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Abstract

Aims/Background Generally, pelvic osteosarcoma has a worse prognosis compared with limb osteosar-
coma. This study aims to create and validate a new nomogram for predicting the prognosis of pelvic
osteosarcoma.

Methods Clinical data of 62 patients derived from the Surveillance, Epidemiology, and End Results
(SEER) database and 31 Chinese patients diagnosed with pelvic osteosarcoma were gathered. Kaplan-
Meier survival analysis was utilized to calculate the median survival time for all variables. Univariate
and multivariate Cox regression models were employed to identify the prognostic factors of pelvic
osteosarcoma. A nomogram was constructed using data gleaned from the SEER cohort and verified
using the receiver operating characteristic (ROC) curve and calibration plot in the Chinese cohort.
Results Kaplan-Meier analysis revealed that individuals of other races (Asians) (hazard ratio (HR) =
0.24, 95% confidence interval (CI): 0.1-0.57, p =0.001), aged <51 years old (HR = 0.4, 95% CI: 0.22—
0.73, p = 0.003), and with tumor size <160 mm (HR = 0.37, 95% CI: 0.2-0.71, p = 0.03) had better
survival outcomes. Conversely, factors such as no primary surgery (HR = 3.6, 95% CI: 1.81-7.15, p <
0.001), lung metastasis (HR = 1.96, 95% CI: 1.17-3.28, p = 0.010), and radiotherapy (HR = 1.89, 95%
CI: 1.10-3.25, p=0.021) were associated with poorer survival. Multivariate Cox analysis indicated that
lung metastasis (HR = 2.57, 95% CI: 1.29-5.13, p = 0.008), other races (Asians) (HR = 0.23, 95% CI:
0.07-0.75, p = 0.015), tumor size (HR = 0.28, 95% CI: 0.13-0.62, p = 0.001) and age (HR = 0.3, 95%
CI: 0.16-0.59, p < 0.001) were independent prognostic factors for pelvic osteosarcoma. Univariate and
multivariate Cox regression models identified three independent variables in the training cohort: age,
lung metastasis, and tumor size. A predictive nomogram was developed based on the data from the
SEER cohort and validated in the Chinese cohort. The areas under the curves (AUCs) that are used to
predict 1-year, 2-year, and 3-year survival rates were 0.81 (95% CI: 0.68-0.94), 0.75 (95% CI: 0.63—
0.86), and 0.80 (95% CI: 0.70-0.89) in the training cohort, and 0.67 (95% CI: 0.30-1.04), 0.66 (95%
CI: 0.43-0.90) and 0.71 (95% CI: 0.50-0.93) in the validation cohort.

Conclusion The predictive nomogram constructed in this study facilitates accurate and effective predic-
tion of the overall survival of patients with pelvic osteosarcoma and helps enhance the clinical decision-
making process.
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Introduction

Osteosarcoma, also known as osteogenic sarcoma, is a highly aggressive bone

tumor that originates from mesenchymal cells and mainly affects adolescents and
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children. Characterized by high rates of metastasis and malignancy, osteosarcoma
poses a serious threat to patients’ health and lives. Pelvic osteosarcoma, in particu-
lar, presents huge challenges for early detection due to the tumor being embedded
deep within tissues and the complex anatomical structures surrounding the tumor.
Thus, the tumor is often found large in size upon diagnosis, making radical surgical
intervention challenging and raising the risk for postoperative complications and
metastasis. This results in a poor prognosis with a 5-year survival rate of less than
30% (Brown et al, 2021).

Pelvic osteosarcoma is typically treated with a multifaceted approach that in-
cludes surgical resection, radiotherapy, and chemotherapy. Surgical intervention
is the cornerstone of therapy, aiming to remove tumor tissue and preserve limb
function as much as possible (Laitinen et al, 2023; Lee et al, 2022). Implementing
surgery on pelvic osteosarcoma patients presents technical challenges, necessitat-
ing the development of personalized surgical plans based on the specific location
and size of the tumor by experienced orthopedic oncology surgeons. Chemotherapy
plays a crucial role in the comprehensive treatment of pelvic osteosarcoma by in-
hibiting the growth and spread of tumor cells and enhancing surgical outcomes and
patient survival rates. On the other hand, radiation therapy is primarily employed as
an adjuvant treatment to eliminate residual tumor cells or alleviate symptoms such
as pain. Despite the advancements in surgical techniques and materials science, the
growing experiences in pelvic osteosarcoma resection and construction in multiple
medical centres (Shi et al, 2024), the limb salvage rate, survival rate, and functional
recovery rate of patients with pelvic osteosarcoma after standardized treatment have
yet to achieve the satisfactory thresholds.

