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Abstract

Objectives: Osteosarcoma has worse prognosis in adult patients but cure is possible even in the metastatic stage.
Survival rates have been significantly improved with systemic chemotherapy. We aimed to investigate the effects of
clinicopathological factors on overall-survival (OS) and disease-free-survival (DFS) in 77osteosarcoma who received
neoadjuvant treatment and were treated in our center.

Methods: The patients were 18 years of age and over, applied to the Marmara University of Medical Oncology outpa-
tient clinic between 2001-2022.

Results: The overall 5-year DFS rate is 35.5%. Patients with primary tumor location in the pelvis had 5-year DFS rate of
20.0%, whereas patients with a primary location outside the pelvis had a DFS rate of 36.6%. After neoadjuvant therapy,
patients with a necrosis rate of 90% or more had a 5-year DFS rate of 54.0%, while patients with a necrosis rate of less
than 90% had rate of 31.6%.

Conclusion: Significant prognostic indicators for DFS were found to be female gender, primary pelvic location, and
completion of adjuvant therapy in patients who underwent surgery after neoadjuvant therapy. The completion of
adjuvant chemotherapy in patients who underwent surgery after neoadjuvant therapy and a necrosis rate of 90% or
more in the pathology report were discovered to be significant prognostic markers for OS.
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coma than females (ratio: 1.4:1).2% In the 2020 World Health
Organization bone tumor classification, conventional os-
teosarcoma comprises the largest group by making up 90%
of cases.>®! Conventional osteosarcomas are divided into

Less than 1% of cancer diagnoses each year in western
countries are osteosarcoma. It accounts for 3% of all pe-
diatric cancers." Under the age of 20, it accounts for 56%
of all cases of bone malignancy. The incidence of osteosar-

coma has a bimodal age distribution. It's incidence is the
highest in adults over the age of 65.2 In both children and
adults, males are slightly more likely to develop osteosar-

osteoblastic (76-80%), chondroblastic (10-13%), and fibro-
blastic (10%) subtypes.’*” They have similar clinical behav-
ior and management despite histological differences. One
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of the most crucial prognostic factors is disease stage. While
patients with overt metastatic disease have a less than 20%
expectancy of long-term survival, chemotherapy can cure
up to 50% of those with limited pulmonary metastases.
Adults have a worse prognosis than children.®'? Patients
with primary pelvic tumors have a worse prognosis.t'!

Multimodality therapy, which includes systemic chemo-
therapy, significantly improved survival in osteosarcoma pa-
tients even in the metastatic stage. Surgery is the standard
treatment for osteosarcoma. A major prognostic factor is
the tumor response to neoadjuvant chemotherapy.'? While
methotrexate + doxorubicin and cisplatin (MAP) regimen is
recommended for children and adolescents, doxorubicin +
cisplatin regimen is mostly preferred in adults."'® For both
children and adults, neoadjuvant and adjuvant therapy are
the gold standard components of treatment that have a sig-
nificant impact on survival. In our study, we sought to deter-
mine the effects of epidemiological and clinicopathological
factors on overall survival (OS) and disease-free survival (DFS)
in 77 osteosarcoma patients who underwent neoadjuvant
therapy among total 112 osteosarcoma cases. All patients
were 18 years of age and older and monitored in our center.

Methods

Patients

Our study was planned in accordance with the Patient
Rights Regulation and ethical rules. Written approval for
the study was obtained from the Clinical Research Ethics
Committee of Marmara University Faculty of Medicine with
the protocol code of 09.2022.1009 on 22.07.2022.

In our study, 124 patients with known osteosarcoma di-
agnosis who applied to the Marmara University Faculty of
Medicine's Medical Oncology outpatient clinic between
2001 and 2022 had their file records retrospectively re-
viewed. Twelve of these patients were excluded as their
files and electronic records lacked sufficient information,
and further 25 patients were excluded as they had not re-
ceived neoadjuvant therapy. Totally, the study excluded 37
patient files because they didn't fit the requirements. Ret-
rospective analysis of 77 patients over the age of 18 who
received neoadjuvant therapy was performed (Appendix
1). 21 of these patients were diagnosed at the Pediatric On-
cology outpatient clinic of Marmara University Faculty of
Medicine, their treatment was started, and since they were
18 years of age or older, their follow-up and treatment con-
tinuation was carried out by our Medical Oncology clinic
and they were included in the study.

