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A B S T R A C T

Background: Epidemiological data for sarcoma in adolescents and young adults (AYAs) and across age groups are
limited. We aim to: 1) update sarcoma incidence, survival, and changes over time in European AYAs; 2) provide
an updated comparison of sarcoma survival in AYAs versus children and mature adults.
Methods: We calculated crude incidence rates (IR) per 100,000 European population per year from 2006 to 2013.
Using the period approach, we calculated 5-year relative survival (RS) for the follow-up period 2010–2014. We
estimated changes in incidence and survival for bone sarcoma (BS) and soft tissue sarcoma (STS) subtypes in
AYAs in the years 2000–2013.

* Corresponding author at: Evaluative Epidemiology Unit, Department of Epidemiology and Data Science, Fondazione IRCCS Istituto Nazionale dei Tumori di
Milano, Via Venezian, 1, Milan 20133, Italy.

E-mail address: paolo.lasalvia@istitutotumori.mi.it (P. Lasalvia).
1 these authors contributed equally and share first authorship
2 these authors contributed equally and share last authorship
3 EUROCARE-6 Working Group* : Austria: M. Hackl (National CR); Belgium: E. Van Eycken; N. Van Damme (National CR); Bulgaria: Z. Valerianova (National CR);

Croatia: M. Sekerija (National CR); Cyprus: I. Gregoriou; A. Demetriou (National CR); Czechia: L. Dušek; D. Krejici (National CR); Denmark: H. Storm (National CR);
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Findings: In European AYAs, the IR was 0.81/100,000 for BS and 1.45/100,000 for STS. Five-year RS was 69 %
and 65 % for BS and STS, respectively. Compared to children, AYAs had poorer survival for Ewing sarcoma of
bone, synovial sarcoma, Ewing sarcoma of soft tissue and rhabdomyosarcoma. Compared to mature adults, AYAs
had higher 5-year RS for all BS and for most of the STS subtypes. In AYAs, incidence increased for a few bone and
soft tissue subtypes. Survival increased mainly for BS.
Interpretation: The reason for the better survival observed in AYAs compared to mature adults is probably
multifactorial. The limited improvement of STS survival in AYAs may reflect the relative absence of new drugs
for STS during the study period. The increase in RS for BS might relate to general improvements in radiological
and surgical approaches and radiotherapy techniques.

1. Introduction

Sarcomas are rare tumours of mesenchymal origin. They can be
divided into dozens of histological subtypes and can occur in virtually
any anatomical site [1]. This complex interaction between anatomical
site and histology leads to a wide heterogeneity of clinical entities,
which also differ across age classes. In adolescents and young adults
(AYAs, 15–39 years) [2], sarcomas include subtypes typical of children
and adults as they progress from adolescence to early adulthood [3–5].
The heterogeneity and rarity of this family of tumours mean that data,
including epidemiological data, are limited. Thus, routine statistics [6,7]
either do not include sarcomas or are not histotype-specific [8,9]. Using
the most recent data available in the EUROCARE-6 database, we aimed
to update the incidence, survival, and changes over time in European
AYAs, unveiling the heterogeneity of sarcoma subtypes in this age group
[10].

Specifically, although survival has increased for many cancers in
AYAs, the previous EUROCARE-5 study showed worse survival for most
cancers in AYAs compared to children, and better survival compared to
adults [10]. We will describe sarcoma subtypes across age groups (from
children to mature adults i.e. between the ages of 40 and 69 years) and
provide an updated comparison of sarcoma survival in AYAs versus
children and mature adults by selecting sarcoma subtypes common to
each age group.

2. Methods

2.1. Study design and data collection

We used the EUROCARE-6 database, which houses data from 108
population-based cancer registries (CRs) from 29 European countries, as
previously described [11]. Registries provided information on the site
and morphology of each diagnosed cancer, coded according to the In-
ternational Classification of Disease for Oncology, Third Edition, first
update (ICD-O-3.1) [12]. Only malignant tumours (/3) are registered
and therefore included in the analyses. We used ICD-O-3 codes to define
the most common malignant primary bone (BS) and soft tissue sarcomas
(STS) in AYAs (Supplementary Material, Table S1). We excluded sar-
comas of the skin because data were incomplete.

2.2. Incidence 2006-2013

We calculated crude incidence rates (IR) per 100,000 individuals per
year in the European population from 2006 to 2013. We only included
general CRs in the incidence analyses, excluding CRs specialising solely
in specific tumour groups. A total of 95 CRs across Europe contributed to
this study, covering about 57 % of the European population (EU27 +

Switzerland, UK, Norway, and Iceland).

