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Abstract
The aim of this study was to develop nomograms to predict long-term overall survival and cancer-specific survival of patients with
osteosarcoma.
We carried out univariate and multivariate analyses and set up nomograms predicting survival outcome using osteosarcoma

patient data collected from the Surveillance, Epidemiology and End Results (SEER) program of the National Cancer Institute (2004–
2011, n=1426). The patients were divided into a training cohort (2004–2008, n=863) and a validation cohort (2009–2011, n=563),
and the mean follow-up was 55 months.
In the training cohort, 304 patients (35.2%) died from osteosarcoma and 91 (10.5%) died from other causes. In the validation

cohort, 155 patients (27.5%) died from osteosarcoma and (12.3%) died from other causes. Nomograms predicting overall survival
(OS) and cancer-specific survival (CSS) were developed according to 6 clinicopathologic factors (age, tumor site, historic grade,
surgery, AJCC T/N, and M), with concordance indexes (C-index) of 0.725 (OS) and 0.718 (CSS), respectively. The validation C-
indexes were 0.775 and 0.742 for OS and CSS, respectively.
Our results suggest that we have successfully developed highly accurate nomograms for predicting 5-year OS and CSS for

osteosarcoma patients. These nomograms will help surgeons customize treatment and monitoring strategies for osteosarcoma
patients.

Abbreviations: AJCC = American Joint Committee on Cancer, CIF = cumulative incidence function, CSS = cancer-specific
survival, NOS = not otherwise specified, OS = overall survival, SEER = Surveillance, Epidemiology and End Results, SES =
socioeconomic statue.
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1. Introduction

Osteosarcoma is the most common primary sarcoma of bone and
affects patients of every age.[1] Due to clinicopathologic heteroge-
neity, 5-year overall survival (OS) of osteosarcoma patients varies
from 28% to 70%.[2,3] Therefore, accurate estimates of osteosar-
coma patient prognoses based on clinical characteristics would
help clinicians provide appropriate individual treatment.
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Because osteosarcoma is a rare tumor, with an estimated
incidence of 1.7 to 4.4 per million per year depending on
age,[1,4,5] obtaining a meaningful number of patients to study is
challenging. We used the Surveillance, Epidemiology and End
Results (SEER) program database, which is a common tool used
for the analysis of rare cancers. The SEER program collects and
publishes cancer incidence and survival data from 19 population-
based cancer registries covering approximately 28% of the US
population. To our knowledge, no such studies on osteosarcoma
have been conducted using data from a national database.
Nomograms, which are useful scoring and visualization

predictive tools, can estimate individual patient survival with
higher accuracy than the widely used American Joint Committee
on Cancer (AJCC) TNM staging system. Nomograms have been
extensively applied for a variety of cancers,[6–12] and are based on
a series of factors that are considered together. The purpose of the
investigation was to develop osteosarcoma nomograms that
predict long-term OS and cancer-specific survival (CSS) based on
multiple clinical characteristics, for the first time with this large
number of cases from the SEER database, to improve individual
patient treatment and follow-up strategy.
2. Materials and methods

2.1. Patient data collection

Osteosarcoma patient data were collected from the SEER
program of the National Cancer Institute. Ethical approval
was waived because we got the registered account the approval of

mailto:15606075620@163.com).
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Table 1

Clinical characteristics and outcomes of the training and validating
cohorts.

Variables Stratification Training (n=863) Validating (n=563)

No. % No. %

Age 0–24 509 58.98 319 56.66
25–59 250 28.97 163 28.95
>60 104 12.05 81 14.39

Race White 659 76.36 425 75.49
Black 131 15.18 91 16.16
Other 73 8.46 47 8.35

Sex Male 473 54.81 310 55.06
Female 390 45.19 253 44.94
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using patients’ data for research purposes, from SEER database.
The study conforms to the provisions of the Declaration of
Helsinki. Informed patient consent was not required for data
released by the SEER database.
For data collected from the SEER program, the initial selection

criteria were as follows: the osteosarcoma primary tumor site was
bones and joints, malignant behavior, and diagnosed between
2004 and 2011. Final selection criteria were as follows: active
follow-up; clinical and pathological information including age,
race, sex, tumor site, tumor grade, and AJCC/TNM stage were
complete and definite; morphology diagnosis was osteosarcoma
that was confirmed microscopically. The patients were divided
into a training cohort and validation cohort.
Site Axial 201 23.29 155 27.53
Extremity 662 76.71 408 72.47

