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Abstract
Background Few studies have described the characteristics and prognostic factors of elderly patients with osteosarcoma. We
retrospectively investigated clinico-pathological features and prognostic factors in osteosarcoma patients > 40 years old.
Methods Patients with high-grade osteosarcoma > 40 years old who were treated at our institutions from 2000 to 2016 were
recruited for this study. Information on patient, tumour, and treatment-related factors was collected and statistically analyzed. The
median follow-up was 26.5 months (range, 5–139 months) for all patients.
Results Fifty patients (30males and 20 females) were included. Themedian age at diagnosis was 59.5 years (range, 41–81 years).
The primary lesions were found in the limbs in 32 patients, trunk in 12, and craniofacial bones in six. Primary and secondary
osteosarcoma occurred in 41 and 9 patients, respectively. Eight patients exhibited initial distant metastasis. Definitive surgery and
chemotherapy were performed in 39 patients each. The rate of good responders after neoadjuvant chemotherapy was 38%. The
five year overall survival (OS) rates for all patients and those without distant metastasis at diagnosis were 44.5% and 51.1%,
respectively. Multivariate analysis showed that definitive surgery was the only significant prognostic factor in non-metastatic
patients. The five year OS and disease-free survival (DFS) rates for non-metastatic patients who received definitive surgery were
64.3% and 60%, respectively. Among these patients, neoadjuvant and/or adjuvant chemotherapy significantly improved both OS
and DFS.
Conclusions Complete surgical resection and intensive chemotherapy should be performed for osteosarcoma patients > 40 years
old despite distinct clinicopathological characteristics from those of younger patients.
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Introduction

Osteosarcoma is the most commonly diagnosed primary ma-
lignant bone tumour and predominantly occurs in adolescents
and young adults, but there is a second incidence peak in the
seventh and eighth decades of life [1]. Before the 1970s, the
prognosis for patients with high-grade osteosarcoma was poor
with long-term survival rates of < 20% [2]. The prognosis of
osteosarcoma in younger patients has recently improved mark-
edly because of advances in neoadjuvant and adjuvant chemo-
therapy and improved surgical techniques [2–4]. If the disease
is localized, patients with high-grade osteosarcoma have long-
term survival rates > 70% [2–4]. However, these data are not
applicable to adult patients > 40 years old. It has been reported
that the prognosis in older patients with osteosarcoma is still
poorer than that in children and adolescents [5–13].
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Although the clinical and histopathological features of os-
teosarcoma in adolescent patients have been well described,
there are only a few reports of the clinico-pathological features
and prognostic factors of osteosarcoma in elderly patients, and
little is known about the treatment selection and its outcome in
these patients [5–15]. Elderly patients with osteosarcoma
demonstrate clinico-pathological characteristics including
greater likelihood of axial location, onset often secondary to
Paget’s disease or radiation therapy (RT), less tolerance to
aggressive chemotherapy, and generally poorer outcome
[5–15]. Surgery combined with adjuvant or neoadjuvant che-
motherapy is considered standard management of younger
patients with osteosarcoma [16, 17]. However, the efficacy
of chemotherapy in elderly patients with osteosarcoma is still
controversial. Some authors have reported no difference be-
tween surgery alone and surgery combined with chemothera-
py, whereas others suggested that chemotherapy combined
with surgery is more beneficial in patients older than 40 years
[5–15]. Recently, there has been an increasing incidence of
older patients with osteosarcoma as a result of the rapid in-
crease in the number of the elderly in the population and the
decrease of birth rates [18]. Therefore, the need for a study in
this specific patient group has been increasing.

The aim of this retrospective study was to investigate the
different clinicopathological features, clinical outcomes, and
prognostic factors in patients > 40 years old with high-grade
osteosarcoma in our affiliated hospitals.

Patients and methods

This study was designed as a multi-institutional retrospective
study and was conducted by three tertiary musculoskeletal
oncology hospitals: Osaka International Cancer Institute,
Osaka University Hospital, and Osaka National Hospital.
We retrospectively reviewed the records of each institute be-
tween January 2000 and December 2016. Patient eligibility
criteria were diagnosis of high-grade osteosarcoma of bone
with pathological confirmation by a musculoskeletal tumour
pathologist at each institute and age at diagnosis > 40 years.
The rationale for the cutoff of older than 40 in this study was
that most previous clinical trials for osteosarcoma set the in-
clusion criteria up to 40 years [19–21]. This study was ap-
proved by the Institutional Review Boards of each participat-
ing institution.

