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Malignant Central Nervous System Tumors Among
Adolescents and Young Adults (15-39 Years Old) in 14

Southern-Eastern European Registries and the US
Surveillance, Epidemiology, and End Results Program:

Mortality and Survival Patterns
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Nick Dessypris, PhD1; Apostolos Pourtsidis, MD, PhD23; and Eleni T. Petridou, MD, PhD 1,24

BACKGROUND: Unique features and worse outcomes have been reported for cancers among adolescents and young adults (AYAs;

15-39 years old). The aim of this study was to explore the mortality and survival patterns of malignant central nervous system (CNS)

tumors among AYAs in Southern-Eastern Europe (SEE) in comparison with the US Surveillance, Epidemiology, and End Results

(SEER) program. METHODS: Malignant CNS tumors diagnosed in AYAs during the period spanning 1990-2014 were retrieved from 14

population-based cancer registries in the SEE region (n 5 11,438). Age-adjusted mortality rates were calculated and survival patterns

were evaluated via Kaplan-Meier curves and Cox regression analyses, and they were compared with respective 1990-2012 figures

from SEER (n 5 13,573). RESULTS: Mortality rates in SEE (range, 11.9-18.5 deaths per million) were higher overall than the SEER rate

(9.4 deaths per million), with decreasing trends in both regions. Survival rates increased during a comparable period (2001-2009) in

SEE and SEER. The 5-year survival rate was considerably lower in the SEE registries (46%) versus SEER (67%), mainly because of the

extremely low rates in Ukraine; this finding was consistent across age groups and diagnostic subtypes. The highest 5-year survival

rates were recorded for ependymomas (76% in SEE and 92% in SEER), and the worst were recorded for glioblastomas and anaplastic

astrocytomas (28% in SEE and 37% in SEER). Advancing age, male sex, and rural residency at diagnosis adversely affected outcomes

in both regions. CONCLUSIONS: Despite definite survival gains over the last years, the considerable outcome disparities between the

less affluent SEE region and the United States for AYAs with malignant CNS tumors point to health care delivery inequalities. No

considerable prognostic deficits for CNS tumors are evident for AYAs versus children. Cancer 2017;000:000-000. VC 2017 American

Cancer Society.
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INTRODUCTION
Cancer in adolescents and young adults (AYAs; 15-39
years old) is an entity with distinctive molecular, histo-
pathological, epidemiological, and outcome features in
comparison with cancer in children and older adults.1 It
has generally been associated with poorer survival in com-
parison with cancer in younger patients, with only modest
outcome improvements being reported over the last deca-
des.2,3 AYA cancer patients have been considered a
neglected age group by both pediatric and adult oncolo-
gists; the worse prognosis has been mainly attributed to
the lack of clinical trials and the subsequent lack of specific
treatment guidelines.1,3,4 Likewise, the majority of pub-
lished studies on cancer epidemiology in AYAs have
focused on presenting overall incidence and survival
trends rather than decrypting the specific patterns of each
cancer subtype. In this context, in 2006, the US National
Cancer Institute released specific recommendations for
minimizing this gap in prognosis between children and
AYAs,5 and specific initiatives to this end have already
been implemented.6,7

Malignant central nervous system (CNS) tumors are
a group of distinct histopathological entities; they are the
most common malignancies among adolescents (15-19
years) and are the third most common malignancies
among AYAs overall.8-10 CNS tumors are the leading
cause of cancer mortality among children and the third
most common cause of cancer deaths among AYAs; they
pose significant challenges to diagnosis, management, and
treatment.11,12 Although the prognosis of CNS tumors
has generally improved over the last 40 years, primarily
because of technological developments in neuroimaging
modalities, the optimization of treatment protocols, and
advances in the field of neurosurgery, this improvement is
not that obvious among AYAs.8,13,14 The latest reports
from Europe and the United States have documented 5-
year survival rates of 57% and 65%, respectively.3,11 In
addition, international variations in outcomes3,10 indicate
room for further improvement and the need to explore
the impact of socioeconomic parameters on CNS tumor
outcomes among AYAs.

