most com-
mon CNS tumour among histology confirmed cases. Despite
its limitations, data from this study should provide informa-
tion for national health policy and health care assessment. To
improve the diagnosis, prognosis and treatment of CNS tu-
mours, expanding the cancer registry through collecting data
on non-malignant CNS tumours, raising the rate of histolog-
ical verification by clarifying diagnostic and reporting guide-
lines in line with international standards, conducting stud-
ies on health care service and cancer epidemiology regularly
and introducing advanced treatment technologies for CNS
tumours along with strengthening the human resource are
recommended.
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