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Abstract

Background. Survivalis a key metric of the effectiveness of a health system in managing cancer. We set out to provide
a comprehensive examination of worldwide variation and trends in survival from brain tumors in adults, by histology.
Methods. We analyzed individual data for adults (15-99 years) diagnosed with a brain tumor (ICD-O-3 topography code
C71) during 2000-2014, regardless of tumor behavior. Data underwent a 3-phase quality control as part of CONCORD-3.
We estimated net survival for 11 histology groups, using the unbiased nonparametric Pohar Perme estimator.
Results. The study included 556,237 adults. In 2010-2014, the global range in age-standardized 5-year net survival
for the most common sub-types was broad: in the range 20%-38% for diffuse and anaplastic astrocytoma, from
4% to 17% for glioblastoma, and between 32% and 69% for oligodendroglioma. For patients with glioblastoma, the
largest gains in survival occurred between 2000-2004 and 2005-2009. These improvements were more noticeable
among adults diagnosed aged 40-70 years than among younger adults.

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 by histology in adults. We have highlighted remarkable gains in 5-year
survival from glioblastoma since 2005, providing large-scale empirical evidence on the uptake of chemoradiation
at population level. Worldwide, survival improvements have been extensive, but some countries still lag behind.
Our findings may help clinicians involved in national and international tumor pathway boards to promote initia-
tives aimed at more extensive implementation of clinical guidelines.
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e A study on global trends in population-based survival from brain tumors in adults.

e Five-year survival for 11 histology groups and, for glioblastoma, also 2-year and
age-specific survival.

Wide variation in survival suggests inequalities in access to care.

Importance of the Study

We set out to provide a comprehensive examination
of worldwide variation in population-based survival
from brain tumors in adults, by histology. The analysis
included more than 500,000 patients diagnosed with a
primary brain tumor during 20002014 in 59 countries.
A standardized protocol for data collection ensured
that data were based on the same set of patient-
related and tumor-related variables from all regis-
tries. We provided estimates of net survival 5 years
after diagnosis for 11 histology groupings. For glio-
blastoma, we also estimated age-specific survival

Tumors originating in the brain are rare." In England, the
age-standardized (Europe) incidence rate for glioblastoma,
the most common subtype in adults, was 5.0 per 100,000 in
2015.2

Only a few treatment protocols of proven efficacy are
available for brain tumors.’® After maximal safe resec-
tion, when feasible, patients may receive different combin-
ations of radiotherapy and chemotherapy, depending on
histology. For instance, the standard therapeutic regimen
for glioblastoma is a course of radiotherapy given con-
comitantly with temozolomide and, subsequently, chemo-
therapy with temozolomide for 6 months.3

Data from all patients registered by national or regional
population-based cancer registries are the backbone of
population-based cancer survival estimates. Survival for
all patients in the population reflects the overall effective-
ness of a health system in managing cancer.” Worldwide
disparities in survival can only be reliably explored
through large studies that use a standard protocol for data
collection, centralized procedures for data quality control,
and the same statistical methods for all datasets.

The third cycle of the CONCORD program for global sur-
veillance of cancer survival (CONCORD-3) obtained indi-
vidual tumor records from 322 population-based cancer
registries in 71 countries, for 37.5 million patients diag-
nosed during 2000-2014 with 1 of 18 common cancer
types, including 742,145 adults diagnosed with a brain
tumor. Age-standardized 5-year net survival for all brain tu-
mors combined ranged from 14.7% inThailand to 42.2% in
Croatia for patients diagnosed during 2010-2014.8

Access to high-quality health care is inequitable world-
wide. Radiotherapy is critical to brain tumor management,

and survival at 2 years. We highlighted the remark-
able gains in survival from glioblastoma since 2005,
providing large-scale empirical evidence of the up-
take of chemoradiation at population level. Survival
improvements have been extensive, but some coun-
tries still lag behind. Our findings should enable clin-
icians involved in national and international tumor
pathway boards to promote initiatives aimed at more
extensive implementation of clinical guidelines. This
should translate to more equitable access to care
and continued progress in survival.

but only 65% of middle-income countries have operational
radiotherapy facilities.®'* The neurosurgical workforce has
been increasing in low-income and middle-income coun-
tries, but it is still largely suboptimal.™ Distribution of pa-
thology services is uneven: in many countries, pathology
services are simply not available and lack of neuropa-
thology expertise is even more widespread.'2"3

Survival for all brain tumors combined is likely to vary
worldwide because of differences in access to health
care, but given the clinical heterogeneity of the histolog-
ical subtypes of brain tumors, it may also be affected by
international differences in the distribution of histological
subtypes.

