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Background. Te study aims to identify whether osteosarcoma patients of children and young adults will beneft from a survival
proft from the choice of the operation method. Methods. Te National Cancer Institute SEER database from 2000 to 2018 was
selected for a retrospective analysis of 1630 children and young adults with a primary diagnosis of osteosarcoma, 1222 who
underwent limb-preserving surgery, and 408 who underwent amputation. Confounders were controlled for by propensity score
matching (PSM), cancer-specifc survival (CSS) was analyzed using the Kaplan–Meier method, and univariate and multivariate
Cox regression was used to analyze the factors infuencing the prognosis of children and young osteosarcoma patients after
surgery. A nomogram plot predicted 1-, 3-, and 5- survival rate in osteosarcoma. Te model’s accuracy was validated by the area
under the ROC and calibration curves. Results. After PSM, multifactor Cox regression analysis found AJCC Stage III-IV (CSS :
HR� 5.26, 95% CI 1.95–14.18, p � 0. 001; HR� 5.54, 95% CI 2.56–12.01, p< 0. 001. Limb salvage surgery (CSS : HR� 0.58, 95%CI
0.44–0.77, p< 0. 001) has independent impact factors for CSS prognosis. Te survival curve before and after PSM showed that
patients with osteosarcoma of children and young adults who underwent limb salvage surgery had a survival beneft compared
with those who underwent amputation surgery. Gender, chemotherapy, histology, primary tumor site, stage, and surgical
modality were modeled in a total of six variables in the nomogram. Te model exhibited good predictive performance. Te AUC
were 0.823, 0.74, and 0.757 for training set at 1, 3, and 5 years, respectively. Te AUC of validation set 0.666, 0.722, and 0.699 at 1,
3, and 5 years, respectively. Te model also predicted CSS with good fdelity for both datasets. Tis model was signifcantly
superior to the 8th edition of the AJCC TNM staging system, with a better net beneft in predicting CSS in children and young
adults with osteosarcoma. Conclusion. Limb salvage surgery is an option for children and young adults with osteosarcoma and
cancer-specifc survival rates can be improved by receiving limb salvage surgery.

1. Introduction

Osteosarcoma (OS) is a highly aggressive bone tumor, which
typically occurs in the metaphysis of long bones, such as the
femur, tibia, and humerus. Children and young adults
(CYA) are the most prevalent group with OS, with the peak
incidence occurring between the ages 10 and 19 years [1]. OS
is caused by a multitude of reasons, including ionizing ra-
diation, alkylation chemicals, chromosomal abnormalities,

and hereditary retinoblastoma [2]. Te current treatment is
that preoperative (neoadjuvant) chemotherapy is used in
conjunction with thorough surgical excision, followed by
postoperative (adjuvant) chemotherapy [3]. A cornerstone
of treatment is a complete surgical excision of original and
recurrent or metastatic OS. Amputation used to be the
conventional treatment, but it only had a 10–20 percent 5-
year survival rate. [4–6]. With advancements in chemo-
therapy regimens, limb salvage surgery (LSS) has emerged as
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a feasible option with an enhanced long-term survival rate to
60–80% [7, 8]. However, amputation is required if the tumor
at the margin of healthy tissues cannot be removed com-
pletely [9]. Similarly, urgent amputation may be indicated
when a patient has a serious pathological fracture or che-
motherapy is inefective [10, 11].

Currently, a confict still persists about the survival
outcome between LSS and amputation [12–14]. Further-
more, most earlier studies included patients of various ages,
and just a few studies particularly targeted OS patients in
CYA. Not only were there no accurate ways for predicting
cancer-specifc survival (CSS) at the time, but there were also
no predictors connected with the survival diference between
LSS and amputation. In this study, we developed a predictive
model utilizing the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) database to evaluate
that whether OS patients of CYA will beneft from a survival
proft from the choice of operation method.

