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Abstract

Background: The use of nomograms for prognostication of individual cancer patients has been recommended in
order to facilitate precision medicine. However, models for patients with soft tissue sarcomas (STSs) are limited because
of the rarity and heterogeneity of such cancers. In addition, no model has been developed on the basis of an Asian
cohort. Here, we attempted to develop and internally validate nomograms for patients with localized STSs of the trunk
and extremity.

Methods: This study retrospectively extracted 2827 patients with primary trunk and extremity STSs after definitive surgery
using the Bone and Soft Tissue Tumor Registry, which is a nationwide sarcoma database in Japan. We developed three
nomograms predicting the probability of local recurrence-free survival (LRFS), distant metastasis-free survival (DMFS) and
disease-specific survival (DSS) at 2 years after surgery, using the Cox multivariate model. The nomograms were internally
validated for discrimination and calibration using bootstrap resampling and assessed for their clinical applicability by
decision curve analysis (DCA).

Results: Local recurrence, distant metastasis and disease-specific death occurred in 241 patients (8.5%), 554 patients
(19.6%) and 230 patients (8.1%), respectively. Histological diagnosis, grade and tumor size strongly influenced all three
endpoints. The nomograms predicted accurately the probability of LRFS, DMFS and DSS (concordance index: 0.73, 0.70
and 0.75, respectively). DCA demonstrated that our nomograms had clinical applicability.

Conclusion: We have developed the first nomograms for STSs based on an Asian cohort. These nomograms allowed
accurate prediction of LRFS, DMFS and DSS at 2 years after definitive surgery, and can be used as a guide by clinicians
for appropriate follow-up and counseling of patients.
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Background
Soft tissue sarcomas (STSs) are a heterogeneous
group of malignant tumors that can arise anywhere in
the body, making their clinical course variable and
the development of a meaningful staging system diffi-
cult. With this background in mind, the current
eighth edition of the American Joint Committee on
Cancer (AJCC) staging system has attempted to in-
corporate the anatomic primary tumor site as one of
the prognostic variables in the T stage, as well as
tumor size [1]. Some important factors other than the
AJCC staging are also reportedly associated with sur-
vival in STS patients, including age, histologic diagno-
sis, surgical margin, and radiotherapy [2–12].
Estimation of accurate clinical course using these fac-
tors will enable clinicians to select appropriate pa-
tients who can gain benefit from invasive treatment
and may improve prognosis for patients. Therefore, in
order to achieve precision medicine, more accurate
and personalized outcome prediction tools that can
incorporate several prognostic factors influencing sur-
vival are required [13].
The nomogram, a graphical calculation tool de-

signed to allow prediction of the overall probability of
a specific outcome for any individual patient, can pro-
vide clinicians with accurate estimates of prognosis
for several cancers. Kattan et al. [8] developed the
first nomogram for general site STSs based on the
2002 World Health Organization (WHO) classifica-
tion, and other nomograms for STSs were then subse-
quently reported, especially for site-specific tumors
[10, 12]. However, there are some major concerns re-
lated to the practical use of such nomograms: 1)
since the general site nomogram proposed by Kattan
et al. [8], no practical nomograms for patients with
trunk STS based on the latest WHO histological clas-
sification (2013) have been developed [8, 14]; and 2)
previous nomograms were developed on the basis of
Caucasian cohorts in countries where treatment strat-
egies including the extent of the surgical margin and
indications for radiotherapy differed from those in-
volving Asian cohorts [8–12]. Furthermore, to our
knowledge, there are no reported nomograms which
can concurrently predict following three major out-
comes during clinical course of STS: local recurrence-
free survival (LRFS), distant metastasis-free survival
(DMFS), and disease-specific survival (DSS).
Therefore, in the present study, we aimed to develop

nomograms for predicting LRFS, DMFS, and DSS in pa-
tients undergoing definitive surgery for trunk and ex-
tremity STSs by analyzing data from the Bone and Soft
Tissue Tumor (BSTT) Registry in Japan, which is a na-
tionwide organ-specific cancer registry for bone and soft
tissue tumors [2, 15].

