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Abstract

Introduction: Despite improvements in survival of patients with high-grade osteosarcoma after the implementation
of perioperative chemotherapy, osteosarcoma remains among the most lethal cancers. Prescription of all chemotherapy
courses before the surgery may provide this opportunity to eliminate micrometastases more efficiently, increase the
chances of pathologic complete response and organ preserving surgery. This study aimed to compare the outcomes
of total neoadjuvant chemotherapy vs. standard perioperative chemotherapy with cisplatin/doxorubicin regimen in
patients with extremities osteosarcoma. Methods: In this retrospective cohort, all patients with high-grade osteosarcoma
admitted to oncologic centers affiliated to Iran University of Medical Sciences in Tehran, Iran from 2015 to 2021 were
included. Organ preserving rates, pathologic responses, and survival of patients who received all six courses of cisplatin/
doxorubicin regimen preoperatively were compared to those who received the regimen perioperatively. Results:
Sixty-three patients were enrolled (total neoadjuvant chemotherapy: 32 patients and perioperative chemotherapy: 31
patients). In total neoadjuvant chemotherapy and perioperative chemotherapy groups, favorable pathology responses
(necrosis>90%) were reported in 80.6% and 15.6% of patients, respectively (p<0.001). With a median follow-up of 24
months, mean overall survival of total neoadjuvant chemotherapy and perioperative chemotherapy groups were 21.29
months (95% CI; 19.3-23.27) and 23.46 months (95% CI; 22.7-24.1), respectively (p=0.2). The mean disease-free
survival of patients in total neoadjuvant chemotherapy and perioperative chemotherapy groups were 19.54 months
(95% CI; 17.0-22.0) and 21.37 months (95% CI; 19.4-23.2), respectively (p=0.2). Conclusion: Our results showed that
prescription of all courses of doxorubicin/cisplatin chemotherapy prior to surgery can increase favorable pathologic
response rates, although this improvement is not translated into overall and disease-free survival benefits.
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Introduction

High grade osteosarcoma, as the most prevalent
primary tumor of bone, is considered as one of the most
lethal malignancies although various chemotherapy
regimens and approaches have been adopted over the
past decades (Allison et al., 2012). Distant metastases
developed during the course of disease are the main
prognostic factors affecting non-metastatic patients
survival rate, highlighting the substantial role of
chemotherapy in eliminating micrometastases (Yasin et al.,
2020). Rosen et al. developed the concept of neoadjuvant
chemotherapy in the 1970s as a means to delay surgery
while patients were waiting for the preparation of
endoprostheses to proceed organ preserving surgery

(Rosen et al., 1979; Rosen et al., 1976). Consequently,
the standard of care in the management of osteosarcoma
is perioperative chemotherapy using methotrexate,
doxorubicin, and cisplatin with and without ifosfamide
(Bielack et al., 2015; Marina et al., 2016). Prescription of
all chemotherapy courses before the surgery may provide
this opportunity to eliminate micrometastases more
efficiently and increase the chances of pathologic complete
response and organ preserving surgery. While the concept
of'total neoadjuvant therapy has been successfully tested in
other malignancies such as breast cancer and rectal cancer
(Cercek et al., 2018; Lee et al., 2020), this hypothesis has
not been scrutinized in osteosarcoma patients. Contrarily,
the coronavirus pandemic (COVID-19) imposed excessive
pressure on all health care sections (including the oncology
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departments) and contributed to delayed elective surgeries
(Javadinia et al., 2021; Soroosh and Javadinia, 2020;
Uimonen et al., 2021). Accordingly, the number of patients
with osteosarcoma receiving all cycles of chemotherapy
significantly increased in the present study setting (i.e.
Department of Radiation Oncology at Firoozgar Hospital,
as one of the leading oncologic centers in Iran). Therefore,
we aimed to compare the outcomes of total neoadjuvant
chemotherapy vs. standard perioperative chemotherapy
with cisplatin/doxorubicin regimen in patients with
extremities osteosarcoma.

Materials and Methods

In this retrospective cohort, all patients with
high-grade osteosarcoma admitted to oncologic centers
affiliated to Iran University of Medical Sciences in
Tehran, Iran from 2015 to 2021 were included. Patients
with a histologic-confirmed diagnosis of high-grade
osteosarcoma who aged less than 40 years old and had an
ECOG performance score of 0-3, ejection fraction above
50%, normal kidney and liver function tests, and preserved
bone marrow function at the baseline were evaluated
to determine if there was no distant metastasis, no
pathologic fracture, no uncontrolled underlying diseases
and no previous history of chemotherapy and radiotherapy
(except basal cell carcinoma of skin).

