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incidence, time trends, survival and tentative outcome dis-
parities of childhood PA by sociodemographic and clini-
cal features. Childhood PA were retrieved from 12 SEE 
registries (N = 552; 1983–2014) and SEER (N = 2723; 
1973–2012). Age-standardized incidence rates (ASR) were 
estimated and survival was examined via Kaplan–Meier 
and Cox regression analysis. ASR of childhood PA dur-
ing 1990–2012 in SEE was 4.2/106, doubling in the USA 
(8.2/106). Increasing trends, more prominent during ear-
lier registration years, were recorded in both areas (SEE: 
+4.1 %, USA: +4.6 %, annually). Cerebellum comprised 

Abstract Pilocytic astrocytomas (PA) comprise the most 
common childhood central nervous system (CNS) tumor. 
Exploiting registry-based data from Southern and East-
ern Europe (SEE) and SEER, US, we opted to examine 
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Despite their high incidence, there is a paucity of popu-
lation-based studies on the epidemiology of childhood PA. 
The latest annual age-standardized incidence rate (ASR) 
in the US is 9.3 per million children [2], whereas studies 
from the UK and Switzerland, report annual ASRs of 7.5 
(1995–2003) and 8.3 (1980–1994) per million, respectively 
[5, 6]. Increasing incidence trends have been reported in the 
US during the last decades [7, 8], whereas studies in Europe, 
referring to astrocytomas in general, have also shown over-
all increasing patterns [9–11].

The excellent prognosis of childhood PA following sur-
gical resection is reflected in a 10-year survival exceeding 
90 % [2, 5, 12]. Despite their treatable nature, however, 
disparities in outcome have been recorded even between 
countries availing high health coverage and quality health-
care [13]. Tumor-specific characteristics, like location, 
percentage of resection, leptomeningeal dissemination and 
pathologic features have been reported to influence prog-
nosis [14], whereas less is known on survival disparities by 
sociodemographic variables.

To this end, we opted to comprehensively explore the 
epidemiology of childhood PA using population-based data 
from an informal cancer registries network in Southern and 
Eastern Europe (SEE 1983–2014) and the Surveillance Epi-
demiology and End Results Program (SEER 1973–2012), 
US. Exploiting the largest to-date primary dataset on child-
hood PA, we sought to assess incidence, and temporal trends, 
as well as, to describe basic demographic (age, gender) and 
clinical (topography) characteristics. More importantly, we 
aimed to unveil potential predictors of disease outcome 
and seek for cross-country disparities, probably reflecting 
healthcare system inequalities.

the most common location, apart from infants in whom 
supratentorial locations prevailed. Age at diagnosis was 1 
year earlier in SEE, whereas 10-year survival was 87 % in 
SEE and 96 % in SEER, improving over time. Significant 
outcome predictors were age <1 year at diagnosis diag-
nosis (hazard ratio, HR [95% confidence intervals]: 3.96, 
[2.28–6.90]), female gender (HR: 1.38, [1.01–1.88]), resi-
dence in SEE (HR: 4.07, [2.95–5.61]) and rural areas (HR: 
2.23, [1.53–3.27]), whereas non-cerebellar locations were 
associated with a 9- to 12-fold increase in risk of death. 
The first comprehensive overview of childhood PA epide-
miology showed survival gains but also outcome discrep-
ancies by geographical region and urbanization pointing 
to healthcare inequalities. The worse prognosis of infants 
and, possibly, females merits further consideration, as it 
might point to treatment adjustment needs, whereas expan-
sion of systematic registration will allow interpretation of 
incidence variations.

