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Survival profiles and associated
factors for overall and cancer
specific survival in patients with
chondroblast and fibroblastic
osteosarcoma
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We aimed to compare overall survival (OS) and cancer-specific survival (CSS) between patients with
chondroblastic osteosarcoma and fibroblastic osteosarcoma, and to identify prognostic risk factors
for these subtypes. Clinical and demographic data from 723 patients with either chondroblastic
osteosarcoma or fibroblastic osteosarcoma were extracted from the SEER database. Cox proportional
hazards models were used to assess the association of these two types of osteosarcoma with OS, while
Fine-Gray competing risk models evaluated CSS, with adjustments for covariates in both unweighted
and inverse probability treatment-weighted (IPTW) samples. Subsequent univariate and multivariate
analyses identified prognostic factors specific to each subtype. We did not observe any statistically
significant differences in terms of the association of the two pathological types of osteosarcomas with
0OS and CSS using either unweighted or weighted samples. For chondroblastic osteosarcoma, OS was
significantly associated with age =30 years, non-Hispanic Black race, first cancer, primary site, T2-4
stage, M1 stage, and having chemotherapy and surgery were significantly associated with the OS. CSS
was associated with age =30 years, T2-4 stage, M1 stage, and having surgery were associated factors
for CSS. In patients with fibroblastic osteosarcoma, OS was significantly associated with primary

site, M1 stage, and having radiation and surgery. While CSS was associated with primary site, T2-T4
and TX stage, N1 and M1 stage, and having radiation and surgery. The present study demonstrated
the survival profiles of patients with chondroblastic and fibroblastic osteosarcoma. Patients with
fibroblastic osteosarcoma do not have better OS or CSS compared with those with chondroblastic
osteosarcoma. Multiple risk factors for a poor prognosis were identified, and they can be used to refine
the therapeutic approach.

Keywords Chondroblast osteosarcoma, Fibroblastic osteosarcoma, Risk factors, Survival outcomes, Survival
analysis

Osteosarcoma represents one of the most common primary malignant sarcomas, characterized by its high
invasiveness and predilection for affecting children and adolescents. Approximately 80% to 90% of osteosarcomas
manifest in long tubular bones, with distal femur and proximal tibia being the most common sites of onset,
followed by the proximal humerus'-®. The World Health Organization (WHO) 2020 classification of bone
tumors prioritizes grading (high or low) over detailed histological subtypes for conventional osteosarcoma.
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Although traditional pathology identifies chondroblastic, fibroblastic, and osteoblastic variants, these are not
primary diagnostic criteria in the modern system, which focuses on molecular characteristics and tumor biology
for prognosis. Despite this, histological variants are still reported in clinical practice and can influence treatment
decisions. At present, primary therapeutic approaches encompass surgical resection, chemotherapy, radiotherapy,
and small molecule targeted therapy®>. Perioperative chemotherapy has been shown to significantly enhance
the 5-year survival rate and limb salvage rates in patients with osteosarcoma. However, the survival benefit
conferred by chemotherapy has not seen a substantial improvement in recent years®. Furthermore, at the time
of initial diagnosis, 10% to 15% of osteosarcoma patients present with metastases, most commonly to the lungs.
The 5-year survival rate of such patients is only 20%’~°. Consequently, during the diagnostic and therapeutic
processes, the primary objective is to improve patient prognosis and increase survival rates. Achieving this goal
requires a thorough investigation of the risk factors associated with unfavorable disease outcomes. By focusing
on these critical determinants, we aspire to make significant advancements in the survival outcomes for patients
with osteosarcoma.

The prognosis and treatment of osteosarcoma are significantly influenced by complex genomic alterations
and modifications in the tumor immune microenvironment!%-1. Despite the considerable variability in the
clinical manifestations of different osteosarcoma subtypes, current clinical practice tends to employ uniform
treatment protocols for all patients. This approach leads to notable discrepancies in patient outcomes. Our article
underscores the ongoing debate concerning the prognostic disparities between chondroblastic osteosarcoma
and fibroblastic osteosarcoma patients!”. One study suggested that patients with chondroblastic osteosarcoma
exhibit a superior survival rate compared to those with osteoblastic osteosarcoma'8. Conversely, another study
reported that the 5-year overall survival rate for patients with fibroblastic osteosarcoma was significantly higher
than that for patients with the other two osteosarcoma subtypes!®?°. Chondroblastic osteosarcoma typically
exhibits a less favorable response to chemotherapy relative to other osteosarcoma subtypes. This phenomenon
is frequently linked to a reduced rate of tumor necrosis following chemotherapy, which correlates with a poor
prognosis and an elevated risk of local recurrence and metastasis. Mirabello et al. notably observed that the
5-year survival rates of patients with chondroblastic and fibroblastic osteosarcoma varied among different age
groups?!. Nevertheless, the reliability of these findings is constrained by small sample size and inconsistent
baseline characteristics of patients in the studies. Addressing these limitations through further research on
survival rates in chondroblastic osteosarcoma and fibroblastic osteosarcoma patients is crucial for developing
targeted clinical strategies to improve patient prognosis. Such investigations are essential for refining therapeutic
approaches and ultimately enhancing patients’ quality of life.