In the current study, we aimed to calculate mortality
and survival patterns of malignant CNS tumors by histo-
logical subtype, sex, age group, and urbanization status
among AYAs in Southern-Eastern Europe (SEE), a region
rather underrepresented in the published literature; the
data were derived from a network of cancer registries oper-
ating since 1990 in 12 countries (Belarus, Croatia,
Cyprus, Malta, Montenegro, Poland, Portugal, Romania,
Serbia, Slovenia, Turkey, and Ukraine). To explore

potential survival disparities with more affluent and devel-
oped countries, we also compared the outcomes of malig-
nant CNS tumors among AYAs in the SEE registries and
used as a benchmark publicly available data from the US
Surveillance, Epidemiology, and End Results (SEER) pro-
gram.15-18

MATERIALS AND METHODS
The SEE cancer registry network,15-17 established within
the context of Europe Against Cancer: Optimisation of
the Use of Registries for Scientific Excellence in Research
and aimed at presenting cross-country variations and time
trend patterns among childhood cancers, was expanded
for the current study to AYAs (notably the age range of
15-39 years).5 A study protocol, a priori defined, was con-
sented by administrators of all participating registries and
was approved by the respective institutional committee of
each registry. Individual anonymized data on incident
CNS tumor cases registered during 1990-2014 were
delivered by a total of 14 registries operating in 12 coun-
tries (Belarus; Croatia; Cyprus; Malta; Montenegro;
greater Poland; central Portugal; northern Portugal; Cluj,
Romania; Iasi, Romania; central Serbia; Slovenia; Izmir,
Turkey; and Ukraine). In addition, incident data on CNS
tumor cases were derived from the SEER network of 18
cancer registries operating in the United States.8,19

Although SEER provided data for 1973 to 2012, only
cases diagnosed in the most recent period (1990-2012)
were included in the analyses to enable meaningful com-
parisons with the SEE registries. CNS tumors cases were
considered to be all cases with the following codes from
the International Classification of Diseases, Tenth Revision:
C70.0 to C72.9 and C75.1 to C75.3.20 For the purposes
of this study, only tumors with malignant behavior were
considered eligible because 6 of the SEE registries
(Cyprus; greater Poland; Iasi, Romania; central Serbia;
Izmir, Turkey; and Ukraine) did not systematically record
nonmalignant tumors. Malignant tumors were isolated
with the behavior codes of the International Classification
of Diseases for Oncology, Third Edition; in particular, only
tumors with behavior code 3 (malignant) were included
in analyses.21 All registries covered the entire age spectrum
of 15 to 39 years, except for the childhood cancer registry
of Belarus, which was restricted to individuals up to 19
years old.

Diagnostic Classification and Demographic
Variables

Barr et al’s diagnostic classification for tumors in AYAs was
used.22 Specifically, on the basis of morphology and
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topography, CNS tumors were classified as follows: astro-
cytomas, other gliomas, ependymomas, medulloblastomas
and other primitive neuroectodermal tumors (PNETs),
other specified intracranial and intraspinal neoplasms, or
unspecified intracranial and intraspinal neoplasms. Because
of the significant survival discrepancies, astrocytomas were
also divided into the subcategories of low-grade astrocytic
tumors, glioblastomas and anaplastic astrocytomas, and
astrocytomas not otherwise specified (NOS), whereas
medulloblastomas and other PNETs were divided into
medulloblastomas and supratentorial PNETs (also in
accordance with Barr et al’s diagnostic classification).

In addition, the date and basis of the diagnosis
(according to the recommendations of the European Net-
work for Cancer Registries23), age, sex, and place of resi-
dence at diagnosis (classified as urban, semi-urban, or
rural according to the recommendations of the national
statistical service of each country) were provided by each
registry (except for Croatia and Izmir, Turkey) and were
also extracted from the SEER data. To facilitate a compar-
ison with the SEER data, the semi-urban and urban cate-
gories were merged, and the variable was considered
dichotomized in the analyses.

Follow-Up Data

Follow-up data for each registry included the vital status
for the longest follow-up period available and the date of
last contact. Therefore, based on the date of diagnosis,
survival as an endpoint was assessed. Because of the inade-
quacy of follow-up data for the period before 2007, cen-
tral Serbia was excluded from all survival analyses.
Similarly, death certificate only (DCO) diagnoses and
cases lost to follow-up were excluded from survival
analyses.

Mortality Data

Data on mortality due to CNS tumors at the regional or
national level were provided by the respective national sta-
tistical services. The cause of death for CNS tumors was
coded according to the International Classification of Dis-
eases, Tenth Revision; the codes included C70.0 to C72.9
and C75.1 to C75.3. Official mortality data were not
available for the 2 Romanian registries and the Izmir regis-
try; therefore, they were excluded from the mortality anal-
yses. The US mortality data for the total AYA population,
provided by the National Center for Health Statistics,
were downloaded from the SEER Web site.24 The partici-
pating SEE registries also provided the underlying popula-
tions needed to calculate mortality rates for the respective
registration years by age group, sex, and calendar year,

whereas population data were available online from the
SEER database.

Statistical Analysis

On the basis of the number of deaths by age group (15-
19, 20-24, 25-29, 30-34, and 35-39 years), crude and
age-standardized with the world (Segi) population,25

mortality rates for malignant CNS tumors were calculated
for each registry. Consequently, we estimated annual per-
cent changes in mortality rates with Poisson regression
analysis; to identify potential breaks in time trends, a join-
point regression analysis was additionally implemented.

