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Abstract
Patients with soft tissue sarcoma (STS) experienced better outcomes when treated according to existing clinical practice guidelines either at
reference institution or dedicated treatment networks. Despite increasing evidence supporting referral to sarcoma specialised units, up to half
of patients are not managed according to guidelines, particularly those in the early stage of their disease requiring surgery. Also, criteria to
certify expertise of institutions, such as the treatment volume, are debated and health authorities have only recently started identification of
these centres and creation of treatment networks in Europe as well as in several countries. This process have important implications for both
patient outcomes and innovation of existing treatment strategies through clinical research, making improvement of clinical pathways a priority
for health care authorities. This article will discuss issues with management of patients with STS, such as pathological diagnosis and adherence
to guidelines, and the definition of referral centres and networks will be illustrated along with existing experiences and population-based data.
Ó 2017 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical Oncology. All rights reserved.
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Introduction
Soft tissue sarcoma (STS) affects about 5 new patients
yearly every 100,000 people with 30,200 new cases expected every year in Europe [1e3].
These tumours, which encompass more than 50 different
histology [4,5], have been recognised as rare cancer since,
based on an international consensus, it was decided that
incidence is more accurate than prevalence to define rare
tumours, while prevalence remains the best indicator to
define rare diseases [6,7]. Management of patients with
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20133 Milano, Italy.
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STS is challenged by issues shared with other rare tumours
[8]. Firstly, these rare neoplasms account for roughly one in
five tumours representing a significant burden for both patients and health care system [6]. Patients with rare cancers,
including STS, did worse than those with more frequent
neoplasms (49% 5-year survival for rare and 63% 5-year
survival for ‘common’ cancers), suggesting that - beside
biological factors specific to the different diseases - several
issues limit care of these patients [7,9]. Treatment strategies
are often suboptimal and major deviations from guidelines
are identified in up to half of patients [10e18]. This unsatisfactory management is strictly linked to difficulties in access to clinical reference centre and network. Also, fewer
investments exist in clinical research on rare cancer and
STS leading to less innovative drugs being tested in clinical
trial and eventually becoming available [8,19,20].
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Management of patients with STS differs based on patient characteristics, tumour presentation, and histopathologic features, mostly sarcoma subtype and tumour grade,
underlining the importance of an accurate pathological
diagnosis [21e23]. More than 40% of first histological
diagnosis are modified when a second opinion is requested
to a pathologist with expertise in sarcoma [24]. Recently,
molecular analysis is becoming a widely diffuse technique
that significantly impact final diagnosis in cases where
morphology and immunohistochemistry do not identified
the correct STS histology [25,26]. Also, only one in two
to three patients is managed consistently with recommendations included in clinically practice guidelines for treatment
of sarcomas [12,16,18]. Surgery is burdened by the lowest
quality with approximatively only half of patients receiving
appropriate management of localised disease, resulting in
high incidence of local recurrence and lower survival rates
[12,16,18]. Conversely, patients do better when treated in
referral institutions by surgeons with expertise in sarcoma
[12,17,18,27,28].
All these findings support referral of patients with sarcomas to network and centres with high expertise in these
tumours. However, this process has been only recently
started in many countries worldwide and particularly in Europe [29]. Networks of professionals are increasing performance of second pathology opinion from expert
pathologists as well as centralizations to referral units for
patient treatments. More recently, the EU has launched
the European Reference Networks (ERNs) which will provide highly specialised healthcare for rare or low prevalence complex diseases or conditions including rare
cancers. Out of the 24 ERNs recently established, three
are for rare cancers: EURACAN on all adult rare cancers,
EuroBloodNet on all haematological diseases, and PaedCan
on all paediatric cancers. Sarcomas of soft tissues and bone
are included in EURACAN which gathers 66 Health Care
Providers in 17 European countries, and 22 Associate partners (Patients Advocacy Groups, rare disease stakeholders).
This article discusses issues with management of patients with STS, with particular regards to pathological
diagnosis and management according to guidelines. Challenges in the definition of referral centres and networks
will be illustrated along with experiences from single institutions and national initiatives. Also, data from seven European population-based databases, which are representative
of six EU countries, including Belgium, Bulgaria, Ireland,
Finland, Netherlands, and Slovenia and the region of Navarra in Spain will be used to support discussion of relevant
issues [3,7].
Histological diagnosis
Histological diagnosis of STS represents a challenge
for pathologists with frequent inaccuracies requiring need
for expert pathology review [30,31]. A prospective

