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Background: Osteosarcoma is a severe malignancy with relatively low morbidity and significant variation
in patient outcomes. Thus the development of predictive models could help clinicians make better-
individualized decisions. The present study established a nomogram to predict postoperative survival of
osteosarcoma patients using the large population-based Surveillance, Epidemiology, and End Results (SEER)
database and validated it with single-center data from an Asian/Chinese population.

Methods: Data from osteosarcoma patients who underwent surgery from 2000 to 2016 in the SEER
database were obtained and were randomly divided into a training set (n=1,057) and an internal validation set
(n=1,057). Data from osteosarcoma patients who underwent surgery in our hospital from 2013 to 2016 were
collected as an external validation set (n=65). Univariate and multivariate Cox proportional hazard models
were used in the training set to screen for prognostic factors and a nomogram was established to individually
predict 1-, 3- and 5-year cancer-specific survival (CSS) and overall survival (OS). The discrimination
and calibration ability of the nomogram were evaluated using the Harrell concordance index (C-index),
calibration curves and area under the curve (AUC). The clinical utility was evaluated using decision curve
analysis (DCA).

Results: Predictive nomograms were generated using characteristics including age, pathological subtype,
the American Joint Committee on Cancer (AJCC) group-N, AJCC-M, tumor size, and tumor extension for
CSS and OS. The C-indexes for the CSS training set, the internal validation set, and the external validation
set were 0.731, 0.713, and 0.721, respectively. The C-indexes of OS C-indices were 0.734, 0.706, and 0.719,
respectively. The calibration curve suggested that the nomograms were accurate in their predictions and
that DCA showed broad clinical benefits. Moreover, the present nomograms exhibited high accuracy (for
CSS: AUC =0.871, 0.772, and 0.759 of 1-, 3-, and 5-year; for OS: AUC =0.869, 0.774, and 0.765 of 1-, 3-,
and 5-year) versus AJCC-Stage (for CSS: AUC =0.744, 0.670, and 0.671 of 1-, 3-, and 5-year; for OS: AUC
=0.721, 0.665, and 0.662 of 1-, 3-, and 5-year).

Conclusions: This study developed and validated a prognostic nomogram integrating clinicopathological
characteristics for osteosarcoma patients who underwent surgery. This nomogram can provide individual risk

assessment for survival.
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Introduction

Osteosarcoma accounts for about 35% of the primary
malignancy of bone, which remains the most common type
of bone cancer (1,2). The multidisciplinary surgical center
team approach has been well accepted for the treatment of
osteosarcoma (3). With the development of high-intensity
combination chemotherapy and surgical techniques since
the 1970s, the S-year survival rate for patients has increased
from 20% to approximately 60% (4,5). However, due to
their heterogeneous therapeutic response, 30-40% of these
patients experience relapse and achieve a poor prognosis
with a long-term survival rate of less than 20% (6). Thus,
orthopedists and oncologists need to accurately estimate
prognoses, which can ensure the implementation of
appropriate treatment.

The Enneking staging system and the American Joint
Committee on Cancer (AJCC) TNM staging system
are generally used to roughly assess the clinical risks of
osteosarcoma; nevertheless, they ignore the wide clinical
heterogeneity of individuals and cannot accurately estimate
prognosis. Previous studies have focused on various
prognostic factors, such as age (7,8), tumor size and
site (9), extent of disease (9,10), tumor grade (10), post-
chemotherapeutic necrosis rate/Huvos classification (7),
pathological fracture (11) and therapeutic methods
(3,5); some recently reported techniques like radiomics
have also revealed their prognostic significance with
satisfactory accuracy in osteosarcoma (12). However, due
to the low incidence (4 to 6 cases per million worldwide)
of osteosarcoma (1), existing studies have been often
limited to small sample sizes, which may lead to inevitable
overfitting; and survival prediction models for osteosarcoma
are relatively rare (13-15). Thus, a large cohort of patients
and an integration of prognostic factors can be helpful in
establishing a statistical prediction model.

The Surveillance, Epidemiology, and End Results
(SEER) database is a large population-based dataset, which
contains cancer incidence and survival information from 18
cancer registries covering 28% of the US population (16);
therefore, the SEER database is a useful tool for the analysis
of rare cancers.
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Nomograms can visually integrate various factors to
predict a specific endpoint; thus, recent studies have utilized
this tool to achieve individual prognostic assessment and to
quantify risks in various cancers (17,18).

In this study, using a large sample from the SEER
database to explore the clinicopathological factors that
predict postoperative survival for osteosarcoma. We
developed a nomogram that facilitates individual prediction,
and conducted external validation of single-center data in
an Asian/Chinese population for clinical application. To
our knowledge, no prognostic nomogram in osteosarcoma
with independent validation has been reported yet in an
Asian/Chinese population and no online version has been
established. We present the following article in accordance
with the TRIPOD reporting checklist (available at https://
ter.amegroups.com/article/view/10.21037/ter-21-2756/rc).

Methods
Data sources

Data for the training set and the internal validation set were
retrospectively obtained from the SEER database (SEER
Research Plus Data, 18 Registries, Nov 2020 Sub. 2000-
2018) using SEER*Stat software 8.3.9.1 (National Cancer
Institute, Bethesda, USA) (16). The access to individual data
in this study was approved by the National Cancer Institute
(accession number: 16781-Nov2020). The SEER database
is publicly available and has removed personal information
identification, and thus complies with the ethics committee
requirements for biomedical research.

Data for external validation were retrospectively
collected from patients with osteosarcoma in our hospital
(Cancer Center, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology), from
2013 to 2016.

Inclusion and exclusion criteria

Inclusion criteria were as follows: (I) year of diagnosis
from 2000 to 2016, to ensure a long-term follow-up
information for 5 years; (II) diagnosis of osteosarcoma,
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ICD-0-3 Hist/behav including 9180/3 osteosarcoma
not otherwise specified (NOS), 9181/3 chondroblastic
osteosarcoma, 9182/3 fibroblastic osteosarcoma, 9183/3
telangiectatic osteosarcoma, 9184/3 osteosarcoma in
Paget disease of bone, 9185/3 small cell osteosarcoma,
9186/3 central osteosarcoma, 9187/3 intraosseous well-
differentiated osteosarcoma, 9192/3 parosteal osteosarcoma,
9193/3 periosteal osteosarcoma, and 9194/3 high-grade
surface osteosarcoma; (III) diagnostic confirmation is
macroscopically confirmed; (IV) pathological diagnosis with
the first malignant primary indicator; and (V) resection of
the primary tumor, site-specific surgery codes including
10-90 (not including 00 none, no surgery of primary site, or
autopsy only; 99 unknown).

Individual patient data were excluded if (I) they
lacked of general information and major information on
clinicopathological characteristics, including age, sex,
primary site, tumor size, and AJCC-T/N/M; (II) extra-
skeletal site of primary tumor; (III) no specific cause of
death; or (IV) survival time less than 1 month.