The treatment of pelvic osteosarcoma, with a focus on restoring the patient’s
limb function, achieving long-term survival, and improving the clinical cure rate, is
the gold-standard treatment for pelvic malignant tumors, becoming a hot research
topic worldwide, and encouraging extensive follow-up studies. Multiple factors
contribute to the prognosis of pelvic osteosarcoma, and the identification and res-
olution of these factors are currently the subject of intense research. In this study,
we conducted a retrospective analysis of the diagnostic and therapeutic practices
utilizing data obtained from Surveillance, Epidemiology, and End Results (SEER)
databases and those from Hangzhou Third People’s Hospital, aiming to identify
potential prognostic indicators for pelvic osteosarcoma.

Methods

Patients

Clinical data were collected from the SEER database, which is supported by
the National Cancer Institute (NCI) and contains data of nearly half of the U.S. pop-
ulation today. The SEER*Stat software (version 8.4.3) (https://seer.cancer.gov/se
erstat) was used to extract clinical information. We applied the primary site codes
C41.1 for pelvic bones, sacrum, coccyx and associated joints, and the International
Classification of Diseases for Oncology, Third Edition (ICD-O-3) histologic codes
like 9180/3 (osteosarcoma, not otherwise specified (NOS)), 9181/3 (chondroblastic
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osteosarcoma), 9182/3 (fibroblastic osteosarcoma), 9183/3 (telangiectatic osteosar-
coma), 9184/3 (osteosarcoma in Paget disease of bone), 9185/3 (small cell osteosar-
coma), 9186/3 (central osteosarcoma), 9187/3 (intraosseous well-differentiated os-
teosarcoma), 9192/3 (parosteal osteosarcoma), 9193/3 (periosteal osteosarcoma),
and 9194/3 (high-grade surface osteosarcoma). Patients without pathological diag-
nosis, surgical information, survival time, lung metastasis information, bone metas-
tasis information, and tumor size information were excluded from the present study.
Data of a range of clinical characteristics were extracted, including the year of di-
agnosis, age at diagnosis, race, primary site, metastatic site (including bone and
lung), tumor size, chemotherapy, radiation, surgery of the primary tumor, surgery
for metastatic lesions, survival months and vital status.

This study also retrospectively collected the clinical data of patients initially
diagnosed with osteosarcoma at Hangzhou Third People’s Hospital from January
2016 to December 2023, which served as an external validation cohort. The last
follow-up time was on 16 May 2024. Patients with unknown age, tumor size,
chemotherapy, radiotherapy information, surgical method, surgical method of metas-
tasis, metastasis site information and no follow-up were excluded. This study was
reviewed and approved by the Medical Ethics Committee of Hangzhou Third Peo-
ple’s Hospital (Ethical reference number: 2024KA086). Given the nature of this
research, the process of obtaining written informed consent was exempted by the
Medical Ethics Committee of Hangzhou Third People’s Hospital.

Statistical Analysis and Construction of Nomogram

Quantitative data are expressed as medians, while qualitative data are presented
as counts and percentages. The normality and skewness of these variables were as-
sessed using the Shapiro-Wilk test. Non-normally distributed data are presented as
the median and interquartile range (M [P25, P75]), and inter-group comparison for
these data was achieved using the Mann-Whitney U test. Comparisons between
groups were performed using a ¢-test or analysis of variance for continuous vari-
ables. Categorical variables were compared using the Pearson’s chi-square test,
Fisher exact test and calibrated chi-square test. When the data is 2 rows and 2
columns, the Pearson’s chi-square test is used for T >5, the calibrated chi-square
testis used for 1 < T < 5, and the Fisher exact test is used for T <1. When the data
is 2 rows and 3 columns, the Pearson’s chi-square test is used for less than 20% T
<5 and Fisher’s exact test is used for above 20% T <5 or T <1.

The X-tile software (version 3.6.1, Yale University, New Haven, CT, USA)
was utilized to determine the optimal cutoff value of continuous variables. The
chi-square test was employed to compare clinicopathological parameters. For sur-
vival analysis, the Kaplan-Meier estimation method was conducted alongside the
log-rank test to compare differences between groups. Univariate and multivariable
Cox regression analyses were conducted to determine the predictive capability of
significant parameters (p < 0.05).

A nomogram was developed to predict the 1-year, 2-year, and 3-year over-
all survival (OS). The discriminative ability of the nomogram was measured in
terms of the area under the curve (AUC) and the receiver operating characteris-
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tic (ROC). Calibration plots were constructed after 200 bootstrap resamplings, and
the C-index score was calculated to evaluate the predictive power of the nomo-
gram. Data processing and analysis were performed using R (version 4.2.3) (https:
/Iwww.r-project.org/) and Zstats v0.90 (https://www.medsta.cn/software).

Results

Characteristics of the Population

The training cohort for this study was made up of 62 patients diagnosed with
pelvic osteosarcoma selected from the SEER database. Separately, 31 patients re-
cruited from the Hangzhou Third People’s Hospital formed the validation cohort.
The screening process for both cohorts is graphically represented in Fig. 1.

