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Abstract: Patient outcomes following surgical resection of retroperitoneal sarcomas (RPSs) are variable

and therefore predicting prognosis is challenging. The risk of recurrence varies according to several patient-

tumour- and treatment-related characteristics, including histological subtype and tumour grade. In an era of

increased movement towards individualised patient care, the ability to predict prognosis following surgery for

RPS is essential. The accurate prediction of an individual patient’s outcome is important to allow adequate

patient counselling and to ensure the optimal therapeutic strategy is selected. The outcomes of patients who

have undergone resection for RPS can be predicted using tools such as nomograms. Nomograms take into

account the relative contribution of each variable by giving them different weights and then combining them.

This review aims to discuss current staging systems available for RPS and to critically appraise predictive

tools that are currently available for use in clinical practice.
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Introduction
Predicting prognosis in retroperitoneal sarcomas (RPS)

RPSs are rare tumours accounting for approximately 0.15%
of malignancies (1). Surgery to achieve local control is the
only potentially curative treatment for primary localised
disease and should be carried out in high volume, specialised
centres (2,3). The 10-year overall survival (OS) in patients
with primary resected RPS is around 46%, however this
varies according to histological subtype (4).

In total, there are more than 60 different histological
subtypes of soft tissue sarcoma (STS). Despite the large
number of histological variants, 5 main histological subtypes
account for 90% of RPSs (4,5). Each subtype is associated
with a variable prognosis due to different risks of local and/
or distant recurrence and a difference in the time taken
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for such events to occur. The 5 main histological subtypes
seen in RPS are well-differentiated liposarcoma (WDLPS),
dedifferentiated liposarcoma (DDLPS), leiomyosarcoma
(LMS), solitary fibrous tumour (SFT) and malignant
peripheral nerve sheath tumours (MPNST) (4).

WDLPS and SFTs tend to have more favourable
outcomes with a 7-year OS of over 80% (4). Liposarcomas
are the commonest histology found in the retroperitoneum
comprising 50% of tumours, WDLPS account for 25% of
these (4). WDLPS are low grade tumours that often recur
locally several years after surgery and therefore require
long-term follow up (4,6,7).

SFTs account for 6% of all RPSs (4). More than 90%
of these tumours are cured by surgical resection, however
a small minority are particularly aggressive and can
metastasise. Local recurrence is rare with a rate of 10% at
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7 years (4,6,8).

DDLPS, LMS and MPNST are considered to
be high-risk histological subtypes. DDLPS can be
subdivided according to whether they are intermediate
or high grade. Intermediate grade DDLPS tends to
recur locally (40% at 7 years), but the risk of metastasis
is low (10% at 7 years) (4). High grade DDLPS
has the same risk of local recurrence, but a much
higher risk of distant metastasis (30% at 7 years) (4).
Intermediate grade DDLPS and high grade DDLPS have a
7-year OS of 50% and 30%, respectively (4).

LMS represent 20% of RPSs and usually arise from
major veins such as the IVC, gonadal veins or renal veins.
They have a high risk of metastasis (50% at 5 years), but a
lower risk of local recurrence (10% at 5 years) (4,6).

MPNSTs account for only 3% of RPS but are aggressive
and high risk for both early local recurrence and distant
metastases (4).

The wide variety of biological behaviour observed
highlights the need for histological subtype to be taken into
account by prognostic models, as a factor which contributes
to recurrence risk.

Other tumour-related prognostic variables in RPS include
grade, size and multifocality. Patient-related prognostic
variables previously reported include age at presentation.
Treatment-related variables comprise the occurrence of
tumour rupture, surgical margins status and centre expertise
(6,7,9-18).

The prognostic variables listed above each contribute
different amounts to the overall patient outcome and
therefore need to be considered simultaneously in order to
accurately predict risk.

Individualised prognosis prediction is of upmost
importance in order to ensure adequate patient counselling
and to inform clinical decision-making, especially regarding
combination therapies.

In order to predict risk accurately, adequate staging
systems and validated predictive tools are required.

This review critically appraises the current predictive
tools available specifically for RPS and discusses their use
within clinical practice.

Staging systems for RPS

The staging system used for patients with STS has recently
undergone transformation. The 7th edition of the American
Joint Committee on Cancer/Union for International

Cancer Control (AJCC/UICC) Staging Manual had
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limited ability to categorise RPS patients into meaningful
prognostic groups, there were several reasons for
this (19-24).

