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A R T I C L E  I N F O   
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A B S T R A C T   

Background: We used the comprehensive definition of AYA (age 15 to 39 years) to update 5-year relative survival 
(RS) estimates for AYAs in Europe and across countries and to evaluate improvements in survival over time. 
Methods: We used data from EUROCARE-6. We analysed 700,000 AYAs with cancer diagnosed in 2000–2013 
(follow-up to 2014). We focused the analyses on the 12 most common cancers in AYA. We used period analysis to 
estimate 5-year RS in Europe and 5-year RS differences in 29 countries (2010–2014 period estimate) and over 
time (2004–06 vs. 2010–14 period estimates). 
Findings: 5-year RS for all AYA tumours was 84%, ranging from 70% to 90% for most of the 12 tumours analysed. 
The exceptions were acute lymphoblastic leukaemia, acute myeloid leukaemia, and central nervous system tu
mours, presenting survival of 59%, 61%, and 62%, respectively. Differences in survival were observed among 
European countries for all cancers, except thyroid cancers and ovarian germ-cell tumours. Survival improved 
over time for most cancers in the 15- to 39-year-old age group, but for fewer cancers in adolescents and 20- to 29- 
year-olds. 
Interpretation: This is the most comprehensive study to report the survival of 12 cancers in AYAs in 29 European 
countries. We showed variability in survival among countries most likely due to differences in stage at diagnosis, 
access to treatment, and lack of referral to expert centres. Survival has improved especially for haematological 
cancers. Further efforts are needed to improve survival for other cancers as well, especially in adolescents.   

1. Introduction 

1.1. Background and rationale 

In Europe, 112,000 people develop cancer between ages 15 and 39, 
corresponding to 5% of all new cancer diagnoses [1]. Although rare, 
cancer is the fourth leading cause of death in adolescents and young 
adults (AYAs) globally [2]. 

EUROCARE data on AYAs showed a 5-year relative survival (RS) of 
79% in 1999–2002 for all cancers combined, improving significantly to 
82% in 2005–07 [3]. However, the cancer types occurring in this age 
group have a unique distribution and survival varies by cancer type. 

To ensure the best results, young people who develop malignant 
tumours should be referred to specialised centres. European cooperative 
studies have helped highlight the lack of equitable access to oncology 
services that provide expert cancer care [4]. However, initiatives to 
develop national policies for AYAs with cancer have been implemented 
in different forms and to different extents across Europe [4]. The last 
comparison of cancer survival among AYAs (aged 15–24 years) across 
European countries dates back to 1995 [5]. 

1.2. Objectives 

To provide updated population-based analyses of 5-year RS for AYAs 
with cancer in Europe, across 29 European countries and present 5-year 
RS over time. 

We have used the all-inclusive definition of the AYA age range, 

namely 15 to 39 years. To avoid masking the heterogeneity typical of 
AYA cancers, we also present results by sex and AYA age group for 12 
major cancers typically occurring in AYAs. 

2. Methods 

We used the EUROCARE-6 adult database which includes data from 
108 population-based cancer registries (CRs) from 29 countries. Regis
tries provided information on the site and morphology of each diag
nosed cancer, which were coded according to the International 
Classification of Disease for Oncology, Third Edition, first update (ICD- 
O-3.1). We included only malignant cancers. If two or more cancers were 
diagnosed in a patient within the study period, we included all of them. 
We excluded from the analyses cases ascertained solely through a death 
certificate or autopsy report, those alive at diagnosis with unknown 
survival time, and those with invalid data items. 

The most common cancers in AYAs were grouped into 12 diagnostic 
categories adapted from Barr (Supplementary Material, Table S1) [6]. 

2.1. Overall survival 

We calculated 5-year RS in the follow-up period 2010–2014 using 
the period approach based on cases diagnosed in 2006–2013, who were 
followed up for vital status to December 31, 2014 [7]. We estimated RS, 
the ratio of observed to expected survival in the general population of 
the same age, sex, and calendar year and calculate 95% confidence in
tervals (CIs). We estimated expected survival using the Ederer II method 
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[8]. When comparing RS estimates, we considered differences to be 
significant if CIs did not overlap. 

To provide valid estimates of European survival we applied popu
lation weightings to region-specific RS estimates to correct for differing 
numbers of AYAs in the five different regions of Europe (northern 
[Denmark, Finland, Iceland, and Norway], central [Austria, Belgium, 
France, Germany, Netherlands, and Switzerland], southern [Croatia, 
Cyprus, Italy, Malta, Portugal, Slovenia, and Spain], eastern [Bulgaria, 
Czechia, Estonia, Latvia, Lithuania, Poland, and Slovakia], and the UK 
and Ireland [England, Ireland, Northern Ireland, Scotland, and Wales]). 
The weightings applied to RS estimates for each European region con
sisted of the ratio of the population in the region to that of the European 
population as a whole. 