population-based study had specifically addressed the issue
of second pathology opinion in STS analysing sarcoma diagnoses performed over a two-year period in three European Regions [24,32]. In this study, all cases underwent
central pathology review and differences between initial
diagnosis and second opinion were scored as follow: 1)
no agreement between first and final pathology report on
either benign vs malignant or sarcoma vs nonmesenchymal tumour diagnosis; 2) partial agreement,
when there was lack of agreement on histopathological
grade or histology; and 3) agreement. No agreement and
partial agreement were observed in 8% and 35% of patients, respectively, resulting in an overall lack of concordance in 44% of patients. In case of partial agreement,
tumour grade was not reported by 57% of pathology report,
and in 19% of cases diagnosed as G1 tumours at first pathology evaluation were upgraded to G2-G3 after second
opinion. Sarcoma histology was the other source of major
variations in 22% of cases. Another important finding is
that when a pathologist requested a second opinion the
diagnosis was accurate in 50% of cases, while when second
opinion was done without been requested by the pathologist
who first diagnosed a case, a scenario that represents the
majority of cases included in this study, 30% of the histology diagnoses were significantly inaccurate.
Diagnostic inaccuracies and difference between primary
diagnosis and second opinion are expected at the population level. However, the magnitude of this difference is
remarkably high and calls for implementation of second
opinion in routine practice. Pathology review is already
part of standard management of patients with STS in
some countries, such as the UK, where it is recommended
by the NICE [33]. Wide diffusion of this diagnostic
approach is limited by apparently increased costs of performing the same procedure twice.
Complexity of performing an adequate pathological
diagnosis for STS is also increased by the need for molecular testing. A further study was conducted on the same
cases examining also the value of molecular analysis
[26]. Three categories of tumours were considered: suspicious GIST, sarcomas suspected to harbour a translocation,
and cases where an atypical lipomatous tumour or a welldifferentiated/dedifferentiated liposarcomas was suspected.
In GIST molecular analysis was useful for reaching the correct diagnosis in 4% of all analysed patients and necessary
only in less than 1% of cases. In translocated sarcomas, molecular analysis modified diagnosis in 16% of patients with
probable diagnosis (n ¼ 12/77), and allowed diagnosis in
22% of cases when the initial diagnosis of a translocated
sarcoma was only possible (N ¼ 19/87). In the latter
case, molecular analysis changed diagnosis in 10 cases
when the initial diagnosis was probable (n ¼ 10/76),
and when the initial diagnosis was only possible it enabled
final diagnosis in 18% of cases (n ¼ 9/50) thus resulting
useful in 19 cases (9%). These data underline the role of
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performing molecular analysis in STS and furtherly reinforce the need of centralised diagnosis where facilities for
performing molecular analysis of a wide spectrum of diseases requiring different and specific markers are needed.
This evidence favours routine second pathology opinion
for sarcoma diagnosed by pathologists lacking in specific
expertise for soft tissue tumours and there is a large need
to gain recognition for this process. For instance, this has
been standard practice in the UK since 2006 [33] and it
has been estimated that this process has increased yearly
employment cost, which includes an additional clinical scientist, biomedical scientist and secretary, by approximatively 80,000 pounds at each of the four existing
cytogenetic/molecular pathology laboratories. Unfortunately, in many national and regional health care systems
this process is not part of the common clinical pathway
and patients are charged for cost of second opinion. Some
units and institutions tackle this issue through supporting
directly the cost related with second pathology opinion.
The centralised pathology review has also relevant implications for clinical research beyond its clinical value
[8,34]. In the light of the above mentioned findings, about
one in three patients enrolled in clinical trials investigating
soft tissue sarcomas is at risk of being non-eligible [35].
Currently, most research collaborative groups, such as the
European Organization for Research and Treatment of Cancer (EORTC) reviewed patient slides centrally [35]. However, this process is particularly challenging for material
transfer agreement issues across institutions and nations.
As a result, pathology review is performed after randomization increasing the chances that a patient is erroneously
enrolled. For instance an EORTC study investigating adjuvant treatment in high-risk STS after enrolled 2% of a nonmesenchymal tumours and sarcoma histologies supposed to
be excluded as well as 6% of tumours were downgraded
from high to low grade of malignancy, findings that would
have made these patients not eligible if detected before
randomization [36]. This risk is even greater considering
that current trials investigating STS are focusing on specific
histology and molecular characteristics. Contemporary trials, such as the IST-1001, has overcome this issue through
centralization of second pathology opinion [37].
Network of pathologists have pivotal roles for treatment
and research in STS. Surely, patients managed within a
network can benefit from high-quality diagnosis with second opinion requested for difficult cases. A network offers
opportunities for organizing meetings of pathologists and
other professionals involved in sarcoma to discuss diagnostic challenges for the identification of different STS histologies, offering also education opportunities for trainees
and young consultants. Also, centres belonging to a
network can deliver high quality clinical trials. Finally, an
established network of soft tissue pathologists can serve
also to centres outside this network which can refer cases
for histological and molecular diagnosis.

3

Conformity to guidelines, sarcoma centre/network
and prognosis
Roughly half of patients with STS are not managed
consistently with recommendations included in clinical
practice guidelines [10e18]. Surgery is burdened by the
highest incidence of deviation from guidelines underlying
that patients with early stage STS, the clinical scenario
where surgery is the primary standard treatment option
with a direct impact on the cure rate, are often managed
outside referral centres and sarcoma networks [12,18]. Unplanned initial excision for STS of extremities and trunk
wall are performed in up to 40% of patients, particularly
for small and superficial tumours in young patients [38].
Some authors reported a higher risk of disease progression
and death after unplanned excision also when compared to
high-risk STS (e.g. AJCC stage III tumours) [39]. Others
suggested this association being related to prognostic negative tumour features, including tumour excision margins,
and not to unplanned surgery [38,40]. In a large retrospective single centre series, patients who were re-excised after
unplanned surgery and those who were primarily resected
had non-statistically significant adjusted 10-year cumulative incidences of local relapse (18.7% vs 16.4%), metastasis (17.6% and 20.2), and mortality (20.4% and 22.4)
[40]. Surely, unplanned surgery, also called ‘whoops surgery’, has implications for the subsequent management of
patients as plastic reconstructions are frequently needed
at re-excision [38]. Second surgery is also burdened by
an estimated extra cost of 3700 US dollars compared to primary excision after adjusting for several confounders,
including tumour size, American Society of Anesthesiologists (ASA) status, grade, and tumour site [41]. Even
more importantly this lack of a preoperative plan affects
also outcomes of patients with sarcomas seated in the
abdomen and retroperitoneal space, which represents a
challenge for surgical oncologists [42,43] and are often
treated at general surgery department with no specific
expertise in these tumours and are sometimes referred for
persistent disease after index surgery [44]. These patients
are at higher risk of early post-operative mortality, subsequent recurrence and death compared to patients who
have a complete resection of their tumours at a referral
institution [45]. Interestingly, patients with a primary retroperitoneal sarcoma treated at referral centres belonging to
the Trans-Atlantic Retroperitoneal Sarcoma Working
Group (TARPSWG) showed longer overall survival (5year overall survival: 67%, [46]) compared to patients
included in population-based database such as the Surveillance, Epidemiology, and End Results (SEER, 5-year overall survival: 47% [47] Fig. 1). Series from surgical referral
units for retroperitoneal sarcoma which has adopted an
extended resection approach suggested also greater chances
for achieving R0/R1 resections and better tumour local control beyond patient survival [48e50].
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successful [52]. Following dissemination of STS guidelines, patients with extremity and trunk wall sarcomas
were more likely to undergo preoperative multidisciplinary
discussion and being diagnosed with negative resection
margins. Conversely, no improvements were observed for
visceral and retroperitoneal tumours, underling the challenges of managing these complex cases. These data also
support the conclusion of better care for patients treated
within reference centres and networks, where up-to-date
treatment options exist and specific expertise are offered
to patients. Despite the evidence supporting centralization
of care for patients with STS within reference centres and
dedicated networks, agreement of requirements to define
a sarcoma centre is lacking and creation of sarcoma
network is in its infancy.
Key elements for a sarcoma centre and network
Fig. 1. Indirect visual comparison of overall survival (OS) curves of data
from patients gathered in the database of the Trans-Atlantic Retroperitoneal Sarcoma Working Group (TARPSWG, N ¼ 1007 patients, 5-year
overall survival: 67% - black colored line [46]) and in the Surveillance,
Epidemiology, and End Results (SEER) database (N ¼ 1365 patients, 5year overall survival: 47% - gray colored line [47]).