Fifty patients over 40 years old with high-grade osteosar-
coma were included in this study. Information on patient-
related factors (age and sex), tumour-related factors (site of
primary lesions, type [primary vs. secondary], size, and the
presence or absence of metastasis at diagnosis), treatment-
related factors (type of local therapy and chemotherapy sta-
tus), local and distant relapse, follow-up period, and oncolog-
ical outcome at final follow-up were anonymously collected

from the patients’ medical charts. Osteosarcoma is classified
as primary and secondary. Primary osteosarcoma arises de
novo from the bone in the absence of a precursor lesion or
treatment. Secondary osteosarcoma occurs in pre-existing be-
nign bone lesions, such as Paget’s disease and irradiated bone,
and results from the malignant transformation of those lesions.
Additional information, such as the surgical margin (Enneking
classification system) in patients who underwent surgery, the
setting and course number of chemotherapies, and histological
evaluation (Huvos necrosis grading system) in those who re-
ceived chemotherapy, were also obtained [22, 23].

Of 50 patients over 40 years of age with high-grade osteo-
sarcoma, the 30 males (60%) and 20 females (40%) had a
median age of 59.5 years (range, 41–81 years). The sites of
primary lesions were appendicular bones, such as the femur,
tibia, and humerus, in 32 patients (64%); axial bones, includ-
ing the spine and pelvis, in 12 (24%); and craniofacial bones
in 6 (12%). Histologically, 41 (82%) and 9 (18%) patients had
primary and secondary osteosarcomas, respectively. Of nine
secondary osteosarcoma patients, three patients had a history
of RT, and the remaining six patients were previously diag-
nosed with benign bone lesions, including giant cell tumours
of bone (three patients), fibrous dysplasia (two patients), and
Paget’s disease (one patient). The tumour size was > 8 cm in
the greatest dimension in 25 cases (50%) and was ≤ 8 cm in
the greatest dimensions in 25 (50%). According to the
American Joint Committee on Cancer staging system, 22 pa-
tients (44%) were classified as IIA, 20 (40%) were IIB, 4 (8%)
were IVA, and 4 (8%) were IVB, which indicated that 42
patients (84%) had localized disease and 8 (16%) had distant
metastatic disease at diagnosis. Metastases involved only the
lungs in four patients, only the bones in three, and both in one.

Forty-one patients (82%) received surgery for a primary
tumour. Of those patients, 35 patients had limb salvage, five
had an amputation, and one had curettage because of the axial
location. An adequate margin, including a radical and wide
margin, was achieved in 39 patients, and an inadequate mar-
gin, including a marginal and intralesional margin, was noted
in two patients. From the viewpoint of surgical planning, we
defined definitive surgery as surgery that was intended to
achieve an adequate margin. Therefore, 39 patients (78%)
underwent definitive surgery. The remaining nine patients
(18%) did not receive surgery because of insufficient systemic
conditions or inoperative local conditions for surgical treat-
ment. Six patients with localized disease judged medically
inoperable received carbon-ion radiotherapy (CIRT) and two
metastatic patients received palliative RT to the primary site.
One patient did not undergo any local treatment.

Chemotherapy was given to 39 patients (78%) and was not
administered to 11 (22%) as a result of their poor systemic
condition or their refusal. In patients who received surgery, a
documented grading of tumour necrosis after pre-operative
chemotherapy was available in 24 patients. Tumour necrosis
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rates in the surgical specimens were ≥ 90% in nine patients
and < 90% in 15, which suggested that the 24 patients com-
prised nine good responders, including grade 3 or 4, and 15
poor responders, including grade 1 or 2. Among 34 patients
who had no distant metastasis at initial diagnosis and received
definitive surgery, 26 patients received neoadjuvant and/or
adjuvant chemotherapy. Neoadjuvant and adjuvant chemo-
therapy was performed in 23 and 21 patients, respectively.
The median course number of neoadjuvant and adjuvant che-
motherapy was three (1–6) each. Most patients were treated
with varying combinations of chemotherapy consisting of
doxorubicin (DXR), cisplatin (CDDP), ifosfamide (IFM),
and methotrexate (MTX). Various chemotherapy regimens,
including DXR/CDDP (55 courses in 21 patients), high-dose
IFM (48 courses in 21 patients), high-dose MTX (21 courses
in 8 patients), and DXR/IFM (17 courses in 3 patients), were
administered.