Kaplan-Meier curves were derived to calculate the
cumulative survival for patients with malignant CNS
tumors 6 months and 1, 2, 3, 5, and 10 years after their
diagnosis with stratification by registry, geographical
region, diagnostic subtype, age group, and sex. Further
analyses, restricted to the most recently available 10 regis-
tration years for each registry, were also performed to pre-
serve comparability among registries with highly
heterogeneous study periods. To evaluate temporal
changes in the overall survival of patients with malignant
CNS tumors in the SEE region, survival rates were calcu-
lated for the registration period 2001-2009, which was
common in the majority of the largest SEE registries; time
trends were evaluated on the basis of survival rates in three
3-year periods (2001-2003, 2004-2006, and 2007-2009).
The log-rank test was used for the statistical evaluation of
differences in survival rates.

Lastly, Cox proportional hazards models were
designed that encompassed the age group, sex, diagnostic
period (in 5-year intervals), diagnostic group, and regis-
try. As an alternative to the registry variable, the place of
residence was introduced into the model. All analyses
were also conducted by geographical region (SEE and
SEER); thereafter, subanalyses were performed by age
group (15-19 and 20-39 years) and by diagnostic cate-
gory and were restricted to cases diagnosed within the
last 10 registration years for each registry and to cases
diagnosed after 2000. Belarusian data were included only
in the subanalyses of the 15- to 19-year age group. Statis-
tical analyses were performed with SAS software (version
9.4; SAS Institute, Inc).

RESULTS

Mortality

Table 1 presents the crude and age-standardized mortality
rates for AYAs with malignant CNS tumors and also the
respective incidence rates to put the mortality rates in con-
text. In addition, the incidence rates by diagnostic group

CNS Tumor Mortality and Survival Rates/Georgakis et al
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are presented in Supporting Table 1. Specifically, age-

standardized mortality rates ranged from 12.2 (Slovenia)

to 18.5 deaths per million (greater Poland) in the SEE

countries, except for Cyprus and Montenegro, whose rates

may not be reliable on account of the small numbers;

overall, the respective rate derived from the US SEER pro-

gram was considerably lower (9.4 deaths per million).

Mortality rates increased by age group in all registries,

with deaths among males outnumbering those among

females (male/female ratio, 1.4-2.0 in SEE countries and

1.5 in the United States). Declining mortality trends were

generally noted in SEE registries and reached statistical

significance in Serbia (1999-2013; annual percent change,

–2.4%) and Slovenia (1990-2013; annual percent change,

–2.4%) without any significant breaks in trends. An

annual mortality decrease of 1.6% was also evident in the

United States; this was, however, restricted to 1990-2007

and was followed by a stable rate thereafter (2007-2012).

Descriptive Registry Characteristics

A total of 11,438 primary malignant CNS tumors were

diagnosed during the registration periods in the areas cov-

ered by the SEE registries, whereas 13,573 cases were

recorded in SEER during 1990-2012. The descriptive

characteristics of the registries along with quality indica-

tors are presented in Table 2. The very low mortality/inci-

dence (M/I) ratios noted in Cyprus (0.1) and Montenegro

(0.0) and the very high Maltese rate (0.7) should be inter-

preted within the context of the very low number of inci-

dent cases and deaths in the respective registration

periods; on the other hand, central Serbia also had a very

low M/I index in comparison with the other registries

(0.35), and this can possibly be explained by the very high

incidence rate in the region. The M/I ratios for the

remaining registries were comparable and ranged from

0.49 (Croatia) to 0.63 (greater Poland). The proportion

of DCO diagnoses was <3% in all SEE registries except

for Cyprus (5.8%) and the 2 Romanian registries (12.2%

and 12.5%); this was notably not significantly different

from the proportion in SEER (0.6%). In comparison

with SEER (92.3%), the proportion of microscopically

verified cases was considerably lower in SEE registries and

ranged from 71.4% to 85.1%; at the extremes were the

very low microscopically verified proportion in the Croa-

tian registry (57.2%) and the high values in the Slovenian

registry (96.4%) and the 2 Portuguese registries (91.9%

and 93.5%). The vast majority of the cases (96.5%) had

active follow-up with a mean follow-up duration of 6.3 6

5.9 years.

