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Abstract

Introduction. Tumors of the central nervous system are among the leading causes of cancer-related death in 

children. Population-based cancer survival reflects the overall effectiveness of a health care system in managing 

cancer. Inequity in access to care world-wide may result in survival disparities.

Methods. We considered children (0–14 years) diagnosed with a brain tumor during 2000–2014, regardless of tumor 

behavior. Data underwent a rigorous, three-phase quality control as part of CONCORD-3. We implemented a re-

vised version of the International Classification of Childhood Cancer (third edition) to control for under-registration 

of non-malignant astrocytic tumors. We estimated net survival using the unbiased nonparametric Pohar Perme 

estimator.

Results. The study included 67,776 children. We estimated survival for 12 histology groups, each based on relevant 

ICD-O-3 codes. Age-standardized 5-year net survival for low-grade astrocytoma ranged between 84% and 100% 

world-wide during 2000–2014. In most countries, 5-year survival was 90% or more during 2000–2004, 2005–2009, 

and 2010–2014. Global variation in survival for medulloblastoma was much wider, with age-standardized 5-year net 

survival between 47% and 86% for children diagnosed during 2010–2014.

Conclusions. To the best of our knowledge, this study provides the largest account to date of global trends in 

population-based survival for brain tumors in children, by histology. We devised an enhanced version of ICCC-3 to 

account for differences in cancer registration practices world-wide. Our findings may have public health implica-

tions, because low-grade glioma is 1 of the 6 index childhood cancers included by WHO in the Global Initiative for 

Childhood Cancer.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License 
(https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any 
medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
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Key Points

• A global study of trends in population-based survival from brain tumors in 
children.

• Wide variation in survival suggests inequalities in access to care.

• Survival estimates provide a baseline for evaluating the WHO Global Initiative for 
Childhood Cancer.

Tumors of the central nervous system (CNS) rank second 

after leukemia as a cause of cancer-related death in children.1 

CNS tumors may originate in the brain, the meninges or the 

spinal cord, but the brain is by far the most common site. 

In children, age-standardized (world) incidence rates in 2018 

ranged from an estimated 0.5 per 100,000 person-years in 

Africa to 2.3 in Europe and the Americas.2 Health care dis-

parities, however, may lead to substantial under-diagnosis 

or under-registration. Up to 57% of childhood cancer diag-

noses may be missed in Western Africa, compared with 3% 

in North America and Western Europe.3

Health care facilities are unevenly distributed world-

wide.4–6 In some countries, for instance, radiotherapy fa-

cilities are simply not available. Unmet need for treatment 

due to suboptimal access to the healthcare system trans-

lates to many years of life lost and extended periods of dis-

ability.7 Given that only 10% of children live in high-income 

countries, the social burden of childhood cancer in low-

income and middle-income countries is disproportionately 

great in countries that are generally least well equipped to 

deal with that burden.8,9

Population-based survival is a key metric to evaluate the 

performance of the health care system in a given country 

in managing cancer.10–12 In 2015, the CONCORD pro-

gramme began global surveillance of trends in cancer sur-

vival with data for patients diagnosed during the 15-year 

period 1995–2009.13 The third cycle of the programme 

(CONCORD-3), covering 71 countries, included individual 

data for more than 37 million patients diagnosed during 

2000–2014 with one of 18 common cancer types, including 

childhood brain tumors.14 Global differences in age-

standardized 5-year net survival for all childhood brain tu-

mors combined were very wide, ranging between 29% in 

Brazil and 89% in Sweden.

Brain tumors represent a disparate group of subtypes, 

with more than 50 histological entities.15 Histology is an 

important determinant of outcome, so international com-

parisons in brain tumor survival can be more meaningful 

for health care planning if they account for histology. 

Survival estimates that take account of histology enable 

better interpretation of international differences in survival 

for all brain tumors combined, since these differences are 

confounded by the heterogeneity of clinical behavior and 

global variation in the distribution of histological types.16

The third edition of the International Classification of 

Childhood Cancer (ICCC-3) has become established as 

the standard tool for categorizing childhood tumors by 

histology.17 ICCC-3 is a scheme with three progressively 

more granular tiers. However, the third tier does not con-

tain distinct entities for astrocytoma, so it is not possible 

to analyze low-grade and high-grade astrocytic tumors 

separately using data classified with ICCC-3, and alterna-

tive approaches are seldom used.18 The third edition of 

the International Classification of Diseases for Oncology 

defines as non-malignant (ICD-O-3 behavior code 0 or 

1) most of the low-grade brain tumors, including pilocytic 

astrocytoma,19 which alone comprises 70% of all childhood 

astrocytic tumors.16,20

This has important implications for international com-

parisons of brain tumor survival. Non-malignant tumors 

are not consistently recorded world-wide, due to dif-

ferences in health regulations and cancer registration 

practice. Registration of non-malignant brain tumors is im-

portant because not only tumor behavior, but the anatom-

ical site also has an effect on diagnosis, treatment choices 

and outcome. The World Health Organisation (WHO) 

grade of the tumor must therefore be incorporated in sur-

vival analyses for astrocytic tumors in children, because 

Importance of the Study

We conducted novel, up-to-date analyses of brain tumor 
survival in children, using CONCORD-3 data. The geo-
graphical coverage of CONCORD-3 was broader than 
any previous international comparison of cancer sur-
vival. A  standardized protocol for data collection en-
sured that information was collected based on the same 
set of patient-related and tumor-related variables. For 
the first time in an international comparison of survival, 
we implemented a revised version of ICCC-3 to account 

for international differences in registration practice for 
low-grade tumors. We presented what are, to our knowl-
edge, the first global survival estimates for low-grade tu-
mors in children. Although low-grade glioma is 1 of the 6 
index childhood cancers included by WHO in the Global 
Initiative for Childhood Cancer, global survival estimates 
for this histology group are not available. Our findings 
may be used as a benchmark to monitor improvements 
in survival from childhood brain tumors at a global level.
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international comparisons of survival based on data coded 

to ICCC-3 are otherwise uninterpretable, owing to the very 

different proportions of low-grade and high-grade astro-

cytic tumors in cancer registry data.

To date, studies of survival from childhood brain tumors 

by histology have not been readily comparable because of 

differences in study design, especially as to the inclusion 

or exclusion of non-malignant brain tumors.16 Nearly all 

these studies have been conducted in high-income coun-

tries. No data are currently available for Africa, Central and 

South America, or most of Asia.

We set out to conduct a world-wide study of population-

based survival from childhood brain tumors, using data 

collected with a central protocol, checked for quality using 

standardized rules and analyzed with the same robust sta-

tistical methods.

Patients and Methods

For CONCORD-3, individual tumor registrations for 71 526 

children (0–14 years) diagnosed with a brain tumor (ICD-

O-3 topography code C71), whether malignant or non-

malignant, during 2000–2014 were provided by 261 cancer 

registries in 61 countries.

Each tumor record was subjected to rigorous quality 

checks for eligibility and definite or possible errors.21 

Possible errors included implausible combinations of age, 

sex, site, and morphology. Each registry was invited to 

confirm or refute records with possible errors.

We defined 12 histology groups, each comprising a set 

of relevant ICD-O-3 codes. The methodology and the prin-

ciples for selecting the ICD-O-3 codes are explained else-

where.16 In brief, the histology groups were based on 

ICCC-3, but we devised more granular categories for as-

trocytic tumors by incorporating WHO grade, which forms 

part of the tumor subtype definition. The sixth digit of the 

ICD-O-3 code defines the grade of differentiation of a tumor 

(Rule G), as assigned by the pathologist or the tumor reg-

istrar. We used the sixth digit of the morphology code to 

reclassify tumors recorded as “astrocytoma NOS” to more 

specific astrocytic subtypes (Supplementary Table 1).

