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ABSTRACT

Background. Prognostic nomograms for patients with
resected extremity soft tissue sarcoma (STS) include the
Sarculator and Memorial Sloan Kettering (MSKCC)
nomograms. We sought to validate these two nomograms
within a large, modern, multi-institutional cohort of
resected primary extremity STS patients.

Methods. Resected primary extremity STS patients from
2000 to 2017 were identified across nine high-volume U.S.
institutions. Predicted 5- and 10-year overall survival (OS)
and distant metastases cumulative incidence (DMCI), and
4-, 8-, and 12-year disease-specific survival (DSS) were
calculated with Sarculator and MSKCC nomograms,
respectively. Predicted survival probabilities stratified in
quintiles were compared in calibration plots to observed
survival assessed by Kaplan—Meier estimates. Cumulative
incidence was estimated for DMCI. Harrell’s concordance
index (C-index) assessed discriminative ability of
nomograms.
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Results. A total of 1326 patients underwent resection of
primary extremity STS. Common histologies included:
undifferentiated pleomorphic sarcoma (35%), fibrosarcoma
(13%), and leiomyosarcoma (9%). Median tumor size was
8.0 cm (IQR 4.5-13.0). Tumor grade distribution was:
Grade 1 (13%), Grade 2 (9%), Grade 3 (78%). Median OS
was 172 months, with estimated 5- and 10-year OS of 70%
and 58%. C-indices for 5- and 10-year OS (Sarculator)
were 0.72 (95% CI 0.70-0.75) and 0.73 (95% CI
0.70-0.75), and 0.72 (95% CI 0.69-0.75) for 5- and
10-year DMCI. C-indices for 4-, 8-, and 12-year DSS
(MSKCC) were 0.71 (95% CI 0.68-0.75). Calibration plots
showed good prognostication across all outcomes.
Conclusions. Sarculator and MSKCC nomograms
demonstrated good prognostic ability for survival and
recurrence outcomes in a modern, multi-institutional vali-
dation cohort of resected primary extremity STS patients.
External validation of these nomograms supports their
ongoing incorporation into clinical practice.

Soft tissue sarcomas (STS) encompass a rare and
heterogeneous family of malignancies." The significant
variability observed across more than 100 distinct STS
histologic subtypes, has made traditional TNM classifica-
tion challenging and has historically hampered the
prognostic applicability of the American Joint Committee
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on Cancer (AJCC) staging systems for STS.>™* The most
recent 8th edition AJCC staging for STS does account for
the importance of anatomic site, such that staging for sar-
comas of the extremities and trunk is now distinctly
different from that of sarcomas arising in retroperitoneal,
head and neck, or intra-abdominal locations.”> Additional
modifications were made to the T classification, with tumor
size now stratified into four categories.”® Whether these
modifications to the AJCC staging system translate to
enhanced prognostication and discrimination, however,
remains controversial.””

As a result of the inherent limitations of the AJCC
staging systems for STS, several prognostic nomograms
accounting for individual patient clinicopathologic features
have been proposed. Two of the most widely adopted
nomograms for patients with extremity STS are the Sar-
culator nomogram'® and the Memorial Sloan Kettering
Cancer Center (MSKCC) nomogram.”’12 In the contem-
porary era of personalized cancer care, these prognostic
nomograms are becoming increasingly incorporated into
the clinical management of extremity STS patients.'>'*
While these models have been proposed as tools to counsel
patients regarding their prognosis and to guide clinical
decisions regarding intensity and duration of postoperative
surveillance and clinical trial eligibility, external validation
of these nomograms for extremity STS has been somewhat
limited.'®'*'>~'® The purpose of the current study was to
evaluate and validate the Sarculator and MSKCC prog-
nostic nomograms in a diverse, modern, multi-institutional
cohort of patients undergoing resection of primary
extremity STS.

