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Abstract

There is a paucity of population-based data detailing the incidence and survival of
patients with soft tissue sarcoma (STS), in part due to the heterogeneity of disease
and changes to classification. Here, the incidence and survival of all STS subtypes
registered in England between 2013 and 2017 were analysed using cancer regis-
try data held by the National Cancer Registration and Analysis Service. Age-
standardised incidence rates were calculated per 1 000 000 using the 2013
European Standard Population. Net survival was computed using Brenner's alter-
native method, with the Ederer Il estimator. Age-specific overall survival was
assessed using Kaplan-Meier. The influence of age, sex, socioeconomic depriva-
tion and diagnostic routes on survival was assessed using Cox proportional haz-
ards modelling. In total, 19 717 patients were diagnosed with STS, an average of
3943 patients per year and representing approximately 0.8% of malignancies. The
most common histological diagnoses were Gastrointestinal Stromal Tumours
(GIST), leiomyosarcoma and undifferentiated sarcoma, accounting for 20.2%,
13.3% and 12.7% of all sarcomas, respectively. Five-year net survival for all malig-
nant STS was 65.0%; and was lowest for patients with vascular tumours at 39%.
Patients from most deprived cohorts had 23% greater chance of dying within
5 years than patients in least deprived areas. This population-based study has
allowed us for the first time to define the incidence and survival rates of prevalent
STS subtypes in England such as GIST, liposarcoma and leiomyosarcoma, as well
as rare entities and groups with inferior outcome. This data is invaluable for ser-

vice provision, benchmarking and addressing inequality.

Abbreviations: ASR, age-standardised rates; CDRS, Cancer Data Registration system; COSD, Cancer Outcomes and Services Dataset; DCO, death certificate only; EP, emergency presentation;
ESP, European Standard Population; GIST, gastrointestinal stromal tumours; ICD, International Classification of Diseases; ICSS2, International Cancer Survival Standard; MPNST, malignant
peripheral nerve sheath tumours; NCRAS, National Cancer Registration and Analysis Service; NHSD, National Health Service Digital; NOS, not otherwise specified; STS, soft tissue sarcoma;

TWW, 2-week wait; WHO, World Healthcare Organisation.
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1 | INTRODUCTION

Sarcomas are a heterogenous group of mesenchymal tumours with a
wide anatomical distribution and more than 80 histological
subtypes,t? accounting for ~1% of all newly diagnosed cancers each
year.>* They are an important group of diseases that affect patients
of all ages including children and adolescents and require complex
treatment that can have a significant impact on the quality of life and
with many examples of poor outcome. Attainment of accurate
population-based data on the incidence and outcome of sarcomas
according to the different histological subtypes has been hampered
by the heterogeneity of the disease, challenges of reporting using
standard pathology systems which assign tumours according to ana-
tomic site rather than histology, as well as changes to pathology clas-
sification, and rarity of many of the defined subtypes. As a
consequence, there is a paucity of data available and considerable var-
iation in incidence reported over time and between regions or coun-
tries and dependent on the availability of expert pathology review.>”
Histology-specific population-based data is, however, increasingly
available, including a French Nationwide analysis of sarcoma incidence
made possible due to the establishment of French Reference Centre
networks, and a report of German regional registry data that now
reaches over 90% completeness.21° To date, incidence and outcome
of soft tissue sarcoma (STS) has not been reported in England. Histori-
cally, the collection of diagnostic and clinical data has been challenging
for cancer registries to assess systematically, whilst ensuring the accu-
racy and completeness of primary data.>* However, the establishment
of the National Cancer Registration and Analysis Service in 2013,
coupled with increased procurement of electronic records, has
strengthened NHS Digital's ability to provide comprehensive analysis
for service providers, clinicians, patients, researchers and charities on
rare and less common cancers. The aim of the study was to provide
an accurate population-based description of the incidence and sur-
vival of STS in England, according to clinically relevant histological
parameters for the first time, to inform the clinical and research com-
munities, as well as stakeholders in provision of care and to identify

groups with inferior outcome.*?

GIST, incidence, sarcoma, survival

Histological and anatomical diversity of soft tissue sarcoma (STS), along with variability in classi-
fication and reporting, present major challenges for understanding STS incidence and survival. In
our study, STS incidence and outcome were analysed for an English population using the 2013
World Health Organisation classification system for soft tissue tumours and data from England's
National Cancer Registration and Analysis Service. Analyses show that, on average, more than
3900 patients were diagnosed with STS in England annually from 2013 to 2017, with an overall
incidence of 78 persons per million. Overall, 65% of patients with malignant STS survived
5 years with outcome varying across age groups.

2 | METHODS

2.1 | Data collection

All cancer diagnoses are required to be registered in England. Patients
of all ages, resident in England, diagnosed with histologically con-
firmed sarcoma between January 1, 2013 and December 31, 2017
were included in the analysis, including those diagnosed by death cer-
tificate only. Diagnoses were made by pathologists and recorded by
specialist clinical coders on the National Cancer Data Register with
diagnostic data undergoing quality control within NCRAS Cancer Data
Registration system (CDRS). Classifications of disease were extracted
according to the International Classification of Diseases for Oncology
third edition ICDO-3, which unlike ICD-10, not only includes the ana-
tomical site of origin, but also a morphology code detailing the specific
histology and a behaviour code (benign, uncertain/intermediate
behaviour or malignant). Soft tissue tumours of uncertain/
intermediate and malignant behaviour are registered in the National
Disease Registration Service.

To ensure consistent coding across the cohort, ICD03.1 was used.
The 2013 WHO classification, which was used to ensure consistency of
reporting, was published after ICDO3.1, thus some entities are missing
from ICDO3.1 and could potentially be coded differently. Many of the
affected tumours are considered benign so are not included the study.
Malignant tumours that were introduced in the 2013 WHO classification
but not explicitly listed in ICDO3.1 include low grade fibromyxoid sar-
coma which was coded as a specific entity throughout the study, scleros-
ing epithelioid fibrosarcoma, which is coded as fibrosarcoma, NOS in the
study and intimal sarcoma, coded as sarcoma, NOS in the study.

Uncertain behaviour tumours that were introduced in the 2013
WHO classification system but not explicitly listed in ICDO3.1 include
dermatofibrosarcoma protuberans which is coded as behaviour 3 in
ICDO3.1 so are included as well as solitary fibrous tumour, retiform
haemangioendothelioma, palmar/plantar fibromatosis; glomangioma-
tosis; and myxoinflammatory fibroblastic sarcoma/haemosiderotic
fibrolipomatous tumour, which were included through use of the

matrix rule (rule F) lipofibromatosis; tenosynovial giant cell tumour,
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diffuse type and melanotic schwannoma were excluded from the
study.

