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Abstract

Background: Soft tissue sarcoma (STS) is comprised of approxi-
mately 80 subtypes, with an incidence of 4 - 5 per 100,000 annually 
in Europe. The National Comprehensive Cancer Network (NCCN) 
guidelines recommend consideration of neoadjuvant/adjuvant chem-
otherapy in tumors at high risk of recurrence based on the American 
Joint Committee on Cancer (AJCC) staging. Alternatively, the Sar-
culator is a risk prediction tool that has identified a threshold of risk, 
above which chemotherapy may provide an overall survival (OS) 
benefit. Using this nomogram, patients with a 10-year predicted OS < 
60% are classified as high risk and should be considered for chemo-
therapy. The aim of this study was to assess the prognostic accuracy 
of these two risk prediction methods in an Irish population.

Methods: All newly diagnosed patients with resected STS discussed 
in the STS tumor board in Cork University Hospital between January 
2012 and December 2021 were identified. Clinicopathological data 
were collected. Risk assessment using AJCC and Sarculator nomo-
gram was performed on all patients with an extremity/trunk sarcoma. 
The OS was calculated including Kaplan-Meier method for time to 
event analysis.

Results: In total, 200 STS patients were reviewed, of whom 134 had 
truncal or extremity tumors. Sarculator score was calculated for 60 
of these (well differentiated liposarcomas, desmoid tumors and der-
matofibrosarcoma protuberans were excluded). Using the Sarculator 
nomogram to calculate 10-year predicted OS, 19 patients were cate-
gorized as high risk and 41 were categorized as low risk. Using AJCC 
staging, 25 patients were categorized as high risk and 35 as low risk. 
The 5-year OS rate in the Sarculator high-risk group was 60.2%, com-
pared with 87.1% in the low-risk group (P = 0.009). The 5-year OS 
rate in the AJCC high-risk group was 67.6%, compared with 86.3% 
in the low-risk group (P = 0.083).

Conclusions: Our cohort is representative of the broad histological 
subtypes expected. In our population, Sarculator score results cor-
relate with international outcomes and higher scores were associated 
with increased mortality. The Sarculator was more predictive of clini-
cal outcome than AJCC staging, and its use would lower the propor-
tion of patients being considered for adjuvant chemotherapy thereby 
sparing toxicity, which is important in the setting of uncertain clinical 
benefit.

Keywords: Soft tissue sarcoma; Adjuvant chemotherapy; Neoadju-
vant chemotherapy; Sarculator

Introduction

Soft tissue sarcoma (STS) is a rare and heterogenous group 
of tumors that represent 1% of all adult malignancies [1]. The 
World Health Organization (WHO) has defined approximately 
80 different subgroups of STS based on a combination of dif-
ferent morphological, immunohistochemical and molecular 
features [2, 3]. STS affects 4 - 5 per 100 000 adults annually in 
Europe [4]. In Ireland, based on data collected between 1994 
and 2012, an average of 176 cases of STS were diagnosed each 
year [5]. This compares with an average of 3,000 invasive 
breast cancers diagnosed annually in Ireland [6].

The cornerstone of management of STS is treatment at ter-
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tiary referral centers with specialized multidisciplinary team 
involvement [7]. Surgery is the standard of care for treatment 
of localized STS with an aim for en bloc resection and R0 mar-
gins (microscopically negative for residual tumor) [8, 9]. Peri-
operative radiotherapy can be used to improve local control 
when an R0 resection is not possible, particularly in the setting 
of critical structure preservation [9-11].

There is a lack of consensus and consistent evidence for 
the use of perioperative chemotherapy [9]. As documented 
in the European Society of Medical Oncology (ESMO)-
European Reference Network for Rare Adult Solid Cancers 
(EURACAN)-European Reference Network for Genetic Tu-
mor Risk Syndromes (GENTURIS) clinical practice guide-
lines, adjuvant chemotherapy is not the standard of care, how-
ever, it can be proposed for fit patients affected by disease at 
high risk of death [9]. Large randomized-controlled trials have 
demonstrated inconsistent results regarding the benefit of neo-
adjuvant or adjuvant chemotherapy [12-14]. These trials adopt-
ed broad inclusion criteria to overcome the recruitment chal-
lenges typical of trials in rare cancers, including patients with 
intermediate-risk tumors, which may have affected the results 
[15-17]. ESMO-EURACAN-GENTURIS guidelines highlight 
the fact that “smaller controlled trials and subgroup analyses 
of larger trials have provided data suggesting that when the 
risk of death is high, neoadjuvant or adjuvant chemotherapy 
may improve relapse-free survival and overall survival (OS)” 
[9, 12-14]. There have been some studies investigating the use 
of genomic profiling and biomarker-based risk stratification in 
this setting, however, this has yet to be proven [18-21].