Data extraction and endpoint definition

Demographic and clinicopathological data, including age
at diagnosis, sex, race, marital status at diagnosis, I[CD-0O-3
Hist/behave, primary site, laterality, tumor size, and
tumor extension, histological grade, AJCC-stage group,
AJCC-T, AJCC-N, AJCC-M, surgery, radiation recode, and
chemotherapy recode, were obtained. The 6th AJCC TNM
staging guidelines, which included AJCC-T, AJCC-N,
AJCC-M, and grade, were used in our study (19). Marital
status was characterized as single (never married), married,
and divorced/widowed/separated. Primary site codes were
classified into extremities (C40.0, C40.1, C40.2, C40.3,
C40.8, and C40.9), pelvis/spine (C41.2 and C41.4), and
skull/mandible/other (C41.0, C41.1, C41.3, C41.8, and
C41.9) (15). Histological grade I, II, I1I, and IV represented
well differentiated, moderately differentiated, poorly
differentiated, and undifferentiated/anaplastic, respectively.
Grades I and II were defined as low-grade osteosarcoma,
while grades III and IV were converted to high-grade
osteosarcoma (20,21). Based on surgery codes (https://seer.
cancer.gov/manuals/2021/AppendixC/Surgery_Codes_
Bones_2021.pdf), the types of surgery were classified into
local or partial resection (codes 15, 19, 25, 26), radical
resection with limb salvage (code 30), amputation (codes 40,
41, 42, 50), forequarter/hindquarter/hemipelvectomy (codes
51, 52, 53, 54), and surgery, NOS (code 90) (22,23).
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Data from the external validation set were extracted from
the medical record of our hospital. Data collection followed
the same inclusion and exclusion criteria.

The endpoints were cancer-specific survival (CSS) and
overall survival (OS). CSS was defined as the time from
diagnosis to the occurrence of cancer-related deaths; OS
was defined as the time from diagnosis until death from
any cause or the last follow-up. Follow-up procedures
were based on SEER database files; in our institution,
patients are recommended for routine followed-up (every
3 months during the first 2 years, every 6 months for up to
5 years, and then annually thereafter). In August 2021, the
last follow-up assessment with telephone investigations of
patients in our institution was supplemented.

Statistical analysis

Data obtained from the SEER database were divided into
a training set and an internal validation set according to
the random number generation method (at a 1:1 ratio).
The training set was used to determine independent
prognostic factors and construct the nomograms. The
internal and external validation sets were used to validate
the nomograms. SPSS 25.0 software (IBM Corp., USA),
and R 4.1.1 software (R core team, Austria) were used
to process the data. A two-sided P<0.05 was considered
statistically significant. The chi-squared test was used
to compare differences in categorical variables between
groups; the Student’s 7-test was used to compare averages
for continuous variables. All variables with statistical
significance in the univariate analysis were considered in
a multivariate Cox proportional hazard model to identify
independent predictors. The outcomes were presented as
the hazard ratio (HR) with 95% confidence intervals (Cls).
The ‘rms’ and ‘survival’ packages in R software were used
to establish the nomograms of independent predictors (17).
The ‘DynNom’ package was used to build an online version
of our nomogram. The discrimination and calibration of the
nomograms were evaluated using the Harrell concordance
index (C-index) and the calibration curves, for the three
sets. The C-index was calculated using the coxph function
in the ‘survival’ package; a higher C-index represented
a more accurate prediction. The ‘rms’, ‘pec’ and ‘dplyr’
packages were used to generate the calibration curves.
The patients in the training set, the internal validation set
and the external validation set were divided into quartiles
(n=1,057, 260 subjects per group for the first two sets;
n=65, 16 subjects per group for the external validation set);
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1000 bootstrap was selected to guide the resampling to
quantify any overfitting and so compare the probabilities
predicted by the nomogram with the actual survival results
observed by Kaplan-Meier analysis (17). Decision curve
analysis (DCA) was used to evaluate the clinical benefits
of the nomogram using the ‘rms’ and ‘ggDCA’ packages.
Compared to traditional metrics such as the area under the
curve (AUC) that focuses solely on the predictive precision
of a single statistic, DCA provides information on the
clinical value of the model (24). In addition, comparison
between our nomograms and the 6th AJCC TNM staging
was conducted by calculating AUC using time-dependent
receiver operating curve (tdROC), which was achieved
through the ‘timeROC’ package (25). Details of the R code
used to generate our nomogram were available in https://
cdn.amegroups.cn/static/public/ter-21-2756-1.pdf.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of Union Hospital,
Tongji Medical College, Huazhong University of Science
and Technology [No. 2022 (0032)] and individual consent
for this retrospective analysis was waived.

Results
Clinicopathological characteristics

The flow diagram showing the inclusion and exclusion
process is summarized in Figure 1. Using the stated inclusion
criteria, data for 3,412 patients with osteosarcoma were
obtained from the SEER database. Among these patients,
1,298 patients were excluded according to the exclusion
criteria. The final number of patients included in the study
was 2,114. According to the random number generation
method (SPSS, fix value =2,000,000), 2,114 patients
were divided into a training set (n=1,057) and an internal
validation set (n=1,057) at a 1:1 ratio. In addition, data for
65 patients were obtained from our hospital as the external
validation set.

The clinicopathological characteristics of the patients
are shown in 7able 1. No statistically significant differences
were found in the baseline characteristics across the three
datasets (all P>0.05 except race). Demographically, the mean
age was 25.17+17.55, 24.61+17.70, and 26.96+14.06 years in

the training, internal validation, and external validation sets,
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respectively. The training set comprised 55.6% males and
76.5% white patients, the internal validation set comprised
53.2% males and 74.5% white patients, while the external
validation set comprised 58.5% males and entirely of
Asians. Histologically, the type of osteosarcoma, NOS,
represented 60.0%, 65.6%, and 66.2% in the training,
internal validation, and external validation sets, respectively.
Meanwhile, 83.3%, 81.2%, and 81.5% patients were
located in the extremities in the training, internal validation,
and external validation sets, respectively. Therapeutically,
more than half of the patients (61.2%) underwent radical
resection with salvage of the limb and most of the patients
(85.0%) received chemotherapy in the training set, with
a similar distribution in the two validation sets. In the
entire cohort, the median follow-up time was 70.62+
48.65 months. The 1-, 3- and 5-year CSS rates were 94.4%
95% CL: 93.4-95.4%), 76.7% (95% CI: 74.978.5%), and
69.4% (95% CI: 67.4-71.4%), respectively; the 1-, 3- and
S-year OS rates were 93.6% (95% CI: 92.6-94.6%), 75.5%
(95% CI: 73.7-77.3%), and 67.7% (95% CI: 65.7-69.7%),

respectively.

Univariate and multivariate analysis of prediction factors

Considering that AJCC-Stage is composed of grade and
AJCC-T/N/M, these variables form a high degree of
collinearity (Table S1) (26,27); thus the AJCC-Stage will
not be included in univariate and multivariate analysis.
Univariate analysis suggested that age, sex, pathological
subtype (ICD-0O-3 Hist/behave), primary site, grade,
AJCC-T, AJCC-N, AJCC-M, tumor size, tumor extension,
surgery type, radiation, and chemotherapy were significantly
associated with CSS (all P<0.05), whereas race, marital
status, and laterality failed to reach statistical significance
(P>0.05) (Table 2). After excluding non-significant variables,
the remaining variables were used in the multivariate Cox
proportional hazard model. Multivariate analysis revealed
that only older age, osteosarcoma NOS, AJCC-N1,
AJCC-M]1, radiation treatment, larger tumor size, and
longer tumor extension were independent prognostic factors
of unfavorable CSS (all P<0.05) (Tuble 2). Interestingly,
patients who received radiotherapy or chemotherapy
had worse CSS, which we believe may have introduced
a bias because the SEER database was drawn from real-
world data where more chemotherapy or radiotherapy
generally associated with more severe disease severity.
The relationship between radiotherapy/chemotherapy and
clinicopathological characteristics is described in Table S2.
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SEER database
(2000-2016)