Keywords Pilocytic astrocytomas · Childhood ·  
CNS tumors · Cancer registries · Survival · Incidence

Introduction

Pilocytic astrocytomas (PA) represent 20 % of total central 
nervous system (CNS) tumors among children (0–14 years) 
[1], comprising the most common histological subtype in 
this age group [2, 3]. They are characterized by special his-
topathological features, and are classified as of borderline 
behavior tumors due to their considerably good prognosis 
(International Classification of Diseases for Oncology, third 
edition; ICD-O-3) [4].
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was classified to supratentorial site (C71.0–C71.5, C75.1–
C75.3), cerebellum (C71.6), optic nerve (C72.3), brainstem 
(C71.7), spinal cord (C72.0), tumors in overlapping (C71.8) 
locations and brain PA of unspecified topography (C71.9).

Place of residence

SEE registries, except for Croatia, provided information on 
place of residence, classified as urban, semi-urban, rural. 
The classification was different for each country and was 
based on the respective guidelines of the National Statistical 
Services, which have already taken into account the special 
needs of each country’s population [22]. For comparabil-
ity with SEER classification, a dichotomization to rural and 
urban place of residence (incorporating “urban” and “semi-
urban” categories) was applied.

Follow-up data

Survival, as an endpoint, was assessed on the basis of date 
of diagnosis, date and status at last contact or lost to follow-
up date. As all-cause mortality is negligible in children 0–14 
years, the observed survival closely reflects the disease out-
come. Death certificate only (DCO) and lost to follow-up 
cases were excluded from survival analysis.

Statistical analysis

Crude incidence rates (CIRs) by age group (0–4, 5–9, 10–14 
years) and age-standardized incidence rates (ASR) per mil-
lion children, using the World (Segi) standard population, 
were calculated for PA. Annual percent changes (APC) of 
incidence rates were estimated using Poisson regression 
analysis. Given the low numbers of PA cases in individual 
SEE registries and the consequent inadequacy to unveil 
temporal trends, incidence rates and time trends were also 
estimated for all participating SEE registries combined dur-
ing the periods 1990–2012 and 2000–2012 [23], when the 
majority of registries were active; for SEER estimations 
pertained to the periods 1973–2012, 1990–2012, 2000–
2012. Joinpoint regression analyses were performed to 
identify potential breaks in trends, whereas trends of astro-
cytomas NOS (ICD-O-3 coding: 9400) were also examined 
to explore tentative improvement of classification over time.

Consequently, Kaplan–Meier analysis was conducted for 
the overall sample, as well as stratified by age group, gender, 
topography, geographical region and diagnostic period and 
cumulative survivals for the 6-month, 1–3-, 5- and 10-year 
periods since diagnosis were calculated. Lastly, Cox pro-
portional-hazard models were designed encompassing age, 
gender, diagnostic period and topography in a core model 
and subsequently, geographical region and place of resi-
dence interchangeably. SEE and SEER data were combined 

Methods

Participating registries

The informal SEE network, established in the context of the 
EUROCOURSE project [11, 15–17], includes 14 childhood 
cancer registries (Belarus, Bulgaria, Croatia, Cyprus, Greece, 
Malta, Central Portugal, North Portugal, Romania-Cluj, North-
east Romania, Serbia, Slovenia, Ukraine, Turkey-Izmir) operat-
ing in 12 countries and coordinated by the Nationwide Registry 
of Childhood Hematological Malignancies and Brain Tumors 
(NARECHEM-BT) in Greece [11, 17]. Individual registries, 
provided primary data on incident CNS tumors diagnosed dur-
ing variable registration periods expanding from 1983 to 2014.

Additionally, following signing of a Research Data 
Agreement, data on childhood CNS tumors were extracted 
from the SEER database, covering 18 cancer registries 
across US during 1973–2012 [18].

Pilocytic astrocytomas ascertainment

Morphology/behavior

All CNS tumors were codified by morphology and behav-
ior using ICD-O-3 [19] and were classified according to the 
International Classification for Childhood Cancer, third edi-
tion (ICCC-3) [20]; PA cases (morphology code 9421) were 
thereafter extracted.

