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ARTICLE INFO ABSTRACT

Keywords: Introduction: In Europe, cancer survival rates are high and improving for children (0-14 years) and AYAs (15-39
Adolescents and young adults years). However, AYAs often have worse outcomes than children but better than adults. Using EUROCARE data,
Cancer

this study analyzes 5-year relative survival rates across age groups, highlighting age-specific differences and

E?:llélrzt:n'based cancer registries survival trends over time to address persistent disparities.
Adults Methods: Data were collected from 95 European population-based cancer registries, covering 57 % of the Eu-

ropean population. Analyses included malignant cancers diagnosed between 2006 and 2013. Five-year RS was
estimated using the period approach for follow-up between 2010 and 2014. Comparisons between AYAs, chil-
dren, and adults (40-69 years) were conducted using the Z test for absolute differences. Changes in survival
trends over time were analyzed from 2004 to 2013 using the Average Annual Percentage Change (AAPC).

Results: AYAs had lower 5-year RS than children for hematologic cancers, particularly acute lymphoblastic
leukemia (61 % vs. 90 %) and Ewing sarcoma (51 % vs. 69 %). Survival gaps were smaller for central nervous
system tumors, germ cell cancers, and thyroid carcinoma. Compared to adults, AYAs had higher 5-year RS for

Survival differences
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most cancers, except breast, colon, and prostate cancers. Over time, 5-year RS improved across all age groups,
with AYAs showing faster improvement than children but slower progress compared to adults for certain cancers.
Conclusion: Age-specific disparities in cancer survival persist despite overall improvements. Tailored treatment
approaches, specialized AYA oncology programs and collaboration between pediatric and adult oncologists are
crucial to bridging survival gaps and improving outcomes for this population.

1. Introduction

Providing cancer care for adolescents and young adults (AYA) is
challenging due to the relatively small numbers and the need for age-
specific care, which extends beyond the primary cancer diagnosis.
Within Europe, it is well recognised that AYAs with cancer have ineq-
uitable access to oncology services that provide expert cancer care and
consider their unique needs [1]. Despite the high survival (>80 %) of
AYAs with cancer [2], previous studies [3-5] have reported worse sur-
vival for most AYA cancers compared to children, but better survival
compared to adults (40-69 years old), with a few important exceptions
(e.g., breast and colorectal cancers).

Using the latest data available in the EUROCARE database, we aim to
compare 5-year relative survival (RS) of AYA (15-39 years old) cancer
patients with that of children (0-14 years old) and adults (40-69 years
old) in Europe. In addition, we aim to compare changes in 5-year RS over
time between children, AYAs and adults. Given the substantial variation
in distribution of cancer for AYAs compared with children and adults we
will develop cancer site-specific analyses considering

incomplete registration. Cancers were categorized into diagnostic
groups based on International Classification of Disease for Oncology 3rd
edition (ICD-O-3), adapted from Barr [8] (Appendix Table 1) which
were then grouped into non-carcinoma categories (affecting AYAs and
children) and carcinoma categories (affecting AYAs and adults).
Regarding tumours of the Central Nervous System (CNS), due to the
radical redefinition of gliomas in recent years, it was not possible to
adequately classify all tumours according to current standards. We
therefore defined clinically relevant and comparable CNS tumours en-
tities. Histologies whose definitions are still recognisable in WHO 2021
classification for CNS tumours are reported individually (e.g., pleo-
morphic xanthoastrocytomas (PXA), medulloblastomas, germ cell tu-
mours, ependymomas etc.); the remaining malignant glioma histologies
are described as a group named ‘other gliomas’ (i.e. astrocytoma,
anaplastic astrocytoma, glioblastoma and gliosarcoma, oligoden-
droglioma and anaplastic oligodendroglioma, malignant glioma). Cases
identified through death certificate only (DCO) or autopsy reports, those
alive at diagnosis with unknown survival time, and those with invalid
data items were excluded from the survival analyses.

cancers typically occurring in AYAs and children and, separately, in
AYAs and adults.

Our findings will identify key trends in cancer survival and assess for
improvements over time and differences between age cohorts, thus
informing priority areas for AYA oncology.

2.2. Survival analysis (2010-2014) and difference across age groups

Using the period approach [9], we calculated a 5-year RS for the
follow-up period 2010-2014, based on patients diagnosed between
2006 and 2013, with follow-up for vital status at December 31, 2014.
RS, the ratio of observed to expected survival in the general population
was used to adjust for deaths from causes other than the diagnosed
cancer. Expected survival was estimated using the Ederer II method
[10].

We compared 5-year RS between age groups, using the Z test for
absolute differences. P values below 0.05 were considered statistically
significant. A minimum of 40 cases of each cancer was required to
compare RS across age groups, resulting in 34 tumours common to AYAs

2. Materials and methods
2.1. Study design and data collection

We used the EUROCARE-6 database, encompassing 108 population-
based cancer registries (CRs) across 29 European countries, as previ-
ously described [2,6,7]. The analysis included all malignant cancers
excluding non-melanoma skin cancers and pilocytic astrocytoma due to
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5-year relative survival (RS) in european adolescents, young adults (AYAs, 15-39 years) in comparison with RS in children (00-14 years) and adults (40-69 years) for
major cancers in the period 2010-2014 along with RS absolute difference between AYAs and children and AYAs and adults.