'

Inclusion (n=3,412)
¢ Diagnosis of osteosarcoma;
* Macroscopically confirmed;
e First malignant primary indicator;
® Resection of the primary tumor

Exclusion:
e Primary tumor site unknown (n=138)
¢ Extra-skeletal site (n=73)
e AJCC-T/N/M unknown (n=627) |
e Tumor size unknown

(codes: 990, 888, 996-999) (n=433)

¢ No specific cause of death (n=21)
e Survival time less than 1 month (n=6)

n=2,114

Randomized at 1:1 ratio

Feng et al. Nomogram for osteosarcoma

Union Hospital,
Huazhong University of Science and Technology
(2013-2016)

v
Inclusion (n=69)
¢ Diagnosis of osteosarcoma;
* Macroscopically confirmed;
* First malignant primary indicator;
* Resection of the primary tumor

Exclusion:
> e No specific cause of death (n=3)
® Survival time less than 1 month (n=1)

n=65

Y

A \ 4

Training set (n=1,057)

Internal validation set (n=1,057)

External validation set (n=65)

COX analysis
Y

Construction of nomograms

Y

C-index/Calibration curve/DCA

Figure 1 Flow diagram of showing patient enrolment. SEER, the Surveillance, Epidemiology, and End Results; AJCC, the American Joint

Committee on Cancer; C-index, the Harrell concordance index; DCA, decision curve analysis.

Chemotherapy was significantly associated with several
characteristics of poor prognosis, such as Grade II1/IV,
fewer AJCC-Stage I, more AJCC-Stage IV, fewer AJCC-T1,
more AJCC-M1, larger tumor size, and longer tumor
extension (all P<0.05). To further confirm the credibility of
models, we repeated the Cox multivariate analysis excluding
radiotherapy and chemotherapy, and obtained the same
predictive factors (Tables S3,54).

The corresponding results defining the predictive factors
for the analysis of OS were similar. Univariate analysis
demonstrated that age, sex, marital status, pathological
subtype (ICD-O-3 Hist/behave), primary site, grade,
AJCC-T, AJCC-N, AJCC-M, tumor size, and tumor
extension, surgery type, radiation, and chemotherapy were

© Translational Cancer Research. All rights reserved.

associated with OS (all P<0.05), whereas race and laterality
were not (P>0.05) (Table 3). Multivariate Cox analysis
showed that older age, osteosarcoma NOS, AJCC-NI1,
AJCC-M1, radiation treatment, larger tumor size, and
longer tumor extension were independent risk factors of OS
(all P<0.05) (Table 3).

Establishment of the nomogram

Statistically significant factors from the results of the
multivariate analyses were integrated to build the
nomograms. To avoid the potential bias mentioned above,
we excluded radiotherapy and chemotherapy in our final
nomograms (18). Figure 2A4,2B represents the nomograms
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Table 1 Clinicopathological characteristics of patients in the training and validation sets

Characteristics T(r:':;”g;;)*t '”t:;'t‘?r';j"'g’:;'f” P1 EX‘e;’;f'(:jg‘;fm” P2

Age (years) 25.17+17.55 24.61+17.70 0.461 26.96+14.06 0.333

Sex 0.256 0.655
Male 588 (55.6) 562 (53.2) 38 (58.5)

Female 469 (44.4) 495 (46.8) 27 (41.5)

Race 0.627 <0.001

White 809 (76.5) 787 (74.5) 0(0.0)
Black 151 (14.3) 171 (16.2) 0(0.0)
Asian or Pacific Islander 88 (8.3) 88 (8.3) 65 (100.0)

American Indian 9(0.9) 11 (1.0) 0 (0.0)

Marital status 0.208 0.089
Single 793 (75.0) 825 (78.1) 42 (64.6)

Married 220 (20.8) 188 (17.8) 21(32.3)
Divorced/widowed/separated 44 (4.2) 44 (4.2) 2(3.1)

ICD-0-3/pathological subtype 0.287 0.573

9180/3 osteosarcoma (NOS) 634 (60.0) 693 (65.6) 43 (66.2)
9181/3 chondroblastic osteosarcoma 175 (16.6) 147 (13.9) 12 (18.5)
9182/3 fibroblastic osteosarcoma 62 (5.9) 41 (3.9) 6(9.2)
9183/3 telangiectatic osteosarcoma 44 (4.2) 37 (3.5) 2(3.1)
9184/3 osteosarcoma in Paget disease of bone 5(0.5) 4 (0.4) 0(0.0)
9185/3 small cell osteosarcoma 9(0.9) 12 (1.1) 1(1.5)
9186/3 central osteosarcoma 40 (3.8) 46 (4.4) 0(0.0)
9187/3 intraosseous well-differentiated osteosarcoma 2(0.2) 2(0.2) 0(0.0)
9192/3 parosteal osteosarcoma 62 (5.9) 52 (4.9) 1(1.5)
9193/3 periosteal osteosarcoma 18 (1.7) 16 (1.5) 0(0.0)

9194/3 high-grade surface osteosarcoma 6 (0.6) 7 (0.7) 0(0.0)

Primary site 0.198 0.445
Extremities 881 (83.3) 858 (81.2) 53 (81.5)

Pelvis/spine 59 (5.6) 55 (5.2) 6(9.2)
Skull/mandible and others 117 (11.1) 144 (13.6) 6(9.2)

Grade 0.877 0.550
Well/moderately differentiated; Grade I/Il 208 (19.7) 205 (19.4) 10 (15.4)
Poorly/undifferentiated/anaplastic; Grade IlI/IV 746 (70.6) 742 (70.2) 50 (76.9)

Unknown 103 (9.7) 110 (10.4) 5(7.7)

Table 1 (continued)

© Translational Cancer Research. All rights reserved.
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Table 1 (continued)
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Characteristics T(r:':”;”gs’;?t '”t:;“'("r']j"'(‘)’:;'f” P1 EXte;:f'(r‘]’jg‘;f‘“"” P2
Laterality 0.295 0.120
Not a paired site (axial) 98 (9.3) 117 (11.1) 11 (16.9)
Left-origin of primary 505 (47.8) 475 (44.9) 30 (46.2)
Right-origin of primary 454 (43.0) 464 (43.9) 24 (36.9)
Bilateral, single primary 0(0.0) 1(0.1) 0(0.0)
AJCC-stage 0.640 0.097
| 278 (26.3) 281 (26.6) 10 (15.4)
Il 600 (56.8) 605 (57.2) 38 (58.5)
1] 14 (1.3 17 (1.6) 2(3.1)
\% 165 (15.6) 154 (14.6) 15 (23.1)
AJCC-T 0.265 0.078
T 433 (41.0) 470 (44.5) 23 (35.4)
T2 594 (56.2) 558 (52.8) 37 (56.9)
T3 30 (2.8) 29 (2.7) 5(7.7)
AJCC-N 0.156 0.330
NO 1041 (98.5) 1032 (97.6) 63 (96.9)
N1 16 (1.5) 25 (2.4) 2(3.1)
AJCC-M 0.417 0.252
Mo 901 (85.2) 914 (86.5) 52 (80.0)
M1 156 (14.8) 143 (13.5) 13 (20.0)
Surgery code 0.692 0.284
Local or partial resection 149 (14.1) 151 (14.3) 8(12.3)
Radical resection with limb salvage 647 (61.2) 672 (63.6) 34 (52.3)
Amputation 212 (20.1) 186 (17.6) 19 (29.2)
Forequarter/hindquarter/hemipelvectomy 39 (3.7) 39 (3.7) 4(6.2)
Surgery, NOS 10 (0.9) 9(0.9) 0(0)
Radiation 0.669 0.860
None/unknown 986 (93.3) 981 (92.8) 61 (93.8)
Yes 71 (6.7) 76 (7.2) 4(6.3)
Chemotherapy 0.717 0.103
No/unknown 159 (15.0) 165 (15.6) 5(7.7)
Yes 898 (85.0) 892 (84.4) 60 (92.3)
Tumor size (mm) 100.91+67.52 98.19+58.58 0.322 85.97+36.65 0.077
Extension (mm) 35.87+14.85 36.31+£15.49 0.505 37.38+19.46 0.435

No. of patients (%) for categorical variable; mean + standard deviation for continuous variables. P1 refers to the difference between
training set and internal verification set; P2 refers to the difference between training set and external validation set. AJCC, the American

Joint Committee on Cancer; NOS, not otherwise specified.