Primary staging was done through pathologic
assessment of core needle biopsy of skeletal lesion.
Moreover, comprehensive local and distal extension were
performed using whole body bone scan, chest computed
topography (CT) scan and magnetic resonance imaging
(MRI) of the limb. After three courses of chemotherapy,
the distant work-ups were repeated.

Patients were included if they received six cycles of
doxorubicin (25 mg/m2 D1-3)/cisplatin (100 mg/m2 D1)
regimen either perioperatively or preoperatively and the
doses were not adjusted more than 25% due to side effects.
The protocol of the study was approved by the Ethics
Committee of Iran University of Medical Sciences (IR.
TUMS.FMD.REC.1400.159); a written informed consent
form was also obtained from the patients or their legal
guardian.

Data on the type of surgery and pathologic responses
were extracted from their medical records; all patients
were followed up for the survival data. Patients
who perioperatively received all of the six cycles of
doxorubicin/cisplatin protocol were considered as the
total neoadjuvant therapy (TNT) group. The standard
group consisted of patients who received three cycles of
chemotherapy before and after the surgery. A favorable
pathologic response was defined as the presence of
necrosis more than 90% upon post-operative pathologic
evaluation. Disease-free and overall survival rates were
defined as the time interval between the diagnosis and
the first relapse and death, respectively. Organ preserving
rates, pathologic responses, and survival of patients who
received all courses of cisplatin/doxorubicin regimen
were compared to those who received the regimen
perioperatively.

For statistical analyses, SPSS 21 was used to analyze
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the data. After assessing their normality by Shapiro-Wilk
test, the independent t-test was used to compare differences
between the two groups; the repeated measures analysis
was also used for assessing the within-group changes.
If the normality was not retained, Mann-Whitney U test
was used to compare between-group differences; and
Friedman’s test was used for measuring within-group
changes. To compare the qualitative variables, Chi-square
test or Fisher’s exact test were used. In addition, Log-rank
test and Kaplan-Meier curves were used for survival
analysis. P value less than 0.05 was considered significant.

Results

One hundred and seven patients with osteosarcoma
were assessed. Eighteen patients due to distant metastasis,
nine patients due to low-to-intermediate sarcoma
pathology and seventeen patients due to receiving high
doses of methotrexate were excluded; finally, 63 patients
were enrolled (TNT group: 31 patients and standard group:
32 patients) (Figure 1). The baseline characteristics of the
two groups were similar except the disease stage which
was significantly higher in the TNT group (p=0.01).
Organ preserving surgery was performed in all patients.
In the total neoadjuvant chemotherapy and perioperative
chemotherapy groups, favorable pathology responses
(necrosis>90%) were reported in 80.6% and 15.6% of
patients, respectively (p<0.001) (Table 2).

With a median follow-up of 24 months, there was

Table 1. The Baseline Characteristics
Standard group  TNT group P value

(n=32) (n=31)
Age (mean+SD) 17.8+3.1 182+32 0.60
Gender [n (%)] 0.38
Male 11 (34.4) 14 (45.2)
Female 21 (65.6) 17 (54.8)
ECOG performance score [n (%)] -
0 32 (100) 31 (100)
1< 0 0
Location [n (%)] 0.80
Lower extremities 32 (100) 29 (93.5)
Upper extremities 0 2 (6.5)
Size of lesion (cm) 57+1.1 62+1.6 0.15
AJCC TNM stage group [n (%)] 0.01
11 32 (100) 26 (83.9)
HIA 0 5(16.1)

Table 2. Oncologic Outcomes of the Patients

Standard group  TNT group P value
(n=32) (n=31)

Surgery [n (%0)] -
Organ preserving surgery 32 (100) 31 (100)
amputation 0 0

Pathologic response [n (%)] <0.001
Favorable 5(15.6) 25 (80.6)
Unfavorable 27 (84.4) 6(19.4)
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Figure 1. Flow Diagram of Patients Enrolled in the Current Study

no local recurrence in the two groups. All relapses were chemotherapy groups were 21.29 months (95% CI;
reported as lung metastases. Moreover, nine patients 19.3-23.27) and 23.46 months (95% CI; 22.7-24.1),
died due to active cancer. The mean overall survival respectively (p=0.20) (Figure 1). In the standard group,
of total neoadjuvant chemotherapy and perioperative all deaths (3 cases) were reported within the first year after
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Figure 2. Sarcoma-Specific Survival by Groups
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Figure 3. Disease-Free Survival by Groups

the diagnosis and the 1-year and 2-year survival rates were
both 90.6%. In the TNT group, four deaths were reported
in the first year, and other two deaths were reported in the
second year; the 1-year and 2-year survival rates were
87.7% and 80.4%, respectively. The mean disease-free
survival of patients in total neoadjuvant chemotherapy
and perioperative chemotherapy groups were 19.54
months (95% CI; 17.0-22.0) and 21.37 months (95% CI;
19.4-23.2), respectively (p=0.29) (Figure 2, 3).