Grade Well 43 4.98 27 4.80
Moderately 76 8.81 38 6.75
Poorly 244 28.27 184 32.68
Un 500 57.94 314 55.77

Laterality Left 355 41.14 233 41.39
Right 374 43.34 247 43.87
Not a paired 131 15.18 83 14.75
Bilateral 3 0.35 0 0.00

Histology Others 307 35.57 205 36.41
Osteosarcoma 556 64.43 358 63.59

T T1 340 39.40 204 36.23
T2 355 41.14 272 48.31
T3 28 3.24 13 2.31
TX 140 16.22 74 13.14

N N0 789 91.43 526 93.43
N1 18 2.09 17 3.02
NX 56 6.49 20 3.55

M M0 687 79.61 453 80.46
M1a 79 9.15 49 8.70
M1b 79 9.15 48 8.53
M1NOS 0 0.00 7 1.24
MX 18 2.09 6 1.07

SEER historic stage Localized 269 31.17 180 31.97
Regional 395 45.77 251 44.58
Distant 186 21.55 121 21.49
Unstaged 13 1.51 11 1.95

Surgery Yes 752 87.14 477 84.72
No 111 12.86 86 15.28

Status Alive 468 54.23 339 60.21
Death 395 45.77 224 39.79

Insurance Yes 324 37.54 545 96.80
No 12 1.39 13 2.31
Unknown 527 61.07 5 0.89

Marital Others 643 74.51 423 75.13
Married 220 25.49 140 24.87

Education ≥28.77% 33 3.82 23 4.09
18.82%–28.77% 265 30.71 166 29.48
15.16%–18.81% 120 13.90 76 13.50
<15.16% 445 51.56 298 52.93
2.2. Data elements

For analyses, clinical characteristics were transformed into
categorical variables on the basis of recognized cutoff values.
Patients were categorized into 3 distinct age groups (0–24 years;
25–59 years;≥60 years), as has been previous reported.[1,13] Race
classifications included white, black, and others. Primary tumor
sites included axial skeleton and extremities. Histologic subtypes
included osteosarcoma, not otherwise specified (NOS), and
others (chondroblastic osteosarcoma, fibroblastic osteosarcoma,
telangiectatic osteosarcoma, osteosarcoma in Paget disease, small
cell osteosarcoma, central osteosarcoma, intraosseous well-
differentiated osteosarcoma, parosteal osteosarcoma, periosteal
osteosarcoma, and high grade surface osteosarcoma). Grade
was categorized into 4 groups (well differentiated, moderately
differentiated, poorly differentiated, and undifferentiated).
Laterality included left, right, not a paired site (axial), and
bilateral. All patient TNM classifications were staged according
to the 6th edition AJCC Staging Manual.[14] The SEER historic
stage included localized, regional, distant, and unstaged. Tumor-
directed surgery included surgery performed and surgery not
performed due to all reasons.Marital status includedmarried and
others (divorced, separated, single, unknown, and widowed). We
compiled socioeconomic statue (SES) data for all patients with
osteosarcoma and categorized the resulting income, poverty, and
education data for the country of residence into quartiles, as has
been done in previous investigations.[1,13] We then assigned each
quartile a number from 1 to 4, with a higher number reflecting
higher income, less poverty, or more education. For median
family income, the quartiles were <$46,450, $46,450 to
$51,400, $51,400 to $63,550, and>$63,550. For the percentage
of individuals below the poverty line, the quartiles were
>17.90%, 12.44% to 17.90%, 8.41% to 12.43%, and
<8.41%. For the percentage of individuals at least 25 years
old with <12 years of education, the quartiles were >28.77%,
18.82% to 28.77%, 15.16% to 18.81%, and <15.16%.
Income <46,450 37 4.29 33 5.86
<51,400 39 4.52 21 3.73
<63,550 302 34.99 210 37.30
≥63,550 485 56.20 299 53.11

Poverty ≥17.90% 147 17.03 110 19.54
12.44%–17.90% 368 42.64 235 41.74
8.41%–12.44% 253 29.32 156 27.71
<8.41% 95 11.01 62 11.01
2.3. Nomograms

The training cohort was used to establish the OS and CSS
nomograms. The OS was defined as the time from diagnosis to
death or censoring (if a patient was alive at the last follow-up).
The Kaplan–Meier method and log-rank test were used to
conduct the univariate prognostic analysis. Variables that were
possible prognostic factors (P< .05) on univariate analyses were
included in the multivariate Cox proportional hazards analysis to
reveal independent OS factors (P< .05). Then, the independent
factors in themultivariate analysis were used to build nomograms
2

for 3-year and 5-year OS for patients with osteosarcoma by
employing a stepwise-selection method in the R software. The
CSS was defined as the time from diagnosis to death attributed to



Table 2

Univariate analysis of OS in the nomogram cohort.