We hypothesized that, after adjusting for clinicopathological factors, chondroblastic and fibroblastic
osteosarcoma would show similar overall and cancer-specific survival rates. Differences seen in unadjusted
analyses are likely due to demographic and clinical characteristic imbalances, not biological differences. Therefore,
we employed the inverse probability of treatment weighting (IPTW) approach to counterbalance systematic
disparities in baseline characteristics between the two cohorts (chondroblastic and fibroblastic osteosarcoma
patients), thereby ensuring comparability of the baseline characteristics. This strategy facilitates an exhaustive
comparison of the prognoses for chondroblastic osteosarcoma and fibroblastic osteosarcoma patients, providing
substantial insights beneficial for clinical practice. Furthermore, we conducted comprehensive analysis to
identify risk factors associated with a poor prognosis of these two types of osteosarcoma patients, which will
enhance the identification of key determinants that influence survival.

Materials and methods

Data source

Patient data were collected from the 17 registries of the Surveillance, Epidemiology, and End Results (SEER)
program administered by the United States National Cancer Institute, covering the period from 2000 to 2019.
It comprises publicly accessible information devoid of personal identifiers. The SEER*Stat application (version
8.4.3) was employed to ascertain frequencies and variables of interest. The current study was conducted according
to the Declaration of Helsinki. Ethical approval from the Institutional Review Board was waived because we had
acquired a registered account with the approval for using patient data for research purposes from the SEER
database. Informed consent from patients was not required for releasing data.

Data collection and study population

Site-specific codes were first used to identify all primary tumors that originated in the soft tissue, bones and
joints; C400-C403, C408-C414, C418-C419, C470-C476, C478-C479, C490-C496, and C498-C499. Histologic
International Classification of Diseases (ICD)-0-3 codes were then reviewed for all cases to identify the
following histological subtypes; “chondroblast osteosarcoma” (9181/3) and “fibroblastic osteosarcoma” (9182/3).

Patient characteristics of interest included age, year of diagnosis, sex, race, tumor size, median household
income, first malignant primary indicator, sequence number, grade of primary osteosarcoma, American Joint
Committee on Cancer (AJCC) TNM stage, records of surgery, radiation and chemotherapy, survival months,
vital status, and cause of death. Primary outcomes were defined as the 5-year overall survival (OS) from the time
of initial diagnosis, and 5-year cancer-specific survival (CSS).

Due to the absence of specific classification for the diagnosis of AJCC TNM stage in the SEER database prior
to 2004, all patients diagnosed before this year were excluded from the study. The search identified 735 patients
with chondroblastic osteosarcoma or fibroblastic osteosarcoma diagnosed between 2004 and 2019. Given that
OS and CSS were the primary endpoints, five patients with a survival time of zero were excluded. Furthermore,
to ensure an optimal model fit, seven patients with missing information on TNM stage information were also
excluded. Thus, we obtained complete data for 723 patients and enrolled them in the study, 570 patients with a
diagnosis of chondroblastic osteosarcoma and 153 patients with fibroblastic osteosarcoma.
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Data elements

We coded the covariates on the basis of the recognized cutoft values. Patients were divided into two groups by age,
0-29 years and > 30 years. Race was categorized into non-Hispanic White, non-Hispanic Black, and other races.
Annual household income was used as the economic status and categorized into less than $59,999, $60,000-
$64,999, $65,000-$69,999, $70,000-$74,999, and more or equal to $75,000. Tumor grades were categorized into
I well differentiated, IT moderately differentiated, III poorly differentiated, IV undifferentiated, and unknown.
In the present study, we combined I-IIT into one group. TNM classification were staged in accordance to the 6%
edition AJCC Staging Manual.