2. Methods

2.1.Data Source andStudyPopulation. We retrieved all cases
from the SEER database, which is open to the public for
research purposes and does not require ethics committee
approval or informed consent. Te rules of the SEER da-
tabase are followed in our methodology. We extracted the
information from all primary OS patients from 2000 to 2018.
Inclusion criteria were as follows: (1) pathological diagnosis
of OS; (2) primary sites restricted to extremities and pelvis;
(3) known survival status and time; and (4) known primary
surgery site codes. Exclusion criteria were as follows: (1)
survival time <1 month; (2) unknown operation code; (3)
unknown AJCC (American Joint Committee on Cancer) 8th
edition stage; (4) unknown survival status, survival time, or
cause of death; and (5) age >39.

2.2. Data Element. Te following data variables were
extracted: age, sex, race, primary site, histology (conven-
tional and other), AJCC stage, chemotherapy (no/unknown
or yes), and amputation and LSS are two surgical options.
CSS was defned as the time from diagnosis to mortality
ascribed to OS, which was utilized as the main outcome.

2.3. Statistical Analyses. Based on which surgery was per-
formed, the samples were categorized into two groups: LSS
group and amputation group. Data were collated. Cate-
gorical data were expressed as frequencies or percentages.
Chi-square tests were used to identify signifcant diferences
between the groups. To balance the number of cases between
two groups and reduce the infuence of data inaccuracy and
confounding variables, we utilized propensity score
matching (PSM). Te Kaplan–Meier technique (log-rank
test) was used to diferentiate survival between the LSS group
and amputation group.

Te eligible patients were randomly divided into
a training group and a validation group according to the
proportion of 7 : 3. First, to identify risk variables for CSS,
researchers employed univariate Cox regression and in

order to fnd independent prognostic factors, variables with
p< 0.05 in univariate analysis were included in the multi-
variate Cox regression analysis. Subsequently, CSS nomo-
grams were created based on independent risk variables.Te
C-index and ROC curve were used to evaluate the dis-
crimination ability of the nomogram. Te calibration plot
was used to evaluate the accuracy of the nomogram.
According to the optimal critical value of the clinical pre-
dictive model, the patients were divided into a low-risk
group and a high-risk group, and the prognostic value of
nomogram was analyzed by Kaplan–Meier technique
(log-rank test). All results were expressed as hazard ratios
(HR) and their respective 95% confdence intervals (CI), and
p< 0.05 was considered statistically signifcant.

Statistical analyses were performed using SPSS (version
24.0, IBM, USA), R (version 4.0.3, University of Auckland,
New Zealand), and X-TILE software (Yale University in the
United States).

3. Results

3.1. Patient Characteristics. Our study cohort included
a total of 1630 OS patients under the age of 39 years between
2000 and 2018 obtained from the SEER database. Te LSS
group included 1222 (75.0%) patients and the amputation
group included 408 (25.0%) patients (Figure 1). Compared
with the amputation group, the LSS group had more female,
more lower of primary sites, less conventional of histology,
and more AJCC stage II (p< 0.05). After the 1 :1 PSM, the
survival analysis included 384 patients, each of who un-
derwent amputation or LSS. Moreover, in the post-PSM
data, the baseline characteristics—gender, primary tumor
site, histology, and AJCC stage—were all balanced (p> 0.05)
(Table 1). According to the K–M analysis and log-rank test,
the LSS group had longer CSS than the amputation group in
the original and matched cohorts (p< 0.01) (Figure 2).

3.2. Independent Prognostic Factors for OS. Univariate Cox
regression analysis was performed on the original cohort
frst, and variables with p< 0.05 were included in the
multivariate Cox regression analysis. It was found that LSS
and histologically unconventional treatment were protective
factors, and male and pelvic in the primary site and AJCC
stage III and IV were risk factors (Table 2). In the same way,
in the matched cohort after PSM, LSS was a protective factor
and AJCC stage III and IV were risk factors. It indicated that
LSS was a stable protective factor for CSS (Table 3).

3.3. Nomogram Construction and Validation. CSS nomo-
grams were developed based on the fndings of multivariable
Cox regression studies (Figure 3). Using these nomograms,
the 1-, 3-, and 5- years survival probability of each patient
can be predicted by adding up the specifc numerical value of
each predictive variable. Te C-index of the established
nomograms showed good predictive accuracy in CSS (C-
index 0.735). Te area under curve (AUC) for CSS at 1-, 3-,
and 5-years in the training set was 0.823, 0.740, and 0.757,
respectively, according to the ROC curve analysis
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(Figure 4(a)). Te area under the curve (AUC) for CSS at 1-,
3-, and 5-years in the validation set was 0.666, 0.722, and
0.699, respectively, as a contrast (Figure 4(b)). Te cali-
bration curves of CSS show that there was a good agreement
between the predicted survival probability and the observed
survival probability on the training set and the validation set
(Figure 5(a)–5(f)).