5-year RS by sex was age standardised. Weightings for 15–19-, 
20–29-, and 30–39-year-olds were based on the distribution of incident 
cases in the three age groups in the EUROCARE-6 database, corre
sponding to 6%, 27%, and 67%, respectively. 

We used a funnel plot to identify relevant survival differences across 
European countries and the EUROCARE-6 pool as a proxy for Europe. 
We considered a difference to be relevant if it fell outside the ± 2 
standard error band. 

To identify differences in survival among countries, possibly due to 
differences in stage distribution at diagnosis, we calculated 5-year RS 
conditional to surviving one year as the ratio of 5-year to 1-year RS, for 
each AYA cancer across countries. 

2.2. Survival time trends 

We analysed survival trends from 2004 to 2014 using the period 
approach [9]. We defined two follow-up periods, namely 2010–2014 
(cohort diagnosed in 2006–2013) and 2004–2006 (cohort diagnosed in 
2000–2006). We presented changes over time in RS for AYA cancers 
using funnel plots for AYAs as a whole and by age groups (15–19, 20–29, 
30–39 years-of-age). In both periods, 5-year RS was age standardised, 
using cancer-specific weights. 

3. Results 

Only 1% of cancers in AYAs were excluded. Most cancers (97%) were 
verified microscopically (Table 1). Morphology was unspecified in 4% of 
cancers eligible for analysis. Only 3% of cancers diagnosed in 
2005–2008 were lost to follow-up (Table 1). 

Table 2 shows 5-year RS for all cancers combined and for the 12 most 
frequently diagnosed tumours in AYAs. Five-year RS for all cancers 
combined was 84%. Haemopoietic malignancies were the most common 
cancers in the 15–19 and 20–29-year age groups. At all AYA ages, sur
vival was 95% for Hodgkin lymphomas (HLs), 84% for Non-Hodgkin 
lymphomas (NHLs), 93% for Chronic myeloid leukaemia (CML), and 
59% for Acute myeloid leukaemia (AML). Acute lymphoblastic 
leukaemia (ALL) survival was 61% overall but was higher in adolescents 
(73%) than in older adults (about 50%). Germ cell tumor (GCT) and skin 
melanoma were the second and third most common cancers in 15–19 
and 19–29-year-olds; both had 5-year RS greater than 90% in all age 
groups. For all AYA ages, 5-year RS was 64% for osteosarcoma, 52% for 
Ewing family tumours, and 86% for chondrosarcoma. Among soft tissue 
sarcomas (STSs) for AYAs of all ages, good 5-year RS was observed for 
liposarcomas, leiomyosarcoma, synovial sarcoma, and fibromatous tu
mours, proving lowest for rhabdomyosarcomas. 

Among the Central nervous system (CNS) tumours, survival from 
astrocytoma not otherwise spedified (NOS) differed between adoles
cents (83% and 30–39-year-olds (68%). Anaplastic astrocytoma was 
very low in adolescents, increasing in young adults but with no major 
differences in survival between age groups. For all AYA ages, survival 
was highest from ependymoma and lowest from glioblastoma. Carci
nomas were rarely diagnosed in adolescents, but occurrence increased 
with advancing age. In adolescents, thyroid carcinoma was the most 

common carcinoma (5-year RS, 99%). In young adults, female genital 
tract and breast carcinomas were the most common malignancies, with 
5-year RS of around 85% in all age groups. Other relatively common 
carcinomas in young adults were thyroid and colorectal carcinomas, 
showing excellent and intermediate 5-year RS (99% and 66%, 
respectively). 

Table 3 shows 5-year RS by sex in AYAs and by AYA age groups. 
Survival was better for females than males for leukaemias, AML, lym
phomas, NHLs, CNS tumours, STS, bone sarcomas, and skin melanoma. 
Differences were not observed in adolescents, with the exception of 
lymphomas, but increased from age 20–29 years onwards. 

Table 4 shows 5-year RS by countries. Differences in survival were 
observed among European countries for all AYA cancers, except thyroid 
cancers and ovarian GCT. Testicular GCT, breast cancer, and HL were 
the cancers with the lowest intercountry differences in survival (ie, the 
difference between the countries with the best and worst survival): 12%, 
13%, 15%, respectively. AML and bone sarcomas were the cancers with 
the highest intercountry difference in survival: 58% and 42%, respec
tively. For all the other cancers, the survival gap ranged from 20% to 
40%. 

