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Abstract
Objectives: The value of chemotherapy in the survival benefits of patients aged > 40 years with osteosarcoma is controversial.

We aimed to explore the impact of chemotherapy on the survival benefits of patients aged >40 years with osteosarcoma.

Methods: The Surveillance, Epidemiology, and End Results database was used to select eligible patients. The selected patients

were divided into the chemotherapy and non-chemotherapy groups. Logistic regression analysis was performed to investigate

the potential factors contributing to the selection of chemotherapy. The overall survival (OS) and cancer-specific survival

(CSS) of the two groups were compared using the Kaplan–Meier method with a log-rank test. Cox proportional risk models

were used to determine the prognostic factors for OS and CSS. Stratified analysis was performed according to tumour grade

and stage. Results: A total of 1032 eligible patients were included in our analysis. Of these, 586 and 446 patients were in

the chemotherapy and nonchemotherapy groups, respectively. Multivariate logistic analysis indicated that grade III/IV and distant

stage were associated with chemotherapy. Kaplan–Meier plots showed that patients did not achieve an improved OS or CSS after

receiving chemotherapy. Cox regression analysis indicated that age > 60 years, axial, grade III/IV, and regional and distant stage

were independent risk factors for poor prognosis in both OS and CSS. Stratified analysis revealed a survival benefit from che-

motherapy in patients with grade III/IV and distant stage. Conclusions: Chemotherapy did not significantly improve OS and

CSS in patients aged > 40 years with osteosarcoma. In this age group, survival benefit from chemotherapy was observed in

patients with high-grade tumours (grade III/IV) and metastasis (distant stage).
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Introduction
Osteosarcoma is a malignant mesenchymal tumor with a
double-peak distribution. It predominantly occurs in children
and young adults, comprising approximately 60% of all
cases, whereas a significant second incidence peak of osteosar-
coma is observed in elderly patients.1,2 Due to the rapid
increase in the proportion of the elderly population worldwide,
the proportion of patients aged over 40 years with osteosar-
coma has been reported to be approximately 13% to 30%.3,4
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However, the current proportion is increasing gradually. It is
well known that improvements in surgical, neoadjuvant, and
adjuvant chemotherapy techniques have led to significantly
improved predictions for osteosarcoma in adolescents and
young adults. However, notably, not much is known about
the clinical outcomes of patients aged over 40 years with
osteosarcoma.

Published literature has suggested that the clinicopatholog-
ical characteristics of osteosarcoma in adolescent patients are
well documented,5-7 whereas there are only a few reports
regarding osteosarcoma in patients aged older than 40 years.
Although osteosarcoma is often found in patients aged older
than of 40 years, it is also commonly attributed to Paget’s
disease, irradiated bone, or bone infarct.3,8 Therefore, for
patients with osteosarcoma over the age of 40 years, if they
are received by a doctor who cannot make a clear diagnosis,
it is likely to lead to misdiagnosis.9 Moreover, because there
is no standard treatment strategy established for osteosar-
coma, the outcomes for patients in this age group remain
poor even with multidisciplinary treatment. Interestingly,
advancements in neoadjuvant chemotherapy improve the
5-year disease-specific survival by greater than 60% for
patients with osteosarcoma.10,11 However, because all trials
included all age groups, these data do not apply to these spe-
cific populations of patients aged older than 40 years. Notably,
the value of chemotherapy for the survival benefits of patients
aged older than 40 years that have osteosarcoma has remained
controversial.4,10,12-14 Some reports have stated to have found
no difference between patients that are receiving chemother-
apy and those that are not,4,15 whereas others have suggested
that receiving chemotherapy was more beneficial than not
receiving chemotherapy for patients with osteosarcoma aged
older than 40 years.16,17 In recent years, the incidence of
patients with osteosarcoma aged older than 40 years has
also increased due to the rapid increase in the number of
elderly people and the decline in birth rates globally, and
this trend is especially noticeable in Japan.18,19 Therefore,
there is a constantly increasing demand for research on this
specific age group, especially for the assessment of survival
prognosis.