Variables P HR 95% CI

Age, y
0–24 Ref.
25–59 .005 1.393 1.108–1.751
>60 <.001 4.097 3.163–5.307

Race
White Ref.
Black .636 0.934 0.705–1.238
Other .965 1.008 0.710–1.430

Sex
Female Ref.
Male .604 0.949 0.778–1.157

Site
Extremity Ref.
Axial <.001 0.519 0.420–0.643

Grade
Well Ref.
Moderately .289 0.689 0.345–1.373
Poorly .028 1.858 1.071–3.225
Unstaged .147 1.490 0.869–2.556

Laterality
Left Ref.
Right .607 1.060 0.850–1.322
Not a paired site <.001 1.806 1.373–2.375
Bilateral .320 2.031 0.503–8.199

Histologic subtypes
Osteosarcoma, NOS Ref.
Others .009 1.311 1.074–1.649

T
T1 Ref
T2 .065 1.243 0.987–1.565
T3 <.001 2.649 1.653–4.244
TX <.001 1.947 1.479–2.564

N
N0 Ref
N1 <.001 3.687 2.194–6.196
NXs <.001 2.783 2.024–3.826

M
M0 Ref.
M1a <.001 2.483 1.855–3.322
M1b <.001 5.081 3.867–6.677
MX .001 2.709 1.518–4.832

SEER historic stage
Localized Ref.
Regional .003 1.491 1.145–1.941
Distant <.001 4.246 3.231–5.580
Unstaged .005 3.033 1.402–6.561

Surgery
Not performed Ref.
Yes <.001 3.369 2.631–4.314

Insurance
Yes Ref
No .705 1.171 0.518–2.648
Unknown .291 0.895 0.729–1.099

Marital status
Married Ref.
Others <.001 1.717 1.392–2.119

Education
≥28.77% Ref.
18.82%–28.77% .382 1.291 0.729–2.286
15.16%–18.81% .544 1.207 0.658–2.213
�15.16% .427 1.255 0.716–2.198

(continued )

Table 2

(continued).

Variables P HR 95% CI

Income
�46,450 Ref
46,450–51,400 .359 0.745 0.397–1.398
51,400–63,550 .078 0.660 0.416–1.047
≥63,550 .200 0.746 0.477–1.167

Poverty
≥17.90% Ref.
12.44%–17.90% .758 0.957 0.722–1.267
8.41%–12.44% .781 0.959 0.712–1.291
�841 .786 0.949 0.652–1.382
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osteosarcoma or censoring (if a patient was alive at the last
follow-up or death from other causes). The cumulative incidence
function (CIF) was used to assess the probability of death.
Variables whose P values were <.05 for the CIF values were
considered significant independent CSS factors. Similarly, we
developed nomograms with those significant independent
factors, to predict 3-year and 5-year CSS in patients with
osteosarcoma.
2.4. Nomograms validations

The validation cohort was employed to estimate the predicative
accuracy of the model by performing internal validation; by C-
index, performed using bootstrapping with 1000 resamples, and
by calibration plots using 10-fold cross validation. The C-indexes
Table 3

Multivariate analysis of OS in the nomogram cohort.

Variables P HR 95% CI

Age
0–24 Ref.
25–59 <.001 1.760 1.367–2.266
>60 <.001 3.620 2.709–4.839

Site
Extremity Ref.
Axial <.001 0.565 0.440–0.726

T
T1 Ref.
T2 .320 1.137 0.883–1.464
T3 .083 1.756 0.930–3.316
TX .002 1.622 1.192–2.206

M
M0 Ref.
M1a .064 1.865 0.094–3.606
M1b <.001 4.010 2.082–7.724
MX .001 2.096 1.027–4.276

SEER historic stage
Localized Ref.
Regional .003 1.504 1.147–1.974
Distant .125 1.694 0.865–3.317
Unstaged .518 0.728 0.277–1.909