Belgium, Germany, Norway, Denmark, and the Netherlands most 
often displayed survival above the European average (Table 4; Supple
mentary Material, Fig. S1). Poland and Bulgaria had lower survival than 
the EU average for most AYA cancers. We observed no differences from 
the European average for the remaining countries for most AYA cancers. 

We observed lower conditional survival differences compared to 
differences in 5-year RS among countries for AML, NHL, CNS, and 
colorectal cancers but not for ALL, STS, bone sarcomas, and cervical 
cancers (Supplementary Material, Table S2). 

Survival rose from 2004–2006 to 2010–2014 for all AYA cancers 
except STS and thyroid tumours (Fig. 1a). In adolescents (Fig. 1b), there 
was no evidence of improvement in survival for AML, NHL, CNS tu
mours, bone sarcoma, ovarian GCT, skin melanoma, and cancers of the 
thyroid, colon, rectum, breast, and cervix. STS survival increased only in 
adolescents. In 20–29-year-olds (Fig. 1c), survival did not increase for 
bone sarcomas, STS, GCT of the ovary, and colorectal and thyroid can
cers. In the older age group (Fig. 1d), STS and thyroid cancers were the 
only ones in which survival failed to improve. Detailed time trend sur
vival data are shown in Supplementary Material, Table S3. 

4. Discussion 

Our two key findings were that AYAs have good 5-year RS (from 70% 
to 90%) for most cancers, with a slightly lower survival for AML, ALL, 
and CNS tumours, and that survival has improved over time for most 
cancers in the 15- to 39-year-old age group, but for fewer cancers in 
adolescents and 20- to 29-year-olds. Another important finding of our 
study was that differences in survival remained among European 
countries. 

The observed survival for AML is in line with other studies [10]. 
Neither paediatric nor adult protocols are ideal for AYAs and the 
development of AYA-specific approaches is recommended [11]. We 
observed an increase in 5-year RS for AML, which reached the survival 
of ALL (nearly 60%). ALL survival is approximately 60%. 

The application of paediatric protocols has improved ALL outcomes, 
but most AYA patients were still treated with an adult regimen [12]. We 
observed higher survival for ALL in adolescents compared to the older 
age groups, which likely reflects the increasing use of paediatric treat
ment protocols in adolescents. 

The histological heterogeneity and low incidence of CNS tumours 
makes their management challenging in AYAs. We observed that ado
lescents have a higher proportion of embryonal tumours and a lower 
proportion of high-grade gliomas compared to young adults, which 
helps explain why survival from CNS tumours is higher in adolescents 
than in 30–39-year-olds. However, despite recent significant advances 
in neuro-oncology, CNS tumours among AYAs continued to contribute 
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Table 1 
Cancer cases in adolescents and young adults (aged 15–39 years) diagnosed in 2000–13, in 29 European countries, with data quality indicators.     

Invalid cases excluded from survival analysis  Quality indicators 

Country Percentage population 
covered by cancer 
registration (%) 

Eligible cases 
diagnosed in 2000- 
13 

Major 
errors 

Death 
certificate 
only 

Incidentally 
detected at autopsy 

Alive cases at diagnosis 
with unknown survival 
time# 

Valid cases for 
survival analysis 

Microscopic 
confirmation 

Morphology not 
otherwise specified§

2005-2008 Lost to 
follow-up* 

AT_Austria National 100% 21 497 0 (0%) 200 (0.9%) 0 (0%) 0 (0%) 21 297 20 784 (97.6%) 621 (2.9%) 0/5382 (0%) 
BE_Belgium National 100% 25 154 0 (0%) 0 (0%) 4 (0%) 330 (1.3%) 24 820 24 698 (99.5%) 228 (0.9%) 136/7789 (0%) 
BG_Bulgaria National 100% 19 375 43 (0.2%) 627 (3.2%) 0 (0%) 0 (0%) 18 705 18 039 (96.4%) 864 (4.6%) 0/3435 (0%) 
CR_Croatia National 100% 11 859 0 (0%) 72 (0.6%) 0 (0%) 69 (0.6%) 11 718 10 012 (85.4%) 2029 (17.3%) 0/2157 (0%) 
CY_Cyprus National 100% 2099 0 (0%) 12 (0.6%) 0 (0%) 0 (0%) 2087 2071 (99.2%) 20 (1%) 0/637 (0%) 
CZ_Czech Republic 

National 
100% 29 773 4 (0%) 79 (0.3%) 191 (0.6%) 141 (0.5%) 29 361 28 616 (97.5%) 1065 (3.6%) 0/6666 (0%) 

DK_Denmark 
National 

100% 17 540 7 (0%) 0 (0%) 7 (0%) 2 (0%) 17 529 17 171 (98%) 616 (3.5%) 50/4091 (1.2%) 