Net survival is the cumulative probability that cancer 

patients survive their cancer up to a given time since di-

agnosis (eg, 5 years), after accounting for competing risks 

of death (background mortality) and for informative cen-

soring. Net survival can be directly estimated using the 

unbiased, nonparametric Pohar Perme estimator.22 Data 

on background mortality are derived from life tables of all-

cause mortality specific for single year of age, sex, single 

calendar year, and race/ethnicity (where information was 

available) in the general population of each participating 

country or territory.23 We used the software package stns24 

implemented in STATA (version 16).

Survival was not estimated if fewer than 10 patients 

were available for a given histology group, calendar period 

and country, or region. If 10–49 patients were available, we 

produced unstandardized estimates of survival for all ages 

combined. We attempted age standardization if 50 children 

or more were available. Standardization was obtained 

by applying equal weights to the age-specific survival 

estimates for children aged 0–4, 5–9, and 10–14 years.25,26 

If a single age-specific estimate could not be computed, we 

pooled the records for two adjacent age groups and attrib-

uted the aggregated estimate to both age groups before 

age standardization. We did not combine data for consecu-

tive calendar periods.14

The cohort approach provides a survival estimate for a 

group of patients diagnosed in the same year and all fol-

lowed up for the same amount of time, for example, for 

at least 5 years. We used the cohort approach for patients 

diagnosed during 2000–2004 and 2005–2009. For children 

diagnosed during 2010–2014, we adopted the period ap-

proach, since 5 years of follow-up were not available for 

most patients. This approach combines the most recent 

follow-up data for cancer patients diagnosed during a spe-

cified year and the follow-up data for patients diagnosed 

up to 5 years earlier and who were still alive at the start of 

the specified year of diagnosis. The survival prediction de-

rived from this approach is conditional because it incorpor-

ates the survival probabilities matured over the preceding 

years when most of the individuals were diagnosed. 

Empirical evidence shows that period estimates provide a 

good approximation to the cohort estimates when they be-

come available in due course.27,28

We produced 5-year survival estimates for tumors in 

each histology group, by country and calendar period. For 

selected tumor types, we also examined longer-term sur-

vival, up to 10 years from diagnosis.

We flagged survival estimates as less reliable if 15% 

or more of patients were lost to follow-up or censored 

within 5 years. We also considered estimates as less reli-

able if 15% or more of registrations were based solely on 

a death certificate or autopsy and excluded, because their 

survival time is unknown. Finally, survival estimates were 

flagged as less reliable if 15% or more of records were ex-

cluded from analysis because they contained one or more 

incomplete dates. Unreliable estimates were not included 

in pooled national survival estimates unless they were the 

only estimates available from that country, in which case 

the national estimate is flagged.

The CONCORD programme is approved by the UK’s 

statutory Health Research Authority (reference ECC 

3-04(i)/2011; last update November 2, 2021), the National 

Health Service Research Ethics Service (11/LO/0331; 

January 12, 2022), and the London School of Hygiene & 

Tropical Medicine Ethics Committee (12171; November 21, 

2021).

Results

The proportion of records with incomplete dates was less 

than 1% in North America, Asia, Europe, and Oceania, 2.4% 

in Central and South America, and 10.7% in Africa. Overall, 

children registered through a death certificate only (DCO) 

comprised 1.1% of all submissions. DCO proportions for 

Africa (6.8%) and Central and South America (5.9%) were 

higher than in other continents (2% or less). The proportion 

of brain tumors with histological confirmation was gener-

ally high, in the range 88%–98%. Brain tumors registered 

with a nonspecific histology (ICD-O-3 morphology code 
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8000–8005) only represented 3.2% of all brain tumor diag-

noses in North America, but they accounted for 26.3% in 

Africa (Supplementary Table 2). Following quality checks, 

67,776 records were retained for analysis (94.8% of those 

eligible for inclusion).

Of the 67,776 children potentially eligible for survival 

analyses, we excluded a further 6559 (9.7%) because the 

morphology code did not fall within one of the histology 

groups selected for this study. We also excluded 6310 

(9.3%) records from 57 registries for which survival esti-

mates were deemed less reliable. The analyzes included 

54 907 tumor records (81.0% of eligible tumor records).

Comments in this section are focused on reliable, age-

standardized survival estimates. When examining time 

trends, we only discuss countries for which reliable, age-

standardized survival estimates were available for 2000–

2004, 2005–2009, and 2010–2014. For each continent, 

countries are listed in alphabetical order.

For low-grade astrocytomas (WHO grade I  and II; 

26.6% of all brain tumors included), age-standardized 

5-year net survival during 2010–2014 was in the range 

80%–89% in Taiwan, Turkey, and Spain; 90%–94% in 8 of 

20 European countries (Belarus, Belgium, France, Greece, 

Italy, the Netherlands, Slovakia, and Switzerland) and in 

Australia. Survival was highest (95%–100%) in Canada, 

the United States, Israel, Japan, two Eastern European 

countries (Czech Republic and Poland), Germany, 6 

Northern European countries (Denmark, Finland, Ireland, 

Norway, Sweden, and the United Kingdom), and Portugal. 

(Supplementary Table 3A, Figure 1).

For children diagnosed with a low-grade astrocytoma 

during the 15  years between 2000 and 2014, age-

standardized 5-year net survival remained above 90%, 

largely unchanged, in North America, Israel, Northern 

Europe (Finland, Sweden, and the United Kingdom), 

Western Europe (France, the Netherlands, Italy, and 

Switzerland), and Italy. Survival in Spain, 92% during 

2000–2004, subsided to values around 85% during 

2005–2014. Marked improvements in survival occurred 

in Eastern Europe: survival rose from 78.1% to 92.4% in 

Belarus and from 86.5% to 95.1% in Poland. Survival in 

Australia, around 87% during 2000–2009, reached 90.9% 

during 2010–2014 (Supplementary Table 3A, Figure 2).

Outcomes for high-grade astrocytomas (WHO grade 

III and IV; 7.4% of all tumors included) were rather poor. 

Reliable, age-standardized estimates were only available 

for 8 countries. Five-year survival during 2010–2014 was 

6.3% in France, 17.1% in the United Kingdom, in the range 

20%–29% in the United States, South Korea, Taiwan, 

Italy, and Australia; and 31.2% in Poland (Supplementary 

Table 3A).

Of the 5 countries for which reliable, age-standardized 

survival estimates for high-grade astrocytoma were avail-

able throughout the study period, 4 (South Korea, Poland, 

the United Kingdom, and Australia) showed little con-

sistent change in survival during 2000–2014, while 5-year 

survival in the United States declined steadily from 28.9% 

in 2000–2004 to 23.1% in 2010–2014 (Supplementary Table 

3A, Figure 2).

Wide variation in survival was seen for medulloblastoma 

(15.7% of all brain tumors included), which is the most 

common embryonal CNS tumor. Age-standardized 5-year 

net survival for children diagnosed between 2010 and 2014 

was less than 50% in Belarus and Spain; it ranged between 

50% and 59% in Turkey and Greece; between 60% and 

69% in Taiwan and 7 of 20 European countries (Belgium, 

France, Italy, the Netherlands, Poland, Switzerland, and the 

United Kingdom). Survival was in the range 70%–79% in 

Canada, the United States, Japan, South Korea, Denmark, 

Germany, and Australia. The highest survival was observed 

in Israel (81.0%), Portugal (80.6%), and Sweden (88.0%) 

(Supplementary Table 3A, Figure 1).

Fifteen-year trends in age-standardized 5-year net sur-

vival from medulloblastoma were only available for 9 

countries. Survival was stable, or fluctuating slightly, 

in Poland (in the range 55%–60%), in France, Italy, and 

Australia (64%–72%), and in the United States (70%–75%). 