Patient demographics are collected from NHS providers
through the Cancer Outcomes and Services Dataset (COSD). Lower
super output area-based deprivation measures are assigned to
patients based on their postcode of residence at the time of diag-
nosis and are based on the income domain of the Indices of Multi-
ple Deprivation.®® Quintile 1 represents the most affluent quintile,
and the fifth the poorest. Routes to diagnosis (RTD) are defined
employing an algorithmic approach that describe patients' care
pathways to diagnosis of cancer as one of eight routes. It uses Hos-
pital Episode Statistics, a data warehouse containing details of all
admissions, outpatient appointments and emergency attendances
at NHS hospitals in England, which are linked to Cancer Waiting
Times and data from national screening programmes.'* RTD thus
includes cancers detected via a screening programme, those
reflecting the urgency of referral (emergency presentation, 2-week
wait [TWW], which mandates that patients with suspected cancer
are referred from primary to secondary care and must be seen
within 2 weeks of referral, and elective GP referral), and cases
where patients' diagnostic journey started in secondary care
(Outpatient elective or ‘Other inpatients’). The remaining two
routes include cases identified based on death certificates and
those with no useful record on RTD (unknowns).

Registration of death in England is compulsory through the
Office of National Statistics, with registrations passing through a
series of automatic validations to ensure a complete annual data-
set. This analysis was performed more than 2 years from the end
of the follow-up period to analysis, thus the death dataset is

complete.

2.2 | Protection of cancer registration data

NHS Digital collects data for cancer registration under sections 254
(1) and 254(6) of the 2012 Health and Social Care Act following a
direction of the Secretary of State for Health and Social Care.*®

2.3 | Study design

This population-based cohort analysis includes all registrable pri-
mary tumours of malignant and intermediate behaviour for
patients diagnosed with STS. Kaposi sarcoma was excluded
because it is routinely managed outside of sarcoma services. STS
were defined according to the 2013 WHO Classification of
Tumours of Soft Tissue and Bone with 84 separate morphologies
grouped within 16 subgroups.? Cases where the primary site was
registered to bone or articular cartilage were excluded from analy-
sis. If the patient's primary site of disease is unknown, they will
have a site code of C80 attached to their morphological descrip-
tion. Here C80 is defined as ‘unknown primary site’, of which,
there are 62 cases. In these instances, allocation to soft tissue was
based on the morphology code.
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2.4 | Statistical analysis

Age-standardised rates (ASR) are reported per 1 000 000 and standar-
dised using European Standard Population (ESP) from 2013. Logistic
regression was used to assess the significance of incidence across
multiple deprivation quintiles and styled routes to diagnosis.

Net survival with Ederer Il estimator using Brenner's alternative
weighting was utilised to assess survival. This is a novel method for
measuring survival against the expected survival of the population
(background mortality) that enables net survival to be calculated with
small cohort size numbers and limited data within certain age
groups.t® As STS are rare cancers with very small numbers within age
groups this method was deemed most appropriate. Survival estimates
were age standardised using the international cancer survival stan-
dard.” Background mortality is accounted for using life tables of all-
cause mortality rates for the general population in England. Life tables
used were produced by NHS Digital and are available via the Cancer-
Data website (https://www.cancerdata.nhs.uk/). The second Interna-
tional Cancer Survival Standard (ICSS2) weighting was used to
categorise net survival measures for all subtypes according to five
broad age groups at diagnosis as follows: 15-44; 45-54; 55-64; 65-74;
>75 years. Data was suppressed where there was <1 patient per ICSS
age group. Results are shown with 95% confidence intervals (Cls)
according to WHO classification of sarcoma subtypes. Children were
excluded from Net survival analyses as the death of a child within
10 years of a cancer diagnosis is almost always due to their cancer
diagnosis and not other causes, thus comparisons to the general pop-
ulation are not needed. Kaplan-Meier survival was used to calculate
overall survival for all patients according to age including children.

Time at risk began at the date of diagnosis and continued until the
point of embarkation, death or the end of the follow-up period on the
December 31, 2017. A total of 65 patients (0.3%) were excluded
because the only information available on diagnosis was from the death
certificate and an additional 38 were removed for having synchronous
tumours. For Kaplan-Meier survival analysis a further 7 patients were
excluded for being outside of the age parameters (0-99). Net survival
excluded an additional 540 patients for being outside of the age param-
eters (15-99) and 158 patients were ineligible due to data incomplete-
ness. A total of 202 patients were lost to follow up.

Cox proportional hazards modelling was used to assess the
impact morphology, age, sex, deprivation and routes to diagnosis on
survival.’® Variables were assessed for time dependency using
Schoenfeld's residual test and adjusted for using polynomials or add-
ing in time dependent variables. All tests were conducted at the 5%
level of significance. Analysis was performed using Stata 15 (Station

College, Texas TX; Computing Resource Centre, Santa Monica, CA).

3 | RESULTS
3.1 | Incidence

Between 2013 and 2017, 19 717 cases of STS in England were
recorded, with a combined incidence of 78 persons per million; ~12

85U8017 SUOWIWIOD dA1T1D) 8|ceal|dde 8y Ag peusenob a2 sajolLe YO '8sN JO SaInJ 10} ARIg1T8UIIUQ AB[IM UO (SUOIPUOD-PUE-SWISIALI0Y A8 |1 Ale.q Ul |Uo//:Sty) SUONIPUOD pue SWLB | 8U1 89S *[£202/70/v2] Uo Arigiauljuo A(IM 'ssoines Ariqi TON uopuo 8B 00 AisieAlun Aq 60t1E 9(1/200T 0T/10p/wod A8 | im Ake.q 1 pul|uo//stiy wouy pepeoumod ‘6 ‘€202 'STZ0260T


