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Predictors of Survival in Children with Osteogenic Sarcoma Undergoing
Limb Salvage Surgery: Experience from a Tertiary Cancer Center in Rural

India

Abstract

Context: Osteogenic Sarcoma (OGS) is the fifth most common malignancy among adolescents
aged 15-19. With multimodality therapy, the long-term survival has improved from 16% in
the prechemotherapy era to around 70% in the postchemotherapy era. Aim: This study aims to
determine the clinical profile and survival of children with OGS being treated with limb-salvage
surgery (LSS). Subjects and Methods: This is a retrospective analysis of all cases of
OGS (age < 19) who underwent LSS at our center between June 2009 and February 2017. Baseline
characteristics were noted and multivariate analysis was performed for various variables to identify
predictors of survival. Results: Among 44 cases studied majority were boys (n = 27). Ninety-three
percentage (n = 41) were adolescents. Stage 2 disease was 75% and Stage 3 disease was 25%.
The estimated 3-year overall survival (OS) was 69% (95% confidence interval [CI] 55-86) and
the estimated 3-year event-free survival (EFS) was 55% (95% CI = 41-74). OS was significantly
improved in patients with >90% necrosis postneoadjuvant chemotherapy (NACT) when compared
with <90% necrosis (3-year OS = 88% vs. 51%, P = 0.01) and in patients who received <4 cycles
NACT versus >4 cycles (78% vs. 60%, P = 0.04). EFS was significantly better in patients without
lung metastasis at presentation (61% vs. 29%, P = 0.04), Stage 2 disease (59% vs. 38%, P = 0.04)
and >90% necrosis in the tumor post-NACT (69% vs. 35%, P = 0.02). Conclusion: Significant
response to NACT predicted improved OS and EFS in children with OGS treated with LSS.
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Introduction determine the clinical profile and survival

. . f children being treated with thi dality.
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frequent primary malignant bone tumor
in children and adolescents.'! With the
addition of chemotherapy, the long-term
survival in this group of patients has
improved from 16% to 70%.*' For bone
sarcomas, wide local excision of the lesion
either by amputaion or a limb sparing
procedure is the recommended surgical
approach advised by the Musculoskeletal
Tumor Society.>¥ For lesions involving
either the upper or lower extremity, limb
salvage can improve functional outcome
without sacrificing local disease control
as long as complete tumor resection
is anatomically possible and adjuvant
chemotherapy is used.’®! Studies on
children with OGS undergoing limb salvage
surgery (LSS) in low middle-income
countries are limited. Hence, we aim to

Subjects and Methods

This is a retrospective analysis of all cases
of OGS (age <19) who underwent LSS at
our center between June 2009 and February
2017. After institutional review board
approval, the case records were retrieved.
Files in which data were incomplete were
excluded.

In our institution, when a child with
suspected extremity osteosarcoma comes
for a workup, J needle biopsy is done
after radiological investigations. Metastatic
workup involves computed tomography
chest and bone scan. After confirming the
diagnosis, measurements are taken for
custom made titanium mega prosthesis.
Neoadjuvant chemotherapy (NACT) is
given (IAP regimen-ifosfamide — 1.2 g/m
2 x 3 days, adriamycin — 40 mg/m

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows
others to remix, tweak, and build upon the work non-commercially,
as long as appropriate credit is given and the new creations are
licensed under the identical terms.

How to cite this article: Raghavan V, Jithin TK,
Narayanan VV, Nayanar SK, Balasubrahmanian S.
Predictors of survival in children with osteogenic
sarcoma undergoing limb salvage surgery: Experience
from a tertiary cancer center in rural India. Indian J
Med Paediatr Oncol 2020;41:335-9.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Vineetha Raghavan’,
TK Jithin',

Vinin V Narayanan?,
Sangeetha

K Nayanar?,
Satheesan
Balasubrahmanian*

'Department of Clinical
Hematology and Medical
Oncology, Malabar Cancer
Centre, Kannur, Kerala, India,
’Department of Radiation
Oncology, Malabar Cancer
Centre, Kannur, Kerala, India,
’Department of Oncopathology,
Malabar Cancer Centre,
Kannur, Kerala, India,
‘Department of Surgical
Oncology, Malabar Cancer
Centre, Kannur, Kerala, India

Submitted: 26-Jul-2018
Revised: 20-Oct-2019

Accepted: 02-Jan-2020
Published: 27-Jun-2020

Address for correspondence:
Dr. TK Jithin,

Department of Clinical
Hematology and Medical
Oncology, Malabar Cancer
Centre, Thalassery, P. O.
Moozhikkara, Kannur - 670 103,
Kerala, India.