Methods
Data source
The BSTT Registry is a nationwide organ-specific
cancer registry for bone and soft tissue tumors in
Japan. Details of the BSTT have been reported else-
where [2, 15]. Detailed data for patients treated at the
participating hospitals are collected annually in a
clinician-oriented manner. The survey collects data in
two sets. The first survey is conducted annually in
May for patients treated between January 1 and De-
cember 31 of the previous year, and includes the fol-
lowing data for each patient: 1) basic data related to
the patient: hospital, sex, age, date of diagnosis, status
at the first visit, etc.; 2) information on the tumor:
origin of the tumor (bone, soft tissue), histologic de-
tails (malignant or benign, and diagnosis), tumor loca-
tion, the data required for TNM and Enneking
staging (tumor size, nodal or distant metastasis, and
histologic grade for malignant tumors.); 3) informa-
tion on surgery: date of definitive surgery, type of sur-
gery, reconstruction details, additional surgery for
complications, etc.; and 4) information on treatments
other than surgery: details of chemotherapy and
radiotherapy. The second survey collects information
on prognosis at 2, 5, and 10 years after the initial
registration only for patients with bone and soft tissue
sarcomas. It includes information on several outcome
measures at the time of the latest follow-up, such as
local recurrence, distant metastasis, oncologic out-
come and limb salvage status. Use of the BSTT Regis-
try for the purposes of clinical research was initiated
in 2014 after approval from the Musculoskeletal
Tumor Committee of the Japanese orthopaedic associ-
ation (JOA). Approvals for the present study were ob-
tained from the Institutional Review Boards of the
JOA and National Cancer Center (2018–085).

Study design and eligibility
Data were obtained from the BSTT Registry during
2006–2015. The inclusion criteria for patients were as
follows: 1) a diagnosis of primary STS with no distant
metastasis (N0M0 or N1M0) arising from the trunk
or extremities, 2) aged 18 years or older at diagnosis,
and 3) having undergone definitive surgery with cura-
tive intent. We defined STSs of the trunk as tumors
arising from the trunk excluding the head, those of
the upper extremity as tumors arising from the shoul-
der girdle to the hand, and those of the lower ex-
tremity as tumors arising from the pelvic girdle
(excluding endopelvic tumors) to the foot. STSs were
defined as malignant soft tissue tumors (both low and
high grade) based on the 2013 WHO classification
[14]. Patients with benign or intermediate STSs were
excluded. Patients with soft tissue Ewing sarcoma and
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alveolar or embryonal rhabdomyosarcoma were also
excluded, in view of the characteristic natural course
and treatment strategies for these tumors.

Prognostic variables
For this study, we extracted the following data: patient
sex, age, tumor size, tumor site (trunk, upper extremity,
or lower extremity), tumor depth, histological grade and
diagnosis, nodal metastasis status (negative or positive)
at diagnosis, surgical margin after surgery, and peri-
operative adjuvant therapy status. Tumor size was the
maximum diameter measured by imaging modalities at
the time of diagnosis. Histological grade was classified as
either low or high grade. Tumor depth was assessed as
superficial or deep relative to the investing fascia. Surgi-
cal margin status was defined microscopically as either
positive (intralesional) or negative (marginal or wide).
Histological diagnosis was based on the latest WHO cri-
teria and grouped into 10 categories [14]: myxoid lipo-
sarcoma (MLS), leiomyosarcoma (LMS), dedifferentiated
liposarcoma (DDLS), malignant peripheral nerve sheath
tumor (MPNST), myxofibrosarcoma (MFS), synovial sar-
coma (SySa), undifferentiated pleomorphic sarcoma
(UPS), angiosarcoma, pleomorphic liposarcoma (PLS),
and others, including diverse range of rare STSs with de-
finitive diagnosis other than described above.

Statistical analysis
The primary endpoints were the occurrence of 1) local
recurrence (LR), 2) distant metastasis (DM), and 3) dis-
ease specific death (DSD) at 2 years after surgery. LRFS
or DMFS were defined as the period from the date of
definitive surgery until the appearance of LR or DM, or
until the last follow-up for patients without LR or DM,
respectively. DSS was defined as the period from the
date of definitive surgery until DSD, or until the last
follow-up for survivors. Patients without these events or
with lost to follow-up, or patients who died without LR
or DM, or because of other causes, were censored at the
last follow-up. The LRFS, DMFS and DSS were esti-
mated using the Kaplan-Meier method, and comparisons
were assessed using the log-rank test. Univariable and
multivariable analyses were conducted using the Cox
proportional hazards model. In the multivariable ana-
lysis, all the variables (age, sex, site, depth, size, histo-
logical diagnosis, histological grade, nodal metastasis,
and surgical margin) were used as the independent vari-
ables with forced entry method. We determine the alpha
level at 0.05 in this study.