Survival from medulloblastoma rose from 60.5% to 70.0% 

in South Korea, from 56.4% to 62.7% in Taiwan, and from 

51.8% to 63.3% in the Netherlands, while it fell from 68.8% 

to 61.5% in the United Kingdom (Supplementary Table 3A, 

Figure 3).

The subgroup “other and unspecified embryonal tu-

mors” (10.8% of children included in these analyses) con-

sisted almost entirely of atypical/teratoid rhabdoid tumor 

and embryonal CNS tumor not otherwise specified (NOS) 

(formerly known as primitive neuroectodermal tumor). 

Age-standardized 5-year net survival (2010–2014) for 

children diagnosed with one of these tumors ranged be-

tween 30% and 39% in Canada and Israel; between 40% 

and 49% in Japan, Taiwan, Turkey, France, the Netherlands, 

and Australia, and between 50% and 59% in the United 

States, South Korea, Poland, Sweden, and the United 

Kingdom. Survival was 65.6% in Belgium, 83.5% in Italy, 

and 84.5% in Germany (Supplementary Table 3B).

Trends in age-standardized 5-year net survival for the 

“other and unspecified embryonal tumors” subgroup 

could be reliably estimated for 6 countries. In 4 of them 

(United States, South Korea, Poland, and the United 

Kingdom), survival remained within the range 48%–57% 

throughout. Survival increased between 2000–2004 and 

2010–2014 from 40.7% to 48.6% in France and from 29.9% 

to 48.2% in Australia (Supplementary Table 3B).

Data for ependymoma were rather sparse (2685 re-

cords; 4.9% of all brain tumors included in the analyses). 

Age-standardized 5-year net survival for children diag-

nosed during 2010–2014 was 54.0% in Turkey, 59.7% in 

South Korea, 79.3% in Poland, and in the range 80%–90% 

in the United States, France, Italy, and the United Kingdom 

(Supplementary Table 3A).

Trends in age-standardized 5-year net survival for 

ependymoma could be reliably estimated for three coun-

tries (United States, France, and the United Kingdom). 

Survival increased in all three countries, from 65.1% to 

75.8% for children diagnosed in 2000–2004 to 79.1%–

82.3% in 2005–2009 and 81.3%–89.9% in 2010–2014 

(Supplementary Table 3A).

Age-standardized 5-year net survival estimates for 

children diagnosed with neuronal and mixed neu-

ronal–glial tumors during 2010–2014 were in the range 

89%–100% for 10 countries (Canada, United States, 

Belgium, Finland, France, Italy, the Netherlands, Sweden, 

the United Kingdom, and Australia). For the other, less 

common histology groups, there were fewer countries 
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with sufficient cases for age-standardized survival to be 

calculated. Survival of children with choroid plexus tu-

mors during 2010–2014 was at least 90% in the United 

States, France, and the United Kingdom. Five-year sur-

vival for oligodendroglial tumors was 51.3% in France, 

and appreciably higher in the United Kingdom (70.4%), 

South Korea (73.4%), and the United States (83.0%), 

during 2010–2014. Age-standardized 5-year net sur-

vival for children diagnosed with neuroepithelial glial 

tumors of uncertain origin during 2010–2014 could only 

be estimated in the United States, where it was 67.1% 

(Supplementary Table 3A and B).

Age-standardized 5-year net survival for children diag-

nosed during 2010–2014 with glioma, otherwise unspec-

ified (ICD-O-3 morphology code 9380/3) varied between 

30% and 39% in Japan, France, the Netherlands, and 

Australia; between 40% and 49% in Canada, South 

Korea, Turkey, and the United Kingdom, and in the range 
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Fig. 1. Age-standardized 5-year net survival (%) with 95% confidence interval, by country: children (0–14 years) diagnosed with low-grade 
astrocytoma or medulloblastoma during 2010–2014. *Countries with 100% coverage of the national population. §Survival estimates not age-
standardized. Continents are identified by different colors. In each panel, countries are ranked from highest to lowest, based on survival during 
2010–2014.
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50%–61% in the United States, Israel, Belgium, and Italy 

(Supplementary Table 3B).

During 2010–2014, at least 10 children were diagnosed 

with a brain tumor labeled as unspecified (ICD-O-3 mor-

phology codes 8000–8005) in 22 of 46 countries from which 

data were available. Variation in age-standardized 5-year 

net survival for these poorly specified neoplasms was re-

markable: 35.8% in China, 58.5% in South Korea, 72.3% in 

Italy, 77.9% in the United Kingdom, and in the range 80%–

89% in the United States, Japan, Turkey, Denmark, and 

Australia (Supplementary Table 3B).

We assessed survival at 10  years for children diag-

nosed with low-grade astrocytoma or medulloblastoma 

during 2000–2004 (Supplementary Table 5). For low-grade 

astrocytoma, age-standardized 10-year survival and 5-year 

survival differed by less than 3% in 12 of the 15 countries 

for which suitable data were available. The difference 

was slightly larger (3% or more) in Argentina, Belarus, 

and Australia. For medulloblastoma, the absolute differ-

ence between 5- and 10-year net survival was in the range 

0%–4% in Argentina, the United States, South Korea, Italy, 

the Netherlands, and Australia, but in the range 6%–10% 

in Israel, Taiwan, France, Poland, and the United Kingdom.

Discussion

To our knowledge, this is the largest study on survival from 

childhood brain tumors to date. Individual records for over 

50 000 children were provided to a standard protocol by 

261 population-based cancer registries in 61 countries, 

prepared with the same rigorous quality checks, and ana-

lyzed with the same, robust statistical methodology.

Age-standardized 5-year net survival for low-grade 

astrocytoma (WHO grade I and II) was 90% or more during 

the whole period between 2000 and 2014 in most coun-

tries. World-wide variation in survival for medulloblastoma 

was much broader than for low-grade astrocytoma, with 

age-standardized 5-year net survival in the range 47%–86% 

during 2010–2014.

In most previous international comparisons of sur-

vival from childhood brain tumors, the broad definition 

“astrocytoma” has been adopted, in compliance with 

ICCC-3.18,29–32 Such survival estimates cannot be safely 

compared with those presented here, since we did not 

merge low-grade and high-grade astrocytic tumors.

More than two-thirds of low-grade brain tumors in 

children are pilocytic astrocytomas.20 ICD-O-3 classifies 

pilocytic astrocytoma as a non-malignant entity (ICD-O-3 

behavior code 1).19 In the fourth cycle of the cancer registry 

based study on survival and care of cancer patients diag-

nosed in Europe during 1995–1999 (EUROCARE-4), 5-year 

observed survival for astrocytoma (broad group) was 

rather poor in Eastern Europe, around 64%, irrespective 

of inclusion of non-malignant tumors, and lower than in 

other European regions. These findings suggested under-

registration of non-malignant brain tumors in Eastern 

Europe.30 In EUROCARE-5, covering the period 1999–2007, 

survival from childhood brain tumors was presented by 

tumor behavior (malignant or non-malignant), but this 

design does not account for histology.33 Alternatively, 

EUROCARE-5 provided survival estimates for the whole 

of Europe combined, by single ICD-O-3 morphology code, 
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Fig. 2. 15-year trends in age-standardized 5-year net survival (%) for children (0–14 years) diagnosed with WHO grade I and II astrocytoma 
during 2000-2014, continent (or continental region), and country. Countries are only included if age-standardized survival estimates were avail-
able for patients diagnosed during 2000–2004, 2005–2009, and 2010–2014. Continents (or continental regions) are identified by different colors. In 
each panel, countries are ranked from highest to lowest, based on survival during 2000–2004. X-axis: period of diagnosis; Y-axis: age-standardized 
5-year net survival (%). International Organization for Standardization abbreviations for country names: AUS, Australia; BLR, Belarus; CAN, 
Canada; FIN, Finland; FRA, France; ISR, Israel; ITA, Italy; NLD, Netherlands; POL, Poland; ESP, Spain; SWE, Sweden; CHE, Switzerland; GBR, UK; 
USA, USA.
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but this more granular approach cannot be readily imple-

mented in large international comparisons of survival by 

histology.34

Despite international recommendations, non-malignant 

tumors are still recorded inconsistently, not only in Europe, 

but world-wide. For instance, health regulations in New 

South Wales mandate registration of malignant tumors 

only, while Ecuador started recording non-malignant brain 

tumors only from 2010. In the CONCORD-3 data for children 

diagnosed with a brain tumor during 2000–2014, malignant 

tumors (ICD-O-3 behavior code 3) accounted for 80% of all 

tumor records in Australia (but 100% in New South Wales, 

which comprises 45% of the national population), and the 

totality of cases in South Korea, Taiwan, and New Zealand 

(data not shown). If these international differences in 

cancer registration practices are not properly considered, 

global disparities in survival for all astrocytic tumors may 

be wrongly interpreted. Survival in countries or regions 

that only include malignant brain tumors will be systemat-

ically lower than in countries where non-malignant tumors 

are also registered. We conducted a sensitivity analysis. 