According to ICD-O-3, established in 2001, PA are classi-
fied as tumors of uncertain behavior, whereas precedent clas-
sifications considered them malignant [19]. Serbia and Cyprus, 
collecting solely malignant tumors, were excluded from analy-
ses, whereas Ukraine starting registration in 2001 confirmed 
the non-systematic collection of PA and was, thus, excluded 
from incidence analysis; yet, Ukrainian data were retained in 
survival analysis given a random recording of PA cases. Bul-
garia, despite pertaining to malignant tumors, confirmed that it 
maintained systematic collection of PA after the classification 
change. In SEER, PA were systematically collected as malig-
nant tumors until 2001; although registration of non-malignant 
tumors officially started in 2004, an informal ongoing registra-
tion of PA was preserved in SEER during 2001–2004.

Registry definition of PA, might include either mor-
phologically verified cases, or less usually cases clinically 
defined without available histological examination or cases 
defined solely by the death certificate. Nevertheless, non-
histologically verified cases might definitely be missed in 
the NOS categories.

Topography

Topography was coded via the International Statistical 
Classification of Diseases-10th Edition (ICD-10) [21] and 
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represented 22.6 % of astrocytomas among SEE, with sig-
nificant cross-registry disparities and 29.7 % in SEER. The 
vast majority of cases (98 %) were followed-up and there-
fore included in the survival analysis; mean follow-up dura-
tion was 8.8 years. Details on the registries included in each 
analysis are presented in Fig. 1.

Incidence rates and time trends

The combined ASR of PA (Table 1) in SEE in 1990–2012 was 
4.2/106 children increasing to 5.1/106 during the most recent 
2000–2012 period. In SEER, PA incidence was 7.1/106 dur-
ing the entire 1973–2012 registration period and twice as 
high (8.4/106) compared to SEE during 1990–2012. Statis-
tically significant increasing trends were recorded in both 
areas (annually, SEE: +4.1 %, 1990–2012; SEER: +4.6 %, 
1973–2012); yet, the Joinpoint analysis revealed time-points 
when the rapid increase in incidence was smoothed. In par-
ticular, in SEER the 11.1 % annual increase until 1995 was 
followed by a smaller increase of 1.3 %, whereas in SEE 
registries a break in 1997 was noted, when the pronounced 
until then, annual rise of 17.8 % was substituted by a non-
significant 1.1 % increasing pattern. Examination of the 
temporal trends in PA as compared to those of astrocytoma 
NOS (Supplemental Figure S1) revealed mirror temporal 
patterns in SEER (PA +4.6 %, astrocytomas NOS −4.3 %). 
On the other hand, the PA increase in SEER was accompa-
nied by a rather stable incidence of astrocytomas NOS.

in the main analysis, as to increase statistical power, but 
due to the profound differences in survival between the two 
regions, stratified analyses were also performed. Cox analy-
sis was repeated stratified by geographical region, excluding 
Ukranian data, and restricted to cases diagnosed after 1990 
and after 2000.

SAS software (V9.4, SAS Institute Inc), Joinpoint 
Regression Program (V4.1.1, National Cancer Institute) 
and STATA (V13.0, StataCorp) were used for statistical 
analyses.

Results

Descriptive registry characteristics

SEE registries amounted 552 PA cases (1983–2014), 
whereas 2,723 PA cases were derived from the SEER data-
base (1973–2012). Characteristics of the participating reg-
istries along with quality indicators [24] are presented in 
Supplemental Table S1. Out of the 12 SEE registries, seven 
have nationwide coverage, whereas SEER covers 29 % of 
childhood US population. No DCO cases were identified in 
SEE and only one in SEER and morphologically verified 
(MVs) cases comprised 97 % of the total in both areas. PA 
represented 41.5 % of astrocytomas in SEE and 55.0 % in 
SEER, accounting for 19.0 and 25.2 % of all childhood CNS 
tumors, respectively. By contrast, astrocytomas NOS cases 

SEE registries

Belarus (1990-2012) Na�onal coverage

Bulgaria (1990-2012) Na�onal coverage

Croa�a (2001-2011) Na�onal coverage

Cyprus Na�onal coverage

Greece (2009-2014) Na�onal coverage

Turkey, Izmir (1993-2010) Regional coverage (5% of total)