Tumour Children AYAs Adults difference difference
AYAs vs AYAs vs adults
N CcS 95 % CI N CcS 95 % CI N Ccs 95 % CI .
children
Leukemias and related 7,414 864 855 87.1 9,810 727 71.8 73.6 68,798 65.4 65.0 658 -13.7* 7.3*
disorders
Acute lymphoblastic leukemia 5668 90.1 89.2 90.9 2,282 61.3 59.2 633 2417 309 29.0 329 -28.8* 30.4*
(ALL)
ALL, B-cell 1,594 91.4 899 927 559 64.0 598 678 649 333 295 372 -27.4* 30.7*
ALL, T cell 307 782 731 824 292 59.1 529 647 158 37.6  30.0 452 -19.1* 21.5%
Acute myeloid leukemia (AML) 1,120 70.5 67.6 73.2 3,271 581 56.3 599 16,078 29.3 286 30.0 -12.4% 28.8*
Acute promyelocytic leukemia 87 90.3 81.4 95.1 427 85.2 81.3 88.3 853 73.3 70.0 76.4 -5.1 11.9*
(APL)
Chronic myeloid leukemia 181 824 755 87.5 1,428 928 913 941 6,509 73.6 724 748 10.4* 19.2*
(CML) R R J— N N J— N J— J— N
Lymphomas 2,962 93.1 92.1 94.0 24,730 89.4 89.0 89.8 122,052 71.5 71.2 71.8 -3.7* 17.9*
Non-Hodgkin lymphomas 1,511 90.1 884 916 9,851 83.8 83.0 845 76,740 752 748 755 -6.3* 8.6*
Lymphoblastic 292 86.8 821 90.3 340 63.1 576 681 373 455 399 50.8 -23.7* 17.6*
Burkitt 612 925 90.0 944 613 75.7 720 79.0 953 583 549 615 -16.8* 17.4*
Diffuse large B-cell (DLBCL) 176 87.3 81.0 91.6 3,385 82.3 80.9 83.6 25,098 68.1 67.5 68.8 -5.0* 14.2*
Primary mediastinal large B- 403 90.6 873 93.0 233 86.4 809 90.4 4.2
cell
Anaplastic T- and null-cell 122 89.6 82.4 94.0 366 82.8 78.3 86.5 791 57.6 53.8 61.2 -6.8* 25.2%
Follicular 1,533 94.7 93.4 958 18,565 89.7 89.2 90.2 5.0*
NK/T-cell 79 783 671 861 510 60.1 556 644 3,319 409 39.2 427  -18.2* 19.2%
Mucosa-associated lymphoid 646 95.0 929 965 6,145 89.0 88.0 89.9 6.0*
tissue (MALT)
Other Non-Hodgkin lymphoma 147 89.2 821 936 1,540 80.9 787 829 17,940 71.7 71.0 724  -8.3* 9.2*%
Not Otherwise Specified
(NOS)
Hodgkin lymphoma 1,118 973 961 981 13,425 945 941 949 9,869 82.0 81.1 828 -2.8* 12.5%
Central Nervous System 3,263 61.3 59.6 63 8,011 59.3 582 604 37,089 16.8 164 172 -2* -42.5%
(CNS) tumours
Ependymoma 420 731 683 772 629 87.4 844 898 1,152 775 747 80 14.3* -9.9*%
Medulloblastoma 825 622 587 654 356 721 67 76.5 81 60 481 699 9.9* 12.1*
Other gliomas 1,426 569 542 595 6,429 548 535 56 34,633 131 128 135 -21 -41.7*
Pleomorphic 82 81.5 70.4 88.7 70 33.8 21.9 46 47.7*%
xanthoastrocytoma (PXA)
CNS embrional tumors 243 51 443 57.2 157 409 329 488 123 21.5 145 293 -10.1* 19.4*
Meningiomas 134 69.8 61.1 76.9 1,001 69.7 66.3 72.7 0.1
Germ cell tumors of CNS 179 871 811 914 235 87.9 828 916 42 359 21 51.1 0.8 52.0%
Bone sarcomas 1,170 70.2 674 728 2,824 69 67.2 70.7 4,003 63.6 62 65.2 -1.2 5.4*
Osteosarcoma 558 669 628 70.6 986 642 611 67.2 741 459 421 496 -27 18.3*
Chondrosarcoma 678 86.6 83.7 89 1,861 74.5 72.2 76.6 12.1*
Ewing sarcoma of bone 478 69.4 649 734 710 51.1 47.2 548 126 321 239 405 -18.3% 19.0*
Soft tissue sarcomas 1,350 726 701 75 5,034 65.4 64 66.7 25,199 60.2 59.6 609 -7.2* 5.2*
Synovial sarcoma 40 97.3 816 99.6 223 66.1 59.5 719 275 52.4 46.1 58.4  -31.2* 13.7*
Malignant peripheral nerve 50 59.4 441 717 315 48.3 425 538 592 471 428 513 -11.1 1.2
sheath tumour (MPNST)
Liposarcoma 723 85.6 827 881 4,661 77.6 762 789 8.0*
Epithelioid sarcoma 114 63 532 712 176 45.2 371 529 17.8*
Leiomyosarcoma 567 74 70.1 77.6 5,410 52.1 50.7 53.5 21.9*
Clear-cell sarcoma 75 51.2 386 624 73 47.2 343 59.1 4.0
Angiosarcoma 144 326 248 405 904 283 253 314 4.3
Undifferentiated high-grade 130 67.4 58 75.1 995 547 51.2 58 12.7*
pleomorphic sarcoma
Rhabdomyosarcoma 771 69.2 65.8 724 401 409 36 45.7 440 27.3 231 317 -28.3* 13.6*
Ewing sarcoma of soft tissue 132 69.2 603 76.4 335 53.7 48 59 228 41.5 345 483  -15.5* 12.2*
Germ cell and trophoblastic 138 96.1 90.7 984 23973 96.7 965 97 11,824 958 954 963 0.6 0.9*
of testis
Germ cell and trophoblastic 204 96 92 98 851 95.5 93.8 96.8 280 64.2 58 69.7 -0.5 31.3*
of ovary
Melanoma of skin 272 945 90.8 96.7 25,199 933 929 936 107,707 86.7 86.5 87 -1.2 6.6*
Thyroid carcinoma 332 99.3 973 99.8 18,857 995 993 99.6 47,778 96.2 96 96.5 0.2 3.3*
Carcinoma of breast 33,506 85.8 85.4 86.1 472,856 90 89.9 90.1 -4.2*
Carcinoma of uterine cervix 14,013 85.2 84.5 85.8 37,987 66 65.5 66.5 19.2*
Carcinoma of head and neck 3,529 72 70.5 73.5 122,073 53.8 53.5 54.2 18.2*
Carcinoma of oral cavity 1,455 73.9 71.5 76.2 34,180 52.9 52.3 53.4 21.0%
Carcinoma of nasopharynx 655 74.4 70.8 77.6 3,522 54.8 53 56.5 19.6*
Carcinoma of oropharynx 511 68.5 64.1 724 29,952 50.8 50.2 51.4 17.7*

(continued on next page)



A. Trama et al.

Table 1 (continued)

European Journal of Cancer 226 (2025) 115535

Tumour Children AYAs Adults difference difference
AYAs vs AYAs vs adults
N cs 95 % CI N cs 95 % CI N Ccs 95 % CI .
children
Carcinoma of colon 4,682 63.5 62.1 64.9 167,425 64.8 64.5 65.1 -1.3*
excluding appendix
Colon neuroendocrine 108 79.4 70.3 86 1,614 54.4 51.8 56.9 25.0%
Colon adenocarcinoma 4,495 63.5 62 64.9 163,057 65.5 65.3 65.8 -2.0%
Carcinoma of rectum 3,135 65.5 63.7 67.2 114,569 65.5 65.2 65.8 0.0
Rectum neuroendocrine 247 97.1 93.8 98.7 1,967 80.4 78.4 82.3 16.7*
Rectum adenocarcinoma 2,827 63.2 61.4 65 110,416 65.7 65.4 66 -2.5%
Carcinoma of prostate 109 86.6 78.2 91.9 313,821 94.3 94.2 94.4 -7.7%
Carcinoma of lung and 3,352 39.3 37.6 41 290,171 17.2 17 17.3 22.1%
bronchus
Small cell endocrine lung 297 157 11.5 20.4 49,655 7.3 7.1 7.5 8.4
Non-small cell carcinoma lung 3,055 41.3 39.5 43.1 240,684 19.2 19 19.4 22.1%

*differences are statistically significant.

Note: N corresponds to the mean between the minimum and the maximum number of patients entering in each time intervals contributing to the period analysis,
therefore, minimal discrepancies may be possible between the sum of the N of subgroup and the corresponding total

and children and 62 tumours common to AYAs and adults
(Appendix Table 1).