Statistical analysis

Firstly, we conducted the descriptive analysis. Normality was checked for a continuous variable, that is, time
of survival in our study. It shows a skewed distribution, so median and interquartile range were reported.
Categorical variables were summarized as frequencies and percentages. To compare the baseline characteristics
between the patients with chondroblastic osteosarcoma and those with fibroblastic osteosarcoma, we applied the
Mann-Whitney U test for continuous variables with a skewed distribution, and Chi-square tests or Fisher’s exact
Chi-square tests for categorical variables.

Secondly, we applied the univariate Cox regression analysis to select the variables that had a statistically
significant association with OS and CSS. Furthermore, we assessed the association of the two types of
osteosarcomas with OS using multivariate Cox proportional hazard models by establishing an unadjusted model
(Model I) and two adjusted models (Model I and Model III). Model II was adjusted by age and sex, while Model
III was additionally adjusted by variables selected in the univariate Cox regression model. We also assessed two
types of osteosarcomas with CSS using multivariate Fine-Gray competing risk regression analyses by establishing
an unadjusted model (Model I) and two adjusted models (Model II and Model IIT). Model II was adjusted for
age and sex, while Model III was adjusted by variables selected in the univariate Cox regression model. After
adjusting for confounding factors, we further evaluated the association between the two pathological types of
osteosarcomas and OS and CSS within various subgroups. The results were visualized by a forest plot.

The IPTW method was used to mitigate confounding and selection bias by balancing the baseline
characteristics (e.g., age and tumor stage) between the chondroblastic and fibroblastic groups. It calculates
propensity scores to assign weight to patients, creating a balanced cohort where treatment assignment was
based on random measured covariates. This helps isolate the true link between histological subtype and survival
outcome while preserving sample size and statistical power. Following the application of weights, the balance
of baseline covariates across diverse pathological groups was assessed using the Standardized Mean Differences
(SMD) and P values, in order to detect any discrepancies at baseline. Next, we conducted the Cox Proportional
Hazards Regression and the Fine-Gray model to evaluate the association of two types of osteosarcomas with OS
and CSS in the weighted samples. Furthermore, we assessed the association between two pathological types of
osteosarcomas and OS and CSS within various subgroups adjusted by covariates in the weighted sample and
visualized the results via a forest plot.

Lastly, we applied univariate and multivariate analyses to identify the variables that had a statistically
significant association with OS and CSS in patients with chondroblastic osteosarcoma and those with fibroblastic
osteosarcoma. To evaluate OS, multivariate Cox proportional hazard models were used, while for evaluating
CSS, Fine-Gray competing risk regression analyses were used.

All statistical analyses were conducted utilizing R software (version 4.3.0). Statistical significance was
achieved when the P value was <0.05.

Results

Table 1 presents the baseline characteristics of the study population. There are statistically significant differences
between the patients with chondroblastic osteosarcoma and those with fibroblastic osteosarcoma in terms of age,
T stage, receiving chemotherapy, and survival time (P <0.05). Supplementary Figure S1 demonstrates trends in
the case numbers of chondroblastic osteosarcoma and fibroblastic osteosarcoma from 2004 to 2019.

Supplementary Table S1 shows the results of univariate COX regression analysis to select the potential
associated factors of OS and CSS. Table 2 presents results of multivariate regression analysis to assess the
association of chondroblastic and fibroblastic osteosarcomas with OS and CSS. In the crude models, patients
with fibroblastic osteosarcoma had a better OS compared with chondroblastic osteosarcoma patients (P =0.022).
Kaplan—Meier curves illustrate similar trends (see Supplementary Figure S2). As shown in Table 2, after adjusting
for all the covariates selected from the univariate analysis, we did not observe any statistically significant
differences in terms of the association of the two pathological types of osteosarcomas with OS or CSS. The
loss of statistical significance after IPTW adjustment suggests that the initially observed survival advantage in
fibroblastic osteosarcoma may be attributable to imbalances in baseline prognostic factors rather than inherent
biological differences between subtypes.

Figure 1 is a forest plot demonstrating hazard ratios (HRs) and 95% confidence intervals (Cls) regarding
associations between fibroblastic osteosarcoma and OS and CSS using chondroblastic osteosarcoma as a
reference within various subgroups after adjusting covariates. Compared with chondroblastic osteosarcoma
patients, patients aged 30 years or older with fibroblastic osteosarcoma had better OS (HR=0.64, 95% CI: 0.42—
0.98).