Footnote continued: Malignancies CR); A.M. Bouvier; V. Jooste* (Burgundy, Digestive CR); N. Vigneron (Calvados, General CR); G. Launoy (Calvados, Digestive CR);
S. Dabakuyo Yonli (Cote d′Or, Gynaecologic (Breast) CR); M. Maynadié (Cote d′Or, Haematological Malignancies CR); A.S. Woronoff (Doubs CR); J.B. Nousbaum
(Finistère, Digestive CR); G. Coureau (Gironde, General CR); A. Monnereau* (Gironde, Haematological Malignancies CR); I. Baldi (Gironde, Central Nervous System
CR); K. Hammas (Haut-Rhin CR); B. Tretarre (Herault CR); M. Colonna (Isere CR); S. Plouvier (Lille Area CR); T. D′Almeida (Limousin CR); F. Molinié; A. Cowppli-
Bony (Loire-Atlantique/Vendée CR); S. Bara (Manche CR); A. Debreuve (Marne-Ardennes, Thyroid CR); G. Defossez (Poitou-Charentes CR); B. Lapôtre-Ledoux
(Somme CR); P. Grosclaude; L. Daubisse-Marliac; S. Lamy (Tarn CR); Germany: S. Luttmann; A. Eberle (Bremen CR); R. Stabenow (Common CR of 4 Federal States
(Brandenburg, Mecklenburg-West Pomerania, Saxony-Anhalt, Thüringen); A. Nennecke; F. Peters (Hamburg CR); J. Kieschke (Lower Saxony CR); S. Zeissig
(Rhineland-Palatinate CR); B. Holleczek (Saarland CR); A. Katalinic* (Schleswig-Holstein CR); Iceland: H. Birgisson (National CR); Ireland: D. Murray (National CR);
Italy: G. Mazzoleni; F. Vittadello (Alto Adige CR); F. Cuccaro (Barletta-Andria-Trani CR); R. Galasso (Basilicata CR); G. Sampietro (Bergamo CR); S. Rosso (Biella CR);
C. Gasparotti; G. Maifredi (Brescia CR); M. Ferrante; R. Ragusa (Catania-Messina-Enna CR); A. Sutera Sardo (Catanzaro CR); M.L. Gambino; M. Lanzoni (Province of
Varese and Como CR); P. Ballotari; E. Giacomazzi (Cremona and Mantova CR); S. Ferretti (Ferrara CR); A. Caldarella; G. Manneschi (Firenze-Prato CR); G. Gatta* ; M.
Sant* ; P. Baili* ; F. Berrino* ; L. Botta; A. Trama; R. Lillini; A. Bernasconi; S. Bonfarnuzzo; C. Vener; F. Didonè; P. Lasalvia; L. Buratti; G. Tagliabue (Fondazione IRCCS
Istituto Nazionale dei Tumori, Milan); L. Dal Maso; F. Giudici (Centro di Riferimento Oncologico di Aviano (CRO), IRCCS, for the Friuli Venezia Giulia CR); R.
Capocaccia* (Epidemiologia & Prevenzione Board); R. De Angelis* ; E. Demuru; F. Cerza; F. Di Mari; C. Di Benedetto; S. Rossi* ; M. Santaquilani; S. Venanzi; M.
Tallon (Istituto Superiore di Sanità, Rome); L. Boni (Genova CR); S. Iacovacci (Latina CR); C. Genova; L. Benfatto (Liguria, Mesotheliomas CR); A.G. Russo; F. Gervasi
(Province of Milan and Lodi CR); G. Spagnoli (Modena CR); L. Cavalieri d′Oro (Monza and Brianza CR); M. Fusco; M.F. Vitale (Napoli 3 South CR); P. Pinna (Nuoro
CR); W. Mazzucco (Palermo CR); M. Michiara (Parma CR); G. Chiaranda (Piacenza CR); G. Cascone; M.C. Giurdanella (Ragusa CR); L. Mangone (Reggio Emilia CR); F.
Falcini (Romagna CR); R. Cavallo (Salerno CR); D. Piras (Sassari CR); A. Madeddu; F. Bella (Siracusa CR); A.C. Fanetti (Sondrio CR); S. Minerba (Taranto CR); G.
Candela; T. Scuderi (Trapani CR); W. Mantovani; M.A. Gentilini (Trento CR); F. Stracci (Umbria CR); M. Zorzi; S. Guzzinati (Veneto CR); N. Ferrarini (Viterbo CR);
Latvia: E. Liepina (National CR); Lithuania: G. Smailyte (National CR); Malta: M. Azzopardi (National CR); N. Calleja (Directorate for Health Information and
Research); Norway: T.B. Johannesen* (National CR); Poland: J. Didkowska; U. Wojciechowska (National CR); M. Bielska-Lasota* ; Portugal: A. Pais (Central Portugal
CR); M.J. Bento; P. Silva (Northern Portugal CR); A. Lourenço; A. Mayer (Southern Portugal CR); Slovakia: C. Safaei Diba (National CR); Slovenia: V. Zadnik; T. Zagar
(National CR); Spain: P. Ruiz Armengol (Balearic Islands, Mallorca CR); A. Lopez de Munain; M. De-La-Cruz (Basque Country CR); M.Garrido (Canary Islands CR); A.
Vizcaino (Castellon CR); R. Marco*s-Gragera; A. Sanvisens (Girona CR); MJ. Sanchez; D. Redondo-Sanchez (Granada CR, EASP, ibs.GRANADA, CIBERESP); M.D.
Chirlaque Lopez; A. Sanchez-Gil (Murcia CR, CIBERESP); M. Guevara* ; E. Ardanaz (Navarra CR, CIBERESP); J. Galceran; M. Carulla (Tarragona CR); Switzerland: Y.
Bergeron (Fribourg CR); A. Flahault; R. Schaffar (Geneva CR); R. Von Moos (Graubünden and Glarus CR); S. Mohsen Mousavi; M. Blum (Eastern Switzerland CR); A.
Bordoni (Ticino CR); The Netherlands: O. Visser* (National CR); UK-England: S. Stevens; J. Broggio (National CR); UK-Northern Ireland: D. Bennett (National CR); A.
Gavin; UK-Scotland: D. Morrison (National CR); UK-Wales: DW. Huws* (Welsh Cancer Intelligence and Surveillance - WCISU); S. Smits (WCISU). * = EUROCARE
Steering Committee Member.