The Marmara University Medical Faculty Hospital's auto-
mation system and patient files in the Medical Oncology
archive were used to collect patient data. As the date of di-
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agnosis, the date of the bone tru-cut biopsy report in non-
operated cases and, if applicable, the primary tumor op-
eration pathology report were used. Age, height, weight,
ECOG score, primary tumor site, tumor size, surgical margin,
metastasis information discovered at admission or later,
treatments administered, treatment evaluation outcomes
during follow-up, type of progression (local recurrence
and/or metastasis) and dates of death were retrospectively
scanned through patient files.

Relationship Analysis

A combined chemotherapy regimen was used as the most
frequent neoadjuvant treatment, involving administration
of cisplatin 100 mg/m? on the first day of every three-week
cycle and doxorubicin 25 mg/m? on the first, second, and
third days of each cycle. A pathological complete response
was defined as the absence of any residual tissue in the sur-
gical specimen obtained following neoadjuvant chemo-
therapy or the presence of 1% residue.

Primary outcome, disease-free survival, was defined as the
time between diagnosis and first progression, death, or the
duration of the last disease-free visit. Overall survival was
calculated as the time from diagnosis to death or last visit.

Statistical Analysis

All data was analyzed through the software SPSS 23.0. Uni-
variate and multivariate analysis were conducted. Standard
deviation is expressed as (+). The independent variable t
test was used to compare parametric variables between
groups. The chi-square test was used to assess relations of
non-parametric variables with each other. For the multivar-
iate analysis, Cox Regression analysis was conducted. For a
survival analysis, the Kaplan-Meier test was employed. The
95% confidence interval was used, and a p value of <0.05
was regarded as statistically significant.

Results

Study Patient

In our study, 77 patients who received neoadjuvant treat-
ment were included among 112 osteosarcoma patients
over the age of 18. Clinical characteristics of patients who
received neoadjuvant therapy showed; the gender distri-
bution of the patients was 44 (57.1%) men and 33 (42.9%)
women. The median age of patients at diagnosis was 18
(range, 10-75) years. There were 74 (96.1%) patients with
an ECOG-performance score of 0 and with 3 patients (3.9%)
with a score of 1-2. Body surface area (BSA, m?) of the pa-
tients had a mean + standard deviation of 1.73+0.27.

The median primary tumor size of patients was 9 cm (range,
2.5-17.0). There were 48 patients (62.3%) whose tumor size
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Table 1. Clinical characteristics of patients receiving neoadjuvant therapy

:10.14744/ejmi.2024.88726

n % n %

Age at diagnosis, year, median (min-max) 18 (10-75) Neoadjuvant cisplatin dose, 98.3
Gender mg/m?/cycle (90.5-101.2)

Male 44 57.1 Neoa}djuvapt cisplatin x cycle, 3(2-6)

Female 33 429 | Mmedian (min-max

Duration of surgery with neoadjuvant 3.0(0.8-23.4)

ECOG score final therapy, weeks, median (min-max)

0 74 96.1 Surgical margin

1-2 3 3.9 RO 67 (87.0)
BSA, m? (mean=SD) 1.73+0.27 R1/2 2(2.6)
Primary tumor size, cm, median (min-max) 9.0 (2.5-17.0) Unknown 8(10.4)

<8 27 35.1 Pathological response

=8 48 62.3 Complete response 9 11.7

Unknown 2 2.6 Presence of residual 59 76.6
Extrapelvic location, median (min-max) 8.5 (2.0-18.0) Unknown 9 1.7

T1(<8) 27 375 Rate of necrosis %90 24 31.2

T2 (=8) 43 59.7 Cisplatin+doxorubicin 6 25.0

Unknown 2 2.8 PEI 17 70.8
Pelvic, median (min-max) 9.8 (8.3-11.0) Other 1 4.1

T1a (<8) 0 0.0 Adjuvant treatment

T1b (=8) 5 100.0 Yes 66 85.7
Neoadjuvant treatment No 7 9.1

Cisplatin+doxorubicin 44 57.1 Unknown 4 52

Epirubicin+cisplatin+ifosfamide 25 325 Adjuvant cisplatin x cycle, median (min-max) 3(1-6)

Others 8 104 Recurrence or progression 38 494

ECOG: Eastern cooperative oncology group; BSA: Body surface area; SD: Standard deviation.

was over 8 cm and 27 patients (35.1%) had tumors under
8 cm. The primary tumor sizes of 2 (2.6%) patients were
unavailable. For the primary tumors outside the pelvis, the
median primary tumor size was 8.5 cm (range, 2.0-18.0). Of
them, 27 (37.5%) were T1 (under 8 cm), and 43 (59.7%) were
T2 (8 cm and above). The primary tumor size of 2 (2.8%)
patients was unavailable. For the primary tumors in the
pelvis, the median primary tumor size was 9.8 cm (range,
8.3-11.0). All of these 5 patients were T1b (8 cm and above).