3.4. Risk Classifcation Systems for CSS. Each patient’s
prognosis score was determined by adding the individual
results for each component. Te patients were then divided
into low- and high-risk groups based on the optimal cutof
value of the score as computed by the X-TILE program. Te
optimal cutof value is 0.5 (Figure 6). Te Kaplan–Meier
curves showed a signifcant diference in training cohort and
validation cohort between the two groups (p< 0.05)
(Figure 7(a) and 7(b)).

4. Discussion

Te multivariable logistic analysis indicated that male and
pelvic in the primary site were independent risk factors for
OS patients of CYA, which was consistent within a previous
study [15].Males have been found to have a faster rate of
bone growth than females [16]. Numerous studies have
reported that as the height of an individual increases so does
the risk of OS [17–19]. Pelvic osteosarcoma has a sub-
stantially worse prognosis than osteosarcoma of the ex-
tremities [20]. Tis study also confrmed the AJCC stage was
an independent risk factor that afected the prognosis of OS
patients. AJCC stage III and IV usually means that OS in-
vaded the surrounding critical blood vessels and nerves
around it, and even has distant metastases. At present, the
fraction of cancer that is lowly diferentiated or un-
diferentiated is usually larger, and this is thought to be the
leading cause of death in OS [21].

OS patients from the SEER
database:N=3076

Exclusion criteria: (n=1446)
(1) survival time < 1 month;
(2) unknown operation code;
(3) unknown AJCC;
(4) unknown survival status, survival
time, or cause of death.
(5) age >39 years

Eligible patients (N=1630)

Limb salvage group
(N=1222)

Prediction Model (Cox) nomogram
(N=1630)

Training cohort
(N=1141)

COX regression analysis

C index/ROC/Te calibration plot/K-M curve

Validation cohort
(N=489)

Construct nomogram

post-PSM
Limb salvage group

(N=384)

Amputation group
(N=408)

Post-PSM
Amputation group

(N=384)

Figure 1: Flowchart.
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Figure 2: Survival curves of the LSS and amputation in the OS original and matched cohorts. (a) Original cohort and (b) matched cohort.

Table 2: Univariate and multivariate Cox regression analysis for OS in the original cohort.

Characteristics
Te univariate analysis Te multivariate analysis

HR CI.95 P value HR CI.95 P value
Age
<15 Reference
15–39 1.2 0.99–1.45 0.059

Chemotherapy
No/Unknown Reference Reference
Yes 2.77 1.66–4.64 <0.001 1.2 0.65–2.2 0.5597

Histology
Conventional Reference Reference
Others 0.45 0.31–0.59 <0.001 0.57 0.4–0.79 0.001

Primary site
Upper Reference Reference
Lower 0.83 0.64–1.06 0.135 0.85 0.66–1.1 0.2148
Pelvic 1.94 1.27–2.97 0.002 1.91 1.24–2.95 0.0035

Race
White Reference
Black 1.21 0.94–1.56 0.135
Others 1.15 0.85–1.55 0.367

Sex
Female Reference Reference
Male 1.28 1.06–1.55 0.01 1.22 1.01–1.48 0.04

Stage
I Reference Reference
II 2.46 1.43–4.23 0.001 1.71 0.91–3.23 0.0951
III 9.04 4.59–17.77 <0.001 6.5 3.09–13.68 <0.001
IV 9.07 5.27–15.61 <0.001 6.05 3.19–11.44 <0.001

Surgery
Amputation Reference Reference
LSS 0.54 0.45–0.66 <0.001 0.66 0.54–0.8 <0.001
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Table 3: Univariate and multivariate Cox regression analysis for OS in the matched cohort.

