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Abstract
Osteosarcoma (OGS) is the most common primary bone tumor in children and adolescents which requires a multidiscipli-
nary approach to management. Although chemotherapy and surgery can cure more than half of localized OGS cases, the 
unique challenges faced by resource-limited countries like India make this outcome difficult to achieve. Various questions 
in the management of OGS including role of high-dose methotrexate (HDMTX) in neoadjuvant setting, triplet vs doublet 
chemotherapy, intensification of chemotherapy based on response in setting of doublet, and indigenous prosthesis in setting 
of limb salvage need to be defined. Similarly, in the metastatic and recurrent setting, questions regarding intent of treatment, 
indications of chemotherapy, timing of surgery, and role of targeted therapies need clarification. Lack of randomized trials 
from India makes definite conclusions difficult, but an attempt can be made to define the best approach in the Indian scenario 
from available evidence. Hence, a critical review of literature from India and the West was done to define possible manage-
ment approaches and highlight the lacuna for future research.

Keywords  Chemotherapy in osteosarcoma · Indian perspective · Limb salvage surgery · High-dose methotrexate · Relapsed 
osteosarcoma

Introduction

Osteosarcoma (OGS) is the most common primary malig-
nant bone tumor in children and adolescents [1]. It is a sys-
temic disease with 80% of non-metastatic patients having 

micrometastasis at presentation [2]. Presence of overt metas-
tasis in 20–30% of patients at presentation and significant 
benefit of adjuvant chemotherapy in localized OGS dem-
onstrated in the early studies (61% 6-year overall survival 
(OS) with chemotherapy compared to 11% without chemo-
therapy) has given further credence to the systemic nature 
of disease and need for systemic therapy [ 3–5]. However, 
the outcomes achieved in Western studies are often difficult 
to replicate in the Indian setting due to a variety of factors 
including advanced disease at presentation, limited facilities 
for providing supportive care making it difficult to adminis-
ter intensive chemotherapy, and lack of surgical expertise. 
Management protocols are often institution-specific and 
adapted to availability of resources at a particular center. 
A limited number of studies on OGS have been published 
from India and are mostly retrospective in nature. A previous 
review by Ramaswamy et al. briefly highlighted Indian data 
on various bone and soft tissue sarcomas; however, a more 
comprehensive discussion on various aspects of epidemiol-
ogy and management of OGS from an Indian perspective 
was warranted [6]. Hence, we did a review of published 
Indian studies on OGS and attempted to fill in the lacuna 
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by appropriate Western literature to give a comprehensive 
picture on the best approach to management of OGS in the 
Indian scenario.

Is Epidemiology and Clinical Presentation 
of OGS different in India?

OGS has a bimodal age distribution with distinct epidemi-
ology in children and adults. Several Indian studies have 
focused on epidemiology of bone tumors (Table 1) [7–13]. 
In the largest study by Gulia et al., looking at the profile 
of bone tumors registered at bone and soft tissue clinic of 
Tata Memorial Hospital (TMH) over one year, OGS was 
the most common primary malignant bone tumor with 60% 
of patients presenting in the second decade, 75% being 
localized at diagnosis, and 47% arising at the lower end 
of femur, which is the most common site followed by the 
upper end of tibia [27%] and humerus [10%] [9]. A strik-
ing male preponderance was also observed, which is not 
seen in Western studies. The lung was the most common 

site of metastasis [84%] followed by bone [14%]. OGS was 
also the most common primary bone tumor in studies by 
Swaminathan et al. and the Hospital Based Cancer Regis-
try [HBCR] report of 2012–2014 [7, 14]. Although some 
studies have reported Ewing Sarcoma as the commonest 
primary bone malignancy, numbers are small. Peak in the 
second decade with the lower end of femur being the most 
common primary site has been consistently reported in all 
studies from India. [7–13] This data is consistent with previ-
ously published Western literature [15–17]. In a large study 
from our center of 237 OGS patients, 95% had appendicular 
skeleton involvement, 42% had symptom duration of more 
than 4 months, 44% had tumor size more than 10 cm, 5% 
had pathological fracture, 71% had elevated alkaline phos-
phatase (ALP), and 50% had an elevated lactate dehydroge-
nase (LDH) [18]. Higher proportion of patients with large 
tumor volume and metastasis at presentation (25% in data 
from TMH and 31% in a study from our institute) points 
towards advanced disease at diagnosis in our population, 
which might also explain the higher prevalence of labora-
tory abnormalities than reported in Western literature [9, 