Overall survival (OS) was calculated from the date of
the diagnostic biopsy to the date of death from any cause or
last follow-up visit. In surgical complete remission pa-
tients, disease-free survival (DFS) was calculated from
the date of surgery to the date of distant metastasis or local
recurrence or last follow-up. Patients with distant metasta-
sis at initial referral and without definitive surgery were
excluded from the analysis of DFS. OS and DFS were
calculated by using the Kaplan–Meier product limit meth-
od and the impact of prognostic factors was assessed by
using the log rank test in univariate analysis. Multivariate
analysis was performed by using Cox’s proportional haz-
ard method with variables chosen by using a forward con-
ditional stepwise approach. Differences were considered
significant when p values were < 0.05. Statistical analyses
were performed by using EZR software (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which is
a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria).

Results

Survival and outcome

The median follow-up period was 26.5 months (range, 5–
139 months) for all 50 patients. Nineteen patients (38%) were
continuously disease free, three (6%) had no evidence of dis-
ease, two (4%)were alive with disease, 24 (48%) were dead of
disease, and two (4%) were dead of other causes at the final
follow-up.

The five year OS for all patients was 44.5% and the median
OS was 55 months (range, 5–139 months). The five year OS
for 42 patients (84%) without distant metastasis at initial di-
agnosis was 51.1%, whereas the two year OS for 8 patients
(16%) with metastasis at diagnosis was 12.5%. The median

OS for the metastatic patients was 13 months (range, 5–
30 months). Thirty-four patients (68%) had no distant metas-
tasis at initial diagnosis and received definitive surgery. Of
those patients, 13 patients relapsed during follow-up. The first
recurrences were metastases in ten cases and local recurrences
in three. Two of the three local recurrences subsequently de-
veloped metastases. The five year OS and DFS rates for the
patients without metastasis at initial diagnosis who received
definitive surgery were 64.3% and 60%, respectively.

Prognostic factor analyses

Among 42 patients with localized disease, age (p = 0.0261),
definitive surgery (p < 0.0001), and chemotherapy (p =
0.0032) were correlated with prognostic factors for OS in
univariate analysis (Table 1). Multivariate analysis showed
that definitive surgery (p = 0.0025) was the only significant
prognostic factor in these patients (Table 1 and Fig. 1).
Among 34 patients without metastasis at initial diagnosis
who received definitive surgery, age (p = 0.042), chemothera-
py (p = 0.0096), and neoadjuvant and/or adjuvant chemother-
apy (p = 0.0001) were significant prognostic factors for OS in
the univariate analysis (Table 2). Multivariate analysis dem-
onstrated that neoadjuvant and/or adjuvant chemotherapy
(p = 0.02) was the only independent prognostic factor for OS
(Table 2). On the other hand, neoadjuvant and/or adjuvant
chemotherapy (p = 0.0298) was also the only favourable prog-
nostic factor for DFS in the univariate analysis (Table 2).
Therefore, neoadjuvant and/or adjuvant chemotherapy signif-
icantly improved both OS and DFS in this patient population
(Figs. 2 and 3).

Discussion

Several studies have shown that elderly patients with osteo-
sarcoma exhibited various clinical features distinct from those
of adolescents [5–15]. This older group is characterized by
more secondary lesions, more axial locations, more metastatic
cases at diagnosis, and fewer patients receiving definitive sur-
gery and chemotherapy, which might result in a worse prog-
nosis [5–13]. Due to a predilection for axial localization, de-
finitive surgery was technically difficult and incomplete sur-
gical resection was more common. Chemotherapy was not
often administered because of patients’ refusal, decreased
bone marrow tolerance, and decreased renal or cardiac
dysfunction.

Generally, osteosarcoma of the trunk is rare, representing
6.3% of all osteosarcomas [16]. However, in agreement with
previously published data on osteosarcoma in patients over
40 years of age, there was a prominent tendency toward un-
usual location, especially in axial bones in the present study. It
has been shown that patients with osteosarcoma occurring in
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axial bones are more likely to have initial distant metastasis
[24]. Metastasis at diagnosis has also been frequently ob-
served in elderly patients, with an incidence between 5%
and 33% [8, 9, 11, 13, 14]. In the current study, 16% of the

patients had distant metastasis to lungs and/or bones at initial
diagnosis. However, 6 (19%) out of 32 patients with osteosar-
coma arising in appendicular bones had distant metastasis at
initial diagnosis, whereas 2 (17%) out of 12 patients in axial
bones did, indicating that there was no relationship between
initial distant metastasis and axial bone involvement.
Consequently, there was no statistically significant difference
in the outcomes between osteosarcoma patients over 40 years
of age involving axial and appendicular bones.