Osteosarcoma patients . . Osteosarcoma patients
from SEER cohorts (2010-2019) | ’| Patlent °°"e°t'°"|‘ from Validation cohorts(2016-2023)
| Patient inclusion|

Inclusion criteria

1.1CD-0-3 confirmed the histological
type of Osteosarcoma

2.primary site codes C41.1 for pelvic

Z Y

bones
3.no other synchronous malignancy
Patients fulfilling the (n=280) 4 patient survived more than once month Patients fulfilling the (n=43)
inclusion criteria inclusion criteria

|Patient exclusion|

Exclusion criteria

1.Without information on the surgery
2.Without information on the metastatic surgery}«
3.Without precise tumor size information
4 Without lung and bone metastasis information

included trainning cohort included validation cohort
(n=62) (n=31)

Fig. 1. Flowchart for patient selection and inclusion. SEER, Surveillance, Epidemiology, and
End Results; ICD-0O-3, International Classification of Diseases for Oncology, Third Edition.

The clinical characteristics of both cohorts are outlined in Table 1. In the train-
ing cohort, the median age of diagnosis was 34 years (14-82 years) and in the
validation cohort, it was 27 years (11-69 years). The training cohort had a me-
dian survival time of 30 months (1-119 months), while the validation cohort had a
median survival time of 17.5 months (6-96 months). The mean tumor sizes were
115 mm (20-199 mm) and 101 mm (25-206 mm) in the training cohort and the
validation cohort, respectively.
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Fig. 2. The optimal cutoff value. (A,B) The optimal cutoff value of age is identified by an X-tile.
(C,D) The optimal cutoff value of tumor size identified by X-tile.

In the training cohort, there were 33 female patients (53.23%) and 29 male pa-
tients (46.77%). Among them, tumors were found to be located in the left pelvis in
24 patients (38.71%) and the right pelvis in 25 cases (40.32%), whereas the tumor
location was unspecific in 13 cases (20.97%). Additionally, 51 patients (82.26%)
were white, 8 patients (12.90%) were black, and 3 patients (4.84%) were of other
races. Among the 36 patients who received surgical treatment, 12 cases (19.35%)
underwent major amputation, and 24 cases (38.71%) underwent partial or radical
surgery. Seventeen patients experienced lung metastasis, and five patients had bone
metastasis, but none of the screened patients had received metastatic surgery. Fur-
thermore, 56 patients (90.32%) received chemotherapy and 17 patients (27.42%)
were treated with radiotherapy. As of the follow-up deadline, 49 patients (79.03%)
had died.

In the validation cohort, there were 11 female patients (35.48%) and 20 male pa-
tients (64.52%). Among the subjects in the validation cohort, tumors were found in
the left pelvis for 11 patients (35.48%) and in the right pelvis for 19 cases (61.29%),
but the location remains unclear for one case (3.23%). All patients received chemother-
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apy. Out of the 30 patients who received surgical treatment, seven cases (22.58%)
underwent major amputation while 23 cases (74.19%) underwent partial or radi-
cal surgery. Additionally, lung metastases were detected in 15 patients (48.39%),
while bone metastases were observed in three patients (9.68%). Separately, three
patients (9.68%) underwent metastatic surgery and five patients (16.13%) received
radiotherapy. By the deadline of follow-up, 12 patients (38.70%) were reported
deceased.

Table 1. Baseline characteristics of the training cohort and validation cohort.

Variables Total (n=93) Training (n= Validation (n=  Statistic p-value
62) 31)
Survival time (months), median (Q1, Q3z) 21 (12, 14) 30(19.5,45) 175(12,36) Z=-1.65 0.1
Tumor size (mm), mean £ SD 110.71 £43.17 115.16 +=41.03 101.81 = 46.57 t=-1.41 0.161
Age (years), median (Q1, Q3) 29 (18, 46) 34(17,46)  27(19,46.75) Z=-0.15 0.880
Sex, n (%) x>=2.61 0.106
Female 44 (47.31) 33 (53.23) 11 (35.48)
Male 49 (52.69) 29 (46.77) 20 (64.52)
Laterality, n (%) X2 =6.229 0.043
Left 35(37.63) 24 (38.71) 11 (35.48)
Not a paired site 14 (15.05) 13 (20.97) 1(3.23)
Right 44 (47.31) 25 (40.32) 19 (61.29)
Chemotherapy, n (%) / 0.173
No 6 (6.45) 6 (9.68) 0 (0.00)
Yes 87 (93.55) 56 (90.32) 31 (100.00)
Bone metastasis, n (%) x>=0.00 1.000
No 85 (91.40) 57 (91.94) 28 (90.32)
Yes 8 (8.60) 5(8.06) 3(9.68)
Lung metastasis, n (%) x> =4.03 0.045
No 61 (65.59) 45 (72.58) 16 (51.61)
Yes 32 (34.41) 17 (27.42) 15 (48.39)
Surgery of other regional sites, n (%) / 0.035
None 90 (96.77) 62 (100.00) 28 (90.32)
Yes 3(3.23) 0 (0.00) 3(9.68)
Surgery, n (%) x> =15.921 <0.001
Major amputation 19 (20.43) 12 (19.35) 7 (22.58)
None 27 (29.03) 26 (41.94) 1(3.23)
Partial or radical surgery 47 (50.54) 24 (38.71) 23 (74.19)
Radiation, n (%) x2=146 0227
No 71 (76.34) 45 (72.58) 26 (83.87)
Yes 22 (23.66) 17 (27.42) 5(16.13)
Race, n (%) / <0.001
Black 8 (8.60) 8(12.90) 0 (0.00)
Other 34 (36.56) 3(4.84) 31 (100.00)
White 51 (54.84) 51 (82.26) 0 (0.00)
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Rick Factors of Osteosarcoma

