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Abstract
Background:Spinal and pelvic osteosarcoma is a rare type of all osteosarcomas,and distant metastasis
is an important factor for poor prognosis of this disease. There are no similar studies on prediction of
distant metastasis of spinal and pelvic osteosarcoma. We aim to construct and validate a nomogram to
predict the risk of distant metastasis of spinal and pelvic osteosarcoma.

Methods:We collected the data on patients with spinal and pelvic osteosarcoma from the Surveillance,
Epidemiology, and End Results(SEER) database retrospectively. The Kaplan-Meier curve was used to
compare differences in survival time between patients with metastasis and non-metastasis. Total
patients were randomly divided into training cohort and validation cohort. The risk factor of distant
metastasis were identi�ed via the least absolute shrinkage and selection operator(LASSO) regression and
multivariate logistic analysis. The nomogram we constructed were validated internally and externally by
C-index, calibration curves,receiver operating characteristic(ROC) curve and Decision curve analysis
(DCA).

Results:The Kaplan-Meier curve showed that the survival time of non-metastatic patients was longer than
that of metastatic patients(P 0.001).All patients(n=358) were divided into training cohort(n=269) and
validation cohort(n=89).The LASSO regression selected �ve meaningful variables in the training cohort.
The multivariate logistic regression analysis demonstrated that surgery(yes,OR=0.175, 95%CI=0.095-
0.321,p=0.000) was the independent risk factors for distant metastasis of patients with spinal and pelvic
osteosarcoma. The C-index and calibration curves showed the good agreement between the predicted
results and the actual results. The area under the receiver operating characteristic curve(AUC) values were
0.748(95%CI=0.687-0.817) and 0.758(95%CI=0.631-0.868) in the training and validation cohorts
respectively. The DCA showed that the nomogram has a good clinical usefulness and net bene�t.

Conclusion:No surgery is the independent risk factor of distant metastasis of spinal and pelvic
osteosarcoma. The nomogram we constructed to predict the probability of distant metastasis of patients
with spinal and pelvic osteosarcoma is reliable and effective by internal and external veri�cation.

Background
Osteosarcoma is the most common primary malignant bone tumor,it was reported that the annual
prevalence of osteosarcoma ranges 0.2-3 cases per 100,000 people[1].However,spinal and pelvic
osteosarcoma is more rare compared with osteosarcoma in other sites.It was reported that spinal
osteosarcoma accounts for 3% of all osteosarcomas, while pelvic osteosarcoma accounts for less than
10% of all osteosarcomas[2, 3].There are some studies on prediction of distant metastasis of
osteosarcoma in all sites[4, 5].Nonetheless,there was no similar studies on prediction of distant
metastasis of spinal and pelvic osteosarcoma because of low incidence.

Spinal and pelvic osteosarcoma has unique clinical characteristics compared with osteosarcoma in
external location.Osteosarcoma of this type has a worse prognosis and higher probability to distant
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metastasize.Jiang J et al[6] indicated that the survival of spinal and pelvic osteosarcoma is worse than
that of head and limb.A study based on SEER indicated that osteosarcoma in the axial bone is an
independent prognosticator for overall survival and cancer-speci�c survival[7].Zhang Chao et al[5]
indicated that primary tumor in axial location was signi�cantly correlated with lung metastasis among
high-grade ostoesarcoma patients.The present studies showed that distant metastasis has great
in�uence on the prognosis of spinal and pelvic ostesarcoma.Zils et al[8] analyzed the clinical data of 20
patients with spinal osteosarcoma and concluded that the patients had metastasis suggests a worse
prognosis.A study of pelvic osteosarcoma based on the Japanese Bone Tumor Registry indicated that
metastasis leads to a lower rate of surgery, which leads to a lower survival rate[9].Therefor,the study on
prediction of distant metastasis of spinal and pelvic osteosarcoma is necessary.We aim to construct a
nomogram to predict the risk of distant metastasis of spinal and pelvic osteosarcoma to �ll in the blanks.