Radiotherapy (20%) and chemotherapy (5%) have lower
incidence of undertreatment than surgery [12,18]. Patients
are more likely to undergo a proper treatment strategy
when their case is presented in a multidisciplinary tumour
(MDT) meeting, and management occurs at a reference
centre or a network for sarcoma [12]. Also, patients with
early stage STS having a tumour with a diameter of
>5 cm, deeply seated, of high malignancy grade, or having
a positive resection margin after surgery are more likely to
be undertreated [16]. In these patients, the high risk of disease progression associated to tumours’ adverse prognostic
factors is increased by the chances of not being treated
properly and has been reported as high as four-five folds
considering all early stage sarcoma subtypes [16]. Lack
of adherence to guidelines in a prospective study was
more likely in patients at non-referral units compared to
referral centres (57% vs 20%) [18]. Interestingly, also patients treated at reference centres survived longer when
managed according to guidelines compared to patients
who received treatments non-adherent to guidelines, a clinical scenario that exists also at units with specific sarcoma
expertise. This difference cannot be detected for patients
managed outside referral centres, who did worse than patients receiving appropriate treatments at referral centres
regardless the quality of treatment they had received [18].
Dissemination of guidelines and promotion of education
symposia have been effective strategies to improve quality
of care in common cancers [51] and were also implemented
for rare cancers, including STS to improve compliance to
guidelines [15]. However, a prospective population-based
study demonstrated that these measures were only partially

Several measures have been identified by national and
international societies to define a sarcoma centres and characterised a network [53e55]. Quality indicators includes
several domain of STS treatment, such as the performance
of preoperative imaging, the rate of patients with a complete and incomplete microscopic tumour resection, the
rate of re-excision following incomplete surgery, availability of MDT, and treatment volume. The implementation of
the latter two indicators, although widely recognised for the
identification of a sarcoma-specific unit, raise relevant
issues.
Defining a sarcoma centre: the volume effect
Volume of managed patients has been suggested as one
of the key characteristic to identify a hospital with better
outcomes in several tumours [56e58]. The Accreditation
and Designation Program (A&D) of the Organization for
European Cancer Institutes (OECI), which was aimed at
improving the quality of care in Cancer Centres and designate Comprehensive Cancer Centres in Europe, stated that
the most important feature of a reference institution is an
high enough workload certifying medical expertise, technical adequacy, and access to clinical trials [59]. Early results of this program were analysed investigating volumes
of several domains of care, research, and education. Volume is meant to account for medical expertise, technical
adequacy, and access to clinical trials. Variations in these
functions and activities were detected across institutions,
although their impact on patient outcomes as well as the
added value of this program is to be investigated. However,
data regarding optimal number of patients with STS to be
managed to define a reference sarcoma unit is lacking.
The Italian Society of Surgical Oncology (SICO) conducted a survey to assess the value of several criteria in
the definition of expertise in STS within an institution
[55]. A questionnaire was circulated among members of
this scientific society who are mainly surgical oncologists
and general surgeons dealing with cancer patients in their
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practice. This questionnaire investigated the following domains: expertise in STS, documented good clinical practice
and outcomes, quality of human resources, organization
and governance, existing diagnostic and therapeutic facilities, educational activities, networking, and access to
web-based platforms for case discussion. There was a
wide consensus on considering volume as an indicator of
expertise in STS. Other features were considered to identify
a referral unit beyond volume, including established diagnostic and therapeutic clinical pathways, availability of a
MDT, routinely performance of second pathology opinion
when first diagnosis is performed by a pathologist not experienced in STS, and availability of surgical subspecialities
other than general surgery. Additionally availability of
research facilities, such as a prospective patient database,
and clinical trials were thought to be important in defining
a sarcoma referral centre. The RARECAREnet project also
identified a list of quality criteria for centres of expertise for
STS which was agreed within a groups of experts, from European cancers societies/associations and includes: diagnostic procedures, availability of an experts pathologist,
adherence to clinical guidelines, quality of the surgery
and of the pathological report after surgery, availability of
MDT and participation in clinical and translational
research. The SICO followed recommendations for optimal
volume for a sarcoma centre established by the National
Institute for Health and Care Excellence (NICE) Improving
Outcomes Guidance (IOG) in 2006 in the UK [33]. The
minimum number of new patients with sarcoma to be
treated at a single centre yearly was 100 for STS and 50
for bone sarcoma. Similar indications are suggested also
by other organization. For instance, the European CanCer
Organization (ECCO), which recently released essential requirements for quality cancer care in adult-type STS and
bone sarcomas, suggests that 100 new patients with STS
and bone sarcomas should be treated yearly at each referral
centre, reflecting a less centralised referral pathways in Europe compared to the UK [53]. Also, surgeons should performed at least 30e40 procedures a year for sarcomas and
they must participate in sarcoma MDT and meetings [53].
This ECCO document also underlines the importance of
considering whether or not a reference centre is part of a
network when identifying optimal target volume for
defining expertise of a centre acknowledging that both the
structure of a network and the distribution of expertise
can significantly influence the suggested threshold for treatment volume [53]. Another example is the Sarcoma Alliance in the US, which defined that a sarcoma referral
centre should treat 50 new patients yearly [60]. Although
these definitions are based on sensible patient volumes representing 1e2 new patients with sarcoma to be treated
weekly, data on a clear association between volume and patient outcomes are not currently available. In this regard,
some authors agreed on limitations of patient volume as a
characteristics reflecting expertise and support creation of
treatment networks [29].