Age-standardized 5-year net survival for all astrocytic tu-

mors combined (ICCC-3 category) ranged from 43% to 

88% world-wide during 2010–2014 (Supplementary Table 

4). By contrast, survival was in the range 84%–100% for 

low-grade tumors and in the range 6%–30% for high-grade 

tumors. The remarkable difference in global disparities in 

survival when more granular categories are used confirms 

that international comparisons of survival for astrocytic tu-

mors should take account of confounding by tumor grade. 

Where possible, estimates for low-grade and high-grade 

tumors should be reported separately.

Even where there is complete registration of non-

malignant brain tumors, including pilocytic astrocytoma, 

variations in registration practice could affect reported 

survival estimates for low-grade astrocytoma. Pilocytic 

astrocytoma and the other specific types of WHO grade 

I  astrocytoma all have specific morphology codes in 

ICD-O-3. Diffuse astrocytoma, however, which is the 

principal type of WHO grade II astrocytoma, shares the 

morphology code 9400/3 with astrocytoma NOS. Thus, it 

is only possible to identify most cases of WHO grade II 

astrocytoma in datasets from cancer registries that have 

routinely used and supplied the sixth digit of the mor-

phology code (grade). In CONCORD-3, there were many 

datasets in which grade was never specified for cases 

with morphology code 9400/3, including seven where 

this code accounted for at least 30% of all astrocytomas 

(Argentina, Brazil, Colombia, Costa Rica, South Korea, 

Croatia, and Latvia), and others where it was very rarely 

specified.16 This would lead to a deficit of WHO grade II 

astrocytoma cases, with a poorer prognosis than WHO 

grade I, tending to overestimation of survival for low-

grade astrocytoma.
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Fig. 3. 15-year trends in age-standardized 5-year net survival (%) for children (0–14 years) diagnosed with medulloblastoma during 2000-2014, by 
continent (or continental region), and country. Countries are only included if age-standardized survival estimates were available for patients diag-
nosed during 2000–2004, 2005–2009, and 2010–2014. Continents (or continental regions) are identified by different colors. In each panel, countries 
are ranked from highest to lowest, based on survival during 2000–2004. X-axis: period of diagnosis; Y-axis: age-standardized 5-year net survival 
(%). International Organization for Standardization abbreviations for country names: AUS, Australia; FRA, France; ITA, Italy; NLD, Netherlands; 
KOR, South Korea; POL, Poland; TWN, Taiwan; GBR, UK; USA, USA.
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In recent years, neuro-pathologists have increasingly 

classified diagnoses based on molecular characteristics, 

which has improved the identification of astrocytic tumors 

with more aggressive behavior. The relatively broad vari-

ation in survival for high-grade astrocytoma suggest that 

in some countries these strategies may have been imple-

mented earlier than elsewhere. The decrease in survival 

over time for high-grade astrocytoma in the United States, 

with concurrent increases in survival for unspecified 

glioma and unspecified tumor, may also reflect improve-

ments in diagnostic accuracy.

Comparisons of survival between countries could be af-

fected by variations in diagnostic practice. There was for-

merly a marked tendency in France to regard some cases 

of WHO grade II and grade III astrocytoma as oligodendro-

glioma,35 as reflected in the unusually high proportion of 

childhood brain tumors classed as oligodendroglial tu-

mors in CONCORD-3.16 Although in France this proportion 

fell from 7% to 8% in 2000–2009 to 4.4% in 2010–2014, it 

was still considerably higher than in most other coun-

tries and it seems likely that this would have resulted in 

underestimation of survival for high-grade astrocytoma. 

During 2000–2014, the proportion of embryonal tumors 

that were classed as medulloblastoma was lower in North 

America and Oceania than in Europe and Asia, and highest 

in Central and South America. While this could of course 

be due to real differences in incidence between popula-

tions, it seems likely that it was partly due to variation in 

the frequency with which, for example, atypical/teratoid 

rhabdoid tumor was identified as such rather than as 

medulloblastoma. Since atypical teratoid/rhabdoid tumor 

has a dismal prognosis, this could have led to underesti-

mation of survival for medulloblastoma.

Five-year survival for medulloblastoma during 2010–

2014 was in the range 70%–80% in several high-income 

countries. These values are in line with those from re-

cent national studies assessing survival for children diag-

nosed during 2001–2009 in Germany (72%–80%) and the 

United States (also 72%–80%),16,36–48 but higher than the 

survival levels seen during the 1990s. This may reflect re-

cent advances in treatment protocols for children with 

medulloblastoma that revolve around two main pillars: 

reduction of the radiotherapy dose to minimize long-term 

neurological sequel, and treatment intensification only 

for high-risk patients.49 Other reasons for these survival 

gains may be the implementation of volumetric radio-

therapy, better surgery with removal of larger tumor vol-

umes and fewer complications, and more timely referral 

for postsurgical treatment.49,50 However, the wide global 

inequalities in survival strongly suggest that in some coun-

tries, children may still not have access to optimal treat-

ment for medulloblastoma. Most childhood brain tumor 

subtypes have a favorable outcome, but timely surveil-

lance for relapse and optimal follow-up care are both 

crucial.51 The comparisons of 5- and 10-year survival for 

low-grade astrocytoma and medulloblastoma should be 

interpreted with caution, because the changes are still 

small. However, it would seem that net survival tends to 

plateau after 5  years in some countries, suggesting low 

excess mortality among survivors to that point, whereas 

in other countries, brain tumor survivors may remain at 

higher long-term risk of death than children in the general 

population for more than 5 years.

Up to two-thirds of pilocytic astrocytomas originate in 

the cerebellum, while the most common supratentorial 

sites are the optic nerve and the optic chiasm. When 

pilocytic astrocytoma involves the optic pathways, it is 

also called “optic nerve glioma”.15 These tumors are often 

not biopsied, because of the high risk of visual loss, and 

the diagnosis is made through a combination of imaging 

and testing of the visual fields. These tumors may thus 

be incorrectly labeled in the cancer registry with the ICD-

O-3 descriptor “glioma NOS” (ICD-O-3 morphology code 

9380/3).34 CONCORD-3 only collected information for tu-

mors originating in the brain. Nevertheless, we cannot 

exclude that, given the close anatomical proximity, inac-

curacies at clinical record level may have led to some optic 

nerve gliomas being wrongly labeled, and submitted, with 

the ICD-O-3 topography code used for brain (C71), instead 

of the code for optic pathways (C72.3). We considered that 

some of the poorly specified gliomas might in fact have 

been pilocytic astrocytomas of the optic pathways. Five-

year survival for unspecified glioma was much lower than 

for pilocytic astrocytoma, and for 87% of these records, the 

tumor grade was unspecified (sixth digit 9), so we could 

not confirm the non-malignant behavior.