© Translational Cancer Research. All rights reserved.
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Well/moderately differentiated; Grade I/Il
Poorly/undifferentiated/anaplastic; Grade III/IV

Unknown

1.000
2.256 (1.593-3.194)
1.689 (1.044-2.732)

1.000
1.279 (0.874-1.871)
1.119 (0.669-1.871)
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Table 2 Univariate and multivariate Cox analyses of prognostic factors for cancer-specific survival in the training set
Univariate analyses Multivariate analyses
Characteristics
HR (95% ClI) P value HR (95% ClI) P value
Age (years) 1.015 (1.010-1.021) <0.001* 1.027 (1.021-1.034) <0.001*
Sex 0.001* 0.111
Male 1.000 1.000
Female 0.689 (0.552-0.859) 0.830 (0.660-1.044)
Race 0.069 -
White 1.000 -
Black 0.838 (0.601-1.169) -
Asian or Pacific Islander 1.314 (0.923-1.871) -
American Indian 2.274 (0.938-5.510) -
Marital status 0.123 -
Single 1.000 -
Married 1.283 (0.995-1.656) -
Divorced/widowed/separated 1.274 (0.768-2.113) -
ICD-0-3/pathological subtype 0.001* 0.037*
9180/3 osteosarcoma (NOS) 1.000 1.000
9181/3 chondroblastic osteosarcoma 0.968 (0.729-1.285) 0.914 (0.680-1.228)
9182/3 fibroblastic osteosarcoma 0.811 (0.513-1.282) 0.701 (0.439-1.121)
9183/3 telangiectatic osteosarcoma 0.800 (0.466-1.372) 0.734 (0.424-1.273)
9184/3 osteosarcoma in Paget disease of bone 2.487 (0.796-7.771) 1.659 (0.500-5.506)
9185/3 small cell osteosarcoma 0.290 (0.041-2.064) 0.267 (0.037-1.924)
9186/3 central osteosarcoma 0.486 (0.240-0.984) 0.540 (0.265-1.101)
9187/3 intraosseous well-differentiated <0.001 (<0.001-8.807E+80) <0.001 (<0.001-4.604E+114)
osteosarcoma
9192/3 parosteal osteosarcoma 0.149 (0.055-0.400) 0.230 (0.082-0.645)
9193/3 periosteal osteosarcoma 0.118 (0.016-0.838) 0.184 (0.026-1.320)
9194/3 high-grade surface osteosarcoma 1.897 (0.607-5.929) 1.869 (0.593-5.887)
Primary site 0.001* 0.092
Extremities 1.000 1.000
Pelvis/spine 1.947 (1.328-2.856) 1.248 (0.763-2.041)
Skull/mandible and others 0.841 (0.577-1.225) 0.667 (0.416-1.069)
Grade <0.001* 0.379

Table 2 (continued)

© Translational Cancer Research. All rights reserved.
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Table 2 (continued)

Feng et al. Nomogram for osteosarcoma

Characteristics

Univariate analyses

Multivariate analyses

HR (95% CI) P value HR (95% CI) P value
Laterality 0.478 -
Not a paired site (axial) 1.000 -
Left-origin of primary 0.947 (0.649-1.383) -
Right-origin of primary 0.838 (0.571-1.231) -
Bilateral, single primary - -
AJCC-T <0.001* 0.550
T1 1.000 1.000
T2 1.616 (1.281-2.038) 1.146 (0.871-1.508)
T3 3.297 (1.946-5.584) 0.966 (0.514-1.817)
AJCC-N <0.001* 0.002
NO 1.000 1.000
N1 6.698 (3.742-11.988) 2.690 (1.443-5.017)
AJCC-M <0.001* <0.001*
MO 1.000 1.000
M1 3.330 (2.614-4.242) 2.848 (2.182-3.718)
Surgery code <0.001* 0.117
Local or partial resection 1.000 1.000
Radical resection with limb salvage 0.862 (0.624-1.191) 0.763 (0.541-1.077)
Amputation 1.322 (0.921-1.899) 0.939 (0.634-1.391)
Forequarter/hindquarter/hemipelvectomy 2.390 (1.459-3.915) 1.310 (0.748-2.296)
Surgery, NOS 1.432 (0.516-3.980) 1.293 (0.456-3.670)
Radiation <0.001* 0.013*
None/unknown 1.000 1.000
Yes 1.934 (1.363-2.745) 1.646 (1.109-2.442)
Chemotherapy 0.001* 0.056
No/unknown 1.000 1.000
Yes 1.891 (1.307-2.736) 1.518 (0.990-2.328)
Tumor size (mm) 1.003 (1.002-1.004) <0.001* 1.002 (1.001-1.003) <0.001*
Extension (mm) 1.024 (1.017-1.031) <0.001* 1.019 (1.011-1.028) <0.001*

*, P<0.05. HR, hazard ratio; Cl, confidence interval; AJCC, the American Joint Committee on Cancer; NOS, not otherwise specified.

for CSS and OS, respectively. As shown in Figure 2, the

nomograms assign a score for each prognostic factor and by

calculating the total points, the estimated CSS or OS at 1,
3 or 5 years can be obtained for individual patients. Higher
total points correlate with worse patient survival.

© Translational Cancer Research. All rights reserved.
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Evaluation and verification of the nomogram