Characteristics
Te univariate Te multivariate

HR CI.x P value HR.y CI.y P value
Age
<15 Reference
15–39 1.25 0.95–1.64 0.111

Chemotherapy
No/unknown Reference
Yes 1.52 0.78–2.96 0.219

Histology
Conventional Reference Reference
Others 0.58 0.37–0.92 0.020 0.63 0.4–1.01 0.055

Primary site
Upper Reference
Lower 0.73 0.52–1.02 0.063
Pelvic 1.55 0.88–2.75 0.132

Race
White Reference Reference
Black 1.47 1.01–2.13 0.045 1.22 0.84–1.78 0.302
Others 0.93 0.61–1.42 0.748 1.06 0.69–1.61 0.799

Sex
Female Reference
Male 1.14 0.86–1.5 0.368

Stage
I Reference Reference
II 1.52 0.7–3.28 0.291 1.27 0.58–2.78 0.5511
III 5.78 2.15–15.51 0.001 5.26 1.95–14.18 0.001
IV 6.23 2.91–13.33 <0.001 5.54 2.56–12.01 <0.001

Surgery
Amputation Reference Reference
LSS 0.69 0.52–0.91 0.009 0.58 0.44–0.77 <0.001

c (L − 0.3 * (M − L), M + 0.1 * (M − L))
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Figure 3: Nomograms that forecast 1-, 3-, and 5-year CSS.Te total points were calculated by summing the points from each predictor and
correlate to the chances of 1-, 3-, and 5-year CSS in osteosarcoma patients.
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Figure 4: ROC curves for predicting 1-, 3-, and 5- years OS in the training and validation cohorts. (a) Training cohort and (b) validation
cohort.

n=1141 d=311 p=9 subjects per group
gray ideal

X-resampling optimism added g=100
Based on observed predicted

0.80

0.85

0.90

Fr
ac

tio
n 

Su
rv

iv
in

g 
12

 M
on

th
s 0.95

1.00

predicted 12 months Survival

0.88 0.90 0.92 0.94 0.96 0.98

(a)

n=1141 d=311 p=9 200 subjects
per group gray ideal

X-resampling optimism added p=100
Based on observed predicted

0.5

0.6

0.7

Fr
ac

tio
n 

Su
rv

iv
in

g 
36

 M
on

th
s

0.8

0.9

predicted 36 months Survival

0.5 0.6 0.7 0.8 0.9

(b)

n=1141 d=311 p=9 200 subjects
per group gray ideal

X-resampling optimism added p=100
Based on observed predicted

0.5

0.3

0.4

0.6

0.7

Fr
ac

tio
n 

Su
rv

iv
in

g 
60

 M
on

th
s 0.8

0.9

predicted 60 months Survival

0.4 0.5 0.70.6 0.8

(c)

n=689 d=131 120 subjects per group
gray ideal

X-resampling optimism added g=100
Based on observed predicted

0.90

0.85

0.92

0.94

0.96

Fr
ac

tio
n 

Su
rv

iv
in

g 
12

 M
on

th
s

0.98

1.00

predicted 12 months Survival

0.93 0.94 0.95 0.96 0.97 0.98

(d)

n=689 d=131 120 subjects per group
gray ideal

X-resampling optimism added g=100
Based on observed predicted

0.5

0.6

0.7

0.8

Fr
ac

tio
n 

Su
rv

iv
in

g 
36

 M
on

th
s

0.9

predicted 36 months Survival

0.60 0.65 0.70 0.75 0.80 0.85 0.90

(e)

n=689 d=131 120 subjects per group
gray ideal

X-resampling optimism added g=100
Based on observed predicted

0.5

0.4

0.6

0.7

0.8

Fr
ac

tio
n 

Su
rv

iv
in

g 
60

 M
on

th
s

0.9

predicted 60 months Survival

0.5 0.6 0.7 0.8

(f )