Nomogram
We developed the multivariate nomograms starting from
Cox regression. The probabilities of each endpoint at 2
years after surgery were calculated for each patient with

the Cox regression model underlying the nomogram.
Then, these models were internally validated with 50
bootstrap samples to prevent over-fitting and obtain a
relatively unbiased estimate. We evaluated the nomo-
gram performance based on the concordance index and
calibration plot. Concordance index indicates discrimin-
ation ability of nomogram to distinguish whether pa-
tients experience an interest event or not and calibration
plot assesses how well the risk predicted by our nomo-
gram fit the observed risk.
In addition, we performed decision curve analysis

(DCA), a statistical method designed to evaluate the
clinical usefulness of a prediction model without add-
itional data [16]. DCA provides a relevant risk threshold
for use of the model by comparing the net benefit of a
model-assisted decision with those of treat-all and treat-
none regardless of the model decision. When the risk
threshold includes the probability that clinicians are mo-
tivated to perform a medical intervention, model is de-
termined as a useful clinical model. The probability also
coincide with a probability that harm of false positive
intervention outweighs that of false negative non-
intervention. For instance, if a patient has a LR probabil-
ity of over 0.5, many clinicians would opt for some form
of intervention, such as short-term follow-up using im-
aging or adjuvant therapy, whereas if the probability is
0.1, many clinicians would opt for simple observation. In
this case, if the net benefit of the model-assisted decision
exceeds those for treat-all and treat-none with a prob-
ability between 0.1 and 0.5, then the model is deemed
clinically useful, because for many clinicians the risk
threshold lies within this range.
Statistical analysis was performed using IBM SPSS ver-

sion 19.0 (IBM SPSS, Armonk, NY, USA) and the nomo-
grams and decision curves were built using R software
version 3.0.1 (R Foundation for Statistical Computing,
Vienna, Austria) with the rms and rmda library.

Results
Patients characteristics
We identified 2954 patients who fulfilled the inclusion
criteria during 2006–2015. Among them, we excluded
patients for whom any values with respect to age, sex,
tumor size, grade, depth, location, histological diagnosis,
presence or absence of nodal metastasis at diagnosis and
surgical margin status were missing. As a result, our co-
hort consisted of 2827 patients, all of whom had a
complete set of data for the variables described above.
The clinicopathological characteristics of the cohort are
summarized in Table 1. The median follow-up period
was 16months (range, 3–90months). LR, DM and DSD
occurred in 241 (8.5%), 554 (19.6%) and 230 (8.1%) pa-
tients over the study period, respectively (Additional file 1:
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Figure S1, Additional file 2: Figure S2 and Add-
itional file 3: Figure S3).

Prognostic factors
Kaplan-Meier curves stratified by each variables and the
results of log-rank test were exhibited in Additional file
1: Figure S1, Additional file 2: Figure S2 and Additional
file 3: Figure S3. Nine prognostic factors selected based
on clinical importance were significantly associated with
each endpoints.
The results of the univariate and multivariate Cox pro-

portional hazards models for LRFS are listed in Table 2.
Multivariate analyses demonstrated that high-risk factors
for LR were as follows: arising in the trunk (hazard ratio
[HR], 2.55; 95% confidence interval [CI], 1.91–3.41;
P < .001), large tumor size (≥ 5 cm and < 10 cm [HR, 1.95;
95% CI, 1.31–2.92; P = .001], ≥ 10 cm [HR, 3.50; 95% CI,
2.31–5.32; P < .001]), LMS [HR, 3.10; 95% CI, 1.43–6.69;
P = .004], MFS [HR, 3.46; 95% CI, 1.51–7.94; P = .003],
angiosarcoma [HR, 4.95; 95% CI, 1.32–18.58; P = .018],
high grade (HR, 2.43; 95% CI, 1.48–3.99; P < .001) and
positive margin (HR, 3.12; 95% CI, 2.22–4.37; P < .001).
Table 3 shows the univariate and multivariate Cox

proportional hazards models for DMFS. Multivariate
analyses demonstrated that the high-risk factors for DM
were as follows: large tumor size (≥ 5 cm and < 10 cm
[HR, 2.02; 95% CI, 1.57–2.60; P < .001], ≥ 10 cm [HR,
3.39; 95% CI, 2.59–4.43; P < .001]), LMS [HR, 2.98; 95%
CI, 2.00–4.45; P < .001], angiosarcoma [HR, 4.04; 95%
CI, 1.78–9.15; P < .001], high grade (HR, 4.08; 95% CI,
2.74–6.09; P < .001) and positive nodal metastasis (HR,
2.06; 95% CI, 1.28–3.31; P = .003).
Table 4 shows the univariate and multivariate Cox pro-