This study aimed to verify whether chemotherapy exerts a
significant survival benefit in patients over the age of 40
years that have osteosarcoma. Compared with the previous
small sample studies, we analyzed a large sample database of
all patients from 1975 to 2018 from the National Cancer
Institute’s Surveillance, Epidemiology, and End Results
(SEER) program with the aim to produce more reliable
results. Comparisons between patients who have received che-
motherapy and those who have not were used to evaluate
overall survival (OS) and cancer-specific survival (CSS). In
addition, we identified the prognostic factors for these patients,
highlighting stratification that may be more appropriate for the
comprehensive evaluation of patients over 40 years old with
osteosarcoma who have received chemotherapy, providing clin-
ical recommendations for future patients in this specific age
group to receive chemotherapy or not.

Patients and Methods

Patient Selection
All data used within this study were derived from the SEER 18
registries’ custom data (with additional treatment fields). We
used SEER*Stat version 8.3.9 software to obtain patient data.
Because we have signed a data use agreement with the SEER
program, we are permitted to have public access to the SEER
database. Given that the database is publicly available,
informed patient consent is not required for the release of
data. Our study was exempted from review by the ethics insti-
tutional review board and met the ethical standards. The inclu-
sion criteria for the patients were (1) patients diagnosed as
having osteosarcoma between 1975 and 2018, (2) patients
over the age of 40 at the time of initial diagnosis, and (3)
patients histologically diagnosed with osteosarcoma (ICD-O-3
9180-9186 and 9192-9194). In addition, the exclusion criteria
for the patients include (1) patients with unknown grade,
stage, and surgery data; (2) patients diagnosed with osteosar-
coma at autopsy only or via death certificate only; and (3)
patients with unknown survival data or survival time equal to
0 month. The flowchart of patient data extraction is shown in
Figure 1.

Data Collection
The following patient information was collected in this study:
baseline demographics, inclusive of the year of diagnosis,
their age at diagnosis, race, and sex. Tumor features included
tumor location, tumor grade, and tumor stage. Therapy informa-
tion included surgery, radiation, and chemotherapy. Follow-up
records included the SEER cause-specific death classification,
vital status, and survival months. Based on statistical and clin-
ical considerations, ages were classified as 40 to 60 and >60
years. Tumor grade was classified as the following: well differ-
entiated (I), moderately differentiated (II), poorly differentiated
(III), and undifferentiated (IV). Grade I and II tumors fall into
the category of low-grade tumors, whereas grades III and IV
tumors were categorized as high-grade tumors. Tumor stage
was classified as localized, regional, and distant. In addition,
localized or regional tumors were classified as nonmetastatic,
whereas distant tumors were classified as metastatic. The end-
points of the current study were OS and CSS, which were
defined as the death of any cause and death of osteosarcoma,
respectively.

Statistical Analyses
The differences in baseline demographics, tumor features, and
treatment characteristics between the two groups, namely non-
chemotherapy and chemotherapy, were compared using the
Pearson squared test. This study performs univariate and multi-
variate logistic regression analyses to investigate the predictors
associated with receiving chemotherapy for patients with oste-
osarcoma over the age of 40. The odds ratios (ORs) and
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corresponding 95% confidence intervals (CIs) were also pre-
sented. The Kaplan–Meier method was used to plot OS and
CSS survival curves of the 2 groups and further comparison

was carried out using the log-rank test. The prognostic predic-
tors associated with multiple variables for OS and CSS were
determined using the univariate and multivariate Cox

Figure 1. The flowchart of patient data extraction procedure.

Table 1. Baseline Characteristics of Patients With or Without Receiving Chemotherapy Enrolled in this study (n= 1032).

Characteristics Total, n (%) n= 1032 No chemotherapy, n (%) n= 446 (43.2) Chemotherapy, n (%) n= 586 (56.8) P-value

Age, years
40-60 580 (56.2) 189 (42.4) 391 (66.7) <.001
>60 452 (43.8) 257 (57.6) 195 (33.3)

Race
Black 150 (14.5) 65 (14.6) 85 (14.5) .999
White 799 (77.4) 345 (77.3) 454 (77.5)
Others 83 (8.1) 36 (8.1) 47 (8)

Sex
Male 548 (53.1) 210 (47.1) 338 (57.7) .001
Female 484 (46.9) 236 (52.9) 248 (42.3)