A. Trama et al. European Journal of Cancer 217 (2025) 115212 

2 



2.3. Survival 2010-2014

Using the period approach, we calculated 5-year relative survival
(RS) for the follow-up period 2010–2014, based on cases diagnosed in
2006–2013, followed up for vital status to December 31st, 2014, in the
same 95 CRs [13]. We used RS, which is the ratio of observed to ex-
pected survival in the general population of the same age, calendar year,
registry, and sex, to correct for deaths from causes other than sarcoma.
We estimated expected survival by the Ederer II method [14], censoring
individuals who had not experienced the event by the end of the study or
were lost to follow-up.

We reported incidence for the most common BS and STS subtypes for
AYAs and across AYA age groups. Furthermore, we compared both
incidence and survival of AYAs vs children and mature adults in selected
sarcoma subtypes common to both age groups being considered. In the
analysis, leiomyosarcomas (LMS) were described as either uterine- or
non-uterine-LMS, as evidence suggests they exhibit different biology and
clinical behaviour [15]. Liposarcomas were divided into the subtypes
myxoid, well- and de-differentiated, and pleomorphic liposarcoma, as
they are specific entities, each featuring adipocytic differentiation but
with distinct pathology, clinical history, and treatment [1].

Ewing sarcomas, which occur in both bone and soft tissue, were
examined separately by site of origin and combined as a single entity.
We excluded cases aged over 70 years since major comorbidities and old
age have a significant impact on treatment and survival, limiting the
value of comparison with AYAs. We required a minimum of 40 cases of
each sarcoma subtype to present and compare incidence and RS esti-
mates across age groups.

2.4. Variation over time

We estimated changes over time in incidence and survival for BS and
STS subtypes in AYAs. We estimated changes in incidence from 2000 to
2013 using the Incidence Rate Ratio (IRR) i.e. the ratio between the IR in
2009–13 and 2000–04. We used the F-Intervals p-value to evaluate IRR
differences over time [16].

We analysed changes in 5-year RS, using the difference in survival
between two follow-up periods: 2010–2014 (of the cohort diagnosed in
2006–2013) and 2004–2006 (of the cohort diagnosed in 2000–2006).
We used the Z-test to assess relevant survival differences over time.

Of the 95 participating CRs, 69 provided data covering at least the
period of diagnosis 2001–2010, which contributed to the survival and

Table 1
Crude incidence rate (IR) of bone and soft tissue sarcomas in European adolescents and young adults (aged 15–39 years) and in different age groups (15–19, 20–29,
30–39 years) by subtype, in 2006–2013, reported with 95 % confidence intervals (95 %CI) and number of cases (N). IR x 100,000.

AYA (15–39 years) 15–19 years 20–29 years 30–39 years

N IR 95 % CI N IR 95 % CI N IR 95 % CI N IR 95 % CI

Bone sarcomas 5693 0.81 0.79 0.83 1816 1.44 1.38 1.51 2048 0.73 0.70 0.76 1829 0.62 0.59 0.65
Osteosarcoma 1982 0.28 0.27 0.30 898 0.71 0.67 0.76 638 0.23 0.21 0.25 446 0.15 0.14 0.17
Chondrosarcoma 1352 0.19 0.18 0.20 136 0.11 0.09 0.13 458 0.16 0.15 0.18 758 0.26 0.24 0.28
Ewing sarcoma of bone 1401 0.20 0.19 0.21 608 0.48 0.45 0.52 570 0.20 0.19 0.22 223 0.08 0.07 0.09
Soft tissue sarcomas 10,150 1.45 1.42 1.48 1386 1.10 1.04 1.16 3243 1.16 1.12 1.20 5521 1.87 1.82 1.92
Desmoplastic small round-cell tumour 123 0.02 0.01 0.02 22 0.02 0.01 0.03 60 0.02 0.02 0.03 41 0.01 0.01 0.02
Synovial sarcoma 449 0.06 0.06 0.07 84 0.07 0.05 0.08 180 0.06 0.06 0.07 185 0.06 0.05 0.07
Malignant peripheral nerve sheath
tumour