portional hazards models for DSS. Multivariate analyses
demonstrated that the high-risk factors of DSD were as
follows: large tumor size (≥ 5 cm and < 10 cm [HR, 2.19;
95% CI, 1.41–3.39; P < .001], ≥ 10 cm [HR, 4.73; 95% CI,
3.03–7.38; P < .001]), LMS [HR, 2.94; 95% CI, 1.41–6.10;
P = .004], MFS [HR, 3.21; 95% CI, 1.43–7.20; P = .005],
angiosarcoma [HR, 11.40; 95% CI, 4.05–32.10; P < .001],
high grade (HR, 5.37; 95% CI, 2.61–11.04; P < .001), and
positive margin (HR, 1.54; 95% CI, 1.00–2.36; P = .048).

Availability of developed nomograms
We developed nomograms to predict LRFS, DMFS, and
DSS at 2 years after surgery based on the weighted coeffi-
cients for each of the values obtained by Cox regression
(Fig. 1a, b and c). The calibration plots for internal valid-
ation of these nomograms are shown in Fig. 2a, b and c.
Concordance indices for the LRFS, DMFS and DSS nomo-
grams were 0.73, 0.70 and 0.75, respectively, suggesting
high predictive accuracy. Furthermore, in order to assess
the clinical utility of this nomogram, we conducted DCA.
The results of DCA demonstrated that use of these

Table 1 Clinicopathologic and treatment characteristics (N =
2827)

Characteristic Number of patients (%)

Age, years mean [SD] 60.2 [17.3]

< 30 177 (6.3)

30–49 572 (20.2)

50–69 1094 (38.7)

70- 984 (34.8)

Sex Male 1573 (55.6)

Female 1254 (44.4)

Site Upper extremity 482 (17.0)

Lower extremity 1871 (66.2)

Trunk 474 (16.8)

Depth Superficial 782 (27.7)

Deep 2045 (72.3)

Histological diagnosis MLS 349 (12.3)

LMS 280 (9.9)

DDLS 209 (7.4)

MFS 130 (4.6)

MPNST 347 (12.3)

SySa 170 (6.0)

UPS 779 (27.6)

Angiosarcoma 21 (0.7)

PLS 78 (2.8)

Others 464 (16.4)

Histological grade Low 546 (19.3)

High 2281 (80.7)

Size, cm mean [SD] 8.7 [5.7]

5 cm< 749 (31.8)

5 cm≤,< 10 cm 990 (42.1)

10 cm≤ 614 (26.1)

Nodal metastasis Negative 2782 (98.4)

Positive 45 (1.6)

Surgical margin Negative 2674 (94.6)

Positive 153 (5.4)

Chemotherapy Neoadjuvant 226 (8.0)

Adjuvant 603 (21.3)

Not done 1998 (70.7)

Radiotherapy Neoadjuvant 64 (2.3)

Adjuvant 552 (19.5)

Not done 2210 (78.2)

NA 1 (0)

CI confidence interval, MLS myxoid liposarcoma, LMS leiomyosarcoma, DDLS
dedifferentiated liposarcoma, MPNST malignant peripheral nerve sheath tumor,
MFS myxofibrosarcoma, SySa synovial sarcoma, UPS undifferentiated
pleomorphic sarcoma, PLS pleomorphic liposarcoma, NA not available
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Table 2 Cox proportional hazards models for LRFS