The Sarculator is a risk predictor nomogram that allows 
the prediction of 5- and 10-year overall survival (OS) probabil-
ities, which aids in prognostication [22]. It identifies a thresh-
old of risk, above which the administration of chemotherapy 
may provide an OS benefit. It is a predictive nomogram de-
veloped in a large sample of 1,452 patients from an Italian da-
tabase that has been validated in many large treatment centers 
from France, Canada and the UK [22, 23]. It has not been as-
sessed in an Irish population. Calculating a patient’s Sarcula-
tor score requires their age, tumor size, tumor grade and tu-
mor histology. It does exclude well differentiated liposarcoma 
(LPS), dermatofibrosarcoma protuberans, desmoid tumors and 
rhabdomyosarcomas. As per ESMO-EURACAN-GENTURIS 
guidelines, patients with a 10-year predicted OS likelihood < 
60% should be considered for adjuvant chemotherapy [9]. The 
cut-off value of predicted OS of 60% is representative of the 
median survival in the randomized control trial of neoadjuvant 
chemotherapy in STS [24-26]. This value of 10-year predicted 
OS was then validated in post hoc analysis of the randomized 
trial (European Organization for Research and Treatment of 
Cancer (EORTC) 62931) [13, 27].

Alternatively, the National Cancer Control Network 
(NCCN) in the USA also have published guidelines for the 
treatment of STS [28]. The American Joint Committee on Can-
cer (AJCC) publishes cancer staging manuals for STS of the 
extremity and trunk [29]. The NCCN recommends the consid-
eration of chemotherapy in patients with resected stage III or 
IV disease and those with resected stage II disease with poor 
functional outcome. Based on these staging guidelines, the 
tumor has to be greater than 5 cm with high-grade histology 

(grade II or III) to be classified as stage III. It is felt that a 
nomogram-based risk stratification would better account for 
the wide spectrum of histologies and prognostic behaviors of 
sarcoma than the AJCC alone [30].

The purpose of our study was to examine the prognostic 
accuracy of the two main risk prediction methods that can be 
used for risk stratification to assist in decision making for ad-
juvant chemotherapy usage in an Irish population.

Materials and Methods

Patient population

All newly diagnosed patients with STS discussed at the sar-
coma tumor board meeting in Cork University Hospital (CUH) 
between January 2012 and December 2021 were identified. 
Medical records were reviewed for clinicopathological details 
of each patient, and the inclusion/exclusion criteria were ap-
plied. The inclusion criteria required patients to be diagnosed 
with biopsy-proven primary (non-recurrent, non-metastatic) 
STS and first discussed at the sarcoma tumor board between 
January 2012 and December 2021. Patients who were over the 
age of 18 at the time of their diagnosis who underwent biopsy 
and/or resection in CUH, or its associated hospitals (Mercy Uni-
versity Hospital, South Infirmary Victoria University Hospital, 
University Hospital Kerry) were included. Exclusion criteria 
included histological subtypes that were not included in the 
Sarculator nomogram (well-differentiated LPSs, rhabdomyo-
sarcomas, dermatofibrosarcoma protuberans, desmoid tumors 
and extra-skeletal Ewing sarcoma), tumor locations that were 
not included on the Sarculator nomogram (those not located on 
the extremities or trunk), and those who were discussed at the 
tumor board as a second opinion of histology only. All relevant 
variables were then collected for included patients.

Pathological review was conducted locally by a consult-
ant histopathologist, supplemented by external opinion in se-
lected cases. French Federation of Cancer Centers (FNCLCC) 
classification system was used for tumor grade as document 
on histology reports [31]. Pathological variables were col-
lected from the histology resection specimen report. Vari-
ables required for the Sarculator nomogram were patient age 
(continuous variable: 18 - 100 years), tumor size (continuous 
variable: 0 - 35 cm), tumor grade (continuous variable: I, II 
or III) and tumor histology (categorical variable: leiomyosar-
coma (LMS), dedifferentiated/pleomorphic LPS, myxoid LPS, 
malignant peripheral nerve sheath tumors, myxofibrosarcoma, 
synovial sarcoma, vascular sarcoma, undifferentiated pleo-
morphic sarcomas and other). Neoadjuvant/adjuvant chemo-
therapy and radiotherapy data were collected, as well as date 
of diagnosis (defined as date of initial biopsy-proven sarcoma 
diagnosis), number of chemotherapy-related admissions, and 
date of death. Predicted 10-year OS was calculated using the 
Sarculator nomogram.