621 0.09 0.08 0.10 88 0.07 0.06 0.09 265 0.09 0.08 0.11 268 0.09 0.08 0.10

Liposarcoma 1452 0.21 0.20 0.22 69 0.05 0.04 0.07 325 0.12 0.10 0.13 1058 0.36 0.34 0.38
Epithelioid sarcoma 218 0.03 0.03 0.04 28 0.02 0.01 0.03 83 0.03 0.02 0.04 107 0.04 0.03 0.04
Leiomyosarcoma 1138 0.16 0.15 0.17 52 0.04 0.03 0.05 243 0.09 0.08 0.10 843 0.29 0.27 0.31
Clear-cell sarcoma 150 0.02 0.02 0.03 24 0.02 0.01 0.03 68 0.02 0.02 0.03 58 0.02 0.01 0.03
Alveolar soft part sarcoma 132 0.02 0.02 0.02 30 0.02 0.02 0.03 64 0.02 0.02 0.03 38 0.01 0.01 0.02
Angiosarcoma 291 0.04 0.04 0.05 24 0.02 0.01 0.03 88 0.03 0.03 0.04 179 0.06 0.05 0.07
Undifferentiated high-grade
pleomorphic sarcoma

259 0.04 0.03 0.04 22 0.02 0.01 0.03 86 0.03 0.02 0.04 151 0.05 0.04 0.06

Rhabdomyosarcoma 816 0.12 0.11 0.12 349 0.28 0.25 0.31 274 0.10 0.09 0.11 193 0.07 0.06 0.08
Rhabdomyosarcoma, not otherwise
specified / Embryonal / Alveolar

744 0.11 0.10 0.11 336 0.27 0.24 0.30 247 0.09 0.08 0.10 161 0.05 0.05 0.06

Pleomorphic rhabdomyosarcoma 44 0.01 0.00 0.01 2 0.00 0.00 0.01 20 0.01 0.00 0.01 22 0.01 0.00 0.01
Ewing sarcoma of soft tissue 663 0.09 0.09 0.10 187 0.15 0.13 0.17 284 0.10 0.09 0.11 192 0.07 0.06 0.08
Other soft tissue sarcomas 3838 0.55 0.53 0.57 407 0.32 0.29 0.36 1223 0.44 0.41 0.46 2208 0.75 0.72 0.78
Ewing sarcoma of bone and soft tissue 2064 0.29 0.28 0.31 795 0.63 0.59 0.68 854 0.30 0.28 0.33 415 0.14 0.13 0.16

Fig. 1. Percentage distribution of bone (A) and soft tissue (B) sarcomas subtypes in children (aged 0–14 years), AYA age groups (15–19, 20–29, 30–39 years) and
mature adults (40–69 years).
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incidence trend analyses.

3. Results

3.1. Incidence

We analysed 5693 and 10,150 AYAs diagnosed with BS and STS in
2006–2013, respectively (Table 1). The IR was 0.81/100,000 for BS and
1.45/100,000 for STS, corresponding to 1 % and 2 %, respectively, of
AYA malignant tumours (excluding non-melanoma skin lesions). The IR
for Ewing sarcoma of bone and soft tissue was 0.29/100,000.

The distribution of sarcoma subtypes differed within the AYA age
groups. Among BS, osteosarcoma and Ewing sarcoma were more com-
mon in adolescents, while chondrosarcoma was more frequent in 30–39-
year-olds. Among the STS, liposarcoma and LMS were the most common
in those aged 30–39 years, and rhabdomyosarcoma (RMS) was the most
frequent in adolescents (15–19 years), followed by synovial sarcoma and
malignant peripheral nerve sheath tumour (MPNST) (Table 1). More
details of the incidence of AYA sarcoma subtypes presented by 5-year
age groups are reported in the Supplementary Material, Table S2.

Differences in the incidence of specific sarcoma subtypes within the
AYA age groups mirrored differences between major age groups. Ewing
sarcoma of bone and osteosarcoma were predominant among children
(41 % and 47 %, respectively) and decreased with increasing age
(Figure 1A). Among STS, RMS accounted for 56 % of childhood cases
(0–14 years). Liposarcoma and LMS were predominant in mature adults
(18 % and 22 % of STS, respectively) (Figure 1B).