The distribution of neoadjuvant therapy regimens among
the patients was as follows: epirubicin + cisplatin + ifos-
famide in 25 patients (32.5%), and cisplatin + doxorubicin
in 44 patients (57.1%). Other neoadjuvant regimens used
in our study were doxorubicin + ifosfamide + methotrex-
ate, cisplatin + doxorubicin + methotrexate + etoposide +
ifosfamide (EURAMOS 1), ifosfamide + epirubicin, metho-
trexate + carboplatin + topotecan, cisplatin + cyclophos-
phamide, cisplatin + etoposide + ifosfamide and they were
used in 8 patients (10.4%). In neoadjuvant therapy, the
median cisplatin dose (mg/m?*/cycle) was 98.3 (range, 90.5-
101.2). The median number of neoadjuvant cisplatin cycles
administered was 3 (range, 2-6). A median of 3 (range,
0.8-23.4) weeks separated the last neoadjuvant treatment

from the time of surgery. Among the patients who received
neoadjuvant therapy; 66 (85.7%) of them also received ad-
juvant therapy, 7 (9.1%) patients did not and the adjuvant
treatment status of 4 (5.2%) patients is unknown. The me-
dian number of adjuvant cisplatin cycle was 3 (range, 1-6).

Following neoadjuvant therapy, surgical margin, patholog-
ical response, and necrosis rate were assessed in the surgi-
cal material. 67 (87%) of the patients had negative surgical
margins (R0), 2 (2.6%) had positive surgical margins (R1/2),
and surgical margin status of 8 (10.4%) patients were un-
known. Pathological complete response was achieved in
9 patients (11.7%), but 59 patients (76.6%) still had residu-
als. The pathological response remained undetermined in
9 patients (11,7%). There were 6 (25.0%) patients who re-
ceived cisplatin + doxorubicin and 17 (70.8%) patients who
received PEIl (epirubicin + cisplatin + ifosfamide) among
the 24 (31.2%) patients with a necrosis rate of 90% or more
following neoadjuvant therapy. There was 1 (4.1%) patient
who underwent other neoadjuvant regimens with a ne-
crosis rate of 90% or higher. Among the 77 patients who
received neoadjuvant therapy, 38 (49.4%) of the patients
experienced recurrence or progression. Table 1 displays the
clinical traits of patients underwent neoadjuvant therapy.
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Table 2. Factors associated with 5-year DFS and OS in patients receiving neoadjuvant therapy

-Univariate analysis

DFS (0
5-years p 5-years
DFS (%) 0S (%)

General (n=77) 355 52.7

Age
<30 444 0.06 58.1 0.01
=30 226 31.9

Gender
Male 209 0.02 37.0 0.01
Female 53.2 71.2

Primary tumor size
<8cm 444 0.36 62.6 0.18
>8cm 332 443

Bone location
Extra-pelvic 36.6 0.02 544 0.01
Pelvic 20.0 26.7

Neoadjuvant treatment
Cisplatin+doxorubicine 28.2 0.25 36.7 0.04
Epirubicin+cisplatin+ifosfamide 47.4 67.3
Others 28.6 57.1

Surgical margin
RO 40.5 0.07 54.0 <0.001
R1/2 0 0

Pathological response
Complete response 55.6 0.24 729 0.09
Presence of residue 345 47.0

Rate of necrosis %90
Yes 54.0 0.04 719 0.002
No 316 354

Postoperative treatment
Yes 39.6 <0.001 56.8 <0.001
No 0 0

DFS: Disease-free survival; OS: Overall-survival.