EE_Estonia National 100% 2973 0 (0%) 8 (0.3%) 23 (0.8%) 1 (0%) 2941 2871 (97.6%) 90 (3.1%) 11/636 (0%) 
FI_Finland National 100% 12 467 86 (0.7%) 2 (0%) 44 (0.4%) 0 (0%) 12 378 12 296 (99.3%) 222 (1.8%) 0/2672 (0%) 
FR_France (CRs Pool) 29% 34 079 0 (0%) 0 (0%) 0 (0%) 196 (0.6%) 33 883 33 663 (99.4%) 260 (0.8%) 85/7295 (0%) 
GE_Germany (CRs 

Pool) 
35% 57 383 39 (0.1%) 632 (1.1%) 19 (0%) 232 (0.4%) 56 493 53 963 (95.5%) 747 (1.3%) 217/13 575 (0%) 

IC_Iceland National 100% 1015 0 (0%) 0 (0%) 4 (0.4%) 0 (0%) 1011 1006 (99.5%) 7 (0.7%) 0/220 (0%) 
IR_Ireland National 100% 12 317 0 (0%) 8 (0.1%) 8 (0.1%) 0 (0%) 12 301 12 105 (98.4%) 304 (2.5%) 0/3097 (0%) 
IT_Italy (CRs Pool) 49% 71 571 1 (0%) 68 (0.1%) 13 (0%) 221 (0.3%) 71 269 67 775 (95.1%) 4365 (6.1%) 702/20 720 (0%) 
LT_Lithuania 

National 
100% 7981 0 (0%) 108 (1.4%) 6 (0.1%) 19 (0.2%) 7848 7488 (95.4%) 572 (7.3%) 59/1696 (0%) 

LV_Latvia National 100% 5026 6 (0.1%) 142 (2.8%) 36 (0.7%) 0 (0%) 4877 4582 (94%) 565 (11.6%) 0/826 (0%) 
ML_Malta National 100% 1047 4 (0.4%) 2 (0.2%) 2 (0.2%) 0 (0%) 1042 1015 (97.4%) 23 (2.2%) 0/226 (0%) 
NL_The Netherlands 

National 
100% 50 942 3 (0%) 0 (0%) 31 (0.1%) 0 (0%) 50 910 49 043 (99.3%) 367 (0.7%) 0/11 249 (0%) 

NO_Norway National 100% 15 101 237 (1.6%) 7 (0%) 13 (0.1%) 0 (0%) 14 847 14 713 (99.1%) 153 (1%) 0/3324 (0%) 
PL_Poland National 100% 75 863 22 (0%) 332 (0.4%) 27 (0%) 486 (0.6%) 75 018 69 438 (92.6%) 9012 (12%) 0/16 650 (0%) 
PT_Portugal (CRs 

Pool) 
98% 23 188 91 (0.4%) 6 (0%) 0 (0%) 69 (0.3%) 23 023 22 575 (98.1%) 841 (3.7%) 56/5904 (0%) 

SK_Slovakia National 100% 11 671 2 (0%) 194 (1.7%) 38 (0.3%) 0 (0%) 11 477 11 280 (98.3%) 281 (2.4%) 0/3153 (0%) 
SL_Slovenia National 100% 5741 0 (0%) 0 (0%) 11 (0.2%) 0 (0%) 5730 5707 (99.6%) 45 (0.8%) 0/1436 (0%) 
SP_Spain (CRs Pool) 21% 24 449 127 (0.5%) 71 (0.3%) 11 (0%) 11 (0%) 24 230 23 915 (98.7%) 439 (1.8%) 45/6482 (0%) 
SW_Switzerland (CRs 

Pool) 
24% 5419 33 (0.6%) 0 (0%) 1 (0%) 18 (0.3%) 5367 5342 (99.5%) 38 (0.7%) 131/1342 (0.1%) 

UK_England National 100% 129 944 187 (0.1%) 409 (0.3%) 0 (0%) 0 (0%) 129 383 12 5100 (96.7%) 3078 (2.4%) 0/28 624 (0%) 
UK_Northern Ireland 

National 
100% 5190 0 (0%) 9 (0.2%) 2 (0%) 0 (0%) 5179 4873 (94.1%) 249 (4.8%) 0/1240 (0%) 

UK_Scotland National 100% 14 850 1 (0%) 11 (0.1%) 12 (0.1%) 1 (0%) 14 826 14 621 (98.6%) 185 (1.2%) 15/3252 (0%) 
UK_Wales National 100% 7201 1 (0%) 24 (0.3%) 0 (0%) 0 (0%) 7177 6301 (87.8%) 366 (5.1%) 0/1701 (0%) 
European Pool (108 