Malta (1995-2012) Na�onal coverage

Portugal central (1990-2009) Regional coverage (23% of total)

Portugal north (1995-2009) Regional coverage (23% of total)

Romania Cluj (2008-2009) Regional coverage (17% of total)

Romania Iasio (2008-2011) Regional coverage (13% of total)

Serbia Regional coverage (77% of total)

Slovenia (1983-2011) Na�onal coverage

Ukraine (2000-2012) Na�onal coverage

SEER (1973-2012) Regional coverage (29% of total)

Included

Belarus (N=203)

Bulgaria (N=37)

Croa�a (N=38)

Greece (N=43)

Turkey, Izmir (N=50)

Malta (N=9)

Portugal central (N=36)

Portugal north (N=57)

Romania Cluj (N=6)

Romania Iasio (N=5)

Slovenia (N=51)

SEER (N=2,723)

Incidence and �me trends analysis Survival analysis

Excluded

Serbia, Cyprus: 
No collec�on of PA

Ukraine: 
No systema�c 

collec�on of PA

Included

Belarus (N=203)

Bulgaria (N=37)

Croa�a (N=38)

Greece (N=43)

Turkey, Izmir (N=48)

Malta (N=9)

Portugal central (N=36)

Portugal north (N=57)

Romania Cluj (N=6)

Romania Iasio (N=5)

Slovenia (N=50)

Ukraine (N=17)

SEER (N=2,675)

Excluded

Serbia, Cyprus: 
No collec�on of PA

From all registries: 
cases with unknown 

follow-up

Par�cipa�ng registries

Fig. 1 Flow diagram of the inclusion of participating registries in the analyses
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Although cumulative 10-year survival approached 95 % 
reflecting the rather curable nature of PA, significant dis-
parities between SEE and SEER were noted with the for-
mer presenting poorer outcomes (10-year survival 87 % 
vs. 96 %, p < 0.001). Among SEE registries, only Belarus 
had a 10-year survival >90 %, whereas the highest 5-year 
survival (95.4 %) was recorded in Greece, which, however, 
availed data only for the most recent registration period 
(2009–2014).

PA presented significantly lower survival among infants 
in SEER (p < 0.001; Fig. 3a), as well as a marginally lower 
survival in SEE (p = 0.09; Fig. 3b), whereas no significant 
difference was found by gender (Fig. 3c, d). Tumors located 
in cerebellum had an excellent 10-year survival (99 %), 
which was significantly higher compared to non-cerebellar 
PA in both SEE and SEER (p < 0.001; Fig. 3e, f).

Improvements in PA outcome were evident for both SEE 
and SEER over registration periods (Supplemental Figure 
S2). In SEER the improvement in the already high 5-year 
survival was limited to the period until 1990, being stably 
>95 % thereafter. On the contrary, the increase in 5-year sur-
vival in SEE registries showed a significant increase from 

Demographic and clinical characteristics

PA cases were evenly distributed by age group and gender 
(male-to-female ratio: 1.02; Table 2); compared to SEE, how-
ever, age at diagnosis was lower in SEER (6.8 years vs. 7.7 
years, p < 0.001). Regarding tumor topography, PA were most 
commonly (36.5 %) located in cerebellum, followed by supra-
tentorial locations (21.8 %). Brainstem PA represented 10.9 %, 
whereas tumors of the optic nerve and the spinal cord accounted 
for <10 % of cases. Brain PA of overlapping locations were more 
common in SEE. A differential topography pattern, however, 
emerged for infants (Fig. 2); particularly, a lower proportion of 
cerebellar (7.4 %) and brainstem (5.5 %) tumors was observed, 
as opposed to the preponderance of supratentorial (31.5 %) and 
optic nerve tumors (20.4 %); brain PA of unspecified topogra-
phy were also more common in infants (30.2 %). No gender dif-
ferences in tumor topography were noted (p = 0.82).

