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Abstract
Background: Osteosarcoma is one of the most common malignant tumors of the bone with poor
prognosis. The present study was aimed to establish and validate nomogram to predict the risk of
metastasis for individual osteosarcoma patients.

Methods: 2195 osteosarcoma patients were retrospectively collected from Surveillance, Epidemiology,
and End Results (SEER) database. The least absolute shrinkage and selection operator regression model
was applied to promote feature selection for the metastasis signature model. Univariate and multivariate
logistic analysis were used to discern independent predictive factors. These predictive factors were
included in the nomogram to evaluate metastasis probability in osteosarcoma patients. Nomogram was
validated internally and externally.

Results: We randomly assigned 2195 osteosarcoma patients into the training (n = 1464) and validation (n
= 731) subgroups. Age, sex, tumor grade, tumor size and use of surgery were identi�ed as the predictive
factors for the risk of metastasis (all p<0.05) and further incorporated to develop the nomogram.
Predictive accuracy (AUC) for metastasis prediction were 0.7427067 in the training subgroup and
0.6798374 in the external validation subgroup, respectively. And the decision curve analysis also proved
the value of the model.

Conclusions: We have constructed new high-performance nomogram to assist clinicians in identifying
osteosarcoma patients with high risk of metastasis.

Background
Osteosarcoma, the most common primary bone malignant tumor in children and adolescents and the
third most frequent bone cancer in adults [1], is originates from interstitial cells. Osteosarcoma,
characterized by proliferating tumor cells, directly form immature bone or bone-like tissue [2]. It occurs
mostly in long bones of the limbs. Common sites of osteosarcoma include humerus, tibia and femur, and
less commonly pelvis, skull and jaw [3]. Even though osteosarcoma mainly occurs in adolescence aged
between 10 to 25 years old, there is a second incidence peak among individuals aged over 60 years [4].
Osteosarcoma has a high metastatic rate, and over 20% of osteosarcoma patients have lung metastases
at the time of initial diagnosis [5]. The 5-year survival rate of osteosarcoma patients with metastasis
(20%) is signi�cantly lower than that of patients with focal lesions (65%), and most patients died of
osteosarcoma with metastasis [6]. Consequently, it is of importance and signi�cance to identify
predictive factors for the metastasis risk of osteosarcoma. Single predictive factor is limited to perform
an accurate prediction of metastasis risk for individualized osteosarcoma patients. Therefore statistical
prediction model integrating the cumulative effects of individual predictive factors should be established
for more accurate predictions.

In this era of personalized medicine, nomogram, a sample statistical predictive tool, have obtained
popularity in clinics. As a pictorial representation of a complicated mathematical formula [7], it uses
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clinical and biologic variables, such as patient sex and tumor size, to graphically depict a statistical
predictive model and estimate the probability of clinical event for a given individual [8]. Nomogram is
able to assist clinicians in predicting the risk of metastasis for an individual patient with tumors, which
has been reported in breast cancer, papillary thyroid cancer and squamous non-small cell lung cancer [9–
11].

Therefore, the current study aimed to establish and validate available nomogram to evaluate the
metastasis risk in osteosarcoma patient based on the data from Surveillance, Epidemiology, and End
Results (SEER[12, 13]) database. In order to construct nomogram predicting the metastasis risk of
osteosarcoma, we used univariate and multivariate logistic [14] analysis to discern independent
predictive factors. Age, sex, tumor grade, tumor size and use of surgery were identi�ed as the predictive
factors. Then we validated our nomogram in validation data sets. Nomogram constructed in present
study might serve as a new and alternative tool to predict metastasis risk in osteosarcoma and provide
valuable information for surgical planning and clinical management.