METHODS

We queried the U.S. Sarcoma Collaborative (USSC)
database, which encompasses patients treated from 2000 to
2017 at nine high-volume academic institutions across the
United States to identify all patients who underwent
resection of primary extremity STS. Histologies excluded
from the original Sarculator nomogram development study
were also excluded in the current analysis: desmoid fibro-
matosis, peripheral primitive neuroectodermal tumor
(PPNET), alveolar or embryonal rhabdomyosarcoma, der-
matofibrosarcoma protuberans, and well-differentiated
liposarcoma.'® Patients aged 18 years or older who
underwent curative intent resection of primary extremity
STS were included. Patients with metastatic or recurrent
disease were excluded. Tumor grade was classified
according to the French Federation of Cancer Centers
(FNCLCC) system.'” Per the original nomogram devel-
opment studies, patients with gross residual macroscopic

disease were excluded.'”'? Margin status was classified as
RO (microscopically negative) or RI1 (microscopically
positive; tumor <1 mm from margin).'®

Clinicopathologic features were retrospectively ana-
lyzed and compared with those reported for the Sarculator
nomogram development cohort'® and the MSKCC nomo-
gram validation cohort.'?> Comparisons were made with
Chi-squared test or one-sample exact test comparing USSC
distribution versus Sarculator or MSKCC median (included
as a null value) for categorical or continuous variables,
respectively. The Sarculator extremity nomogram covari-
ates include patient age, tumor size, tumor grade, and
histologic subtype. The MSKCC nomogram covariates
include patient age, tumor size (<5 cm, 5-10 cm, >10 cm),
tumor depth (superficial vs. deep), site, grade, and histo-
logic subtype. Pathologic variables were derived from the
final resection specimen. As in the original validation of
the MSKCC nomogram by Mariani et al., FNCLCC Grade
2 and 3 tumors were classified as high grade for the
MSKCC nomogram, whereas FNCLCC Grade 1 tumors
were classified as low grade for the MSKCC nomogram
system.'? For comparative analysis, given the evolution of
histology nomenclature between studies, the histologic
category defined by the MSKCC nomogram as “malignant
fibrous histiocytoma (MFH)/undifferentiated pleomorphic
sarcoma (UPS)” was classified as the Sarculator histologic
category of “UPS” and the MSKCC nomogram histologic
category of “fibrosarcoma” was classified as the Sarculator
histologic category of “myxofibrosarcoma.” Perioperative
chemotherapy and radiation data also were collected. Pre-
dicted 5- and 10-year overall survival (OS) and 5- and
10-year distant metastases cumulative incidence (DM CI)
were calculated using the Sarculator nomogram, whereas
predicted 4-, 8-, and 12-year disease-specific survival
(DSS) were calculated using the MSKCC model.

The primary endpoints of the study were OS, DM CI,
and DSS. OS and DSS were estimated using the Kaplan—
Meier method and cumulative incidence was estimated for
distant metastases. To evaluate the calibration of each
nomogram, nomogram-predicted survival probabilities
were stratified into quintiles and compared to observed
patient outcomes, generating calibration plots for each
endpoint. Predicted DMCI was similarly plotted against
observed DMCI to generate calibration plots. The 45-de-
gree reference line on the calibration plot indicates perfect
calibration. Harrell’s concordance index (C-index) was
calculated as a quantitative measure of the discriminative
ability of each nomogram.’ C-indices are interpreted
whereby a value of 0.5 equals random chance and a value
of 1.0 equals perfect discriminative ability of the
nomogram.
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TABLE 1 Clinicopathologic features of primary extremity STS patients from the US Sarcoma Collaborative Validation Cohort and the

Sarculator Development Cohort'

Variable U.S. Sarcoma Collaborative Cohort Sarculator development cohort p value
(n =1326) (n = 1452) (Chi-square)

Sex, no. (%) 0.74

Male 718 (54%) 777 (54%)

Female 608 (46%) 675 (46%)

Age (years), median [IQR]* 59 [46-71] 54 [40-66] <0.01"

Tumor size (cm), median [IQR]? 8.0 [4.5-13.0] 6.0 [4.0-10.0] <0.01°

FNCLCC tumor grade” <0.01

1 186 (14%) 341 (23%)

2 179 (14%) 432 (30%)

3 961 (72%) 679 (47 %)

Histology, no. (%)" <0.01

Leiomyosarcoma 122 (9%) 183 (13%)

Dedifferentiated/pleomorphic liposarcoma 74 (6%) 63 (4%)

Myxoid liposarcoma 105 (8%) 202 (14%)

Malignant peripheral nerve sheath tumor 57 (4%) 85 (6%)

Myxofibrosarcoma 178 (13%) 254 (17%)

Synovial sarcoma 118 (9%) 123 (8%)

Undifferentiated pleomorphic sarcoma 464 (35%) 203 (14%)