Brain tumors comprise a heterogeneous group of neo-
plasms with distinct clinical behavior, and wide variation in
survival by age. For example, in the United States, 5-year
relative survival in young adults (15-39 years) diagnosed
during 2001-2015 was 76% for diffuse astrocytoma, but
only 26% for glioblastoma. For older adults (40 years or
more), 5-year relative survival for these subtypes was 32%
and 5%, respectively." The histology distribution of brain
tumors varies widely between countries. In CONCORD-3,
the proportion of glioblastomas diagnosed during 2000—
2014 was less than 10% in China but more than 50% in
Europe and North America.'®True geographical differences
in incidence may occur for some brain tumor subtypes,'®
but some of the observed variations may be attributable to
international differences in the availability of neurosurgery
and in the quality/completeness of neuropathological data,
as much as to differences in cancer registration practice.

Treatment of brain tumors depends on histology, grade,
and anatomic site, so clinically relevant survival analyses
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by histology are crucial for health systems that aim to
monitor and improve cancer outcomes. So far, however,
population-based survival estimates for brain tumors by
histology have been limited to Europe and North America.
Study designs vary widely, and hardly any studies have
been conducted in low-income and middle-income coun-
tries. In addition, up-to-date international comparisons
of survival trends by histology are not currently avail-
able.”*'7-1% We aimed to address this gap by conducting a
study of population-based survival trends with global cov-
erage and up-to-date follow-up for vital status.

Patients and Methods

We analyzed all brain tumors included in the CONCORD-3
database. We considered adults (15-99 years) diag-
nosed with a primary malignant or nonmalignant tumor
of the brain (topography code C71 in the International
Classification of Diseases for Oncology, third edition, ICD-
0-329) during 2000-2014. CONCORD-3 did not collect data
for central nervous system tumors arising in the meninges
(C70), the spinal cord, or the cranial nerves, including the
optic chiasma (C72) or the pituitary gland (C75.1) or pineal
gland (C75.3).

Data underwent stringent, 3-phase quality control, de-
scribed elsewhere.? In brief, diagnoses based solely on a
death certificate or autopsy were excluded. Tumor records
were not included if they contained errors in the date se-
quence or various unlikely combinations of age, site, and
morphology, unless the records were confirmed as correct
by the registry.

We categorized relevant ICD-O-3 codes into 11 his-
tology groups, using the World Health Organisation
Classification of Central Nervous System Tumours (4th edi-
tion)?' (Supplementary Table 1). The methodology and the
principles for selecting the ICD-O-3 codes are explained
elsewhere.®

We estimated net survival up to 5 years after diagnosis,
using the unbiased non-parametric Pohar Perme esti-
mator.?2 Net survival is the probability for cancer patients
to survive their cancer, after controlling for competing risks
of death (background mortality), which are higher in the
elderly. Information on background mortality was obtained
from life tables of all-cause mortality by single year of age,
sex, and single calendar year in each country or territory.
The data sources and methods for constructing these life
tables have been described.??