In the CONCORD-3 childhood brain tumor dataset, the 

proportion of tumors of unspecified histology (ICD-O-3 

morphology codes 8000–8005) varied widely, ranging 

from 5.0% in Europe to 21.7% in Africa during 2010–2014.16 

In CONCORD-3, age-standardized 5-year net survival for all 

childhood brain tumors combined was only 29.9% in Brazil, 

but close to 80% in Denmark, Slovakia, and Sweden.14 After 

excluding children with tumors of unspecified histology, 

survival was still poor in Brazil (34.9%), but only 68.9% in 

Denmark, while it remained substantially unchanged in 

Slovakia and Sweden (data not shown). During 2010–2014, 

the proportion of tumors of unspecified histology was only 

14.6% in Brazil, but 55.1% in Denmark.16 One may think 

that patients with tumors of unspecified histology may 

have been too unwell to undergo biopsy or surgery and, as 

a result, experience poor outcomes. However, 5-year sur-

vival during 2010–2014 for Danish children with tumors of 

unspecified histology was as high as 88.3%. This probably 

explains the impact of excluding these tumors on survival 

estimates for all brain tumors combined. Such discrepan-

cies suggest that obstacles to accurate reporting of a brain 

tumor diagnosis may arise in both the hospital and the 

cancer registry. If the histology is known for only a subset 

of brain tumor patients, the interpretation of survival es-

timates requires great caution, whether for all childhood 

brain tumors combined or for specific tumor subtypes. 

These survival estimates may not be robustly comparable 

with estimates from countries where data on histology are 

more precise. Our findings should enable public health of-

ficials to prompt actions aimed at improving the reporting 

of brain tumors, such as audits at local and national level.

We excluded data from cancer registries that were con-

sidered less reliable, based on the criteria previously out-

lined. In a sensitivity analysis, we re-estimated survival 

by histology after inclusion of data from flagged cancer 

registries. Overall age-standardized survival estimates 
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were slightly higher. This is not surprising, because one of 

the reasons for flagging was the high proportion (15% or 

more) of the patients lost to follow-up or censored before 

5  years. The absolute increase, however, was unremark-

able, with differences varying between 1.5% in the United 

States and 4.4% in Spain (data not shown). These findings 

suggest that the exclusion of less reliable records (9.3% of 

eligible submissions) did not explain the large differences 

in survival by country world-wide.

The Lancet Oncology Commission on Sustainable Care 

for Children with Cancer recently presented evidence for 

the implementation of cost-effective interventions to re-

duce the long-term clinical and economic burden of child-

hood cancer.52 The evidence included modeled estimates 

of survival for children diagnosed during 2015–2019, by 

histology, for over 200 countries and territories. Survival 

was modeled from CONCORD-3 estimates for 2000–2014. 

The Commission adopted ICCC-3 to classify childhood 

tumors, so it could not present any data for low-grade 

astrocytoma. This was also a major limitation of the Global 

Burden of Disease study, which cannot account for his-

tology because it is based on topography descriptors from 

the International Classification of Diseases (ICD).7,9 We have 

presented, for the first time to our knowledge, survival es-

timates for low-grade astrocytoma at a global level.

In the CONCORD-3 data for the United States, where 

registration of non-malignant tumors is statutory,53 

astrocytomas accounted for 63.7% of all low-grade 

gliomas during 2000–2014. Low-grade glioma is 1 of the 

6 index cancers included in the WHO Global Initiative for 

Childhood Cancer, which aims to improve 5-year net sur-

vival for these 6 childhood cancer types, world-wide, by 

2030.54 The classifier “low-grade glioma” is very ill-de-

fined, and it overlooks the complex histologic makeup 

of childhood brain tumors. ICCC-3 adopts more granular 

categories, but it does not consider tumor behavior. We 

overcame the limitations of ICCC-3 using a classification 

that preserves the ICCC-3 framework but incorporates 

tumor grade. Ultimately, our findings may form the basis 

for a revision of ICCC-3.

Our study has some limitations. The date of the first 

course of each major treatment modality was an optional 

variable in the CONCORD-3 data specification, and data 

on whether a patient underwent radiotherapy for a brain 

tumor was only provided by a few countries. In this con-

text, granular treatment data may be used to assess ad-

herence to treatment guidelines or abandonment of 

treatment. Data quality was suboptimal in some countries 

due to the low precision of histology data,16 or to the high 

proportion of patients whose duration of survival was not 

known. We decided to present, and flag, survival estimates 

based on these less reliable data as well, if they were the 

only data available for a given country or territory. We be-

lieve that countries should not be excluded from a study 

for reasons of lower or more questionable data quality, be-

cause their inclusion in large international comparisons is 

crucial to promote change.

Robust histology data can only become available if a 

common, statutory framework for data collection is in 

place. World-wide co-operation between international as-

sociations of pathologists and cancer registries will be es-

sential to identify and remove obstacles to the accurate 

reporting of brain tumor diagnoses, and to promote transi-

tion to a more informative and up-to-date neuropathology 

lexicon. Moreover, the quality of cancer registration can 

only improve if specific funding to train tumor registrars 

and to strengthen health information systems in cancer 

registries is made available. High-quality data, and data 

from more low-income and middle-income countries, will 

enable robust global comparisons of survival. These will 

prove instrumental in monitoring progress toward the 

global targets for better control of childhood cancer set by 

the WHO.

Supplementary material

Supplementary material is available online at Neuro-

Oncology (http://neuro-oncology.oxfordjournals.org/).
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Yépez Chamorro (Registro Poblacional de Cáncer del Municipio 
de Pasto); Costa Rica: S Delgado, M Ramirez (National 
Registry of Tumors, Costa Rica); Cuba: YH Galán Alvarez, P 
Torres (Registro Nacional de Cáncer de Cuba); Ecuador: F 
Martínez-Reyes (Cuenca Tumor Registry); L Jaramillo, R Quinto 
(Guayaquil Cancer Registry); J Castillo (Loja Cancer Registry); M 
Mendoza (Manabí Cancer Registry); P Cueva, JG Yépez (Quito 
Cancer Registry); France: B Bhakkan, J Deloumeaux (Registre 
des cancers de la Guadeloupe); C Joachim, J Macni (General 
Cancer Registry of Martinique); Mexico: R Carrillo, J Shalkow 
Klincovstein (Centro Nacional para la Salud de la Infancia y la 
Adolescencia); R Rivera Gomez (Registro Poblacional de Cancer 
Region Fronteriza Norte de Mexico Zona Tijuana); Peru: P 
Perez, E Poquioma (Lima Metropolitan Cancer Registry); Puerto 

Rico: G Tortolero-Luna, D Zavala (Puerto Rico Central Cancer 
Registry); Uruguay: R Alonso, E Barrios (Registro Nacional de 
Cáncer).
America (North)—Canada: A  Eckstrand, C Nikiforuk 
(Alberta Cancer Registry); RR Woods (British Columbia Cancer 
Registry); G Noonan, D Turner* (Manitoba Cancer Registry); E 
Kumar, B Zhang (New Brunswick Provincial Cancer Registry); JJ 
Dowden, GP Doyle (Newfoundland & Labrador Cancer Registry); 
N Saint-Jacques, G Walsh (Nova Scotia Cancer Registry); 
A  Anam, P De (Ontario Cancer Registry); CA McClure, KA 
Vriends (Prince Edward Island Cancer Registry); C Bertrand, AV 
Ramanakumar (Registre Québécois du Cancer); L Davis, S Kozie 
(Saskatchewan Cancer Agency); USA: T Freeman, JT George 
(Alabama Statewide Cancer Registry); RM Avila, DK O’Brien 
(Alaska Cancer Registry); A  Holt (Arkansas Central Cancer 
Registry); L Almon (Metropolitan Atlanta Registry); S Kwong, C 
Morris (California State Cancer Registry); R Rycroft (Colorado 
Central Cancer Registry); L Mueller, CE Phillips (Connecticut 
Tumor Registry); H Brown, B Cromartie (Delaware Cancer 
Registry); J Ruterbusch, AG Schwartz (Metropolitan Detroit 
Cancer Surveillance System); GM Levin, B Wohler (Florida 