https://www.cancerdata.nhs.uk/

10970215, 2023, 9, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ijc.34409 by University College London UCL Library Services, Wiley Online Library on [24/04/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Ee
M 800 100 €00 €00 900 000 ¢00 100 500 100 00 ¢00 T 14 9
m - — 000 000 00 000 100 100 ¢00 000 000 000 0 8¢ T BWOJJESOIpUOY ||93 Je3|D |e1a]oselIxy
a
9%°0 TAl) S€0 €0 140 1240 950 ¢so S50 8€0 140 €V0 ve 9 LTT BWO02.1esoIpuoyd [e3a|oxseix3y
S00 000 100 100 900 000 ¢00 ¢00 00 100 ¢00 ¢00 T Ly S ewooJesodijoAwol3uy
€61 8¥'1T 0LT €97 - - - - - - - - Sy 19 9¢c ewodlesouspy
L6L 0L 6v'L LEL 658 ¢S'L 708 899 €18 4 LLL €0'L G8¢ 1L GC61 sinowin} anss} Jos jueusijew Jay10
010 ¢00 500 00 010 ¢00 00 Y00 800 00 00 ¥0'0 [4 o et ewodJesodi| |32 punoy
900 000 ¢00 [40)0] 010 ¢00 S00 Y00 900 ¢00 €00 €00 oY 0oL (01514 c_WodJesod)| dlydiowoa|d
4" 8/°0 60 160 90T 65T 181 €LT ST Iz’ 8¢ET €1 cL 9v 09¢ ewodJesodijoxAw ‘ewodiesodi| pIoXAN
900 000 ¢00 00 010 ¢00 S00 Y00 900 ¢00 €00 €00 [4 9 6 ewodJesod)] paxiin
88T eVl 791 951 90°€ 9¥'C ST S¥'e 6€°C [40x4 0ce 00¢ (0127 59 512" pajenuaiayip ||om ‘ewodiesodi
LT 1€7 167 i 124> 6LC 1Te cLe 16T [4%4 1€¢ 60'C 141 L9 cLS ewodJesodijoiqy ‘SON ‘ewodJesodi
¥0'0 000 100 100 600 100 Y00 Y00 500 100 ¢00 ¢00 T €S 9 ewodJesod| dl3se|qoiqiy
a1 4 €eT 8¢CT 449 94T 80°¢ €9C ov'ec [40r4 0ce S6'T L01 89 €es ewodJesod)| pajejualafipad
€v'9 65'S 009 8L'S G6CL  £L9T1 0€CT 9801 V56 LL8 ST'6 6C'8 12514 59 (VA44 ewodJesodr
1¢T 980 0T 00T LVT 0T el Y01 8¢CT 00T €T (40N 99 0L 6/¢ ewlod.es pajeljualayipun
€10 €00 L00 £L00 ¥C0 600 ST°0 €10 910 L00 110 010 S 6% 8¢ gBWOD.IES [[95 puno. psienualajipun
8¥'0 L20 9€0 S€0 96T SV'T 69T veT LTT 680 €0t ¥8'0 €LT 69 198 BWoes [192 3|pulds
ewodJes |92 Jueld
e 76T 8T°¢C 91¢C 16, 989 LEL 16'G L0'S 6’y LLY 107 61¢C LL L60T /ewod.es dlydiowos|d pajenuaiayipun
870 20 9€0 S€0 961 SY'T 69T veT LTT 680 €07 780 9or 8L (0154 Jueusijew ‘ewolAd0NsIY snoiqi
069 €09 S¥'9 vE9 9€'GT 06€T 9%l 00CT 9607 <¢ITOT ¥SOT €ET6 00S 17 10S¢C ewlodJes pajeljualiayipun
¥Z0 010 910 ST°0 110 ¢00 S00 Y00 ST°0 £L00 010 010 S 65 Le BwodJesoAwold] pIoxXAN
85Tl v¥¥0T 00Tl G501 €86 1,8 9C'6 86°L €501  €L6 €101 8C6 805 9 14%°T4 SON euwod.1esoAwola
m 0 €20 g0 0€0 [440] 800 ¥1°0 €10 0€0 810 €C0 [4409) 4" 9 6S ewod.esoAwola) ploljayid3
@R £L0CT 1601 8¥TIT O00TT €007 688 S¥'6 G1'8 88'0T 900T 9¥0T 656 S¢S 9 £29¢ BWODJes0AWOIST]
3 (aueusiew)
W m ey 65°€ c6€ 9L°€ 009 1427 95'G 16V c0's vy 178 % [45% 74 LET L9 81T sinowiny |ewo)s jeul}sajulonses
m um (4noiaeyaq a3eipawiIlul)
m W 90TT 166 6V0T 90017 6S¢l <C€TT  ¥6TT €01 #9111 080T <¢CTT 0cC0l 85G 69 c6/T sinowiny |ewo}s |eul}sajulonses
m = LO0ST  LL€T  Tyvl  ¢8€Tl 8281 GL9T 0S/LT  vCST  9v91  9¥'ST  G6GT ¢SVl S6L 89 9L6€ (LSID) Jnown3 jewo.3s [eu3sajulolsen
&2 GC€L LE0L 08TL 0L69 1998 +C€8 16¥8 9€V. [V'6L STLL 9€8L 00CL EV6€ 59 L1L 61 SewodJes anssi} Hos ||V
O oN 121 dsv  dpni) N 121 AdSvy  {pnip N 101 dSsv  spni) Jeal sad age pasougelp uonduosap |edisojoydio
e agesany uelpa|n lexo)
‘A sojewa4 saje|N suosiad
m /T0Z PuUe £T0Z UsaMmi1aq JeaA Jad ‘uol||iw Jad puej3u3 ul pasoudelp SewodJes anssi] 1Jos ||e Jo aduspipu|l T 374V L



10970215, 2023, 9, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ijc.34409 by University College London UCL Library Services, Wiley Online Library on [24/04/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(sanuuo))

m 800 100 €00 €00 [4%0) €00 900 900 800 c00 500 700 @ 6S et (sanowiny 9)AdLIRd) sisojewioi3uewolD
<(Ajewsouge 213o0joydiow)
g L0 .70 650 850 8€0 0c0 8¢0 L20 ¢so 9€0 770 €70 €¢ 8% LTT SHed 1os Jo Jnowiny |92 JuelD
M S00 000 100 100 L00 100 €00 €00 500 100 ¢00 ¢00 T 0€ 9 Bwo3se|qo.qy ||93 Juels
m 78T or'T 191 ST 8L°C 12¢ 8¥'¢C 92T €ee /8T ¥0'C 88T €01 19 918 sinown} snojewodi| [edldAly
U W 0c0 L00 €10 €10 610 L00 450 €10 (10 800 [4%0) €10 L 8T S€ <2WO3Ad0NSIY snoiqly piojewoisuy
m z(m 160 190 SL0 SL0 1540 120 0€0 620 290 7’0 €50 4 6¢ 6€ 934" sisojewlolqly [euiwopqy
% 2 Inoineyaq
= wNm 76'€ 6C°€ 19°€ (4% 107 €ee 99°¢ 9¥'€ JASR 114 €9°¢ 4> T6T €9 §S6 S}eIpauLIjul JO sinown} anssi} oS
M \M anssiy
66°€ €€ §9°€ 12> 9t 19°¢C ¢6C ev'e (43> 90°€ 6C°¢ 66'C 791 174 0c8 140s Jo ewodJesoI3ue ‘ewiodJesolsuewlse
) 0oTo ¢00 S00 Y00 [4%0) 200 900 S00 600 €00 S00 S00 € 9 €T JueuSIjew ‘ewol|ayjopusoisuewse
Jnown}
800 100 €00 700 £0°0 000 200 00 900 100 €00 €00 4 134 8 SNWoJ3 Jueusijew Jnowiny snwojo
JJueusijew
€20 600 ST0 ¥10 SC0 oTo 910 ST°0 120 170 910 710 14 €9 89 ‘ewol|ayjopusoisuewsaey ploljayd3
€20 600 ST0 710 SC0 0oTo 910 ST°0 120 170 910 710 8 89 6€ BWO2.eSOAWOISUY
95 G8'¢ 6Tt 90y cLe €0¢ LEE G8'C [0k 4 > 8L'¢ 9 061 0oL 876 sinowiny Jgjnasep
ore €5°C 08¢ /x4 LLY 66'€ LEY 9L'€ €8¢ GE'€ 8G°¢ vee 8/1 69 888 BWO2.1eS0IqHOXAN
€0 LT0 ¥Z0 S20 910 T4 €0 €0 LEO €20 620 620 917 6 6L <BUWO0.es ploxAwolqly spess-mon
9€°¢ 9L°C S0€ 86'C 4% [45%74 |74 4 60t eTy €9°¢ 88°¢ €5°¢ €61 89 196 SEW0dJes J11se|qo.ql) PIOXAIN
61°0 L00 [45¢ (430 500 000 100 100 010 700 900 900 € 89 LT ewodJes |ewons
0c's 'y [4:h% 8LY L S¥'9 ¥69 89°G 0c'9 LSS 88'S ¢S 98¢ YL 0EYT SON ‘ewodies
G20 020} 910 910 ¢e0 Y10 120 610 S20 Y10 610 LT0 6 s9 Ly <SON ‘BWO02Jes031S0 [EI3[)ISeIXT
900 000 ¢00 c00 700 000 100 100 700 000 100 100 T 89 14 BWODIESOAN
€10 €00 L00 900 STO 700 800 L00 [4%0) 700 L00 L00 1% 9 6T Jueus|jew ‘eWOWAYIUISIIN
oTo ¢00 S00 S00 L00 100 €00 €00 £L00 ¢00 Y00 700 @ 9C 17 BUWI0dJesoIpuoyd [eWAYDUSSIN
710 700 L00 L00 0c0 900 450 01’0 STO 900 0oTo 800 S cL €¢ 2dAy |22 ajpulds ‘unowin) Jueusije|
S00 000 100 100 - - 000 000 €00 000 100 100 0 V/N © 3dA} |92 JuelS unowiny Jueusijel|
L00 100 €00 €00 S00 000 100 100 S00 100 ¢00 2¢00 T 8 9 <SON “Med 3J0s Jo Inowiny |92 Jueln
oto ¢00 500 500 L00 100 €00 €00 L00 c00 700 700 @ 125 125 <BUl0d.es [euoAiquiy
ewod.Jesolpuoyd
pajeijualaiiIpap [e3a|oXseixy
12N 121 ysv  3pni) DN 121 dsv  3pna DN 01 Jsv  3pnid Jeah sad a3e pasouselp uondusap [edi3ojoydiojn
a8esany uelpaj leyol