5

Population-based data from the six countries and the region of Navarra considered here, showed relevant variations
in treatment volumes. Fig. 2 depicts the distribution of the
hospitals where new incident patients with STS were
treated highlighting their yearly treatment volume The histograms have similar patterns across countries, with relatively long tails representing a wide number of centres
managing less than desirable volumes. The majority of hospital treat much less than the above suggested of 50e100
new patients yearly. Consistently, number of surgical procedures performed for STS followed a similar trend
(Fig. 3). Strikingly, a minimum target of 50 surgical procedures for centre yearly is reached in only one hospital
among examined countries. Although, it should be
acknowledged that countries described here are small and
medium population countries (from 2,000,000 in Slovenia
to 17,000,000 in Netherlands and the expected number of
new cases/years ranges from 122 to 970, respectively).
Thus, the proposed cut-off can be good for big-population
country but difficult to reach in small-population countries
because these cancers are rare. Thus, especially in these
countries organizing care for rare cancers challenges the
health care systems. Anyway accurate patient referral has
been established also in countries with small population
such as the Nordic Countries (see paragraph ‘Network
examples’).
Defining a sarcoma centre: the MDT
National guidelines and recommendations from international scientific societies identify the MDT as one of the
most important element in the clinical pathway of cancer
patients, especially the case of rare cancers and STS
[21,61]. The role of MDT in STS is supported by studies
investigating association between conformity to guidelines
and patient prognosis that have demonstrated a clear association between formulating a treatment plan within an
MDT and outcomes [12,17].
It has been estimated that cancer MDT changed treatment plan formulating by patient own consultant in
2e52% of cases [62]. Tumour board were recognised as
a possible improvement in oncology since 1995 in England
and Wales with the so called ‘Calman-Hine report’, which
addressed policy for commissioning cancer services [63].
This document suggested that previous ‘there are many elements within specialist care including [.] the multidisciplinary team available to look after the patients [.]’.
Following these suggestions, the UK National Health Service (NHS) Cancer Plan for England in 2000 recommended
that ‘the care of all patients with cancer should be formally
reviewed by a specialist team’, formally introducing the
need for MDT in oncology. Studies have identified benefits
of MDT [64], which included: improvements in the
communication between health care professionals as well
as consistency, continuity, coordination and costeffectiveness of care resulting in better clinical outcomes;
increased patients referral for clinical trials; greater
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Fig. 2. Distribution of hospitals of treatment (x axis) with their treatment volume/year (Y axis) of incident STS in seven European population-based cancer
registries (2000e2007). Hospital volume was calculated considering the overall number of any treatment delivered by the hospital on a year basis. Multiple
admissions to the same hospital for the same patient were considered as a single admission. Untreated patients were assigned to the hospital of diagnosis.

opportunities for clinical audit and therefore service improvements; increased satisfaction and wellbeing of both
patients and health care professionals; support in the clinical decision process, particularly in conditions of uncertainty such as the case of rare tumours; and educational
opportunities for health care professionals, especially those
in the early stage of their carriers. These advantages support

conducting effective MDTs, which requires dedicated funds
to support administrative management and staff time.
In several European countries STS patients are selectively discussed, based on challenges in identifying the
best treatment option in a multidisciplinary fashion. Such
approach, which differs from the clinical pathways in the
UK, is implemented especially in high-volume centres,

Fig. 3. Distribution of hospitals of surgery with their volume for primary STS in seven European population-based cancer registries (2000e2007). Hospital
volume was calculated considering only the first surgery.
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where management of patients presenting with common
clinical scenario is standardised and discussion of all new
patients would require exceedingly long MDT time. Also,
an MDT coordinator, which has a recognised role for making the MDT functional [65], is not generally available in
countries outside UK.
A major issue with cancer MDT is monitoring quality of
the decision making process. It is expected that a functional
tumour board takes correct clinical decisions leading to
optimal patient management and maximization of outcomes. However, it has been reported that 27e52% of discussed patients failed to get a treatment plan at the end of
MDT discussion with also 1e16% of patients unable to
stick on the proposed treatment. Shortage of dedicated
time for MDT, large number of cases to be discussed,
lack of participation from referring consultants, ineffective
team, and poor leadership negatively impact availability of
required information and ultimately lead to poor decision
making [62]. Availability of patient psychosocial information and the inputs of surgeons, radiologists, pathologists,
and oncologists were associated with formulation of a treatment plan, while lack of comorbidity information and
nursing inputs did correlate with failure to decide on patient
optimal management [66]. Also, presence of the consultant
in charge of a given patient has resulted one of the most
important feature to reach a decision [67]. Checklists to
prepare case-based discussion and monitor quality of
MDT through auditing processes can ensure properly performing MDT [68,69].
Virtually-based MDT case discussion is supposed to
provide expert advice to units lacking of a specific expertise, making this option appealing for rare cancers and
STS. Patients can be treated locally following treatment
plan formulated at the MDT of a referral centre. This
approach is the base to create treatment network and there
are great expectations that this can increase overall quality
of treatment. Web-based platforms and video conferences
during MDT are used for performing MDT that requires
discussion of cases that are managed outside the institution
where the MDT takes place. The most important advantage
is to involve the consultant in charge of the patient in the
discussion, which ensure quality of discussion and applicability of the treatment plan provided by the MDT.
Conversely, evaluation of cases non directly managed at a
referral centre represents a significant extrawork for health
care professionals involved in a specific MDT, which is
often overbooked for discussion of institutional patients.
These approaches are increasingly used for STS. For
instance, the Italian professional network for rare cancer
(Rete Tumori Rari, www.retetumorirari.it) gives the opportunity to consultants working outside referral centres to
send patient reports and radiology images for having advice
from experts, as well as pathological slides for second
opinion, thus minimizing burden of travelling for patients
who need consultation and treatment.