Survival by Age, Sex, Geographical Region, and
Diagnostic Subtype

After the exclusion of DCO diagnoses, cases lost to
follow-up, and the central Serbian registry data, a total of
10,078 primary CNS tumor cases from SEE registries and
another 13,010 from SEER were included in the survival
analyses. As shown in Table 3, the overall 5-year survival
rate of AYAs with malignant CNS tumors was 46% in
SEE registries; this unfavorable figure is statistically signif-
icantly lower than the rate of 67% in SEER (P < .001).
Although survival was highly variable by histological sub-
type, SEER data presented more favorable survival across
all subtypes and all time intervals examined since diagno-
sis. In particular, ependymoma was the subtype with the
most favorable outcome (5-year survival, 76% in SEE vs
92% in SEER), and it was followed by other specified
intracranial and intraspinal neoplasms (71% in SEE vs
84% in SEER), other gliomas (63% in SEE vs 80% in
SEER), and low-grade astrocytomas (59% in SEE vs 76%
in SEER). Glioblastomas and anaplastic astrocytomas
were by far the tumors with the worst prognosis (5-year
survival, 28% in SEE vs 37% in SEER). Worth noting is
the vast disparity between the SEE registries and SEER
regarding survival in the category of unspecified neo-
plasms (5-year survival, 36% in SEE vs 72% in SEER),
which should be interpreted in the context of the much
higher proportion of SEE cases lumped in this category
(30% vs 2.5% in SEER).

Survival for patients with malignant CNS tumors
overall in the individual SEE registries is presented in Sup-
porting Table 2 (see online supporting information). The
5-year survival rate ranged from 52% to 65% but was less
than 50% in Ukraine (38%) and Slovenia (49%). In cross-
country comparisons during the most recent and rather
common (last 5- or 10-year) registration periods, improve-
ments in survival, noted in the majority of the countries,
led to diminished differences across the largest registries
with the exception of a persistently low survival rate in
Ukraine, which influenced the overall SEE performance.

Figure 1 depicts age-specific 5-year survival rates for
patients with malignant CNS tumors by the histological
subtype in SEE and SEER. Increasing age was associated
with worse outcomes for astrocytic tumors (low-grade
astrocytomas, glioblastomas and anaplastic astrocytomas,
and astrocytomas NOS) and other gliomas in both the
SEE registries and SEER (P < .001) and for unspecified
neoplasms only in the SEE registries. On the contrary, a
trend of higher survival with increasing age groups was
noted among patients with ependymomas in the SEE reg-
istries (P 5 .04).
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Survival differences by sex were also evident (Sup-

porting Fig. 1 [see online supporting information]). In

particular, female sex was associated with higher survival

rates for astrocytomas NOS and other gliomas in both the

SEE registries (P 5 .003 and P 5 .03, respectively) and

SEER (P < .001 for both subtypes), for low-grade astro-

cytomas (P< .001), glioblastomas and anaplastic astrocy-

tomas (P < .001), and unspecified neoplasms (P 5 .01)

in SEER, and for other specified neoplasms in SEE

(P 5 .008).

Temporal Trends in Survival

Figure 2 depicts Kaplan-Meier–derived 5-year survival

curves for 2001-2003, 2004-2006, and 2007-2009 for

the 9 SEE registries that contributed data for this period

and for the US SEER program. Improving trends in sur-

vival (P < .001) were recorded in both regions, with 5-

year survival rates increasing from 41% to 46% in SEE

and from 65% to 72% in SEER. The low number of cases

did not allow further comparisons by diagnostic subtype

to evaluate whether these improvements pertained to spe-

cific histologies.

Cox Analysis: Prognostic Factors

The unadjusted Kaplan-Meier–derived trends were repli-

cated in multivariate Cox models (Table 4); notably, the

diagnosis for older age groups (vs 15- to 19-year-olds) and

male sex were inversely associated with the outcome. All

other diagnostic subtypes were associated with worse sur-

vival in comparison with ependymomas, whereas

TABLE 3. Kaplan-Meier–Derived Overall Survival for Adolescents and Young Adults (15-39 Years Old) With
Malignant (ICD-O-3 Behavior Code 3) CNS Tumors 6 Months and 1, 2, 3, 5, and 10 Years After Their Diagno-
sis by Diagnostic Group in 13 SEE Cancer Registries and the US SEER Program

Diagnostic Group

Overall Survival, % (95% CI)

6 mo 1 y 2 y 3 y 5 y 10 y

Specified low-grade astrocytic tumors

SEE 96 (94-98) 91 (88-93) 84 (81-87) 77 (73-80) 59 (54-63) 42 (37-47)

US SEER 98 (96-98) 96 (94-97) 89 (87-91) 84 (81-86) 76 (72-79) 60 (56-64)

Glioblastomas and anaplastic

astrocytomas

SEE 82 (80-83) 67 (65-69) 48 (46-51) 39 (37-41) 28 (26-30) 16 (15-18)

US SEER 91 (90-92) 80 (78-81) 59 (57-60) 48 (46-49) 37 (35-39) 27 (25-29)