Surgery
Not performed Ref.
Yes <.001 1.819 1.360–2.433

http://www.md-journal.com


Figure 1. Nomograms predicting 3- and 5-year OS (A) and CSS (B).
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quantified the discrimination between predicted and actual
situations, with values ranging from 0.5 to 1.0, representing no
discrimination to prefect discrimination. In addition, a marginal
estimate versus model was used to plot a calibration curve that
presented the correlation between nomogram-predicted and
actual survival. The C-indexes (both OS and CSS) of our
nomogram were compared with those of the classical model of
survival prediction, the AJCC staging system, and a significant
difference was defined by P< .001.
2.5. Statistical management

All statistical analysis was conducted using the SPSS software
version 22.0 (SPSS Inc., Chicago, IL) and the R software version
3.4.0 (R Foundation for Statistical Computing, Vienna, Austria;
www.R-project.org) with the R packages rms and cmprsk.
4

3. Results

3.1. Clinical characteristics of patients

After applying the collecting criteria, a total of 1426 primary
osteosarcoma patients from the SEER database of the National
Cancer Institute, diagnosed between 2004 and 2011, were
included in this study. The patients were divided into a training
cohort (2004–2008, n=863) and a validation cohort (2009–
2011, n=563). The mean follow-up period was 54.8±37.5
months. Clinical characteristics and outcomes are listed in
Table 1.
3.2. Nomograms construction

After univariate analyses, age, tumor site, laterality, histologic
subtypes, T (AJCC, tumor size), N (AJCC, lymph nodes), M

http://www.r-project.org/


Figure 1. (continued ).
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(AJCC, metastasis), SEER historic stage, surgery performed, and
marital status were found to be statistically associated with OS
(P< .05), whereas sex, race, grade, income, poverty, education,
and insurance status were not (Table 2). Multivariate analyses
revealed that 6 variables were independent prognostic factors for
OS in patients with osteosarcoma (P< .05); age, tumor site, T,M,
SEER historic stage, and surgery performed (Table 3). These
variables were used to develop the nomogram for predicting
3-year and 5-year OS (Fig. 1A). Similarly, after univariate and
multivariate analyses (Tables 4 and 5), 6 variables were
independent prognostic factors for CSS in patients with
osteosarcom: age, tumor site, N, M, SEER historic stage, and
surgery performed. From this data another nomogram was
created using these variables for predicting 3-year and 5-year CSS
(Fig. 1B). The survival curves for OS and CSS are shown in
Figures 2 and 3.
5

3.3. Nomograms validation

In the training cohort, 304 patients (35.2%) died from
osteosarcoma and 91 (10.5%) died from other causes. In the
validation cohort, 155 patients (27.5%) died from osteosarco-
ma and (12.3%) died from other causes. The C-indexes for OS
and CSS in the training cohort were 0.725 (95% confidence
interval [CI], 0.700–0.750) and 0.718 (95% CI, 0.688–0.748),
respectively. We performed internal validation of the nomo-
grams with the validation cohort from the SEER database.
Models showed good accuracy with a C-index of 0.775 (95%
CI, 0.744–0.806) and 0.742 (95%CI, 0.712–0.772) for OS and
CSS, respectively. The calibration curves approached the 45-
degree ideal match straight line, indicating that the nomograms
for OS and CSS in osteosarcoma were generally well calibrated
(Fig. 4).
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Table 4

Univariate analysis of CSS in the nomogram cohort.

Variables P HR 95% CI

Age
0–24 Ref.
25–59 .267 1.158 0.894–1.500
>60 <.001 2.667 1.931–3.684

Race
White Ref.
Black .680 0.934 0.677–1.290
Other .398 1.175 0.808–1.710

Sex
Female Ref.
Male .680 0.954 0.760–1.196

Site
Extremity Ref.
Axial 0.003 0.674 0.522–0.872

Grade
Well Ref.
Moderately .183 0.592 0.274–1.280
Poorly .143 1.568 0.860–2.859
Unstaged 0283 1.377 0.768–2.470

Laterality
Left Ref.
Right .445 1.101 0.861–1.408
Not a paired site .046 1.407 1.006–1.968
Bilateral .797 1.294 0.181–9.269

Histologic subtypes
Osteosarcoma, NOS Ref.
Others .065 1.256 0.986–1.600

T
T1 Ref.
T2 .005 1.462 1.124–1.901
T3 <.001 3.327 2.008–5.514
TX <.001 1.831 1.315–2.550