Survival analysis

Supplemental Table S2 shows the Kaplan–Meier derived 
survival in SEE and SEER during different time intervals. 

Variables Total SEE SEER p value

N (%) N (%) N (%)

Age at diagnosis 0.009a

<1 years 108 (3.3) 12 (2.2) 96 (3.5)
1–4 years 1016 (31.0) 154 (27.9) 862 (31.7)
5–9 years 1120 (34.2) 193 (35.0) 927 (34.0)
10–14 years 1031 (31.5) 193 (35.0) 838 (30.8)

Gender 0.82a

Male 1658 (50.6) 277 (50.2) 1658 (50.6)
Female 1617 (49.4) 275 (49.8) 1617 (49.4)

Topography
Supratentorial 713 (21.8) 113 (20.5) 600 (22.0) 0.42a

Frontal lobe 67 (9.4) 9 (8.0) 58 (9.7)
Temporal lobe 105 (14.7) 15 (13.3) 90 (15.0)
Parietal lobe 50 (7.0) 13 (11.5) 37 (6.2)
Occipital lobe 24 (3.4) 4 (3.5) 20 (3.3)
Ventricle 159 (22.3) 29 (25.7) 130 (21.7)
Cerebrum 302 (42.4) 42 (37.2) 260 (43.3)
Pineal gland 6 (0.8) 1 (0.9) 5 (0.8)

Cerebellum 1196 (36.5) 194 (35.1) 1002 (36.8) 0.46a

Brainstem 358 (10.9) 45 (8.2) 313 (11.5) 0.02a

Spinal cord 116 (3.5) 12 (2.2) 104 (3.8) 0.06a

Optic nerve 185 (5.8) 34 (6.2) 152 (5.6) 0.59a

Brain overlapping 141 (4.3) 45 (8.2) 96 (3.5) <0.001a

NOS topography 565 (17.3) 109 (19.8) 456 (16.8) 0.09a

Serbia and Cyprus: not included in the analysis due to non pilocytic astrocytomas data availability
ap value derived from Chi square test

Table 2 Distribution of demo-
graphic characteristics, histolog-
ical subtype and topography of 
childhood (0–14 years) pilocytic 
astrocytomas in the 12 partici-
pating registries in Southern and 
Eastern Europe (SEE) and the 
Surveillance, Epidemiology, and 
End Results (SEER), US
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A considerably higher incidence of PA was estimated for 
SEER compared to SEE registries, whereas the increasing 
trends during precedent decades seemed to stabilize in most 
recent periods. More than one-third of PA were located in 
cerebellum, followed by supratentorial locations, except for 
infants, among whom supratentorial and optic nerve tumors 
prevailed. Overall 10-year survival reached a high 95 %, 
increasing over registration period, whereas age <1 year 
at diagnosis, female gender, non-cerebellar location, rural 
place of residence and residence in SEE countries were 
associated with worse outcome from this, otherwise non-
malignant, tumor.

There is a paucity of published data in Europe on the 
incidence of childhood PA; yet, studies from England (ASR: 
7.5/106; 1995–2003) and Switzerland (8.3/106; 1980–1994) 
show higher rates approaching those of the US [5, 6]. In the 
current study the overall lower incidence in SEE (4.2/106 in 
1990–2012; 5.1/106 after 2000) compared to SEER (8.4/106 
in 1990–2012; 9.1/106 after 2000) could be attributed to 
underreporting and registration gaps; specifically, as PA 
comprise a treatable tumor, usually managed outside oncol-
ogy departments, they could have slipped registration in SEE 
registries, which have been initiated most recently and may 
not avail an extensive network for complete registration. 
Furthermore, the recent behavior change in ICD-O-3 could 
have led to modification of registration policies adopted 
with variable delays. The younger-by 1 year- age at diagno-
sis in SEER may also indicate earlier tumor identification, 
possibly on account of better healthcare delivery system; 
in this context, some PA in SEE, despite their development 

<80 % before 1995, to 94 % in the latest registration years. 
Improvements were restricted to non-cerebellar tumors.