The Surveillance, Epidemiology, and End Results(SEER) program database contains a large number of
information of cancer patients in the United States.Advantages of utilizing such a database include multi-
institutional data and a large patient pool for greater statistical power[10].To get a large sample size, we
collected data of patients with spinal and pelvic osteosarcoma from SEER database to build a
nomogram to predict the probability of distant metastasis.Furthermore, we also attempted to get a better
understanding of the distant metastasis of spinal and pelvic osteosarcoma and provide help for the
formulation of clinical treatment plan.

Materials And Methods

1.Data Collection
Data for this study were extracted from the SEER Research Data,18 Registries,Nov 2020 Sub(2000-2018)
using SEER*Stat(version 8.3.9.2) software.The inclusion criteria were as follows:(1)patients diagnosed as
primary osteosarcoma with ICD-O-3 morphology codes 9180/9181/9182/9183/
9185/9186/9187/9192/9193/9194 from 2000 to 2018;(2) codes of primary site were C412 (vertebral
column) and C414 (pelvic bones, sacrum, coccyx, and associated joints);

The exclusion criteria were as follows:(1) patients without information about distant metastasis.
(2)patients without pathological diagnosis;(3) patients without information about pathological grade;(4)
patients without information about age at diagnosis.The detailed screening �owchart is shown in
Figure.1.

SEER database is a free and public database,and no personal identifying information is included in this
database.Therefor,informed consent or ethical approval was not required for this study.

2.Study Variables
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The variables in our study included age at diagnosis,sex,race,median household income in�ation adj to
2019,primary site,grade,tumor size,number of primary tumors,surgery and survival months.Age was
recorded in the form of measurement data according to variable “Age recode with single ages and
85+”.Race classi�cation was white,black,and other race.Median household income was divided into
<50000,50000-69999 and ≥70000 according to variable “Median household income in�ation adj to
2019”.The primary site was divided into spine and pelvis according to variable “Primary site-labeled”.The
grade was divided into high grade (including grades I-II) and low grade (including grades III-IV) according
to the variable “Grade(thru 2017)” and “Grade Pathological(2018+)”.The tumor size was divided into
≤5cm,5-8cm,≥8cm and unknown according to the variable “CS tumor size(2004-2015)” and “Tumor Size
Summary(2016+)”.Number of primary tumor was divided into only one and more according to the
variable “Sequence number”.Whether surgery had been performed determined according to variables “RX
Summ-Surg Prim Site(1998+)”.Survival months was recorded in the form of measurement data according
to variable “Survival months”.

3.Statistical analysis
The Kaplan-Meier curve was used to compare differences in survival time between patients with
metastasis and non-metastasis.All of the patients were divide into training cohort and validation cohort
used random number method(set seed=20211020).The Shapiro-Wilk test was used to verify whether the
continuous variables conform to normal distribution.If the measurement data conform to normal
distribution, x±s is used for description,otherwise M(Q25,Q75) is used for description.The difference of
variables between two groups were compared using Mann-Whitney U test and Chi-square test.

Least absolute shrinkage, and selection operator (LASSO) regression analysis was performed to select
the meaningful factors,prevent over�tting and solve collinearity problems.The risk factors selected from
LASSO regression analysis were further analyzed by the multivariate logistic regression analysis to
con�rm independent risk factors.The multivariate logistic regression model is used to calculate the odds
ratio of each variable with a corresponding 95% con�dence interval(CI).

Furthermore, we constructed nomogram based on the results obtained from the multivariate logistic
regression analysis.

We validated the nomogram in the training and validation cohorts internally and externally.The C-index of
nomogram and calibration curves for the training and validation cohorts were used to evaluate the
predictive reliability of nomogram.The predictive discrimination of the nomogram was assessed by
receiver operating characteristic curve(ROC).

Moreover, we utilized decision curve analysis(DCA) to assess the clinical bene�ts of the nomogram.

The random number method,the Shapiro-Wilk test,the Mann-Whitney U test,Chi-square test and Kaplan-
Meier curve were performed by SPSS statistics software version 22.0(IBM Corporation,Armonk,New
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York,United State of American),and the LASSO regression analysis,multivariate logistic regression were
and construction and validation of the nomogram were performed by R version 4.1.1(http://www.r-
project.org/).A two-sided p value<0.05 was considered to have statistical signi�cance.