sojewa salelN suosiad

BACON ET AL.

(penupuod) T 3714VL



10970215, 2023, 9, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ijc.34409 by University College London UCL Library Services, Wiley Online Library on [24/04/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2
=
W 120 800 €10 €T0 0’0 120 620 0€0 L20 910 120 (440} T e¢ 6S ANOWN} |92 punou |jews diisejdowssg
W L00 100 €00 700 170 €00 900 L00 L00 c00 700 S00 € € 14 <ASUPDY JO BWODIES |92 Je3|)
e(€/7968IN
140 oTo LT0 LT0 €20 600 ST0 910 120 170 910 910 6 €¢ 144 ASuppy Jo 3dadx3) eulodJes |[92 Jes|D
LT0 900 01’0 170 910 S00 0oT0 01’0 710 L00 0oT0 0T'0 9 LT 8¢ cBW0d.es Lied 1JOs JejodA|Y
96T 917 SET 9€T ¥0C LST 08T SLT €LT 44" LST GS'T S8 9 144 UOENUSISHIP UleLIddUN JO sinown |
€10 €00 L00 900 120 800 10 ST°0 ST0 L00 oTo 110 9 61 6¢ euiodJesoAwopqey |92 s|pulds
ewod.Jesopgey
750 €0 [440) (440 LS50 €0 S¥'0 .70 ¢so 9€0 340 770 14 [4% 174" ‘SON ‘ewodlesoAwopqgeyy
Ge0 LT0 S20 20 910 €20 €€0 L20 LEO €20 620 920 1 0L 0oL cBWOdJesoAwopgey dlydiowos|d
S00 000 100 100 Y00 000 100 100 €00 000 100 100 T (014 € ewodJesoAwopaeys adAy paxiiN
G9°0 15404 [4°40) 950 8L°0 ¢s0 90 G0 £L90 0s'0 8590 990 9¢ L 087 euiodJesoAwopgey. [euoAiquiz
990 1544 €50 S50 990 [440 €90 650 290 S¥'0 €50 LS50 1€ ST 95T <BUWODIESOAWIOPGRY JBJOSAY
€0'¢ 85T 6L'T 8T seC 98T 60C ve'e 11°¢C 8.7 76’1 70'C 425 91 6SS BWODJESOAWIOPGEYY
0€0 710 120 120 9340 (440 1€0 0€0 €€0 0co 920 920 14 1924 (074 |92 3|pulds ‘ewodes [BINOUAS
STT 180 L60 L60 9CT 060 L0T 90T STT 060 [40)" 10T SS (44 LLC SON ‘BWwo2.es [eIAOUAS
900 000 ¢00 100 - - 000 000 €00 000 100 100 0 Ly 4 192 piojayids ‘ewod.es [elAouAS
140 0oTo LT0 910 820 490 610 610 20 €10 810 810 ot 6€ 14 dlseydiq ‘ewod.es [eIAOUAS
96T 917 SET e€eT 81 8ET 65T LST 9T €eT VT SY'T 6L (44 L6€ [BINOUAS
7ET L60 STT 0T'T - - - - - - - - 1€ 0S €51 2PBJS MO| ‘BLI0DJES [eWo)s [elijawopul
90°¢C 6S'T 18T VLT - - - - - - - - 87 8% 1344 ¢BUWI0DJ.S [BWO}S |Bl3sWOpUs
LT€ L9C 96'C ¥8¢C - - - - - - - - 6L SS V6€ BWOD.IES |EWO.)s |ell3swopuy
suesagnjoud
V/N — — — BWO0D.eS0.(1J0}eULISP SNOJEW0DIeSOIq I
8 €Ce ¥9'C [4 x4 98¢ /(8T 1€¢ 89°C 6¥'C 96'C §S°C ST 89°C LT 144 VeL suetagnjold ewodlesolqiyojewlag
& 800 100 700 700 L00 000 ¢00 ¢00 900 100 €00 €00 @ 8¢ 8 BWOI[2YI0puS0ISUEWSEY W0y
w ST0 00 600 600 [4%0] €00 900 L00 170 S00 L00 800 14 &L 1C Jnowiny 213Ad013s1404q1) WoIX3|d
W W (LVHd) dnowny
oZ 900 000 200 ¢00 L00 000 200 00 S00 100 ¢00 200 T 9 9 oieyosisue SuiziuleAy dlydiowoaid
W W (440 800 710 710 ST0 700 800 L00 910 L00 170 110 9 65 6C <BWOD.IES D13SB|04qLY AIOJEWIWIB|JUIOXAIN
m m 10 00 800 600 ¥1°0 500 600 01’0 [4%0) S00 800 600 S T 9¢ SON ‘sisojewolqioAN
e 120 800 710 710 810 900 110 4% LT1°0 600 cro €10 L €1 9€ <SON ‘ewol|ayjopuaoisuewaeH
O N 121 dsv  9pnp DN 121 dsv - 8pnp N 101 dsv  3pnD Jeah sad a3e pasouselp uondusap [edi3ojoydiojn
= a8esany uelpaj leyol
‘A sajewa saje suos.iad
<
m (penupuod) T 314Vl



10970215, 2023, 9, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ijc.34409 by University College London UCL Library Services, Wiley Online Library on [24/04/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

\uicc 1795

=
&

INTERNATIONAL

JOURNAL of

CANCER

BACON ET AL.