Cancer Data System); R Bayakly (Georgia Cancer Registry); KC 
Ward (Georgia Cancer Registry; Metropolitan Atlanta Registry); 
SL Gomez, M McKinley (Greater Bay Area Cancer Registry); 
R Cress (Cancer Registry of Greater California); J Davis, B 
Hernandez (Hawaii Tumor Registry); CJ Johnson, BM Morawski 
(Cancer Data Registry of Idaho); LP Ruppert (Indiana State 
Cancer Registry); S Bentler, ME Charlton (State Health Registry 
of Iowa); B Huang, TC Tucker* (Kentucky Cancer Registry); 
D Deapen, L Liu (Los Angeles Cancer Surveillance Program); 
MC Hsieh, XC Wu (Louisiana Tumor Registry); M Schwenn 
(Maine Cancer Registry); K Stern (Maryland Cancer Registry); 
ST Gershman, RC Knowlton (Massachusetts Cancer Registry); 
G Alverson, T Weaver (Michigan State Cancer Surveillance 
Program); J Desai (Minnesota Cancer Reporting System); DB 
Rogers (Mississippi Cancer Registry); J Jackson-Thompson 
(Missouri Cancer Registry and Research Center); D Lemons, 
HJ Zimmerman (Montana Central Tumor Registry); M Hood, J 
Roberts-Johnson (Nebraska Cancer Registry); W Hammond, 
JR Rees (New Hampshire State Cancer Registry); KS Pawlish, 
A Stroup (New Jersey State Cancer Registry); C Key, C Wiggins 
(New Mexico Tumor Registry); AR Kahn, MJ Schymura (New 
York State Cancer Registry); S Radhakrishnan, C Rao (North 
Carolina Central Cancer Registry); LK Giljahn, RM Slocumb 
(Ohio Cancer Incidence Surveillance System); C Dabbs, RE 
Espinoza (Oklahoma Central Cancer Registry); KG Aird, T 
Beran (Oregon State Cancer Registry); JJ Rubertone, SJ Slack 
(Pennsylvania Cancer Registry); J Oh (Rhode Island Cancer 
Registry); TA Janes, SM Schwartz (Seattle Cancer Surveillance 
System); SC Chiodini, DM Hurley (South Carolina Central Cancer 
Registry); MA Whiteside (Tennessee Cancer Registry); S Rai, 
MA Williams (Texas Cancer Registry); K Herget, C Sweeney 
(Utah Cancer Registry); J Kachajian (Vermont Cancer Registry); 
MB Keitheri Cheteri, P Migliore Santiago (Washington State 
Cancer Registry); SE Blankenship, JL Conaway (West Virginia 
Cancer Registry); R Borchers, R Malicki (Wisconsin Department 
of Health Services); J Espinoza, J Grandpre (Wyoming Cancer 
Surveillance Program); HK Weir*, R Wilson (Centers for Disease 
Control and Prevention); BK Edwards*, A  Mariotto (National 
Cancer Institute); C Rodriguez-Galindo* (St. Jude Children’s 
Research Hospital).
Asia—China: N Wang, L Yang (Beijing Cancer Registry); JS 
Chen, Y Zhou (Changle City Cancer Registry); YT He, GH Song 
(Cixian Cancer Registry); XP Gu (Dafeng County Center for 
Disease Control and Prevention); D Mei, HJ Mu (Dalian Centers 
for Disease Prevention and Control); HM Ge, TH Wu (Donghai 
County Center for Disease Prevention and Control); YY Li, DL 
Zhao (Feicheng County Cancer Registry); F Jin, JH Zhang (Ganyu 
Center for Disease Prevention and Control); FD Zhu (Guanyun 
Cancer Registry); Q Junhua, YL Yang (Haimen Cancer Registry); 
CX Jiang (Haining City Cancer Registry); W Biao, J Wang (Jianhu 
Cancer Registry); QL Li (Jiashan County Cancer Registry); H Yi, X 
Zhou (Jintan Cancer Registry); J Dong, W Li (Lianyungang Center 
for Disease Prevention and Control); FX Fu, SZ Liu (Linzhou 
Cancer Registry); JG Chen, J Zhu (Qidong County Cancer 
Registry); YH Li, YQ Lu (Sihui Cancer Registry); M Fan, SQ Huang 
(Taixing Cancer Registry); GP Guo, H Zhaolai (Cancer Institute of 
Yangzhong City); K Wei (Zhongshan City Cancer Registry); WQ 
Chen*, W Wei*, H Zeng (The National Cancer Center); Cyprus: 
AV Demetriou (Cyprus Cancer Registry); Hong Kong: WK 
Mang, KC Ngan (Hong Kong Cancer Registry); India: AC Kataki, 
M Krishnatreya (Guwahati Cancer Registry); PA Jayalekshmi, 
P Sebastian (Karunagappally Cancer Registry); PS George, 
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A  Mathew (Trivandrum Cancer Registry); A  Nandakumar* 
(National Centre for Disease Informatics and Research); Iran: 
R Malekzadeh, G Roshandel (Golestan Population-based Cancer 
Registry); Israel: L Keinan-Boker, BG Silverman (Israel National 
Cancer Registry); Japan: H Ito, Y Koyanagi (Aichi Cancer 
Registry); M Sato, F Tobori (Akita Prefectural Cancer Registry); 
I  Nakata, N Teramoto (Ehime Prefectural Cancer Registry); 
M Hattori, Y Kaizaki (Fukui Cancer Registry); F Moki (Gunma 
Prefectural Cancer Registry); H Sugiyama, M Utada (Hiroshima 
Prefecture Cancer Registry); M Nishimura, K Yoshida (Hyogo 
Prefectural Cancer Registry); K Kurosawa, Y Nemoto (Ibaraki 
Prefectural Cancer Registry); H Narimatsu, M Sakaguchi 
(Kanagawa Cancer Registry); S Kanemura (Miyagi Prefectural 
Cancer Registry); M Naito, R Narisawa (Niigata Prefecture 
Cancer Registry); I Miyashiro, K Nakata (Osaka Cancer Registry); 
D Mori, M Yoshitake (Saga Prefectural Cancer Registry); I Oki 
(Tochigi Prefectural Cancer Registry); N Fukushima, A Shibata 
(Yamagata Prefectural Cancer Registry); K Iwasa, C Ono 
(Yamanashi Cancer Registry); T Matsuda* (National Cancer 
Center); Jordan: O Nimri (Jordan National Cancer Registry); 
Korea: KW Jung, YJ Won (Korea Central Cancer Registry); 
Kuwait: E Alawadhi, A  Elbasmi (Kuwait Cancer Registry); 
Malaysia: A  Ab Manan (Malaysia National Cancer Registry); 
F Adam (Penang Cancer Registry); Mongolia: E Nansalmaa, 
U Tudev (Cancer Registry of Mongolia); C Ochir (Mongolian 
National University of Medical Sciences); Qatar: AM Al Khater, 
MM El Mistiri (Qatar Cancer Registry); Singapore: GH Lim, YY 
Teo (Singapore Cancer Registry); Taiwan: CJ Chiang, WC Lee 
(Taiwan Cancer Registry); Thailand: R Buasom, S Sangrajrang 
(Bangkok Cancer Registry); K Suwanrungruang, P Vatanasapt 
(Khon Kaen Provincial Cancer Registry); K Daoprasert, D 
Pongnikorn (Lampang Cancer Registry; Lamphun Cancer 
Registry); A Leklob, S Sangkitipaiboon (Lopburi Cancer Registry); 
SL Geater, H Sriplung (Songkhla Cancer Registry); Turkey: 
O Ceylan, I  Kög (Ankara Cancer Registry); O Dirican (Antalya 
Cancer Registry); T Köse (Bursa Cancer Registry); T Gurbuz 
(Edirne Cancer Registry); FE Karaşahin, D Turhan (Erzurum 
Cancer Registry Center); U Aktaş, Y Halat (Eskişehir Cancer 
Registry); S Eser, CI Yakut (Izmir Cancer Registry); M Altinisik, 
Y Cavusoglu (Samsun Cancer Registry); A Türkköylü, N Üçüncü 
(Trabzon Cancer Registry).
Europe—Austria: M Hackl (Austrian National Cancer 
Registry); Belarus: AA Zborovskaya (Belarus Childhood Cancer 
Subregistry); OV Aleinikova (Belarusian Research Center for 
Pediatric Oncology, Hematology and Immunology); Belgium: K 
Henau, L Van Eycken (Belgian Cancer Registry); Bulgaria: TY 
Atanasov, Z Valerianova (Bulgarian National Cancer Registry); 
Croatia: M Šekerija (Croatian National Cancer Registry); 
Czech Republic: L Dušek, M Zvolský (Czech National Cancer 
Registry); Denmark: L Steinrud Mørch, H Storm*, C Wessel 
Skovlund (Danish Cancer Society); Estonia: K Innos, M Mägi 
(Estonian Cancer Registry); Finland: N Malila, K Seppä (Cancer 
Society of Finland); France: J Jégu, M Velten (Bas-Rhin General 
Cancer Registry); E Cornet, X Troussard (Registre Régional des 
Hémopathies Malignes de Basse Normandie); AM Bouvier 
(Registre Bourguignon des Cancers Digestifs); AV Guizard 
(Registre Général des Tumeurs du Calvados); V Bouvier, G 
Launoy (Registre des Tumeurs Digestives du Calvados); S 
Dabakuyo Yonli, ML Poillot (Breast and Gynecologic Cancer 
Registry of Côte d’Or France); M Maynadié, M Mounier 
(Hémopathies Malignes de Côte d’Or); L Vaconnet, AS Woronoff 
(Doubs General Cancer Registry); M Daoulas, M Robaszkiewicz 