Materials And Methods
Patient data

All the osteosarcoma patient’s data were downloaded from SEER database. The SEER*Stat software
(Version 8.3.5; NCI, Bethesda, USA) was applied to acquired osteosarcoma patient’s information.
Osteosarcoma patients who met the following criteria were recruit in the present study:(1) positive
histological con�rmation of osteosarcoma; (2) diagnosed with osteosarcoma as primary malignancy
between 1983 and 2014 (International classi�cation of diseases for oncology: 9180, 9181, 9182, 9183,
9184, 9185, 9186, 9187, 9192, 9193, 9194, 9200) [15]; (3) extremity site (short and long bones of lower
and upper extremity) or axial site(skull, spine, ribs and pelvis); (4) known survival months and cause of
death after diagnosis. And osteosarcoma patients with unknown surgical stage or unknown use of
surgery or unknown tumor size were excluded in present study. Data on age, sex, marital status, race,
histologic type, tumor site, tumor grade, tumor size and use of surgery were applied in further analysis to
identify metastasis risk factors.

Data analysis

The receiver operating characteristic (ROC) curve, which illustrates sensitivity against false positive rate,
has been frequently used to obtain optimal tumor size cutoff values in diagnostic tests. ROC is also a
tool applied to describe the discrimination accuracy of prediction model or diagnostic test [16].

 The least absolute shrinkage and selection operator (LASSO) method is effective learning method for
feature selection of high dimensional data. This analysis method can impose constraint during
parameter estimation to penalize the magnitude of the variables’ coe�cients [17]. In present study, this
method was applied to optimize the predictive features in metastasis risk factors. Features with nonzero



Page 4/20

coe�cients were chosen in LASSO regression model. These predictive features were applied in the
univariate logistic analysis for the risk of metastasis.

We randomly assigned all selected osteosarcoma patients (n = 2195) into a training subgroup (n = 1464)
and a validation subgroup (n = 731). Further, we used Chi-square test to compare the demographic
baseline and clinical characteristics of the patients between the training and validation subgroup.
Signi�cant variables were further assessed using univariate and multivariate logistic regression model.
And odds ratio of each variable with corresponding 95% con�dence interval was calculated regarding the
risk of metastasis in osteosarcoma patients.

Construction of the nomogram

Based on the multivariable analysis results, metastasis nomogram was formulated. The calibration of
this metastasis nomogram was evaluated by calibration curves. Predictive discrimination of nomogram
was evaluated internally and externally via ROC curve. The minimum AUC value was 0.5 which indicated
a random chance to correctly discriminate outcome for the constructed signature, and 1.0 indicated a
perfect discrimination. Decision curve analysis (DCA) was a proposed novel method to compare the
potential net bene�t of predictive signatures. Instead of the AUC value in ROC curve which only
demonstrated discriminative accuracy of predictive signature, DCA could visualize clinical consequences
for treatment strategy and quantify net bene�ts at various threshold probabilities to evaluate clinical
availability of metastasis risk nomogram.

Statistical analysis

Chi-square test, and univariate and multivariate logistic analysis were performed via SPSS 22.0 (SPSS
Inc, Chicago, IL, USA). Construction and validation of the nomogram were conducted on R version 3.5.3
(http://www.rproject.org) with “rms” package. LASSO regression analysis was performed in R with
“glmnet” package. ROC curves were conducted with “ROCR” package. DCA analysis was performed in R
with “rmda” package. All P values were two-sided and statistical signi�cance was set at P<0.05.

Results
Demographic baseline and clinical characteristics

According to exclusion and inclusion criteria, entire 2195 osteosarcoma patients were identi�ed from the
SEER database (Fig 1). An optimal cutoff of tumor size (9.5cm) was de�ned by ROC analysis using
clinical date of all the osteosarcoma patients. Based on ROC analysis result, AUC for this test was 0.650
(95% CI 0.630–0.670). The tumor size with largest Youden value was considered as the optimal cutoff.
An optimal tumor size cutoff value 9.5cm was obtained with a diagnostic sensitivity of 60.24% (95% CI
55.4–65.0), a speci�city of 62.31% (95% CI 60.0–64.6) and Youden value 0.2255 (Fig 2).