It has been reported that the clinical outcome for patients
with involvement of axial bones remains unsatisfactory be-
cause of difficulty to achieve local control [6, 7, 9, 11, 12].
A novel RT, such as CIRT, which can achieve excellent dose
conformity while not exceeding the limits of tolerance of
healthy surrounding tissue, can offer an option for patients
with inoperable osteosarcoma in axial bones [25]. CIRT
would be a mainstay for unresectable osteosarcoma of the
trunk and could be an alternative to surgery. In the current
study, eight out of 11 completely unresectable cases involved
the axial skeleton, and six patients received CIRT. However,
the five year OS for those patients was 0%. In accordance with
previous reports, difficulty to perform definitive surgery was
the main reason underlying the poorer survival in patients
without distant metastasis at initial diagnosis. Aggressive local

Table 1 Patient, tumour, and
treatment characteristics and
prognostic factor analyses for OS
in 42 patients who had no distant
metastasis at initial diagnosis

Factors N (%) Univariate analysis Multivariate analysis

5-year OS (%) p value RR 95% CI p value

Age 0.0261

≤ 60 24 (57.1) 61.5

> 60 18 (42.9) 37 2.24 0.787–6.39 0.131

Sex 0.143

Male 24 (57.1) 58.8

Female 18 (42.9) 38.9

Location 0.116

Extremity 26 (61.9) 61.3

Axial 10 (23.8) 20

Craniofacial 6 (14.3) 50

Type 0.988

Primary 35 (83.3) 50.1

Secondary 7 (16.7) 57.1

Size 0.594

≤ 80 mm 23 (54.8) 54.8

> 80 mm 19 (45.2) 51.3

Definitive surgery < 0.0001

Yes 34 (81) 64.3

No 8 (19) 0 4.96 1.76–14 0.0025

Chemotherapy 0.0032

Yes 33 (78.6) 61.2

No 9 (21.4) 55.6 (2-year OS) 1.99 0.598–6.62 0.262

OS overall survival, RR relative risk, CI confidence interval

Definitive surgery (+)
N=34 

Definitive surgery (-)
N=8 

Su
rv

iv
al

Months

Fig. 1 Kaplan–Meier survival curve for OS in 42 non-metastatic patients
who received definitive surgery or not. OS, overall survival
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Table 2 Patient, tumour, and treatment characteristics and prognostic factor analyses for OS and DFS in 34 non-metastatic patients who underwent
definitive surgery

Factors N (%) Univariate analysis Multivariate analysis Univariate analysis

5-year OS (%) p value RR 95% CI p value 5-year DFS (%) p value

Age 0.042 0.138

≤ 60 20 (58.8) 75.4 66.8

> 60 14 (41.2) 48.2 2.23 0.589–8.42 0.238 50

Sex 0.483 0.958

Male 21 (61.8) 68.4 58.6

Female 13 (38.2) 56.1 61.5

Location 0.932 0.451

Extremity 25 (73.5) 63.8 61.8

Axial 4 (11.8) 75 75

Craniofacial 5 (14.7) 60 40

Type 0.631 0.967

Primary 29 (85.3) 61.7 60.9

Secondary 5 (14.7) 80 53.3

Size 0.704 0.41

≤ 80 mm 19 (55.9) 66.3 55.3

> 80 mm 15 (44.1) 65.5 66.7

Chemotherapy 0.0096 0.417

Yes 28 (82.4) 73.1 63.5

No 6 (17.6) 66.7 (2-year OS) 0.645 0.1–4.14 0.644 66.7 (2-year DFS)

Neoadjuvant and/or adjuvant chemotherapy 0.0001 0.0298

Yes 26 (76.5) 78.7 68.4

No 8 (23.5) 50 (2-year OS) 11..4 1.46–88.6 0.0203 50 (2-year DFS)

OS overall survival, DFS disease-free survival, RR relative risk, CI confidence interval

Neoadjuvant and/or adjuvant chemotherapy (-)
N=8 

Su
rv

iv
al

Months

Neoadjuvant and/or adjuvant chemotherapy (+)
N=26 

Fig. 2 Kaplan–Meier survival curve illustrating the effect of neoadjuvant
and/or adjuvant chemotherapy on OS in 34 non-metastatic patients who
underwent definitive surgery. OS, overall survival

Neoadjuvant and/or adjuvant chemotherapy (+)
N=26 

Neoadjuvant and/or adjuvant chemotherapy (-)
N=8 

Su
rv

iv
al

Months

Fig. 3 Kaplan–Meier survival curve illustrating the effect of neoadjuvant
and/or adjuvant chemotherapy on DFS in 34 non-metastatic patients who
underwent definitive surgery. DFS, disease-free survival
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treatment can be successful in improving the outcome in pa-
tients > 40 years old with non-metastatic osteosarcoma.