Astrocytomas NOS

SEE 86 (84-88) 81 (78-82) 72 (70-74) 66 (63-68) 55 (52-57) 38 (35-41)

US SEER 97 (96-98) 94 (93-95) 88 (87-90) 82 (80-84) 72 (69-74) 57 (54-60)

Other gliomas

SEE 94 (92-95) 89 (87-90) 81 (79-83) 75 (72-77) 63 (60-66) 44 (40-48)

US SEER 98 (98-99) 96 (95-97) 91 (90-92) 87 (86-88) 80 (79-81) 65 (63-67)

Ependymomas

SEE 93 (90-95) 90 (86-92) 85 (81-88) 80 (76-84) 76 (71-80) 69 (64-74)

US SEER 99 (98-99) 98 (97-99) 96 (94-97) 95 (93-96) 92 (90-94) 90 (87-92)

Medulloblastomas

SEE 94 (91-97) 89 (84-92) 79 (73-83) 72 (66-77) 57 (50-63) 43 (36-50)

US SEER 96 (94-98) 93 (91-95) 89 (86-92) 85 (82-88) 78 (74-82) 70 (65-74)

Supratentorial PNETs

SEE 86 (79-90) 79 (71-84) 59 (51-67) 52 (43-60) 41 (33-50) 32 (23-41)

US SEER 95 (92-97) 84 (80-87) 68 (63-72) 58 (53-63) 53 (47-58) 46 (41-52)

Other specified intracranial

and intraspinal neoplasms

SEE 92 (89-94) 87 (84-90) 81 (77-84) 77 (72-80) 71 (66-75) 63 (57-68)

US SEER 96 (93-98) 94 (90-96) 91 (87-94) 88 (84-92) 84 (79-88) 79 (73-84)

Unspecified intracranial

and intraspinal neoplasms

SEE 62 (60-64) 55 (52-55) 46 (44-47) 41 (39-43) 36 (34-38) 29 (27-31)

US SEER 90 (85-93) 86 (81-90) 80 (74-85) 75 (68-80) 72 (65-77) 71 (64-76)

Overall malignant CNS tumors

SEE 81 (80-81) 72 (71-73) 62 (61-63) 55 (54-56) 46 (45-47) 34 (33-35)

US SEER 96 (95-96) 91 (90-91) 81 (81-82) 75 (75-76) 67 (66-68) 56 (54-57)

Abbreviations: CI, confidence interval; CNS, central nervous system; ICD-O-3, International Classification of Diseases for Oncology, Third Edition; NOS, not

otherwise specified; PNET, primitive neuroectodermal tumor; SEE, Southern-Eastern Europe; SEER, Surveillance, Epidemiology, and End Results.

The classification by diagnostic groups was performed according to the classification of cancers in adolescents and young adults proposed by Barr et al.22

Serbia was excluded from the survival analysis because of a lack of follow-up data for cases diagnosed before 2007. Belarus was excluded from the overall

survival analysis because the childhood registry had data available only for cases within the age range of 15 to 19 years.

CNS Tumor Mortality and Survival Rates/Georgakis et al

Cancer Month 00, 2017 7



glioblastoma and anaplastic astrocytoma patients and
patients diagnosed with supratentorial PNETs were at
highest risk for death (7- and 5-fold, respectively, in com-
parison with ependymoma patients). In comparison with
SEER, a significantly increased risk of death was noted for
malignant CNS tumors in all SEE registries besides the
Croatian, Montenegrin, greater Poland, and 2 Romanian
registries. Interestingly, CNS tumor patients residing at
the time of diagnosis in rural areas had a 36% increased
risk of death in comparison with individuals residing in
urban or semi-urban areas.

In analyses stratified by age group (15-19 and 20-39
years; see Table 4), males seemed to have worse outcomes

only in the older age group, whereas disparities in survival
by histological subtype were generally narrower in the 15-
to 19-year age group. In particular, in contrast to older
individuals, patients aged 15 to 19 years with low-grade
astrocytomas, astrocytomas NOS, other gliomas, and
other specified intracranial and intraspinal neoplasms
were not at increased risk of death in comparison with
ependymoma patients. Conversely, the negative effect of
rural residency was clearly evident in both age groups.