Table 1 showed demographic characteristics of all osteosarcoma patients. Of the 2195 patients with
osteosarcoma, 659 patients (45.0%) were female and 805 patients (55.0%) were male. 1682 patients
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(76.6%) were diagnosed when they were unmarried, while the others (23.4%) were married. Among those
patients, 19.2% of the tumors were located at the axial bone, and the rest (80.8%) were in the extremity
bone. 420 patients (19.1%) had distant metastasis disease, while the rest 1775 patients (80.9%) hadn’t.
Randomly, all of osteosarcoma patients were assigned into the training subgroup (n=1464) to establish
and validate nomogram internally and validation subgroup (n=731) to validate nomogram externally. We
performed Chi-square analysis in this table and found that patient sex, age, marital status, race, histologic
subtype, tumor size, tumor site, tumor grade and use of surgery had no signi�cant differences between
validation and training subgroups (Table 1).

Feature selection

All 9 features were selected as potential predictors with nonzero coe�cients (Fig 3A and 3B) in LASSO
regression model. These clinical features included patient sex, age, marital status, race, tumor site, tumor
grade, tumor size, histologic subtype and use of surgery.

Predictive factors for the risk of metastasis

With regard to the training subgroup, we used univariate logistic regression to analyses patient sex, age,
marital status, race, tumor site, tumor grade, tumor size, histologic subtype and use of surgery. As the
result, these variables, including sex, age, use of surgery, tumor size and tumor grade, were found to be
connected with metastasis risk in osteosarcoma patients in the univariate analysis (p<0.05) (Table 2).
While tumor site, histologic subtype, marital status and race were excluded (p>0.05) (Table 2).
Furthermore, we performed multivariate logistic analysis to control the confounding variable. Sex, age,
tumor grade, tumor size and use of surgery were recognized as independent predictive factors for the risk
of metastasis in osteosarcoma patients.

Construction and validation of nomogram for metastasis risk in osteosarcoma patients

 Independent predictive factors including sex, age, tumor size, tumor grade and use of surgery were
included to construct nomogram predicting the risk of metastasis in osteosarcoma patients (Fig 4). The
nomogram gave every prognostic factor a distinctive score on the nomogram point scale (Table 3). We
also validated the nomogram internally and externally. Based on the information of an individual patient,
we could use the nomogram by adding up the points of each predictive factor and correlating the total
points with prediction in the nomogram. The calibration curve displayed perfect consistency between
actual probability and predicted probability (Fig 5A). Fig 6 displayed the predictive accuracy of
nomogram. AUC of the present model was 0.7427067. And AUC value of external validation subgroup
was 0.6798374. These AUC results con�rmed that this prognostic nomogram was reasonably accurate.

Clinical use

DCA for the nomogram was presented in Fig 5B. According to threshold probability in this analysis, the
decision analysis curve was applied to assess the clinical application of metastasis prediction model.
Decision curve analysis result showed that when the probability of metastasis generated by the
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nomogram is less than 3% or more than 76%, decisions based on the nomogram would be meaningless.
In other words, the nomogram provided additional values relative to the treat-all patients scheme or the
treat-none scheme in these threshold probabilities. This analysis result suggested that this model was
extremely useful for clinical determinations.

Discussion
Varieties of predictive factors have in�uence on the metastasis of osteosarcoma. Utility of single
predictive factor to predict metastasis risk for individual osteosarcoma patients is limited. Nomogram,
which have been widely used to predict the risk of metastasis of tumors for an individual patient[9–11,
18, 19], can incorporate all kind of predictive factors and calculate their cumulative effect to predict the
probability of tumor patients with metastasis. Taking advantage of the SEER database, covering about
28% of overall U.S population, we constructed nomogram to predict the risk of metastasis in
osteosarcoma patients.