Supplementary Table S2 presents baseline characteristics of the patients before and after the IPTW
adjustment using the Heman method. After adjustment, all the characteristics were balanced between the
patients with chondroblastic and patients with fibroblastic, as indicated by the absolute value of the SMD less
than 0.1 except for race and income. However, the differences between the two groups for all variables failed to
reach statistical significance. Standardized mean differences before and after IPTW adjustment are presented
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Chondroblastic osteosarcoma | Fibroblastic osteosarcoma
Variable Total (N=570) (N=153) Statistic | P value
Age X2=15.90 | <.001
<30 years 450 (62.24) 376 (65.96) 74 (48.37)
=30 years 273 (37.76) 194 (34.04) 79 (51.63)
Sex X2=0.00 | 0.99
Female 331 (45.78) 261 (45.79) 70 (45.75)
Male 392 (54.22) 309 (54.21) 83 (54.25)
Race ’=3.08 | 0.21
Non-Hispanic White | 548 (75.8) 424 (74.39) 124 (81.05)
Non-Hispanic Black | 109 (15.08) 92 (16.14) 17 (11.11)
Others 66 (9.13) 54 (9.47) 12 (7.84)
Income x>=4.85 | 0.30
<$60,000 195 (26.97) 149 (26.14) 46 (30.07)
$60,000- 64,999 130 (17.98) 100 (17.54) 30 (19.61)
$65,000- 69,999 133 (18.4) 102 (17.89) 31 (20.26)
$70,000-74,999 68 (9.41) 53 (9.30) 15 (9.80)
>$75,000 197 (27.25) 166 (29.12) 31 (20.26)
First Cancer x2=0.02 | 0.87
Yes 597 (82.57) 470 (82.46) 127 (83.01)
No 126 (17.43) 100 (17.54) 26 (16.99)
Primary site =122 {027
No 95 (13.14) 79 (13.86) 16 (10.46)
Yes 628 (86.86) 491 (86.14) 137 (89.54)
Grade ’=3.46 | 0.18
11 301 (41.63) 238 (41.75) 63 (41.18)
v 255 (35.27) 193 (33.86) 62 (40.52)
Unknown 167 (23.1) 139 (24.39) 28 (18.30)
T Stage x*=19.58 | <.001
Tl 251 (34.72) 175 (30.70) 76 (49.67)
T2-T4 376 (52.01) 317 (55.61) 59 (38.56)
TX 96 (13.28) 78 (13.68) 18 (11.76)
N Stage - 0.82
NO 661 (91.42) 519 (91.05) 142 (92.81)
N1 20 (2.77) 17 (2.98) 3(1.96)
NX 42 (5.81) 34 (5.96) 8 (5.23)
M Stage - 0.06
MO 602 (83.26) 466 (81.75) 136 (88.89)
Ml 113 (15.63) 98 (17.19) 15 (9.80)
MX 8 (1.11) 6 (1.05) 2(1.31)
Radiation x>=0.80 | 0.37
No/Unknown 632 (87.41) 495 (86.84) 137 (89.54)
Yes 91 (12.59) 75 (13.16) 16 (10.46)
Chemotherapy ¥=19.63 | <.001
No/Unknown 133 (18.4) 86 (15.09) 47 (30.72)
Yes 590 (81.6) 484 (84.91) 106 (69.28)
Surgery ¥=3.39 | 0.07
No 99 (13.69) 85 (14.91) 14 (9.15)
Yes 624 (86.31) 485 (85.09) 139 (90.85)
[oN =218 | 0.14
Alive 435 (60.17) 335 (58.77) 100 (65.36)
Dead 288 (39.83) 235 (41.23) 53 (34.64)
Continued
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Chondroblastic osteosarcoma | Fibroblastic osteosarcoma
Variable Total (N=570) (N=153) Statistic | P value
css X?=2.25 | 0.32
Alive 435 (60.17) 335 (58.77) 100 (65.36)
Death from cancer 241 (33.33) 196 (34.39) 45 (29.41)
Death from others 47 (6.5) 39 (6.84) 8 (5.23)
Time of survival 38.00 (15.00, 60.00) | 33.00 (14.00, 60.00) 60.00 (23.00, 60.00) Z=-4.27 | <.001

Table 1. Baseline characteristics of the study population (n=723). OS: overall survival; CSS: cancer specific
survival; IQR: interquartile range. Z: Mann-Whitney test, x*: Chi-square test, -: Fisher exact test.