Firstly, all patients with STSs were categorized into
stages according to tumour grade, size, depth, lymph
node involvement and distant metastasis (25). Secondly,
anatomical site or histological subtype were not considered
as prognostic variables by the staging system. Finally,
tumour size was subdivided into two categories; below 5 cm
and above 5 cm. Most RPSs are over 5 cm and frequently
there is no lymph node involvement or distant metastasis.
This meant that tumour grade was the only prognostic
variable within the staging system relevant to the prognosis
of RPS.

The staging system published in the 7" edition Staging
Manual had clear limitations, meaning its applicability
to patients with RPS was limited at best. This was
demonstrated in a study by Tan er a/. (24). The authors
applied the 7" edition of the AJCC staging system to over
600 patients and obtained a low concordance index (0.62).

The recent 8" edition of the AJCC Staging Manual
was published with three major changes (26). Firstly,
patients with STS were sub-categorized according to
the anatomical site of the tumour (trunk and extremity,
retroperitoneum, head and neck, abdomen and visceral
organ system). Tumour size was also changed to incorporate
four categories, instead of two previously (less than 5, 5-10,
10-15, 15 cm and above).

In addition, the new staging system took into account the
need for tools to predict individual prognosis and therefore
incorporated Gronchi’s nomograms (see Figures 1,2). These
nomograms have enabled clinicians to predict the 7-year OS
and disease-free survival (DFS) for primary resected RPS
patients based on clinical variables. Unfortunately, there
still isn’t a validated predictive tool available for patients
with recurrent or metastatic RPS (27).

Nomograms

Kattan et al. developed the first nomogram for STS in 2002
at the Memorial Sloan Kettering Centre, New York (28).
This nomogram was designed to predict post-operative
12-year sarcoma specific death. Variables used in Kattan’s
nomogram were age at diagnosis, histology, size, site and
depth.

Since the publication of Kattan’s nomogram many other
nomograms have been published. In recent years, there
have been nomograms designed to predict outcomes for
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Figure 1 Gronchi’s nomogram for predicting 7-year disease-free survival (DFS) in patients with primary resected retroperitoneal sarcoma. To

use the nomogram, locate the patient’s age and draw a vertical line up to the point axis, this will give you a points score for patient age. Repeat the

above step for each of the covariates and add together the points scored for each covariate. Find the sum of the points on the total points axis and

then draw a vertical line down to the axis labelled 7-year OS to find the predicted probability. Reprinted with permission from Gronchi ez a/. (27).

patients with specific histological subtypes of STS and also
site-specific nomograms. Histology-specific nomograms are
available for liposarcoma, uterine leiomyosarcoma, breast
phyllodes tumours, synovial sarcoma, rhabdomyosarcoma
and desmoid-type fibromatosis (29-36). There are also
site-specific nomograms for retroperitoneal and extremity
sarcomas (21,22,24,27,37-42). Nomograms that are
designed for use in specific patient subgroups allow the
inclusion of variables that are particularly important in that
definite setting.

Rationale for RPS specific nomograms

RPS is a rare disease, has great variability in its natural
history and is associated with inferior outcomes when
compared to extremity sarcoma. In RPS there are certain
negative prognostic factors, such as multifocality, which
are of particular importance but are rarely considered in
extremity sarcoma. Also, it is difficult to consider RPS and
extremity sarcoma as the same entity when considering
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variables such as tumour size and histological subtype, as
RPSs are usually large at diagnosis and are limited to a few
histological subtypes. This has obvious implications for the
design of prognostic tools as different variables, and ranges
within those variables, are required when comparing RPS
and extremity sarcoma.

Due to the reasons discussed, nomograms, which have
been developed to predict prognosis for all patients with
STS have clear limitations. Tuble 1 presents published
nomograms for RPS patients.

Statistical considerations

The aim of a prognostic nomogram, in cancer medicine, is
to compute the probability of a specific outcome at certain
time-points after definite treatment (surgery in the case
of RPS).

The outcomes of interest can be OS (interval between
surgery and death from any cause), DFS (interval between
surgery and local recurrence, distant recurrence or death,
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Figure 2 Gronchi’s nomogram for predicting 7-year overall survival (OS) in patients with primary resected retroperitoneal sarcoma. To use

the nomogram, locate the patient’s tumour size and draw a vertical line up to the point axis, this will give you a points score for tumour size.

Repeat the above step for each of the covariates and add together the points scored for each covariate. Find the sum of the points on the total

points axis and then draw a vertical line down to the axis labelled 7-year DEFS to find the predicted probability. Reprinted with permission

from Gronchi et al. (27). DFS, disease-free survival.

whichever occurred first), crude cumulative incidence of
local recurrence/distant metastasis or local recurrence/
distant metastasis free survival.