Table 2 presents the IR of sarcoma subtypes common to children and
AYAs or AYAs and mature adults. Among the liposarcomas, myxoid
liposarcoma represented 51 % of liposarcomas in AYAs and 21 % in
mature adults. Well-differentiated and dedifferentiated liposarcomas
corresponded to 21 % and 40 % of liposarcomas in AYAs and mature
adults, respectively. Regarding LMS, non-uterine were more common
than uterine LMS in both AYAs and mature adults; however, the IR of
uterine LMS was higher in mature adults than in AYAs. As regards RMS,

in children and AYAs embryonal RMS was the most common across age
groups, while pleomorphic RMS IR was higher in mature adults than in
AYAs. Noteworthily, the heterogeneous availability of molecular testing
for alveolar RMS may have led to misdiagnoses or non-specific diagnoses
such as RMN, not otherwise specified.

3.2. Survival

Table 3 reports the 5-year RS for BS and STS subtypes in AYAs,
children, and mature adults.

In AYAs, 5-year RS was 69 % and 65 % for BS and STS, respectively.
Ewing sarcoma of bone and soft tissue had a 5-year RS of 52 %.
Regarding BS, chondrosarcoma had the highest survival (87 %) followed
by osteosarcoma (64 %) and Ewing sarcomas (51 %). Among the STS,
liposarcoma showed the highest (86 %) survival, followed by LMS
(74 %) and synovial sarcoma (66 %). The poorest prognosis was
observed for RMS and angiosarcoma (41 % and 33 %, respectively).

Compared to children, AYAs had similar 5-year RS for BS overall but
poorer survival for Ewing sarcoma of bone. AYAs showed poorer sur-
vival for STS overall and specifically poorer for synovial sarcoma, Ewing
sarcoma, and RMS. AYAs had worse survival than children also for
Ewing sarcoma of bone and soft tissue.

Compared to mature adults, AYAs had higher 5-year RS for BS and
the related subtypes and higher survival for STS overall and for most of
the STS subtypes (synovial sarcoma, liposarcoma, epithelioid sarcoma,
uterine and non-uterine leiomyosarcoma, alveolar soft part sarcoma,
undifferentiated pleomorphic sarcoma [UPS], and RMS).

3.3. Variation over time

In BS in AYAs, IR slightly increased over time for chondrosarcoma
and Ewing sarcoma (by 16 % and 14 %, respectively from about
0.17–0.2/100,000). In STS in AYAs, IR slightly increased for four sub-
types (synovial sarcoma, liposarcoma, LMS, clear-cell sarcoma). The
incidence of UPS decreased (-40 %, Figure 2).

Table 2
Crude incidence rate (IR) of bone and soft tissue sarcomas in European adolescents and young adults (aged 15–39 years), children (0–14 years) and mature adults
(40–69 years) by subtype common to each age group being compared, in 2006–2013, reported with 95 % confidence intervals (95 % CI) and number of cases (N). IR x
100,000.