Model 1 Model 2 Model 3
Outcome HR (95% CI) Pvalue | HR (95% CI) Pvalue | HR (95% CI) Pvalue
oS
Chondroblastic osteosarcoma | 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Fibroblastic osteosarcoma 0.71 (0.52—0.95) | 0.02 0.61 (0.45—0.83) | 0.001 0.76 (0.55—1.04) | 0.09
CSS

Chondroblastic osteosarcoma | 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Fibroblastic osteosarcoma 0.74 (0.54—1.02) | 0.07 0.69 (0.50—0.95) | 0.02 0.91 (0.65—1.27) | 0.60

Table 2. Multivariate regression analysis of association of chondroblastic and fibroblastic osteosarcoma with
overall survival (OS) and cancer-specific survival (CSS). HR: Hazard Ratio, CI: Confidence Interval. Model 1:
Crude model. Model 2 was adjusted by sex and age group. Model 3 (OS) was adjusted by sex, age group, race,
first cancer, primary, T Stage, N Stage, M Stage, radiation, chemotherapy and surgery. Model 3 (CSS): was
adjusted by sex, age group, race, primary, T Stage, N Stage, M Stage, radiation, chemotherapy and surgery.

in Supplementary Figure S3. Table 3 presents results of univariate and multivariate analysis of the association
of the two pathological types of osteosarcomas with OS and CSS after IPTW adjustment. We did not observe
a statistically significant difference. Figure 2 is a forest plot demonstrating HRs and 95% ClIs in the weighted
sample of associations between fibroblastic osteosarcoma and OS and CSS using chondroblastic osteosarcoma
as a reference within subgroups after adjusting covariates.

Supplementary Tables S3 and S4 show the results of univariate analyses to select potentially associated factors
for OS and CSS from both groups. We included the variables with a statistically significance into the multivariate
analyses (see Tables 4 and 5). In patients with chondroblastic osteosarcoma, age older than 30 years, non-
Hispanic Black, first cancer, primary site, T2-4 stage, M1 stage, and having received chemotherapy and surgery
were significantly associated with OS (all P values <0.05). We found that factors influencing CSS as indicated by
the multivariate analysis included age older than 30 years, T2-4 stage, M1 stage, and having surgery (all P<0.05).
In patients with fibroblastic osteosarcoma, the primary site, M1 stage, and having had radiation and surgery were
significantly associated with OS (all P<0.05), while for CSS, the primary site, T2-T4 and TX stages, N1 and M1
stages, and having radiation and surgery were associated factors as indicated by the multivariate analysis (all P
values < 0.05).

Discussion

Osteosarcoma is the predominant type of malignant bone tumor in children and adolescents??. Chondroblastic
and fibroblastic osteosarcoma are two of the major pathologic subtypes in osteosarcoma?®:. It remains controversial
whether there are prognostic disparities between the chondroblastic and fibroblastic osteosarcoma patients!'8-2!,
and there is a paucity of information regarding the risk factors affecting the prognosis of patients with these
conditions. In the present study, the prognoses of chondroblastic and fibroblastic osteosarcoma patients were
compared using IPTW methods mitigating the differences between the two patient cohorts, based on one of the
largest databases, SEER. We have identified multiple risk factors associated with the prognosis of chondroblastic
and fibroblastic osteosarcoma by subgroup analyses.

The unadjusted Kaplan-Meier curves indicated that patients with fibroblastic osteosarcoma had significantly
better OS and similar CSS compared with those with chondroblastic osteosarcoma. However, the baseline
characteristics of the two patient cohorts were not comparable. Specifically, patients with chondroblastic
osteosarcoma were younger, more likely to be at a T2 or higher stage, and more often had received chemotherapy
compared with those with fibroblastic osteosarcoma. We can hypothesized from this that patients with fibroblastic
osteosarcoma may have a better 5-year survival outcome than chondroblastic osteosarcoma patients. To test this
hypothesis, we applied IPTW, a powerful statistical tool, to balance the disparities baseline characteristics. After
IPTW adjustment, there were no disparities between the survival profiles of the two subtypes of osteosarcomas.