Nomograms are the graphical representation of a
multivariable model in which the relative contribution
of each covariate on the outcome of interest is factored.
In nomograms, each covariate is depicted on an axis, its
specific value is converted in a score and the sum of each
score is converted into the outcome of interest.

When using a nomogram it is important to understand
how far the predictions generated by the nomogram are
from what is actually observed on average (calibration) and
whether a nomogram is able to distinguish, between two
patients, which of the two will develop the event of interest
first (discrimination). Calibration is commonly assessed by
means of calibration plots, in which the predicted values are
plotted against the observed values. In a perfectly calibrated
nomogram the plots would fall exactly on a 45-degree line.
Discrimination is usually assessed with the concordance
index (Harrell C-index) (43). The concordance index
represents the probability that, among a randomly selected
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pair of patients with different outcomes, the nomogram
would predict a worst prognosis for the patient who will
develop the specified event first. The Harrell C-index can
vary from 1 (perfect discrimination) to 0.5 (the chance
of predicting the worst prognosis in the patient with the
poorer outcome is completely random).

Both calibration and discrimination can be assessed by
applying the nomogram to the same cohort of patients
used to build the nomogram (internal validation), or to a
different cohort (external validation). A nomogram can
only be proven reliable in different cohorts by undergoing
successful external validation.

Extensive reviews focusing on the statistical background
of nomograms are published (44-46).

Nomograms for RPS

The inability of the 7™ edition AJCC staging system to
stratify RPS patients into reliable prognostic groups and
the limited ability of generic STS nomograms to accurately
predict the prognosis of RPS patients, has led to the
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development of several RPS specific nomograms (24).
The limited usefulness of Kattan’s nomogram in RPS was
demonstrated by Tan er a/. who applied the nomogram to
over 600 RPS patients and calculated the concordance index
to be low (0.62) (24).

In 2006 Dalal er al. developed a nomogram for
liposarcomas, unfortunately its utility as a predictive tool
was limited in RPS patients as only 33.5% of patients in
the developing set had RPS, with the majority of cases
occurring in the extremities (29).

Anaya er al. developed the first RPS specific nomogram
in 2010. It was designed for use in patients undergoing
surgery with curative intent (21). Covariates included age
(65 years cut off), tumour size (15 cm cut off), multifocality,
completeness of resection, histological subtype and tumour
presentation (primary or recurrent). Anaya’s nomogram
was derived using a multivariable Cox regression model
and predicted median, 3- and 5-year survival. This was
the first nomogram able to predict prognosis specifically
for RPS patients, however it had several limitations.
30% of the developing cohort had recurrent tumours,
which frequently behave differently due to biological and
histological differences, potentially confounding the model.
However, tumour presentation was considered as a variable
and therefore should have captured this heterogeneity. It is
worth noting that recurrent tumours of the retroperitoneum
are predominately liposarcomas, which are associated with
a poorer prognosis than that of primary tumours (47).
Recurrent tumours may also be managed differently in
terms of the extent of surgical resection, with surgery often
aiming to increase the recurrence free interval rather than
aiming for cure. Also age and tumour size had specified cut
offs and weren’t considered as continuous variables. Finally,
the histology variable was only divided into 3 categories
(WDLPS, DDLPS, other).

Also in 2010, Ardoino et 4/l. developed a nomogram for
RPS patients to predict 5- and 10-year OS. Covariates
used were age, grade, histology, size and completeness
of resection (22). Only patients with primary RPS were
included and age at diagnosis and tumour size were
managed as continuous variables. The use of continuous
variables for tumour size identified that tumours up to
25 c¢m were associated with a worse prognosis, however
beyond 25 cm risk actually decreased. This probably
reflects that the majority of larger tumours are usually
either WDLPS or intermediate grade DDLPS and have a
more indolent course in comparison to high grade DDLPS
or LMS. Another advantage of Ardoino’s nomogram
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was the long observation period (10 years) allowing late
recurrences common to certain histological subtypes
to be observed. A limitation within this study was that
WDLPS and DDLPS were classified as one entity when
actually their biological behaviour has been shown to be
very different. The nomogram was also constructed using
only 192 patients.

Both of the nomograms proposed by Anaya er a/. and
Ardoino et 4l. only attempted to predict outcome in terms of
OS and therefore don’t predict the risk of local recurrence
or metastasis. Neither of these nomograms underwent
external validation so their applicability outside of the
developing centres is unknown.