The multivariate Cox regression analysis (Table 3) con-
firmed findings of the crude Kaplan–Meier analysis. Spe-
cifically, age at diagnosis <1 year, compared to 10–14 years 
(HR: 3.96, 95 % CI: 2.28–6.90) and female gender (HR: 
1.38, 95 % CI: 1.01–1.88) were associated with higher risk 
of death, whereas occurrence of PA in any other location, 
compared to cerebellum, was associated with consider-
ably worse outcome (9- to 12-fold increased risk of death). 
After introducing geographical region, children diagnosed 
in SEE, compared to the US, had a significantly fourfold 
increased risk of death. Irrespective of country, however, 
rural residence was sizably associated with worse outcome 
(HR: 2.23, 95 % CI: 1.53–3.27). The effects were similar 
in both SEE registries and SEER, except for an attenuation 
of the effect of age at diagnosis <1 year in SEE, possibly 
because of the low number of cases in this age group, as 
well as a non-significant effect of rural residency in the 
SEE registries. Restricting analyses to cases diagnosed after 
1990 or after 2000, did not materially change the results, 
neither did stratification by SEE/SEER or exclusion of the 
Ukrainian data (data not shown).

Discussion

Epidemiologic features, including incidence, time trends 
and survival patterns of childhood PA were studied exploit-
ing a dataset of 3,275 incident cases in SEE and SEER, US. 

0 20 40 60 80 100

<1 years

1-4 years

5-9 years

10-14 years

Age group by topography

Cerebellum Supratentorial Spinal cord Op�c nerve

Brainstem Brain overlapping Brain NOS

Fig. 2 Distribution of topogra-
phy of childhood (0–14 years) 
pilocytic astrocytomas by age 
group in 12 participating reg-
istries of Southern and Eastern 
Europe (SEE) and the Surveil-
lance, Epidemiology, and End 
Results (SEER), US
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Increasing temporal trends, yet attenuated after 2000, 
were recorded in both SEE and SEER. Regarding SEER, 
the increasing trend was opposite to the decrease of 

during the conventional childhood period could have been 
diagnosed after 14 years leading to a phenomenal decrease 
of childhood incidence.

(A) p<0.001 (B) p=0.09

(C) p=0.23 (D) p=0.43
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Intriguingly, rural residence, considered as proxy of 
healthcare access [17, 34], was associated with a twofold 
increased risk of death in our study. Previous studies have 
shown similar worse outcomes for other childhood and 
adult tumors [35, 36]; rural residence would be expected to 
either prolong the time needed for diagnosis or impact on 
the treatment received by the patient. Given the non-malig-
nant nature of PA and the fact that in most cases treatment 
is limited to surgery, the former seems more possible in 
this occasion. To further evaluate this notion, we examined 
the age at diagnosis of residents of rural and urban areas; 
indeed, urban residence was associated with a lower age at 
diagnosis in both SEE (7.5 years vs. 8.4 years) and SEER 
(6.7 years vs. 7.3 years) implying possibly diagnosis at an 
earlier and possibly more favorable stage. The finding was 
more pronounced in SEER, as contrasted to SEE; possibly 
the difference in rural definition between countries, as well 
as the between-country differences in the healthcare sys-
tems could explain this discrepancy.

Data regarding tumor location, derived mainly from 
single-center case series, as well as our data confirm that 
childhood PA are most frequently (37 %) located in cerebel-
lum apart from infants in whom supratentorial and optic 
nerve tumors prevail [37–40]. The excellent prognosis of 
cerebellar PA (10-year survival exceeding 99 %) compared 
to any other CNS location [14, 41], has been traditionally 
attributed to both the feasible gross-total resection, [41] as 
well as the greater plasticity of cerebellum [42] in childhood 
leading to fewer neurological deficits [43, 44]. It should be 
also taken into account, however, that cerebellar PA have 
been reported to be also characterized by differential genetic 
origins compared to supratentorial tumors [45].