Vascular sarcoma 32 2%) 35 2%)

Other 176 (13%) 304 (21%)

Tumor depth, no. (%) <0.01

Superficial 116 (9%) 449 (31%)

Deep 1210 (91%) 1003 (69%)

Surgical margins, no. (%) <0.01

RO 1053 (79%) 1273 (88%)

R1 273 (21%) 179 (12%)

Perioperative chemotherapy, no. (%) 313 (24%) 378 (26%) 0.14

Perioperative radiation, no. (%) 700 (53%) 690 (48%) 0.01

STS soft tissue sarcoma; IQR interquartile range; FNCLCC French Federation of Cancer Centers System

*Variables highlighted in Bold represent the variables utilized in the Sarculator Nomogram

These variables were assessed with one sample Exact test comparing U.S. Sarcoma Collaborative distribution versus development median

(included as a null value) as opposed to chi-square analysis

Univariate and multivariable Cox regression analyses
were performed to assess associations between clinico-
pathologic features and OS and DSS. The Fine and Gray
model in the competing risks framework was used to
analyze the associations between clinicopathologic features
and distant metastases, whereby distant metastasis with or
without synchronous local recurrence was the event, and
death without recurrence and isolated local recurrence were
regarded as competing events. For each model, variables
significant on univariate analysis were included in the
multivariable model. Backwards selection was used to
construct the final multivariable regression model, using a
p-value threshold of <0.10 for remaining in the model.
Additionally, the variables selected for the multivariable

model of DM CI based on the Fine and Gray model were
included in a Cox model in order to obtain hazard ratio
estimates.

Institutional review board (IRB) approval at each par-
ticipating institution was obtained prior to study initiation.
Statistical analyses were performed using SAS software
(SAS Institute, Cary, NC), with p-values < 0.05 considered
statistically significant.

RESULTS

A cohort of 1326 patients who underwent resection of
primary extremity STS was identified from the USSC
database. Basic demographics and clinicopathologic
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TABLE 2 Clinicopathologic features of primary extremity STS patients from the U.S. Sarcoma Collaborative and Memorial Sloan Kettering

Cancer Center (MSKCC) Validation Cohorts'

Variable U.S. Sarcoma Collaborative Cohort MSKCC cohort p value
(n = 1326) (n =642) (Chi-square)

Sex, no. (%) 0.41

Male 718 (54%) 335 (52%)

Female 608 (46%) 307 (48%)

Age (years), median [IQR]* 59 [46-71] 49 [34-61] <0.01”

Tumor size (cm), no. (%) <0.01

<5 373 (28%) 291 (45%)

5-10 477 (36%) 192 (30%)

>10 476 (36%) 159 (25%)

FNCLCC tumor grade, no. (%)* <0.01

1 186 (14%) 180 (28%)

2 179 (14%) 170 (26%)

3 961 (72%) 292 (46%)

Histology, no. (%)" <0.01

Fibrosarcoma 178 (13%) 9 (1%)

Liposarcoma 179 (14%) 198 (31%)

Malignant fibrous histiocytoma 464 (35%) 52 (8%)

Leiomyosarcoma 122 (9%) 93 (14%)

Synovial sarcoma 118 (9%) 97 (15%)

Malignant peripheral nerve sheath tumor 57 (4%) 65 (10%)

Other 208 (16%) 128 (46 %)

Tumor depth, no. (%)" <0.01

Superficial 116 (9%) 135 (21%)

Deep 1210 (91%) 507 (79%)

Extremity site, no. (%)" 0.02

Upper extremity 307 (23%) 181 (28%)

Lower extremity 1019 (77 %) 461 (72%)

Perioperative chemotherapy, no. (%) 313 (24%) 114 (18%) <0.01

Perioperative radiation, no. (%) 700 (53%) 237 (37%) <0.01

STS soft tissue sarcoma; /QR interquartile range; FNCLCC French Federation of Cancer Centers System

*Variables highlighted in bold represent the variables utilized in the MSKCC Nomogram

"These variables were assessed with one sample Exact test comparing U.S. Sarcoma Collaborative distribution versus development median