Using the Sarculator, patients were retrospectively cat-
egorized into two risk subgroups; high risk (10-year predicted 
OS < 60%), and low risk (10-year predicted OS > 60%). The 
cut-off of 60% for the 10-year predicted OS is as per ESMO-
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EURACAN-GENTURIS guidelines as patients with a 10-year 
predicted OS likelihood of < 60% should be considered for ad-
juvant chemotherapy [9]. Separately all patients were catego-
rized into high risk (tumors measuring > 5 cm with high-grade 
histology), and low risk (grade 1 or 2 and/or tumor < 5cm), as 
per AJCC staging.

Outcomes

The primary endpoint of the study was OS, which was then 
used to assess the prognostic accuracy of the two risk predic-
tion methods (Sarculator and AJCC staging). The secondary 
endpoint was the tolerability of chemotherapy measured by 
admission rates, chemotherapy cycles completed and number 
of dose reductions.

Statistical analysis

OS was defined as the date from biopsy-proven diagnosis of 
STS to the date of death from any cause. The Kaplan-Meier 
method was used to estimate the observed OS and compared 
with log-rank test. Kaplan-Meier method was used to deter-
mine the proportion of patients alive at 5 years from diagnosis. 
Statistical analyses were performed using Statistical Package 
for the Social Sciences (SPSS) and R language for statistical 
computing software (Version 2023.03.0+386). P values less 
than 0.05 were considered statistically significant.

Ethical considerations

Approval was granted by the Quality and Improvement Of-
fice in Cork University Hospital for this project. All data were 
pseudo-anonymized and stored in a password protected file. 
This was stored on a desktop computer within a locked office 
in the Oncology Department of CUH. The study was conduct-
ed according to the guidelines of the Declaration of Helsinki.

Results

This study identified 200 patients with primary (non-recurrent, 
non-metastatic) STS, over the 10-year period. The number 
of patients excluded was 140; tumors of 66 patients were not 
located on the trunk or extremities and 74 were histologic 
subtypes that were not included in the Sarculator nomogram 
(well-differentiated LPSs, desmoid tumors and dermatofibro-
sarcoma protuberans). In total, 60 patients met all inclusion 
and exclusion criteria.

This represented 19 different histological subtypes. Clin-
icopathological characteristics and patient demographics are 
summarized in Table 1. The most common histological sub-
types identified are LMS and undifferentiated pleomorphic 
sarcoma, as demonstrated in Table 2.

Using the Sarculator nomogram to calculate 10-year pre-
dicted OS, 19 patients were categorized as high risk (10-year 

predicted OS < 60%), and 41 were categorized as low risk (10-
year predicted OS > 60%) (Table 3). Using AJCC staging, 25 
patients were categorized as high risk, and 35 were categorized 
as low risk (Table 3).

The 5-year OS rate for the high-risk group, using the Sar-
culator, is 60.2% compared with 87.1% in the low-risk group 
(P = 0.009). The 5-year OS rate for the high-risk group, us-
ing the AJCC staging, is 67.6% compared with 86.3% in the 
low-risk group (P = 0.083). The median follow-up time is 49 
months. The median OS for both the high- and low-risk groups 
were not reached in either the Sarculator or the AJCC staging 
risk groups (Figs. 1, 2).

Twenty-two patients were referred to oncology for consid-
eration of chemotherapy, eight patients were offered chemo-
therapy. One patient refused chemotherapy, four received neo-
adjuvant treatment and three received adjuvant treatment. All 
patients received doxorubicin/ifosfamide chemotherapy. Six 
completed all cycles of the predefined treatment course, one 
did not due to tumor growth on neoadjuvant treatment. One pa-
tient required dose reduction due to thrombocytopenia. There 
was one unscheduled admission for symptomatic anemia. All 