Figure 5: Calibration curves for 1-, 3-, and 5-year OS of the training and validation cohort. (a) Calibration curve for 1-year OS of the
training cohort, (b) calibration curve for 3-year OS of the training cohort, (c) calibration curve for 5-year OS of the training cohort, (d)
calibration curve for 1-year OS of the validation cohort, (e) calibration curve for 3-year OS of the validation cohort, and (f) calibration curve
for 5-year OS of the validation cohort.
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In this study, 75.0 percent of patients (1222/1630) re-
ceived LSS, which was comparable to previous studies
[22, 23]. However, compared with previous studies, we
focused on OS patients of CYA. Te number of patients
treated with LSS has been growing, owing mostly to the
development of the multidisciplinary therapy and maturity
of prosthesis technology [24]. 3D printing prosthesis has
been used to treat malignant bone tumors28, using a com-
bination of surgical reconstruction technology and com-
puter science and technology. Surgical reconstruction can

provide tailored treatment for patients of this age. [25].
Patients at the age can achieve individualized treatment by
surgical reconstruction. Consequently, they may conquer
their fear, overcome their inferiority complex, regain their
confdence, lessen the load on their families, and improve the
LSS rate.

Several previous investigations have found similar re-
sults [26, 27]. In this study, LSS was found to have a higher
CSS rate than amputation. Tis is most likely due to the
intrinsic selection bias of amputation for more aggressive OS
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Figure 7: Survival curves of the low- and high-risk groups in the OS in the training cohort and the validation cohort: (a) training cohort and
(b) validation cohort.
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that do not react well to chemotherapy, include critical
neurovascular structures, or are so massive that the patient
would be left with a nonfunctional limb following LSS.
Although current surgery tends to be LSS, few studies have
specifcally addressed OS patients of CYA. In addition,
previous studies have been small sample sizes and single-
center studies and the conclusions might be impacted by
confounding variables. Terefore, PSM was utilized in the
current study to help control for some possible confounders,
specifcally the propensity to receive certain therapies based
on tumor and patient characteristics.

Tere is a crucial outcome that we must keep an eye on.
We found that LSS was a stable protective factor for CSS.
Considering the signifcant survival benefts on OS such as
preserving limb function, improving the quality of life, and
eliminating psychological and social obstacles, LSS should be
recommended as the optimal surgical procedure for patients
of CYA with OS if they were eligible for this surgical pro-
cedure. Carefully, preoperative MRI should be used to assess
the connection between the tumor edge and the
epiphysis plate.

In the present study, we constructed a nomogram to
predict 1 -, 3-, and 5-year CSS for OS patients of CYA and
internal verifcation was carried out. C-index, AUC, and the
calibration curve showed that the model indicated good
performance of predicting 1-year, 3-year, and 5-year CSS in
OS patients at the age. Tere is currently no comparable
nomogram model for CYA with OS. According to the
nomogram model we developed, the survival probability of
an individual OS patient may be predicted more precisely.
Doctors may identify patients and make personalized
treatment based on the nomogram in order to enhance
therapy efectiveness and patient prognosis.

It is worth mentioning that this study has several lim-
itations. First, the SEER database lacked poor treatment
information and did not give specifcs such as particular
chemotherapy, targeted therapy, and immunotherapy,
which limited the precise examination of the therapeutic
efect on OS. Second, because the codes for particular
surgical procedures such as local excision, partial resection,
and radical excision varied over time in the SEER database,
a subgroup analysis of specifc surgical procedures such as
LSS and amputation was not undertaken. Tird, the SEER
database did not collect information about local recurrence
and metastasis, so it could only take patients’ 1-, 3-, and 5-
year survival rates as the main end point. Due to the ret-
rospective study design based on the SEER database, we were
unable to draw a frm conclusion on the causal relationship
between various variables and surgical choice.

5. Conclusion

To summarize, we established and validated a novel no-
mogram for OS patients of CYA, which could serve as
concise and practical tools for clinicians to anticipate the 1-,
3-, and 5- years CSS. LSS for patients with OS exhibited
signifcant beneft on CSS compared with amputation.While
new chemotherapy regimens will be required to increase
survivorship in the setting of OS, patients with tumor

features suitable to LSS had a much higher survival rate than
those suitable for amputation. [28–30].

Data Availability

Publicly available datasets were used in this study.Tese data
can be found in the Surveillance Epidemiology and End
Results (SEER) database.

Ethical Approval

All patients were de-digitized and de-identifed under the
safe harbor provision of the US Health Insurance Portability
and Accountability Act (HIPAA), thereby waiving the need
to obtain informed consent. Te study was in accordance
with the Helsinki Declaration (as revised in 2013).