Results
A total of 358 patients were included in our study.The Kaplan-Meier curve showed that the survival time
of non-metastatic patients with spinal and pelvic osteosarcoma was longer than that of metastatic
patients(P<0.001,Figure 2).All patients(n=358) were divided into training cohort(n=269) and validation
cohort(n=89) used random number method.Age was described used M(Q25,Q75) because it did not
conform to normal distribution proved by the Shapiro-Wilk test in training cohort and validation
cohort.There was no signi�cant differences between the two cohorts in all variables.(P>0.05,Table 1).

The LASSO regression selected �ve meaningful variables including sex,race,grade,number of primary
tumor and surgery in the training cohort(Figure 3A,3B).According to the result of multivariate logistic
regression analysis,patients with factors including “male”,“other races”,“high grade”,“single primary
tumor”,“no surgery” were more likely to have distant metastasis.Furthermore,“no surgery”(yes,
OR=0.175,95%CI=0.095-0.321,p=0.000) was independent risk factors for distant metastasis in patients
with spinal and pelvic osteosarcoma(Table 2).

The nomogram assigned a score to each variable to predict the probability of distant metastasis of
patients with spinal and pelvic osteosarcoma(C-index=0.752,Figure 4).The C-index of nomogram and
calibration curves for the training and validation cohorts showed the good agreement between the
predicted results and the actual results(Figure 5A,5B).The area under the receiver operating characteristic
curve(AUC) values were 0.748(95%CI=0.687-0.817) and 0.758 (95%CI=0.631-0.868) in the training and
validation cohorts respectively(Figure 6),which showed the good predictive effect of nomogram.The DCA
showed that the nomogram has a clinical usefulness and net bene�t when the threshold probability
about 0.10 to 0.73(Figure 7).
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Table 1
Baseline characteristics of the training cohort and validation cohort.

Variables Level Total(n=358) training(n=269) Validation(n=89) P-
value

Age

(years,M(Q25,Q75))

  45(22,63) 45(22,63) 42(20,63) 0.971

Sex Male 179(50.00%) 132(49.07%) 47(52.81%) 0.541

Female 179(50.00%) 137(50.93%) 42(47.19%)

Race White 272(75.98%) 201(74.72%) 71(79.78%) 0.532

Black 52(14.53%) 40(14.87%) 12(13.48%)

Other 34(9.50%) 28(10.41%) 6(6.74%)

Median household
income

<50000 53(14.80%) 39(14.50%) 14(13.73%) 0.792

50000-
69999

160(44.69%) 123(45.72%) 37(41.57%)

≥70000 145(40.50%) 107(39.78%) 38(42.70%)

Metastasis Yes 100(27.93%) 75(27.88%) 25(28.09%) 0.970

No 258(72.07%) 194(72.12%) 64(71.91%)

Primary site Spine 74(20.67%) 56(20.82%) 18(20.22%) 0.905

Pelvic 284(79.33%) 213(81.41%) 71(79.78%)

Grade High 324(90.50%) 241(89.59%) 83(93.26%) 0.306

Low 34(9.50%) 28(10.41%) 6(6.74%)

Tumor size(cm) ≤5 38(10.61%) 25(9.29%) 13(14.61%) 0.316

5-8 49(13.69%) 36(13.38%) 13(14.61%)

≥8 168(46.93%) 125(46.47%) 43(48.31%)

Unknown 103(28.77%) 83(30.86%) 20(22.47%)

Number of primary
tumor

Only one 247(68.99%) 187(69.52%) 60(67.42%) 0.710

More 111(31.01%) 82(30.48%) 29(32.58%)

Surgery Yes 213(59.50%) 153(56.88%) 60(67.42%) 0.079

No 145(40.50%) 116(43.12%) 29(32.58%)
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Table 2
Results of multivariate logistic regression analysis.