We estimated net survival by age (15-44, 45-54, 55-64,
65-74, and 75-99 years). We used the International Cancer
Survival Standard (ICSS) weights (group 2, tumors
with less variation in incidence by age) to produce age-
standardized survival estimates for all ages combined. We
did not estimate survival if fewer than 10 patients were
available for analysis. If 10-49 patients were available for
analysis in a given calendar period, we only estimated
survival for all ages combined. If 50 or more patients
were available, we attempted survival estimation for each
age group. If a single age-specific estimate could not be
obtained, we merged the data for adjacent age groups and
assigned the combined estimate to both age groups before
standardization for age. If 2 or more age-specific estimates

could not be obtained, we present only the unstandardized
estimate for all ages combined. We did not merge data be-
tween consecutive calendar periods.®

We used the classical cohort approach for patients diag-
nosed during 2000-2004 and 2005-2009, because in most
datasets, all the patients had been followed up for at least
5 years. We adopted the period approach for patients diag-
nosed during 2010-2014, because 5 years of follow-up
were not available for all patients. This approach allowed
estimation of 5-year net survival for patients diagnosed
during 2010-2014, by combining the survival probabilities
from the most recent follow-up data for patients diagnosed
during 2010-2014 with the survival probabilities for pa-
tients diagnosed during the preceding 5 years who were
still alive on January 1, 2010.2425

We produced age-standardized 5-year survival estimates
for each histology group, country, and calendar period. For
glioblastoma, we also estimated 5-year survival by age, to
examine the remarkable differences in tumor biology and
outcome between age groups. For this purpose, we identi-
fied 3 age groups: 15-39, 40-70, and 71-99 years. The age
boundaries for the 15-39 age group were chosen to match
the methods used in previous studies.?622 The age group
40-70 years was chosen to be in line with most treatment
guidelines,?*3% which recommend radiotherapy up to age
70 years. For patients diagnosed with glioblastoma, we
also estimated 2-year survival by age, in light of the very
poor prognosis for this subtype.

Survival estimates from a given cancer registry were
deemed less reliable if 15% or more of patients were lost
to follow-up or censored alive within 5 years of diag-
nosis, or the diagnosis was based only on a death cer-
tificate or autopsy, or were registered with incomplete
dates.The pooled estimates for countries with more than
1 registry do not include data from registries for which
the estimates were less reliable. Less reliable estimates
are shown with a flag in figures and tables when they are
the only available information from a given country or
territory.

The CONCORD programme is approved by the United
Kingdom'’s statutory Health Research Authority (refer-
ence 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

For CONCORD-3, 286 cancer registries in 59 countries sub-
mitted 742,145 individual records for adults diagnosed
with a primary brain tumor during 2000-2014. Of these,
671,085 (90.4%) passed the quality checks. The proportion
of records with incomplete dates was low in most contin-
ents (0%—2%), but relatively high in Africa (26.2%). Patients
registered only from a death certificate (DCO) accounted
for 10.3% of records in Africa and 14.6% in Central and
South America. Data quality indicators for all brain tu-
mors combined are summarized in SupplementaryTable 2.
Countries are listed in alphabetical order within each con-
tinent in tables.
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Age-standardized 5-year net survival (%) with 95% confidence interval, by country: adults (15-99 years) diagnosed with diffuse and

anaplastic astrocytoma, glioblastoma, or oligodendroglioma during 2010-2014. *Countries with 100% coverage of the national population.
§Survival estimates are 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.

Records with morphology codes different from those
selected for study (68,973, 10.3% of those potentially eli-
gible for analysis) or from cancer registries in which the
information was deemed less reliable for the purpose of
survival analyses (45,887, 6.8%) were also excluded. The
final study population comprised 556,237 adults (82.9% of
the patients potentially eligible for analysis).

We focused on diffuse and anaplastic astrocytoma, gli-
oblastoma, oligodendroglioma, unspecified astrocytoma,
and unspecified glioma, and on countries for which reli-
able age-standardized survival estimates were available.

Age-standardized 5-year net survival for patients diag-
nosed with diffuse and anaplastic astrocytoma during
2010-2014 was in the range of 20%-29% in China, Israel,
South Korea, Singapore, Taiwan, Turkey, and in 9 European
countries (Denmark, Finland, Italy, Poland, Portugal, the
Russian Federation, Slovakia, Slovenia, and Switzerland);
in the range of 30%-39% in Canada, the United States, 9
European countries (Austria, Belgium, Czech Republic,
Germany, the Netherlands, Norway, Spain, Sweden, and
the United Kingdom), and in Australia and New Zealand
(SupplementaryTable 3A, Figure 1).