We also performed a subgroup analysis for patients with chondroblastic and fibroblastic osteosarcoma. Risk
factors associated with each subtype of osteosarcomas were identified. For chondroblastic osteosarcoma, age,
tumor size, N/M stage, radiation, chemotherapy, and surgery were prognostic factors that influenced both OS
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Variables HR (95%CI) P HR (95%CI) P
oS CSS
All patients +_ [ 0.76 (0.55—1.04)  0.09  091(0.65—127)  0.60
Age
<30 S — 0.95(0.58—1.56)  0.83  094(0.58—1.54) 0.82
=30 _"_.' 0.64(042-098) 004 088(0.56—1.39) 0.60
Grade
I -111 _"_. 0.88(0.53—-149)  0.64 1.14 (0.69— 1.89)  0.60
v = = 0.81(0.48—138) 044  068(0.37—-125) 021
Unknown _'_._ 0.61(026-141) 025  096(0.37-251) 094
T Stage
o b _'_. == 0.72(042-122) 022 0.86 (0.47—-156) 0.61
T2-T4 _'__ = 0.72(045-1.14) 016  086(0.54—135) 051
TX al = y 097(0.39-240) 095 120 (0.46 —3.14)  0.71
N Stage
NO _'—. g 0.72(0.51-1.01) 006  083(0.58—1.19) 0.32
NI 335(0.02-507.77) 063  3.11(0.34—28.00) 031
NX = = 148(032-691) 062 2(0.38-1050) 041
M Stage
MO _'_- - 0.72(0.50-1.03) 007  082(0.55—-123) 0.34
Ml - = 0.86(0.39-191) 072  15(0.82-274) 0.19
MX - - - -
Radiation
No/Unknown _'__ i 0.72(0.50-1.02) 007 088(0.60—129) 050
Yes '_ 102(048-2.17) 095  1.15(0.57-233) 0.69
Chemotherapy
No/Unknown _'__._'_ 0.57(031-1.07) 008  071(035-143) 034
Yes _"'. -— 0.87(0.59-126) 046  092(0.61—137) 067
Surgery
—_— ] &
No 043(0.18—1.01) 005  096(0.45—-2.04) 091
Yes i 0.86(0.61-122) 041  092(0.63—135) 0.68
L 1 |
1

[¥)
%)

Hazard Ratio

Fig. 1. Multivariable Cox regression analysis of prognostic factors in chondroblastic vs. fibroblastic
osteosarcoma (unweighted cohort). Forest plots display hazard ratios (HRs) with 95% confidence intervals
(ClIs) for overall survival (OS) with red horizontal lines and cancer-specific survival (CSS) with blue horizontal
lines. Reference lines at HR=1 (null effect) are shown as a vertical black line.

Univariate analysis Multivariate analysis*
Variable HR (95% CI) P value | HR (95%CI) P value
oS
Chondroblastic osteosarcoma | 1.00 (Reference) 1.00 (Reference)
Fibroblastic osteosarcoma 0.91 (0.63—1.31) | 0.60 0.90 (0.63—1.31) | 0.59
CSS
Chondroblastic osteosarcoma | 1.00 (Reference) 1.00 (Reference)
Fibroblastic osteosarcoma 0.99 (0.67—1.46) | 0.94 0.98 (0.66—1.45) | 0.91

Table 3. Univariate and multivariate analysis for OS and CSS after IPTW adjustment. OS: Overall survival;
CSS: Cancer specific survival; HR: Hazard Ratio, CI: Confidence Interval; IPTW : inverse probability of
treatment weighting. *Multivariate analyses were adjusted by race and income.

and CSS. For fibroblastic osteosarcoma, tumor size, M stage, radiation, and surgery were prognostic risk factors
for both OS and CSS.

It is well-known that higher T/N/M stage suggests poorer prognosis. Therapeutic approaches, such as
radiation, chemotherapy, and surgery, can greatly affect the survival of patients with osteosarcoma. It has been
demonstrated that tumors located in the spine or pelvis leads to poorer prognosis than those located in the
extremities, which means primary site also affects prognosis®*. Interestingly, we found age older than 30 years and
non-Hispanic Black race were two factors with a statistically significant association with the survival in patients
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Variables HR (95%CI) P HR (95%CI) P
(o CSS
All patients ~ _—w— 09(063-131) 059 098(066-145) 091
Age
<30 0.94(0.53-1.70) 0.85 0.94(051-173) 0.83
=30 :_ 0.76(0.49—-1.18) 022 0.93(0.57—151) 0.77
Grade

[ -1 0.96 (0.60 —1.55) 0.88 1.06(0.64—-1.73) 0.83
\Y 0.80(0.49-132) 039 0.73(041-129) 028

Unknown = s 102(042-250) 096 132(0.54-321) 054
T Stage
Tl =N 0.88(0.48—1.60) 067 094(047—-190) 087
T2-T4 ﬂ_. 1.01(0.61—1.69) 097 1.12(066—1.89) 067
X _'.__ 0.71(0.30-1.70) 044 0.75(029-194) 0.5
N Stage