Location
Extremity 623 (60.4) 254 (57) 369 (63) .002
Axial 301 (29.2) 128 (28.7) 173 (29.5)
Others 108 (10.4) 64 (14.3) 44 (7.5)

Grade
I/II 184 (17.8) 138 (30.9) 46 (7.8) <.001
III/IV 848 (82.2) 308 (69.1) 540 (92.2)

Stage
Localized 335 (32.5) 169 (37.9) 166 (28.3) .003
Regional 469 (45.4) 193 (43.3) 276 (47.1)
Distant 228 (22.1) 84 (18.8) 144 (24.6)

Surgery
No 217(21) 88(19.7) 129 (22) .373
Yes 815(79) 358(80.3) 457 (78)

Radiation
No 820(79.5) 339(76) 481 (82.1) .017
Yes 212(20.5) 107(24) 105 (17.9)
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proportional hazards models. Moreover, hazard ratios (HRs)
and 95% CIs were presented. Stratified analysis by tumor
grade and stage was performed between the nonchemotherapy
and chemotherapy groups using Kaplan–Meier plots with
log-rank tests. All tests were two-tailed, and this study consid-
ers P< .05 to be significant. All analyses performed within this
study used the Statistical Package for the Social Sciences
(SPSS) statistical software version 26.0 (SPSS, Chicago, IL,
USA).

Results

Patient Characteristics
A total of 1032 eligible patients were enrolled in the analysis, in
which, 586 (56.8%) patients received chemotherapy, and the
remaining 446 (43.2%) patients did not receive chemotherapy.
The baseline demographics, tumor features, and treatment charac-
teristics of each group are shown in Table 1. No significant differ-
ence was found in race and surgery between the patients in the
chemotherapy and nonchemotherapy groups (P> .05). However,
a significant difference was identified in age, sex, location,
grade, stage, and radiation between the group that did receive che-
motherapy and the group that did not (P< .05). Demographically,
in comparison to those in the nonchemotherapy group, patients
categorized in the chemotherapy group were younger (aged
between 40 and 60 years) (66.7% vs 42.4%) and more
predominantly male (57.7% vs 47.1%). Regarding tumor features,
the chemotherapy group had more patients with osteosarcoma
located in the extremity (63% vs 57%), grade III/IV (92.2% vs
69.1%), and regional (47.1% vs 43.3%) and distant stage
(24.6% vs 18.8%). In terms of treatment, the chemotherapy
group received less radiation than the nonchemotherapy group
(17.9% vs 24%).

Factors Associated With Receipt of Chemotherapy
We performed univariate logistic analysis to identify the
clinical characteristics that are associated with the
receipt of chemotherapy. Table 2 shows the OR for receiving
chemotherapy in the light of all variables in the univariate
logistic regression model. Increased OR of receiving chemo-
therapy was associated with age > 60 years (OR= 2.242,
95% CI= 1.931-2.604, P < .001), axial location of osteosar-
coma (OR= 1.637, 95% CI= 1.393-1.924, P < .001), grade
III/IV (OR= 2.753, 95% CI= 2.170-3.493, P < .001),
regional stage (OR= 1.477, 95% CI= 1.229-1.775, P=
.009), distant stage (OR=4.617, 95% CI=3.759-5.673, P<
.001), and receiving radiation (OR=1.718, 95% CI=
1.445-2.042, P< .001). Multivariate logistic analysis indicated that
age > 60 years (OR=0.258, 95% CI=0.192-0.346, P< .001),
grade III/IV (OR= 6.453, 95% CI= 4.337-9.603, P< .001) and
distant stage (OR= 1.723, 95% CI= 1.145-2.594, P= .009)
were also associated with receiving chemotherapy.

Survival Analysis of all Patients
To explore whether receiving chemotherapy could benefit sur-
vival in patients with osteosarcoma that were over 40 years old,
Kaplan–Meier plots were applied to screen survival in the che-
motherapy and nonchemotherapy groups according to OS and
CSS. The survival curves for OS and CSS are exhibited in
Figure 2, and there was no significant difference (P> .05) in
survival between the 2 groups.

Subsequently, univariate and multivariate Cox proportional
hazards analyses were performed to determine the prognostic
factors associated with OS and CSS. In univariate analysis of
OS (Table 3), the significant variables were age > 60 years,
axial location of osteosarcoma, grade III/IV, regional stage,

Table 2. Factors Associated With Receiving Chemotherapy
(n= 1032).