There was a turning point in predictive tools available
for RPS patients in 2013 when Gronchi er a/. published
2 externally validated nomograms, based on data from
3 major sarcoma centres (Istituto Nazionale dei Tumori,
Milan, Italy; University of California Los Angeles, Los
Angeles, CA; University of Texas MD Anderson Cancer
Center, Houston, Texas) (27). The nomograms were created
for patients with primary resected RPS and predicted both
7-year OS and DFS. The development set comprised 523
patients. The use of data from multiple centres reduced
any selection bias, which had been attributed to previous
nomograms built using single institution data. Both
nomograms were constructed using multivariable Cox
regression models. Variables used in the OS nomogram
included age, tumour grade, size, histology, multifocality
and extent of surgical resection. The DFS nomogram
did not include age or extent of surgical resection as
variables. Unlike the nomogram produced by Anaya
et al. age and tumour size were managed as continuous
variables. The categories for histological subtypes were
increased compared to previous nomograms and included
seven different histological subtypes based on the most
recent WHO Classification system (27). Both nomograms
underwent three external validations and were shown to
have good calibration and discrimination (Harrel C index
ranging from 0.67-0.73), even across different ethnic
groups. Another advantage is that the data used to construct
the nomograms is the most recent data used amongst all
of the RPS specific nomograms. The significance of using
recent data to build nomograms is that treatment strategies
change over time. The patients included within this data will
have undergone more current therapeutic strategies, such as
more aggressive surgical resection to reduce the risk of local
recurrence. Ten-year OS and DFS could not be predicted
because of a lack of long-term patient follow up. Currently,

Chin Clin Oncol 2018;7(4):36



Chinese Clinical Oncology, Vol 7, No 4 August 2018 Page 7 of 11
«— PRIMARY RPS o} — PRIMARY RPS jo}
AGE (10-90)

(63

TUMOR SIZE (0-80 CM)

) 7-year 0S8

)

7-year DFS

40%

Sarculator o

MULTIFOCALITY

C

O | I

COMPLETENESS OF RESECTION

C COMPLETE v)

Figure 3 Screenshot from the Sarculator app. This example shows the app predicting 7-year DFS and OS for a 63-year-old patient who has

undergone complete primary resection of a 13-cm, grade 2 leiomyosarcoma that demonstrated no multifocality. The Sarculator app can be

downloaded for free from official stores. DFS, disease-free survival; OS, overall survival.

the nomograms produced by Gronchi ez a/. are the most
robust nomograms available for patients with primary
resected RPS, hence there incorporation into the 8" edition
Cancer Staging Manual (23,27,48). Gronchi’s nomograms
have been made available as a smart phone/tablet app named
‘Sarculator’, making it easy for clinicians to use predictive
tools in day-to-day clinical practice (see Figure 3) (49).

There has been substantial effort by the international
community to create robust prognostic tools for RPS. As
you would expect, all of those currently published have
advantages and limitations.

Gronchi’s nomograms are currently the best available
tools for predicting OS and DFS in patients with primary
resected RPS, due to them being the only external validated
tools available.

Prognostic tools for patients with recurrent RPS are
limited, although Anaya’s nomograms may be able to
provide some prognostic information. However, due to
the lack of external validation and because they are based
on data from a single institution, they should be used with
caution as their applicability outside of the developing
institution is largely unknown.
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The use of RPS nomograms in clinical practice

Nomograms allow for individualised prognosis prediction,
they do not stratify patients into prognostic groups (the
basis of the TNM staging system). For each individual, a
point prediction can be derived from nomograms based
on patient-, tumour- and treatment-related characteristics.
Multivariable statistical models used to generate nomograms
allow the association between variables to be taken into
account so that an outcome can be generated.

Clinically, individualised prognostic tools are useful
for counselling patients, assisting in therapeutic decision-
making and in planning patient follow up. It is important to
state that these predictive tools should not replace the use of
clinical knowledge and judgement, but rather complement
them.

Currently, the use of neoadjuvant/adjuvant chemotherapy
(CT) in RPS is controversial. A meta-analysis of adjuvant
CT in patients with localised STS showed only a small
improvement in survival (HR 0.77, 95% CI: 0.64-0.93,
P=0.01) (50,51). Similarly, the use of radiotherapy (RT) in
RPS patients is unclear. There is little retrospective data

Chin Clin Oncol 2018;7(4):36
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about the role of RT in RPS, although it has been shown
to have a limited benefit in the neoadjuvant setting due to
technical issues and toxicity (52). The STRASS trial NCT
01344018), a multicentre randomised prospective trial,
is currently investigating the role of neoadjuvant RT in
combination with primary surgical resection. The results of
this trial will be available in a few years.