Table 1.  Clinicopathological Characteristics and Patient De-
mographics

Variable
Median age, years (range) 56.5 (18 - 87)
Sex
  Female 31 (51.7%)
  Male 29 (48.3%)
Tumor size (median, mm), range 60 (9 - 240)
  < 50 mm 26 (43.3%)
  > 50 mm 34 (56.7%)
FNCLCC tumor grade
  1 5 (8.3%)
  2 13 (21.7%)
  3 42 (70%)
Location
  Upper limb 21 (35%)
  Lower limb 31 (51.7%)
  Trunk 8 (13.3%)
Referral to oncology 22 (36.7%)
Chemotherapy 7
  Neoadjuvant 4
  Adjuvant 3
Referral to radiation oncology 44
Radiotherapy 39
  Neoadjuvant 23
  Adjuvant 16
Median follow-up (months) 49 (9 - 135)

FNCLCC: French Federation of Cancer Centers.
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seven patients that received chemotherapy were classified as 
high risk (10-year predicted OS < 60%) using the Sarculator 
score. Using the AJCC staging, five of the seven were classi-
fied as high risk (tumors measuring > 5 cm with high grade 
histology).

Forty-four patients were referred to radiation oncology 
for consideration of radiation treatment. Twenty-three patients 
received neoadjuvant radiotherapy. Sixteen patients received 
adjuvant radiotherapy. Three patients refused and opted for 
surveillance only. One patient was deemed unsuitable due to 
comorbidities, and one patient was found to have metastatic 
disease on treatment planning imaging.

Discussion

Our cohort is overall representative of sarcoma demonstrated 
by the broad histological subtypes expected, with 19 different 

subtypes. The most common is LMS, followed by undifferen-
tiated pleomorphic sarcoma.

Patient characteristics of this study were similar when 
compared with the Italian cohort used to build the Sarculator 
nomogram (age, sex, tumor size). LMS was the most common 
histological subtype in both, representing 20% of patients in 
this study. Our study had a higher proportion of grade 3 histol-
ogy, 70% compared with 47% in the Italian study. This higher 
proportion of grade 3 tumors is similar to that found in a multi-
institutional validation of the Sarculator at 72% [23]. Our me-
dian follow-up was only 49 months, compared with the Italian 
study of 86 months. Twelve percent of our patients received 
adjuvant or neoadjuvant chemotherapy, while 26% of their co-
hort did. It is interesting to note that when the Sarculator was 
externally validated, the chemotherapy administration rates 
were 52% in the French set, 2% in the Canadian set and 2% 
in the UK set [22]. This highlights the lack of consensus and 
difficulty in decision making regarding perioperative chemo-

Table 2.  Histological Subtypes and Number of Patients With Tumor

Histological subtypes N
Adipocytic tumors Dedifferentiated liposarcoma (n = 4)

Pleomorphic liposarcoma (n = 3)
Myxoid liposarcoma (n = 2)

Fibroblastic/myofibroblastic tumors Myxofibrosarcoma (n = 4)
Fibromyxoid sarcoma (n = 2)
Inflammatory myofibroblastic tumor (n = 1)
Fibrosarcoma NOS (n = 1)

Vascular tumors Angiosarcoma (n = 3)
Epithelioid angiosarcoma (n = 1)

Smooth muscle tumors Leiomyosarcoma (n = 12)
Peripheral nerve sheath tumors Malignant peripheral nerve sheath tumor (n = 3)
Skeletal muscle tumors Spindle cell sarcoma (n = 1)
Pericytic (perivascular) tumors PEComa (n = 1)
Tumors of uncertain differentiation Pleomorphic sarcoma, undifferentiated (n = 10)

Synovial sarcoma (n = 5)
Epithelioid sarcoma (n = 3)
Undifferentiated sarcoma (n = 3)
Clear cell sarcoma (n = 1)
Myxoid sarcoma (n = 1)

Table 3.  Risk Prediction Outcomes

Sarculator score (risk assessment) Patients, n Deaths, n (%) 5-year OS rate
High risk 19 8 (42.1%) 60.20% P value = 0.009
Low risk 41 6 (14.6%) 87.10%
AJCC staging (risk assessment) Patients, n Deaths, n (%) 5-year OS rate
High risk 25 8 (32%) 67.60% P value = 0.083
Low risk 35 6 (17%) 86.30%

OS: overall survival; AJCC: American Joint Committee on Cancer.
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Figure 1. Kaplan-Meier curve of overall survival data comparing AJCC high-risk patients versus AJCC low-risk patients, with 
follow-up duration of 5 years (total n = 60). Censored values (+) indicate the last known follow-up time for those subjects still alive. 
AJCC: American Joint Committee on Cancer.