Variables OR(95%CI) P-value

Sex Male reference 0.122

Female 0.628(0.348-1.133)

Race White reference 0.435

0.096Black 0.708(0.297-1.687)

Other 2.132(0.873-5.207)

Grade Low reference 0.291

High 1.895(0.220-3.757)

Number of primary tumor Only one reference 0.101

More 0.575(0.297-1.113)

Surgery No reference 0.000

Yes 0.175(0.095-0.321)

Discussion
This study constructed a nomogram to predict the probability of distant metastasis of spinal and pelvic
osteosarcoma.We proved that this is a reliable and e�cient prediction model by internal and external
validation.Our study indicated that there are �ve risk factor of distant metastasis including
sex,race,grade,number of primary tumor and surgery,but only surgery is an independent risk factor.This
result will provide an important theoretical basis for the treatment of spinal and pelvic osteosarcoma.

Many studies have shown that metastasis is associated with a poor prognosis for
osteosarcoma.Wenhao Chen et al[11] indicated that distant metastatic osteosarcoma has a poor
prognosis,and Kyle R. Duchman et al[12] indicated metastatic disease at diagnosis conferred the poorest
prognosis in patients with high-grade osteosarcoma.Spinal and pelvic osteosarcoma has a worse
prognosis compered with osteosarcoma of other sites.Our study con�rmed that the survival time of
patients with metastatic spinal and pelvic osteosarcoma was lower than that of patients with non-
metastatic spinal and pelvic osteosarcoma used the Kaplan-Meier curve.Therefore,we believe that the
prognosis of metastatic spinal and pelvic osteosarcoma is worse than non-metastatic spinal and pelvic
osteosarcoma.

Our study showed that the median age of patients with spinal and pelvic osteosarcoma was 45 years and
there were fewer adolescents. However, osteosarcoma tends to occur in children and young adults
according to previous reports[13, 14].Therefore, we believe that patients with spinal and pelvic
osteosarcoma have a older age than patients with osteosarcoma in other sites, and some previous
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studies have found similar results [15, 16].Our study showed that metastasis occurred in 27.93% of
patients with spinal and pelvic osteosarcoma,and previous literature reported 20% of patients with
osteosarcoma have metastases at the time of diagnosis, especially lung metastases[17].We found that
40.50% of all patients with spinal and pelvic osteosarcoma had no surgical treatment,and that could be
because of the di�culty of the operation in axial bones. The spine and pelvis contain many important
vessels, nerves, and organs, which making the tumor di�cult to remove completely. There is literature
suggesting that it is almost impossible to remove the tumor in whole when the tumor involves the
bilateral pedicle and involves the vertebral artery foramen or lamina,or the odontoid process[18].

We used LASSO regression analysis to identify �ve risk factors for metastasis of spinal and pelvic
osteosarcoma:sex,race,grade,number of primary tumor and surgery.Our study showed that female
patients and black patients with spinal and pelvic osteosarcoma were less likely to metastasis,which may
provide some reference for clinical treatment decisions.Tumor grade is the description of a tumor based
on how abnormal the tumor cells and the tumor tissue look under a microscope[4].In our study,the high
grade was a risk factor for metastasis of spinal and pelvic osteosarcoma,which should be related to the
rapid growth and diffusion of poorly differentiated or undifferentiated tumor cells.In addition,we found
that patients with single primary tumors are more likely to metastasize than patients with multiple
primary.There are no studies on relationship between number of primary tumor and distant metastasis of
spinal and pelvic osteosarcoma,currently.We thought that molecular and biochemical studies of tumors
may be needed to explain this.

In our study,surgery was con�rmed to be an independent risk factor for distant metastasis of spinal and
pelvic osteosarcoma by multivariate logistic regression analysis.Patients who underwent surgery had
signi�cantly lower rates of metastasis than those who did not undergo surgery.Therefor,surgery for spinal
and pelvic osteosarcoma may be preferred based on this result.The main treatment for the primary
osteosarcoma is chemotherapy and surgery[20],of which complete resection of the primary tumor blocks
the progression of osteosarcoma including metastases[21, 22].Due to the speci�city of spinal and pelvic
anatomy, only intrafocal resection can be achieved in early stage.But these surgical methods lead to
incomplete tumor resection and easy to postoperative tumor recurrence and distant metastasis[23].With
the development of surgical techniques,total en bloc spondylectomy(TES) was invented and considered
to be an aggressive surgical technique that may be employed in the treatment of spinal neoplasms[24,
25].Several large sample case studies showed extensive resection of osteosarcoma or at least marginal
resection based on TES can be performed to minimize tumor cell contamination from surgical procedures
and reduce the local recurrence rate and improve the survival rate of patients[26, 27].Pelvic osteosarcoma
surgery mainly includes limb salvage surgery and amputation.A number of long-term clinical studies
have shown that limb salvage is similar to amputation[28],and Hindquarter amputation should be
considered when limb salvage does not guarantee a satisfactory resection margin[29].