Five-year conditional survival (CS), defined as the ratio of 5-year RS
to 1-year RS, represents the probability of surviving 5 years considering
only those who survived the first year after the primary cancer diag-
nosis. CS provides information on a risk profile that changes over time.
We also used it to generate hypotheses about possible drivers of survival
differences between AYA and other age groups.

We excluded childhood cancer registries to achieve a geographically
homogeneous dataset across different age groups, so 95 CRs from 29
countries contributed to this analysis, covering approximately 57 % of
the European population.

2.3. Survival changes over time

We examined changes in 5-year RS over time by calculating the
Average Annual Percentage Change (AAPC). We estimated the 5-year RS
with the period approach [9] separately for each year of follow-up from
2004 to 2013. The AAPC was computed as a weighted average of the
annual percent change (APC) from the joinpoint model, with weights
corresponding to the length of each APC interval [11]. In the absence of
a joinpoint, the AAPC is equal to the APC.

To compare trends between AYAs and children, as well as between
AYAs and adults, we used the test of parallelism to determine whether
the two regression mean functions, represented by joinpoint regression,
were parallel [12].

AAPCs were determined by age group for tumours with significantly
different RS between age groups in 2010-2014. The 5-year RS point
estimates over time and the AAPCs for all these tumours are detailed in
Appendices 2 and 3. Due to the large number of tumours analysed, for 5-
year RS trend comparisons between AYAs and children in the main text
figure we only present tumours with significant 5-year RS increases over
time in AYAs; for comparison of trends in 5-year RS between AYAs and
adults, we present only tumours with significant differences in AAPCs
between the two age groups.

Of the 95 CRs, 69 from 27 countries provided data covering the years
of diagnosis 2001-2010 and were included in survival trend analyses.

We used SEER*Stat (version 8.3.9.2) [13] and Joinpoint (version
5.3.0) [14] for our analyses.

3. Results
3.1. Survival across age groups

Table 1 shows 5-year RS in children, AYAs and adults along with
absolute differences between age groups.

Appendix Fig. 1 shows RS across all age group (0—69).

3.1.1. Relative survival

AYAs had lower RS for haematological tumours and sarcomas
compared to children.

Regarding haematological tumours, RS in AYAs with leukaemia was
73 % compared to 86 % in children. In AYAs, almost half of the patients had
ALL and AML and around 14 % had CML, whereas in children more than
70 % of cases had ALL and 2 % CML. Overall, AML and CML were the most
common leukaemias in both age groups. AYAs had significant lower RS
compared to children also for all types of acute leukaemia, with the
exception of acute promyelocytic leukaemia (APL), with the highest dif-
ferences for acute lymphoblastic leukaemia (ALL) (RS 90 % in children vs
61 % in AYA, around —30 % points) followed by acute myeloid leukaemia
(AML) (-12% points). RS for ALL and AML, varied between AYA age
groups, being higher in those aged 15-24 years old (68 % and 60 %,
respectively) and lower in the 25-39 age groups (51 % and 57 %, respec-
tively) (Appendix Table 2). In contrast, AYAs had higher RS for chronic
myeloid leukaemia (CML) compared to children (+10 % points). In AYAs,
RS for lymphoma (overall) was 89 % while in children it was 93 % with HL
and NHL corresponding to 94 % and 88 % of lymphoma cases in AYAs and
children, respectively. AYAs had lower RS compared to children for HL
(95 % vs 97 %) and most of the NHL subtypes, with particularly poorer
survival for lymphoblastic lymphoma, NK/T-cell and Burkitt lymphomas.
The RS for NHL also varied across AYA age groups, being highest in those
aged 15-24 years and lowest in those aged 25-39 years (Appendix Table 2).

Central Nervous System (CNS) tumour RS was 61 % in AYAs and
59 % in children. RS in AYAs with CNS embryonal tumours was 41 %
compared to 51 % in children. RS in AYAs with ependymoma and me-
dulloblastoma was higher compared to children (87 % and 72 % vs 73 %
and 62 %, respectively).

RS was about 70 % for bone sarcomas (BS) in both AYAs and chil-
dren. However, within AYA age group, 15-24 years old has a RS of 64 %
and 25-39 years old of 74 %, These differences within the AYA age
group were mainly due to the subtypes case-mix. Yet, RS for Ewing bone
sarcoma (EBS) was lower in AYAs (51 %) than in children (69 %). The
difference in RS between AYAs and children for soft tissue sarcoma (STS)
was mainly due to rhabdomyosarcoma (RMS) and synovial sarcoma.
RMS which had a RS of 41 % in AYAs and 69 % in children; synovial
sarcoma had a RS of 66 % in AYAs and 97 % in children. However, RS for
synovial sarcoma was 73 % in those aged 15-24 years and 62 % in those
aged 25-39 years (Appendix Table 2).