The verification of the nomograms was carried out in the
training set and two validation sets. For CSS, the C-index
of the training set was 0.731 (95% CI: 0.704-0.758); of the
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Table 3 Univariate and multivariate Cox analyses of prognostic factors for overall survival in the training set
Univariate analyses Multivariate analyses
Characteristics
HR (95% ClI) P value HR (95% ClI) P value
Age (years) 1.019 (1.013-1.024) <0.001* 1.034 (1.026-1.043) <0.001*
Sex 0.002* 0.195
Male 1.000 1.000
Female 0.718 (0.583-0.886) 0.865 (0.695-1.077)
Race 0.159 -
White 1.000 -
Black 0.901 (0.662—1.228) -
Asian or Pacific Islander 1.275 (0.905-1.797) -
American Indian 2.071 (0.855-5.016) -
Marital status 0.009 0.077
Single 1.000 1.000
Married 1.403 (1.105-1.781) 0.851 (0.608-1.191)
Divorced/widowed/separated 1.486 (0.943-2.341) 0.515 (0.289-0.915)
ICD-0O-3/pathological subtype <0.001* 0.029*
9180/3 osteosarcoma (NOS) 1.000 1.000
9181/3 chondroblastic osteosarcoma 0.945 (0.718-1.242) 0.879 (0.660-1.170)
9182/3 fibroblastic osteosarcoma 0.886 (0.582-1.348) 0.821 (0.533-1.266)
9183/3 telangiectatic osteosarcoma 0.893 (0.546-1.460) 0.780 (0.471-1.291)
9184/3 osteosarcoma in Paget disease of bone 3.003 (1.118-8.070) 1.611 (0.565-4.594)
9185/3 small cell osteosarcoma 0.264 (0.037-1.883) 0.251 (0.035-1.809)
9186/3 central osteosarcoma 0.505 (0.260-0.982) 0.565 (0.289-1.107)
9187/3 intraosseous well-differentiated osteosarcoma  <0.001 (<0.001-2.972E+77) <0.001 (<0.001-1.000E+108)
9192/3 parosteal osteosarcoma 0.136 (0.051-0.365) 0.210 (0.076-0.585)
9193/3 periosteal osteosarcoma 0.107 (0.015-0.763) 0.150 (0.021-1.079)
9194/3 high-grade surface osteosarcoma 1.746 (0.559-5.453) 1.762 (0.559-5.547)
Primary site <0.001* 0.075
Extremities 1.000 1.000
Pelvis/spine 2.145 (1.504-3.060) 1.499 (0.949-2.367)
Skull/mandible and others 1.026 (0.735-1.432) 0.821 (0.535-1.258)
Grade <0.001* 0.141

Well/moderately differentiated; Grade I/Il
Poorly/undifferentiated/anaplastic; Grade Ill/IV

Unknown

1.000
2.256 (1.615-3.151)
1.880 (1.202-2.942)

1.000
1.453 (1.004-2.102)
1.406 (0.869-2.275)

Table 3 (continued)

© Translational Cancer Research. All rights reserved.
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Table 3 (continued)

Feng et al. Nomogram for osteosarcoma

Characteristics

Univariate analyses

Multivariate analyses

HR (95% Cl) P value HR (95% Cl) P value
Laterality 0.165 -
Not a paired site (axial) 1.000 -
Left-origin of primary 0.790 (0.563-1.109) -
Right-origin of primary 0.718 (0.509-1.014) -
Bilateral, single primary - -
AJCC-T <0.001* 0.785
T 1.000 1.000
T2 1.447 (1.164-1.798) 1.066 (0.821-1.382)
T3 2.799 (1.662-4.716) 0.907 (0.487-1.691)
AJCC-N <0.001* 0.001*
NO 1.000 1.000
N1 6.193 (3.463-11.073) 2.835 (1.535-5.237)
AJCC-M <0.001* <0.001*
Mo 1.000 1.000
M1 3.096 (2.445-3.919) 2.823 (2.178-3.659)
Surgery code <0.001* 0.107
Local or partial resection 1.000 1.000
Radical resection with limb salvage 0.755 (0.561-1.016) 0.736 (0.535-1.014)
Amputation 1.222 (0.876-1.705) 0.961 (0.667-1.385)
Forequarter/hindquarter/hemipelvectomy 2.050 (1.279-3.285) 1.110 (0.647-1.906)
Surgery, NOS 1.184 (0.429-3.265) 0.936 (0.332-2.639)
Radiation <0.001* *0.037
None/unknown 1.000 1.000
Yes 1.974 (1.416-2.751) 1.491 (1.024-2.170)
Chemotherapy 0.006* 0.174
No/unknown 1.000 1.000
Yes 1.587 (1.143-2.203) 1.308 (0.888-1.928)
Tumor size (mm) 1.003 (1.002-1.004) <0.001* 1.002 (1.001-1.003) <0.001*
Extension (mm) 1.024 (1.018-1.030) <0.001* 1.020 (1.012-1.028) <0.001*

*, P<0.05. HR, hazard ratio; Cl, confidence interval; AJCC, the American Joint Committee on Cancer; NOS, not otherwise specified.

internal validation set was 0.713 (95% CI: 0.656-0.770);
and of the external validation set was 0.721 (95% CI: 0.509—
0.933). For OS, the C-index of the training set was 0.734
(95% CI: 0.708-0.759); of the internal validation set was

© Translational Cancer Research. All rights reserved.

0.706 (95% CI: 0.651-0.761); and of the external validation
set was 0.719 (95% CI: 0.503-0.935). These findings
suggest that the discriminative ability was acceptable.

The calibration curves (Figure 3) for the training set

Transl Cancer Res 2022;11(9):3156-3174 | https://dx.doi.org/10.21037/ter-21-2756
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Figure 2 Nomogram in the training set. (A) Nomogram of 1-, 3- and 5-year CSS; (B) Nomogram of 1-, 3- and 5-year OS. AJCC, American

Joint Committee on Cancer; CSS, cancer-specific survival; OS, overall survival.

(Figure 3A4,3D), the internal verification set (Figure 3B,3E),
and the external verification set (Figure 3C,3F), and for both
CSS (Figure 34-3C) and OS (Figure 3D-3F), were all close
to the diagonal, indicating that the nomogram exhibited
good concordance between the prediction and actual
outcomes.

The DCA curves of the training and verification groups
are shown in Figure 4. The graphics showed the ideal net
benefit for CSS or OS at 1, 3 and 5 years, suggesting that

© Translational Cancer Research. All rights reserved.

the nomograms have good potential for clinical application.

The tdROC analysis showed that the AUC values of our
nomogram (in training set for the 12, 36 and 60 months)
reached 0.871, 0.772, and 0.759 for CSS, while 0.869, 0.774,
and 0.765 for OS. In the 6th AJCC TNM staging system,
the AUC values of 0.744, 0.670, and 0.671 for CSS, and
0.721, 0.665, and 0.662 for OS (in training set for the 12, 36
and 60 months) were observed. The results revealed that the
nomograms performed a better prediction for CSS and OS

Transi Cancer Res 2022;11(9):3156-3174 | https://dx.doi.org/10.21037/tcr-21-2756
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Figure 4 DCA curves of the nomogram. (A) The DCA curves of training set of CSS; (B) the DCA curves of internal verification set of CSS;
(C) the DCA curves of external verification set of CSS; (D) the DCA curves of training set of OS; (E) the DCA curves of internal verification

set of OS; (F) the DCA curves of external verification set of OS. DCA, decision curve analysis; CSS, cancer-specific survival; OS, overall

survival.

than the 6th AJCC TNM staging system (Figure SA-5D).

Development of online webserver of our nomogram

An online nomogram can be accessed at “https://fengliwen.
shinyapps.io/DNom-osteosarcoma-CSS/” and “https://
fengliwen.shinyapps.io/DNom-osteosarcoma-OS/”.
Predicted survival probabilities can be easily obtained by
inputting clinicopathological characteristics and evaluating
the generated nomograms.