0–14 years AYA (15–39 years) 40–69 years

N IR 95 % CI N IR 95 % CI N IR 95 % CI

Bone sarcomas 2323 0.69 0.66 0.72 5693 0.81 0.79 0.83 8139 1.00 0.98 1.02
Osteosarcoma 1100 0.33 0.31 0.35 1982 0.28 0.27 0.30 1452 0.18 0.17 0.19
Chondrosarcoma 66 0.02 0.02 0.02 1352 0.19 0.18 0.20 3673 0.45 0.44 0.47
Ewing sarcoma of bone 958 0.28 0.27 0.30 1401 0.20 0.19 0.21 253 0.03 0.03 0.04
Other bone sarcomas 199 0.06 0.05 0.07 958 0.14 0.13 0.15 2761 0.34 0.33 0.35
Soft tissue sarcomas 2702 0.80 0.77 0.83 10,150 1.45 1.42 1.48 50,329 6.17 6.12 6.22
Synovial sarcoma 80 0.02 0.02 0.03 449 0.06 0.06 0.07 538 0.07 0.06 0.07
Malignant peripheral nerve sheath tumour 102 0.03 0.02 0.04 621 0.09 0.08 0.10 1196 0.15 0.14 0.16
Liposarcoma - - - - 1452 0.21 0.20 0.22 9266 1.14 1.11 1.16
Myxoid liposarcoma - - - - 735 0.10 0.10 0.11 1903 0.23 0.22 0.24
Pleomorphic liposarcoma - - - - 69 0.01 0.01 0.01 723 0.09 0.08 0.10
Liposarcoma, well differentiated, not otherwise specified - - - - 243 0.03 0.03 0.04 2548 0.31 0.30 0.32
Dedifferentiated liposarcoma - - - - 66 0.01 0.01 0.01 1194 0.15 0.14 0.15
Well differentiated and Dedifferentiated liposarcoma - - - - 309 0.04 0.04 0.05 3742 0.46 0.44 0.47
Epithelioid sarcoma - - - - 218 0.03 0.03 0.04 327 0.04 0.04 0.04
Leiomyosarcoma - - - - 1138 0.16 0.15 0.17 10,846 1.33 1.30 1.35
Uterine Leiomyosarcoma - - - - 292 0.04 0.04 0.05 4011 0.49 0.48 0.51
Non uterine Leiomyosarcoma - - - - 846 0.12 0.11 0.13 6835 0.84 0.82 0.86
Clear-cell sarcoma - - - - 150 0.02 0.02 0.03 144 0.02 0.01 0.02
Alveolar soft part sarcoma 21 0.01 0.00 0.01 132 0.02 0.02 0.02 53 0.01 0.00 0.01
Angiosarcoma - - - - 291 0.04 0.04 0.05 1782 0.22 0.21 0.23
Undifferentiated high-grade pleomorphic sarcoma - - - - 259 0.04 0.03 0.04 2007 0.25 0.24 0.26
Rhabdomyosarcoma 1525 0.45 0.43 0.48 816 0.12 0.11 0.12 862 0.11 0.10 0.11
Rhabdomyosarcoma, not otherwise specified / Embryonal / Alveolar 1508 0.45 0.43 0.47 744 0.11 0.10 0.11 561 0.07 0.06 0.07
Pleomorphic rhabdomyosarcoma - - - - 44 0.01 0.00 0.01 266 0.03 0.03 0.04
Ewing sarcoma of soft tissue 268 0.08 0.07 0.09 663 0.09 0.09 0.10 453 0.06 0.05 0.06
Ewing sarcoma of bone and soft tissue 1226 0.36 0.34 0.38 2064 0.29 0.28 0.31 706 0.09 0.08 0.09
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In BS in AYAs, 5-year RS increased, notably for chondrosarcoma (by
8 % from 77 % to 85 % from 2004 to 2014). Improvements in survival
were reported also for Ewing sarcoma of bone and soft tissue. For STS in
AYA, we observed a 1.4 % increase, which seemed also consistent and,
possibly, clinically relevant, albeit not statistically significant (Figure 3).

4. Discussion

Two major findings of our study were: (1) that survival in AYAs was
lower for synovial sarcoma, RMS, and Ewing sarcoma of both soft tissue
and bone compared to children, and that survival only slightly improved
by 1.4 % over time for STS but increased by 4.4 % for BS. Moreover, (2)
for most STS and all BS subtypes AYAs had better 5-year RS than mature

Table 3
Five-year relative survival (RS) for bone and soft tissue sarcomas in European adolescents and young adults (aged 15–39 years), in children (0–14 years) and mature
adults (40–69 years) by subtype common to each age group being compared, reported with 95 % confidence intervals (95 %CI) and number of cases (N). Follow-up
period 2010–2014, based on cases diagnosed in 2006–2013.

0–14 years AYA (15–39 years) 40–69 years

N RS 95 % CI N RS 95 % CI N RS 95 % CI

Bone sarcomas 1170 70.2 % 67.4 % 72.8 % 2824 69.0 % 67.2 % 70.7 % 4003 63.6 % 62.0 % 65.2 %
Osteosarcoma 558 66.9 % 62.8 % 70.6 % 986 64.2 % 61.1 % 67.2 % 741 45.9 % 42.1 % 49.6 %
Chondrosarcoma 34 90.0 % 71.4 % 96.7 % 678 86.6 % 83.7 % 89.0 % 1861 74.5 % 72.2 % 76.6 %
Ewing sarcoma of bone 478 69.4 % 64.9 % 73.4 % 710 51.1 % 47.2 % 54.8 % 126 32.1 % 23.9 % 40.5 %
Soft tissue sarcomas 1350 72.6 % 70.1 % 75.0 % 5034 65.4 % 64.0 % 66.7 % 25,199 60.2 % 59.6 % 60.9 %
Synovial sarcoma 40 97.3 % 81.6 % 99.6 % 223 66.1 % 59.5 % 71.9 % 275 52.4 % 46.1 % 58.4 %
Malignant peripheral nerve sheath tumour 50 59.4 % 44.1 % 71.7 % 315 48.3 % 42.5 % 53.8 % 592 47.1 % 42.8 % 51.3 %
Liposarcoma - - - - 723 85.6 % 82.7 % 88.1 % 4661 77.6 % 76.2 % 78.9 %
Myxoid liposarcoma - - - - 366 90.9 % 87.2 % 93.5 % 948 81.5 % 78.6 % 84.1 %
Pleomorphic liposarcoma - - - - 35 65.6 % 47.1 % 79.0 % 361 53.8 % 48.2 % 59.1 %
Liposarcoma, well differentiated, not otherwise
specified