The nomogram is well known for its predictive accuracy and has made remarkable contributions to
modern medical[30, 31].Jiang R et al[32] constructed a nomogram for pelvic and spinal ewing sarcoma
patients to facilitate advances in individual treatment by quantitatively analyzing survival predictors.Li W
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et al[33] constructed a novel nomogram to predict risk factors for chondrosarcoma patients and guided
clinicians to optimize personalized treatment and make superior clinical related decisions.To the best of
our knowledge, this is the �rst study constructing a nomogram to predict the probability of metastasis for
patients with spinal and pelvic osteosarcoma,and personalized treatment can be developed based on this
predictive model.Undoubtedly, compared with general treatment, personalized treatment is more rational
and speci�c[34].For example,we should pay more attention to check for metastasis when patients who
had not undergone surgery were reviewed.In addition,we need to be more targeted in our screening and
treatment plans for high-grade spinal and pelvic osteosarcoma patients.Therefor,this predictive model is
of great signi�cance to orthopedic surgeons in the clinical management of spinal and pelvic
osteosarcoma.

We have validated the reliability and validity of nomogram both internally and externally.C-index can
evaluate the probability that the predicted results are consistent with the actual observed results,while
assessing calibration is an important component of deriving and validating clinical prediction
models[35].C-index of nomogram in our study is greater than 0.7 and the calibration curves of nomogram
in training cohort and validation cohort showed a high degree of agreement between the predicted and
actual observed metastasis rates of the training and validation cohorts, indicating that the nomograme
are reliable.Receiver operating characteristic (ROC) curve is ofen used to discriminate performance of
clinical prediction models[36].In our study,AUC values were greater than 0.7 in the training and validation
cohorts,which indicated a good predictive effect.Decision curve analysis was developed as a method to
determine whether use of a prediction model in the clinic to inform clinical decision-making would do
more good than harm[37].The DCA showed that the nomogram has a clinical usefulness and net bene�t
in most cases.To sum up,the nomogram constructed in our study has good reliability, validity and clinical
bene�t.

However, there are some limitations to our study.First of all,The sample size of our study was not as large
as that of other studies based on SERR databases because patients with spinal and pelvic osteosarcoma
are extremely rare.However,our study has been the largest sample size study on distant metastasis of
spinal and pelvic osteosarcoma.Secondly, some patients lacking pathological grade were excluded from
the study, and some patients included in our study lacked tumor size data,which may lead to inaccurate
inferences.Thirdly,the SEER database(18Registries, Nov 2020 Sub(2000-2018)) lacks other important
information, such as data about neurological function;speci�c surgical methods;pivotal serological
biomarkers;radiation or chemotherapy;local recurrence,which leaded to some relevant
bias.Finally,because of both training and validation cohorts are from the same database, it is necessary
to get data from another database for validation.

Conclusion
Surgery is the independent risk factor of distant metastasis of spinal and pelvic osteosarcoma.A
nomogram to predict distant metastasis in patients with spinal and pelvic osteosarcoma was
constructed and validated based on risk factors,including sex,race,grade,number of primary tumor and
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surgery based on data obtained from the SEER database.Through internal and external veri�cation,we
think this nomogram is a reliable and useful tool for orthopedic surgeons that can improve prediction of
the probability of distant metastasis in patients with spinal and pelvic osteosarcoma.
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Figure 1

Flow diagram of patient selection
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Figure 2

Kaplan-Meier curve of non-metastatic and metastatic patients with spinal and pelvic osteosarcoma.

Figure 3

The results of LASSO regression.
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Figure 4

The nomogram for predicting the probability of metastasis. 
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Figure 5

A.The calibration curves of nomogram for training cohort.

B.The calibration curves of nomogram for validation cohort.
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Figure 6

ROC of nomogram.
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Figure 7

DCA of nomogram in training cohort.