The findings were similar when SEE data were ana-
lyzed separately from SEER data (Supporting Table 3 [see
online supporting information]). The effect estimates for
age groups, histological subtypes, and rural residency at

Figure 1. Age-specific 5-year overall survival for adolescents and young adults (15-39 years old) with malignant (ICD-O-3 behav-
ior code 3) central nervous system tumors in 13 SEE cancer registries and the US SEER program by diagnostic group. The diag-
nostic classification was performed in accordance with Barr et al.22 The error bars correspond to the 95% confidence intervals.
Central Serbia was excluded from the survival analyses because of the unavailability of follow-up data for cases diagnosed before
2007. Belarus was included only in the analysis of the 15- to 19-year age group. ICD-O-3 indicates International Classification of
Diseases for Oncology, Third Edition; NOS, not otherwise specified; PNET, primitive neuroectodermal tumor; SEE, Southern-
Eastern Europe; SEER, Surveillance, Epidemiology, and End Results.
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diagnosis were identical for the 2 geographical regions,
although the effect estimate for male sex was higher in
SEER (hazard ratio [HR], 1.26; 95% confidence interval
[CI], 1.19-1.34) versus SEE (HR, 1.08; 95% CI, 1.02-
1.13). The analyses by registry, where meaningful,
showed similar results for age, histological diagnosis, and
rural residency across the registries, whereas the aggravat-
ing male effect was statistically significant only in some of
the large registries (Croatia, northern Portugal, Slovenia,
and Ukraine); however, the effect size was in the same
direction for all of them (data not shown). Restricting the
analyses to the last 10 registration years for each registry
and to all cases diagnosed after 2000 did not materially
change the findings (data not shown).

To identify potential histology-specific determi-
nants of outcomes, the Cox analysis was repeated by histo-
logical subtype (data not shown). Interestingly, male sex
was an independent negative predictor of outcome for all
astrocytic tumors (low-grade astrocytomas, glioblastomas
and anaplastic astrocytomas, and astrocytomas NOS),
other gliomas, and other specified intracranial and intra-
spinal neoplasms, but it had no impact on ependymomas,
embryonal tumors (medulloblastomas and supratentorial
PNETs), and unspecified neoplasms. The negative impact
of increasing age was clearly evident for low-grade astrocy-
tomas, astrocytomas NOS, and unspecified neoplasms,
although this was more prominent in the former (HR for
35-39 vs 15-19 years, 3.16; 95% CI, 2.24-4.46). Among
glioblastoma and anaplastic astrocytoma patients,
although no trend effect was evident, subjects in the oldest
group (35-39 years) were also at increased risk for death

(HR, 1.21; 95% CI, 1.08-1.37). Similarly, in comparison
with 15- to 19-year-olds, the diagnosis of supratentorial
PNETs at 30 to 34 years was also associated with a higher
risk of death. Conversely, increasing age seemed to have a
positive effect on ependymoma outcomes; ependymoma
patients diagnosed at the ages of 30 to 34 and 34 to 39
years had almost half the risk of death in comparison with
15- to 19-year-old individuals (HRs, 0.51 [95% CI, 0.33-
0.78] and 0.58 [95% CI, 0.39-0.89]).

DISCUSSION
This study is the first comprehensive overview of mortal-
ity and survival patterns of malignant CNS tumors in the
distinct age group of AYAs (15-39 years old) derived from
several SEE registries. Higher mortality rates and,
inversely, lower survival rates in comparison with the
respective US rates (assessed from publicly available SEER
data) were found across all age groups and tumor sub-
types. Survival gains were reflected in the declining
mortality rates in the majority of the SEE registries (1990-
2014) and the increasing survival rates in 2001-2009.
Glioblastoma and anaplastic astrocytoma patients still
had the worst prognosis. Increasing age and male sex were
identified as independent negative predictors, although
the patterns varied by tumor subtype; in line with findings
for other types of cancer, there seemed to be persistent
inequalities in prognosis and health care delivery, as
reflected in worse prognoses for those residing in rural
areas and less financially privileged countries.

As expected, our findings from the US SEER 18
data analyses approximated those recently reported by the

Figure 2. Kaplan-Meier–derived 5-year survival curves for malignant (ICD-O-3 behavior code 3) CNS tumors diagnosed among
adolescents and young adults (15-39 years old) in 9 SEE registries and the US SEER program during 2001-2009 in 3-year inter-
vals. Registries providing data for the entire 2001-2009 time period included Croatia, Cyprus, Malta, greater Poland, central Por-
tugal, northern Portugal, Slovenia, Izmir (Turkey), and Ukraine. CNS indicates central nervous system; ICD-O-3, International
Classification of Diseases for Oncology, Third Edition; SEE, Southern-Eastern Europe; SEER, Surveillance, Epidemiology, and End
Results.
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Central Brain Tumor Registry of the United States,9

which includes the whole US population; likewise, the
population-based analyses conducted in the context of the
EUROCARE, a large collaborative cancer registry project,
operating in the overall European region (2000-2007)
showed an outcome rate (5-year survival, 57%) for AYAs
with malignant CNS tumors rather intermediate between
those we calculated for SEE and SEER.3 Notably, there
are wide variations within the European region; indeed,
the survival patterns derived from German data (2002-
2006) for the age groups of 15 to 29, 30 to 39, and 40 to
49 years were similar to those from SEER for low-grade
astrocytomas, glioblastomas and anaplastic astrocytomas,
astrocytomas NOS, and other gliomas.26 Comparisons of
the most recent UK findings (5-year survival [2001-
2005], 82% and 71% for individuals aged 13-24 and 25-
49 years, respectively) with our data are not feasible
because they also included nonmalignant CNS tumors.7