(included as a null value) as opposed to chi-square analysis

features of the USSC cohort are summarized in Tables 1
and 2. The most common histologies represented included
undifferentiated pleomorphic (UPS; 35%),
fibrosarcoma (13%), leiomyosarcoma (9%), and synovial
sarcoma (9%). Median tumor size was 8.0 cm (interquartile
range [IQR] 4.5-13.0). Tumor grade distribution was:
Grade 1 (14%), Grade 2 (14%), Grade 3 (72%). Perioper-
ative chemotherapy was delivered to 24% (n = 313) of
patients, and 53% (n = 700) of patients received periop-
erative radiation. Median follow-up time was 34 months.
Median OS was 173 months (IQR, 128 months-MNR),

sarcoma

with estimated 5- and 10-year OS of 70% and 58%,
respectively. The 5-year and 10-year DM CI were 29% and
33%, respectively.

Significant differences were found in the clinicopatho-
logic features of patients in the current USSC study cohort
compared with both the Sarculator cohort (Table 1) and the
MSKCC cohort (Table 2). The current study cohort
included a greater proportion of Grade 3 tumors compared
with both the Sarculator (72% vs. 47%, p < 0.01) and
MSKCC cohorts (72% vs. 46% p < 0.01). Differences also
were observed with regard to age, tumor size, tumor depth,
surgical margins, and distribution of histologic subtypes
(all p < 0.01).
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The calibration plots showed good predictability for 5-
and 10-year OS using the Sarculator nomogram (Fig. la,
b). Calibration plots for 5- and 10-year DM CI using the
Sarculator nomogram showed similarly good predictability
(Fig. 1c—d). The C-indices for 5- and 10-year OS were 0.72
(95% CI: 0.70-0.75) and 0.73 (95% CI: 0.70-0.75); the
C-index was 0.72 (95% CI: 0.69-0.75) for both 5- and
10-year DM CI. The calibration plots for DSS demon-
strated similarly good calibration using the MSKCC
nomogram, with C-indices for 4-, 8-, and 12-year of 0.71
(95% CI: 0.68-0.75) (Fig. 2a—c).

Univariate analysis revealed tumor location and tumor
depth were not significantly associated with OS (Table 3).
Patient age (p < 0.001), tumor size (p < 0.001), tumor
grade (p = 0.002), resection margin status (p < 0.001), and
histologic subtype (p < 0.001) all remained significantly
associated with OS in the multivariable analysis. The Fine
and Gray analysis for DM CI resulted in a multivariable
model with tumor size, tumor grade, histologic subtype,
and tumor depth (Table 4). Independent risk factors asso-
ciated with DSS on multivariate analysis (Table 5)
included age (p < 0.001), tumor size (p < 0.001), tumor
grade (p < 0.001), histologic subtype (p < 0.001), and
resection margin status (p = 0.006).

Predicted 10-year DMCI

DISCUSSION

The Sarculator and MSKCC prognostic nomograms for
extremity STS were developed as tools to assist in clinical
decision making by utilizing clinicopathologic patient
features. While both nomograms have shown promising
clinical utility in assessing survival and recurrence out-
comes, external validation has been limited. The present
study evaluated the prognostic ability of both nomograms
in a modern, multi-institutional U.S. cohort of patients
undergoing resection of primary extremity STS across nine
academic referral centers. Both the Sarculator and MSKCC
nomograms demonstrated good prognostic ability for sur-
vival and distant recurrence outcomes in our diverse
validation cohort. Despite significant differences in clini-
copathologic features between the current validation study
cohort and the original cohorts for the Sarculator and
MSKCC studies, particularly with regards to the distribu-
tion of tumor grade and histologic subtypes, both
nomograms displayed good calibration and discriminative
ability within our population. Both nomograms have been
proposed as a means of risk-stratifying patients for thera-
peutic decision making, clinical trial eligibility, and
duration and intensity of postoperative surveillance.”'**
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FIG. 2 Calibration Plots of
Actual versus Predicted
Disease-Specific Survival
Outcomes using the MSKCC
Prognostic Nomogram. Four
(a)-, eight (b)-, and twelve-year
(c) disease-specific survival
were assessed. The nomogram
predicted probabilities were
stratified into quintiles. For each
quintile, the average
nomogram-predicted
probability (x-axis) was plotted
against the observed Kaplan—
Meier probability for that time
point with 95% confidence
intervals indicated. The
45-degree dotted line indicates
the reference line where a
perfect nomogram would lie.
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The results of this external validation study support the
ongoing incorporation of both the Sarculator and MSKCC
nomograms into the clinical management of patients with
extremity STS.