There were no significant differences in RS between AYAs and chil-
dren for germ cell tumours (GCT), cutaneous melanoma (CM) and thy-
roid carcinoma (TC) (RS >90% in these 3 tumours in AYAs and
children).
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Table 2
5/1-year conditional survival (CS), period analysis 2010-2014 by age classes, along with absolute differences from AYA and child and AYA and adults.
Tumour Children AYAs Adults difference difference
AYAs vs AYAs vs adults
N CS 95 % CI N CS 95 % CI N (&) 95 % CI .
children
Leukemias and related 7,176 922 915 928 8,737 83.6 827 843 57,654 793 79.0 79.7 -8.6* 4.3*
disorders
Acute lymphoblastic leukemia 5,634 94.0 93.4 94.6 1,956 72.5 70.4 74.5 1,420 52.2 49.4 54.9 -21.5% 20.3*
(ALL)
ALL, B-cell 1,600 951 939 96.1 481 739 698 77.6 401 53.1 47.7 581 -21.2* 20.8*
ALL, T cell 283 845 79.8 882 237 709 644 764 98 56.2 458 65.3 -13.6* 14.7*
Acute myeloid leukemia (AML) 975 82.8 80.2 851 2,581 748 73.0 765 8,822 53.5 524 546 -8.0*% 21.3*
Acute promyelocytic leukemia 93 95.7 889 984 401 928 89.7 95.0 651 91.6 888 938 -29 1.2
(APL)
Chronic myeloid leukemia 165 88.8 825 929 1,417 95.0 937 96.1 5,848 822 81.0 833 6.2* 12.8*
(CML)
Lymphomas 2,950 969 96.2 975 24,456 93.7 934 940 106,531 82.0 81.7 823 -3.2* 11.7*
Non-Hodgkin lymphomas 1,467 95.7 94.5 96.7 9,281 91.7 91.1 92.3 66,873 86.2 85.8 86.5 -4.0* 5.5%
Lymphoblastic 288 91.2 87.2 94.1 306 74.3 68.9 79.0 250 63.2 56.4 69.2 -16.9* 11.1*
Burkitt 601 97.9 963 988 502 92.7 90.0 947 589 90.2 87.1 926 -5.2* 2.5
Diffuse large B-cell (DLBCL) 164 96.7 922 98.6 3,138 91.1 90.0 921 20,073 836 830 842 -56% 7.5%
Primary mediastinal large B- 387 92.7 89.6 948 220 943 89.8 96.9 -1.6
cell
Anaplastic T- and null-cell 116 95.6 89.6 98.2 332 926 89.0 95.0 565 81.1 772 844 -3.0 11.5%
Follicular 1,568 95.9 94.7 96.8 17,888 92.2 91.7 92.7 3.7*
NK/T-cell 74 857 751 921 386 79.2 746 83.0 2,106 624 601 645 -6.5 16.8*
Mucosa-associated lymphoid 621 97.4 957 98,5 5,831 923 914 931 5.1%
tissue (MALT)
Other Non-Hodgkin lymphoma 142 97.6 925 99.2 1,432 90.7 889 922 15,803 82.8 821 835 -6.9* 7.9%
Not Otherwise Specified
(NOS)
Hodgkin lymphoma 1,175 981 971 988 13,845 955 951 958 9,105 90.0 89.3 90.7 -2.6* 5.5%
Central Nervous System 2,776 749 732 76,5 7,257 67.6 66.5 687 20,256 31.2 305 31.8 -7.3* -36.4*
(CNS) tumours
Ependymoma 390 79 74.3 82.9 615 91 88.3 93.1 1,040 87.4 85 89.5 12% -3.6*
Medulloblastoma 730 72.5 69 75.7 336 78.5 73.6 82.6 61 79.2 66.4 87.6 6* 0.7
Other gliomas 1,172 735 708 76 5,742 63.4 621 647 18,092 255 248 261 -10.1% -37.9*
Pleomorphic 79 851 743 916 50 469 309 61.3 38.2%
xanthoastrocytoma (PXA)
CNS embrional tumors 193 67.7 604 74 132 51.2 42 59.6 77 369 258 481 -16.5% 14.3*
Meningiomas 130 76 67.3 826 871 80.4 77.2 832 -4.4
Germ cell tumors of CNS 169 93.3 88.2 96.3 226 94.5 90.2 96.9 26 53.2 32.7 70 1.2 41.3*
Bone sarcomas 1,144 742 715 76.7 2,728 744 726 76 3,322 76.8 752 783 0.2 -2.4*
Osteosarcoma 551 71 66.9 746 963 689 658 71.8 566 61.7 573 658 -21 7.2%
Chondrosarcoma 671 89.3 86.6 915 1,685 82.8 80.7 847 6.5*
Ewing sarcoma of bone 465 73.7 69.3 77.6 648 57.8 53.7 61.6 92 45.9 35.1 56 -15.9*% 11.9*
Soft tissue sarcomas 1,283 786 762 80.8 4,537 746 732 759 21,069 732 725 73.8 -4* -1.4*
Synovial sarcoma 39 97.3 817 99.6 225 70.6 64 76.2 242 61.2 544 67.3 -26.7* 9.4
Malignant peripheral nerve 44 69.7 53.7 81.1 248 61.5 55 67.4 456 64.4 59.4 68.9 -8.2 -2.9
sheath tumour (MPNST)
Liposarcoma 712 90 87.5 921 4,353 844 832 856 5.6*
Epithelioid sarcoma 96 80.7 70.6 87.6 113 69.3 59.1 77.3 11.4*
Leiomyosarcoma 545 79 75.2 823 4,603 62.8 61.3 64.3 16.2*
Clear-cell sarcoma 51 722 569 828 54 62.9 477 748 9.3
Angiosarcoma 98 509 399 60.8 515 50.7 46.1 55.2 0.2
Undifferentiated high-grade 120 79.7 71 86.1 835 70.5 669 738 9.2*%
pleomorphic sarcoma
Rhabdomyosarcoma 742 749 715 78 329 51.5 459 56.8 266 46.8 40.5 529 -23.4* 4.7
Ewing sarcoma of soft tissue 122 75.5 66.7 82.3 290 62.5 56.5 67.9 153 61.3 52.4 69 -13* -1.2
Germ cell and trophoblastic 135 97.6 92,6 99.2 24,459 98 97.8 982 11,400 983 979 986 0.4 -0.3
of testis
Germ cell and trophoblastic 214 976 942 99 856 98.3 97.1 99 222 822 76.1 86.8 0.7 16.1*
of ovary
Melanoma of skin 269 97.6 948 989 25520 95 947 952 102,133 90.1 89.9 90.4 -2.6% 4.9*
Thyroid carcinoma 336 100 0 0 18,861 99.7 99.6 99.8 46,950 983 981 985 -0.3* 1.4*
Carcinoma of breast 34,073 872 86.8 87.5 474,839 91.7 91.6 918 -4.5*
Carcinoma of uterine cervix 13,950 89.2 88.7 89.7 34,290 76 75.5 76.4 13.2%
Carcinoma of head and neck 3,309 79.7 78.2 81.1 99,513 67.2 66.9 67.5 12.5%
Carcinoma of oral cavity 1,362 81.7 79.4 83.7 27,526 66.3 65.6 66.9 15.4*
Carcinoma of nasopharynx 636 79.7 762 827 2966 67.7 659 69.5 12.0*
Carcinoma of oropharynx 451 76.5 72.2 80.2 22,403 65.2 64.5 65.9 11.3*
Carcinoma of colon 4,132 74 72.6 75.4 147,124 75.9 75.6 76.1 -1.9%
excluding appendix
Colon neuroendocrine 90 94.3 86.6 97.6 1,151 76.7 73.9 79.2 17.6*

(continued on next page)
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Table 2 (continued)
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Tumour Children AYAs Adults difference difference
AYAs vs AYAs vs adults
N cs 95 % CI N cs 95 % CI N Ccs 95 % CI .
children
Colon adenocarcinoma 3,987 73.7 72.2 75.1 144,642 76 75.7 76.2 -2.3%
Carcinoma of rectum 2,924 71.9 70.2 73.5 103,555 73.8 73.5 74.1 -1.9*
Rectum neuroendocrine 235 99 95.4 99.8 1,673 90.8 89 92.2 8.2*
Rectum adenocarcinoma 2,634 69.6 67.8 71.4 100,397 73.6 73.3 74 -4.0%*
Carcinoma of prostate 109 89.2 81.3 93.9 312,647 95.4 95.3 95.5 -6.2%
Carcinoma of lung and 2,209 61.3 59.1 634 135233 364 361 36.7 24.9*
bronchus
Small cell endocrine lung 145 309 231 39 19,272 19.2 186 19.8 11.7*
Non-small cell carcinoma lung 2,064 63.3 61.1 65.4 115,874 39.2 38.9 39.5 24.1%

* differences are statistically significant.

Note: N corresponds to the mean between the minimum and the maximum number of patients entering in each time intervals contributing to the period analysis,
therefore, minimal discrepancies may be possible between the sum of the N of subgroup and the corresponding total.
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Fig. 1. 5-year relative survival (RS) over time for cancers with significant average annual percent change (AAPCs) in AYA and/or children along with their annual
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joinpoint. Represented years are years of follow-up.