Univariate logistic model
Multivariate logistic
model

Characteristics OR (95% CI) P-value OR (95% CI) P-value

Age, years
40-60 Reference Reference
>60 2.242

(1.931-2.604)
<.001 0.258

(0.192-0.346)
<.001

Race
Black Reference Reference
White 0.923

(0.750-1.135)
.448 1.201

(0.809-1.784)
.363

Others 1.112
(0.811-1.525)

.510 1.011
(0.554-1.844)

.972

Sex
Male Reference Reference
Female 0.920

(0.794-1.068)
.273 0.774

(0.587-1.020)
.069

Location
Extremity Reference Reference
Axial 1.637

(1.393-1.924)
<.001 1.003

(0.729-1.382)
.983

Others 0.922
(0.709-1.198)

.542 0.671
(0.417-1.079)

.099

Grade
I/II Reference Reference
III/IV 2.753

(2.170-3.493)
<.001 6.453

(4.337-9.603)
<.001

Stage
Localized Reference Reference
Regional 1.477

(1.229-1.775)
<.001 1.297

(0.940-1.791)
.114

Distant 4.617
(3.759-5.673)

<.001 1.723
(1.145-2.594)

.009

Surgery
No Reference Reference
Yes 0.338

(0.285-0.400)
<.001 0.764

(0.527-1.107)
.154

Radiation
No Reference Reference
Yes 1.718

(1.445-2.042)
<.001 0.604

(0.424-0.859)
.005
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distant stage, receiving surgery, and receiving radiation (P<
.05). Similarly, univariate analysis of CSS obtained the same
results as the above variables, which were significant for OS
(Table 4). All variables were subsequently adjusted and
involved in the multivariate Cox analysis. As shown in
Tables 3 and 4, our study considers age > 60 years, axial

location of osteosarcoma, grade III/IV, regional stage, and
distant stage to be independent risk factors for poor prognosis
in both OS and CSS (HR > 1, P< .05). In contrast, this analysis
further indicated that receiving surgery was an independent pro-
tective factor for favorable prognosis in both OS and CSS (HR
< 1, P< .05).

Figure 2. Kaplan–Meier curves with the log-rank tests of (A) overall survival (P > .05) and (B) cancer-specific survival (P > .05).

Table 3. Prognostic Factors Associated With Overall Survival (OS) Based On Univariate Cox Analysis Model and Multivariate Cox Analysis
Model.

Univariate Cox Multivariate Cox
Characteristics HR (95% CI) P-value HR (95% CI) P-value

Age, years
40-60 Reference Reference
>60 2.242 (1.931-2.604) <.001 1.798 (1.529-2.115) <.001

Race
Black Reference Reference
White 0.923 (0.750-1.135) .448 0.875 (0.710-1.079) .213
Others 1.112 (0.811-1.525) .510 1.006 (0.733-1.382) .970

Sex
Male Reference Reference
Female 0.920 (0.794-1.068) .273 0.921 (0.792-1.072) .289

Location
Extremity Reference Reference
Axial 1.637 (1.393-1.924) <.001 1.472 (1.244-1.742) <.001
Others 0.922 (0.709-1.198) .542 1.080 (0.819-1.422) .586

Grade
I/II Reference Reference
III/IV 2.753 (2.170-3.493) <.001 2.570 (1.992-3.317) <.001

Stage
Localized Reference Reference
Regional 1.477 (1.229-1.775) <.001 1.274 (1.055-1.538) .012
Distant 4.617 (3.759-5.673) <.001 3.291 (2.635-4.111) <.001

Surgery
No Reference Reference
Yes 0.338 (0.285-0.400) <.001 0.514 (0.424-0.622) <.001

Radiation
No Reference Reference
Yes 1.718 (1.445-2.042) <.001 1.072(0.887-1.295) .471

Chemotherapy
No Reference Reference
Yes 1.074 (0.920-1.254) .366 0.850 (0.672-1.084) .065
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Survival Analysis Stratified by Tumor Grade and Stage
As mentioned above, tumor grade and stage were not only
highly associated with receiving chemotherapy but also impor-
tant prognostic factors affecting OS and CSS in patients with
osteosarcoma aged over 40 years (Tables 3 and 4). To identify
the role of survival benefit from chemotherapy in these patients,
we stratified the patients by tumor grade and stage. For both OS
and CSS, Kaplan–Meier plots displayed that receiving chemo-
therapy exerted survival benefits for patients with grade III/IV
and distant stage (Figures 3 and 4). However, it failed to
provide a survival benefit for patients receiving chemotherapy
with grade I/II and localized and regional stage, whereas it pro-
vided a survival benefit in patients that have not yet received
chemotherapy (Figures 3 and 4).