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

< 30 Reference Reference

30–49 0.80 (0.41–1.55) 0.505 0.82 (0.41–1.61) 0.557

50–69 1.26 (0.69–2.30) 0.450 0.99 (0.52–1.88) 0.971

70- 1.59 (0.88–2.90) 0.126 1.25 (0.65–2.39) 0.500

Sex

Male Reference Reference

Female 0.86 (0.66–1.11) 0.238 1.05 (0.81–1.36) 0.729

Site

Lower extremity Reference Reference

Upper extremity 1.31 (0.91–1.89) 0.142 1.46 (1.01–2.12) 0.045

Trunk 3.06 (2.32–4.05) < 0.001 2.55 (1.91–3.41) < 0.001

Depth

Superficial Reference Reference

Deep 2.16 (1.52–3.06) < 0.001 1.33 (0.91–1.94) 0.139

Size

5 cm< Reference Reference

5 cm≤, < 10 cm 2.14 (1.45–3.16) < 0.001 1.95 (1.31–2.92) 0.001

10 cm≤ 4.19 (2.87–6.13) < 0.001 3.50 (2.31–5.32) < 0.001

Histological diagnosis

MLS Reference Reference

LMS 4.51 (2.15–9.47) < 0.001 3.10 (1.43–6.69) 0.004

DDLS 7.20 (3.48–14.9) < 0.001 2.58 (1.20–5.54) 0.015

MFS 5.77 (2.57–12.94) < 0.001 3.46 (1.51–7.94) 0.003

MPNST 3.24 (1.53–6.84) 0.002 2.46 (1.13–5.34) 0.023

SySa 2.05 (0.81–5.16) 0.128 1.47 (0.57–3.79) 0.430

UPS 3.17 (1.57–6.37) 0.001 1.99 (0.96–4.13) 0.065

Angiosarcoma 7.34 (1.99–27.13) 0.003 4.95 (1.32–18.58) 0.018

PLS 1.99 (0.61–6.46) 0.252 1.14 (0.35–3.75) 0.828

Others 3.50 (1.70–7.22) < 0.001 2.88 (1.37–6.07) 0.005

Histological grade

Low Reference Reference

High 2.93 (1.84–4.69) < 0.001 2.43 (1.48–3.99) < 0.001

Nodal meta

Negative Reference Reference

Positive 2.26 (1.12–4.57) 0.023 1.48 (0.70–3.10) 0.304

Surgical margin

Negative Reference Reference

Positive 4.29 (3.10–5.95) < 0.001 3.12 (2.22–4.37) < 0.001

CI confidence interval, MLS myxoid liposarcoma, LMS leiomyosarcoma, DDLS dedifferentiated liposarcoma, MPNST malignant peripheral nerve sheath tumor, MFS
myxofibrosarcoma, SySa synovial sarcoma, UPS undifferentiated pleomorphic sarcoma, PLS pleomorphic liposarcoma
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Table 3 Cox proportional hazards models for DMFS

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

< 30 Reference Reference

30–49 0.68 (0.45–1.03) 0.069 0.67 (0.43–1.02) 0.062

50–69 1.16 (0.80–1.68) 0.435 0.94 (0.63–1.41) 0.777

70- 1.27 (0.88–1.84) 0.202 1.02 (0.68–1.54) 0.909

Sex

Male Reference Reference

Female 0.79 (0.67–0.94) 0.007 0.89 (0.74–1.05) 0.166

Site

Lower extremity Reference Reference

Upper extremity 0.97 (0.77–1.22) 0.773 1.07 (0.85–1.35) 0.576

Trunk 1.12 (0.90–1.39) 0.314 1.05 (0.83–1.31) 0.696

Depth

Superficial Reference Reference

Deep 1.92 (1.54–2.39) < 0.001 1.34 (1.06–1.70) 0.015

Size

5 cm< Reference Reference

5 cm≤, < 10 cm 2.13 (1.67–2.72) < 0.001 2.02 (1.57–2.60) < 0.001

10 cm≤ 3.46 (2.71–4.42) < 0.001 3.39 (2.59–4.43) < 0.001

Histological diagnosis

MLS Reference Reference

LMS 3.79 (2.59–5.54) < 0.001 2.98 (2.00–4.45) < 0.001

DDLS 1.40 (0.87–2.26) 0.166 0.70 (0.42–1.15) 0.160

MFS 2.31 (1.42–3.76) < 0.001 1.87 (1.14–3.08) 0.014

MPNST 1.29 (0.84–1.99) 0.245 1.19 (0.76–1.86) 0.454

SySa 1.52 (0.92–2.49) 0.099 1.35 (0.81–2.27) 0.250

UPS 2.33 (1.63–3.32) < 0.001 1.64 (1.12–2.38) 0.011

Angiosarcoma 4.04 (1.80–9.07) < 0.001 4.04 (1.78–9.15) < 0.001

PLS 2.27 (1.29–3.99) 0.004 1.38 (0.78–2.45) 0.274

Others 1.81 (1.23–2.67) 0.003 1.91 (1.28–2.86) 0.002

Histological grade

Low Reference Reference

High 5.19 (3.52–7.64) < 0.001 4.08 (2.74–6.09) < 0.001

Nodal metastasis

Negative Reference Reference

Positive 2.69 (1.70–4.25) < 0.001 2.06 (1.28–3.31) 0.003

Surgical margin

Negative Reference Reference

Positive 1.35 (0.98–1.88) 0.067 1.15 (0.83–1.6) 0.404

CI confidence interval, MLS myxoid liposarcoma, LMS leiomyosarcoma, DDLS dedifferentiated liposarcoma, MPNST malignant peripheral nerve sheath tumor, MFS
myxofibrosarcoma, SySa synovial sarcoma, UPS undifferentiated pleomorphic sarcoma, PLS pleomorphic liposarcoma
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Table 4 Cox proportional hazards models for DSS