Age-standardized 5-year survival from diffuse and
anaplastic astrocytoma improved remarkably in Canada,
most North European countries, Belgium, and the

Netherlands (Western Europe), Spain (Southern Europe),
Czech Republic (Eastern Europe), and in Australia. Survival
was generally stable elsewhere. Overall, the largest im-
provements occurred between 2000-2004 and 2005-2009
(Figure 2).

For patients diagnosed during 2010-2014, age-
standardized 5-year survival for glioblastoma was gen-
erally poor, nowhere exceeding 17%. Survival was 4.4%
in Ecuador; in the range 5%-9% in Puerto Rico, Israel,
Thailand, Turkey, Singapore, and in 20 European coun-
tries, and between 10% and 15% in Canada, the United
States, South Korea, Singapore, Taiwan, Germany, Latvia,
Australia, and New Zealand. Five-year survival was 16.9%
in China (SupplementaryTable 3A, Figure 1).

Overall, age-standardized 5-year survival for glioblas-
toma improved over time, mainly between 2000-2004
and 2005-2009. Survival fluctuated or declined in Israel,
Austria, Belgium, Croatia, Germany, Ireland, Latvia, and
Norway, while it was substantially unchanged in Poland
(Figure 3).

For glioblastoma, net survival at 2 years in young adults
(15-39 years) varied between 30% and 70% worldwide.
For patients diagnosed during 2010-2014, 2-year survival
was in the range 31%-42% in Central and South American
countries, 30%—-62% in Asian countries, and 27%-72% in
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Fig.2 Fifteen-yeartrends in age-standardized 5-year net survival (%) for adults (15-99 years) diagnosed with diffuse and anaplastic astrocytoma
during 2000-2014, by continent (or continental region), and country. Countries are only included if age-standardized survival estimates were
available 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: Australia, AUS; Austria,
AUT, Belgium, BEL; Canada, CAN; Czech Republic, CZE; Denmark, DNK; Finland, FIN; Israel, ISR; Italy, ITA; Netherlands, NLD; New Zealand, NZL;
Norway, NOR; Poland, POL; Portugal, PRT; South Korea, KOR; Spain, ESP; Sweden, SWE; Switzerland, CHE; Taiwan, TWN; UK, GBR; USA, USA.

European countries. Two-year survival was around 48% in
Canada, the United States, Australia, and New Zealand. For
patients diagnosed aged 40-70 years during 2010-2014,
two-year survival was 24% or lower in nearly all coun-
tries. Only in China, South Korea, Kuwait, Singapore, and
Taiwan were outcomes more favorable (31%-42%). Among
patients older than 70 years, 2-year net survival rarely ex-
ceeded 10% (SupplementaryTable 4).

In young adults, 2-year survival for glioblastoma
changed slightly during the 15-year period from 2000 to
2014. Steady, upward trends were observed in only 9e
countries: Canada, South Korea, Denmark, Sweden, the
United Kingdom, France, Germany, the Netherlands, and
Slovenia. In a further 11 countries, early improvements
in survival were offset by a decline during 2000-2014
(Supplementary Figure 1).