7

Network examples for STS
The NetSarc network
NetSarc is a network of 26 reference multidisciplinary
centres in France (population: 54.5 million inhabitants),
which was established in 2009 and aimed at improving
quality of care for sarcoma patients at the national level
with the support of the French National Cancer Institute.
Remarkably, a pathology review network (RREPS) and a
bone sarcoma network (RESOS) were part of NetSarc
[34,70]. Results of the first five years of this project were
presented at ASCO and ESMO annual meetings in 2016.
Overall, 19,545 patients suspected to be affected by a sarcoma went through MDT discussion at a NetSarc centre
and eventually 13,454 diagnosed with a sarcoma. RARECAREnet estimates suggest that 3200 new cases of STS
are expected in France each year, suggesting that NetSarc
covers the 65% of all French sarcomas [3]. Majority of
these patients underwent surgery (N ¼ 10,256) with 4304
(45%) having their surgical treatment within the NetSarc
network. Remarkably, the rate of patients treated within
this network increased from 41% to 48% over the study
period. Twenty-six centres were part of NetSarc, with a median of 373 patients managed over five years for each
centre. Three centres were identified as ‘Reference centres’
each managing more than a thousand new patients in the
study period (range: 1187e1868) while the remaining 23
were identified as ‘Expert centres’ (range: 35e984). This
data suggested that larger sarcoma centres in France treated
roughly 200 patients each year, a figure that compare favourably volume of largest centres in smaller counties
such as The Netherlands (population: 16.3 million inhabitants) and Belgium (population: 10.5 million inhabitants,
Fig. 1). There were important differences in the management of patients who had surgery within or outside NetSarc. Patients who underwent surgery in the network
were more likely to have preoperative imaging (84% vs
57%, P < 0.001) and tumour biopsy (77% vs 33%,
P < 0.001, Fig. 3) comparing to hospitals outside the
network. After surgery, patients whose primary surgery
was performed within NETSARC centres had higher
achievement of R0 resection margins (49% vs 31%) and
lower R1 (27% vs 31%) and R2 resection margins (7%
vs 21%). Also, approximatively one in five patients treated
outside NetSarc needed a second surgery compared to a
much lower proportion of patients treated within NetSarc
(6%). This difference in quality of surgical margins was
associated with a better local relapse-free and overall survival in patients operated on within NetSarc.
The Scandinavian Sarcoma Group (SSC) Central
Register
The Scandinavian Sarcoma Group introduce referral
before surgery for patients with subcutaneous lesions larger
than 5 cm in 1978 and established a Central Register for all
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STS in 1987 with the aim of improving existing knowledge
of this rare family of tumours and monitoring of referral and
treatments for STS [10,71]. Treating physicians at centres
which participated in this Register have been in charge of
data entry in this registry. There was an improvement in patients referred before surgery over time, starting from 52%
in the first five years to 70% in the latter years [10,71].
This increased centralization mirrored the reduction of patients who need re-excision, which dropped from 29% to
19% [10,71]. Also, there was a consistent decrease in positive resection margins and local recurrence along with
higher performance of radiotherapy. Metastasis-free survival also increased from 67% to 73%, although it has
been stable for last 10 years. Among patients who had surgery outside designated referral units, 79% had tumours
smaller than 5 cm, a condition that does not require formal
referral. These results surely reflects improvements in treatment of STS over time and also underlying the increased
centralization for this rare disease when guidelines and centralised treatment are established. However, this data collection lack of data from patients treated at centres which did
not participate in the Central Register and authors, who
acknowledged the increasing interest for service-related information from health care systems, identified the inclusion
of this patients in the register as an unmet need to improve
quality of treatment for STS in their countries [71].
The Danish Sarcoma Database
Case registrations is recognised as one of the main domains of a network, which requires specific funds and resources to ensure functionality as well as quality of data.
The Danish Sarcoma Database, which was established in
2009, is a national, population-based database aimed at collecting information about incidence, treatment, and prognosis of sarcomas in Denmark in order to monitor and
improve the quality of sarcoma care [72]. In this Country,
which has a population of almost 5700 million people,
350 new cases of STS each year are expected which are
managed at two nationally recognised sarcoma units at Aarhus University Hospital, Aarhus, and Rigshospitalet/Herlev
Hospital, Copenhagen. This database is endorsed by the
Danish National Board of Health and consequently funded
by the Danish health authorities. Case registrations is
mandatory and does not require a consent process under
the law of the Ministry of Health for reporting of information to clinical databases. Treatment decisions are consistently taken at weekly MDTs.
Consultants are in charge of data registration in a webbased platform for their own patients thus ensuring high
quality data entering. However, dedicated personnel at
each of the two referral centres cross check all uploaded information with patient medical records at the end of patient
treatment.
A quality control system identifies potential pitfalls in
database completion and quality. Medical record auditing
can be asked to one of the two referral centres to improve

patient management when possible. For instance, surgery of
primary tumours resulting in positive resection margins
should be less than 10% of performed operations and local
recurrences within 2 years should occur in less than 20% of
patients for all treated cases. Whenever these and other
standards are not met, enquiries are provided to treating
units with a view of improving services. Finally, this networks offer also opportunities for conducting clinical
research, which employed PhD students, testing hypothesis
on a prospectively collected database. Clearly, this shows
also one of the main potential of treatment networks that
is education to medical research.
Barriers to implementations of sarcoma clinical
networks
Currently, networks such as that of NetSarc suffer from
shortage of funds, although early results suggested that surgical treatment delivered to patients within a referral
network is associated with higher treatment quality and better outcomes [34,70]. Also, treatments delivered in accordance to existing clinical practice guidelines lower the
cost for health care systems compared to inadequate treatments [73] and networks are expected to reduce overall cost
of care despite requiring dedicated resources for participants institutions and the network. Referral centres requires
extra resources for patients they manage through a network
and are not treated directly. For instance, cases managed at
a small centre within a network may require pathology review or MDT discussion at larger and more specialised
centre of the same network, which will need resources to
be allocated to support work activities not directly connected to patients they directly manage. This is not to
mention the need for supporting the structure of the
network and its requirements, such as the prospective
case registration, which is one of the most important
domain in a network of centres. For instance, survival of
patients with STS and other rare cancers in Europe varies
between Central, South and North regions and investments,
including a continuous evaluation of the progresses are
needed for reducing these disparities [7]. Also, patient
data and outcomes registrations can have important implications to monitor quality of care, identify pitfalls in patient
clinical pathways and management. Following the above
mentioned Danish database for STS as well as other
example such as the American Cancer Society (ACS) national surgical quality improvement program (NSQIP)
[74,75], networks should employ dedicated personnel for
providing quality reports to the institution with a view of
offering an audit tool that has the potential of improving
care at a single institution. At the institution level the process of case registration is often conducted based on physicians interest in monitoring their quality of care and clinical
research. Institutional funds are sometimes used to support
this case registration, while lack of funds often left it to out
of duty work for doctors and datamanagers. Despite these
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limitations, such efforts have translated in a significant increase in knowledge in cancer medicine and specifically
in rare tumours, where understanding of tumour biology
and identifying optimal treatment strategy have been often
established exploiting results from retrospective noncomparative studies. However, it cannot be expected that
such efforts can be reproduced at the network level, calling
for support from health care providers.
Conclusions
Patients with STS experience better outcomes when
treated according to guidelines either at reference centres
or within treatment networks. Despite this evidence, criteria
to certify sarcoma expertise of institutions are debated and
health authorities have only recently started identification
of these centres and creation of treatment networks in Europe as well as in several countries. Success of these initiatives will depend upon properly allocated resources and
policy to limit management of patients with STS outside
referral centres or treatment networks. These advances
are expected to have major impact also on clinical and
translational research with potentiality to furtherly improve
patient outcomes.

[5]

[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

Conflict of interest
[14]

The authors declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.
Disclosure

[15]

[16]

The authors have no disclosure.

Acknowledgements

[17]

SP is attending the PhD program in Clinical and Experimental Oncology and Immunology of the University of Padova, Padova, Italy.