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

< 30 Reference Reference

30–49 0.72 (0.34–1.51) 0.383 0.69 (0.32–1.46) 0.332

50–69 1.23 (0.64–2.37) 0.541 0.93 (0.46–1.87) 0.844

70- 2.21 (1.16–4.21) 0.016 1.72 (0.86–3.43) 0.127

Sex

Male Reference Reference

Female 0.79 (0.60–1.03) 0.076 0.90 (0.68–1.17) 0.426

Site

Lower extremity Reference Reference

Upper extremity 1.10 (0.77–1.56) 0.616 1.21 (0.84–1.74) 0.300

Trunk 1.54 (1.12–2.11) 0.007 1.41 (1.01–1.95) 0.041

Depth

Superficial Reference Reference

Deep 2.48 (1.70–3.62) < 0.001 1.58 (1.06–2.38) 0.026

Size

5 cm< Reference Reference

5 cm≤, < 10 cm 2.41 (1.57–3.68) < 0.001 2.19 (1.41–3.39) < 0.001

10 cm≤ 5.20 (3.44–7.85) < 0.001 4.73 (3.03–7.38) < 0.001

Histological diagnosis

MLS Reference Reference

LMS 4.66 (2.31–9.39) < 0.001 2.94 (1.41–6.10) 0.004

DDLS 2.66 (1.2–5.85) 0.015 0.92 (0.41–2.10) 0.851

MFS 4.62 (2.1–10.18) < 0.001 3.21 (1.43–7.20) 0.005

MPNST 1.91 (0.89–4.1) 0.098 1.37 (0.62–3.03) 0.433

SySa 1.03 (0.35–3.01) 0.959 0.88 (0.29–2.62) 0.811

UPS 3.48 (1.8–6.73) < 0.001 1.90 (0.95–3.78) 0.070

Angiosarcoma 13.51 (4.91–37.19) < 0.001 11.40 (4.05–32.10) < 0.001

PLS 1.80 (0.56–5.74) 0.320 0.87 (0.27–2.80) 0.812

Others 3.34 (1.68–6.65) < 0.001 2.89 (1.42–5.89) 0.003

Histological grade

Low Reference Reference

High 6.88 (3.40–13.92) < 0.001 5.37 (2.61–11.04) < 0.001

Nodal metastasis

Negative Reference Reference

Positive 2.95 (1.56–5.55) < 0.001 1.95 (1.00–3.80) 0.051

Surgical margin

Negative Reference Reference

Positive 2.15 (1.42–3.25) < 0.001 1.54 (1.01–2.36) 0.048

CI confidence interval, MLS myxoid liposarcoma, LMS leiomyosarcoma, DDLS dedifferentiated liposarcoma, MPNST malignant peripheral nerve sheath tumor, MFS
myxofibrosarcoma, SySa synovial sarcoma, UPS undifferentiated pleomorphic sarcoma, PLS pleomorphic liposarcoma
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Fig. 1 (See legend on next page.)
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nomograms for clinical decision-making was more effi-
cient than assuming that all patients would be treated or
not treated, with a risk threshold ranging from 0.05 to 0.8,
from 0.05 to 0.4, and from 0.05 to 0.3, respectively (Add-
itional file 4: Figure S4).

Discussion
Recently, nomograms have been accepted for prognos-
tication of sarcoma and other major cancers [9, 11, 17]
because they enable clinicians to predict accurately any
individual patient’s outcome, as well as being very user-
friendly. However, nomograms need to be updated over
time in accordance with the development of new treat-
ments or changes in diagnostic criteria that may affect
the course of the disease. Nevertheless, there are cur-
rently few nomograms for STSs based on the recent
WHO histological classification [8, 10, 12]. Moreover,
to our knowledge, no nomograms for STSs have been
based on Asian cohorts. In the present study, we devel-
oped nomograms for prediction of LRFS, DMFS, and
DSS in patients with primary STSs diagnosed on the
basis of the recent WHO classification after definitive
surgery employing a large cohort of Japanese patients
in the BSTT registry. In addition, we confirmed the
predictive accuracy and clinical utility of these nomo-
grams by internal validation and DCA analysis,
respectively.
We found that the LR, DM, and DSD incidence at 2