Survival Analysis

Table 2 displays the results of the univariate analysis of the
variables influencing 5-year DFS and OS. Overall, 5-year DFS
rates of patients were 35.5%. Those under 30 years old at di-
agnosis had a 5-year DFS rate of 44.4%, whereas those over
30 at diagnosis had a rate of 22.6%. There was statistically
significant difference among gender for DFS as the 5-year
DFS rate was 20.9% for men and 53.2% for women. Those
with a primary tumor size of less than 8 cm had a 5-year
DFS rate of 44.4%, whereas those with a primary tumor size
of 8 cm or more had a rate of 33.2% in which difference was
statistically significant. In this study, the 5-year DFS rate was
20.0% in patients with the primary tumor location in the
pelvis and 36.6% in patients with the primary tumor loca-
tion outside the pelvis in which difference was statistically

significant. There was no difference in the 5-year DFS rates
when the patients were assessed based on their neoadju-
vant treatment plans, surgical margin status, and patho-
logical response to treatment. The 5-year DFS rates for
those who received cisplatin and doxorubicin were 28.2%,
epirubicin plus cisplatin plus ifosfamide was 47.4%, and
other neoadjuvant therapies were 28.6%. In patients with
negative surgical margins, the 5-year DFS rate was 40.5%,
while it was 0% in patients with positive surgical margins.
Regarding the pathological response, the 5-year DFS rate
was 34.5% in the patients with residuals while it was 55.6%
for the cases of complete response. It was statistically sig-
nificant that after neoadjuvant therapy, the 5-year DFS rate
was 54.0% in patients with a necrosis rate of 90% or higher
and 31.6% in patients with a necrosis rate of less than 90%.
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HR 3.621 (%95 GA 1.200-10.926), p=0.02
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Figure 1. Multivariate Cox regression analysis DFS and tumor placement.

HR: Hazard ratio; DFS: Disease-free survival.

In this study, a statistically significant difference was ob-
served in the 5-year DFS based on postoperative treatment
as the 5-years DFS rate was 39.6% in those who received
postoperative care and rate was 0% in those who did not.

The overall 5-year survival rate was 52.7%. The 5-year OS
rate in men was 37.0%, while this rate was 71.2% in wom-
en, which was statistically significant. The 5-year OS rate
for those under 30 at diagnosis is 58.1%, while the rate for
those 30 and older at diagnosis is 31.9%. With a primary
tumor size of less than 8 cm, the 5-year OS rate was 62.6%,
while the rate for primary tumors larger than 8 cm was
44.3%. While the 5-year OS rate was 26.7% in patients with
a primary pelvic location, it was statistically significant to
note that this rate was 54.4% in patients with a primary lo-
cation outside the pelvis. In those who received cisplatin
+ doxorubicin as neoadjuvant therapy, the rate of 5-year
OS was 36.7%; in those who received epirubicin + cispla-
tin + ifosfamide, the rate was 67.3%; and in those who re-
ceived other neoadjuvant therapy, the rate was 57.1%. Pa-
tients with negative surgical margins had a 5-year OS rate
of 54.0%; those with positive surgical margins had a 5-year
OS rate of 0%; and those who had pathological responses
had 5-year OS rates of 72.9% for complete responses and
47.0% for residuals. After neoadjuvant therapy, the 5-year
OS rate was statistically significant at 71.9% in patients with
a necrosis rate of 90% or higher and 35.4% in patients with
a necrosis rate of less than 90%. In the neoadjuvant group,
the 5-year OS rate was 56.8% in those who received post-
operative treatment and 0% in those who did not (Table 2).

Female gender, pelvic primary lesion, and completion of
adjuvant chemotherapy in patients undergoing surgery
following neoadjuvant therapy were discovered to be sta-
tistically significant prognostic markers for disease-free
survival (DFS) in the multivariate Cox regression analysis.

Figure 2. Multivariate Cox regression analysis DFS and adjuvant
chemotherapy.

HR: Hazard ratio; DFS: Disease-free survival.

On the other hand, for the overall survival time (OS), multi-
variate Cox regression analysis revealed that the necrosis rate
of 90% or more in the pathology report after neoadjuvant
therapy and the completion of adjuvant chemotherapy in
patients who underwent surgery after neoadjuvant therapy
were found to be statistically significant prognostic markers.