N
N0 Ref.
N1 <.001 4.422 2.578–7.586
NX <.001 2.157 1.441–3.231

M
M0 Ref.
M1a <.001 2.823 2.059–3.870
M1b <.001 5.006 3.651–6.863
MX .167 1.772 0.787–3.992

SEER historic stage
Localized Ref.
Regional <.001 1.817 1.327–2.487
Distant <.001 5.166 3.734–7.145
Unstaged .062 2.627 0.952–7.252

Surgery
Not performed Ref.
Yes <.001 3.032 2.264–4.060

Insurance
Yes Ref.
No .547 1.317 0.537–3.226
Unknown .291 0.965 0.763–1.221

Marital status
Married Ref.
Others .007 1.409 1.098–1.807

Education
≥28.77% Ref.
18.82%–28.77% .432 1.299 0.677–2.492
15.16%–18.82% .535 1.244 0.624–2.480
�15.16% .501 1.246 0.657–2.361

(continued )

Table 4

(continued).

Variables P HR 95% CI

Income
�46,450 Ref.
46,450–51,400 .961 0.983 0.491–1.968
51,400–63,550 .185 0.692 0.402–1.193
≥63,550 .420 0.805 0.475–1.364

Poverty
≥17.90% Ref.
12.44%–17.90% .560 0.910 0.663–1.250
8.41%–12.44% .833 0.965 0.691–1.346
�8.41% .379 0.821 0.528–1.275
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3.4. Nomograms compared with AJCC

The C-indexes (0.725 for OS and 0.718 for CSS) of our
nomogram were compared with those of the classical model of
survival prediction, the AJCC staging system, whose C-indexes
were 0.663 (95% CI, 0.636–0.690) and 0.664 (95% CI, 0.633–
0.695) for OS and CSS, respectively. There was a significant
difference between the 2models (P< .001). Our nomograms have
better power for predicting the prognosis of patients with
osteosarcoma.

4. Discussion

Osteosarcoma is a highly malignant bone tumor with a low
incidence. Due to all kinds of clinical factors, such as histological
diversity, metastasis, tumor size, location, and invasion, the
5-year overall survival rate of osteosarcoma patients varies
widely, ranging from 28% to 70%.[2,3] Therefore, there are still
some challenges when making treatment-related decisions and
Table 5

Multivariate analysis of CSS in the nomogram cohort.

Variables P HR 95% CI

Age
0–24 Ref.
25–59 .062 1.303 0.987–1.722
>60 <.001 2.393 1.690–3.387

Site
Extremity Ref.
Axial .028 0.724 0.544–0.965

N
N0 Ref.
N1 .003 2.326 1.333–4.058
NX .745 1.081 0.676–1.728

M
M0 Ref.
M1a .256 1.419 0.776–2.597
M1b .002 2.587 1.406–4.759
MX .793 1.143 0.420–3.112

SEER historic stage
Localized Ref.
Regional <.001 1.833 1.337–2.513
Distant <.001 2.886 1.606–5.187
Unstaged .520 1.480 0.448–4.889

Surgery
Not performed Ref.
Yes <.001 1.950 1.405–2.708



Figure 2. Kaplan–Meier curves for significant factors derived from multivariate analyses in OS: (A) age, (B) primary tumor site (axial or extremity), (C) T stage, (D)
surgery, (E) M stage, and (F) the SEER historic stage (tumor invasion).
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establishing follow-up strategies. A nomogram is a powerful
statistical tool that can help in the decision making process. To
our limited knowledge, there is no well-design nomogram for
osteosarcoma based on a nation-wide population. Using the data
selected from the SEER database with a mean follow-up of 55
months, we developed nomograms for predicting 3- and 5-year
OS and CSS in patients with osteosarcoma.
For the predictive accuracy of nomograms, we used the

Kaplan–Meier method and the Cox’s proportional hazards
regressionmodel to select factors to develop theOS nomogram. A
competing risk model was used to select factors for the
development of the CSS nomogram. In addition, C-indexes
and calibration plots were applied to estimate the predictive
accuracy of the models by performing internal validation. All
nomogram C-indexes were >0.7 and there was excellent
agreement between calibration curves and 45-degree perfect
match straight lines.
7