years after surgery were 8.5, 19.6 and 8.1%, respectively,
being consistent with previous studies [3, 4]. In addition,
histological diagnosis, grade, and tumor size have gener-
ally been accepted as predictive factors for STS in previ-
ous large-scale retrospective studies [2–13], and as
expected, these factors were independent prognostic fac-
tors for all of the outcomes in our multivariate analyses
(Tables 2-4). Furthermore, in agreement with previous
studies, the surgical margin also strongly influenced the
LRFS in our dataset [18, 19]. Because not only the vari-
ables using TNM staging but also other variables influ-
enced each outcomes, our prediction models can stratify
the patients with the same TNM staging into the risks of
each outcome. For example, we compared two cases in
stage III (seventh edition of AJCC staging system) as fol-
lows: 1) a 46-year-old man who presented with a 6 cm
and deep-seated mass in his lower extremity. The tumor
is resected with negative margin and diagnosed as high

grade DDLS and; 2) a 78-year-old woman presented with
20 cm and deep-seated mass in her lower extremity. The
tumor is also resected with negative margin and diag-
nosed as high grade LMS. The 2-year probabilities of
DMFS in our nomogram were > 90 and 43%, respect-
ively. Actually, the former case did not experience a dis-
tant metastasis, while the latter case experienced it at 11
weeks after definitive surgery.
One of the unique advantages of our nomograms is that

they incorporate nodal metastasis status as a prognostic
factor in the predictive models. No predictive nomograms
reported to date have incorporated nodal metastasis des-
pite its significant impact on survival, being one of the fac-
tors in the AJCC staging system, probably due to the rare
incidence of nodal metastasis without distant metastasis,
comprising only 2.1% of all STS cases [20, 21]. The use of
a national database in our study enabled us to collect a
large number of STS cases as a training data set for devel-
oping predictive nomograms, enabling us to incorporate
rare but important prognostic factors such as nodal me-
tastasis and thus develop a more accurate predictive
model. Another advantage of our nomograms is that they
can predict three endpoints, unlike previously published
nomograms [8–12], in terms of major progression events
occurring during the clinical course of cancer, thus pro-
viding physicians with more detailed information about
the future clinical course, and allowing better clinical care
to be offered.
We acknowledge that the present study had some lim-

itations. First, although adjuvant radiotherapy (RT) in
addition to surgical resection is accepted as the standard
treatment for STS in Western countries based on the fa-
vorable results of randomized trials [22, 23], we were
unable to find any significant advantage of adjuvant RT
for patients with STS. One of the main reasons for this
conflicting result may have been the difference in the in-
dications for adjuvant RT, which is used in Japan only
for a small proportion of STS patients who have a higher
risk of local relapse. In fact only 22% of patients in our
dataset underwent adjuvant radiotherapy, compared with
32–82% in previous reports from Western countries [3,
4, 6, 9, 11]. Therefore, we investigated the differences in
background characteristics between patients undergoing
and not undergoing adjuvant RT (Additional file 5: Table
S1). As expected, patients undergoing adjuvant RT
showed significant differences in histological grade, tumor