After analyzing 93 patients using X-tile software, the results showed that the
optimal cutoff point for age was 51 years old, and the optimal cutoff point for tumor
size was 160 mm (Fig. 2).

To further clarify prognostic factors, a Kaplan-Meier analysis of data gathered
from 93 patients was conducted (Table 2). The study showed that patients of other
races, age <51, and tumor size <160 mm survived longer (Fig. 3), while those
without surgery on the primary site, having lung metastasis, and who had received
radiation therapy had shorter survival times (Supplementary Fig. 1).

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Fig. 3. Kaplan-Meier curves of overall survival for pelvic osteosarcoma. (A) Lung metastases.
(B) Radiation. (C) Age. (D) Surgery. (E) Tumor size. (F) Race. HR, hazard ratio; CI, confidence
interval.

Univariate regression analysis was used to assess the impact of clinicopatho-
logical variables on OS. The results indicated that lung metastasis, lack of surgical
treatment, and radiation were all identified as risk factors for a poorer OS, while
other races, tumor size <160 mm, and age <51 years were identified as risk factors
for a better OS.

Lung metastasis, other races, tumor size <160 mm, and age <51 years were
independent prognostic factors, as identified by multivariate analysis with Cox re-
gression. Specifically, lung metastasis was highlighted as an independent predictor
of a worse OS (hazard ratio (HR): 2.57; 95% confidence interval (CI): 1.29-5.13;
p = 0.008), while in other races, tumor size <160 mm, and age <51 years were
determined as independent predictors of improved OS (Table 3).

Univariate and Multivariate Cox Regression Analyses of Training Cohort
Data

After analyzing the training cohort data using X-tile software, the results showed
that the best cutoft point for age was 40 years old, and the best cutoff point for tumor
size was 170 mm (Fig. 4).
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Table 2. Median survival time of patients categorized based on different variables.

Variable n Median survival time (months)
Sex

Female 44 23

Male 49 25
Laterality

Left 35 20

Not a paired site 14 20

Right 44 27
Chemotherapy

No 6 25.5

Yes 87 23
Bone metastasis

No 85 25

Yes 8 22
Lung metastasis

No 35 27

Yes 26 17
Surgery of other regional sites

No 90 21

Yes 3 NA
Surgery

Major amputation 19 27

None 27 12

Partial or radical surgery 47 39
Radiation

No 71 27

Yes 22 19
Race

Black 8 16.5

Other 15 39

White 38 20
Tumor size

>160 mm 13 14

<160 mm 80 27
Age

>51 years 16 13

<51 years 77 27

Univariate Cox regression analysis of the training cohort data revealed that
five variables were closely related to the prognosis of pelvic osteosarcoma, includ-
ing age, lung metastasis, primary tumor surgery, and tumor size (p < 0.05). The
significant variables identified in the univariate Cox regression analysis were then
included in a multivariate Cox regression analysis, which revealed that age, lung
metastasis, and tumor size were independent risk factors for patients with pelvic
osteosarcoma (Table 4).
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Table 3. Univariate and multivariate Cox analyses of factors related to overall survival in
pelvic osteosarcoma.

Variable Univariate regression analysis Cox regression analysis
HR  95% CI p-value HR  95%Cl  p-value
Sex
Female ref
Male 0.81 0.49-1.34 0.411
Laterality
Left ref
Not a paired site 1.24 0.62-2.48 0.550
Right 0.73 0.42-1.28 0.277
Chemotherapy
No ref
Yes 0.78 0.31-1.96 0.602
Bone metastasis
No ref
Yes 1.41 0.64-3.11 0.392
Lung metastasis
No ref ref
Yes 1.96 1.17-3.28 0.010 2.57 1.29-5.13 0.008
Surgery of other regional sites
No ref
Yes 0.00  0.00-Inf 0.995
Surgery
Major amputation ref
None 3.60 1.81-7.15 <0.001 1.80 0.79-4.13 0.162