Currently available guidelines on the management of
RPS highlight the uncertainty surrounding the use of
CT and RT in patients with RPS. Consensus statements
advocate multi-disciplinary case discussion to determine
clinical strategies for each individual patient. Using
predictive tools to estimate oncological risk at the time of
surgery, may aid physicians in deciding which patients may
benefit from adjuvant therapies.

It is important to consider that the prediction of
outcome for each individual patient is a result of a statistical
model. The prediction is based upon the mean outcome,
in a hypothetical group of patients with a specific set
of variables, it is also important to consider individual
variability. This individual variability may be related to
patient characteristics, such as comorbidities, that none of
the currently available predictive tools for RPS take into
account.

Another consideration is that as treatments change over
time, nomograms can become out-dated and therefore
require updates as guidelines change.

The future of RPS prognosis prediction

The development of robust, externally validated nomograms
provides clinicians with a tool, which allows prediction of
individual prognosis in RPS patients.

The 8" edition of the AJCC Staging Manual
incorporated Gronchi’s nomograms to improve individual
prognosis prediction in RPS patients. Currently available
nomograms do not cover all disease stages so would not be
able to replace the AJCC staging system. However, in the
future it is possible that there will be nomograms for all
disease stages and therefore a possibility that nomograms
could eventually replace the AJCC staging system. At
the current time, the AJCC staging system still provides
clinicians with a simple way to stratify patients into
prognostic groups.

Recruitment criteria for RCTs are mainly based on
patient- or tumour-related characteristics such as tumour site
or histological subtype. With the development of high quality
nomograms it is possible that RCT inclusion criteria may
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shift to recruit patients on the basis of individual prognoses.

The construction of accurate nomograms requires
data from high quality databases containing thousands of
patients. In order to produce large patient databases in rare
cancers such as RPS, international collaboration amongst
sarcoma centres is vital. Transatlantic Retroperitoneal
Sarcoma Working Group (TARPSWG, www.tarpswg.
org) members are currently involved in a prospective
observational study, known as ‘RESAR’ (Retroperitoneal
Sarcoma Registry), which aims to build a high quality
prospective database. The advantage of multicentre
databases is that they avoid the inherent selection bias
associated with data from single institutions. In the
future, this database will provide the quality and volume
of data required to build and validate robust and accurate
nomograms for RPS patients.

Nomograms for patients with RPS mainly rely on post-
operative variables, this means that their use is limited
to prognosis prediction in post-operative patients. The
implications of this, is that currently, nomograms have no
role at the time of diagnosis or in unresectable disease. If a
nomogram could be developed to predict prognosis in the
pre-operative setting, it may be useful in determining which
patients should receive neoadjuvant therapy.

Sadly, RPS is a disease whereby local recurrence and
distant metastasis are not uncommon events. There is a
great need for nomograms that predict prognosis in patients
with recurrent or metastatic disease. All too often completed
data sets for patients with recurrent or metastatic disease
are hard to come by. This is often due to the patient not
being treated for the primary tumour at a sarcoma referral
centre, or because the physician changes throughout the
treatment of the disease. Gathering sufficient data to create
a nomogram for these patient groups requires collaboration
between international cancer centres. TARPSWG
presented nomograms specific for recurrent RPS at the
2017 Connective Tissue Oncology Society meeting,
hopeftully these will be available for use soon.

Nomograms available for RPS calculate a static
prediction of the prognosis, usually post-operatively. A big
disadvantage of currently available nomograms is that the
prediction of prognosis is not updated according to follow
up status or adjuvant treatment. The risk of metastasis in
RPS falls a few years following surgery. The risk of local
recurrence depends largely on tumour histology, although
none of the nomograms available are able to demonstrate
this change in risk over time. Variables shown to have a
large influence shortly after the time of surgery may have
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less influence several years later. A nomogram with the
ability to predict how risk changes with time and according
to disease events would dramatically change individual
prognosis prediction in RPS.

None of the predictive tools currently available for RPS
take into account genomic, radiomic or immunological
variables. Genomic markers have been shown to be
associated with prognosis in STS (53). The inclusion of
such variables may improve the ability of predictive tools to
predict individual patient prognosis.

Finally, if nomograms are to be fully integrated into
clinical practice, it is important that they are presented
in a user-friendly format. Drawing lines on a nomogram
is both inaccurate and time consuming. This can be
overcome by using digital versions of the nomogram, these
calculators can then be offered as a smart phone app or
through a website. Offering prognosis prediction in such
a way provides clinicians with a tool that can be integrated
easily into clinical practice, for example in clinics when
counselling patients and during multi-disciplinary team
meetings. Last but not least they will make the selection of
patients for clinical trials easier and more uniform.
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