(See figure on previous page.)
Fig. 1 Nomograms predicting the probability of LRFS (a), DMFS (b), and DSS (c) at 2 years after surgery. For use, the value for each variable in an
individual patient is selected on the scale, and a line is drawn straight up from there to the Points axis to establish the corresponding score. All
the scores are summed, and the total score is plotted on the Total Points line. A line is then drawn straight down to the 2-Year Survival
Probability axis to obtain the probability. Dx, histological diagnosis; MLS, myxoid liposarcoma; LMS, leiomyosarcoma; DDLS, dedifferentiated
liposarcoma; MPNST, malignant peripheral nerve sheath tumor; MFS, myxofibrosarcoma; SySa, synovial sarcoma; UPS, undifferentiated
pleomorphic sarcoma; Angio, angiosarcoma,; PLS, pleomorphic liposarcoma; Oth, others; Neg, negative; Pos, positive
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Fig. 2 Calibration plots for internal validation of the LRFS (a), DMFS (b), and DSS (c) nomograms. Gray, ideal; black, observed; blue, bias corrected
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size, surgical margin, and nodal metastasis, suggesting that
patients with a higher risk of local relapse underwent ad-
juvant RT in Japan. Therefore, there will be a need to ex-
ternally validate our nomograms using specific patient
populations before they can be recommended for clinical
use even in Western countries, where therapeutic strat-
egies are different. Second, as the BSTT data are collected
from all hospitals across Japan, the differences in the peri-
operative management and the follow-up interval to check
tumor recurrence after definitive surgery may vary among
hospitals. In addition, some cases with pathological mis-
diagnosis may be included in the BSTT Registry because
the rate of discordance of pathological diagnosis in STS is
high [24]. These issues may result in information bias.
Third, the results of DCA analysis for the LRFS model
were widely acceptable in the risk probability range,
whereas those for the DMFS and DSS model were avail-
able only from the low to middle risk probability range
(Additional file 4: Figure S4). However, in terms of
decision-making, a low or middle risk probability of DM
or DSD is a more important issue than high risk, because
there is no risk threshold at high probability. Therefore,
our nomograms achieved a sufficient level of clinical use-
fulness. Fourth, because the majority of cases in the BSTT
Registry were registered from specialized cancer hospitals,
the frequency of severe cases in the BSTT Registry may be
higher than that of population-based data. In addition, the
BSTT Registry data is operated by JOA which means most
of the cases are patients treated by musculoskeletal sur-
geons. Therefore, cases treated in other specialities would
not be included in the registry: ex., advanced cases treated
only by medical oncologist or sarcoma arising from the
retroperitoneum or peritoneal cavity which can be treated
by abdominal surgeon. For these reasons, there may be
the difference of patient backgrounds between the BSTT
Registry and the population-based database. Finally, our
nomograms were able to predict only the 2-year probabil-
ity of LRFS, DMFS, and DSS, because the follow-up
period for BSTT data is still relatively short. Data for lon-
ger follow-up periods will therefore be required in order
to develop a predictive model for estimation of survival at
5 or 10 years.

Conclusion
In conclusion, we have created nomograms for predic-
tion of LRFS, DMFS, and DSS at 2 years after definitive
surgery for patients with localized STSs in the trunk and
extremity. We have confirmed the predictive accuracy
and clinical utility of these nomograms by internal valid-
ation and DCA analysis, respectively. These nomograms
can help clinicians to make decisions regarding adjuvant
therapy or the interval of follow-up imaging, and also as
a guide for patient counselling.

Additional files

Additional file 1: Figure S1. Kaplan-Meier curves stratified by predictive
variables on LRFS: (A) overall, (B) age (< 30, 30–49, 50–69, > 70), (C) sex,, (D)
tumor site (lower extremity, upper extremity, trunk), (E) tumor depth
(superficial, deep), (F) tumor size (< 5 cm, ≥5 cm and < 10 cm, ≥10 cm), (G)
Histological diagnosis (MLS, LMS, DDLS, MPNST, MFS, SySa, UPS, Angio, PLS,
Others), (H) histological grade (low, high), (I) nodal metastasis (negative,
positive), and (J) surgical margin (negative, positive). (TIF 5546 kb)

Additional file 2: Figure S2. Kaplan-Meier curves stratified by
predictive variables on DMFS: (A) overall, (B) age (< 30, 30–49, 50–69,
> 70), (C) sex,, (D) tumor site (lower extremity, upper extremity, trunk),
(E) tumor depth (superficial, deep), (F) tumor size (< 5 cm, ≥5 cm
and < 10 cm, ≥10 cm), (G) Histological diagnosis (MLS, LMS, DDLS,
MPNST, MFS, SySa, UPS, Angio, PLS, Others), (H) histological grade
(low, high), (I) nodal metastasis (negative, positive), and (J) surgical
margin (negative, positive). (TIF 5645 kb)

Additional file 3: Figure S3. Kaplan-Meier curves stratified by
predictive variables on DSS: (A) overall, (B) age (< 30, 30–49, 50–69,
> 70), (C) sex,, (D) tumor site (lower extremity, upper extremity, trunk),
(E) tumor depth (superficial, deep), (F) tumor size (< 5 cm, ≥5 cm
and < 10 cm, ≥10 cm), (G) Histological diagnosis (MLS, LMS, DDLS,
MPNST, MFS, SySa, UPS, Angio, PLS, Others), (H) histological grade
(low, high), (I) nodal metastasis (negative, positive), and (J) surgical
margin (negative, positive). (TIF 5373 kb)

Additional file 4: Figure S4. Decision curves for LRFS (A), DMFS (B), and
DSS (C) at 2 years after surgery. Solid bold line, an assumed strategy of
treating no patients; solid thin line, an assumed strategy of treating all
patients; red line, a strategy of treating patients according to the
nomogram predictions. (TIF 5820 kb)

Additional file 5: Table S1. Logistic regression analysis for factors
associated with receiving RT. (DOCX 18 kb)
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