It is simple and easy to use a nomogram to predict the survival
possibility of an osteosarcoma patient. First, a vertical line should be
drawn from every factor to the “Point” bar in the nomogram.
Thereby, the total points value is obtained. Another vertical line
should be drawn from the “Total Points” bar to the survival
possibility bar to obtain the corresponding survival. For example,
consider a 55 years old male white patient with a T3N0M0
moderate-differentiated localized osteosarcoma (NOS) at the right
lower limb,who underwent a surgery. By applying our nomograms,
his 5-year OS and CSS predicted is 62% and 86%, respectively.
In this nomogram, increasing patient age is associated with a

worse prognosis in patients with osteosarcoma, consistent with
previous studies.[15,16] Older patients may be more likely to
present with metastatic disease and worse general health
conditions than younger patients. The present study also
indentified axial tumor location, high SEER historic stage, and
large tumor size as independent risk factors for decreased OS and

http://www.md-journal.com


Figure 3. Kaplan–Meier curves for significant factors derived from multivariate analyses in CSS: (A) age, (B) primary tumor site (axial or extremity), (C) T stage, (D)
surgery, (E) M stage, and (F) the SEER historic stage (tumor invasion).
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CSS. Axial tumor location, high SEER historic stage, and large
tumor size suggest significant challenges for surgeons attempting
to obtain adequate margins during surgical resection. In addition,
tumors in the axial skeleton are in closer proximity to large
vessels, nerves, and important organs, which may increase the
likelihood of metastasis.[1] Furthermore, tumors in the axial
skeleton tend to grow undetected, whereas tumors in the
extremities tend to shown some clinical signs, such as palpable
mass and increasing pain, which are evaluated without delay.
These reasons partially explain the inferior post surgical results in
patients with tumors in the axial skeleton. Finally, it has been
demonstrated that metastasis and surgery not performed usually
indicate a poor prognosis.[17–19]

Although our nomograms estimate the prognosis of the
patients who suffered from osteosarcoma with a high accuracy,
according to C-indexes and calibration plots, our study had
certain limitations. First, osteosarcoma TNM stage informa-
8

tion was not available from the SEER program until 2004. The
earliest record included in our study was diagnosed in that year,
and we were not able to predict a survival time >5 years.
Second, there are likely important independent prognosis
factors that have not yet been identified by researchers or
recorded by the SEER program, such as chemotherapy [20–22]

and perineural/perivascular invasion. These factors might be
associated with the prognosis of osteosarcoma but were not
included in our study.
In conclusion, based on a large population based cohort

providedby theSEERprogram,wehavedevelopedclinicallyuseful
nomograms which can predict 3- and 5-year OS and CSS for
patients with osteosarcoma, for the first time with this large
number of cases from the SEER database. The performance of
these nomograms was accurate and they could help clinicians in
making decisions about surgical, adjuvant therapeutic and follow-
up strategies to treat osteosarcoma patients more effectively.



Figure 4. Calibration curves for nomograms predicting 3- and 5-year OS and CSS: (A) 3-year OS, (B) 5-year OS, (C) 3-year CSS, and (D) 5-year CSS.

Chen and Lin Medicine (2019) 98:26 www.md-journal.com

9

http://www.md-journal.com


Chen and Lin Medicine (2019) 98:26 Medicine
Author contributions

Study conception and design: WC, YL. Data acquisition and
quality control of data: WC, YL. Data analysis and interpreta-
tion: WC. Statistical analyses of the data: WC. Manuscript
preparation and editing: WC. Final review and approval of
manuscript: All authors.
Conceptualization: Wenhao Chen, Yuxiang Lin.
Data curation: Wenhao Chen.
Investigation: Wenhao Chen.
Methodology: Eenhao Chen.
Software: Wenhao Chen.
Supervision: Wenhao Chen.
Validation: Wenhao Chen.
Writing—original draft: Wenhao Chen.
Writing—review and editing: Yuxiang Lin.
References

[1] Miller BJ, Cram P, Lynch CF, et al. Risk factors for metastasis disease
at presentation with osteosarcoma. J Bone Joint Surg Am 2013;95e89:
1–8.

[2] Wang SD, Ren TT, Huang Y, et al. BMPR2 andHIF1-( overexpression in
resected osteosarcoma correlates with distant metastasis and patient
survival. Chin J Can Res 2017;29:447–54.

[3] Li YJ, Yao K, Lu MX, et al. Prognostic value of the C-reactive protein to
albumin ratio: a novel inflammation-based prognostic indicator in
osteosarcoma. Onco Targets Ther 2017;10:5255–61.