Discussion

At present, the standard treatment mode for osteosarcoma is
a surgical center multidisciplinary team approach, regardless
of metastatic osteosarcoma (28,29). However, controversies
remain about the stratification of risk in postoperative

© Translational Cancer Research. All rights reserved.

patients and affect the decision-making on the course of
adjuvant therapy. In this study, a prediction nomogram
for postoperative survival of osteosarcoma was established
using a large sample of data from the SEER database;
this nomogram can be used to estimate the prognosis of
individual patients and guide the stratification of the disease
risk. Using the multivariate Cox regression model, we found
that older age, osteosarcoma NOS, AJCC-N1, AJCC-M1,
radiation treatment, larger tumor size, and longer tumor
extension were independently associated with worse survival
outcome in patients with osteosarcoma. These findings
remind clinicians that age, histological subtype, AJCC-
Stage group, treatment strategies, tumor size, and tumor
extension should be considered when surgery is performed.
Previous studies attributed a comparable poor prognosis
in the presence of increasing age (8,30,31). Hagleitner
et al. found that age is significantly associated with stage

Transi Cancer Res 2022;11(9):3156-3174 | https://dx.doi.org/10.21037/tcr-21-2756
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Figure 5 tdROC curves of the nomogram and the 6th AJCC TNM staging system. (A) tdROC curves of the nomogram for CSS; (B)
tdROC curves of the 6th AJCC TNM staging system for CSS; (C) tdROC curves of the nomogram for OS; (D) tdROC curves of the 6th
AJCC TNM staging system for OS. tdROC, time-dependent receiver operating curve; AUC, area under the curve; CSS, cancer-specific

survival; OS, overall survival.

of presentation, tumor size, and histological response, and
concluded that younger patients have a significantly better
outcome than older patients (30). Tsuda ez a/. collected
110 patients with osteosarcoma over the age of 65 years,
identified a significantly higher proportion of tumors
arising in the trunk and metastases at diagnosis, and found
that 5-year survival in this age group was only 32.7% (31).
In other studies, evidence of age as an independent predictor
of osteosarcoma survival remains controversial (32).
A meta-analysis studied data from prospective neoadjuvant
chemotherapy trials in osteosarcoma and the subgroup
analysis did not indicate a statistically significant correlation
between age and OS (P=0.12) (32). However, this meta-
analysis divided age groups according to puberty and
skeletal development, defined as follows: child (male,

© Translational Cancer Research. All rights reserved.

0-12 years; female, 0-11 years); adolescent (male, 13-
17 years; female, 12-16 years); adult (male, >18 years;
female, >17 years), which may result in a loss of statistical
power compared to the original continuous variable.

Regarding the histological subtype, our study suggested
that osteosarcoma NOS was associated with poor survival
compared to others. As shown in Tizbles 2,3, osteosarcoma in
Paget disease of bone and high-grade surface osteosarcoma
also appeared to suggest a poor prognosis (HR >1). Despite
the low proportion, a high rate of metastasis was observed
in previous reports (33,34). Deng er al. studied 23 patients
with high-grade surface osteosarcoma; the 5-year OS rate
was only 37.6% despite all patients were treated with a
combination of surgery and systemic chemotherapy (34).

It is well established that patients with large tumors

Transl Cancer Res 2022;11(9):3156-3174 | https://dx.doi.org/10.21037/ter-21-2756
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and longer tumor extension at initial presentation have an
unfavorable prognosis (9,22). Various studies used different
cutoff values for tumor size; Song et 4l. divided tumor size
into three groups, which were <8, 8-13, and >13 cm (9);
Dong et al. used the cutoff value of 6 and 12 cm (22). In our
study, the original continuous data of tumor size and tumor
extension were incorporated into the Cox analysis and a
similar result was concluded, which further adds to the
credibility that size and tumor extension are significant in
predicting the prognosis of osteosarcoma.

Generally, osteosarcoma is considered relatively
radioresistant, so radiotherapy is usually reserved for
palliative treatment (35). Although radiotherapy did not
improve survival in our study;, it is evident that radiotherapy
is valuable in terms of reducing pain intensity and local
control when combined with chemotherapy (36). Currently,
the beneficial role of neoadjuvant chemotherapy followed
by surgical resection has been validated in osteosarcoma
(4,5). Unexpectedly, univariate Cox regression showed
that chemotherapy patients appear to be related to poor
survival, although it did not reach statistical significance
in multivariate analysis (7Tzble 2). We evaluated the
potential reasons associated with this result and found
that chemotherapy use was associated with death risk,
including Grade III/IV, fewer AJCC-Stage I, more AJCC-
Stage IV, fewer AJCC-T1, more AJCC-M1I, larger tumor
size, and longer tumor extension, as shown in Table S2,
thus this result may be influenced by other risk factors.
Previous studies have also suggested that chemotherapy
may lose effectiveness in specific populations (37). Iwata
et al. investigated clinical characteristics and prognostic
factors in patients older than 40 years with osteosarcoma,
and found that chemotherapy contributed little to the
prognosis in older osteosarcoma (37). Additionally, the
radiotherapy and chemotherapy data were coded as ‘yes’
or ‘no/unknown’ in the SEER database; the result ‘no/
unknown’, which indicated that there was no record of
radiotherapy and chemotherapy in medical information,
would introduce bias in survival analysis. Moreover, there
were no detailed records of radiotherapy and chemotherapy
regimens, which may have contributed to another bias.
Therefore, we excluded treatment-related variables in our
final nomograms.

It is worth mentioning that the most common location
was the limbs, whose incidence proportion was over 80%
in our study. Surgical treatment for limb osteosarcoma is
usually divided into amputation and limb salvage. Although
the techniques for limb salvage surgery are improving and
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its indications are expanding, it is widely accepted that
limb salvage surgery should be recommended for patients
if they are eligible for a safe surgical margin and respond
well to chemotherapy (38). The effect of amputation and
limb salvage on long-term survival is controversial. Bacci
et al. studied 465 patients with limb salvage and 95 with
amputation, and found no significant differences in 5-year
OS between two groups; they concluded that limb salvage
was relatively safe in osteosarcoma treated with neoadjuvant
chemotherapy (38). A meta-analysis included ten studies
and indicated that limb salvage was significantly superior
to amputation according to 5-year OS; however, there
appeared to be no significant difference according to local
recurrence (39).

Several predictive models for osteosarcoma have been
constructed in previous studies (9,26,40,41); however, the
corresponding results will be more credible if they can
be verified externally. In addition, whether they exhibit
universal applicability in Asian/Chinese populations
is also questionable. The present study used an Asian/
Chinese population from a single center as a data source
for external validation; the results of calibration curves,
C-indexes, DCA, and AUC suggested that the nomogram
had application value in China. To our knowledge, this
is also the first nomogram with an online version for
the prediction of osteosarcoma survival, which exhibits
convenient applicability.

Limitations still exist in the present study. First, this study
was a retrospective study, which is therefore susceptible
to inherent bias. Second, due to some limitations of the
SEER database, several biomarkers with potential clinical
value in osteosarcoma, such as lactate dehydrogenase (42),
alkaline phosphatase (43), and tumor necrosis rate/Huvos
classification (7), were not included in this study. Third,
even though recurrence and metastasis could also be
endpoints for developing the corresponding nomograms
(33,40), due to the insufficient number of such records in
the SEER database, only survival predictions were made
in the present study. Finally, we only enrolled patients who
had undergone surgery; therefore, this nomogram is not
applicable to patients who did not undergo surgery.