Utilizing LASSO, univariate and multivariate logistic analysis, we identi�ed the independent predictive
factors for the risk of metastasis in osteosarcoma patients. LASSO, originally proposed for the linear
regression model, was a popular high dimensional data analysis method which could applied for variable
selection [20]. This method could improve both interpretation and prediction accuracy. In this current
study, several clinicopathological characteristics such as age, sex, tumor grade, tumor size and use of
surgery might become independent predictive factors for the risk of metastasis for osteosarcoma
patients via multivariate analysis. We found that age was connected with the risk of metastasis for
osteosarcoma patients. With the patient’s age increasing, the risk become higher (except age < 20 group).
According to Yusuke Tsuda’s research, patients older than 65 years in Japan also showed a signi�cantly
higher proportion of tumors with metastasis at diagnosis [21]. In general, osteosarcoma is recognized as
a disease of adolescents aged between 10 to 25 years old. This might result in higher point scale of age 
< 20 group when compared with young and middle-aged groups (20 < age < 60). There is a second
incidence peak among individuals aged over 60 years in osteosarcoma [4]. With early diagnosis and
treatment, elderly people is more likely to be diagnosed with metastasizing osteosarcoma. Consequently,
we considered more studies should be conducted to prove this conclusion. We also identi�ed sex as an
independent predictive factor of metastasis for osteosarcoma patients, with male having a higher risk in
comparison to female. There are some similar results observed in previous studies [22]. Estrada-Villaseor
et al reported males have a higher frequency of metastasis in osteosarcoma in contrast to females [22].
And this result is also report in metastasis research of other tumor (Thyroid Cancer) [23]. In our study, use
of surgery was an independent predictive factor of metastasis in osteosarcoma patients. Compared with
osteosarcoma patients without surgery, the patients, who adopted surgery treatment after being
diagnosed osteosarcoma, had a lower risk of metastasis. Surgery treatment increases disease-free
survival probabilities according the guideline of treatment for osteosarcoma by European Society for
Medical Oncology [24].
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We also found that tumor grade was a de�nitive predictive factor for metastases in osteosarcoma
patients, which is reported by previous study [25]. With regard to tumor size, we revealed that tumor size
was independent predictive factor for the metastases of osteosarcoma, and Bielack [24] and Kim [26]et al
consider tumor size as a de�nitive predictive factor of metastasis for osteosarcoma patients. In our study,
we found that the cutoff of 9.5 cm in maximal tumor diameter was a predictive factor of metastasis.
Conspicuously, osteosarcoma patient with maximal tumor diameter over 9.5 cm has a high probability of
metastasis.

Based on the independent predictive factors identi�ed by multivariate logistic analysis, we developed
nomogram to predict the risk of metastasis for osteosarcoma patients. Utilizing this nomogram, we were
able to easily and accurately predict the probability of metastasis in an individual patient. For instance, a
60-year-old female patient newly diagnosed with primary osteosarcoma of 12cm in size and with IV-
grade. To use the nomogram (Fig. 4), we needed to take the following three steps. Firstly, we drew vertical
lines from each independent predictive factor to the points scale to gain the matching points. Then, we
added up each matching points of the independent predictive factors, and she got 21.5 points in total.
Lastly, a vertical line was drawn from the total points scale to the risk scale obtaining the estimated risk
of metastasis of osteosarcoma. Hence, her estimated risk of metastasis was 69%.

But our nomogram had some limitations. First, our nomogram was constructed only by clinical factors
(without molecular markers). Information about several important clinicopathological parameters or
molecular markers such as chemotherapy regimens,tumor volume, tumor location, and histopathology
were also not complete. And the option of distant metastasis is not explicitly indicated metastasis sites.
Speci�c metastasis sites data of every osteosarcoma was also not complete. Due to the unavailability of
these variables in the SEER database, these variables could not be incorporated in our study. Their effects
on metastasis in osteosarcoma patients deserve further exploration. Second, we could not use our
nomogram to predict the time on which metastasis occurs for the reason that it was on the basis on
logistic regression rather than Cox regression. Third, excluding patients with unknown important clinical
information may cause bias. Fourth, our training set and validation set were quite small, so the
generalizability of our nomogram ought to be veri�ed in a larger population. More clinical data are
needed to verify the results of this study, so as to further improve the credibility of the results.