A. Trama et al.

Melanoma of skin

" 1509 yoars
oo S — . . . eppen T - APC ~ 048
S ¥ P
S (TSI —ARC < 0.88%
»
-
-
g
-
ﬁ -
»
o
-
>
N 200 RS o - R e o0 » o
Year
Carcinoma of head and neck
- ® 1539 years
—APC | = | 89
- —ARC 2 .47
* ®40-69 yoars
—ARC=1,12¢
- ~ n v . .
» .
. - T H 15239 yeans
- AARC = 0,76*
7 B A N N —
T « PSS
& -
»
e
L
"
4 - Soom o Meea e o o 2 )
Year
Carch of colon excluding appendi
e * 1539 years
- —APC =008
®40.69 years
. —APC |'= 1.68%
—APC 2 =008
» 40.69
= Y years
_ e S — T OAAPC - LO8®
€
™
»
>
"
A
e Jo 2008 b Saoe vew »e o w2 w0
Year
Rectum adenocarcinoma
oo

——

e ———
e ——
b
S
-
»
.
"
.
s o b b e B »e o
Year

1539 years
—=APC 1 =231*
—APC 2 w214

®40-69 years
w—APC = 142

15-39 ycars
AARC = 0,80

e =@
.

bt w0

RS (%)

RS (%)

RS (%)

European Journal of Cancer 226 (2025) 115535

Thyrold carcinoma
iy - - - - - - ———- .
o g— - . 1539 yoars
e s 1 —AKC - 0,04
40 69 yours
- —ARC | =~ 042¢
—ANC2=0.15
N 4069 ycars
. AARC =023
"
.;" o8 o b - e on »n b a0
Year
Carcinoma of oral cavity
s 1539 yeans
—-—APC=091*
" W 4069 yoars
-—APC =187
-
.
o v > ¥ e = } ¢
-
_—
PR
o‘* . — e @ -
-
N
o
»
»
e ot N o Jue dam o won w2 W1
Year
Colon Adenocarcinoma
-
1539 yoars
- —-—APC =026
® 4009 yoan
. —APC = L0
—APC 2 =008
N - . - 40-69 yoars
e ———— g - < T AAPRC - 108
-
-
-
»
»
»
e o Ll o0t e dam w0 won b U o0
Year

Fig. 2b. 5-year relative survival (RS) over time for cancers with significant different trend in AYA and adults along with their annual percent changes (APCs) and
average APC (AAPCs). *indicates that the APC and /or AAPC is significantly different from zero at the alpha= 0.05 level. AAPCs where provided in presence of a

joinpoint. Represented years are years of follow-up.



A. Trama et al.

AYAs had higher RS compared to adults for all cancers, except
prostate carcinoma (PCa), breast (BC), and colon cancers (CC) where
AYAs had lower RS (-8 %, —4 % and —1 %, respectively), although AYAs
had higher RS for neuroendocrine neoplasms of the colon compared to
adults (79 % vs 54 %). The highest differences in RS between AYAs and
adults were found for ALL, AML, CNS tumours, germ cell tumours of
ovary (GCTO) (+30 %, +29 %, +42 %, +31 %, respectively).

3.1.2. Conditional survival

Table 2 shows CS in children, AYAs and adults along with absolute
differences between age groups.

Compared to children, AYAs had lower CS for ALL, AML, HL and
NHL, CNS tumours, EBS, STS, and CM although differences were smaller
than those found for RS in Table 1, with few exceptions. For CNS tu-
mours, RS was significantly higher in AYA compared to children
(+1,6 %), but CS was significantly lower (-4.9 %). For CM, RS was
similar in AYAs and children but CS was significantly lower in AYAs
compared to children (-2.6 %). No differences in CS between AYA and
children were found for BS, GCT and TC.

Compared to adults, AYAs had higher CS for most cancers, although
differences were generally smaller than those found for RS in Table 1,
with few exceptions. For BS, CS was 2.4 % points lower in AYAs than in
adults, unlike RS, which was 5.4 % points higher in AYAs than in adults.
Furthermore, differences in CS between AYAs and adults were accen-
tuated for BC, CC and lung cancers, as these differences were higher than
those observed in RS. APL, Burkitt, and germ cell of testis (GCTT) did not
show statistically significant CS differences; however, they did in RS.

3.2. Survival changes over time

Fig. 1 shows trends in RS over time in 2004-2013 for cancers with
significant AAPCs in AYA and/or children. RS increased over the period
for most tumours in both age groups.

Compared to children, AYAs had higher AAPCs for leukemias (2.03
vs. 0.93), especially for ALL (3.25 vs. 0.68), and also for lymphomas
(0.73 and 0.43 in AYAs and children, respectively) (Fig. 1,
Appendix Table 3). AAPC was slightly lower in AYAs compared to
children for AML, while there was no significant difference between
AYAs and children for the remaining tumours. In 2004, RS for CNS tu-
mours in adolescents was significantly lower than that in children, but
increased steadily, reaching that of children in 2009. AAPC was higher
in AYAs compared to children for medulloblastoma (Appendix Table 3).

Fig. 2 shows RS over time for cancers with significant differences in
AAPCs between AYA and adults. Notably, RS increased over time for
almost all tumours in both AYAs and adults. However, compared to
adults, AYAs had higher AAPCs only for leukaemia (AAPC 2.03 and
1.11) and for ALL in particular (AAPC 3.25 and 2.19). AYAs, in contrast,
despite having a higher RS than adults, had a significantly lower AAPCs
compared to adults for lymphoma, specific types of NHL (i.e., Burkitt
and follicular lymphoma), HL, CNS tumours, GCTT, CM, TC, oral cavity
cancers, and colorectal cancers.

RS in BC patients increased overtime in both AYAs and adults and
had similar AAPC values (Appendix Table 4), while increasing over time
only for adults for CC and PCa.

4. Discussion

Our results confirm that survival differences between AYAs and
children and AYAs and adults still persist despite the improved survival.
However, this study reveals that these differences are decreasing.

Lower survival for AYA relative to children persists for ALL, AML,
RMS and EBS. In AYA, ALL survival still lags behind that of children
despite greater AAPC in AYA compared to children; in contrast, for AML,
lower survival is also associated with lower AAPC in AYA compared to
children. For RMS and EBS, improved survival over time was found for
both children and AYA, although not statistically significant.
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Survival was lower in AYA compared to adults for BC, CC, and PCa.
However, for BC, limited and similar RS improvements were observed in
both AYAs and adults, whereas for PCa and CC, AYAs did not experience
the survival improvements observed in adults.

The survival gap between AYAs and children is multifactorial and
includes differences in clinical management, site of treatment, tumour
biology and differences in clinical trial involvement [15]. However,
comparing survival between age groups is also necessary in order to
consider how the case mix of tumours changes at different ages (e.g.,
osteosarcoma and EBS are more common in adolescents, chon-
drosarcoma is more frequent in 30-39 years old; among STS, lip-
osarcoma and leiomyosarcoma are the most common in subjects aged
between 30 and 39 years, RMS in children and adolescents) [16].

As with haematological tumours, ALL outcomes have improved with
the adoption of paediatric protocols while persisting survival differences
in children have been attributed to the more aggressive biologic features
of ALL and increased treatment-related toxicities in AYAs [17-19]. For
AYAs with AML, paediatric and adult protocols have been reported as
sub-optimal [20]. The lack of differences in RS between children and
AYAs with APL may be due to the use of all-trans retinoic acid [19].
Children have lower RS than AYAs for CML, as CML in children tends to
have a more aggressive clinical presentation than older patients [21].