Conclusions

Using data from the SEER database, this study identified
elder age, osteosarcoma NOS, AJCC-N1, AJCC-M1,
radiation treatment, larger tumor size and longer extension
as independent risk factors for CSS and OS of patients
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with osteosarcoma. Based on these independent prognostic
variables, we constructed nomograms for predicting 1-,
3-, and 5-year OS and CSS. All the parameters of our
nomograms showed acceptable performance, including
calibration curves, C-indexes, DCA, and tdROC. This
nomogram can provide individual risk assessment for the
survival of patients with osteosarcoma who underwent

surgery.
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Supplementary

Table S1 AJCC-Stage made a high degree of collinearity with AJCC-T, AJCC-N, AJCC-M, and grade
AJCC-Stage | (n=278) AJCC-Stage Il (=600) AJCC-Stage lll (n=14) AJCC-Stage IV (n=165) y° value P

AJCC-T1 144 (51.8%) 255 (42.5%) 0 (0.0%) 34 (20.6%) 545.48 <0.001
AJCC-T2 131 (47.1%) 344 (57.3%) 0 (0.0%) 119 (72.1%)

AJCC-T3 3(1.1%) 1(0.2%) 14 (100.0%) 12 (7.3%)

AJCC-NO 278 (100.0%) 600 (100.0%) 14 (100.0%) 149 (90.3%) 87.83 <0.001
AJCC-N1 0 (0.0%) 0 (0.0%) 0 (0.0%) 16 (9.7%)

AJCC-MO 278 (100.0%) 600 (100.0%) 14 (100.0%) 9 (5.5%) 989.36 <0.001
AJCC-M1 0 (0.0%) 0 (0.0%) 0 (0.0%) 156 (94.5%)

Grade unknown 78 (28.1%) 0 (0.0%) 0 (0.0%) 25 (15.2%) 966.79 <0.001
Grade | 129 (46.4%) 0 (0.0%) 0 (0.0%) 2 (1.2%)

Grade Il 71 (25.5%) 0 (0.0%) 0 (0.0%) 6 (3.6%)

Grade Il 0 (0.0%) 212 (35.3%) 5 (35.7%) 60 (36.4%)

Grade IV 0 (0.0%) 388 (64.7%) 9 (64.3%) 72 (43.6%)

The result of chi-squared test revealed that AJCC-Stage was linearly correlated with AJCC-T, AJCC-N, AJCC-M, and grade (all P<0.05).
AJCC, the American Joint Committee on Cancer.

Table S2 The relationship between radiotherapy/chemotherapy and clinicopathological characteristics

Radiotherapy Chemotherapy
Characteristics None/unknown Yes (171 ¥’ value¥/T  P? No/unknown Yos (1—898) ¥’ value®T*  P°
(n=986) (n=159)
Age (years) 24.50+17.32 34.54+18.19 -4.701  *<0.001 39.05+20.81 22.72+15.69 9.433  *<0.001
Sex 1.241 0.265 2.142 0.143
Male 544 (55.2%) 44 (62.0%) 80 (50.3%) 508 (56.6%)
Female 442 (44.8%) 27 (38.0%) 79 (49.7%) 390 (43.4%)
Race 1.946 0.584 5.969 0.113
White 758 (76.9%) 51 (71.8%) 120 (75.5%) 689 (76.7%)
Black 138 (14.0%) 13 (18.3%) 30 (18.9%) 121 (13.5%)
Asian or Pacific Islander 81 (8.2%) 7 (9.9%) 9 (5.7%) 79 (8.8%)
American Indian 9 (0.9%) 0 (0%) 0 (0%) 9 (1.0%)
Marital status 14.775 *0.001 81.745 *<0.001
Single 753 (76.4%) 40 (56.3%) 74 (46.5%) 719 (80.1%)
Married 193 (19.6%) 27 (38.0%) 69 (43.4%) 151 (16.8%)
Divorced/widowed/ 40 (4.1%) 4 (5.6%) 16 (10.1%) 28 (3.1%)
separated
ICD-0-3/pathological subtype 21.741 *0.016 266.681 *<0.001
9180/3 595 (60.3%) 39 (54.9%) 61 (38.4%) 573 (63.8%)
9181/3 155 (15.7%) 20 (28.2%) 10 (6.3%) 165 (18.4%)
9182/3 54 (5.5%) 8 (11.3%) 16 (10.1%) 46 (5.1%)
9183/3 43 (4.4%) 1(1.4%) 2 (1.3%) 42 (4.7%)
9184/3 4 (0.4%) 1(1.4%) 4 (2.5%) 1(0.1%)
9185/3 9 (0.9%) 0(0.0%) 1(0.6%) 8 (0.9%)
9186/3 39 (4.0%) 1(1.4%) 5(3.1%) 35 (3.9%)
9187/3 2(0.2%) 0(0.0%) 2 (1.3%) 0(0.0%)
9192/3 62 (6.3%) 0(0.0%) 47 (29.6%) 15 (1.7%)
9193/3 18 (1.8%) 0 (0.0%) 10 (6.3%) 8 (0.9%)
9194/3 5(0.5%) 1(1.4%) 1(0.6%) 5 (0.6%)
Primary site 144171  *<0.001 58.552 *<0.001
Extremities 858 (87.0%) 23 (32.4%) 103 (64.8%) 778 (86.6%)
Pelvis/spine 45 (4.6%) 14 (19.7%) 11 (6.9%) 48 (5.3%)
Skull/mandible and others 83 (8.4%) 34 (47.9%) 45 (28.3%) 72 (8.0%)

Table S2 (continued)
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Table S2 (continued)

Radiotherapy Chemotherapy
Characteristics None/unknown Yes (171 ¥’ value¥/T  P? No/unknown Yos (1—898) ¥¥ value®T*  P°
(n=986) (n=159)
Grade 1.853 0.396 203.284 *<0.001
Grade /Il 198 (20.1%) 10 (14.1%) 97 (61.0%) 111 (12.4%)
Grade IlI/IV 691 (70.1%) 55 (77.5%) 51 (32.1%) 695 (77.4%)
Unknown 97 (9.8%) 6 (8.5%) 11 (6.9%) 92 (10.2%)
Laterality 125.327  *<0.001 39.873 *<0.001
Not a paired site (axial) 65 (6.6%) 33 (46.5%) 36 (22.6%) 62 (6.9%)
Left-origin of primary 484 (49.1%) 21 (29.6%) 63 (39.6%) 442 (49.2%)
Right-origin of primary 437 (44.3%) 17 (23.9%) 60 (37.7%) 394 (43.9%)
Bilateral, single primary 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
AJCC-Stage 2.981 0.395 163.777 *<0.001
I 264 (26.8%) 14 (19.7%) 107 (67.3%) 171 (19.0%)
Il 556 (56.4%) 44 (62.0%) 45 (28.3%) 555 (61.8%)
M 14 (1.4%) 0 (0.0%) 1(0.6%) 13 (1.4%)
\Y 152 (15.4%) 13 (18.3%) 6 (3.8%) 159 (17.7%)
AJCC-T 16.128  *<0.001 35.322 *<0.001
T1 388 (39.4%) 45 (63.4%) 99 (62.3%) 334 (37.2%)
T2 570 (57.8%) 24 (33.8%) 58 (36.5%) 536 (59.7%)
T3 28 (2.8%) 2 (2.8%) 2 (1.3%) 28 (3.1%)
AJCC-N 3.754 0.053 2.877 0.090
NO 973 (98.7%) 68 (95.8%) 159 (100%) 882 (98.2%)
N1 13 (1.3%) 3 (4.2%) 0(0.0%) 16 (1.8%)
AJCC-M 0.278 0.598 17.952  *<0.001
MO 842 (85.4%) 59 (83.1%) 153 (96.2%) 748 (83.3%)
M1 144 (14.6%) 12 (16.9%) 6 (3.8%) 150 (16.7%)
Surgery code 27.021 *<0.001 31.155 *<0.001
Local or partial resection 127 (12.9%) 22 (31.0%) 44 (27.7%) 105 (11.7%)
Radical resection with limb 611 (62.0%) 36 (50.7%) 83 (52.2%) 564 (62.8%)
salvage
Amputation 206 (20.9%) 6 (8.5%) 25(156.7%) 187 (20.8%)
Forequarter/hindquarter/ 34 (3.4%) 5 (7.0%) 4 (2.5%) 35 (3.9%)
hemipelvectomy
Surgery, NOS 8 (0.8%) 2 (2.8%) 3 (1.9%) 7 (0.8%)
Tumor size (mm) 102.18+67.51 83.21+65.51 2.292 0.022  83.77+89.79 103.94+62.33 -3.491  *0.001
Extension (mm) 35.42+14.62 42.20+16.60 -3.739  *<0.001 33.01+16.77 36.38+14.43 -2.387  *0.018