Discussion
This study reviews the medical records of large population data
amounting to 1032 patients aged older than 40 years with oste-
osarcoma collected from the SEER database to examine the
clinicopathological characteristics and survival benefits of che-
motherapy for patients in this age group. To the best of our

understanding, this study represents the largest study conducted
to date on the survival benefit of chemotherapy in this age
group. Our results suggest that for patients aged older than 40
years with osteosarcoma, chemotherapy did not improve their
OS or CSS. Stratified analysis showed that receiving chemo-
therapy may have survival benefits in patients with grade III/
IV tumor and distant stage metastasis.

It can be found in some prospective studies that adjuvant
chemotherapy combined with methotrexate, cisplatin, and dox-
orubicin has a survival benefit in young patients with osteosar-
coma.11,20,21 However, these studies did not include the age
group of patients over 40 years old. The role of chemotherapy
in patients aged over 40 years with osteosarcoma remains con-
troversial. Bacci et al 22 have reported that 34 patients aged
between 40 and 60 years with nonmetastatic osteosarcoma of
the extremities that have received chemotherapy were treated
with a survival benefit. Moreover, a retrospective study by
the European Musculoskeletal Oncology Society mentioned
that 481 patients aged older than 40 years with osteosarcoma
have also shown that treatment could be intensified by chemo-
therapy.3 However, the above studies were conducted on small
populations, so the power of these analyses is limited. In con-
trast, our study recruited a larger sample study population;

Table 4. Prognostic Factors Associated With Cancer-Specific Survival (CSS) Based on Univariate Cox Analysis Model and Multivariate Cox
Analysis Model.

Univariate Cox Multivariate Cox
Characteristics HR (95% CI) P-value HR (95% CI) P-value

Age, years
40-60 Reference Reference
> 60 2.394 (1.960-2.924) <.001 1.717 (1.376-2.141) <.001

Race
Black Reference Reference
White 0.930 (0.709-1.221) .602 0.847 (0.643-1.116) .238
Others 1.013 (0.662-1.550) .953 0.856 (0.558-1.312) .476

Sex
Male Reference Reference
Female 0.824 (0.676-1.005) .056 0.862 (0.702-1.059) .157

Location
Extremity Reference Reference
Axial 1.518 (1.218-1.892) <.001 1.437 (1.146-1.803) .002
Others 0.725 (0.509-1.033) .075 0.913 (0.626-1.331) .636

Grade
I/II Reference Reference
III/IV 3.324 (2.394-4.615) <.001 3.079 (2.159-4.392) <.001

Stage
Localized Reference Reference
Regional 1.761 (1.355-2.288) <.001 1.405 (1.074-1.838) .013
Distant 6.427 (4.860-8.497) <.001 4.082 (2.983-5.586) <.001

Surgery
No Reference Reference
Yes 0.330 (0.265-0.412) <.001 0.534 (0.414-0.689) <.001

Radiation
No Reference Reference
Yes 1.990 (1.594-2.483) <.001 1.201(0.937-1.538) .148

Chemotherapy
No Reference Reference
Yes 1.157 (0.944-1.417) .659 0.854 (0.672-1.084) .195

6 Technology in Cancer Research & Treatment



thus, the power of the analysis in our study appears to be more
compelling. In contrast, Joo et al23 have analyzed the prognostic
factors in a multinational, multiinstitutional platform studying
patients with osteosarcoma aged older than 40 years in an
Asian population and showed that receiving chemotherapy
did not affect OS. Furthermore, Carsi et al24 found chemother-
apy to have no significant effect on disease-free survival in 47
patients aged older than 40 years. The findings of Joo and Cars

et al.‘s study are consistent with our results, and our study used
the Kaplan–Meier plot and Cox regression analysis reflecting
no survival benefit on OS in patients with osteosarcoma who
received chemotherapy and were aged older than of 40 years.
Notably, our study showed no significant effect of chemother-
apy on OS or CSS. In addition, we analyzed the clinicopatho-
logical factors associated with chemotherapy treatment using
univariate logistic regression and further multivariate logistic

Figure 3. Kaplan–Meier curves with the log-rank tests of overall survival for (A) I/II population, (B) III/IV population, (C) localized population,
(D) regional population, and (E) distant population.