E-mail: jtk682005@gmail.com

Access this article online

Website: www.ijmpo.org

DOI: 10.4103/ijmpo.ijmpo_166_18
Quick Response Code:

© 2020 Indian Journal of Medical and Paediatric Oncology | Published by Wolters Kluwer - Medknow

335



Raghavan, et al.: Survival in children with OGS undergoing LSS

2 x 1 day, and cisplatin — 50 mg/m 2 X 2 days). After
3-4 cycles of chemotherapy, LSS is done. Remaining
cycles of chemotherapy are given once surgical wound
heals.

From the case files, demographic characteristics, site of
tumor, treatment given, number of cycles of NACT, date
of progression, date of death, and date of the last follow-up
were noted. Those who did not have to follow-up till
date were updated through telephonic inquiry. As per our
IRB/Independent Ethics Committee (DCG (I) Reg. No:
ECR/780/Inst./KL/2015/RR-19), a waiver was obtained
with regard to obtaining separate consent from each subject.
Details of the patient’s current status were collected from
parents by phone, after getting verbal consent from them.

Statistical analysis was done with SPSS Statistics for
windows, Version 20.0 Armonk, NY: IBM Corp. and R
i386. Survival was analyzed by Kaplan—Meier curves.
Univariate analyses were performed for the variables — age
class (<10 years vs. 10-19 years), sex, lung metastasis at
presentation, stage of disease, post-NACT necrosis (>90%
vs. <90%), and number of cycles of NACT.

Results

During the study, 53 children with OGS were registered.
Nine children were excluded from the study, as one child
had OGS of the skull, two children with extremity OGS
underwent amputation, and accurate data were unavailable
in six cases where LSS was done. Hence, a total of 44
children (<19 years) who underwent LSS for extremity
OGS were included in the study. Of 44 children, one had
a pathological fracture at presentation. Details regarding
the presence or absence of fracture at presentation were
unavailable for six children. The remaining 37 children did
not have a pathological fracture.

Reconstruction was done with custom made titanium
prosthesis in all children except two (one child underwent
an autograft-reconstruction with free fibular flap and
one underwent extracorporeal irradiation). The median
follow-up was 51 months. All of them received six cycles
of IAP chemotherapy. The baseline characteristics of the
sample population are shown in Table 1. Postoperative
morbidity was present in 18% (8/44) - foot drop (9%),
wound infection (9%), and deep vein thrombosis (2%).
The estimated 3-year overall survival (OS) was 69% (95%
confidence interval [CI] - 55-86) and the estimated 3-year
event-free survival (EFS) was 55% (95% CI = 41-74)
[Graphs 1 and 2].

OS was significantly improved in patients with >90%
necrosis  post-NACT when compared with <90%
necrosis (3-year OS = 88% vs. 51%, P=0.01) and in patients
who received <4 cycles NACT versus >4 cycles (78%
vs. 60%, P = 0.04) in univariate analysis. In multivariate
analysis, post-NACT necrosis was the only significant
predictor of OS (P = 0.03). EFS was significantly better

Table 1: Baseline characteristics

Characteristic Number of children (%)
Age (years)

<10 3(7)

>10 (adolescents)* 41 (93)
Sex

Male 27 (61)

Female 17 (39)
Primary histology

Osteoblastic OGS 34 (77)

Fibroblastic OGS 49

Chondroblastic OGS 512

Telangiectatic OGS 1(2)
Primary site

Distal femur 24 (55)

Proximal tibia 15 (34)

Proximal humerus 3(7)

Proximal femur 1(2)

Distal tibia 1(2)
MSTS staging™®*

Stage 2 33/44 (75)

Stage 3 11/44 (25)
Metastasis

Lung 9/43 (21)

Bone 1/43 (2)

Lymph node 1/43 (2)
NACT cycles

<4 32/42 (76)

>4 10/42 (24)
Post-NACT necrosis (%)

>90 22/41 (54)

<90 19/41 (46)

*WHO definition for adolescence is from 10 to 19 years of age,
**MSTS system (Enneking system) - Low-grade, localized tumors
are Stage 1. High-grade, localized tumors are Stage 2. Metastatic
tumors (regardless of grade) are Stage 3. OGS — Osteogenic
sarcoma; MSTS — Musculoskeletal Tumor Society;

NACT — Neoadjuvant chemotherapy

in patients without lung metastasis at presentation (61% vs.
29%, P = 0.04), Stage 2 disease (59% vs. 38%, P = 0.04)
and >90% necrosis in the tumor post-NACT (69% vs.
35%, P = 0.02) in univariate analysis. The estimated 3-year
OS and EFS for nonmetastatic (Stage 2) and metastatic
(Stage 3) cases were 75% versus 37% (P = 0.055) and
59% versus 38% (P = 0.04%), respectively. The results of
the univariate analysis are shown in Tables 2 and 3.