During 2000-2014, remarkable improvements in 2-year
survival from glioblastoma for adults aged 40-70 years oc-
curred in nearly all regions. The steepest increases were
observed between 2000-2004 and 2005-2009, but trends
were still upward for 2010-2014.The differential was slightly
smaller in North America, and in Western and Southern
European countries. In Israel, Singapore, Denmark,
Sweden, Australia, and New Zealand, 2-year survival rose
from around 10% to more than 20%. In Eastern Europe,
however, 2-year survival was more stable during 2000-
2014 and much lower than 20% (Supplementary Figure 2).
Despite these improvements in short-term survival, how-
ever, survival at 5 years for patients aged 40-70 years im-
proved only slightly throughout the 15 years from 2000
to 2014, remaining below 10% in almost all countries
(SupplementaryTable 5).
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Fig. 3 Fifteen-year trends in age-standardized 5-year net survival (%) for adults (15-99 years) diagnosed with glioblastoma during 20002014,
by continent (or continental region), and country. Countries are only included if age-standardized survival estimates were available for patients
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survival (%). International Organization for Standardization abbreviations for country names: Australia, AUS; Austria, AUT, Belgium, BEL; Canada,
CAN; Croatia, HRV; Czech Republic, CZE; Denmark, DNK; Finland, FIN; France, FRA; Germany, DEU; Ireland, IRL; Israel, ISR; Italy, ITA; Latvia, LVA;
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For patients diagnosed with an oligodendroglioma
during 2010-2014, age-standardized 5-year survival varied
widely, from less than 40% to 70%. Survival was less than
40% in Turkey, Denmark, Poland, and Portugal; it ranged
between 40% and 49% in Taiwan and in 9 European coun-
tries (Belgium, Croatia, Czech Republic, France, Ireland,
Italy, Spain, Sweden, and Switzerland). Survival varied be-
tween 50% and 59% in Canada, China, Israel, South Korea,
the United Kingdom, Australia, and New Zealand. The
highest values (60%-70%) were seen in Austria, Finland,
Germany, the Netherlands, Norway, and Slovenia. Survival
for oligodendroglioma was higher than for any category
of astrocytoma in almost all countries where reliable esti-
mates could be obtained (Supplementary Table 3A, Figure
1).

Steady improvements in 5-year survival for oligo-
dendroglioma were observed in North America, Israel,
South Korea, most North European countries, in France
and the Netherlands (Western Europe), Croatia and Spain
(Southern Europe), in East European countries, and in
Australia. Survival wavered over time, or declined, in
Taiwan, Finland, Austria, and New Zealand (Figure 4).

Global disparities in age-standardized 5-year net sur-
vival from astrocytoma without further specification of
the histology (unspecified astrocytoma) were striking.
Survival was 27.2% in Ecuador and around 40% in
Canada and the United States. In Asia, it ranged between
13.1% (Thailand) and 45.5% (Turkey), while in Europe,
it varied between 25.7% (Czech Republic) and 45.7%
(Sweden). Five-year survival was 41.8% in Australia.
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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: Australia, AUS; Austria, AUT, Belgium, BEL; Canada,
CAN; Croatia, HRV; Czech Republic, CZE; Denmark, DNK; Finland, FIN; France, FRA; Ireland, IRL; Israel, ISR; Italy, ITA; Netherlands, NLD; New
Zealand, NZL; Norway, NOR; Poland, POL; Portugal, PRT; South Korea, KOR; Spain, ESP; Sweden, SWE; Switzerland, CHE; Taiwan, TWN; UK, GBR;

USA, USA.

Survival for unspecified astrocytoma was higher than
for diffuse and anaplastic astrocytoma in many coun-
tries, with nonoverlapping Cls and absolute differences
of at least 15% in South Korea, Taiwan, Turkey, Finland,
and Sweden. By contrast, survival for unspecified
astrocytoma was only slightly higher than for glioblas-
toma in a few countries. (Supplementary Table 3A).
Age-standardized 5-year survival for unspecified glioma
in 2010-2014 was around 50% or less in all 20 countries
where it could be reliably estimated. Survival ranged
from below 20% in Croatia, Czech Republic, Poland,
Russian Federation, and Spain to between 40% and 49%
in the United States, South Korea, and Norway, and it
was 53.6% in Belgium. Survival was higher than for dif-
fuse and anaplastic astrocytoma in 9 of the 20 countries

(Canada, the United States, Israel, South Korea, Taiwan,
Turkey, Belgium, Norway, and Australia), but lower than
for glioblastoma in the Russian Federation. Global dis-
parities in survival for unspecified tumors were even
wider than for unspecified astrocytoma, ranging from
below 10% in Puerto Rico and Poland to between 65% and
69% in Belgium and Denmark and above 80% in Norway
(Supplementary Table 3B).