Cao et al 7



regression. Our results suggested that grade III/IV and
distant stage were independent factors associated with the
receipt of chemotherapy, which suggests that osteosarcoma

with high-grade tumors and metastasis was associated with
receiving chemotherapy treatment. The findings of this study
may help us to better identify the potential individuals that

Figure 4. Kaplan–Meier curves with the log-rank tests of cancer-specific survival for (A) I/II population, (B) III/IV population, (C) localized
population, (D) regional population, and (E) distant population.
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would benefit from receiving chemotherapy and facilitate clini-
cian decisions.

We next aimed to highlight the effect of chemotherapy on
survival in patients over the age of 40 years with osteosarcoma
by basing this study on a large population data retrieved from
the SEER database. Receiving chemotherapy was shown to
have no benefit on survival of patients that fall within in this
age group by univariate Cox regression analysis. However,
undergoing surgery is considered to have a potential survival
benefit. To balance the covariates of baseline demographics,
clinicopathological characteristics, and treatment characteristics
and to reduce selection bias, multivariate Cox regression anal-
ysis was performed in our study. Our results suggest that
patients aged older than 40 years with osteosarcoma who
received chemotherapy did not show better OS and CSS than
the nonchemotherapy group, but surgical intervention achieved
a significant survival benefit. Therefore, our findings may differ
from that of Grimer et al.’s study,3 which claimed a survival
benefit of surgery plus chemotherapy treatment in patients
aged 40 years and older with osteosarcoma. Our study
showed a significant survival benefit after surgery but not
after receiving chemotherapy treatment.

Although receiving chemotherapy has no survival benefit for
patients aged older than 40 years that have osteosarcoma, we
aimed to identify potential subgroups that would benefit from
receiving chemotherapy. Logistic regression analysis showed
that the underlying factors that determine chemotherapy
options were highly associated with grade III/IV and stage
distant. Therefore, we stratified patients in this age group for
tumor grade and stage for further survival analysis.
Interestingly, we found OS and CSS benefitted survival for
patients over the age of 40 years with osteosarcoma who were
treated with chemotherapy with grade III/IV tumor. In contrast,
patients with grade I/II tumor who did not receive chemotherapy
benefitted survival to OS and CSS. Our results allow clinicians
and patients to consider chemotherapy for patients over 40
years old that have high-grade osteosarcoma, and patients with
low-grade osteosarcoma may not receive chemotherapy. In addi-
tion, our results showed that receiving chemotherapy exerted a
significant survival benefit on OS and CSS only for distant
stage population, whereas there was no survival benefit for local-
ized and regional stage populations.

Several limitations in the present study need to be acknowl-
edged. First, this study was retrospective, and we cannot
exclude selection bias. Second, this study lacked a precise anal-
ysis regarding the type, dose, and intensity of chemotherapy,
which are thought of as essential considering that they affect
patients’ chemotherapy sensitivity. Finally, we were unable to
assess the effects chemotherapy treatment has on patient
relapse-free survival because of the failure to include relapse
data in the SEER database. However, this studying being the
largest population-based analysis to date, our results suggest
that chemotherapy did not significantly improve OS or CSS
in patients aged over 40 years old with osteosarcoma but may
improve tumor grade III/IV and distant stage population in
these patients.

Conclusion
In conclusion, we found that chemotherapy did not improve OS
or CSS in patients over the age of 40 with osteosarcoma.
Survival may benefit from receiving chemotherapy in patients
within this age group that had high-grade (grade III/IV) and
metastasis (distant stage) tumors. Certainly, future multicen-
tered, larger scaled, more prospective studies with long-term
follow-up are still necessary to validate our findings.
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