Partial or radical surgery 0.73 0.37-1.45 0.370 1.04 0.51-2.15 0.910
Radiation

No ref

Yes 1.89 1.10-3.25 0.021 1.69 0.92-3.10 0.088
Race

Black ref ref

Other 0.24 0.10-0.57 0.001 0.23 0.07-0.75 0.015
White 0.47 0.21-1.03 0.059 0.73 0.30-1.76 0.486
Tumor size

>160 mm ref ref

<160 mm 0.37 0.20-0.71 0.003 0.28 0.13-0.62 0.001
Age

>51 years ref ref

<51 years 04 0.22-0.73 0.003 03 0.16-0.59 <0.001

Ref refers to reference, and inf refers to infimum. HR, hazard ratio; CI, confidence interval.

Nomogram Construction

Three risk factors identified from the multivariate Cox analysis for the training
cohort data were integrated to predict the 1-year, 2-year, and 3-year OS probability

(Fig. 5).
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Fig. 4. The optimal cutoff value. (A,B) The optimal cutoff value of age in the training cohort was
identified by X-tile software. (C,D) The optimal cutoff value of tumor size in the training cohort
was also identified by X-tile software.

0 10 20 30 40 50 60 70 80 90 100
T ™

Points L B L L L I L B L B L L L B
>
Age | | 40
<40 Yes
Lung metastasis ! |
Tumor size N'O ~170mm
<170mm '

Total Points [ N P P BN I B B R I P IR SR
0 20 40 60 80 100 120 140 160 180 200 220 240 260

1-year 1 1 | | ] | 1 | ]
0.9 0.8 07 06 05 04 03 02 01
2-year w L \ I ! |
06 05 04 03 02 01
3-year '

L | | |
05 04 03 02 01

Fig. 5. Nomogram for predicting 1-year, 2-year and 3-year overall survival (OS).

The nomogram developed was internally and externally verified by evaluating
its discriminative ability and calibration of the model. After bootstrap resampling
of the training cohort, the bias-corrected C-index is 0.72 (95% CI: 0.65-0.79). The
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Table 4. Univariate and multivariate Cox analyses of factors related to the overall survival in

training cohort.

Univariate regression analysis

Cox regression analysis

Variable
HR 95%ClI  p-valuer HR  95%CI p-value
Sex
Female ref
Male 1.08 0.62-1.89 0.788
Age
>40 ref
<40 0.41 0.23-0.74 0.003 0.37 0.20-0.68 0.001
Laterality
Left ref
Not a paired site 1.15 0.55-2.39 0.717
Right 0.597 0.62-2.27 0.597
Chemotherapy
No ref
Yes 1.05 0.42-2.66 0.913
Bone metastasis
No ref
Yes 1.24 0.44-3.46 0.683
Lung metastasis
No ref ref
Yes 344 1.82-649 <0.001 4.48 2.27-8.84 <0.001
Surgery
Major amputation ref
None 243  1.15-5.15 0.021
Partial or radical surgery 0.66  0.29-1.47 0.309
Radiation
No ref
Yes 1.70  0.92-3.13 0.090
Race
Black ref
Other 1.15 0.30-4.33 0.841
White 0.51 0.23-1.13 0.097
Tumor size
>170 mm ref ref
<170 mm 0.35 0.16-0.77 0.009 0.42 0.19-0.93 0.033

11

AUC:s for training cohort patients at 1-year, 2-year, and 3-year OS were 0.81 (95%
CI: 0.68-0.94), 0.75 (95% CI: 0.63-0.86), 0.80 (95% CI: 0.70-0.89) (Fig. 6A—C).
The validation cohort showed that the C-index of OS was 0.70 (95% CI: 0.53—
0.87), and the AUCs of patients at 1-year, 2-year, and 3-year OS were 0.67 (95%
CI: 0.30-1.04), 0.66 (95% CI: 0.43-0.90), 0.71 (95% CI: 0.50-0.93) (Fig. 6D-F).
Fig. 7 displays the internal and external calibration plots. The calibration plots
revealed the initial nomogram’s poor accuracy for predicting 1-, 2-, and 3-year
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survival rates. The quantity and quality differences between the SEER database and
validation cohort, along with the small sample size, could influence the accuracy
of the model.

A

AUC (95%CI) = 081 (0.68 - 0.94) AUC (95%C1) = 0.80 (070 - 0.89)

Sensiiy
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+Speciclty

Fig. 6. The receiver operating characteristic (ROC) curves of 1-year, 2-year, and 3-year overall
survival of (A—C) the training cohort and (D-F) the validation cohort. AUC, the area under the

curve.
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Fig. 7. Calibration curve of the nomogram for predicting 1-year, 2-year, and 3-year overall
survival in (A—C) the training cohort and (D-F) the validation cohort.