NO ; 0.94(0.64—-140) 0.77 1.03(067-159) 0.88

NI — > 034(0.04-326) 035 - -
NX - — 022(0.04—1.13) 007 023(0.04—123) 0.08
M Stage
MO - il 079(0.54—-1.17) 024 085(055—130) 045
Ml '. > 156(0.83-296) 017 162(084-3.11) 0.5
MX - - - -
Radiation
No/Unknown :___ 0.80(0.55—1.16) 024 0.87(0.59—-129) 049
Yes : ; 1.56 (066 —3.68) 031 157(065-3.80) 0.32
Chemotherapy
No/Unknown _'_.—_ 0.63(0.35-1.12) 0.12 0.75(040—-1.40) 037
Yes —"._ 0.90(0.58—141) 066 0.96(060—155) 087
Surgery
No _'_._ 0.57(025-128) 0.17 0.69(031—-157) 038
Yes == 0.93(0.65—135) 071 0.97(0.65—144) 087
—
I T T 1
0 1 ) 3

Hazard Ratio

Fig. 2. Multivariable Cox regression analysis after inverse probability treatment weighting (IPTW). Forest
plots show adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) in the IPTW-balanced cohort.
Red horizontal lines are for overall survival (OS), and blue horizontal lines are for cancer-specific survival
(CSS). Reference lines at HR =1 (null effect) are shown as a vertical black line.

with chondroblastic osteosarcoma. Lenka Ilcisin et al. showed that race and ethnicity were not associated with
event-free survival or overall survival in pediatric nonmetastatic osteosarcoma patients?>. However, in our study,
that included OS patients for all ages, the results differed. It is known that OS primarily occurs in adolescents
and elderly people. For elderly people with OS, which can also be classified to the group with their age older than
30 years in this study, the prognosis is usually poorer, compared with adolescents with OS%.

While both chondroblastic and fibroblastic subtypes are classified under conventional osteosarcoma in
the WHO 2020 system due to their shared clinical behavior and treatment paradigms, they exhibit distinct
histogenic features. Chondroblastic osteosarcoma has malignant cartilage matrix production (e.g., SOX9+/
COL2A1 +tumor cells), often with hyaline cartilage-like areas, while fibroblastic osteosarcoma is characterized
by spindle-shaped tumor cells (vimentin+/fibronectin+) with collagen-rich stroma but minimal osteoid.
Notably, these histological differences do not translate to significant survival disparities in our cohorts after
multivariate adjustment, suggesting that microenvironmental factors (e.g., angiogenesis patterns) or treatment
responsiveness may outweigh cellular phenotype in determining prognosis. Future studies integrating molecular
profiling could further elucidate whether these subtypes harbor distinct driver alterations despite their prognostic
equivalence.

While this study focused on resolving prognostic discrepancies between chondroblastic and fibroblastic
subtypes, future multi-institutional studies with standardized pathology reviews are needed to compare these
subtypes against classical osteoblastic osteosarcoma. Such efforts could clarify whether survival differences stem
from intrinsic biology or treatment responsiveness across all three major conventional subtypes.

Strengths and limitations
This study utilizes the SEER database to address significant limitations inherent in previous single-center studies,
such as limited sample sizes and inconsistent adjustment for confounding variables. Firstly, the population-
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os CSS
Variables HR (95% CI) P values | HR (95%CI) P values
Age
<30 1.00 (Reference) 1.00 (Reference)
=30 2.09 (1.56—2.81) | <.001 1.67 (1.23—2.27) | 0.001
Race
Non-Hispanic White | 1.00 (Reference) / /
Non-Hispanic Black | 1.41 (1.01—1.96) | 0.04 / /
Other 1.15(0.71—1.86) | 0.58 / /
First Cancer
Yes 1.00 (Reference) / /
No 0.39 (0.16—0.97) | 0.04 / /
Primary site
No 1.00 (Reference) / /
Yes 0.24 (0.09—0.62) | 0.003 / /
T Stage
T1 1.00 (Reference) 1.00 (Reference)
T2-T4 1.61 (1.15—2.24) | 0.005 1.91 (1.30—2.83) | 0.001
TX 1.33 (0.85—2.08) | 0.21 1.39 (0.80—2.41) | 0.240
N Stage
NO 1.00 (Reference) 1.00 (Reference)
N1 1.85 (0.94—3.61) | 0.07 1.93 (0.99—3.78) | 0.055
NX 0.82 (0.49—1.37) | 0.44 1.02 (0.55—1.86) | 0.960
M Stage
MO 1.00 (Reference) 1.00 (Reference)
M1 2.57 (1.80—3.67) | <.001 2.96 (2.03—4.32) | <.001
MX 1.26 (0.41—3.81) | 0.69 1.27 (0.35—4.65) | 0.710
Radiation
No/Unknown 1.00 (Reference) 1.00 (Reference)
Yes 1.24 (0.88—1.77) | 0.22 1.34 (0.91—1.96) | 0.130
Chemotherapy
No/Unknown 1.00 (Reference) 1.00 (Reference)
Yes 0.65 (0.45—0.93) | 0.02 0.67 (0.43—1.07) | 0.093
Surgery
No 1.00 (Reference) 1.00 (Reference)
Yes 0.28 (0.20—0.40) | <.001 0.35(0.25—0.51) | <.001