CRs) 
58% 702 715 2417 (0%) 3023 (0.4%) 503 (0.1%) 1796 (0.3%) 696 727 67 1063 (96.3%) 27 652 (3.9%) 4949/170 799 (0%) 

For "Invalid case excluded from survival analysis", the denominator for the percentages is the number of eligible cases diagnosed in 2000-2013 For data quality indicators, the denominator for the percentages is the number 
of valid cases for survival analysis, unless specified otherwise. #Patient alive at diagnosis but with no information on follow-up time §Morphology not otherwise specified (NOS) are: Unspecified leukaemias and related 
disorders (Morphologies=9800-9801,9805,9820,9860,9930, all sites), Unspecified lymphomas (Morphologies=9590,9596, all sites), Unspecified soft tissue sarcomas (Morphologies=8800-8802,8805, in all sites except 
C40.0-C41.9), Unspecified bone sarcomas (Morphologies=8000-8005,8800-8801,8805, in C40.0-C41.9), NOS morphologies of the Central Nervous system (Morphologies=8000-8005 in C700-C729,C751-C753) and NOS 
morphologies of all the all sites, except CNS (Morphologies=8000-8005, in C00-C399,C420-C699,C730-C750,C754-C809). *Proportion of patients diagnosed during 2005-2008, censored before Dec 31, 2013, with less 
than 5 years of follow-up; the proportion is calculated for cases diagnosed in 2005-07 in Croatia and Germany, where the follow-up closing date was Dec 31, 2012. In France, Germany, Italy, Portugal, Spain, and 
Switzerland registries are local rather than national and were pooled together; in Portugal the three registries participating in EUROCARE-6 cover the whole country (excluding the Azores), which is not the case in Spain 
and Italy. 
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Table 2 
Five-year relative survival (RS) estimates for the most common cancers affecting European adolescents and young adults (aged 15–39 years) in 2010–2014, reported with number of cases (N) and 95% confidence intervals 
(95%CI).   

15-39 years 15-19 years 20-29 years 30-39 years  

N RS (95% CI) SE N RS (95% CI) SE N RS (95% CI) SE N RS (95% CI) SE 

Leukaemias and related 
disorders 

9971 73⋅5% (72⋅5% - 74⋅4%) 0⋅5% 1678 71⋅8% (69.2–74.2%) 1.2% 3158 71.0% (69.2–72.8%) 0.9% 5136 75.4% (74.1–76.6%) 0.6% 

-Acute lymphoblastic leukaemia 2311 60.9% (58.6–63.2%) 1.1% 872 73.2% (69.7–76.4%) 1.7% 817 55.1% (51.0–58.9%) 2.0% 641 52.0% (47.6–56.2%) 2.1% 
-Acute myeloid leukaemia 3323 59.3% (57.4–61.2%) 0.9% 470 61.1% (55.6–66.2%) 2.7% 1154 61.6% (58.2–64.7%) 1.6% 1700 57.4% (54.7–60.0%) 1.3% 
-Chronic myeloid leukaemia 1451 93.1% (91.4–94.5%) 0.8% 108 89.0% (79.6–94.2%) 3.5% 454 93.9% (90.6–96.1%) 1.3% 893 92.9% (90.7–94.6%) 1.0% 
Lymphomas 25 071 89.8% (89.4–90.2%) 0.2% 3357 92.1% (91.0–93.1%) 0.5% 9 654 91.1% (90.4–91.7%) 0.3% 12 061 88.1% (87.4–88.8%) 0.3% 
-Non-Hodgkin lymphomas 9907 84.0% (83.2–84.8%) 0.4% 875 83.6% (80.6–86.2%) 1.4% 3 037 83.2% (81.6–84.6%) 0.7% 6018 84.4% (83.4–85.4%) 0.5% 
- Lymphoblastic 343 60.8% (55.0–66.1%) 2.8% 92 68.3% (56.6–77.4%) 5.2% 143 56.7% (47.7–64.7%) 4.3% 112 59.7% (48.5–69.2%) 5.2% 
- Burkitt 622 75.0% (70.8–78.6%) 2.0% 127 75.0% (64.0–83.0%) 4.7% 214 79.5% (72.4–84.9%) 3.1% 286 70.8% (64.2–76.4%) 3.0% 
- Diffuse large B-cell (DLBCL) 3418 82.1% (80.6–83.5%) 0.7% 257 88.1% (83–91.7%) 2.1% 1123 83.2% (80.5–85.5%) 1.3% 2 049 81.1% (79.1–83.0%) 1.0% 
- Primary mediastinal large B-cell 

excluded from DLBCL 
421 90.4% (85.7–93.6%) 1.9% 49 91.7%* (79.3%* − 96.8%*) 4% 174 87.5% (77.9–93.1%) 3.6% 196 91.8% (87.0–94.9%) 1.9% 