Discussion

Pelvic osteosarcoma accounts for less than 10% of all osteosarcoma cases. A
repertoire of independent factors associated with osteosarcoma in patients, includ-
ing children and elderly individuals, have been identified in various studies. How-
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ever, research concerning pelvic osteosarcoma was rarely reported in the literature.
Through this research, we found that age, lung metastasis, and tumor size are sig-
nificant independent prognostic indicators for pelvic osteosarcoma.

Typically, the incidence of cancer increases with age, but the incidence of os-
teosarcoma is recognized for its distinctive bimodal age distribution (Desai and
Guddati, 2022). Several studies have shown that age is a common prognostic factor
for osteosarcoma (Bacci et al, 2006; Sadykova et al, 2020; Wu et al, 2023). Patients
over 40 years old have a lower survival rate, compared to adolescent patients, pos-
sibly due to their reduced ability to tolerate intensive therapy or the location of the
tumor (Kim et al, 2023). At present, high-dose methotrexate, cisplatin, doxorubicin
and ifosfamide are the predominant chemotherapy drugs. Elderly patients are vul-
nerable to the more adverse side effects attributed to these drugs, which can impact
the final outcome. Additionally, the prognosis for axial tumors is poorer compared
with that for limb tumors (Collins et al, 2013). Axial osteosarcoma typically occurs
in adults and is associated with a later age at diagnosis (Ottesen et al, 2022), con-
sistent with the findings of poor prognosis and older age at diagnosis reported by
Takenaka et al (2021). Our results revealed that the median age of onset for pelvic
osteosarcoma was approximately 34 years old, and younger age was a favourable
prognostic factor for pelvic osteosarcoma.

The initial tumor size is a crucial prognostic factor for osteosarcoma that can
be easily determined, playing a foundational role in designing risk-adapted therapy
(Bieling et al, 1996). A retrospective analysis revealed that necrosis rates, tumor
size >10 cm, and distant metastasis were significantly associated with low survival
rates in osteosarcoma (Erdogan et al, 2023). Pelvic osteosarcoma is typically unre-
sectable, presenting a large tumor volume with a diameter of more than 10 cm at the
time of diagnosis, presenting a challenge for local treatment (Chen et al, 2023). Tu-
mor size is a determining factor in whether pelvic osteosarcoma can be completely
treated, and complete surgical resection is essential for tumor treatment (Laitinen
et al, 2023). Our results indicate that tumor size is an independent prognostic factor
for pelvic osteosarcoma, with larger tumors associated with worse outcomes. The
lung is the most common site of metastasis arising from osteosarcoma. The occur-
rence of lung metastasis signifies the onset of chemotherapy resistance. Unfortu-
nately, it has been observed that poor prognosis is the likely outcome, regardless
of whether radical chemotherapy is implemented before or after metastasis (Saraf
et al, 2018). Our analysis supports these results and indicates that bone metastasis
does not appear to affect the prognosis of pelvic osteosarcoma.

Kaplan-Meier analysis of the data of 93 patients revealed that primary tumor
surgery is a potential prognostic factor, although it was not found to be significant
in the multivariate Cox regression analysis. However, a study had shown that pri-
mary lesion resection may provide survival benefits for patients with metastatic
chondrosarcoma, but not for those with metastatic pelvic osteosarcoma (Hu et al,
2023). Unfortunately, this external finding cannot be verified in this study, since the
patients selected from the SEER database, we reviewed had never received surgery
as a treatment for metastases. Additionally, we observed that race factor seems to
impact the prognosis of pelvic osteosarcoma, with the individuals of other races
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(Asians) living the longest while the black individuals having the shortest survival
duration. Previous study had also noted significantly lower average survival times
for black individuals with osteosarcoma of the extremities and lung metastasis (Liu
et al, 2023). Furthermore, sacral involvement has been identified as a poor prog-
nostic factor for patients with pelvic osteosarcoma. The complex pelvic anatomy
and proximity of urogenital organs to the sacrum may significantly hamper surgical
resection (Saab et al, 2005). It is important to note that according to our Kaplan-
Meier analysis results, the survival period for individuals receiving radiotherapy
was shorter, which does not align with real-world results. Future studies should
include more treatment-related information and parameters for comprehensive re-
search.