All lung metastases in our patients were disseminated
ruling out the role of curative surgery. Therefore, all
patients underwent palliative chemotherapy with agents
that were different from the primary chemotherapy
protocols.

Discussion

Previous studies have confirmed that several
chemotherapeutic agents including cisplatin, doxorubicin,
methotrexate, and ifosfamide play a considerable role
in the management of osteosarcoma of the extremities
(Bielack et al., 2002; Ferrari et al., 2005; Laitinen et
al., 2015; Whelan et al., 2015), resulting in a significant
improvement in the survival of patients (Coventry and
Dahlin, 1957; Rosen, 1985). Currently, the standard
approach involves partial chemotherapy before the
surgery to facilitate the organ preserving surgery, to
assess the efficacy of chemotherapeutic agents, to prevent
pathologic fracture, and to eliminate the micrometastases
(Benjamin et al., 1984; Benjamin, 1989; Benjamin et
al., 1993; Benjamin and Patel, 2010; Cade, 1955; Jaffe
et al., 1974; Jaffe et al., 1978; Jaffe et al., 1983; Jaffe et
al., 1985; Kamalakar et al., 1977; Lee and Mackenzie,
1964; Link et al., 1986; Marcove et al., 1970; Marina
et al., 2016; Mavligit et al., 1981; Wagner et al., 2016).
Despite this practice changing evidence, the survival of
osteosarcoma patients remains steady after tremendous
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improvements in the 1970’s, emphasizing the importance
of new treatment strategies and new effective medications
(Allison et al., 2012).

Since distant metastases are still the main factor
affecting the survival of patients even after introducing
the current standard surgical interventions (i.e. organ
preserving surgery), (Bacci et al., 2001), we hypothesized
that prescription of all courses of chemotherapy prior to
the definitive surgery may enhance the survival of patients
through elimination of the potential micrometastases.
However, changing the post-operative chemotherapy
protocol failed to improve survival (Marina et al., 2016).
Furthermore, considering the new concept of total
neoadjuvant therapy in the management of breast cancer
and rectal cancer (Cercek et al., 2018; Lee et al., 2020) and
delayed elective surgeries due to the COVID-19 pandemic
(Javadinia et al., 2021; Soroosh and Javadinia, 2020;
Uimonen et al., 2021), we were encouraged to assess the
efficacy of total neoadjuvant therapy in the osteosarcoma.

In this retrospective cohort of 63 sarcoma patients,
pathologic responses, disease-free survival and overall
survival of patients receiving all courses of doxorubicin/
cisplatin chemotherapy prior to surgery (total neoadjuvant
chemotherapy) were compared to patients receiving
standard perioperative chemotherapy. Our results
confirmed that total neoadjuvant chemotherapy in
patients suffering from osteosarcoma of the extremities
was associated with higher rates of favorable pathologic
responses. Surprisingly, however, this improvement did
not yield a higher survival rate.

Tumor histopathological responses to neoadjuvant
chemotherapy are among the strongest prognostic factors
in patients with osteosarcoma (Bacci et al., 2006). In the
present study, the favorable pathologic response, defined
as 90% or more tumor necrosis in the post-operative
pathologic evaluation (Picci et al., 1985), was observed
in 15.6% of the standard and 80.6% of the TNT groups. It



is, however, uncertain if the observed improved favorable
pathologic rates are either related to the improved efficacy
due to increased number of chemotherapy course or just a
plain consequence of longer preoperative time intervals.
On the other hand, our patients did not reach their median
survival showing that the follow-up period was not
long enough to report the differences in the overall and
discase-free states of both groups despite the observed
significant differences in the pathologic responses. In
short, the current study employed a retrospective approach
for data collection. Therefore, the accuracy of regular
postoperative re-examination to detect the local or distant
recurrence was debatable.

In conclusion, our results showed that prescription of
all courses of doxorubicin/cisplatin chemotherapy prior
to surgery was likely to increase the favorable pathologic
response rates, although this improvement is not translated
into overall and disease-free survival benefits.
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