[18]

References
[19]
[1] Stiller CA, Trama A, Serraino D, Rossi S, Navarro C,
Chirlaque MD, et al. Descriptive epidemiology of sarcomas in Europe: report from the RARECARE project. Eur J Cancer 2013;49:
684e95.
[2] Mastrangelo G, Coindre JM, Ducimetiere F, Dei Tos AP, Fadda E,
Blay JY, et al. Incidence of soft tissue sarcoma and beyond: A population-based prospective study in 3 European regions. Cancer 2012;
118:5339e48.
[3] RARECARENet. RARECARENet e Information network on rare
cancer. On line analysis. [Accessed 24 April 2017]. URL: http://
app.rarecarenet.eu/analysis.php.
[4] Ducimetiere F, Lurkin A, Ranchere-Vince D, Decouvelaere AV,
Peoc’h M, Istier L, et al. Incidence of sarcoma histotypes and

[20]

[21]

[22]

[23]

9

molecular subtypes in a prospective epidemiological study with central pathology review and molecular testing. PLoS One 2011;6,
e20294.
Fletcher CDM, Bridge JA, Hogendoorn P, Mertens F. WHO classification of tumours of soft tissue and bone. Pathology and genetics
of tumours of soft tissue and bone. Lyon: IARC Press; 2013.
Gatta G, Capocaccia R, Trama A, Martinez-Garcia C. The burden of
rare cancers in Europe. Adv Exp Med Biol 2010;686:285e303.
Gatta G, Capocaccia R, Botta C. Burden, time trends and centralized
treatment of rare tumors: a European perspective. The RARECAREnet population-based Project Lancet Oncol 2017;18(8):1022e39.
Blay JY, Coindre JM, Ducimetiere F, Ray-Coquard I. The value of
research collaborations and consortia in rare cancers. Lancet Oncol
2016;17:e62e9.
Mallone S, De Angelis R, van der Zwan JM, Trama A, Siesling S,
Gatta G, et al. Methodological aspects of estimating rare cancer
prevalence in Europe: the experience of the RARECARE project.
Cancer Epidemiol 2013;37:850e6.
Bauer HC, Trovik CS, Alvegard TA, Berlin O, Erlanson M,
Gustafson P, et al. Monitoring referral and treatment in soft tissue
sarcoma: study based on 1,851 patients from the Scandinavian Sarcoma Group Register. Acta Orthop Scand 2001;72:150e9.
Paszat L, O’Sullivan B, Bell R, Bramwell V, Groome P,
Mackillop W, et al. Processes and outcomes of care for soft tissue
sarcoma of the extremities. Sarcoma 2002;6:19e26.
Ray-Coquard I, Thiesse P, Ranchere-Vince D, Chauvin F, Bobin JY,
Sunyach MP, et al. Conformity to clinical practice guidelines, multidisciplinary management and outcome of treatment for soft tissue
sarcomas. Ann Oncol 2004;15:307e15.
Hussein R, Smith MA. Soft tissue sarcomas: are current referral
guidelines sufficient? Ann R Coll Surg Engl 2005;87:171e3.
Bhangu AA, Beard JA, Grimer RJ. Should soft tissue sarcomas be
treated at a specialist centre? Sarcoma 2004;8:1e6.
Jansen-Landheer ML, Krijnen P, Oostindier MJ, KloostermanBoele WM, Noordijk EM, Nooij MA, et al. Improved diagnosis
and treatment of soft tissue sarcoma patients after implementation
of national guidelines: a population-based study. Eur J Surg Oncol
2009;35:1326e32.
Rossi CR, Vecchiato A, Mastrangelo G, Montesco MC, Russano F,
Mocellin S, et al. Adherence to treatment guidelines for primary sarcomas affects patient survival: a side study of the European CONnective TIssue CAncer NETwork (CONTICANET). Ann Oncol
2013;24:1685e91.
Heudel PE, Cousin P, Lurkin A, Cropet C, Ducimetiere F,
Collard O, et al. Territorial inequalities in management and conformity to clinical guidelines for sarcoma patients: an exhaustive population-based cohort analysis in the Rhone-Alpes region. Int J Clin
Oncol 2014;19:744e52.
Derbel O, Heudel PE, Cropet C, Meeus P, Vaz G, Biron P, et al.
Survival impact of centralization and clinical guidelines for soft tissue sarcoma (A prospective and exhaustive population-based
cohort). PLoS One 2017;12, e0158406.
Casali PG. Do rare cancers deserve specific strategies for cancer
research? Lancet Oncol 2010;11:506e7.
Casali PG, Bruzzi P, Bogaerts J, Blay JY. Rare Cancers Europe
(RCE) methodological recommendations for clinical studies in
rare cancers: a European consensus position paper. Ann Oncol
2015;26:300e6.
Soft tissue and visceral sarcomas: ESMO clinical practice guidelines
for diagnosis, treatment and follow-up. Ann Oncol 2014;25(Suppl
3). iii102e112.
Blay JY, Ray-Coquard I. Sarcoma in 2016: evolving biological understanding and treatment of sarcomas. Nat Rev Clin Oncol 2017;
14:78e80.
Benjamin RS. Adjuvant and neoadjuvant chemotherapy for soft tissue sarcomas: a personal point of view. Tumori 2017;103:213e6.

Please cite this article in press as: Pasquali S, et al., Treatment challenges in and outside a network setting: Soft tissue sarcomas, Eur J Surg Oncol (2017),
https://doi.org/10.1016/j.ejso.2017.09.015