Conclusions
In a brief, age, sex, tumor grade, tumor size and use of surgery were identi�ed as independent predictive
factors. Including those identi�ed predictive factors, we developed and validated nomogram to estimate
the risk of metastasis for individual osteosarcoma patients. The newly developed nomogram was highly
sensitive and accurate. Utilization of our nomogram could help clinicians estimate individual patients’
risk of metastasis of osteosarcoma.
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Variables Training subgroup

(n=1464)

Validation subgroup

(n=731)

Total

(n=2195)

P

Sex, n, %             0.668

Female 659 45.0% 322 44.0% 981 44.7%  

Male 805 55.0% 409 56.0% 1214 55.3%  

Age, n, %             0.877

0-20 801 54.7% 414 56.6% 1215 55.4%  

21-40 352 24.0% 168 23.0% 520 23.7%  

41-60 202 13,8% 96 13.1% 298 13.6%  

61-80 90 6.1% 46 6.3% 136 6.2%  

>80 19 1.3% 7 1.0% 26 1.2%  

Tumor site, n, %             0.927

Axial 280 19.1% 141 19.3% 421 19.2%  

Extremity 1184 80.9% 590 80.7% 1774 80.8%  

Histology, n, %             0.725

9180 905 61.8% 450 61.6% 1355 61.7%  

9181 220 15.0% 109 14.9% 329 15.0%  

9182 101 6.9% 42 5.7% 143 6.5%  

9183 52 3.6% 29 4.0% 81 3.7%  

9184 9 0.6% 6 0.8% 15 0.7%  

9185 16 1.1% 5 0.7% 21 1.0%  

9186 43 2.9% 20 2.7% 63 2.9%  

9187 1 0.1% 3 0.4% 4 0.2%  

9192 93 6.4% 50 6.8% 143 6.5%  

9193 18 1.2% 13 1.8% 31 1.4%  

9194 6 0.4% 4 0.5% 10 0.5%  

Tumor stage, n, %             0.068

Non-metastasis 1168 79.8% 607 83.0% 1775 80.9%  

Distant metastasis 296 20.2% 124 17.0% 420 19.1%  
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Surgery, n, %             0.262

No 133 9.1% 56 7.7% 189 8.6%  

Yes 1331 90.9% 675 92.3% 2006 91.4%  

Size, n, %             0.408

<9.5 822 56.1% 424 58.0% 1246 56.8%  

≥9.5 642 43.9% 307 42.0% 949 43.2%  

grade, n, %             0.148

80 5.5% 58 7.9% 138 6.3%  

129 8.8% 62 8.5% 191 8.7%  

399 27.3% 202 27.6% 601 27.4%  

856 58.5% 409 56.0% 1265 57.6%  

Marital             0.169

Unmarried 1109 75.8% 573 78.4% 1682 76.6%  

Married 355 24.2% 158 21.6% 513 23.4%  

Race             0.505

Black 231 15.8% 119 16.3% 350 15.9%  

Other 137 9.4% 79 10.8% 216 9.8%  

White 1096 74.9% 533 72.9% 1629 74.2%  

Abbreviation: 9180, conventional osteosarcoma; 9181, chondroblastic osteosarcoma; 9182, �broblastic
osteosarcoma; 9183, telangiectatic osteosarcoma; 9184, osteosarcoma in Paget disease of bone; 9185,
small cell osteosarcoma; 9186, central osteosarcoma; 9187, intraosseous well differentiated
osteosarcoma; 9192, parosteal osteosarcoma; 9193, periosteal osteosarcoma; 9194, high grade surface
osteosarcoma.

Table 2: Univariable and multivariable logistic regression results for all variables
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Variables Univariable Analysis Multivariable Analysis

OR (95%CI) P OR (95%CI) P

Sex        

Female 1   1  

Male 1.473 (1.134-1.914) 0.004 1.345 (1.009-1.792) 0.043

Age        

0-20 1      

21-40 0.615 (0.437-0.865) 0.005 0.634 (0.434-0.924) 0.018

41-60 0.709 (0.471-1.067) 0.099 0.749 (0.479-1.169) 0.203

61-80 1.907 (1.197-3.040) 0.007 1.480 (0.855-2.563) 0.162

>80 2.640 (1.046-6.665) 0.040 1.939 (0.691-5.444) 0.209

Tumor site        

Axial 1      

Extremity 0.989 (0.716-1.368) 0.949    

Histology        

9193 1      

9180 2.447 (0.558-10.730) 0.235    

9181 1.832 (0.405-8.283) 0.431    

9182 1.395 (0.291-6.700) 0.677    

9183 1.455 (0.279-7.587) 0.657    

9184 4.000 (0.530-30.162) 0.179    

9185 3.636 (0.595-22.234) 0.162    

9186 1.297 (2.236-7.132) 0.765    

9187 0.000 (-) 1.000    

9192 0.267 (0.041-1.724) 0.165    

9194 1.600 (0.119-21.586) 0.723    

Surgery        

No 1   1  

Yes 0.128 (0.088-0.187) <0.001 0.129 (0.086-0.193) <0.001
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Size        