- - - - 122 95.1 % 88.8 % 97.9 % 1323 93.3 % 91.3 % 94.9 %

Dedifferentiated liposarcoma - - - - 34 64.2 % 45.7 % 77.9 % 595 53.9 % 49.6 % 58.0 %
Well differentiated and Dedifferentiated
liposarcoma

- - - - 154 87.8 % 81.1 % 92.2 % 1902 80.4 % 78.3 % 82.3 %

Epithelioid sarcoma - - - - 114 63.0 % 53.2 % 71.2 % 176 45.2 % 37.1 % 52.9 %
Leiomyosarcoma - - - - 567 74.0 % 70.1 % 77.6 % 5410 52.1 % 50.7 % 53.5 %
Uterine Leiomyosarcoma - - - - 146 72.2 % 63.6 % 79.0 % 2013 43.4 % 41.2 % 45.6 %
Non uterine Leiomyosarcoma - - - - 422 74.6 % 70.1 % 78.6 % 3403 57.4 % 55.6 % 59.2 %
Clear-cell sarcoma - - - - 75 51.2 % 38.6 % 62.4 % 73 47.2 % 34.3 % 59.1 %
Alveolar soft part sarcoma - - - - 65 65.0 % 51.7 % 75.4 % 28 31.5 % 13.7 % 51.1 %
Angiosarcoma - - - - 144 32.6 % 24.8 % 40.5 % 904 28.3 % 25.3 % 31.4 %
Undifferentiated high-grade pleomorphic sarcoma - - - - 130 67.4 % 58.0 % 75.1 % 995 54.7 % 51.2 % 58.0 %
Rhabdomyosarcoma 771 69.2 % 65.8 % 72.4 % 401 40.9 % 36.0 % 45.7 % 440 27.3 % 23.1 % 31.7 %
Rhabdomyosarcoma, not otherwise specified /
Embryonal / Alveolar

760 68.8 % 65.3 % 72.1 % 365 40.0 % 34.9 % 45.1 % 292 26.8 % 21.6 % 32.2 %

Pleomorphic rhabdomyosarcoma - - - - - - - - 133 26.7 % 19.6 % 34.3 %
Ewing sarcoma of soft tissue 132 69.2 % 60.3 % 76.4 % 335 53.7 % 48.0 % 59.0 % 228 41.5 % 34.5 % 48.3 %
Ewing sarcoma of bone and soft tissue 609 69.4 % 65.5 % 73.0 % 1043 51.9 % 48.8 % 55.0 % 351 38.3 % 32.9 % 43.7 %

Fig. 2. Bone and soft tissue sarcomas: incidence rate ratios (IRR) in incidence rates over time (2009–2013 vs 2000–2004) in European adolescents and young adults
(aged 15–39 years), by subtype, reported with p-value and the incidence rate (IR) in 2000–2004 and 2009–2013.
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adults.
Previous studies reported poorer survival of AYA patients compared

to children [17–20]. The survival gap was previously considered related,
at least in part, to differences in clinical management. Various studies
showed that AYA patients with RMS had better outcomes when treated
with a multidisciplinary approach aligned with the paediatric strategy
[21–23]. However, more recent studies have shown that treatment re-
sults in AYAs seem to remain less effective even when they receive the
same treatment as paediatric patients [24]. This evidence suggests that
the prognostic gap may be attributable in part to biological differences
in RMS arising in different age groups [25]. It is currently well recog-
nised, for example, that two recently identified RMS subtypes (spindle
cell-sclerosing RMS with MYOD1 mutation and TFPC2 gene fusions)
typically occur in AYAs and are characterised by poor response to
chemotherapy and poorer prognosis as compared to the classic
paediatric-type RMS [26–28]. A possible correlation between intrinsic
differences in cancer biology in AYAs and their worse outcome
compared to children has also been seen in other types of sarcoma: in
synovial sarcoma, for example, higher genomic instability is frequent in
adult but rare in paediatric cases, and correlates with the risk of meta-
static spread [29]. Finally, the survival gap has also been attributed to
lower recruitment rates of AYA in clinical trials [30].

The reason for the better survival observed in AYAs compared to
mature adults is probably multifactorial. Biological heterogeneity
within the same entity may also play a part in this outcome. However,
treatment tolerability and compliance may also decline with advancing
age. Finally, as multidisciplinary networks and policies to treat sarcomas
in adults are not as embedded across Europe as in the paediatric setting,
we cannot exclude that this has a role. This is important because survival
differences between European countries have been observed for both
STS and BS, with BS having one of the highest survival differences be-
tween countries (42 %) [11]. Sarcomas are rare and complex to treat
and treatment should be centralized in expert centres or networks
including expert centres. Therefore, implementing clinical networks
around expert centres with a dedicated AYA program could help in-
crease AYA survival and reduce geographic disparities.