It has been reported that distant metastasis at diagnosis
and definitive surgery are significant prognostic factors
for survival according to the results of previous studies
concerning osteosarcoma in the elderly [5, 8, 10–12].
However, the role of chemotherapy in elderly patients
with osteosarcoma has remained controversial [5–15].
These differences probably have arisen from different
pharmacokinetics of low sensitivity to chemotherapy,
modification of chemotherapy because of intolerance or
less chemotherapy because of patient refusal, poor general
condition, and impaired organ function, such as a renal
failure or cardiac dysfunction [26]. Although some reports
have stated that chemotherapy in elderly patients with
osteosarcoma is beneficial [6, 8, 14, 15], other studies
have shown that chemotherapy does not influence surviv-
al [5, 7, 9–13]. In the current study, neoadjuvant and/or
adjuvant chemotherapy significantly improved both OS
and DFS in patients with non-metastatic osteosarcoma
who underwent definitive surgery, suggesting that those
patients are regarded as good candidates for neoadjuvant
and/or adjuvant chemotherapy whenever possible.

Previously, Kudawara et al. reported the favourable
outcome of use of our four-drug regimen (OOS-D)
consisting of DOX/CDDP, high-dose IFM, and high-
dose MTX for young Japanese patients < 40 years old
with non-metastatic osteosarcoma of the extremities
[27]. However, the side effects associated with chemo-
therapy are generally more prominent in older patients
and the planned dose intensity often cannot be completed.
Although DXR/CDDP, high-dose IFM, and high-dose
MTX were mainly administered according to the OOS-D
protocol in the current study, each patient received differ-
ent drugs, dosage, and dose intensity considering the

patients’ general condition. Especially, the use of high-
dose MTX was usually avoided because of the increased
toxicity in patients aged > 60 years.

As shown in Table 3, previous studies have demon-
strated ≥ 90% tumor necrosis in 0–48% of cases following
neoadjuvant chemotherapy in osteosarcoma aged >
40 years [6–9, 11–15]. In accordance with previous re-
ports, 38% of the patients who received neoadjuvant che-
motherapy were good responders in the present study.
These differences probably resulted from the diversity of
the chemotherapy regimens, dose, and cycles. If the dose
intensity could be increased with careful attention to pa-
tients’ general condition, patients’ prognoses might be
improved. Further studies are required to investigate the
most beneficial chemotherapy regimen and other alterna-
tives, such as molecular-targeting chemotherapy, in elder-
ly patients with osteosarcoma.

In conclusion, the present study revealed distinct clin-
icopathological features of osteosarcoma patients over
40 years of age such as the high incidence of axial tu-
mours and the high frequency of secondary lesions due to
pre-existing conditions. The non-metastatic patients
should be treated aggressively with complete surgical ex-
cision and effective neoadjuvant and/or adjuvant chemo-
therapy whenever possible. Definitive surgery is still a
mainstay of treatment, but it is also important to tailor
chemotherapy protocols for patients over 40 years of
age. Because of the rarity of aged osteosarcoma patients,
a prospective multi-institutional study would be necessary
to better assess the efficacy of chemotherapy.
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Table 3 Comparison of recent studies in the and efficacy of chemotherapy

Study Patient number Age Rate of good responders (%)
(Efficacy of chemotherapy)

Definitive surgery + chemotherapy Definitive surgery

5-year OS (%) 5-year DFS (EFS) (%) 5-year OS (%) 5-year DFS (EFS) (%)

Bacci et al 29 40–60 28 (Yes) 62 57 17

Grimer et al 481 40–93 31 (Yes) 51 NA 39 NA

Okada et al 64 51–78 18 (No) NA NA NA NA

Manoso et al 58 40–83 21 (Yes) 59 NA 20 NA

Jeon et al 36 40–72 17 (No) NA NA NA NA

Bacci et al 34 41–60 48 (Yes) 71 56 NA NA

Nishida et al 95 60–88 0 (No) NA NA NA NA

Iwata et al 86 41–87 29 (No) 63.4 54.4 65.2 49.4

Joo et al 232 40–80 27 (No) 63.8 NA 61.2 NA

Current study 50 41–81 38 (Yes) 78.7 68.4 50 (2-year OS) 50 (2-year DFS)

OS overall survival, DFS disease-free survival, EFS event-free survival
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