Discussion

To our knowledge, this is the largest study to date of
population-based survival from brain tumors by histology.
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Many of the countries represented here have never previ-
ously been included in international comparisons. We ana-
lyzed more than half a million individual patient records
using a standard protocol for data collection, standardized
data quality control procedures, and the same robust sta-
tistical methodology for all datasets, accounting for inter-
national differences in background mortality and in the age
profile of cancer patients.?

During 2010-2014, the global range in age-standardized
b-year survival within each histology group was remark-
ably wide: in the range 4%-17% for glioblastoma, 20%-
38% for diffuse and anaplastic astrocytoma, and 32%-69%
for oligodendroglioma. For patients diagnosed with gli-
oblastoma, survival gains were most marked between
2000-2004 and 2005-2009; these improvements were
more pronounced among adults aged 40-70 years than
among adolescents and young adults (15-39 years).

Diffuse astrocytoma (WHO grade Il) and anaplastic
astrocytoma (WHO grade Ill) harbor a mutation in the
isocitrate dehydrogenase 1 (IDH1) gene in approximately
two-thirds of cases.?! This genetic hallmark has been found
to be a more powerful predictor of outcome than the WHO
grade,?>% and it was formally incorporated in the WHO
Classification of Central Nervous System Tumours in 2016.3
Extent of resection, age, and performance status now drive
the choice of subsequent treatment, rather than tumor his-
tology.®® Moreover, interobserver variability in the patho-
logical definition of WHO grade Il or Il astrocytic tumors is
well established.%%7 Based on such evidence, we chose to
pool tumors defined as diffuse astrocytoma or anaplastic
astrocytoma. In a sensitivity analysis in which these 2
entities were kept separate, international variation in survival
within the diffuse astrocytoma subgroup or the anaplastic
astrocytoma subgroup was more pronounced than with the
combined category (Supplementary Table 6). This finding
suggests that nonuniform practices in the pathology defini-
tion of WHO grade Il or lll astrocytic tumors may amplify dis-
parities in population-based survival for each of these tumor
subtypes, hampering international comparisons.™

In many countries, a steady decline in the proportion of
brain tumors coded as diffuse astrocytoma and anaplastic
astrocytoma during 2000-2014 was offset by increasing
proportions of glioblastoma (data not shown). Refinements
in brain tumor pathology may have led to a progressive re-
classification of lower grade astrocytic tumors with a more
aggressive phenotype as glioblastomas.?42 Treatment
options for diffuse and anaplastic astrocytoma are not yet
widely agreed, and the definition of a standard treatment is
still in progress,*® so reclassification of diffuse astrocytic
tumors (WHO grade Il or lll) with features of glioblastoma,
rather than changes in clinical practice, may be the reason
for some of the observed improvements for diffuse and
anaplastic astrocytoma during 2000-2014.

Glioblastoma is the most common brain tumor subtype
in adults. The outcome is generally poor, and most tumors
relapse or progress shortly after diagnosis and initial treat-
ment. The current standard of care for glioblastoma was
established in 2005, following the results of a large ran-
domized clinical trial: 2-year survival for adults aged up to
70 years who received radiotherapy with concomitant che-
motherapy was 26%, but only 10% for those treated with ra-
diotherapy alone.® In that trial, around 40% of the patients

had received a complete surgical resection, one of the most
important predictors of outcome for glioblastoma.*?

Here, we have aimed to assess whether the results of that
trial for glioblastoma may have influenced clinical prac-
tice to the extent of improving survival at the population
level. We assumed that most patients up to age 70 years
were likely to have received chemoradiotherapy. That age
boundary was used in the 2005 trial, and it has been imple-
mented in clinical guidelines. We explored whether the sur-
vival benefit from treatment, barely visible at 5 years, was
more pronounced in shorter term survival. We considered
adolescents and young adults separately, because they may
encounter barriers to optimal treatment due to the lack of
age-appropriate psychosocial support services or central-
ized cancer care.*45 In several countries, improvements in
2-year survival for adults aged 40-70 years were striking,
with survival increasing markedly from 10% or less to values
in the range 20%-30% over the period 2000-2014. However,
trends were flatter in countries such as Poland and the
Czech Republic, suggesting that constraints in the uptake of
modern treatment protocols may still exist. In patients aged
15-39 years, outcomes were more favorable than in those
aged 40-70 years, as expected in the light of the biological
differences.®’ In absolute terms, however, survival gains
during 2000-2014 were much smaller than in patients aged
40-70 years, and limited to a few affluent countries (Canada,
the Netherlands, South Korea). Clinical trials have not yet
explored outcomes in adolescents and young adults, so it
is still unclear whether the potential treatment benefit varies
with age. However, the strikingly different trends in survival
between patients aged 15-39 and those aged 40-70 years
underline the age-related disparities in outcome, as well as
the geographical disparities. Survival gains for glioblastoma
were more marked for 2-year survival than 5-year survival,
suggesting that improvements in early diagnosis or the
quality of initial treatment may not have had a substantial
effect on the longer term prognosis.*®