10

S. Pasquali et al. / EJSO xx (2017) 1e11

[24] Ray-Coquard I, Montesco MC, Coindre JM, Dei Tos AP, Lurkin A,
Ranchere-Vince D, et al. Sarcoma: concordance between initial
diagnosis and centralized expert review in a population-based study
within three European regions. Ann Oncol 2012;23:2442e9.
[25] Ballinger ML, Goode DL, Ray-Coquard I, James PA, Mitchell G,
Niedermayr E, et al. Monogenic and polygenic determinants of sarcoma risk: an international genetic study. Lancet Oncol 2016;17:
1261e71.
[26] Neuville A, Ranchere-Vince D, Dei Tos AP, Montesco MC,
Hostein I, Toffolatti L, et al. Impact of molecular analysis on the
final sarcoma diagnosis: a study on 763 cases collected during a European epidemiological study. Am J Surg Pathol 2013;37:1259e68.
[27] Toulmonde M, Bonvalot S, Meeus P, Stoeckle E, Riou O,
Isambert N, et al. Retroperitoneal sarcomas: patterns of care at diagnosis, prognostic factors and focus on main histological subtypes: a
multicenter analysis of the French Sarcoma Group. Ann Oncol
2014;25:735e42.
[28] Rydholm A. Centralization of soft tissue sarcoma. The southern
Sweden experience. Acta Orthop Scand Suppl 1997;273:4e8.
[29] Sandrucci S, Gatta G, Trama A, Dei Tos AP, Casali PG. Specialized
teams or specialist networks for rare cancers? Eur J Surg Oncol
2015;41:1115e7.
[30] Blay JY, Derbel O, Ray-Coquard I. The clinician’s perspective on
sarcoma pathology reporting: impact on treatment decisions? Pathology 2014;46:121e5.
[31] Presant CA, Russell WO, Alexander RW, Fu YS. Soft-tissue and
bone sarcoma histopathology peer review: the frequency of
disagreement in diagnosis and the need for second pathology opinions. The Southeastern Cancer Study Group experience. J Clin Oncol 1986;4:1658e61.
[32] Lurkin A, Ducimetiere F, Vince DR, Decouvelaere AV, Cellier D,
Gilly FN, et al. Epidemiological evaluation of concordance between
initial diagnosis and central pathology review in a comprehensive
and prospective series of sarcoma patients in the Rhone-Alpes region. BMC Cancer 2010;10:150.
[33] National Institute for Health and Clinical Excellence (NICE). Guidance on Cancer Services. Improving Outcomes for People with Sarcoma. The Manual. [Accessed 24 April 2017]. URL: Accessed 24th
Apr 2017. URL: http://sarcomaalliance.org/sarcoma-centers/.
[34] Ray-Coquard I, Pujade Lauraine E, Le Cesne A, Pautier P, Vacher
Lavenue MC, Trama A, et al. Improving treatment results with
reference centres for rare cancers: Where do we stand? Eur J Cancer
2017;77:90e8.
[35] Young RJ, Litiere S, Lia M, Hogendoorn PCW, Fisher C,
Mechtersheimer G, et al. Predictive and prognostic factors associated with soft tissue sarcoma response to chemotherapy: a subgroup
analysis of the European Organisation for Research and Treatment
of Cancer 62012 study. Acta Oncol 2017:1e8.
[36] Woll PJ, Reichardt P, Le Cesne A, Bonvalot S, Azzarelli A,
Hoekstra HJ, et al. Adjuvant chemotherapy with doxorubicin, ifosfamide, and lenograstim for resected soft-tissue sarcoma (EORTC
62931): a multicentre randomised controlled trial. Lancet Oncol
2012;13:1045e54.
[37] Gronchi A, Ferrari S, Quagliuolo V, Martin Broto J, Lopez-Pousa A,
Grignani G, et al. Neoadjuvant chemotherapy in high-risk soft tissue
sarcomas: a randomised clinical trial from the Italian Sarcoma
Group, the Spanish Sarcoma Group (GEIS), the Italian French
Group (FSG) and the the Polish Sarcoma Group (PSG). Lancet Oncol 2017.
[38] Smolle MA, Tunn PU, Goldenitsch E, Posch F, Szkandera J,
Bergovec M, et al. The prognostic impact of unplanned excisions
in a cohort of 728 soft tissue sarcoma patients: a multicentre study.
Ann Surg Oncol 2017.
[39] Qureshi YA, Huddy JR, Miller JD, Strauss DC, Thomas JM,
Hayes AJ. Unplanned excision of soft tissue sarcoma results in
increased rates of local recurrence despite full further oncological
treatment. Ann Surg Oncol 2012;19:871e7.

[40] Fiore M, Casali PG, Miceli R, Mariani L, Bertulli R, Lozza L, et al.
Prognostic effect of re-excision in adult soft tissue sarcoma of the
extremity. Ann Surg Oncol 2006;13:110e7.
[41] Alamanda VK, Delisca GO, Mathis SL, Archer KR, Ehrenfeld JM,
Miller MW, et al. The financial burden of reexcising incompletely
excised soft tissue sarcomas: a cost analysis. Ann Surg Oncol
2013;20:2808e14.
[42] Callegaro D, Fiore M, Gronchi A. Personalizing surgical margins in
retroperitoneal sarcomas. Expert Rev Anticancer Ther 2015;15:
553e67.
[43] Gronchi A, Miceli R, Allard MA, Callegaro D, Le Pechoux C,
Fiore M, et al. Personalizing the approach to retroperitoneal soft tissue sarcoma: histology-specific patterns of failure and postrelapse
outcome after primary extended resection. Ann Surg Oncol 2015;
22:1447e54.
[44] Management of recurrent retroperitoneal sarcoma (RPS) in the
Adult: a consensus approach from the trans-Atlantic RPS working
group. Ann Surg Oncol 2016;23:3531e40.
[45] Hamilton TD, Cannell AJ, Kim M, Catton CN, Blackstein ME,
Dickson BC, et al. Results of resection for recurrent or residual
retroperitoneal sarcoma after failed primary treatment. Ann Surg
Oncol 2017;24:211e8.
[46] Gronchi A, Strauss DC, Miceli R, Bonvalot S, Swallow CJ,
Hohenberger P, et al. Variability in patterns of recurrence after
resection of primary retroperitoneal sarcoma (RPS): a report on
1007 patients from the multi-institutional collaborative rps working
group. Ann Surg 2016;263:1002e9.
[47] Nathan H, Raut CP, Thornton K, Herman JM, Ahuja N,
Schulick RD, et al. Predictors of survival after resection of retroperitoneal sarcoma: a population-based analysis and critical appraisal
of the AJCC staging system. Ann Surg 2009;250:970e6.
[48] Gronchi A, Lo Vullo S, Fiore M, Mussi C, Stacchiotti S, Collini P,
et al. Aggressive surgical policies in a retrospectively reviewed single-institution case series of retroperitoneal soft tissue sarcoma patients. J Clin Oncol 2009;27:24e30.
[49] Bonvalot S, Rivoire M, Castaing M, Stoeckle E, Le Cesne A,
Blay JY, et al. Primary retroperitoneal sarcomas: a multivariate
analysis of surgical factors associated with local control. J Clin Oncol 2009;27:31e7.
[50] Pasquali S, Vohra R, Tsimopoulou I, Vijayan D, Gourevitch D,
Desai A. Outcomes following extended surgery for retroperitoneal
sarcomas: results from a UK referral centre. Ann Surg Oncol
2015;22:3550e6.
[51] Ray-Coquard I, Philip T, de Laroche G, Froger X, Suchaud JP,
Voloch A, et al. Persistence of medical change at implementation
of clinical guidelines on medical practice: a controlled study in a
cancer network. J Clin Oncol 2005;23:4414e23.
[52] Ligier K, Maynou C, Leroy X, Robin YM, Martin P, Clisant S, et al.
Improvement of the initial management of sarcomas after the
dissemination of evidence-based guidelines depends on the primary
sarcoma location: a population-based study. BMC Cancer 2015;15:
218.
[53] Andritsch E, Beishon M, Bielack S, Bonvalot S, Casali P, Crul M,
et al. ECCO essential requirements for quality cancer care: soft tissue sarcoma in adults and bone sarcoma. A critical review. Crit Rev
Oncol Hematol 2017;110:94e105.
[54] Rare Care Network Europe. [Accessed 24 April 2017]. URL: Accessed 24th Apr 2017. URL: http://sarcomaalliance.org/sarcomacenters/.
[55] Sandrucci S, Trama A, Quagliuolo V, Gronchi A. Accreditation for
centers of sarcoma surgery. Updat Surg 2017;69:1e7.
[56] Wouters MW, Gooiker GA, van Sandick JW, Tollenaar RA. The
volume-outcome relation in the surgical treatment of esophageal
cancer: a systematic review and meta-analysis. Cancer 2012;118:
1754e63.
[57] Gooiker GA, van Gijn W, Wouters MW, Post PN, van de Velde CJ,
Tollenaar RA. Systematic review and meta-analysis of the volume-