The result of Chi-squared test or Student’s t-test revealed that radiotherapy was significantly related to more T1, more local or partial
resection and longer extension and so on (all P?<0.05); chemotherapy was significantly related to Grade Ill/IV, less AJCC-I, more AJCC-IV,
less AJCC-T1, more AJCC-M1, larger tumor size, longer extension and so on (all P’<0.05). *, P<0.05. 9180/3 osteosarcoma NOS, 9181/3
chondroblastic osteosarcoma, 9182/3 fibroblastic osteosarcoma, 9183/3 telangiectatic osteosarcoma, 9184/3 osteosarcoma in Paget
disease of bone, 9185/3 small cell osteosarcoma, 9186/3 central osteosarcoma, 9187/3 intraosseous well-differentiated osteosarcoma,
9192/3 parosteal osteosarcoma, 9193/3 periosteal osteosarcoma, 9194/3 high-grade surface osteosarcoma; AJCC, the American Joint
Committee on Cancer; NOS, not otherwise specified.
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Table S3 Multivariate analysis excluding radiotherapy and chemotherapy for cancer-specific survival in the training set

Characteristics

Multivariate analyses for CSS

HR (95% CI) P value
Age (years) 1.025 (1.019-1.031) *<0.001
Sex 0.092
Male 1.000
Female 0.821 (0.653-1.033)
ICD-0-3/pathological subtype *0.021
9180/3 osteosarcoma (NOS) 1.000
9181/3 chondroblastic osteosarcoma 0.953 (0.711-1.279)
9182/3 fibroblastic osteosarcoma 0.731 (0.458-1.165)
9183/3 telangiectatic osteosarcoma 0.744 (0.429-1.290)
9184/3 osteosarcoma in Paget disease of bone 1.511 (0.459-4.974)
9185/3 small cell osteosarcoma 0.244 (0.034-1.764)
9186/3 central osteosarcoma 0.547 (0.269-1.111)
9187/3 intraosseous well-differentiated osteosarcoma <0.001 (<0.001-1.276E+114)
9192/3 parosteal osteosarcoma 0.200 (0.072-0.554)
9193/3 periosteal osteosarcoma 0.152 (0.021-1.089)
9194/3 high-grade surface osteosarcoma 1.873 (0.595-5.900)
Primary site 0.122
Extremities 1.000
Pelvis/Spine 1.379 (0.854-2.228)
Skull/Mandible and others 0.746 (0.478-1.165)
Grade 0.124
Well/moderately differentiated; Grade I/Il 1.000
Poorly/undifferentiated/anaplastic; Grade IlI/IV 1.449 (0.999-2.102)
Unknown 1.246 (0.750-2.071)
AJCC-T 0.627
T1 1.000
T2 1.133 (0.861-1.491)
T3 0.993 (0.529-1.864)
AJCC-N *0.001
NO 1.000
N1 2.806 (1.507-5.226)
AJCC-M *<0.001
MO 1.000
M1 2.921 (2.239-3.811)
Surgery code 0.178
Local or partial resection 1.000
Radical resection with limb salvage 0.768 (0.544-1.084)
Amputation 0.919 (0.621-1.360)
Forequarter/hindquarter/hemipelvectomy 1.262 (0.715-2.229)
Surgery, NOS 1.290 (0.457-3.641)
Tumor size (mm) 1.002 (1.001-1.003) *0.001
Extension (mm) 1.019 (1.011-1.028) *<0.001

*, P<0.05. We re-conducted a COX multivariate analysis excluding radiotherapy and chemotherapy, and obtained same results of
predictive factors. CSS, cancer-specific survival; HR, hazard ratio; Cl, confidence interval; AJCC, the American Joint Committee on

Cancer; NOS, not otherwise specified.
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Table S4 Multivariate analysis excluding radiotherapy and chemotherapy for overall survival in the training set

Characteristics

Multivariate analyses for OS

HR (95% Cl) P value
Age (years) 1.032 (1.024-1.041) *<0.001
Sex 0.154
Male 1.000
Female 0.853 (0.685-1.061)
Marital status 0.061
Single 1.000
Married 0.870 (0.622-1.216)
Divorced/Widowed/Separated 0.490 (0.275-0.892)
ICD-0-3/pathological subtype *0.019
9180/3 osteosarcoma (NOS) 1.000
9181/3 chondroblastic osteosarcoma 0.904 (0.680-1.202)
9182/3 fibroblastic osteosarcoma 0.850 (0.553-1.308)
9183/3 telangiectatic osteosarcoma 0.777 (0.469-1.289)
9184/3 osteosarcoma in Paget disease of bone 1.522 (0.538-4.304)
9185/3 small cell osteosarcoma 0.233 (0.032-1.685)
9186/3 central osteosarcoma 0.566 (0.289-1.105)
9187/3 intraosseous well-differentiated osteosarcoma <0.001 (<0.001-5.386E+107)
9192/3 parosteal osteosarcoma 0.194 (0.070-0.535)
9193/3 periosteal osteosarcoma 0.130 (0.018-0.926)
9194/3 high-grade surface osteosarcoma 1.754 (0.557-5.523)
Primary site 0.056
Extremities 1.000
Pelvis/Spine 1.640 (1.053-2.553)
Skull/Mandible and others 0.903 (0.603-1.350)
Grade 0.065
Well/Moderately differentiated; Grade I/1I 1.000
Poorly/undifferentiated/Anaplastic; Grade IlI/IV 1.513 (1.021-2.292)
Unknown 1.530 (0.853-2.456)
AJCC-T 0.864
T1 1.000
T2 1.054 (0.812-1.367)
T3 0.936 (0.503-1.740)
AJCC-N *0.001
NO 1.000
N1 2.946 (1.598-5.431)
AJCC-M *<0.001
MO 1.000
M1 2.878 (2.221-3.727)
Surgery code 0.153
Local or partial resection 1.000
Radical resection with limb salvage 0.741 (0.538-1.020)
Amputation 0.946 (0.657-1.362)
Forequarter/hindquarter/hemipelvectomy 1.076 (0.625-1.851)
Surgery, NOS 0.918 (0.327-2.580)
Tumor size (mm) 1.002 (1.001-1.003) *<0.001
Extension (mm) 1.020 (1.012-1.028) *<0.001

*, P<0.05. We re-conducted a COX multivariate analysis excluding radiotherapy and chemotherapy, and obtained same results of
predictive factors. OS, overall survival; HR, hazard ratio; Cl, confidence interval; AJCC, the American Joint Committee on Cancer; NOS,

not otherwise specified.
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