The current study showed that individuals of other races (Asians), aged <51
years old, and with a tumor size <160 mm were associated with longer survival
times, according to the results from Kaplan-Meier survival analysis. Conversely,
no primary tumor surgery, lung metastasis, and lack of radiotherapy were associated
with shorter survival duration. The multivariate Cox proportional hazard model
confirmed that age, lung metastasis, and tumor size were independent prognostic
factors for pelvic osteosarcoma. In the analysis of the SEER data, we identified
three independent variables: age, lung metastasis, and tumor size, which were uti-
lized to develop a predictive nomogram validated in a Chinese cohort. The ROC
curve analysis revealed that the AUCs for predicting 1-year, 2-year, and 3-year sur-
vival rates were 0.81, 0.75, and 0.80, respectively, in the training cohort, and 0.67,
0.66, and 0.71, respectively, in the validation cohort. These data indicated that the
AUC:s for predicting 1-year and 2-year survival rates in the validation cohort were
less accurate. We speculate that this reduced accuracy may be caused by the inher-
ent dataset differences between the datasets of the two cohorts, which has an im-
pact on model construction. One prominent distinction between the training cohort
(from the SEER database) and the validation cohort is their treatment profiles; for
instance, all patients from the training cohort had never received metastatic surgery
for treatment and did not have complete data on radiotherapy and chemotherapy,
while all patients from the validation cohort had received chemotherapy.

Several limitations of this study should be highlighted. Firstly, in this retro-
spective analysis, there are certain differences between the validation group and the
Training group. Secondly, both the training cohort and the validation cohort had
small sample size attributed to the low incidence of pelvic osteosarcoma. Therefore,
the findings of this study should be further validated through multicentre, large-
sample prospective studies.

Conclusion

The present research unveils that age, tumor size, race, primary tumor surgery,
lung metastasis, and radiation therapy may be associated with the survival time of
osteosarcoma, whereas age, lung metastasis, and tumor size are independent prog-
nostic factors for pelvic osteosarcoma. Based on these data, a predictive nomogram
was constructed and validated in a Chinese cohort. To verify the findings of this
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study and enhance the predictive ability of the nomogram constructed, large-sample
prospective studies are warranted in future for further validation.

e The prognosis of pelvic osteosarcoma is closely related to age, tumor size
and lung metastasis.

e Race, primary tumor surgery, and radiotherapy may be related to the sur-
vival time of patients with pelvic osteosarcoma.

e Three independent prognostic factors identified from the training cohort
(based on the SEER database) were utilized for constructing a nomogram,
which was then validated in a Chinese cohort.

e The use of a nomogram can effectively predict the OS of patients with
pelvic osteosarcoma and help facilitate clinical decision-making.

Availability of Data and Materials

All the data of this study are included in this article and supplementary files.

Author Contributions

YFX, QYY and JWY designed the research study. MC, JLC, YWY and YXL
performed the research. YFX and QY'Y drafted the manuscript. All authors con-
tributed to the important editorial changes in the manuscript. All authors read and
approved the final manuscript. All authors have participated sufficiently in the
work and agreed to be accountable for all aspects of the work.

Ethics Approval and Consent to Participate

This study involved human subjects, which was reviewed and approved by the
Medical Ethics Committee of Hangzhou Third People’s Hospital (Ethical reference
number: 2024KA086). This study was conducted in accordance with the Declara-
tion of Helsinki. According to the requirements, this study can be exempted from
written informed consent by the Medical Ethics Committee of Hangzhou Third Peo-
ple’s Hospital.

Acknowledgement
Not applicable.

Funding

This work was supported by the Zhejiang Provincial Health and Hygiene Sci-
ence and Technology Plan (Yunxia Liu, No.2021KY908) and the Hangzhou Agri-

cultural and Social Development Research Project (Qingying Yan, N0.20201203B215).

British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0339


https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0339

16

ARTICLE

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article can be found, in the on-
line version, at https://www.magonlinelibrary.com/doi/suppl/10.12968/hmed.202
4.0339.

References

Bacci G, Longhi A, Versari M, Mercuri M, Briccoli A, Picci P. Prognostic factors for osteosarcoma of the
extremity treated with neoadjuvant chemotherapy: 15-year experience in 789 patients treated at a single
institution. Cancer. 2006; 106: 1154-1161. https://doi.org/10.1002/cncr.21724

Bieling P, Rehan N, Winkler P, Helmke K, Maas R, Fuchs N, et al. Tumor size and prog-
nosis in aggressively treated osteosarcoma. Journal of Clinical Oncology. 1996; 14: 848-858.
https://doi.org/10.1200/JC0O.1996.14.3.848

Brown JM, Matichak D, Rakoczy K, Groundland J. Osteosarcoma of the Pelvis: Clinical Presentation and
Overall Survival. Sarcoma. 2021; 2021: 8027314. https://doi.org/10.1155/2021/8027314

Chen Q, Zheng K, Xu M, Yan N, Hai G, Yu X. Anlotinib combined with radiotherapy and chemotherapy
for recurrent pelvic osteosarcoma treatment: a case report and literature review. Frontiers in Oncology.
2023; 13: 1283932. https://doi.org/10.3389/fonc.2023.1283932

Collins M, Wilhelm M, Conyers R, Herschtal A, Whelan J, Bielack S, et al. Benefits and ad-
verse events in younger versus older patients receiving neoadjuvant chemotherapy for osteosar-
coma: findings from a meta-analysis. Journal of Clinical Oncology. 2013; 31: 2303-2312.
https://doi.org/10.1200/JC0O.2012.43.8598