Please cite this article in press as: Pasquali S, et al., Treatment challenges in and outside a network setting: Soft tissue sarcomas, Eur J Surg Oncol (2017),
https://doi.org/10.1016/j.ejso.2017.09.015

S. Pasquali et al. / EJSO xx (2017) 1e11

[58]

[59]

[60]
[61]
[62]

[63]

[64]

[65]

[66]

[67]

outcome relationship in pancreatic surgery. Br J Surg 2011;98:
485e94.
Goossens-Laan CA, Gooiker GA, van Gijn W, Post PN, Bosch JL,
Kil PJ, et al. A systematic review and meta-analysis of the relationship between hospital/surgeon volume and outcome for radical cystectomy: an update for the ongoing debate. Eur Urol 2011;59:
775e83.
Saghatchian M, Thonon F, Boomsma F, Hummel H, Koot B,
Harrison C, et al. Pioneering quality assessment in European cancer
centers: a data analysis of the organization for European cancer institutes accreditation and designation program. J Oncol Pract 2014;
10:e342e9.
Sarcoma Alliance. Sarcoma specialists. [Accessed 24 April 2017].
URL: http://sarcomaalliance.org/sarcoma-centers/.
National Comprhensive Cancer Network (NCCN). Clinical practice
guidelines in oncology. Soft Tissue Sarcoma 2017;2.
Lamb BW, Brown KF, Nagpal K, Vincent C, Green JS, Sevdalis N.
Quality of care management decisions by multidisciplinary cancer
teams: a systematic review. Ann Surg Oncol 2011;18:2116e25.
Haward RA. The Calman-Hine report: a personal retrospective on
the UK’s first comprehensive policy on cancer services. Lancet Oncol 2006;7:336e46.
Fleissig A, Jenkins V, Catt S, Fallowfield L. Multidisciplinary teams
in cancer care: are they effective in the UK? Lancet Oncol 2006;7:
935e43.
Lamb BW, Taylor C, Lamb JN, Strickland SL, Vincent C, Green JS,
et al. Facilitators and barriers to teamworking and patient centeredness in multidisciplinary cancer teams: findings of a national study.
Ann Surg Oncol 2013;20:1408e16.
Soukup T, Lamb BW, Sarkar S, Arora S, Shah S, Darzi A, et al. Predictors of treatment decisions in multidisciplinary oncology meetings: a quantitative observational study. Ann Surg Oncol 2016;23:
4410e4417.
Pasquali S, Vohra R, Greenhalgh A, Hallissey MT. Efficiency of
multidisciplinary team (MDT) meetings for cancer patients. Br J
Surg 2015;102:9e87.

11

[68] Lamb BW, Sevdalis N, Vincent C, Green JS. Development and
evaluation of a checklist to support decision making in cancer multidisciplinary team meetings: MDT-QuIC. Ann Surg Oncol 2012;19:
1759e65.
[69] Lamb BW, Green JS, Benn J, Brown KF, Vincent CA, Sevdalis N.
Improving decision making in multidisciplinary tumor boards: prospective longitudinal evaluation of a multicomponent intervention
for 1,421 patients. J Am Coll Surg 2013;217:412e20.
[70] Blay J-Y, Le Cesne A, Penel N, Bompas E, Chevreau C, Duffaud F.
The nationwide cohort of 26,883 patients with sarcomas treated in
NETSARC reference network between 2010 and 2015 in France:
major impact of multidisciplinary board presentation prior to 1st
treatment. Ann Oncol 2016;27:6.
[71] Trovik C, Bauer HCF, Styring E, Sundby Hall K, Vult Von
Steyern F, Eriksson S, et al. The Scandinavian Sarcoma Group Central Register: 6,000 patients after 25 years of monitoring of referral
and treatment of extremity and trunk wall soft-tissue sarcoma. Acta
Orthop 2017;88:341e7.
[72] Jorgensen PH, Lausten GS, Pedersen AB. The Danish sarcoma database. Clin Epidemiol 2016;8:685e90.
[73] Perrier L, Buja A, Mastrangelo G, Vecchiato A, Sandona P,
Ducimetiere F, et al. Clinicians’ adherence versus non adherence
to practice guidelines in the management of patients with sarcoma:
a cost-effectiveness assessment in two European regions. BMC
Health Serv Res 2012;12:82.
[74] Cohen ME, Ko CY, Bilimoria KY, Zhou L, Huffman K, Wang X,
et al. Optimizing ACS NSQIP modeling for evaluation of surgical
quality and risk: patient risk adjustment, procedure mix adjustment,
shrinkage adjustment, and surgical focus. J Am Coll Surg 2013;217.
336e346 e331.
[75] Cohen ME, Liu Y, Ko CY, Hall BL. Improved surgical outcomes
for ACS NSQIP hospitals over time: evaluation of hospital cohorts
with up to 8 years of participation. Ann Surg 2016;263:267e73.

Please cite this article in press as: Pasquali S, et al., Treatment challenges in and outside a network setting: Soft tissue sarcomas, Eur J Surg Oncol (2017),
https://doi.org/10.1016/j.ejso.2017.09.015