The Sarculator nomogram proposed by Callegaro et al
was developed and validated using cohorts from sarcoma
centers in Italy, France, Canada, and the United King-
dom.'® To the authors” knowledge, the current study is the
first to externally validate the Sarculator nomogram within
a diverse cohort of patients from the United States treated
across nine high-volume academic institutions. The Har-
rell’s C-index of 0.72 for 5-year OS from our current
validation cohort compared favorably with the C-indices of
0.70-0.78 for the cohorts reported in the original Sarculator
study,'” indicating good discrimination, or the ability to
distinguish patients who have experienced an event from
those without the event, within our study population.
Similarly, the C-index for 5-year DMCI of 0.72 in our
validation cohort was comparable to the C-indices of
0.65-0.76 reported for the original study cohorts.'” The

T T T T T
0.8 1.0 00 02 04 06 08 1.0
Predicted 12-year DSS

calibration plots for both OS and DMCI demonstrated good
prognostic accuracy of the Sarculator model within our
validation cohort.

The general MSKCC prognostic model for STS was
originally developed by Kattan et al.'' and was subse-
quently externally validated by Mariani et al.,'? specifically
for patients with extremity STS using a single institution
cohort of patients treated from 1980 to 2000 in Milan, Italy.
Analysis using the MSKCC nomogram within our current
validation cohort resulted in C-index of 0.71 for 4-, 8-, and
12-year DSS, comparable to the C-indices of 0.77 and 0.76
from the original MSKCC development and validation
studies, respectively. Our calibration plots for DSS also
demonstrated good prognostic accuracy of the MSKCC
nomogram. One of the few prior external validation studies
of the MSKCC nomogram, recently published by Bagaria
et al., analyzed STS patients from 1988 to 2011 identified
from the Surveillance, Epidemiology, and End Results
(SEER) cancer registry, and reported an overall C-index of
0.74."® Their study included patients with STS across all
disease sites, however, and 50% of the cohort was made up
of patients with nonextremity tumors, limiting the
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TABLE 3 Univariate and multivariable Cox regression for overall survival in extremity STS patients
Variable Univariate analysis Multivariable analysis

Hazard ratio  Confidence interval p value® Hazard ratio  Confidence interval  p value®
Age (years) 1.03 1.02-1.04 <0.001 1.03 1.02-1.04 <0.001
Tumor size (cm) 1.06 1.05-1.08 <0.001 1.07 1.05-1.08 <0.001
FNCLCC tumor grade <0.001 0.005
1 _ _ — _ - _
2 2.48 1.42-4.32 - 2.09 1.17-3.72 -
3 3.39 2.08-5.53 - 2.42 1.42-4.15 -
Histology <0.001 <0.001
Leiomyosarcoma - - - - - -
Dedifferentiated/pleomorphic liposarcoma  1.05 0.61-1.80 - 0.53 0.30-0.94 -
Myxoid liposarcoma 0.48 0.26-0.87 - 0.67 0.36-1.26 -
Malignant peripheral nerve sheath tumor 1.28 0.73-2.25 - 1.67 0.93-2.99 -
Myxofibrosarcoma 0.64 0.39-1.04 - 0.67 0.41-1.10 -
Synovial sarcoma 0.63 0.37-1.07 - 1.29 0.73-2.25 -
Vascular sarcoma 3.09 1.70-5.62 - 3.84 2.10-7.03 -
Undifferentiated pleomorphic sarcoma 1.19 0.81-1.74 - 0.96 0.65-1.42 -
Other 1.06 0.67-1.66 - 1.18 0.75-1.86 -
Tumor depth 0.252 -
Deep - - - - - -
Superficial 0.76 0.48-1.21 - - - -
Extremity site >0.999 -
Lower extremity - - - - - -
Upper extremity 1.00 0.78-1.29 - - - -
Margin <0.001 <0.001
RO - - - - - -
R1 1.73 1.37-2.19 - 1.74 1.37-2.21 -

STS soft tissue sarcoma; FNCLCC, French Federation of Cancer Centers System

4 Wald p value

applicability of these results. Given the complexity and
evolution of nomenclature for histologic classification of
STS subtypes, the reliability of historical registry data,
such as SEER or National Cancer Database (NCDB) for
sarcoma-specific clinicopathologic variables also is poten-
tially problematic. The granularity of the current USSC
database, on the other hand, allowed for more reliable
confirmation of histologic subtype and tumor grade among
a modern cohort of extremity STS patients.