"SEWOD.ES SNSSI) 3OS dIed-eyN,
"leAsa3ul 9ouapluod Jaddn DN ‘BAISIUI SDUSPLUOD JaMO| ‘|7 ‘D34 pasipiepue)s 386 “YSY SUOIIRIARIqQY
‘uonje|ndog pJepuels ueadoin3 sy} 03 Sulpiodde pajuasald s| 3oUspIdU| :DJON

V/N — — — SJueusijew ‘anowny sapojjAyd
144 €61 81°¢C 80¢C - - - - - - - - 8g 99 68¢C Jnowiny sapojjAyd
uoienuaiayip
00 000 100 100 - - - - 00 000 100 100 0 4 4 dluolj3ues ypm ewodesoAwopgeyy
1SNdIN
800 100 €00 €00 700 000 100 100 00 100 ¢00 200 T 0§ S [eansuLiad ueusijew ‘ewolnauliad
jueusijew
8¢°0 [43Y) 61°0 610 9€0 810 920 1744 620 L1°0 [440) [4A4Y) cl 0S 6G ‘BLIOWd|LINBU ‘eiouueMyds Jueusije
SON
SO0T €40 880 980 9C1 680 90T 10T OoT'7 S8'0 L60 60 1S 0s LSC ‘anowiny yjeays aAsu [essyduad jueusijeN
uonenuaiayip
170 00 900 900 920 0T'0 LT°0 910 910 800 110 170 9 1 6¢ d13se|qoAwopgeys yim 1SNdIN
£L00 000 00 ¢00 800 100 €00 €00 900 100 €00 €00 T 9 L jueusijew Jnowny |92 Jejnuels
(LSNdW)
6€T 10T 61T LTT 9LT [4°50% €57 SY'T 167 (4" 9€T €T cL (14 65€ sinowiny yiesys sAJau [essydiiad jueusijel
£L80 LS50 140 890 10T £9°0 €80 1.0 680 990 L0 690 8¢ s9 061 SON “Inown} sno.qy Aseyjos
[4%Y) €00 900 900 €10 €00 L0°0 £L00 1170 00 L0°0 L00 14 14 8T ANOWNy |92 Jueid [einouAsous) Jueusiein
1340 1¢0 0€0 0€0 [440] 1¢0 0€0 L20 8¢0 I4¢ 0€0 8C°0 91 18 8L eINOWN] dl3se|qoiqyoAuws Alojewweljul
LBWodJesouqLy
800 100 00 00 0T'0 <00 500 £L00 £0°0 00 00 500 € 0 ST [e3lUS8U0D ‘eulodJesolqly d]ijueul
L1°0 900 01’0 01’0 610 900 170 ot’o 910 £00 170 01’0 9 09 8¢ ewojhouadoiSuewse
L20 1710 810 LT°0 [440] [440) 1€0 8¢°0 €0 610 I4Y €20 cl 9 9 SON ‘ewod.esoiqi
seuwlod.es
097 0ct 6€T SeET [4N" SY'T L9T 16T 69T 8¢T €T vl 8L 19 T6€ 213se|q04qL JOY10 pue Seulod1esoiqLoAN
(4nowny
610 £L00 4% ¥1°0 0co 800 €10 10 LT°0 600 €10 10 8 T 8¢ Plopgey. [eua.-ei3xa) BwodJes plopgeyy
[4540) ST0 [440) [440] [440] [4A40) €0 620 €0 120 £L2°0 G¢0 14 9 69 <BUI0D1eS0IPUOLD PIOXAW [e39[o3selIx]
GE0 LT°0 §G¢0 §¢0 LE0 LT°0 9¢0 [4A4) €0 0co 920 €20 €1 99 9 ceuiouio.ed [eljaydacAin
500 000 100 100 ST0 700 800 L00 600 €00 500 00 4 69 [4% <JUBUSI[EW ‘SON Jnowin} paxijn
1’0 ¢co 1€0 0€'0 SS°0 ¢e0 [44¢ 1544 1440 620 9€0 GE0 61 6v L6 Lewooles ploljayyd3
N 121 dsv  9pnp DN 121 dsv - 8pnp N 101 dsv  3pnD Jeah sad age pasouselp uondudsap [ediSojoydiolN
aSesany uelpsjp lelol
sojewa CETEIN suosiad

(penupuod) T 3714VL



BACON ET AL.

1796 | INTERNATIONAL
JOURNAL of CANCER

1
STS GIST Leiomyosarcoma
90+ 90+
85-89 85-89
80-84 80-84
75-79 75-79
70-74 70-74
65-69 65-69
60-64 60-64
55-59 55-59
50.54 50.54
45.49 45-49
40-44 4044
35-39 35-39
3034 3034
25-29 25-29
20-24 20-24
1519 1519
10-14 10-14
59 59
0-4 0-4
T

T T T T T T T T T T T T T T T T T
1500 1000 500 0 500 1000 1500 300 200 100 O 100 200 300 400 200 150 100 50 0 50 100 150 200

Undifferentiated sarcoma Liposarcoma Other malignant STS

T T T T T T T
300 200 100 0 100 200 300

T T T T T T T

150 100 50 0 50 100 150 200 150 100 50 0 50 100 150

Vascular tumours

Myxoid fibroblastic sarcomas STS of intermediate behaviour

Rhabdomyosarcoma Tumours of uncertain differentiation

Five year age bands

50 40 30 20 10 0 10 20 30 40 50

Synovial Myofibrosarcomas and other fibroblastic sarcomas

90+ 90+
654 o
75.79 7579
70-74 70-74
i 551
22 22
45-49 45-49
40-44 40-44
35-39 35-39
30-34 30-34
25-29 2529
20-24 2024
15-19 15-19
10-1. 10-14

5-¢ 5-9

0- 0-4

T T T T T T
80 40 20 o 20 40
Phyllodes

90+
85-89
80-84
75-79
70-74
65-69
60-64
55-59
50-54
45-49
e [ males [ Females
30-34
2529
20-24
1519
10-14

5-9

0-4

T T T T
10 20 30 40

Tumour count

* STS — Soft Tissue Sarcoma; GIST — Gastrointestinal Stromal Tumours; MPNST — Malignant
Peripheral Nerve Sheath Tumours

FIGURE 1  Age distribution according to 5-year age band for all sarcoma subtypes for male and female patients diagnosed in England
between 2013 and 2017. Sarcoma subtypes are listed in order of their frequency

85UB01 SUOLIWOD) BAIERID 3|01 [dde 3Ly Aq peu 0B 818 S3o1ke WO ‘88N JO S| 104 Areiq18UIIUO AB]IM UO (SUORIPUOD-PUE-SWUIBH 0D A8 1M Afe.q 1 jou|uo//SdRU) SUORIPUOD PUe SW L 8U3 885 *[£202/70/v2] uo ARigiTauliuo A8|IM ‘Seoinses Akigi TN uopuoeBoljod AisieAun Ag 60v7E 211/200T 0T/10p/woo™ A8 1M Ateiqjeut|uo//Sdny wo.y papeojumod ‘6 ‘€202 ‘STZ0L60T



BACON ET AL.

new diagnoses a day (Table 1). On average 3943 cases (range:
3873-4123) were registered annually and account for 0.8% of all
newly diagnosed malignant neoplasms and tumours of intermediate
behaviour. As all cancer diagnoses are required to be registered in
England with data completeness established as being over 98% com-
plete within a year and reaching 100% after 5 years of diagnosis, this
analysis offers an accurate population-based incidence of sarcoma in
England.