(Finistère Cancer Registry); J Clavel, C Poulalhon (French 
National Registry of Childhood Hematopoietic Malignancies); E 
Desandes, B Lacour (National Registry of Childhood Solid 
Tumors); I  Baldi (Gironde Registry of Primary Central Nervous 
System Tumors); B Amadeo, G Coureau (General Cancer 
Registry of Gironde Department); A  Monnereau, S Orazio 
(Registre des Hémopathies Malignes de la Gironde); M Audoin, 
TC D’Almeida (Registre Général des Cancers de Haute-Vienne); 
S Boyer, K Hammas (Haut-Rhin Cancer Registry); B 
Trétarre  (Registre des Tumeurs de l’Hérault); M Colonna, P 
Delafosse (Registre du Cancer du Département de l’Isère); S 
Plouvier (Registre Général des Cancers de Lille et de sa Region); 
A  Cowppli-Bony (Loire-Atlantique-Vendée Cancer Registry); F 
Molinié (Loire-Atlantique-Vendée Cancer Registry; French 
Network of Cancer Registries (FRANCIM)); S Bara (Manche 
Cancer Registry); O Ganry, B Lapôtre-Ledoux (Registre du 
Cancer de la Somme); L Daubisse-Marliac (Tarn Cancer 
Registry); N Bossard, Z Uhry (Hospices Civils de Lyon); J Estèveǂ 
(Université Claude Bernard, Lyon); Germany: R Stabenow, H 
Wilsdorf-Köhler (Common Cancer Registry of the Federal 
States); A  Eberle, S Luttmann (Bremen Cancer Registry); 
I Löhden, AL Nennecke (Hamburg Cancer Registry); J Kieschke, 
E Sirri (Epidemiological Cancer Registry of Lower Saxony); C 
Justenhoven, F Reinwald (Rhineland Palatinate Cancer 
Registry); B Holleczek (Saarland Cancer Registry); N Eisemann, 
A  Katalinic (Schleswig-Holstein Cancer Registry); Gibraltar: 
RA Asquez, V Kumar (Gibraltar Cancer Registry); Greece: E 
Petridou (Nationwide Registry for Childhood Haematological 
Malignancies and Solid Tumors); Iceland: EJ Ólafsdóttir, L 
Tryggvadóttir (Icelandic Cancer Registry, Icelandic Cancer 
Society); Ireland: DE Murray, PM Walsh (National Cancer 
Registry Ireland); H Sundseth* (European Institute of Women’s 
Health); M Harney* (University of Limerick); Italy: G Mazzoleni, 
F Vittadello (Registro Tumori Alto Adige); E Coviello, F Cuccaro 
(Registro Tumori Puglia – Sezione ASL BT); R Galasso (Registro 
Tumori di Basilicata); G Sampietro (Registro Tumori di Bergamo); 
A Giacomin† (Piedmont Cancer Registry Provinces of Biella and 
Vercelli); M Magoni (Registro Tumori Dell’ASL Di Brescia); 
A  Ardizzone (Registro Tumori Brindisi); A  D’Argenzio (Caserta 
Cancer Registry); AA Di Prima, A  Ippolito (Integrated Cancer 
Registry of Catania-Messina-Siracusa-Enna); AM Lavecchia, 
A  Sutera Sardo (Registro Tumori Catanzaro); G Gola (Registro 
Tumori della Provincia di Como); P Ballotari, E Giacomazzi 
(Registro Tumori Cremona; Registro Tumori Mantova); S Ferretti 
(Registro Tumori della Provincia di Ferrara); L Dal Maso, D 
Serraino (Registro Tumori del Friuli Venezia Giulia); MV Celesia, 
RA Filiberti (Registro Tumori Regione Liguria); F Pannozzo 
(Registro Tumori della Provincia di Latina); A Melcarne, F Quarta 
(Registro Tumori Della Provincia Di Lecce Sezione RTP); 
A Andreano, AG Russo (Registro Tumori Milano); G Carrozzi, C 
Cirilli (Registro Tumori della Provincia di Modena); L Cavalieri 
d’Oro, M Rognoni (Registro Tumori di Monza e Brianza); M 
Fusco, MF Vitale (Registro Tumori della ASL Napoli 3 Sud); M 
Usala (Nuoro Cancer Registry); R Cusimano, W Mazzucco 
(Registro Tumori di Palermo e Provincia); M Michiara, P Sgargi 
(Registro Tumori della Provincia di Parma); L Boschetti, S 
Marguati (Cancer Registry of the province of Pavia); G 
Chiaranda, P Seghini (Registro Tumori Piacenza); MM Maule, F 
Merletti (Piedmont Childhood Cancer Registry); E Spata, R 
Tumino (Registro Tumori della Provincia di Ragusa); P Mancuso 
(Registro Tumori Reggio Emilia); T Cassetti, R Sassatelli 
(Pancreas Tumor Registry of Reggio Emilia Province); F Falcini, S 
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Giorgetti (Registro Tumori della Romagna); AL Caiazzo, R Cavallo 
(Registro Tumori Salerno); D Piras (Registro Tumori Nord 
Sardegna); F Bella, A Madeddu (Registro Tumori Siracusa); AC 
Fanetti, S Maspero (Registro Tumori della Provincia di Sondrio); 
S Carone, A  Mincuzzi (Registro Tumori Taranto); G Candela, T 
Scuderi (Registro Tumori Trapani); MA Gentilini, R Rizzello 
(Registro Tumori Trento); S Rosso (Piedmont Cancer Registry); 
A Caldarella, T Intrieri (Registro Tumori della Regione Toscana); 
F Bianconi (Registro Tumori Umbro di Popolazione); P Contiero, 
G Tagliabue (Registro Tumori Lombardia, Provincia di Varese); M 
Rugge, M Zorzi (Registro Tumori Veneto); S Beggiato, A Brustolin 
(Registro Tumori Della Provincia Di Viterbo); G Gatta (Fondazione 
IRCCS Istituto Nazionale dei Tumori); R De Angelis (National 
Centre for Epidemiology); M Vicentini (Italian Association of 
Cancer Registries (AIRTUM); Registro Tumori Reggio Emilia); R 
Zanetti* (International Association of Cancer Registries; 
Piedmont Cancer Registry); F Stracci (Italian Association of 
Cancer Registries (AIRTUM); Registro Tumori Umbro di 
Popolazione); Latvia: A Maurina, M Oniščuka (Latvian Cancer 
Registry); Liechtenstein: M Mousavi (Liechtenstein); 
Lithuania: L Steponaviciene, I  Vincerževskienė (Lithuanian 
Cancer Registry); Malta: MJ Azzopardi, N Calleja (Malta 
National Cancer Registry); Netherlands: S Siesling, O Visser 
(Netherlands Cancer Registry, IKNL); Norway: TB Johannesen, 
S Larønningen (The Cancer Registry of Norway); Poland: M 
Trojanowski (Wielkopolski Rejestr Nowotworów); P Macek 
(Świętokrzyski Rejestr Nowotworów); T Mierzwa (Kujawsko-
Pomorski Rejestr Nowotworów); J Rachtan (Małopolski Rejestr 
Nowotworów); A  Rosińska (Łódzki Rejestr Nowotworów); K 
Kępska (Dolnośląski Rejestr Nowotworów); B Kościańska 
(Lubelski Rejestr Nowotworów); K Barna (Lubuski Rejestr 
Nowotworów); U Sulkowska (Mazowiecki Rejestr 
Nowotworów); T Gebauer (Opolski Rejestr Nowotworów); JB 
Łapińska (Podlaski Rejestr Nowotworów); J Wójcik-
Tomaszewska (Pomorski Rejestr Nowotworów); M Motnyk 
(Śląski Rejestr Nowotworów); A  Patro (Podkarparcki 
Rejestr  Nowotworów); A  Gos (Warmińsko-Mazurski Rejestr 
Nowotworów); K Sikorska (Zachodniopomorski Rejestr 
Nowotworów); M Bielska-Lasota (National Institute of Public 
Health, NIH); JA Didkowska, U Wojciechowska (Polish National 
Cancer Registry); Portugal: G Forjaz de Lacerda, RA 
Rego  (Registo Oncológico Regional dos Açores); B Carrito, 
A  Pais (Registo Oncológico Regional do Centro); MJ Bento, J 
Rodrigues (Registo Oncológico Regional do Norte); A Lourenço, 
A  Mayer-da-Silva (Registo Oncólogico Regional do Sul); 
Romania: D Coza, AI Todescu (Cancer Institute I.  Chiricuta); 
Russia: MY Valkov (Arkhangelsk Regional Cancer Registry); L 
Gusenkova, O Lazarevich (Population Cancer Registry of the 
Republic of Karelia); O Prudnikova, DM Vjushkov (Omsk Regional 
Cancer Registry); A Egorova, A Orlov (Samara Cancer Regional 
Registry); LV Pikalova, LD Zhuikova (Population-Based Cancer 
Registry of Tomsk); Slovakia: J Adamcik, C Safaei Diba 
(National Cancer Registry of Slovakia); Slovenia: V Zadnik, T 
Žagar (Cancer Registry of Republic of Slovenia); Spain: M 
De-La-Cruz, A  Lopez-de-Munain (Basque Country Cancer 
Registry); A Aleman, D Rojas (Registro Poblacional de Cáncer de 
la Comunidad Autónoma de Canarias); RJ Chillarón, AIM 
Navarro (Registro de Cáncer de Cuenca); R Marcos-Gragera, M 
Puigdemont (Girona Cancer Registry); M Rodríguez-Barranco, 
MJ Sánchez Perez (Granada Cancer Registry); P Franch Sureda, 
M Ramos Montserrat (Mallorca Cancer Registry); MD Chirlaque 
López, A  Sánchez Gil (Murcia Cancer Registry); E Ardanaz, M 