The CONCORD-3 protocol asked participating registries
to submit treatment data, including the full date of the
first course of chemotherapy or radiotherapy.® For brain
tumors, 23 of the 48 participating US cancer registries
provided the full date of the first course of radiotherapy
for at least 70% of the patients. The American Society for
Radiation Oncology (ASTRO) and the American Society
of Clinical Oncology (ASCO) recommend starting radio-
therapy as soon as safely permissible.4’ Patients enrolled
in clinical trials usually start radiotherapy within 3-6 weeks
after surgery,*®49 but for patients not in trials, who are the
great majority, the time between diagnosis and the initia-
tion of treatment may be much longer if access to care is
suboptimal. In the US CONCORD dataset, the proportion
of patients receiving the first course of radiotherapy within
6 weeks of surgery or biopsy during 2000-2014 varied
widely between US states, in the range 70%-86% (data not
shown). More detailed data are needed to explore the im-
pact on survival of delay in receiving treatment.

In previous work, we described the histology distribu-
tion of brain tumors worldwide.’ The proportion of brain
tumors with nonspecific histology (ICD-O-3 codes 8000-
8005) varied widely around the world. These neoplasms
accounted for 64% of all brain tumor diagnoses in China
and 41% in Denmark. The proportion of tumors with
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unspecified histology was higher than 30% in the data
from all the participating regional registries in China (21
registries) and Italy (44 registries).” In CONCORD-3, the
proportion of brain tumors with a nonspecific histology
code that were recorded as histologically verified was
relatively high, ranging from 4.2% in Oceania to 65.2% in
Africa.’™ Strikingly, during 2010-2014, age-standardized
5-year net survival for brain tumors with nonspecific his-
tology ranged from 7% in Puerto Rico to 82% in Norway.
Very low survival may imply that the histology of these tu-
mors could not be further specified because the patients
were too unwell to undergo surgery or biopsy safely. It is
difficult to draw firm conclusions, because the broad range
of survival values suggests that barriers to the accurate re-
porting of the histology of a brain tumor may intervene at
all levels between diagnosis and cancer registration. The
exceptionally wide international variation in survival for
tumors with unspecified histology and, to a lesser extent,
for unspecified astrocytoma and unspecified glioma, sug-
gests that there is also a wide international variation in the
composition of these less specific diagnostic subgroups.
In countries where the proportion of unspecified brain tu-
mors is very high, age-standardized 5-year net survival for
tumors in specific histology groups should be interpreted
with caution.

Although we could not incorporate worldwide ana-
lyses of treatment, we have been able to provide robust
population-based evidence that in some countries, the
therapeutic standard that was established in a large trial
in 2005 for glioblastoma, the most common subtype in
adults, may still not have been implemented. Importantly,
the wide disparities in brain tumor survival among adoles-
cents and young adults warrant concerted efforts to pro-
vide equitable access to care for this vulnerable age group.

Adopting a multidisciplinary care (MDC) team approach
can benefit both patients and health professionals. For pa-
tients with a brain tumor, the benefits of being managed by
an MDC team include shorter intervals between diagnosis
and treatment, greater likelihood of receiving care in accord
with clinical guidelines, and higher survival. For health pro-
fessionals, the benefits include improved patient care and
outcomes through the development of an agreed treatment
plan, streamlined treatment pathways, reduction in the du-
plication of services, and improved coordination of care.