Regardless of socioeconomic, geographical and tumor-
specific characteristics, however, non-modifiable individual 
factors, notably age and gender, impact also on survival. 
The poorer outcome of infants with low-grade gliomas is 
poorly understood; there might be an interaction between 
age and non-surgical treatment, which is more frequently 
preferred in this age group given the adversities of perform-
ing neurological surgeries [46, 47]. Likewise, radiation, 
the presumably most effective treatment for unresectable 
PA, may be substituted in infants and young children by 
chemotherapy given concerns for its neurocognitive and 
neuroendocrine toxicities [48]. On the other hand, the dif-
ferential topographic pattern of infant PA, including lower 
prevalence of cerebellar-located tumors, could impact on 
survival; the optic nerve PA preponderance in this age is 
possibly attributed to neurofibromatosis-related tumors [49, 
50], anyway linked to worse prognosis [51], especially in 
children <1 year [52]. Notably though, the effect of age 
remained unchanged after adjustment for topography. 
Recent findings, however, indicate that infant low-grade gli-
omas might comprise a more aggressive disease, compared 

astrocytomas NOS, indicating improvements in diagnostic 
classification of CNS tumors over time [8]. The rates of 
astrocytomas NOS in SEE registries remained, however, 
stable, possibly implying welcome improvements in reg-
istration processes [8, 25, 26]. Besides registry improve-
ments, advances in neuroimaging modalities, especially 
the wide use of MRI, could be responsible for these trends. 
Indeed, the trends are in accordance with an overall tempo-
ral increase in childhood CNS tumor incidence in developed 
countries [9], and contrasted to the stable trends in coun-
tries of lower socioeconomic status [27, 28]; the diagnostic 
improvements have been suggested as the main contributors 
to these observations [29]. If this stipulation were genuine 
for PA, disease diagnosis at an earlier time due to use of 
imaging methods would have been expected to result in a 
more pronounced increase among younger children; such a 
trend has not been noted, though, in this study. It has lastly 
been suggested that the increase in childhood astrocytomas 
could be rather real due to exogenous environmental fac-
tors, not yet identified [26, 30].

Prognosis of PA reached a high 94.5 % 10-year sur-
vival, which significantly increased from 79 to 94 % since 
1990 in SEE, whereas in SEER remained stable over 95 % 
thereafter. The cerebellar PA have a diachronic excellent 
prognosis and survival gains pertain exclusively to out-
come improvements of non-cerebellar tumors. In fact, it is 
now well-established that gross-total resection of PA is a 
major predictor of outcome [31], with the greater amount 
of resection leading to higher possibility of cure [32]. The 
diagnostic advancements and the improved access to health-
care delivery, leading to earlier diagnosis and, thus, surgery 
with higher probabilities of total resection, along with man-
agement improvements through development of pediat-
ric neurosurgery and establishment of specified childhood 
CNS tumors centers have contributed to survival gains. The 
considerable improvement in SEE is also in accordance 
with the overall rather declining trends of malignant CNS 
tumors mortality and improved survival over time, which 
was recently reported for the same area [17]. Significant 
outcome disparities between the less affluent SEE coun-
tries and the US were found; similar disparities, impacting 
on prognosis of childhood CNS tumors between European 
regions, as well as between UK and the US have been 
described [10, 13, 33]. Apart from the availability of speci-
fied pediatric neuro-oncological centers in the US, differ-
ences in treatment-related factors including type of adjuvant 
therapy, aggressiveness of relapse treatment and supportive 
care could partly explain the discrepancy. Completeness of 
registration should be also taken into account, however, in 
assessing the SEER vs. SEE survival discrepancies. In par-
ticular, if less aggressive tumors are more likely not to be 
registered in SEE due to their management in non-oncology 
departments, then a falsely worse prognosis might emerge.
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incidence. Similarly, expanding registration processes to 
include molecular and cytogenetic markers will provide 
further room for an in-depth evaluation of their prognostic 
significance.
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