- Anaplastic T- and null-cell, 
excluding NK/T-cell 

375 81.9% (76.6–86.0%) 2.3% 70 81.0% (66.8–89.6%) 5.6% 149 84.0% (75.5–89.8%) 3.5% 159 78.8% (70.5–85.0%) 3.6% 

- Follicular 1543 94.6% (93.2–95.8%) 0.6% 46 95.4% (85.2–98.6%) 2.7% 296 93.1% (88.5–95.9%) 1.8% 1212 94.9% (93.2–96.2%) 0.7% 
- NK/T-cell (excluded from 

anaplastic T-cell) 
515 58.1% (52.8–63.0%) 2.6% 46 67.4%* (50.8%* - 79.5%*) 7.3% 166 61.8% (52.1–70.2%) 4.5% 304 55.0% (48.2–61.4%) 3.3% 

- MALT (mucosa-associated 
lymphoid tissue) 

659 95.1% (93.0–96.6%) 0.9% 30 100% (100–100%) 0.0% 176 96.8% (93.1–98.5%) 1.2% 450 93.8% (91.0–95.8%) 1.2% 

- Other non-Hodgkin lymphoma 
NOS 

1548 85.3% (83.0–87.3%) 1.1% 127 84.6%* (76.6%* - 90.0%*) 3.4% 484 87.6% (83.6–90.7%) 1.8% 943 84.1% (81.0–86.8%) 1.5% 

-Hodgkin lymphoma 13 604 95.0% (94.6–95.3%) 0.2% 2379 95.5% (94.5–96.3%) 0.4% 6256 95.3% (94.7–95.8%) 0.3% 4970 94.2% (93.5–94.9%) 0.4% 
Central nervous system and 

other intracranial and 
intraspinal neoplasms 

9722 61.6% (60.5–62.8%) 0.6% 1004 64.3% (60.6–67.8%) 1.8% 3271 66.0% (64.0–67.9%) 1.0% 5448 58.5% (57.0–60.0%) 0.8% 

-Oligodendroglioma 1180 77.5% (74.7–80.0%) 1.3% 63 65.1% (51.1–76.0%) 6.3% 377 77.9% (72.8–82.3%) 2.4% 744 78.6% (75.1–81.7%) 1.6% 
- Oligodendroglioma, low grade/ 

NOS 
837 84.8% (82.0–87.3%) 1.3% 42 82.5% (67.2–91.1%) 5.7% 272 84.7% (79.2–88.8%) 2.4% 525 85.0% (81.3–88.0%) 1.7% 

- Oligodendroglioma, anaplastic 348 59.2% (53.0–64.8%) 3.0% 22 29.4%* (12.3%* - 49.0%) 9.9% 106 57.2% (44.4–68.1%) 6.0% 222 62.9% (55.3–69.6%) 3.6% 
-Ependymoma 657 88.1% (85.0–90.5%) 1.4% 96 86.7% (77.3–92.4%) 3.6% 227 87.7% (81.5–91.9%) 2.5% 333 88.6% (84.3–91.9%) 1.9% 
-Medulloblastoma 372 72.6% (67.5–77.1%) 2.4% 107 70.8% (59.8–79.3%) 4.9% 162 72.1% (64.0–78.7%) 3.7% 106 74.2% (64.7–81.4%) 4.2% 
-Astrocytoma, low grade/NOS 1415 74.0% (71.2–76.6%) 1.3% 137 82.8% (73.1–89.3%) 4.0% 508 81.8% (77.3–85.5%) 2.0% 775 68.1% (64.2–71.7%) 1.9% 
-Astrocytoma, anaplastic 885 49.1% (45.0–53.1%) 2.0% 57 37.0%* (24.5%*− 49.6%*) 6.5% 329 52.1% (45.2–58.5%) 3.3% 507 49.6% (44.1–54.8%) 2.7% 
-Glioblastoma 1748 22.2% (19.9–24.5%) 1.2% 128 23.5% (14.7–33.5%) 4.8% 465 27.9% (22.6–33.4%) 2.7% 1167 20.4% (17.7–23.1%) 1.4% 
Bone sarcomas 2860 69.6% (67.6–71.5%) 1.0% 910 65.2% (61.6–68.6%) 1.7% 1028 68.5% (65.1–71.7%) 1.6% 935 74.9% (71.6–78.0%) 1.6% 
-Osteosarcoma 995 64.7% (61.2–67.9%) 1.7% 452 67.0% (61.8–71.6%) 2.4% 319 62.0% (55.6–67.7%) 3.0% 228 64.9% (57.6–71.3%) 3.4% 
-Chondrosarcoma 694 85.8% (82.3–88.7%) 1.6% 69 84.0% (72.4–91.0%) 4.5% 233 91.1% (86.2–94.3%) 2.0% 396 84.1% (79.3–87.9%) 2.1% 
-Ewing family of tumours of bone 718 51.9% (47.6–56.0%) 2.1% 310 54.0% (47.7–60.0%) 3.1% 293 49.1% (42.2–55.6%) 3.3% 122 51.8% (40.9–61.6%) 5.2% 
Soft tissue sarcomas (excluding 