[4] Yang J, Zhang W. New molecular insights into osteosarcoma targeted
therapy. Curr Opin Oncol 2013;25:398–406.

[5] He JP, Hao Y, Wang XL, et al. Review of the molecular pathogenesis of
osteosarcoma. Asian Pac J Can Prev 2014;15:5967–76.

[6] Hyder O, Marques H, Pulitano C, et al. A nomogram to predict long-
term survival after resection for intrahepatic cholangiocarcinoma. JAMA
Surg 2014;149:432–8.

[7] Yeh CN, Wang SY, Chen YY, et al. A prognostic nomogram for overall
survival of patients after hepatectomy for intrahepatic cholangiocarci-
noma. Anticancer Res 2016;36:4249–58.
10
[8] Li Y, Ju J, Liu XX, et al. Nomograms for predicting long-term overall
survival and cancer-specific survival in patients with major salivary gland
cancer: a population-based study. Oncotarget 2017;8:24469–82.

[9] Ju J, Wang J, Ma C, et al. Nomograms predicting long-term overall
survival and cancer-specific survival in head and neck squamous cell
carcinoma patients. Oncotarget 2017;7:51059–68.

[10] Liu J, Geng Q, Liu Z, et al. Development and external validation of a
prognostic nomogram for gastric cancer using the national cancer
registry. Oncotarget 2016;7:35853–64.

[11] Ganly I, Amit M, Kou L, et al. Nomograms for predicting survival and
recurrence in patients with adenoid cystic carcinoma: An international
collaborative study. Euro J Can 2015;51:2768–76.

[12] Wen J, Ye F, He X, et al. Development and validation of a prognostic
nomogram based on the log odds of positive lymph nodes (LODDS) for
breast cancer. Oncotarget 2016;7:21046–53.

[13] Duchman KR, Gao Y, Miller BJ. Prognostic factors for survival in
patients with high-grade osteosarcoma using the surveillance, epidemi-
ology, and end results (SEER) program database. Cancer Epidemiol
2015;39:593–9.

[14] Greene FL, Page DL, Fleming ID, et al. AJCC Cancer StagingManual 6th
edition. Ann Oncol 2003;14: 345-a-346(2).

[15] Jawad MU, Cheung MC, Clarke J, et al. Osteosarcoma: improvement in
survival limited to high-grade patients only. J Cancer Res Clin Oncol
2011;137:597–607.

[16] Harting MT, Lally KP, Andrassy RJ, et al. Age as a prognostic factor for
patients with osteosarcoma: an analysis of 438 patients. J Cancer Res
Clin Oncol 2010;136:561–70.

[17] Brennecke P, Arlt MJ, Campanile C, et al. CXCR4 antibody treatment
suppresses metastatic spread to the lung of intratibial human osteosar-
coma xenografts in mice. Clin Exp Metastasis 2014;31:339–49.

[18] Bacci G, Rocca M, Salone M, et al. High grade osteosarcoma of the
extremities with lung metastases at presentation: treatment with
neoadjuvant chemotherapy and simultaneous resection of primary
and metastatic lesions. J Surg Oncol 2008;98:415–20.

[19] Yang C,WangG, Yang J, et al. Long noncoding RNANBAT1 negatively
modulates growth and metastasis of osteosarcoma cells through
suppression of miR-21. Am J Cancer Res 2017;7:2009–19.

[20] He JP, Hao Y, Wang XL, et al. Review of the molecular pathogenesis of
osteosarcoma. Asian Pac J Cancer Prev 2014;15:5967–76.

[21] Denduluri SK, Wang Z, Yan Z, et al. Molecular pathogenesis and
therapeutic strategies of human osteosarcoma. J Biomed Res 2015;30:30.

[22] He H, Ni J, Huang J. Molecular mechanisms of chemoresistance in
osteosarcoma (Review). Oncol Lett 2014;7:1352–62.


	Nomograms predicting overall survival and cancer-specific survival in osteosarcoma patients (STROBE)
	Outline placeholder
	2 Materials and methods
	2.1 Patient data collection
	2.3 Nomograms
	2.4 Nomograms validations

	3 Results
	3.2 Nomograms construction
	3.3 Nomograms validation
	3.4 Nomograms compared with AJCC

	4 Discussion
	Author contributions

	References