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

Zhenwei Li and Bo Xu contributed equally to this work. All
authors contributed signifcantly to the work reported in all
these areas such as study design, execution, acquisition of
data, and analysis; the authors participated in the article’s
development, revision, or critical review; provided fnal
consent to the published version; had decided on the
magazine to which the manuscript would be submitted; and
agreed to accept responsibility for all parts of the work.

Acknowledgments

Te authors appreciate the work of the SEER program in
creating the SEER database, as well as all of their colleagues
who have provided them advice and assistance with their
research. Tis research was supported by the National
Natural Science Foundation Project (81871809).

References

[1] J. Liu, T. Lian, H. Chen et al., “Pretreatment prediction of
relapse risk in patients with osteosarcoma using radiomics
nomogram based on CT: a retrospective multicenter study,”
BioMed Research International, vol. 2021, Article ID 6674471,
13 pages, 2021.

[2] L. Zhang, Y. Ge, Q. Gao et al., “Machine learning-based
radiomics nomogram with dynamic contrast-enhanced
MRI of the osteosarcoma for evaluation of efcacy of neo-
adjuvant chemotherapy,” Frontiers in Oncology, vol. 11, Ar-
ticle ID 758921, 2021.

[3] A. T. Malik, J. H. Alexander, J. L. Mayerson, S. N. Khan, and
T. J. Scharschmidt, “Is surgical resection of the primary site
associated with an improved overall survival for patients with
primary malignant bone tumors who have metastatic disease
at presentation?” Clinical Orthopaedics and Related Research,
vol. 478, no. 10, pp. 2284–2295, 2020.

[4] J. Wu, H. Sun, J. Li et al., “Increased survival of patients aged
0-29 years with osteosarcoma: a period analysis, 1984-2013,”
Cancer Medicine, vol. 7, no. 8, pp. 3652–3661, 2018.

Journal of Oncology 9



[5] J. W. Martin, J. A. Squire, and M. Zielenska, “Te genetics of
osteosarcoma,” Sarcoma, vol. 2012, pp. 1–11, 2012.

[6] M. S. Isakof, S. S. Bielack, P. Meltzer, and R. Gorlick, “Os-
teosarcoma: current treatment and a collaborative pathway to
success,” Journal of Clinical Oncology, vol. 33, no. 27,
pp. 3029–3035, 2015.

[7] P. X. Tan, B. C. Yong, J. Wang et al., “Analysis of the efcacy
and prognosis of limb-salvage surgery for osteosarcoma
around the knee,” European Journal of Surgical Oncology,
vol. 38, no. 12, pp. 1171–1177, 2012.

[8] S. Ferrari, E. Palmerini, E. L. Staals et al., “Te treatment of
nonmetastatic high grade osteosarcoma of the extremity:
review of the Italian Rizzoli experience. Impact on the future,”
Cancer Treatment and Research, vol. 152, pp. 275–287, 2009.

[9] D. G. Jeon and W. S. Song, “How can survival be improved in
localized osteosarcoma?” Expert Review of Anticancer Ter-
apy, vol. 10, no. 8, pp. 1313–1325, 2010.

[10] N. M. Bernthal, N. Federman, F. R. Eilber et al., “Long-term
results (>25 years) of a randomized, prospective clinical trial
evaluating chemotherapy in patients with high-grade, oper-
able osteosarcoma,” Cancer, vol. 118, no. 23, pp. 5888–5893,
2012.

[11] K. I. A. Reddy, H. Wafa, C. L. Gaston et al., “Does amputation
ofer any survival beneft over limb salvage in osteosarcoma
patients with poor chemonecrosis and close margins?” Te
Bone & Joint Journal, vol. 97-B, no. 1, pp. 115–120, 2015.

[12] E. Papakonstantinou, A. Stamatopoulos, D. I Athanasiadis
et al., “Limb-salvage surgery ofers better fve-year survival
rate than amputation in patients with limb osteosarcoma
treated with neoadjuvant chemotherapy. A systematic review
and meta-analysis,” Journal of Bone Oncology, vol. 25, Article
ID 100319, 2020.