In accordance with previous studies of childhood CNS
tumors15,17 and other childhood and adult cancers,27-29

rural residence was also associated with a worse prognosis;
this indicates the important role of socioeconomic status
and health care delivery in outcomes and that there is
room for further improvements at a population level.

Besides the definite role of socioeconomic differ-
ences in the observed prognosis disparities between SEE
and the United States, other parameters should also be
taken into account. In particular, access to the health care
system, the availability of specified neuro-oncological cen-
ters in the United States, the improved neurosurgical out-
comes in the United States, the vast difference in the
proportion of patients included in clinical trials (which
affect survival), and the differences in treatment-related
factors, including the type of adjuvant therapy, the aggres-
siveness of relapse treatment, and supportive care, could
partly explain the discrepancies.30,31 Furthermore, the
availability of temozolomide and the possible delay in its
incorporation into clinical practice in the SEE countries
could also play a role in the observed disparities, especially
for high-grade gliomas.32 However, the completeness of
registration is an additional important factor; in particu-
lar, if less aggressive tumors are more likely to slip registra-
tion in SEE registries because of their management in
non-oncology departments, then a phenomenally lower
survival rate might emerge. Lastly, the variable ethnic dis-
tribution in the US population could have had an impact
on the higher survival and lower mortality rates (in com-
parison with SEE) that were observed in the study.

Nevertheless, outcome differences for malignant
CNS tumors were also evident when comparisons were

made across the SEE registries. In particular, Croatia,

greater Poland, Cluj, and Izmir reported 5-year survival

rates higher than 60%, which were comparable to the

SEER rate (67%), with the remaining registries reporting

somewhat lower rates between 50% and 60%. The gap

between the SEE region and SEER was, however, exagger-

ated because of the extremely low 5-year overall survival

rate in Ukraine (38%), which contributed more than half

of the SEE cases. In addition to the economic disadvan-

tages of the country (the only one participating that was

classified as a lower middle income country33), this low

rate should be interpreted in the context of incidence,

mortality, and registration issues. In particular, the overall

mortality rate in Ukraine did not seem to be higher than

the rates in the other SEE countries. Concurrently the

increasing incidence over the registration period along

with the high proportion of histologically unspecified

cases possibly indicated incomplete registration in the first

active years of this nationwide registry. Because the cases

most easily slipping registration were the ones with the

best prognosis and could also have been treated outside

collaborating oncology departments, this could have led

to a recording of cases with a phenomenally worse average

prognosis.
Despite these disparities, survival gains in SEER, as

previously reported,9,34 and in the SEE region over the

period 2001-2009 should be noted; they were also evident

in declining mortality trends in the majority of the SEE

registries and reached statistical significance in Serbia and

Slovenia. Similar increases in 5-year survival or declining

mortality trends have also been reported over the last years

in the overall European region,3 Australia,35 the United

Kingdom,36 and Brazil,37 and this indicates that AYAs

seem to also enjoy as time progresses the previously

reported advancements in children and older adults with

CNS cancer.
Besides the disease type and the effects of socioeco-

nomic variables, however, nonmodifiable demographic

factors seem to independently affect outcomes and shape

the international variation of rates. In line with the litera-

ture,3,9 increasing age among AYAs diagnosed with malig-

nant CNS tumors is a negative prognostic factor. This was

confirmed in our findings for both the SEE region and

SEER, and the impact was furthermore quantified by

tumor subtype; this allowed the identification of specific

patterns by disease subtype. Specifically, increasing age

was more detrimental for all astrocytic tumors, other glio-

mas, and supratentorial PNETs but had an inverse posi-

tive effect for ependymomas.