Table 4. Associated factors for OS and CSS in patients with chondroblastic osteosarcoma. OS: Overall
survival; CSS: Cancer specific survival; HR: Hazard Ratio, CI: Confidence Interval.

based design, national scope, and standardized histological coding of SEER facilitate a robust comparison
of these rare subtypes with adequate statistical power. This represents a distinct advantage over institutional
cohorts, which are often susceptible to selection bias. Secondly, we used the IPTW method to balance the
baseline characteristics that were significantly different between the two histologic groups of osteosarcomas in
order to estimate the impacts of two types of osteosarcomas on survival outcomes by controlling confounding
factors. Thirdly, we furthermore investigated the risk factors associated with overall survival and cancer specific
survival in patient subgroups, which provided extensive information for better understanding the outcomes of
these two conditions.

There are several limitations that should be addressed. First, all available data in the SEER database are
maintained in a retrospective way, therefore the inherent constraints of a retrospective design were inevitable
in this study. Second, some detailed information of the patients and treatments is missing from the database,
such as patient comorbidities and the detailed techniques of tumor resection. However, most surgeons from
different facilities in the United States treated their patients according to the current guidelines. Therefore,
the interventions in this study are relatively well-defined. Meanwhile, in our study, the CSS and OS survival
analyses show similar results, which makes our study results less susceptible to measurement errors in outcomes.
We believe that the influence of information bias has been minimized. Third, while our study provides
robust evidence regarding the prognostic equivalence of chondroblastic and fibroblastic osteosarcomas, we
acknowledge that histological subtyping is becoming less central to risk stratification in the era of molecular
classification. The WHO 2020 guidelines emphasize genetic alterations and tumor microenvironment features
over traditional morphology for prognostic assessment. Our analysis was limited by the SEER database’s lack of
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(e CSS
Variables HR (95% CI) P value | HR (95% CI) P value
Age
<30 years 1.00 (Reference) / /
>30 years 1.59 (0.85—2.97) |0.14 / /
Primary site
No 1.00 (Reference) 1.00 (Reference)
Yes 0.41 (0.19—0.89) | 0.02 0.31 (0.14—0.66) | 0.002
T Stage
T1 / / 1.00 (Reference)
T2-T4 / / 2.68 (1.33—5.37) | 0.006
TX 2.99 (1.17—7.66) | 0.02
N Stage
NO / / 1.00 (Reference)
N1 / / 2.78 (1.12—6.92) | 0.03
NX / / 2.02 (0.55—7.44) |0.29
M Stage
MO 1.00 (Reference) 1.00 (Reference)
M1 5.23 (2.54—10.74) | <.001 5.18 (2.61—10.30) | <.001
MX 2.69 (0.36—20.06) | 0.33 1.29 (0.08—20.60) | 0.86
Radiation
No/Unknown | 1.00 (Reference) 1.00 (Reference)
Yes 225 (1.11—4.57) | 0.02 2.66 (1.17—6.07) | 0.02
Surgery
No 1.00 (Reference) 1.00 (Reference)
Yes 0.38 (0.17—0.85) | 0.02 0.35 (0.19—0.65) <.001

Table 5. Associated factors for OS and CSS in patients with fibroblastic osteosarcoma. OS: Overall survival;
CSS: Cancer specific survival; HR: Hazard Ratio, CI: Confidence Interval.

molecular data, precluding evaluation of how these subtypes align with emerging genomic classifications. Future
studies integrating histology with molecular profiling are needed to reconcile traditional pathology practice with
evolving diagnostic paradigms.

Conclusion

The present study demonstrates the survival profiles of patients with chondroblastic and fibroblastic
osteosarcomas. Patients with fibroblastic osteosarcoma do not have better OS or CSS compared with those with
chondroblastic osteosarcoma. Multiple risk factors for a poor prognosis have been identified, which will enhance
the understanding of survival outcomes for patients with osteosarcoma in order to refine the therapeutic
approaches and eventually improve patients’ quality of life.

Data availability
The data supporting this study’s findings are available from the corresponding author, Dr. Wenhao Chen, upon
reasonable request at whchenortho@zju.edu.cn.
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