While both nomograms proved to be accurate prognostic
tools within our validation cohort, there are some important
considerations when assessing their clinical utility. One
notable difference between the two existing nomograms is
the analysis of patients with liposarcoma histology. The
Sarculator model excludes patients with well-differentiated
liposarcoma, while including those with myxoid or dedif-
ferentiated/pleomorphic liposarcoma and treating these two
subtypes as discrete histologic entities for the purposes of

the nomogram. The MSKCC model, by contrast, not only
includes patients with well-differentiated liposarcoma his-
tology but makes no distinction between subclassifications
of liposarcoma, and groups all liposarcoma patients into
one histologic category. Previous studies have demon-
strated that these liposarcoma subtypes display distinctly
different biologic behaviors and distinctly different sur-
vival and recurrence prognoses, arguing for their treatment
as separate entities for nomogram calculations.”>° In
addition, the Sarculator nomogram incorporates tumor size
as a continuous variable, while the MSKCC nomogram
analyzes the tumor size covariate as a categorical vari-
able.'” The exact relationship between extremity STS
tumor size and recurrence and survival outcomes remains
somewhat controversial, particularly at either end of the
spectrum; the significance of a 1-cm incremental change in
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TABLE 4 Univariate and multivariable Cox regression for time to distant metastases in extremity STS patients

Variable Univariate analysis Multivariable analysis
Hazard ratio  Confidence interval p value® Hazard ratio  Confidence interval  p value®

Age (years) 1.00 1.00-1.01 0.129 - - -
Tumor size (cm) 1.07 1.05-1.08 <0.001 1.07 1.05-1.08 <0.001
FNCLCC tumor grade <0.001 <0.001
1 _ _ — _ _ _

2 3.42 1.84-6.37 - 2.94 1.56-5.54 -

3 4.79 2.75-8.35 - 3.93 2.17-7.10 -
Histology <0.001 <0.001
Leiomyosarcoma - - - - - -
Dedifferentiated/pleomorphic liposarcoma  0.63 0.37-1.10 - 0.29 0.16-0.51 -
Myxoid liposarcoma 0.45 0.26-0.76 - 0.46 0.26-0.79 -
Malignant peripheral nerve sheath tumor 0.86 0.49-1.49 - 0.58 0.33-1.02 -
Myxofibrosarcoma 0.34 0.21-0.56 - 0.36 0.22-0.59 -
Synovial sarcoma 0.74 0.48-1.15 - 0.67 0.43-1.04 -
Vascular sarcoma 1.14 0.57-2.27 - 0.99 0.50-1.99 -
Undifferentiated pleomorphic sarcoma 0.77 0.55-1.09 - 0.56 0.39-0.80 -
Other 0.67 0.44-1.03 - 0.58 0.38-0.90 -
Tumor depth <0.001 0.010
Deep - - - - - -
Superficial 0.28 0.15-0.55 - 0.41 0.21-0.81 -
Extremity site 0.162 -
Lower extremity - - - - - -
Upper extremity 0.83 0.63-1.08 - - - -
Margin 0.543 -

RO - - - - - -

R1 1.08 0.84-1.41 - - - -

STS soft tissue sarcoma; FNCLCC French Federation of Cancer Centers System

Wald p value

tumor size appears to be nonlinear (i.e., the difference
between a 2-cm and 3-cm tumor is not the same as the
difference between a 30-cm and 31-cm tumor).3’“’17’27
Interestingly, neither the Sarculator nor MSKCC
nomograms include resection margin status as a covariate
in their respective models, although the current study and
others have suggested that margin status may be an inde-
pendent risk factor for adverse recurrence and survival
outcomes.”®*° In the current validation cohort, R1 margin
status was an adverse prognostic factor independently
associated with worse OS and DSS, but not DMCI.
Visual inspection of our calibration plots suggests that
the prognostic accuracy of both of these static nomograms
may be weaker for the later endpoints at 10 and 12 years
postresection. The 10-year OS (Fig. 1B) and DMCI
(Fig. 1D) plots from the Sarculator nomogram and the
12-year DSS plot (Fig. 2C) from the MSKCC nomogram
demonstrated a larger spread around the 45-degree