Incidence of STS remained stable across all subtypes, with no
considerable increase identified between 2013 and 2017 (Figure S1).
Gastrointestinal stromal tumours (GIST) have the highest annual inci-
dence of 16.0 per million; however, as only tumours of malignant and
intermediate behaviour are registered in the national disease registra-
tion service, and previous WHO GIST classifications recorded
tumours as benign, intermediate behaviour or malignant, this number
may be an underrepresentation. Leiomyosarcoma, undifferentiated
sarcoma and liposarcoma make up the next largest tumour groups,
with an incidence of 10.5, 10.5 and 9.2 per million, respectively
(Table 1). Incidence of less common and rare subtypes is also
described; malignant peripheral nerve sheath tumours (MPNST) have
an incidence of 1.4 per million and 1.5 per million persons for synovial
sarcoma. We were also able to describe the incidence of many sarco-
mas that fall within the recent definition of ‘ultra-rare’ sarco-
mas.’? These include alveolar soft part sarcoma, desmoplastic
round cell tumours, low grade fibromyxoid sarcoma and inflamma-
tory myofibroblastic tumour with incidences of 0.1, 0.2, 0.3 and

TABLE 2

GP

Final route by percentage TWW referral

All STS (incl. tumours of intermediate behaviour) 221 39.0

Gastrointestinal stromal tumour 10.1 35.9
Leiomyosarcoma 26.6 38.8
Undifferentiated sarcoma 31.6 39.1
Liposarcoma 28.1 41.7
Other malignant soft tissue sarcomas 23.6 34.4
Myxoid and other fibroblastic tumours 38.0 35.6
Soft tissue sarcoma of intermediate behaviour 51 58.4
Vascular tumours 20.9 384
Dermatofibrosarcoma protuberans 17.8 54.2
Rhabdomyosarcoma 14.0 24.5
Tumours of uncertain differentiation 21.6 34.8
Synovial sarcoma 24.4 35.8
Endometrial stromal tumour 244 45.2
Myofibrosarcomas and other fibroblastic 16.1 43.5
sarcomas
Malignant peripheral nerve sheath tumour 131 42.6
Phyllodes 54.0 24.2
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0.3 per million respectively. Overall, there is a preponderance for
males compared to females, although, females have a greater inci-
dence of vascular tumours, dermatofibrosarcoma protuberans and

leiomyosarcomas.

3.2 | Age distribution at diagnosis

The overall median age at diagnosis was 65 years (range 0-102).
Undifferentiated sarcomas present with the oldest median age at
diagnosis of 74 years (range 0-102); and rhabdomyosarcoma in the
youngest, with a median age of 16 years (ranges 0-94; Table 1). For
most sarcoma subtypes, incidence increases with age and peaks
between 65 and 69 years (Figure 1). Dermatofibrosarcoma and syno-
vial sarcoma are more frequently described between the ages of
20 and 60 years. MPNSTs are also seen in younger patients with a
median age at diagnosis of 49 years (range 1-96). Sarcomas were
more common in females between ages of 40 and 60 years and more
common in males over 60 years.

3.3 | Routes to diagnosis and social deprivation

In total, 39.0% of patients presented via GP referrals, 22.1% pre-
sented through TWW, 16.1% were Emergency Presentations (EP) and
15.5% through other outpatient appointments (Table 2). Patients with

Proportion of patients by sarcoma subgroup according to routes to diagnosis (2013-2017)

Inpatient Other

EP elective outpatient Screening Unknown DCO
16.1 21 15.5 0.2 4.9 0.1
264 40 21.2 0.0 23 0.1
13.7 1.1 12.1 0.0 7.5 0.1
113 1.6 11.6 0.0 4.7 0.0
9.2 1.5 15.2 0.0 44 0.0
24.0 1.2 12.0 0.0 4.5 0.3
55 07 15.3 0.0 5.0 0.0
68 27 20.0 0.0 6.9 0.0
207 08 14.5 0.8 3.8 0.1
2.7 14 9.0 0.0 14.9 0.0
36.3 5.5 16.8 0.0 29 0.0
167 31 18.4 0.7 4.7 0.0
8.1 1.3 234 0.0 71 0.0
11.7 1.5 14.2 0.0 3.0 0.0
16.1 31 16.1 03 4.9 0.0
15.9 1.9 24.0 0.0 2.5 0.0
48 03 5.2 7.3 4.2 0.0

Abbreviations: DCO, death certificate only; EP, emergency presentations; TWW, two-week wait.
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FIGURE 2 One- and five-year net survival according to morphological subtype and gender, for patients diagnosed between 2013 and 2017

rhabdomyosarcoma were most likely to present acutely with 36.3%
presenting as an EP. For patients diagnosed with a GIST, 26.4% pre-
sented through EP. Phyllodes tumours were most likely to present
through a TWW. GIST and STS of intermediate behaviour were least
likely to present via TWW (Table 2). Analysis of presentation by age
demonstrated children and young adults, and the oldest cohort to
more frequently present via EP (Figure S4). Incidence of STS is more
frequently described in the most affluent areas of the country across
accounting for 22% of the cohort compared to incidence in the most
deprived making up 16%. STS appears less common in more deprived
areas for male patients, which is inversely proportional to the age
standardised rate for females. Further detail is provided in Table S1.
There was an increasing likelihood for patients to present through an

emergency route as deprivation increases (Figure S4).