Regarding sarcomas, paediatric treatment appears to be less effective
in AYAs with RMS, suggesting the role of a different RMS biology in
AYAs [22]. The poorer survival for AYAs with EBS may be due to
intensive treatments whose tolerability decreases with increasing age
[23,24]. Survival differences between AYAs and children have been
confirmed also across EBS subgroups, based on tissue of origin, tumour
site, and disease stage [25].

We found that AYAs had better survival than adults for most cancers
and worse RS compared to adults for BC, CC, and PCa. The explanation
of the latter is multifactorial, including limited awareness of cancer signs
in AYAs, tumour biology, histotype, and stage at diagnosis.

The peculiar aggressiveness of BC in AYAs has been partially
attributed to genetic features of AYA BC which predisposes to endocrine
resistance and lower prevalence of PIK3CA mutations linked with better
prognosis [26], with our findings also showing an increased CS survival
gap.

Evidence on prognosis of CC patients with early-onset is conflicting
with heterogeneity of studies and variation in age definitions, hindering
comparison of results [27]. However, some studies report more
aggressive tumour features in AYAs compared with adults (e.g., higher
grade, higher proportion of poor prognosis histologies) [27-30]. A
distinct biology and prognosis for younger CC patients is suggested by
the increase in CS compared to RS for this group. Furthermore, lack of
appropriate patient referral to genetic services, delay in diagnosis and
clinical management [27,31] and lack of screening in AYAs also explain
the observed survival gap.

It is unclear how early age at diagnosis adversely influences outcome
in AYAs with PCa, with a limited number of studies reporting non-
conclusive results on the clinicopathological and molecular features of
PCa in young and adults [32,33]. Our results found worse RS for AYA
PCa patients compared to adults and this decreased in CS, supporting the
need for additional studies to further understand the biology of PCa in
AYAs. Finally, the higher survival in adults may also be due to a higher
percentage of early-stage PCa, due to wide access to prostate specific
antigen tests.

For all studied cancer sites, clinical information (e.g. on stage at
diagnosis, mutational status) would be useful to disentangle age gap in
survival using multivariable modelling; this information, however, was
not available in our DB.

For nearly all cancers, survival increased over the study period in
children, AYAs, and adults. However, over the period, both children and
AYAs had somewhat a lesser improvement in survival if compared to
adults, which may relate to the much lower RS in older patients at the
beginning of the study period in 2004, providing greater room for
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improvement over time in adults with these cancers.

Greater improvement in survival in AYAs compared to children may
be due to expanded use of paediatric protocols, advances in diagnostics
and risk-adapted therapy in AYAs. Across common diagnoses to both
AYAs/children and AYAs/ adults, AYAs have superior outcomes when
they are treated by a facility/oncologists with a specific knowledge in
AYAs and AYAs cancer care [15,34,35]. This has been attributed to the
comprehensive care provided, and enhanced access to clinical trials. The
upcoming Network of expertise on AYAs will soon define and support
developments of AYA programs in each European Member State, which
we hope will contribute to improved survival for European AYA cancer
patients, in line with their younger and older counterparts.

CRediT authorship contribution statement

Fabio Didone: Writing — review & editing, Writing — original draft,
Methodology, Formal analysis. Keiu Paapsi: Writing — review & editing,
Data curation. Laura Botta: Writing — review & editing, Writing —
original draft, Methodology, Investigation, Formal analysis. Xavier
Troussard: Writing — review & editing, Data curation. Fabiola Giudici:
Writing — review & editing, Data curation. Annalisa Trama: Writing —
review & editing, Writing — original draft, Supervision, Investigation,
Conceptualization. Marcel Blum: Writing — review & editing, Data
curation. Silvia Rossi: Writing — review & editing. Alexandra Mayer-
da-Silva: Writing — review & editing, Data curation. Damien Bennet:
Writing — review & editing. peters frederik: Writing — review & editing,
Data curation. Charles Stiller: Writing — review & editing, Data cura-
tion. Karim-Kos Henrike: Writing — review & editing, Data curation.
Francesco Cerza: Writing — review & editing. Jan Trallero: Writing —
review & editing, Data curation. Rosalia Ragusa: Writing — review &
editing, Data curation.

Ethics approval

We analysed pseudonymized data collected from 95 population-
based cancer registries, after approval by the Ethics Committee of the
National Cancer Institute of Milan (INT 73/16; April 21, 2016). We hold
these data in trust from each participating registry for the statistical
analyses agreed on in the EUROCARE-6 protocol, available at http://
www.eurocare.it.

Data statement

We are not permitted to share individual data. Aggregated-level
data, in the form of counts, rates, or survival proportions, can only be
shared upon express permission from the participating registries. These
data should be requested by contacting the corresponding author or
Eurocare Secretariat (eurocare.secretariat@istitutotumori.mi.it).

Funding

The authors would like to thank Children With Cancer UK (PGTaSFA
\100015) and Esselunga (INT AYA Esselunga project, V20ESL). The
funders had and will not have a role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.
Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.ejca.2025.115535.

10

European Journal of Cancer 226 (2025) 115535

References

[1] Ferrari A, Stark D, Peccatori FA, Fern L, Laurence V, Gaspar N, Bozovic-
Spasojevic I, Smith O, De Munter J, Derwich K, Hjorth L, van der Graaf WTA,
Soanes L, Jezdic S, Blondeel A, Bielack S, Douillard JY, Mountzios G, Saloustros E.
Adolescents and young adults (AYA) with cancer: a position paper from the AYA
working group of the european society for medical oncology (ESMO) and the
european society for paediatric oncology (SIOPE). ESMO Open 2021;6(2):100096.
https://doi.org/10.1016/j.esmoop.2021.100096. PMID: 33926710; PMCID:
PMC8103533.

Trama A, Botta L, Stiller C, Visser O, Canete-Nieto A, Spycher B, Bielska-Lasota M,
Katalinic A, Vener C, Innos K, Marcos-Gragera R, Paapsi K, Guevara M, Demuru E,
Mousavi SM, Blum M, Eberle A, Ferrari A, Bernasconi A, Lasalvia P. EUROCARE-6
working group. Survival of european adolescents and young adults diagnosed with
cancer in 2010-2014. Eur J Cancer 2024;202:113558. https://doi.org/10.1016/j.
ejca.2024.113558. Epub 2024 Jan 24. PMID: 38489859.

Trama A, Botta L, Foschi R, Ferrari A, Stiller C, Desandes E, Maule MM, Merletti F,
Gatta G. EUROCARE-5 working group. Survival of european adolescents and young
adults diagnosed with cancer in 2000-07: population-based data from EUROCARE-
5. Lancet Oncol 2016;17(7):896-906. https://doi.org/10.1016/51470-2045(16)
00162-5. Epub 2016 May 26. PMID: 27237614.