In the multivariate Cox regression analysis, female gender
was found to be a statistically significant prognostic pre-
dictor for DFS (HR 0.475 (95% Cl 0.227-0.993), p=0.04) (Ap-
pendix 2). Pelvic origin of the primary lesion was found to
be a statistically significant prognostic marker for DFS (HR
3.621 (95% Cl 1200-10926), p=0.02) (Fig. 1). The completion
of adjuvant chemotherapy in patients who had undergone
surgery after neoadjuvant therapy was found to be a statisti-
cally significant prognostic marker for DFS (HR 0.274 (95% Cl
0.091-0.828), p=0.02) (Fig. 2). A necrosis rate of 90% or more
in the pathology report after neoadjuvant therapy was found
to be a statistically significant prognostic marker for the OS
(HR 0.238 (95% Cl 0.087-0.650), p=0.005) (Appendix 3). The
completion of adjuvant chemotherapy in patients who had
undergone surgery after neoadjuvant therapy was found to
be a statistically significant prognostic marker for the OS (HR
0.098 (95% C1 0.023-0.426), p=0.02) (Fig. 3). (Appendix 4).

Discussion

Osteosarcoma is a rare tumor that accounts for less than 1%
of all newly diagnosed cancers each year. It accounts for 3%
of all pediatric cancers.!" Patients with osteosarcoma have
experienced a marked improvement in survival times since
the introduction of multimodal therapy, which includes
systemic chemotherapy. While less than 20% of patients
with extensive metastatic disease can be expected to sur-
vive in the long term, multimodality therapy can cure up
to 50% of patients with limited pulmonary metastases. In
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Figure 3. Multivariate Cox regression analysis OS and adjuvant
chemotherapy.

HR: Hazard ratio; OS: Overall-survival.

our research, we identified primary pelvic osteosarcoma,
female gender, and successful completion of perioperative
systemic chemotherapy is important prognostic indicators
for DFS. Additionally, it was discovered that the completion
of perioperative systemic chemotherapy and a necrosis rate
of 90% or higher in the pathology report following neoad-
juvant therapy are important prognostic indicators for OS.

Between 1973 and 2004, a total of 3482 osteosarcoma
patients from the population-based Surveillance, Epide-
miology, and End Results (SEER) Program of the National
Cancer Institute were examined. Age groups (0-24 years,
25-59 years, and 60-85 years) were studied for disease sur-
vival rates. Young-onset (0-24 years old) osteosarcoma had
a relative 5-year survival rate of 61.6%, 25-59 years had a
relative 5-year survival rate of 58.7%, and 60-85 years had a
relative 5-year survival rate of 24.2%.? In our study, patients
under the age of 30 at diagnosis who received neoadjuvant
therapy had a 5-year OS rate of 58.1%, whereas patients
over the age of 30 at diagnosis had a rate of 31.9% (p=0.01).
In our study, it was discovered that the rates of DFS and OS
were higher in the population under 30 at diagnosis.

The mean male-to-female ratio of osteosarcoma cases in the
same SEER program study was 1.22:1.2 In our study, there
were also more male patients. The male to female ratioamong
the patients was 1.33:1, with 44 (57.1%) men and 33 (42.9%)
women making up the patient population. This rate might
suggest that, as in earlier studies, men are more likely to de-
velop osteosarcoma than women. Considering that bone
growth rate plays a role in the pathogenesis of osteosarcoma,
the fact that males grow faster than females during adoles-
cence may explain the male dominance in osteosarcoma.

Same study from the SEER program examined the gender
differences in 5-year survival rates. The 5-year DFS rate found
to be higher in women as reaserch showd; in the 0-24 age
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range, the 5-year DFS rate was 65.8% for women and 58.4%
for men; in the 25-59 age range, rate was 64% for women and
54.6% for men; and in the 60-85 age range, rate was 27% for
women and 19.9% for men.? The 5-year DFS rate for male pa-
tients in our cohort was 20.9%, whereas the rate for female
patients was 53.2%, which presented statistically significant
difference (p=0.02). Similarly, the five-year OS rate was 37.0%
in men and 71.2% in women, which was statistically signifi-
cant difference (p=0.01). Female gender was discovered to
be a statistically significant prognostic marker for DFS in the
multivariate Cox regression analysis of these patients who re-
ceived neoadjuvant therapy (HR 0.475 (95% Cl 0.227-0.993),
p=0.04) (Appendix 2). The higher rate of survival in women
may indicate that hormonal factors are involved.