skin sarcomas) 
4710 69.0% (67.5–70.5%) 0.7% 653 67.0% (62.8–70.9%) 2.0% 1471 65.2% (62.3–68.0%) 1.4% 2599 71.5% (69.4–73.4%) 1.0% 

-Liposarcoma 743 86.5% (83.6–89.0%) 1.4% 37 100%* (100%* - 100%*) 0.0% 163 89.0% (81.5–93.5%) 2.9% 542 84.8% (81.2–87.8%) 1.6% 
-Leiomyosarcoma 585 74.7% (70.1–78.6%) 2.1% 27 91.7%* (70.0%* - 97.9%*) 5.7% 124 80.3% (69.4–87.6%) 4.5% 435 70.9% (65.3–75.8%) 2.6% 
-Synovial sarcoma 586 64.9% (60.4–69.0%) 2.1% 104 72.1% (61–80.6%) 4.9% 223 67.2% (59.8–73.6%) 3.4% 260 59.9% (53.1–66.1%) 3.3% 
-Fibromatous neoplasms 577 85.4% (81.7–88.5%) 1.7% 50 87.2% (77–93.1%) 3.9% 199 87.6% (81.6–91.7%) 2.5% 332 83.4% (77.7–87.7%) 2.5% 
-Rhabdomyosarcoma 408 41.7% (36.2–47.1%) 2.7% 183 46.6% (38.3–54.5%) 4.1% 138 35.5% (26.7–44.5%) 4.5% 97 37.1%* (27.0%* − 47.2%*) 5.2% 
- Paediatric rhabdomyosarcoma 239 37.5% (30.9–44.2%) 3.3% 127 42.1% (32.6–51.2%) 4.7% 80 33.2% (22.5–44.2%) 5.5% 39 29.7%* (15.8%* - 45.0%* 7.7% 
- Embryonal rhabdomyosarcoma, 

NOS 
101 54.8% (43.7–64.6%) 5.3% 52 60.6% (43.9–73.7%) 7.5% 35 55.5%* (36.9%* - 70.7%*) 5.1% 17 36.9%* (15.1%* − 59.1%*) 12.0% 

- Alveolar rhabdomyosarcoma 138 20.3% (13.2–28.6%) 3.9% 75 23.4%* (14.1%* - 34.1%*) 5.2% 45 14.7% (6.0–27.0%) 5.4% 22 22.0%* (7.0%* - 42.1%*) 9.5% 
- Rhabdomyosarcoma, NOS 132 45.5% (33.2–57.0%) 6.0% 46 47.7% (29.9–63.5%) 8.6% 45 47.1% (24.9–66.5%) 10.9% 41 37.6%* (20.3%* - 54.9%*) 9.2% 
Germ cell and trophoblastic of 

testis 
24 184 96.9% (96.6–97.2%) 0.1% 1157 97.0% (95.7–98.0%) 0.5% 10 197 96.6% (96.1–97.0%) 0.2% 12 844 97.1% (96.7–97.5%) 0.2% 

(continued on next page) 
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significantly to mortality [13]. 
HL, NHL, CML, testicular GCT, skin melanoma, STS, bone sarcomas, 

thyroid, breast, cervical, and colorectal cancers displayed 5-year RS 
between 70% and 90%. Survival was highest among 30–39-year-olds for 
bone sarcomas, STS, and colorectal cancers. The tumour case mix helps 
explain the differences for bone sarcomas and STS. Chondrosarcoma 
had a high RS (> 80%), representing 40% of bone sarcomas in the 30–39 
age group compared to only 8% in adolescents. Liposarcoma and leio
myosarcomas also had a high RS and were more common in 30–39-year- 
olds than among adolescents, who had a high rate of rhabdomyosar
comas with an RS of approximately 50%. Finally, lower survival for 
colorectal cancer in adolescents has been attributed to the higher pro
portion of advanced stage lesions and a worse histological subtype 
compared to older AYAs [14]. 

