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Novelty and Impact

This is the first English population-based analysis to detail incidence and outcome for soft tissue
sarcoma based on recent WHO classification. The paper describes incidence and outcome for common
subtypes such as gastrointestinal stromal tumours, liposarcoma and leiomyosarcoma as well as newly
defined “ultra-rare” sarcomas. Age, female gender, emergency presentation and living in a deprived

area are associated with inferior outcome.



Novelty & Impact

This is the first English population-based analysis to detail incidence and outcome for soft tissue
sarcoma based on recent WHO classification. An average of 3943 patients are diagnosed annually,
with an overall age-standardised incidence rate of 78 persons per million. Five-year net survival for all
malignant STS is 65%. Outcome for common and rarer entities is described. Age, female gender,

emergency presentation and living in a deprived area are associated with inferior outcome.
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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 registry 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 alternative method, with the Ederer II
estimator. Age-specific overall survival was assessed using Kaplan-Meier. The influence of age, sex,
socioeconomic deprivation and diagnostic routes on survival was assessed using Cox proportional

hazards 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 malignant 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 service provision, benchmarking

and addressing inequality.
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Introduction

Sarcomas are a heterogenous group of mesenchymal tumours with a wide anatomical distribution and
more than 80 histological subtypes [1,2], accounting for approximately one percent of all newly
diagnosed cancers each year [3,4]. 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 anatomic site rather than
histology, as well as changes to pathology classification, and rarity of many of the defined subtypes.
As a consequence, there is a paucity of data available and considerable variation in incidence reported
over time and between regions or countries and dependent on the availability of expert pathology
review [5,6,7]. 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 [8,9, 10]. To date, incidence and outcome of soft tissue sarcoma (STS) has not been
reported in England. Historically, the collection of diagnostic and clinical data has been challenging for
cancer registries to assess systematically, whilst ensuring the accuracy and completeness of primary
data [11]. 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 survival of STS in England, according to clinically
relevant histological parameters for the first time, to inform the clinical and research communities, as

well as stakeholders in provision of care and to identify groups with inferior outcome [12].

Methods

Data collection

All cancer diagnoses are required to be registered in England. Patients of all ages, resident in England,
diagnosed with histologically confirmed sarcoma between 1 January 2013 and 31 December 2017
were included in the analysis, including those diagnosed by death certificate 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 3™ edition ICDO-3, which unlike ICD-10, not only includes the anatomical 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 ICD03.1, thus some entities are
missing from ICD03.1 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 ICD0O3.1 include low grade fibromyxoid sarcoma which
was coded as a specific entity throughout the study, sclerosing 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; Glomangiomatosis; and Myxoinflammatory fibroblastic sarcoma/
Haemosiderotic fibrolipomatous tumour, which were included through use of the matrix rule (rule F)
Lipofibromatosis; Tenosynovial giant cell tumour, 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 diagnosis and are based on the income domain of the
Indices of Multiple Deprivation [13]. Quintile 1 represents the most affluent quintile, and the 5™ 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 Hospital 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 [14]. RTD thus includes cancers detected via a screening
programme, those reflecting the urgency of referral (emergency presentation, two-week wait (TWW),
which mandates that patients with suspected cancer are referred from primary to secondary care and
must be seen within two 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 dataset.
This analysis was performed more than two years from the end of the follow up period to analysis,

thus the death dataset is complete.

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 [15].

Study design

This population-based cohort analysis includes all registrable primary 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 [1]. Cases where the primary site was registered to bone or articular cartilage were
excluded from analysis. If the patient’s primary site of disease is unknown, they will have a site code
of C80 attached to their morphological description. 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.

Statistical Analysis

Age-standardised rates (ASR) are reported per 1,000,000 and standardised 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 [16]. 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 standard [17]. 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 CancerData website

(https://www.cancerdata.nhs.uk/). The second International 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 less than 1 patient per ICSS age group. Results are shown with 95% confidence intervals
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 population 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 31 December 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 parameters (15-99) and 158 patients were

ineligible due to data incompleteness. 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 [18]. Variables were assessed for time dependency using
Schoenfeld’s residual test and adjusted for using polynomials or adding 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).

Results
Incidence

Between 2013 and 2017, 19,717 cases of STS in England were recorded, with a combined incidence of
78 persons per million; approximately 12 new diagnoses a day (Table 1). On average 3,943 cases
(range: 3,873-4,123) 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% complete within a year


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

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 increases identified
between 2013 and 2017 (Supplementary Figure 1). Gastrointestinal stromal tumours (GIST) have the
highest annual incidence of 16.0 per million; however, as only tumours of malignant and intermediate
behaviour are registered in the national disease registration 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 sarcomas that fall within the recent
definition of ‘ultra-rare’ sarcomas [19]. These include alveolar soft part sarcoma, desmoplastic round
cell tumours, low grade fibromyxoid sarcoma and inflammatory myofibroblastic tumour with
incidences of 0.1 0.2, 0.3 and 0.3 per million respectively. Overall, there is a preponderance for males
compared to females, although, females have a greater incidence of vascular tumours,

dermatofibrosarcoma protuberans and leiomyosarcomas.

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 synovial 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.