3.4 | Survival

Net survival for all STS was 85.8% at 1-year and 70.2% at 5-years
(Table S2 and S3, respectively). For those coded as malignant

(excluding intermediate behaviour), survival was 83.1% at 1-year and
65.0% at 5-years. We defined net survival for patients with common
subtypes including GISTs with a net 5-year survival of 86.0%
(Cl: 83.2-88.5) with a difference observed between GIST defined as
intermediate and malignant grade at 92.1% and 74.6%, respectively.
Net 5-year survival was 81.5% (Cl: 78.6-84.1) for liposarcoma,
53.8% (Cl: 50.3-57.2), for undifferentiated sarcoma and 55.3%
(Cl: 51.6-58.9) for leiomyosarcoma. We were also able to define out-
come for rarer entities such as malignant peripheral nerve sheath
tumour with a 5-year net survival of 50.7% (Cl: 41.6-59.4) and syno-
vial sarcoma with a 5-year net survival of 51.5% (Cl: 41.8-60.5).
Patient numbers were not sufficient to provide outcome for all ultra-
rare sarcomas, but we described outcome for several of these includ-
ing low grade fibromyxoid sarcoma and epithelioid sarcoma with
5-year survivals of 82.8% (Cl: 63.8-94.5) and 45.3% (Cl: 30.1-59.7),
respectively (Figure S4). Vascular tumours have the poorest outcome
with a 5-year survival of 39.0% (Cl: 33.9-44.2; Figure 2; Tables S3 and
S4). Overall, net survival for male STS patients was greater than
females with 5-year net survival rates of 67.5% (Cl: 65.66-69.4) and
62.3% (Cl: 60.1-64.1) respectively, however there are notable
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differences within specific subtypes (Table S4). Worse outcome was
seen in males with vascular tumours (33.4% 5-year survival compared
to 43.9% in females); as well as in synovial (males 35.6% compared to
females 68.7%), MPNST (males 40.9% to females 62.8%) and myxoid
fibroblastic sarcomas (males 74.9% to females 85.4%). Conversely,
females with leiomyosarcoma, liposarcoma, other malignant soft tis-
sue tumours and undifferentiated sarcoma had a poorer 5-year sur-
vival than males (Figure 2; Table S3). As the behaviour of endometrial
stromal sarcoma (ESS) is coded as part of the ICDO3.1 definitions of
disease, we were able to determine outcome for those with ow-grade
ESS (8931/3) and high-grade ESS/endometrial sarcoma NOS (8930/3)

0 25 50 75 100
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with 92.8% and 55.6% 5-year net survivals, respectively. Net survival

is provided for all morphological entities in Table S4, where possible.

3.5 | Kaplan-Meier survival estimates

Kaplan-Meier survival estimates according to age, demonstrated the
highest overall survival for STS to be in patients aged 25 to
44 (83.7%), falling to 49.6% for patients over 75 (Figure 3). Patients
diagnosed with STS between the ages of 0 and 24 have a 5-year sur-
vival of 79.7%. Five-year survival according to age is shown in

0 25 50 75 100

Survival percentage

0 25 50 75 100

FIGURE 3 Kaplan-Meier
5-year survival estimates,

0 25 50 75 100
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TABLE 3 Cox regression analysis for

Std. Err. Sig . . > A
patients diagnosed with soft tissue
sarcoma between 2013 and 2017
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Hazard ratio LCIUCI
Males 1.00
Females 1.09 1.03 1.14
Age 1.03 1.03 1.03
1—Least deprived 1.00
2 1.04 0.96 1.12
3] 1.07 0.99 1.16
4 1.14 1.06 1.23
5—Most deprived 1.22 1.13 1.33
Two-week wait 1.00
GP referral 0.77 0.72 0.82
Screening 0.87 047 1.62
Inpatient elective 0.92 0.76 1.12
Other outpatient 0.86 0.79 0.94
Emergency presentation 2.24 2.09 241
Unknown 0.65 0.56 0.76
Abbreviations: HCI, higher confidence interval; LCI, lower confidence interval; Std. Err., SE; Sig,
significance.
***p < .01

Figure 3 for seven more common subtypes; survival for all other sub-
groups including intermediate grade and malignant GIST are described
in Figures S2 and S3.

3.6 | Coxregression

For all STS, age (HR, 1.03; Cl: 1.03-1.03) and gender (HR, 1.09; Cl:
1.03-1.14) are significantly associated with survival (Table 3). Patients
diagnosed in the fifth deprivation quintile are 22% more likely to die
of their disease than those in the reference group (deprivation 1 —
least deprived) (Table 3). Outcome of patients with undifferentiated
sarcoma show increasing risk as the level of deprivation increases.
Patients presenting through EP have the worst outcome, most notably
for patients with leiomyosarcoma, undifferentiated sarcoma and other
malignant soft tissue sarcomas, with 5-year net survivals of 30.1%,
27.6% and 22.1%, respectively (Table S5). Cox regression analysis for
individual soft tissue sarcoma subtypes are shown in Tables S6-S21
and Figures S5-S8.

4 | DISCUSSION

This is the first population-based study that describes the incidence
and survival for all histologically described STS of intermediate and
malignant behaviour, including GIST. Historically, registration of sar-
coma has been a challenge, in part due to lack of expert pathology
review, the evolution of classification systems and inaccurate tran-
scribing of pathology reports to national cancer registration data-
sets.2%2! |n the United Kingdom, revision of National Institute for
Health and Care Excellence (NICE) guidance in 2006 mandated

patients with STS be managed within specialist sarcoma centres that
included expert pathology review of all new diagnoses.?? With
improvements in expert pathology review and increased availability of
molecular diagnostics, 7.2% of patients were described as sarcoma
NOS, which is lower than 20% described in a previous English analysis
from the National Cancer Intelligence Service of STS patients diag-
nosed between 1996 and 2010 and the 12% observed within a
European epidemiological descriptive analysis of sarcoma.?*24

A key strength of the data collected and held by NCRAS is the
complete coverage of all people diagnosed with cancer in England
making it truly population based. Internationally, there has been a
paucity of comparative population-based data. An American Surveil-
lance, Epidemiology and End Results (SEER) analysis by Toro et al,
described incidence of STS between 1978 and 2001 that represented
just 10% of the US population, and a more recent analysis from
National Cancer Database of the American College of Surgeons repre-
senting 70% of the population.?>2¢ The high case number in these
analyses provide interesting insights that are valuable but lack of
population-based analyses and the evolution of the histological classi-
fication systems makes comparison between datasets challenging. A
descriptive epidemiological analysis of sarcomas across Europe from
the RARECARE project, estimated STS to have an ASR incidence rate
of 4.7 per 100 000 in Northern Europe and GIST to have an incidence
of 14 per 1 000 000.2® Other population-based studies with patho-
logical review estimate the incidence of GIST to be in the range 1.0 to
1.5 per 100 000.%” Here, we define the incidence of GIST inclusive of
intermediate behaviour and malignant codes in England as 16 cases
per 1 000 000 persons, which is higher than that observed within a
recent French national study at 12.4 per million, although that was
not age standardised.” We also defined incidence of other common