Guevara (Registro de Cáncer de Navarra, CIBERESP); A Cañete-
Nieto, R Peris-Bonet (RETI-SEHOP, Universidad de Valencia); M 
Carulla, J Galceran (Tarragona Cancer Registry); F Almela, C 
Sabater (Comunitat Valenciana Childhood Cancer Registry); 
Sweden: S Khan, D Pettersson (Swedish Cancer Registry); P 
Dickman* (Karolinska Institutet, Stockholm); Switzerland: K 
Staehelin, B Struchen (Basel Cancer Registry); C Egger Hayoz 
(Registre Fribourgeois des Tumeurs); E Rapiti, R Schaffar 
(Geneva Cancer Registry); P Went (Cancer Registry 
Graubünden-Glarus); SM Mousavi (Cancer Registry 
Graubünden-Glarus; East Switzerland Cancer Registry); JL 
Bulliard, M Maspoli-Conconi (Registre Neuchâtelois et 
Jurassien des Tumeurs); CE Kuehni, SM Redmond (Childhood 
Cancer Registry); A  Bordoni, L Ortelli (Registro Tumori Canton 
Ticino); A  Chiolero, I  Konzelmann (Registre Valaisan des 
Tumeurs); S Rohrmann, M Wanner (Cancer Registry Zürich and 
Zug); United Kingdom: J Broggio, J Rashbass, C Stiller* 
(National Cancer Registration and Analysis Service England); D 
Fitzpatrick, A  Gavin (Northern Ireland Cancer Registry); DS 
Morrison, CS Thomson (Scottish Cancer Registry); G Greene, 
DW Huws (Welsh Cancer Intelligence & Surveillance Unit); M 
Grayson* (Belfast, UK); H Rawcliffe* (Lancashire, UK); C 
Allemani*, MP Coleman*, V Di Carlo, F Girardi, M Matz, P 
Minicozzi, N Sanz, N Ssenyonga (London School of Hygiene & 
Tropical Medicine); D James* (London, UK); R Stephens* 
(Patient Advocate, Stevenage).
Oceania—Australia: E Chalker, M Smith (Australian Capital 
Territory Cancer Registry); J Gugusheff, H You (NSW Cancer 
Registry); S Qin Li, S Dugdale (Northern Territory of Australia 
Cancer Registry); J Moore, S Philpot (Queensland Cancer 
Registry); R Pfeiffer, H Thomas (South Australian Cancer 
Registry); B Silva Ragaini, AJ Venn (Tasmanian Cancer Registry); 
SM Evans, L Te Marvelde (Victorian Cancer Registry); V Savietto, 
R Trevithick (Western Australian Cancer Registry); J Aitken* 
(Cancer Council Queensland); D Currow* (Cancer Institute 
NSW); New Zealand: C Fowler, C Lewis (New Zealand Cancer 
Registry).
ǂProf Estève passed away in February, 2022.
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*Additional criteria apply. Please refer to protocol 14379-201 for full inclusion and exclusion criteria. †Patients can participate if they had some skin 
cancers, superficial bladder cancer (cancer that was only on the surface of the lining of the bladder), or carcinoma in situ (cancer that had not spread) 
of the cervix or breast that had been cured.

HIV, human immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus; IGF-1R, insulin-like growth factor 1 receptor; KPS, Karnofsky 
Performance Scale; RT, radiotherapy; SOC, standard of care; TMZ, temozolomide.
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