Routes to diagnosis and social deprivation

In total, 39.0% of patients presented via GP referrals, 22.1% presented through 2-week wait (TWW),
16.1% were Emergency Presentations (EP) and 15.5% through other outpatient appointments (Table
2). Patients with rhabdomyosarcoma were most likely to present acutely with 36.3% presenting as an
EP. For patients diagnosed with a GIST, 26.4% presented 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 (Supplementary Figure 4). Incidence of STS is more
frequently described in the most affluent areas of the country across accounting for 22% of the cohort
compared with 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 supplementary Table 1. There was an increasing likelihood for

patients to present through an emergency route as deprivation increases (Supplementary Figure 4).

Survival

Net survival for all STS was 85.8% at 1-year and 70.2% at 5-years (Supplementary Table 2.1 and 2.2).
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 outcome 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 synovial
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 including
low grade fibromyxoid sarcoma and epithelioid sarcoma with 5-year survivals of 82.8% (CI:63.8-94.5)
and 45.3% (Cl:30.1-59.7) respectively (Supplementary Table 3). Vascular tumours have the poorest
outcome with a 5-year survival of 39.0% (Cl:33.9-44.2)(Figure 2; Supplementary Table 2.2 and 3).
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% (CI:60.1-64.1) respectively, however there are notable differences
within specific subtypes (Supplementary Table 3). 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 tissue tumours and undifferentiated sarcoma had a poorer 5-year survival than
males (Figure 2; Supplementary Table 2.2). As the behaviour of endometrial stromal sarcoma (ESS) is
coded as part of the ICD0O3.1 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) with 92.8% and



55.6% 5-year net survivals, respectively. Net survival is provided for all morphological entities in

supplementary Table 3, where possible.

Kaplan-Meier survival estimates

Kaplan-Meier survival estimates according to age, demonstrated the highest overall survival for STS
to be in patients aged 25-44 (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 survival of 79.7%. Five-year survival according to
age is shown in figure 3 for seven more common subtypes; survival for all other subgroups including

intermediate grade and malignant GIST are described in Supplementary Figure 2 and Figure 3.

Cox regression

For all STS, age (HR, 1.03; CI: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 (Supplementary Table 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
sarcoma has been a challenge, in part due to lack of expert pathology review, the evolution of
classification systems and inaccurate transcribing of pathology reports to national cancer registration
datasets [20,21]. In the UK, 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 [22]. 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 National Cancer



Intelligence Service of STS patients diagnosed between 1996 and 2010 and the 12% observed within

a European epidemiological descriptive analysis of sarcoma [23,24].

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 Surveillance, 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 representing 70% of the population[25, 26]. 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 classification 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 [23]. Other population-based studies with
pathological review estimate the incidence of GIST to be in the range 1.0-1.5 per 100,000 [27]. 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 [9]. We also defined incidence of
other common subtypes of STS such as liposarcoma and leiomyosarcoma with an ASR of 9.2 and 10.5
per million, in line with other recent population-based analyses from Switzerland and Germany [3,10].
Variation is however, observed depending on whether tumours of intermediate malignancy are
included, the recent French analysis demonstrating an incidence of liposarcoma of 12.9 per million
that included atypical lipomatous tumours [9]. Analysis by specific subtype is therefore important 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 [19]. These include epithelioid sarcoma, alveolar soft part sarcoma, and
desmoplastic small round cell which have previously been challenging to report and demonstrate an
incidence 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 [9]. Interestingly two subtypes
named as ultra-rare entities, phyllodes and endometrial stromal sarcoma were observed to have an
incidence greater than 1 per million in this analysis highlighting 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



previous analyses [24-26] 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 sarcoma 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 [28].

Net survival estimates using Brenner’s alternative weighting with the Ederer Il estimator was adopted
to generate more disease appropriate 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 [24]. Relative survival in a Swiss
study was demonstrated to be 61.6% [3]. 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 diagnosed between 1995 and 2002 [23]. 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 [29] 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 [30]. 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 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 [31].
Patients diagnosed with vascular tumours have a particularly 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 [24]. Our analysis was able to define net survival for patients with rarer histology’s such as MPNST
confirming poor outcome 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 [32]. Patients with endometrial stromal sarcoma (ESS) had with a 5-year survival
of 68.4% with no change in outcome observed since an analysis evaluated outcome of gynaecological
sarcomas in England until 2008 [33]. As the behaviour of ESS is coded as part of the ICD0O3.1 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
[34].Gender was also significant, with females 9% more likely to die from disease within 5 years of
their diagnosis than their male counterparts, p<0.05, 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 [35]. Further analysis 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 two-week wait from 12.5% in 2006-2008 to 22.1%, although this is lower than
more common cancers [36,37]. 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 presenting
through emergency routes and an increasing trend with increased deprivation, although an
interaction of these factors on outcome is still 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 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 common cancers [38]. 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 [39]; this requires further evaluation, but has important

implications for stakeholders with a role in addressing health inequalities.



Additional analysis of outcome according to primary site of disease and centre of diagnosis and
treatment would be valuable to determine the impact of expert pathology review and specialist
sarcoma 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 [40].

In conclusion, this is the first comprehensive population-based analysis focused on STS in England. The
analysis is based on contemporary histological classification and thereby provides detailed incidence
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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Figure 1: Age distribution according to 5-year age band for all sarcoma subtypes for male and female
patients diagnosed in England between 2013-2017. Sarcoma subtypes are listed in order of their

frequency.

Figure 2: One- and five-year net survival according to morphological subtype and gender, for

patients diagnosed between 2013-2017.

Figure 3. Kaplan Meier 5-year survival estimates, between 2013 and 2017 for STS, GIST
leiomyosarcoma, liposarcoma, MPNST, undifferentiated sarcoma and vascular tumours