subtypes of STS such as liposarcoma and leiomyosarcoma with an
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ASR of 9.2 and 10.5 per million, in line with other recent population-
based analyses from Switzerland and Germany.>° Variation is, how-
ever, observed depending on whether tumours of intermediate malig-
nancy are included, the recent French analysis demonstrating an
incidence of liposarcoma of 12.9 per million that included atypical
lipomatous tumours.” Analysis by specific subtype is therefore impor-
tant to provide an opportunity for more accurate comparison. We
were able to describe incidence of many ‘ultra-rare’ sarcomas, these
recently defined by an international panel of experts as subtypes with
an incidence of <1 per million.*” These include epithelioid sarcoma,
alveolar soft part sarcoma and desmoplastic small round cell which
have previously been challenging to report and demonstrate an inci-
dence of 0.4, 0.1 and 0.2 per 1 000 000, respectively, an average of
just 19, 6 and 12 patients per year, and in keeping with that defined
by the French Nationwide Study.’ Interestingly two subtypes named
as ultra-rare entities, phyllodes and endometrial stromal sarcoma were
observed to have an incidence >1 per million in this analysis highlight-
ing the value of provision of population-based data to the community
and the need for evolving definitions as new data becomes available.
Our analysis provides incidence according to age across clinically
relevant histological subtypes with increased incidence with age
observed for most common subtypes of sarcoma, in keeping with pre-

vious analyses?42¢

and a higher incidence of children and adolescents
with rhabdomyosarcoma. There is a male preponderance for STS and
most notably, males are more likely to develop undifferentiated sar-
coma and liposarcoma. Leiomyosarcoma, is most common in females
due to a high proportion of patients with uterine leiomyosarcoma.
Females also have a higher incidence of vascular tumours due to the
development of radiation-induced breast angiosarcomas, which are
described in detail in a recent analysis of breast sarcomas in England
across the same time period.?®

Net survival estimates using Brenner's alternative weighting with
the Ederer Il estimator was adopted to generate more disease appro-
priate measures for survival suitable for international comparisons.
Net survival for persons diagnosed with malignant STS was 83.1% at
1-year and 65.0% at 5-years. There are very few population-based
analyses with which to compare outcomes. A RARECARE analysis of
patients diagnosed between 1995 and 2002 demonstrated a 5-year
survival of 58% for all patients with STS using older classifications and
morphological descriptions.2* Relative survival in a Swiss study was
demonstrated to be 61.6%.% Patients diagnosed with GIST have a
5-year survival of 86.0%, substantially higher than the 67.7% 5-year
relative survival reported in the RARECARE analysis of patients diag-
nosed between 1995 and 2002.2% This reflects the introduction of
imatinib and other targeted therapy, based on the discovery that the
disease was driven by activating mutations of c-kit and PDGF-a in the
majority of cases?’ and compares favourably with an analysis from a
Dutch population-based analysis of patients treated between 2009
and 2012 where a 5-year relative survival of 81.4% was observed.*® A
change in WHO classification of GISTs to include intermediate
tumours, which we demonstrated to have better survival, may have
also contributed to differences in outcome described. Future analyses

will include tumours coded as benign potentially further influencing
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the interpretation of outcome. To our knowledge, this is the first
population-based analysis, using the recent WHO 2013 classification,
to confidently define net survival of common STS subtypes such as
liposarcoma and leiomyosarcoma with 5-year net survival of 81.5%
and 55.3%, as well as undifferentiated sarcoma at 53.8%. We were
also able to define outcome for rarer entities such as malignant
peripheral nerve sheath tumour with a 5-year net survival of 50.7%.
Patients with synovial sarcoma were demonstrated to have a 5-year
net survival of 51.5% with no improvement observed since an analysis
describing outcome of patients diagnosed in England between 1985
and 2009.%! Patients diagnosed with vascular tumours have a particu-
larly poor outcome with a 5-year net survival of 39.0%, which is little
changed from the European analysis for patients diagnosed over two
decades ago.2* Our analysis was able to define net survival for
patients with rarer histology's such as MPNST confirming poor out-
come with a 5-year survival of 51% (95% Cl: 42-59). There are no
complete population-based studies with which to compare outcome,
but this is in line with a 49% (95% Cl: 45-53) 5-year overall survival
demonstrated in a meta-analysis of 28 retrospective analyses that
included over 5000 patients.>2 Patients with endometrial stromal sar-
coma (ESS) had with a 5-year survival of 68.4% with no change in out-
come observed since an analysis evaluated outcome of gynaecological
sarcomas in England until 2008.3% As the behaviour of ESS is coded as
part of the ICDO3.1 definitions of disease, we are able to confirm
excellent outcome in those with low grade disease compared to those
with high grade/ESS NOS with 92.8% and 55.6% 5-year net survivals,
respectively.

Multivariate cox regression analysis confirmed increasing age to
be a significant prognostic factor.>* Gender was also significant, with
females 9% more likely to die from disease within 5 years of their
diagnosis than their male counterparts, P < .05, which is likely to be
contributed to by higher incidence in subtypes with poor outcome.
For example, the difference is particularly notable in leiomyosarcoma,
where males and females have a 5-year survival of 72.2% and 45.4%
respectively. This is partly attributed to the high proportion of females
with uterine leiomyosarcomas that continue to have a poor outcome;
although females with non-gynaecological leiomyosarcoma have also
been found to have a lower 5-year survival than males.®® Further anal-
ysis to determine gender-specific impact on outcome is warranted.

An analysis of Routes to Diagnosis demonstrated an improvement
in coding and an increase in patients diagnosed through TWW from
12.5% in 2006 to 2008 to 22.1%, although this is lower than more
common cancers.3¢%7 A significant proportion, however, continue to
present as an emergency with a detrimental impact on outcome.
Patient age and deprivation had an impact on route to diagnosis with
children and young adults as well as elderly patients more often pre-
senting through emergency routes and an increasing trend with
increased deprivation, although an interaction of these factors on out-
come remains not clear. Further work is required to identify clinical
characteristics that most influence referral pathways and outcome.

Importantly, this analysis demonstrates social deprivation has a
significant impact on survival with STS patients living in the most

deprived quintile having a 22% greater of chance of dying within
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5 years, than those in the least deprived areas. Patients with some
subtypes such as MPNST fare particularly poorly and are 74% are
more likely to die if they live in the poorest areas of the country.
These findings appear more pronounced than analyses for more com-
mon cancers.%® It is possible that patients from more deprived areas
have poorer access to specialist sarcoma services, which has been
demonstrated to impact outcome in STS®?; this requires further evalu-
ation, but has important implications for stakeholders with a role in
addressing health inequalities.

Additional analysis of outcome according to primary site of dis-
ease and centre of diagnosis and treatment would be valuable to
determine the impact of expert pathology review and specialist sar-
coma services on outcome for specific anatomic sites and allow us to
evaluate geographical variation and inequalities in patterns of care,
work that is ongoing. Inherent to cancer registration practice, our
study has limitations including data completeness for tumour size,
grade and stage which although improving was insufficient for further
analysis.*©

In conclusion, this is the first comprehensive population-based
analysis focused on STS in England. The analysis is based on contem-
porary histological classification and thereby provides detailed inci-
dence and outcome for 84 morphological subtypes of STS within
clinically relevant subgroups. The analysis provides an invaluable data
source for clinicians, researchers, service providers, charities and
benchmarking for international comparative studies and a basis for
future studies to determine inequalities in referral and management of

these challenging malignancies.
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