[13] G. Bacci, S. Ferrari, S. Lari et al., “Osteosarcoma of the limb.
Amputation or limb salvage in patients treated by neo-
adjuvant chemotherapy,” Journal of Bone and Joint Surgery
British Volume, vol. 84-B, no. 1, pp. 88–92, 2002.

[14] K. Yin, Q. Liao, D. Zhong et al., “Meta-analysis of limb salvage
versus amputation for treating high-grade and localized os-
teosarcoma in patients with pathological fracture,” Experi-
mental and Terapeutic Medicine, vol. 4, no. 5, pp. 889–894,
2012.

[15] Z. Nie and H. Peng, “Osteosarcoma in patients below 25 years
of age: an observational study of incidence, metastasis,
treatment and outcomes,” Oncology Letters, vol. 16, no. 5,
pp. 6502–6514, 2018.

[16] R. Eyre, R. G. Feltbower, P.W. James et al., “Te epidemiology
of bone cancer in 0-39 year olds in northern England, 1981-
2002,” BMC Cancer, vol. 10, no. 1, p. 357, 2010.

[17] L. Mirabello, R. Pfeifer, G. Murphy et al., “Height at diagnosis
and birth-weight as risk factors for osteosarcoma,” Cancer
Causes & Control, vol. 22, no. 6, pp. 899–908, 2011.

[18] K. H. Gelberg, E. F. Fitzgerald, S. Hwang, and R. Dubrow,
“Growth and development and other risk factors for osteo-
sarcoma in children and young adults,” International Journal
of Epidemiology, vol. 26, no. 2, pp. 272–278, 1997.

[19] A. A. Endicott, L. M. Morimoto, C. N. Kline, J. L. Wiemels,
C. Metayer, and K. M. Walsh, “Perinatal factors associated
with clinical presentation of osteosarcoma in children and
adolescents,” Pediatric Blood and Cancer, vol. 64, no. 6, Article
ID e26349, 2017.

[20] S. Takenaka, H. Tamiya, T. Wakamatsu et al., “Impact of
surgical resection and reasons for poor prognosis of pelvic
osteosarcoma based on the bone tumor registry in Japan,”
Cancers, vol. 13, no. 13, p. 3320, 2021.

[21] G. Y. Hung, H. J. Yen, C. C. Yen et al., “Improvement in high-
grade osteosarcoma survival: results from 202 patients treated
at a single institution in taiwan,”Medicine (Baltimore), vol. 95,
no. 15, Article ID e3420, 2016.

[22] C. Y. Kim, C. D. Collier, R. W. Liu, and P. J. Getty, “Are limb-
sparing surgical resections comparable to amputation for
patients with pelvic chondrosarcoma? A case-control, pro-
pensity score-matched analysis of the national cancer data-
base,” Clinical Orthopaedics and Related Research, vol. 477,
no. 3, pp. 596–605, 2019.

[23] D. R. Evans, A. L. Lazarides, J. D. Visgauss et al., “Limb salvage
versus amputation in patients with osteosarcoma of the ex-
tremities: an update in the modern era using the National
Cancer Database,” BMC Cancer, vol. 20, no. 1, p. 995, 2020.

[24] M. E. Anderson, “Update on survival in osteosarcoma,”
Orthopedic Clinics of North America, vol. 47, no. 1, pp. 283–
292, 2016.

[25] C. Dong, I. Beglinger, and A. H. Krieg, “Personalized 3D-
printed guide in malignant bone tumor resection and fol-
lowing reconstruction-17 cases in pelvic and extremities,”
Surgical Oncology, vol. 42, Article ID 101733, 2022.

[26] G. L. Farfalli, J. I. Albergo, L. E. Ritacco, M. A. Ayerza,
D. L. Muscolo, and L. A. Aponte-Tinao, “Oncologic and
clinical outcomes in pelvic primary bone sarcomas treated
with limb salvage surgery,” Musculoskeletal Surgery, vol. 99,
no. 3, pp. 237–242, 2015.

[27] A. F. Kamal, H. Widyawarman, K. Husodo, E. U. Hutagalung,
and W. Rajabto, “Clinical outcome and survival of osteo-
sarcoma patients in cipto mangunkusumo hospital: limb
salvage surgery versus amputation,” Acta Medica Indonesia,
vol. 48, no. 3, pp. 175–183, 2016.
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