<9.5 1   1  

≧9.5 2.788 (2.140-3.633) <0.001 2.598 (1.952-3.458) <0.001

Grade        

1   1  

1.949 (0.606-6.265) 0.263 1.887 (0.569-6.253) 0.299

5.614 (2.000-15.760) 0.001 3.567 (1.239-10.269) 0.018

5.384 (1.945-14.905) 0.001 3.244 (1.144-9.199) 0.027

Marital        

Unmarried 1      

Married 0.852 (0.628-1.156) 0.304    

Race        

Black 1      

Other 0.769 (0.448-1.320) 0.340    

White 0.919 (0.651-1.300) 0.635    

Abbreviation: 9180, conventional osteosarcoma; 9181, chondroblastic osteosarcoma; 9182, �broblastic
osteosarcoma; 9183, telangiectatic osteosarcoma; 9184, osteosarcoma in Paget disease of bone; 9185,
small cell osteosarcoma; 9186, central osteosarcoma; 9187, intraosseous well differentiated
osteosarcoma; 9192, parosteal osteosarcoma; 9193, periosteal osteosarcoma; 9194, high grade surface
osteosarcoma.

Table 3: Detailed scores of prognostic factors in the nomograms



Page 15/20

Characteristic Nomogram

Age  

<20 2.2

21-40 0

41-60 0.8

61-80 4.1

>80 5.5

Sex  

Female 0

Male 1.4

Surgery  

No 10.0

Yes 0

Size  

9.5 0

≥9.5 4.7

Grade  

0

3.1

6.2

5.7

Figures



Page 16/20

Figure 1

Flow chart.
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Figure 2

ROC curve for representative cut-off levels of tumor size. Tumor size levels were plotted with true
positives on the vertical axis (sensitivity) and false positives (1-speci�city) on the horizontal axis.
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Figure 3

Clinical feature selection via the least absolute shrinkage and selection operator (LASSO) regression
model. Notes: (A) Optimal parameter selection via LASSO regression model used �vefold cross-
validation. The partial likelihood deviance curve was drawn versus log(lambda). Dotted vertical lines were
plotted at the optimal values via minimum criteria and the 1 standard error (SE) of minimum criteria (the
1-SE criteria). (B) LASSO coe�cient pro�les of 9 features. A coe�cient pro�le plot was produced against
log(lambda) sequence. Vertical line was plotted at selected value selected via �vefold cross-validation
where optimal lambda led to all 9 features with nonzero coe�cients.
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Figure 4

Nomograms to predict metastasis risk for patients with osteosarcoma. Notes: Vertical line between
points scale and each variable was showed to acquire points of each variable. And predicted metastasis
risk was calculated and evaluated based on the total points which were drew by a vertical line from Total
Points scale.

Figure 5

Decision curve and calibration curves analysis of predictive nomogram evaluation in the subgroup.
Notes: (A) Calibration curves of the metastasis nomogram. The x-axis shows the predicted metastasis
risk. And the y-axis shows actual diagnosed metastasis risk. The diagonal dotted line shows perfect
prediction of ideal model. The solid line displays nomogram performance, of which a closer �t to
diagonal dotted line displays a better prediction. (B) Decision curve analysis result of nomogram. And the
y-axis evaluates the net bene�t. The dotted line displays metastasis nomogram. The gray line displays
the hypothesis that all the patients have metastasizing osteosarcoma. The black line displays the
hypothesis that no patients are metastasizing osteosarcoma.
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Figure 6

Predictive accuracy of nomogram to predict metastasis. Notes: (A) Predictive accuracy of nomogram in
training subgroup. (B) Predictive accuracy of nomogram in validation subgroup