CNS Tumor Mortality and Survival Rates/Georgakis et al
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Survival differences by sex have also been previously

described along with an overall higher incidence of spe-

cific subtypes of CNS tumors in males.9,38 Our study also

showed that male sex was independently associated with a

worse prognosis, especially among older individuals and

those diagnosed with astrocytomas, other gliomas, and

other unspecified neoplasms. In contrast, in our previous

studies of SEE data focusing on children, no sex difference

in survival was identified for malignant CNS tumors17; an

even better prognosis for males was noted with nonmalig-

nant childhood pilocytic astrocytoma.15 Several mecha-

nisms have been implicated as contributing to the overall

male vulnerability to CNS carcinogenesis.39 Interestingly,

sex disparities in CNS tumor incidence and survival are

also evident across different molecular subtypes of the

same histological diagnosis.40 This finding highlights the

need for a more comprehensive and subtype-specific focus

to better clarify the underlying mechanisms of sex differ-

ences in CNS tumorigenesis.
The overall prognosis of AYAs with malignant CNS

tumors in the SEE region (5-year survival, 46%) does not

actually differ from the overall prognosis that we recently

reported for children residing in SEE (5-year survival,

47%)17; this lack of a survival gap between the 2 age

groups is in line with the recent EUROCARE report from

Europe3 and the Central Brain Tumor Registry of the

United States report from the United States.9 Valid com-

parisons between children and AYAs, however, should

take into account the differential epidemiology of CNS

tumors. Because the proposed classifications for chil-

dren41 and AYAs6 are almost identical, when we examined

the differences across the diagnostic subcategories, higher

5-year survival rates with ependymal (76% vs 51%) and

embryonal tumors (52% vs 41%) were evident among

AYAs versus children, but the rates were lower with astro-

cytomas (41% vs 61%) and other specified intracranial

and intraspinal neoplasms (36% vs 58%). The worse out-

comes of children with embryonal tumors and ependymo-

mas have been reported in the past and could be

attributed to the aggressiveness of these tumors in infants

and young children.42,43 On the other hand, the decreas-

ing survival rates observed for astrocytomas with increas-

ing age could at least partially be explained by the

increasing incidence of high-grade astrocytic tumors as

age advances. Therefore, despite the worse cancer out-

comes reported among AYAs versus children, these spe-

cific findings as well as the weight of the different

histological types in shaping the overall survival figures

should be taken into account to determine whether

survival among children largely differs from survival
among AYAs with respect to CNS tumors.7

The variable study periods across the SEE registries
could have affected our findings for SEE as well as the
comparisons with the SEER data because of the temporal
diagnostic and therapeutic improvements in the manage-
ment of CNS tumors. Among the registry quality indica-
tors, the DCO percentages were low, but the low
proportion of morphologically verified cases, leading to a
high percentage of cases of unspecified histology in the
SEE registries, should be taken into account when one is
interpreting the results pertaining to specific diagnostic
subtypes. Most importantly, because of the extremely low
survival rates of this diagnostic category in SEE (the 5-
year survival rate was 36% and was higher only than the
rate for the glioblastoma/anaplastic astrocytoma cate-
gory), if they were correctly classified in the respective cat-
egories, it is possible that this would lead to a widening of
the gap in prognosis between the SEE region and the
United States. What should also be considered are the dif-
ficulties associated with the neuropathological diagnosis
of CNS tumors; because of the unavailability of modern
facilities for evaluating specific molecular and genetic
characteristics of some tumor subtypes, especially in less
affluent SEE countries, the proper histological classifica-
tion of tumors can be very challenging.44 The consequent
misclassifications, which seem to also be supported by the
high proportion of unspecified cases in SEE, necessitate
the careful interpretation of findings by tumor subtypes.
Moreover, the fact that only the vital status was available
(so the relative survival rates could not be estimated) and
the fact that more detailed individual clinical data were
not unavailable are among the inherent limitations; as for
the former, it could not be excluded that differences in
mortality due to other causes between SEE and SEER
could at least partially explain the observed vast dispar-
ities. Lastly, the unavailability of and nonpublic access to
primary data from the European region, which would
probably constitute a reference population closer to SEE
in comparison with SEER, are considered a drawback of
our study. In this context, the heterogeneity of the actual
health care systems, the medical approaches, and the
genetic compositions of the populations in SEE and the
United States should be taken into account. On the posi-
tive side, the large sample size, the in-depth analysis of the
available data by CNS tumor subtypes, and the availabil-
ity of the primary SEER data for comparison are the main
strengths of the study.

In conclusion, this study has identified considerable
outcome discrepancies between the less affluent SEE
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registries and the US SEER program for malignant CNS
tumors in the age group of AYAs (15-39 years), which
indicate international inequalities in health care delivery
systems. Nevertheless, the declining mortality rates and
the patterns of increasing survival in both geographical
regions during the examined time periods probably reflect
the diagnostic and therapeutic advancements of the last
decades in the management of these fatal malignancies. In
contrast to other cancer types, no significant differences in
prognosis were identified between AYAs and the younger
age group (0-14 years). Nonmodifiable factors, including
age and sex, independently affect outcomes, and this
points to the need for potentially targeted treatment
modalities by age group and sex. The optimization of can-
cer registration policies and the further recording of clini-
cal and molecular data will allow us to explore the
identified discrepancies by disease subtype at a population
level.
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