Our findings may enable clinicians involved in national
and international tumor pathway boards to promote initia-
tives aimed at more extensive implementation of clinical
guidelines.

Supplementary Material

Supplementary material is available online at Neuro-
Oncology (http://neuro-oncology.oxfordjournals.org/).
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(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 (ltalian Association of
Cancer Registries (AIRTUM); Registro Tumori Umbro di
Popolazione); Latvia: A Maurina, M Oni$¢uka (Latvian Cancer
Registry); Liechtenstein: M Mousavi (Liechtenstein);
Lithuania: L Steponaviciene, | Vincerzevskiené (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 Largnningen (The Cancer Registry of Norway); Poland: M
Trojanowski (Wielkopolski Rejestr Nowotworow); P Macek
(Swietokrzyski Rejestr Nowotworéw); T Mierzwa (Kujawsko-
Pomorski Rejestr Nowotwordw); J Rachtan (Matopolski Rejestr
Nowotworéw); A Rosirska (Lodzki Rejestr Nowotworow); K
Kepska (Dolnoslaski Rejestr Nowotworéw); B Koscianska
(Lubelski Rejestr Nowotwordéw); K Barna (Lubuski Rejestr
Nowotworow); U Sulkowska (Mazowiecki Rejestr Nowotwordow);
T Gebauer (Opolski Rejestr Nowotwordow); JB tapiriska (Podlaski
Rejestr Nowotworéw); J Wojcik-Tomaszewska (Pomorski Rejestr
Nowotwordw); M Motnyk (Slaski Rejestr Nowotworéw); A Patro
(Podkarparcki Rejestr Nowotworéw); A Gos (Warminsko-
Mazurski Rejestr Nowotworow); K Sikorska (Zachodniopomorski
Rejestr Nowotworow); 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 Oncoldgico Regional dos Agores); B Carrito, A Pais
(Registo Oncoldgico Regional do Centro); MJ Bento, J Rodrigues
(Registo Oncoldgico Regional do Norte); A Lourengo, A Mayer-
da-Silva (Registo Oncdlogico Regional do Sul); Romania: D
Coza, Al Todescu (Cancer Institute I. Chiricuta); Russia: MY
Valkov (Arkhangelsk Regional Cancer Registry); L Gusenkova, 0
Lazarevich (Population Cancer Registry of the Republic of
Karelia); 0 Prudnikova, DM Vjushkov (Omsk Regional Cancer
Registry); A Egorova, A Orlov (Samara Cancer Regional
Registry); LV Pikalova, LD Zhuikova (Population-Based Cancer
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Registry of Tomsk), Slovakia: J Adamcik, C Safaei Diba
(National Cancer Registry of Slovakia); Slovenia: V Zadnik, T
Zagar (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 Cancer de
la Comunidad Auténoma de Canarias); RJ Chillaron, AIM
Navarro (Registro de Cancer de Cuenca); R Marcos-Gragera, M
Puigdemont (Girona Cancer Registry); M Rodriguez-Barranco,
MJ Sanchez Perez (Granada Cancer Registry); P Franch Sureda,
M Ramos Montserrat (Mallorca Cancer Registry); MD
Chirlaque Lopez, A Séanchez Gil (Murcia Cancer Registry); E
Ardanaz, M Guevara (Registro de Cancer de Navarra,
CIBERESP); A Canete-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 Graubiinden-Glarus); SM Mousavi (Cancer
Registry Graubiinden-Glarus; East Switzerland Cancer Registry);
J-L Bulliard, M Maspoli-Conconi (Registre Neuchatelois et
Jurassien des Tumeurs); CE Kuehni, SM Redmond (Childhood
Cancer Registry); A Bordoni, L Ortelli (Registro Tumori Canton
Ticino); A Chiolero, | Konzelmann (Registre Valaisan des
Tumeurs); S Rohrmann, M Wanner (Cancer Registry Ziirich 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)

tProf Estéve passed away in February, 2022.

+Dame Deborah James DBE passed away on 28 June 2022.
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