Figure 2. Kaplan-Meier curve of overall survival data comparing Sarculator high-risk patients versus AJCC low-risk patients, with 
follow-up duration of 5 years (total n = 60). Censored values (+) indicate the last known follow-up time for those subjects still alive. 
AJCC: American Joint Committee on Cancer.
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therapy for STS.
The 5-year OS rate in the Sarculator high-risk category 

was 60.2% compared with 87.1% in the low-risk category (P 
value = 0.009). The AJCC was less predictive of outcomes, 
with the 5-year OS rate of the high-risk category being 67.6%, 
compared with 86.3% in the low-risk category (P value = 
0.083). Median OS has not been met in either arm of the risk 
stratification groups. The 10-year Sarculator predicted OS of 
this group correlates with international outcomes, with a 10-
year predicted OS score of < 60% associated with increased 
mortality. This further strengthens the argument that the Sar-
culator is a stronger predictor of outcomes in our cohort. It 
is also an accessible addition to decision making that can be 
used by physicians in a multidisciplinary team meeting. The 
use of AJCC in adjuvant chemotherapy decision making is less 
clear, given that it failed to adequately predict OS in this study 
group. It is important to note that the Sarculator does not in-
clude resection margin status as part of the analysis, and this 
has been proven to be an independent risk factor for recurrence 
and OS [23, 32, 33]. However, this is an ongoing debate and 
outside the scope of this paper [34].

Despite only eight patients receiving neoadjuvant or adju-
vant chemotherapy, it was well tolerated in this highly selected 
cohort. One patient did not complete their treatment course 
due to progressive disease. This highlights the importance of 
close monitoring of patients receiving neoadjuvant treatment 
and the chemo-insensitive nature of some sarcomas despite no 
prior exposure to cytotoxic agents.

It is important to note that despite collecting 10 years of 
STS multidisciplinary team data, only a total of 200 patients 
were diagnosed as having a STS that underwent resection. This 
is reflective of the rare nature of this cancer type and highlights 
the difficulty of treating rare tumors in a small country such as 
Ireland. It also helps to demonstrate the importance of estab-
lishing a national sarcoma registry and treatment framework 
to help answer clinical meaningful questions regarding inci-
dence, treatment patterns and outcomes [35].

The strengths of our study are found in the similarity be-
tween our patient group and that of the developmental set of 
the Sarculator based on age, sex, tumor size and histology. It 
is important to note that our cohort had a higher proportion of 
grade 3 histology. The limitations of this study include that it 
is a retrospective single-center study with a small sample size, 
and our patients had varying follow-up times. Sarcoma is also 
a very heterogenous tumor type, with over 80 different distinct 
histological subtypes which makes interpreting their outcomes 
difficult, especially within one study [2]. It is also important 
to highlight that this study reviewed the tolerability of chemo-
therapy retrospectively which can be prone to recall bias.

Using the Sarculator cutoff, 32% of patients from our co-
hort would be considered for adjuvant chemotherapy versus 
42% using the AJCC system. Given the high toxicity risk as-
sociated with adjuvant doxorubicin/ifosfamide and the mixed 
efficacy results in clinical trials of its use, we believe this is an 
important clinical finding.

Future studies evaluating the use of perioperative chemo-
therapy in STS should consider inclusion of the Sarculator risk 
stratification tool into study design. Further work is needed to 
compare predicted OS and actual OS by histological subgroup, 

this would require a larger group of patients but may highlight 
patients for which this tool is very useful. It is also important 
to note that to understand the effectiveness of the Sarculator in 
decision making would require a prospective randomized trial.

Conclusions

This study is the first of its kind to review the use of the Sarcu-
lator nomogram in an Irish cohort. The Sarculator nomogram is 
more predictive of outcomes than AJCC staging in our cohort. 
It demonstrates that patients treated in a tertiary referral center 
in Ireland correlate with international outcomes, with 10-year 
predicted OS score of < 60% associated with increased mortal-
ity, and we propose it as a method of stratifying patients by 
risk for therapeutic decision making and clinical trial eligibility. 
This study adds to larger, international studies, which support 
the use of the Sarculator as an individualized risk prediction 
tool to assist clinicians in decision making regarding the use 
of adjuvant or neoadjuvant chemotherapy for resected STS. 
Sarculator use would lower the proportion of patients being 
considered for adjuvant chemotherapy thereby sparing toxicity, 
which is important in the setting of uncertain clinical benefit.
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