For BS, our analysis showed that compared to children, AYA patients
had no significant differences in outcome overall but had lower survival

for Ewing sarcomas [31]. Survival decreases for patients older than 40
years. The similarity in outcome between AYAs and children for BS
overall may be related to the long-term trans-age treatment protocols for
osteosarcoma and Ewing sarcoma in Europe, which enrol patients of
different ages who are managed cooperatively between paediatric and
adult oncologists [32–36]. The differences in outcome, i.e. in children
versus AYA patients with Ewing and overall in mature adults, may also
be associated with increased intolerability rates for intensive treatments
as age increases [37,38].

For AYAs with STS, the limited improvement in survival over time
may reflect the relative absence of new drugs for STS during the study
period [39]. Although the spectrum of potentially effective novel ther-
apies for sarcomas has grown, few drugs have become available. Even
immunotherapy has limited, histotype-specific efficacy in STS.

For AYAs with BS, RS increased over time for the whole group: this
improvement might be related to general improvements in radiological
and surgical approaches (as observed in chondrosarcoma in particular),
in addition to radiotherapy techniques. It may also be associated with
the progressive intensification of Ewing sarcoma treatments in appro-
priately selected cases.

We also confirmed that sarcoma subtypes vary, within both AYA and
other age groups (young children, AYAs, mature adults), especially
regarding STS. Within the AYA age range, differences in the incidence of
sarcoma subtypes were evident, with adolescents tending to develop STS
more similar to those of children and young adults (20–39 years)
tending to develop STS more similar to those of mature adults. The
interface cases and shared challenges add to the reasons to enhance
collaboration between paediatric and adult sarcoma specialists and
teams.

Between 2000 and 2013, increases in IR in AYAs were observed in BS
for chondrosarcoma and Ewing sarcoma, and in STS for synovial sar-
coma, liposarcoma, LMS, and clear-cell sarcoma. It is difficult to deter-
mine what caused this increase. It may be related to improved diagnostic
accuracy. The histotypes with increasing IR are all characterised by
specific molecular alterations: over the years the wider use of more
accurate diagnostic tests could (in principle) have led to a relative in-
crease in these diagnoses which in the past were potentially classified as
undifferentiated or sarcomas ‘not otherwise specified [NOS]’; (we

Fig. 3. Bone and soft tissue sarcomas: five-year relative relative survival (RS) differences over time, comparing period 2004–2006 (cohort diagnosed 2000–2006) to
2010–2014 (cohort diagnosed 2006–2013), in European adolescents and young adults (aged 15–39 years), by subtype, reported with 5-year relative survival (RS),
survival difference (Diff) and Z-test p-value.
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observed a decrease in sarcoma NOS diagnoses from 7 % to 5 %). The
term malignant fibrous histiocytoma has declined, most likely because
this diagnostic label has been replaced by the newer category of ‘un-
differentiated high-grade pleomorphic sarcoma,’ in acknowledgement
of the growing emphasis on combined histological and molecular
diagnosis.

Our study has a number of limitations, including the lack of details
on molecular characterisation, tumour stage at diagnosis, treatments
received, and information of health status at diagnosis. In addition, the
rarity of sarcomas hinders detailed analyses of specific histotypes, due to
the small number of cases. An additional limitation includes the rela-
tively old diagnostic period and the end of the follow-up used for the
analyses. Finally, the quality of a CR inevitably depends on the local
healthcare environment and the available sources of information.
Inappropriate pathological diagnoses will result in misclassification in
CRs. Sarcomas are particularly exposed to discrepancies in quality of
care. Furthermore, the histological classification of sarcomas has
changed over time thus we cannot rule out some misclassification in
sarcoma subtypes (e.g., well-differentiated and dedifferentiated lip-
osarcoma). However, these data are the most current real data (as
different from projections or hypothetical models) available in Europe.

Despite these limitations, the study offers updated data on the inci-
dence and survival of AYA patients with sarcomas in Europe, providing
important comparisons with the adjacent age categories (i.e. children
and mature adults) and an evaluation of the trends over time, thereby
improving knowledge of the epidemiology and clinical history of BS and
STS by age-group at onset. Given the complexity of the clinical man-
agement of AYAs with sarcoma, combined with the need for specific
expertise and multidisciplinary approaches, the international paediatric
and adult sarcoma communities have recently started to build joint
collaborative programmes. The upcoming Network of Expertise
(https://jane-project.eu) on AYA-onset cancer in particular aspires and
is detailing plans to play an important role in this. Converging toward a
common strategy should be the goal, leading to improvements in
research (including integrated age-related biological, immunological
and genomic studies) and age-adapted treatment strategies. This should
include increasingly timely, detailed epidemiological data, pan-age
clinical trials where host physiology and tumour biology so suggest,
and clinical trials in new biologically defined entities, removing barriers
to access to clinical trials from early drug development phases [40].
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