The ECOG performance score is one of the crucial factors we
consider when choosing a course of treatment. Regarding the
tolerability of the treatment, its low level is important. 96.1%
(74) of our patients had an ECOG score of 0,and 3.9% (3) had a
score of 1-2 or higher on the ECOG-performance scale.

Approximately 90% of osteosarcomas are the histopatho-
logical subtype known as conventional osteosarcoma.®
In our study, the majority of the patients had conventional
osteosarcoma.

The optimal chemotherapy regimen for adults (at least
those over 40) has not yet been determined; older patients
are typically advised to take doxorubicin plus cisplatin regi-
men. In fit patients, doxorubicin 25 mg/m? daily on days 1
through 3, cisplatin 100 mg/m? daily on day 1 for six cycles.
04-161 In our study, the majority of patients (57.1%) received
cisplatin plus doxorubicin.

In four studies between 1993 and 2005, 1054 osteosarcoma
patients were retrospectively examined, and 26 patients
(2.5%), had a primary pelvic tumor. Nine patients already
had metastatic disease at the time of diagnosis. 2 of the 9
patients with metastatic disease and 5 of the 17 patients
with localized disease were still alive at the time of diagnosis.
For localized and metastatic disease of the pelvis, 5-year DFS
rates were 22% versus 23%; OS rates were 47% versus 22%.
5-year DFS was 57% and OS 69% in patients with primary
osteosarcoma in extra-pelvic locations.' 5 (6.5%) of the pa-
tients in our study had primary tumor pelvic localization. The
rates of OS and DFS were calculated without categorizing
these patients as localized or metastatic. While patients with
a primary pelvic location had a 5-year DFS rate of 20.0%, pa-
tients with a primary location outside the pelvis had a rate of
36.6%, which was statistically significant (p=0.02). The five-
year OS rate was 26.7% among cases of primary pelvic local-
ization while among the cases of primary tumor outside the
pelvis, this rate was 54.4%, which was statistically significant
(p=0.01). In our study, multivariate Cox regression analysis
revealed that the pelvic origin of the primary lesion was a
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statistically significant prognostic marker for DFS (HR 3.621;
95% Cl 1200-10926; p=0.02) (Fig. 1). In our study, the pelvis
localized group also had lower rates of OS and DFS.

In 19 studies evaluating neoadjuvant therapy, mean 5-year
DFS rates ranged from 48% for 2-drug regimens to 58% for
regimens containing 3 and higher drugs with 5-year overall
survival (OS) rates of 62% and 70%, respectively. Three-drug
regimens that included methotrexate, adriamycin, cisplat-
in, and ifosfamide (MAP) had significantly better outcomes,
according to their meta-analysis (DFS: HR=0.701 (95% ClI:
0.615-0.799); OS: HR=0.792 (95% Cl: 0.677-0.926))."" In our
study, those who received cisplatin + doxorubicin as neo-
adjuvant treatment had a 5-year DFS rate of 28.2%, those
who received epirubicin + cisplatin + ifosfamide had a rate
of 47.4%, and those who received other neoadjuvant treat-
ments had a rate of 28.6% (p=0.25). There was no statistically
significant difference between the 5-year DFS rates among
different neoadjuvant regimens. In those who received cis-
platin + doxorubicin as neoadjuvant therapy, the rate of
5-year OS was 36.7%; in those who received epirubicin +
cisplatin + ifosfamide, the rate was 67.3%; and in those who
received other neoadjuvant therapy, the rate was 57.1% (p
= 0.04). Different neoadjuvant regimens were statistically
significant for 5-year OS rates. The triple regimen higher
rate of OS may be related to the triple regimens preference
among young patients. Other neoadjuvant regimens used
in our study are doxorubicin + ifosfamide + methotrexate,
cisplatin + doxorubicin + methotrexate + etoposide + ifos-
famide (EURAMOS 1), ifosfamide + epirubicin, methotrexate
+ carboplatin + topotecan, cisplatin + cyclophosphamide,
cisplatine + etoposide + ifosfamide; these regimens were
used in 8 patients (10.4%). These other regimens include
both 2-drug and 3 or higher drug regimens. As the distribu-
tion of the neoadjuvant therapy regimen in our study was
cisplatin + doxorubicin in 44 patients (57.1%) and epirubi-
cin + cisplatin + ifosfamide in 25 patients (32.5%), the DFS
and OS rates were calculated directly for these regimens.