Discussion

Our results emphasize that, in spite of being in a
resource-limited rural tertiary cancer center, we could
achieve good outcomes in children with osteosarcoma,
which is comparable to international standards. A report
by Sukumaran et al., which was a study done at a
tertiary cancer center in a similar population, has shown
3 years’ OS of 54.6% +7.8% and disease-free survival of
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Graph 1: Estimated 3-year overall survival

Graph 2: Estimated 3-year event-free survival

Table 2: Predictors of overall survival

Table 3: Predictors of event-free survival

Factors Estimated 3-year OS (%) P Estimated 3-year EFS (%) P

Post-NACT necrosis Post-NACT necrosis
>90% 88 0.01 >90% 69 0.02
<90% 51 <90% 35

NACT cycles NACT cycles
<4 78 0.04 <4 60 0.078
>4 60 >4 27

Age group (years) Age group (years)
<10 67 0.91 <10 67 0.772
10-19 68 10-19 54

Sex Sex
Male 57 0.225 Male 46 0.075
Female 85 Female 70

Stage (MSTS) Stage (MSTS)
2 75 0.055 2 59 0.04
3 37 3 38

Lung metastasis Lung metastasis
Present 47 0.185 Present 29 0.04
Absent 73 Absent 61

OS — Overall survival; MSTS — Musculoskeletal Tumor Society;
NACT — Neoadjuvant chemotherapy

43.4% + 7.9%, which is comparable to our results. They
analyzed 40 children <14 years, who underwent LSS and
used the same chemotherapy regimen as in our study.!)

An interesting observation in our study was that even
though our patients received nonmethotrexate containing
chemotherapy, the OS and EFS are comparable to
those who received methotrexate containing regimens.
Methotrexate-based regimens are the standard of
care in Europe and North America.'™™ In the last
two decades, evidence from some countries shows
that nonmethotrexate-based regimens can also yield
comparable outcomes similar to our study.l''*! Recent
data from Mumbai also show comparable results with
nonmethotrexate-based regimen; the 5-year EFS and
OS were 56% and 75%, respectively, on using cisplatin,

EFS — Event-free survival; MSTS — Musculoskeletal Tumor Society;
NACT — Neoadjuvant chemotherapy

doxorubicin, and ifosfamide.!"! In the high-income
countries, the efficacy of nonmethotrexate based regimens
was demonstrated in the OS99 trial.l'*) However, there has
not been a head-to-head comparison between three-drug
regimens with and without methotrexate so far.

In a retrospective analysis of bone tumors from a tertiary
center in North India, among 102 cases of OGS diagnosed
in 10 years, 28 underwent LSS.'"! Elevated serum alkaline
phosphatase (ALP) and number of metastasis >3 were
predictive of lower EFS whereas clevated serum ALP,
number of metastasis >3, and margin positivity were
predictive of lower OS.' In a study by Bajpai et al.,
from Tata Memorial Hospital, Mumbai, which analyzed
100 cases of high-grade extremity-based OGS, a significant
association between grade of tumor necrosis and clinical
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outcome was noted.'”) Response to tumor necrosis as a
prognosis factor has been demonstrated in various other
studies from worldwide.!"821

The number of cycles of NACT as a prognostic factor was
not demonstrated in previous studies. In our study, only
10 patients (24%) received more than four NACT cycles.
The reason for the delay in surgery was either inadequate
response to chemotherapy mainly because of large volume
of disecase or delay in procuring custom made titanium
prosthesis. In this group, there was significantly reduced
OS. This shows that there would be no benefit in continuing
chemotherapy, to obtain more tumor control. Timely local
control of the disease is a major prognostic factor as per
this finding. Ours being a standalone center with limited
support from other institutions, there were difficulties in
minimizing the delay in procuring prosthesis.

The low sample size was a limitation of our study. Some of
the patients who underwent LSS at our center took initial
chemotherapy at a different center. This was also a major
limitation in collecting data.

Conclusion

A significant response to NACT predicted improved OS
and EFS in children with OGS treated with LSS. Those
who received four NACT cycles or less showed better OS.
Children who did not have lung metastasis at presentation
and those who had Stage 2 disease had better EFS than
others. OS in localized extremity OGS who received
nonmethotrexate-based chemotherapy was comparable to
that of studies from low- and middle-income countries who
received methotrexate-based chemotherapy.
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