Raze T, Lacour B, Cowppli-Bony A, Delafosse P, Velten M, Trétarre B, Defossez G,
Hammas K, Woronoff AS, Ganry O, Plouvier S, Coureau G, Guizard AV, Bara S,
Monnereau A, Daubisse-Marliac L, Troussard X, D’Almeida T, Baldi I, Bouvier V,
Boissel N, Clavel J, Desandes E. Cancer among adolescents and young adults
between 2000 and 2016 in France: incidence and improved survival. J Adolesc
Young Adult Oncol 2021 Feb;10(1):29-45. https://doi.org/10.1089/
jaya0.2020.0017. Epub 2020 May 15. PMID: 32412825.

Alken S, Owens C, Gilham C, Grant C, Pears J, Deady S, O’Marcaigh A, Capra M,
O’Mahony D, Smith O, Walsh PM. Survival of childhood and adolescent/young
adult (AYA) cancer patients in Ireland during 1994-2013: comparisons by age. Ir J
Med Sci 2020;189(4):1223-36. https://doi.org/10.1007/s11845-020-02236-0.
Epub 2020 May 18. PMID: 32424602.

Botta L, Gatta G, Capocaccia R, Stiller C, Canete A, Dal Maso L, Innos K, Mihor A,
Erdmann F, Spix C, Lacour B, Marcos-Gragera R, Murray D, Rossi S. EUROCARE-6
working group. Long-term survival and cure fraction estimates for childhood
cancer in Europe (EUROCARE-6): results from a population-based study. Lancet
Oncol 2022;23(12):1525-36. https://doi.org/10.1016/51470-2045(22)00637-4.
Epub 2022 Nov 16. PMID: 36400102.

De Angelis R, Demuru E, Baili P, Troussard X, Katalinic A, Chirlaque Lopez MD,
Innos K, Santaquilani M, Blum M, Ventura L, Paapsi K, Galasso R, Guevara M,
Randi G, Bettio M, Botta L, Guzzinati S, Dal Maso L, Rossi S. EUROCARE-6 working
group. Complete cancer prevalence in Europe in 2020 by disease duration and
country (EUROCARE-6): a population-based study. Lancet Oncol 2024;25(3):
293-307. https://doi.org/10.1016/51470-2045(23)00646-0. Epub 2024 Jan 30.
PMID: 38307102.

Barr RD, Ries LAG, Trama A, et al. A system for classifying cancers diagnosed in
adolescents and young adults. Cancer 2020;126(21):4634-59. https://doi.org/
10.1002/cncr.33041.

Brenner H, Soderman B. Hakulinen T. Use of period analysis for providing more up-
to-date estimates of long-term survival rates: empirical evaluation among 370,000
cancer patients in Finland. Int J Epidemiol 2002;31:456-62. https://doi.org/
10.1093/ije/31.2.456.

Ederer F, Axtell LM, Cutler SJ. The relative survival: a statistical methodology. Natl
Cancer Inst Monogr 1961;6:101-21.

Clegg LX, Hankey BF, Tiwari R, Feuer EJ, Edwards BK. Estimating average annual
per cent change in trend analysis. Stat Med 2009;28(29):3670-82. https://doi.org/
10.1002/sim.3733. PMID: 19856324; PMCID: PMC2843083.

Kim HJ, Fay MP, Yu B, Barrett MJ, Feuer EJ. Comparability of segmented line
regression models. Biometrics 2004;60(4):1005-14. https://doi.org/10.1111/
j.0006-341X.2004.00256.x. PMID: 15606421.

Surveillance Research Program, National Cancer Institute SEER*Stat software
(seer.cancer.gov/seerstat) version 8.3.9.2.

Joinpoint Regression Program, Version 5.3.0.0 - November 2024; Statistical
Methodology and Applications Branch, Surveillance Research Program, National
Cancer Institute.

Wolfson JA, Kenzik KM, Foxworthy B, Salsman JM, Donahue K, Nelson M,
Littrell MB, Williams GR, Levine JM. Understanding causes of inferior outcomes in
adolescents and young adults with cancer. J Natl Compr Canc Netw 2023;21(8):
881-8. https://doi.org/10.6004/jnccn.2023.7056. PMID: 37549915.

Trama A, Lasalvia P, Stark D, et al. EUROCARE-6 working group. Incidence and
survival of european adolescents and young adults diagnosed with sarcomas:
EUROCARE-6 results. Eur J Cancer 2025;217:115212. https://doi.org/10.1016/j.
ejca.2024.115212. Epub ahead of print. PMID: 39848113.

Tricoli JV, Blair DG, Anders CK, Bleyer WA, Boardman LA, Khan J, Kummar S,
Hayes-Lattin B, Hunger SP, Merchant M, Seibel NL, Thurin M, Willman CL. Biologic
and clinical characteristics of adolescent and young adult cancers: acute
lymphoblastic leukemia, colorectal cancer, breast cancer, melanoma, and sarcoma.
Cancer 2016;122(7):1017-28. https://doi.org/10.1002/cncr.29871. Epub 2016
Feb 5. PMID: 26849082; PMCID: PMC4803597.

Gupta A, Damania RC, Talati R, O’'Riordan MA, Matloub YH, Ahuja SP. Increased
toxicity among adolescents and young adults compared with children hospitalized
with acute lymphoblastic leukemia at children’s hospitals in the United States.

J Adolesc Young Adult Oncol 2021;10(6):645-53. https://doi.org/10.1089/
jayao.2020.0154. Epub 2021 Jan 28. PMID: 33512257.

[2]

[3]

[4]

[5]

[6]

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]


http://eurocare.secretariat@istitutotumori.mi.it
https://doi.org/10.1016/j.ejca.2025.115535
https://doi.org/10.1016/j.esmoop.2021.100096
https://doi.org/10.1016/j.ejca.2024.113558
https://doi.org/10.1016/j.ejca.2024.113558
https://doi.org/10.1016/S1470-2045(16)00162-5
https://doi.org/10.1016/S1470-2045(16)00162-5
https://doi.org/10.1089/jayao.2020.0017
https://doi.org/10.1089/jayao.2020.0017
https://doi.org/10.1007/s11845-020-02236-0
https://doi.org/10.1016/S1470-2045(22)00637-4
https://doi.org/10.1016/S1470-2045(23)00646-0
https://doi.org/10.1002/cncr.33041
https://doi.org/10.1002/cncr.33041
https://doi.org/10.1093/ije/31.2.456
https://doi.org/10.1093/ije/31.2.456
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref10
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref10
https://doi.org/10.1002/sim.3733
https://doi.org/10.1002/sim.3733
https://doi.org/10.1111/j.0006-341X.2004.00256.x
https://doi.org/10.1111/j.0006-341X.2004.00256.x
https://doi.org/10.6004/jnccn.2023.7056
https://doi.org/10.1016/j.ejca.2024.115212
https://doi.org/10.1016/j.ejca.2024.115212
https://doi.org/10.1002/cncr.29871
https://doi.org/10.1089/jayao.2020.0154
https://doi.org/10.1089/jayao.2020.0154

A. Trama et al.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Schulpen M, Goemans BF, Kaspers GJL, Raaijmakers MHGP, Zwaan CM, Karim-
Kos HE. Increased survival disparities among children and adolescents & young
adults with acute myeloid leukemia: a Dutch population-based study. Int J Cancer
2022;150(7):1101-12. https://doi.org/10.1002/ijc.33878. Epub 2021 Dec 16.
PMID: 34913161; PMCID: PMC9299619.