Desai S, Guddati AK. Bimodal Age Distribution in Cancer Incidence. World Journal of Oncology. 2022; 13:
329-336. https://doi.org/10.14740/wjon1424

Erdogan F, Cinka H, Akman BC, Coskun HS, Dabak N. Analysis of prognostic factors and histopathological
response to neoadjuvant chemotherapy in osteosarcoma. Joint Diseases and Related Surgery. 2023; 34:
196-206. https://doi.org/10.52312/jdrs.2023.902

Hu X, Fujiwara T, Sun Y, Huang W, Yan W. Does primary tumor resection improve survival for patients
with sarcomas of pelvic bones, sacrum, and coccyx who have metastasis at diagnosis? European Spine
Journal. 2023; 32: 4362—4376. https://doi.org/10.1007/s00586-023-07985-x

Kim C, Davis LE, Albert CM, Samuels B, Roberts JL, Wagner MJ. Osteosarcoma in Pediatric and Adult Pop-
ulations: Are Adults Just Big Kids? Cancers. 2023; 15: 5044. https://doi.org/10.3390/cancers15205044

Laitinen MK, Parry MC, Morris GV, Jeys LM. Pelvic bone sarcomas, prognostic factors, and treat-
ment: A narrative review of the literature. Scandinavian Journal of Surgery. 2023; 112: 206-215.
https://doi.org/10.1177/14574969231181504

Lee JS, Kelly CM, Bartlett EK. Management of pelvic sarcoma. European Journal of Surgical Oncology.
2022; 48: 2299-2307. https://doi.org/10.1016/j.€js0.2022.09.011

Liu B, Tang L, Peng N, Wang L. Lung and bone metastases patterns in limb osteosarcoma:
Surgical treatment of primary site improves overall survival. Medicine. 2023; 102: e35671.
https://doi.org/10.1097/MD.0000000000035671

Ottesen TD, Shultz BN, Munger AM, Sibindi C, Yurter A, Varthi AG, et al. Characteristics, Management,
and Outcomes of Patients With Osteosarcoma: An Analysis of Outcomes From the National Cancer
Database. Journal of the American Academy of Orthopaedic Surgeons. Global Research & Reviews. 2022;
6: €22.00009. https://doi.org/10.5435/JAAOSGlobal-D-22-00009

Saab R, Rao BN, Rodriguez-Galindo C, Billups CA, Fortenberry TN, Daw NC. Osteosarcoma of the pelvis
in children and young adults: the St. Jude Children’s Research Hospital experience. Cancer. 2005; 103:
1468—-1474. https://doi.org/10.1002/cncr.20959

British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0339


https://www.magonlinelibrary.com/doi/suppl/10.12968/hmed.2024.0339
https://www.magonlinelibrary.com/doi/suppl/10.12968/hmed.2024.0339
https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0339

17

ARTICLE

Sadykova LR, Ntekim AI, Muyangwa-Semenova M, Rutland CS, Jeyapalan JN, Blatt N, et al.
Epidemiology and Risk Factors of Osteosarcoma. Cancer Investigation. 2020; 38: 259-2609.
https://doi.org/10.1080/07357907.2020.1768401

Saraf AJ, Fenger JM, Roberts RD. Osteosarcoma: Accelerating Progress Makes for a Hopeful Future. Fron-
tiers in Oncology. 2018; 8: 4. https://doi.org/10.3389/fonc.2018.00004

Shi Q, Guo W, Ji T, Tang X. Lumbar functional evaluation of pelvic bone sarcomas after surgical re-
section and spinal pelvic fixation: A clinical study of 304 cases. Cancer Medicine. 2024; 13: ¢7282.
https://doi.org/10.1002/cam4.7282

Takenaka S, Tamiya H, Wakamatsu T, Nakai S, Imura Y, Outani H, et al. Impact of Surgical Resection and
Reasons for Poor Prognosis of Pelvic Osteosarcoma Based on the Bone Tumor Registry in Japan. Cancers.
2021; 13: 3320. https://doi.org/10.3390/cancers13133320

Wu X, Wang J, He D. Establishment and validation of a competitive risk model for predicting cancer-specific
survival in patients with osteosarcoma: a population-based study. Journal of Cancer Research and Clinical
Oncology. 2023; 149: 15383-15394. https://doi.org/10.1007/s00432-023-05320-x

British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0339


https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0339

	Introduction
	Methods
	Patients
	Statistical Analysis and Construction of Nomogram

	Results
	Characteristics of the Population
	Rick Factors of Osteosarcoma
	Univariate and Multivariate Cox Regression Analyses of Training Cohort Data
	Nomogram Construction

	Discussion
	Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgement
	Funding
	Conflict of Interest
	Supplementary Material
	References