Survival rose over the study period for almost all tumours (Fig. 1). 
The tumours with the greatest increase in survival were ALL and CML 
(11%) followed by AML and NHL (8% and 6%, respectively). Paediatric 
protocols have been reported to contribute to improved ALL survival; 
allogeneic haematopoietic stem-cell transplantation and tyrosine kinase 
inhibitors (TKI) have helped increase survival in CML [15]; whereas 
advances in diagnostics, and better use of classic chemotherapy have 
contributed to better AML survival [16]. Risk-adapted therapy and 
better assessment and prognostication in AYA with NHL can contribute 
to explain improvements in survival [17]. For the other cancers we 
observed an increase in survival between 2% and 4% but they were all 
tumours which already had a survival between 80% and 90%, in 
2004–2006. 

In adolescents, we found no evidence of survival improvement for 
AML, CNS tumours, and bone sarcomas whereas survival for STS rose. 
These results are consistent with data from earlier periods and have 
been attributed both to failure to treat adolescents with cancer at 
optimal settings and to their lower enrolment in clinical trials [3,18]. 
Rhabdomyosarcoma (RMS) is the most common sarcoma in adolescents. 
The number of adolescents with RMS enroled in European paediatric 
Soft Tissue Sarcoma Study Group protocols (period 2008–2015) 
compared to the expected number of adolescent cases was 0.64. This 
was similar to the ratio in children, which stood at 0.77 [19]. 

Our study confirmed that differences in survival remained among 
European countries. STS, bone sarcomas, and CNS cancers are rare and 
complex to treat, and treatment should be centralised in expert centres 
[20], meaning that different levels of centralisation can help explain 
differences in survival among countries. In Poland, for example, at the 
time of the study, most CNS cancers and STS were centralised at the 
cancer centres in Warsaw and survival was in line with the other 
countries for these tumours only. For cervical cancers, various avail
ability of and access to screening or human papilloma virus vaccination 
may explain some of the differences in survival among countries. Cer
vical cancer survival was lower than the European average in most 
countries where screening was opportunistic or unavailable, or roll out 
was incomplete [21]. However, differences in survival may also be due 
to the quality of and access to care. Countries with low survival for 
cervical cancer (eg, Bulgaria and Poland) also had low survival for many 
other cancers that lack screening programmes. In the case of ALL, TKI 
availability remains a significant issue owing to its financial burden on 
patients [22]. Furthermore, treatment adherence and the expertise of 
the multidisciplinary team are underestimated prognostic factor for ALL 
[23]. 

For AML, NHL, CNS, and colorectal cancers, we observed lower 
differences among countries in conditional survival than in 5-year RS, 
supporting the importance of healthcare organisation in providing 
earlier detection. Finally, cancers in AYA have distinctive clinical fea
tures which make treatment more complex than similar cancers in 
adults or children. For example, breast cancer in AYA is biologically 
more aggressive than in older women [24]; young-onset skin melanoma 
has a distinct biology [25]. Thus, differing access to clinical expertise 
may be particularly relevant for AYAs with cancers. Ta
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We confirmed the female sex to be an indicator of better survival 
compared to the male sex. Our results are coherent with previous reports 
of a minimal female advantage at birth, which then grows from puberty 
until menopause [26]. Our data supports also a similar level of tumour 
aggressiveness in both sexes, although the underlying reasons are not well 
understood. Some hypotheses include behavioural factors and health care 
access [27], biological differences [28], and psychological factors [29]. 

Our study has several strengths. We evaluated the results in a large, 
unbiased population-based database. We used the updated classification 
of tumours occurring in AYA [6]. This is the most comprehensive study 
to include most AYA cancers and countries. Although follow-up did not 
extend beyond 2014, we estimated 5-year RS using the period approach 
to provide reliable predictions of 5-year RS for patients diagnosed up to 
the end of the study period. 

Limitations include the relatively old diagnostic period and the end 
of follow-up used for the analyses. Our data also lack grade, stage, and 
treatment data, limiting interpretations of the results. 

Tumours of AYAs can be treated effectively resulting in excellent 
survival in most cases, but they are mostly rare. Accordingly, AYAs 
developing malignancies should be referred to expert centres [4]. 
Collaboration among the European reference networks (PaedCAN, 
EURACAN, EuroBloodNet) is recommended to ensure the definition of a 
trans-age treatment protocol. International cooperative groups also play 
an important role in organising clinical research for these young people. 
Cancer registries remain an important source of information for moni
toring cancer survival in AYAs. 
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Table 4 
Five-year relative survival (RS) estimates for the most common cancers affecting European adolescents and young adults (aged 15–39 years) in 2010–2014, by country, 
reported by number of cases (N) and 95% confidence intervals (95%CI).  

(continued on next page) 
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Table 4 (continued ) 

NE=Not Estimable; #=Survival above the European average; $=Survival below the European average. 
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