O’Dwyer K, Freyer DR, Horan JT. Treatment strategies for adolescent and young
adult patients with acute myeloid leukemia. Blood 2018;132(4):362-8. https://
doi.org/10.1182/blood-2017-12-778472.

Hijiya N, Schultz KR, Metzler M, Millot F, Suttorp M. Pediatric chronic myeloid
leukemia is a unique disease that requires a different approach. Blood 2016;127(4):
392-9. https://doi.org/10.1182/blood-2015-06-648667. Epub 2015 Oct 28. PMID:
26511135; PMCID: PMC4915793.

Watson S, Perrin V, Guillemot D, et al. Transcriptomic definition of molecular
subgroups of small round cell sarcomas. J Pathol 2018;245:29-40.

Janeway KA, Barkauskas DA, Krailo MD, et al. Outcome for adolescent and young
adult patients with osteosarcoma: a report from the children’s oncology group.
Cancer 2012;118:4597-605.

Collins M, Wilhelm M, Conyers R, et al. Benefits and adverse events in younger
versus older patients receiving neoadjuvant chemotherapy for osteosarcoma:
findings from a meta-analysis. J Clin Oncol 2013;31:2303-12.

Schulpen M, Haveman LM, van der Heijden L, Kaal SEJ, Bramer JAM, Fajardo RD,
de Haan JJ, Hiemcke-Jiwa LS, Ter Horst SAJ, Jutte PC, Schreuder HWB, Tromp JM,
van der Graaf WTA, van de Sande MAJ, Gelderblom H, Merks JHM, Karim-Kos HE.
The survival disparity between children and adolescents and young adults (AYAs)
with ewing sarcoma in the Netherlands did not change since the 1990s despite
improved survival: a population-based study. Eur J Cancer 2024;208:114209.
https://doi.org/10.1016/j.ejca.2024.114209. Epub 2024 Jul 6. PMID: 39018631.
Waks AG, Kim D, Jain E, Snow C, Kirkner GJ, Rosenberg SM, Oh C, Poorvu PD,
Ruddy KJ, Tamimi RM, Peppercorn J, Schapira L, Borges VF, Come SE, Brachtel EF,
Warner E, Collins LC, Partridge AH, Wagle N. Somatic and germline genomic
alterations in very young women with breast cancer. Clin Cancer Res 2022;28(11):
2339-48. https://doi.org/10.1158/1078-0432.CCR-21-2572.

11

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

European Journal of Cancer 226 (2025) 115535

Mauri G, Sartore-Bianchi A, Russo AG, Marsoni S, Bardelli A, Siena S. Early-onset
colorectal cancer in young individuals. Mol Oncol 2019;13(2):109-31. https://doi.
org/10.1002/1878-0261.12417. Epub 2018 Dec 22. PMID: 30520562; PMCID:
PMC6360363.

Perrott S, Laurie K, Laws K, Johnes A, Miedzybrodzka Z, Samuel L. Young-onset
colorectal cancer in the north east of scotland: survival, clinico-pathological
features and genetics. BMC Cancer 2020;20(1):108. https://doi.org/10.1186/
512885-020-6606-0. PMID: 32041565; PMCID: PMC7011562.

Teng A, Lee DY, Cai J, Patel SS, Bilchik AJ, Goldfarb MR. Patterns and outcomes of
colorectal cancer in adolescents and young adults. J Surg Res 2016;205(1):19-27.
https://doi.org/10.1016/j.js5.2016.05.036. Epub 2016 May 26. PMID: 27620994,
Wang W, Chen W, Lin J, et al. Incidence and characteristics of young- onset
colorectal cancer in the United States: an analysis of seer data collected from 1988
to 2013. Clin Res Hepatol Gastroenterol 2019;43:208-15.

Stark D, Bowen D, Dunwoodie E, Feltbower R, Johnson R, Moran A, Stiller C,
O’Hara C. Survival patterns in teenagers and young adults with cancer in the
United Kingdom: comparisons with younger and older age groups. Eur J Cancer
2015;51(17):2643-54. https://doi.org/10.1016/j.ejca.2015.08.010. Epub 2015
Aug 27. PMID: 26321503.

Baniak N, Sholl LM, Mata DA, D’Amico AV, Hirsch MS, Acosta AM.
Clinicopathological and molecular characteristics of prostate cancer diagnosed in
young men aged up to 45 years. Histopathology 2021;78(6):857-70. https://doi.
org/10.1111/his.14315. Epub 2021 Mar 16. PMID: 33306242.

Bleyer A, Spreafico F, Barr R. Prostate cancer in young men: an emerging young
adult and older adolescent challenge. Cancer 2020;126(1):46-57. https://doi.org/
10.1002/cncr.32498. Epub 2019 Sep 25. PMID: 31553489.

Beauchemin MP, Roth ME, Parsons SK. Reducing adolescent and young adult
cancer outcome disparities through optimized care delivery: a blueprint from the
Children’s oncology group. J Adolesc Young Adult Oncol 12314323 2023.
Alvarez E, Malogolowkin M, Li Q, et al. Decreased early mortality in young adults
with acute lymphoblastic leukemia treated at specialized cancer centers in
california. Blood 2017;130:2151.


https://doi.org/10.1002/ijc.33878
https://doi.org/10.1182/blood-2017-12-778472
https://doi.org/10.1182/blood-2017-12-778472
https://doi.org/10.1182/blood-2015-06-648667
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref20
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref20
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref21
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref21
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref21
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref22
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref22
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref22
https://doi.org/10.1016/j.ejca.2024.114209
https://doi.org/10.1158/1078-0432.CCR-21-2572
https://doi.org/10.1002/1878-0261.12417
https://doi.org/10.1002/1878-0261.12417
https://doi.org/10.1186/s12885-020-6606-0
https://doi.org/10.1186/s12885-020-6606-0
https://doi.org/10.1016/j.jss.2016.05.036
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref28
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref28
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref28
https://doi.org/10.1016/j.ejca.2015.08.010
https://doi.org/10.1111/his.14315
https://doi.org/10.1111/his.14315
https://doi.org/10.1002/cncr.32498
https://doi.org/10.1002/cncr.32498
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref32
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref32
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref32
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref33
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref33
http://refhub.elsevier.com/S0959-8049(25)00317-X/sbref33

	Comparative analysis of 5-year relative survival in adolescents and young adults with cancer relative to both children and  ...
	1 Introduction
	2 Materials and methods
	2.1 Study design and data collection
	2.2 Survival analysis (2010–2014) and difference across age groups
	2.3 Survival changes over time

	3 Results
	3.1 Survival across age groups
	3.1.1 Relative survival
	3.1.2 Conditional survival

	3.2 Survival changes over time

	4 Discussion
	CRediT authorship contribution statement
	Ethics approval
	Data statement
	Funding
	Declaration of Competing Interest
	Appendix A Supporting information
	References