reference line of the model. Other studies have suggested
that the effects of covariates on survival and recurrence
outcomes may in fact change over time after initial sar-
coma resection and dynamic nomograms have been
proposed to provide more accurate prognostic information
during the post-resection follow-up period.*'=* Future
studies will attempt to validate these dynamic prognostic
nomograms within our multi-institutional cohort.
Limitations of the current validation study include its
retrospective, multi-institutional cohort design, spanning
nine high-volume academic institutions and 17 years of
evolving perioperative care for extremity STS. Although
data were collected retrospectively, the current study
allowed for analysis of more granular, reliable data, par-
ticularly regarding tumor grade and histologic subtype. A
multi-institutional ~ analysis  inherently = encompasses
interinstitutional variability in treatment paradigms, such
as the role of perioperative systemic therapy and radiation
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TABLE 5 Univariate and multivariable Cox regression for disease-specific survival in extremity STS patients
Variable Univariate analysis Multivariable analysis

Hazard ratio  Confidence interval p value® Hazard ratio Confidence interval p value®
Age (years) 1.02 1.01-1.03 <0.001 1.02 1.01-1.03 <0.001
Tumor size (cm) 1.07 1.05-1.08 <0.001 1.07 1.06-1.09 <0.001
FNCLCC tumor grade <0.001 <0.001
1 _ — — _ _ _
2 5.13 2.15-12.25 - 4.94 2.04-11.99 -
3 7.09 3.15-15.97 - 5.86 2.50-13.73 -
Histology <0.001 <0.001
Leiomyosarcoma - - - - - -
Dedifferentiated/pleomorphic Liposarcoma 0.96 0.49-1.86 0.42 0.21-0.85 -
Myxoid liposarcoma 0.56 0.27-1.10 - 0.78 0.38-1.59 -
Malignant peripheral nerve sheath tumor 1.36 0.70-2.64 - 1.38 0.70-2.76 -
Myxofibrosarcoma 0.54 0.29-0.99 - 0.60 0.33-1.10 -
Synovial sarcoma 0.74 0.40-1.36 - 1.14 0.60-2.16 -
Vascular sarcoma 3.31 1.64-6.65 - 4.05 1.99-8.23 -
Undifferentiated pleomorphic sarcoma 1.24 0.79-1.95 - 0.96 0.61-1.53 -
Other 1.10 0.65-1.89 1.17 0.68-2.00 -
Tumor depth 0.093 -
Deep - - - - - -
Superficial 0.59 0.32-1.09 - - - -
Extremity site 0.389 -
Lower extremity - - - - - -
Upper extremity 0.87 0.64-1.19 - - - -
Margin 0.001 <0.001
RO - - - - -
R1 1.61 1.21-2.13 - 1.67 1.26-2.22 -

STS soft tissue sarcoma; FNCLCC French Federation of Cancer Centers System

Wald p value

therapy for these patients. The Sarculator and MSKCC
prognostic nomograms, however, were purposefully built
upon clinicopathologic variables related to an individual’s
specific tumor rather than treatment-related variables. In
addition, tumor grade was assessed by multiple patholo-
gists across these institutions, potentially introducing inter-
institutional variability. While the definition of margin
status for extremity soft tissue sarcoma remains somewhat
controversial,34 the definition of R1 margin as tumor within
Imm of the inked margin from the Sarculator nomogram
was utilized. Evolution in pathologic classification of sar-
coma subtypes between the Sarculator and MSKCC
nomograms and the current validation study required
reclassification of a few specific pathologic subtypes, given
the inability to re-review pathology from the original
nomogram studies. Given the rarity of extremity STS,
multi-institutional analyses are necessary to accrue a large
enough cohort to draw meaningful conclusions from the

data. Despite the inherent heterogeneity of this validation
study cohort and significant differences in clinicopatho-
logic features from the more-uniform, institutional data
used to generate the Sarculator and MSKCC nomograms,
both models demonstrated good prognostic ability within
the current cohort.

In conclusion, the Sarculator and MSKCC nomograms
were both found to have good discriminative and prog-
nostic ability within a diverse, modern, multi-institutional
U.S. validation cohort of patients undergoing resection of
primary extremity STS. Ongoing incorporation of these
prognostic nomograms into the clinical management of
extremity STS patients appears warranted.
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