One study examined 881 patients with non-metastatic ex-
tremity osteosarcoma treated at the same facility between
1983 and 1999 using five different neoadjuvant chemo-
therapy and surgical protocols. The histological response to
chemotherapy was significantly correlated with the 5-year
DFS and OS rates. In good and poor responders, the five-
year DFS and OS rates were, respectively, 67.9% versus
51.3% (p<0.0001) and 78.4% versus 63.7% (p<0.0001). The
histological good response criterion was accepted as ne-
crosis greater than 90%. Total necrosis versus 90 to 99% ne-
crosis did not significantly differ among the good respond-
ers.'8 In a different study, patients with extremity sarcoma
who had surgical specimens with 90% or more necrosis and
responded well to chemotherapy had significantly higher

five-year survival rates than those with poorer responses
(71-80% vs. 45-60%).%22 In our study, the effect of 90%
or more necrosis after neoadjuvant therapy on the rate of
DFS and OS was evaluated. It was statistically significant
(p=0.04) that the 5-year DFS rate was 54.0% in patients with
a necrosis rate of 90% or higher and 31.6% in patients with a
necrosis rate of less than 90%. The 5-year OS rate was 71.9%
in patients with a necrosis rate of 90% or higher, and 35.4%
in those with a necrosis rate of less than 90%, which was
statistically significant difference (p=0.002). Necrosis rates
of 90% or higher in the pathology report following neoad-
juvant therapy for OS were discovered to be a statistically
significant prognostic marker in the multivariate Cox re-
gression analysis (HR 0.238 (95% Cl 0.087-0.650), p=0.005).

The effect of postoperative chemotherapy on survival was
examined in a study from the 1970s, and it was found that
the five-year survival rates rose from less than 20% to 40-
60%.% In our study, patients who received neoadjuvant
had a DFS rate of 39.6% for those who also received postop-
erative care, versus 0% for those who did not (p<0.001). In
those who received postoperative care, the 5-year OS rate
was 56.8%, compared to 0% in those who did not (p<0.001).
In patients who underwent surgery after neoadjuvant
therapy, multivariate Cox regression analysis revealed that
completion of adjuvant chemotherapy was a statistically
significant prognostic marker for both OS and DFS.

Considering the limitations and disadvantages of our study, it
was not a randomized controlled study. The patient distribu-
tion could not be homogeneous because the study was retro-
spective. Real-world data, however, were presented because
the patients were attended to and monitored in our clinic. Al-
though there are very few patients with vertebral and pelvic
involvement, those who do were accepted as T1 according to
their general condition, and those in the pelvis were divided
into T1a and T1b according to their size. This is because it is
impossible to determine the number of vertebral and pelvic
segmental involvement in these patients. Being a rare tumor,
osteosarcoma had additional limitations brought on by the
small patient population. Analysis of cancer-specific survival
was not feasible because clinical records for every patient
could not be consulted to determine the cause of death.

Conclusion

Female gender, primary pelvic location of lesion, and com-
pletion of postoperative adjuvant therapy were found to
be significant prognostic indicators for DFS in the patients
treated with neoadjuvant chemotherapy. In addition, the
completion of adjuvant chemotherapy in patients who un-
derwent surgery after neoadjuvant therapy and a necrosis
rate of 90% or more in the pathology report were discov-
ered to be significant prognostic markers for OS.
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Appendix 2. Multivariate Cox regression analysis DFS and gender. Appendix 3. Multivariate Cox regression analysis OS and necrosis rate.

HR: Hazard ratio; DFS: Disease-free survival. HR: Hazard ratio; OS: Overall-survival.

Appendix 4. Multivariate Cox regression analysis for DFS and OS in patients receiving neoadjuvant therapy

Multivariate analysis
DFS (o)
HR (%95 CI) P HR (%95 CI) p

Gender

Female 0.475 (0.227-0.993) 0.04 0.441 (0.183-1.061) 0.06
Primary location

Pelvic 3.621 (1.200-10.926) 0.02
Rate of necrosis >%90

Yes 0.238 (0.087-0.650) 0.005
Completion of postoperative treatment 0.274 (0.091-0.828) 0.02 0.098 (0.023-0.426) 0.02

DFS: Disease-free survival; OS: Overall-survival; HR: Hazard ratio; Cl: Confidence interval.