Table 1   Epidemiological data from India on bone sarcomas

IJMPO Indian Journal of Medical and Pediatric Oncology, IJC Indian Journal of Cancer, SAJC South Asian Journal of Cancer, AYA​ adolescent 
and young adult, OGS osteosarcoma

Study details State from 
which study 
published

No of patients Prevalence of OGS-AYA/
adult

Comments

Swaminathan et al, Interna-
tional Journal of Cancer, 
2008 [7]

Chennai 1334 childhood cancers OGS most common malig-
nant bone tumor followed 
by Ewing sarcoma; CNS 
tumors were most common 
childhood solid tumors

Jain et al, IJMPO, 2011 [8] Karnataka 117 (bone tumors) Most common malignant 
bone tumor in this study 
accounting for 35% of all 
malignant bone tumors

Lower end of femur common-
est site, peak age 11–20 years

Gulia et al, IJC, 2016 [9] Mumbai 1203 (bone tumors) Most common primary 
malignant bone tumor

60% patients aged 11–20 years, 
75% localized at diagnosis, 
47% lower end of femur

Sharma et al, IJMPO, 2017 
[10]

Kashmir 303 (pediatric solid tumors) 2nd most common bone 
tumor after Ewing sarcoma, 
and 5th most common solid 
tumor overall

80% diagnosed in adolescents, 
90% localized at presentation

Singh et al, IJMPO, 2016 
[11]

Delhi 287 (AYA tumors) Among bone tumors (28), 
Ewing sarcoma was the 
most common (13) fol-
lowed by osteosarcoma (11)

Kakkar et al, SAJC, 2017 
[12]

Delhi 1077 AYA cancers (15–39 
years)

Ewing sarcoma was the most 
common primary malignant 
bone tumor followed by 
OGS

Pandey et al, SAJC, 2019 
[13]

Bihar 105 (pediatric solid tumors) Ewing sarcoma was the most 
common primary bone 
tumor, osteosarcoma was 
rare

Median age 13 years
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18–20] Overall, although age and site of OGS in Indian 
patients is similar to those in the West, male preponder-
ance, longer symptom duration, and higher prevalence of 
laboratory abnormalities have been consistently observed 
in Indian studies.

What determines prognosis 
in Non‑Metastatic OGS?

The two most important prognostic factors are stage at pres-
entation and grade of response to neoadjuvant chemotherapy 
(NACT) [21]. A number of Indian studies have reported on 
prognostic factors in both non-metastatic and metastatic 
OGS; they are summarized in Table 2 [22–31]. In a large 
study from our center, duration of symptoms >4 months in 
patients whose disease remained localized and good perfor-
mance status (PS) predicted for better event-free survival 
(EFS) and good PS and normal alkaline phosphatase (ALP) 
predicted for better OS in non-metastatic OGS. Interest-
ingly, response to NACT did not predict survival [18]. Pre-
vious large Western datasets and a large study from India 
have established response to NACT as one of the important 
prognostic factors in OGS [22, 30, 31]. Intensification of 
chemotherapy done at our center in poor responders could 
have nullified the prognostic impact of response to NACT 
and this should be considered an outlier.

The effect of tumor volume on local recurrence is con-
troversial. Although previous studies have suggested that 
larger size increases chances of local recurrence [32–34], 
both large studies from India did not find this association 
[22, 23]. Rather, delay in surgery after NACT is a more 
important prognostic factor as demonstrated in our study and 
is a major logistic issue in Indian scenario, which needs to 
be addressed [23]. Therefore, planning for surgery includ-
ing logistics must begin as soon as chemotherapy is initi-
ated. Newer markers including dynamic contrast-enhanced 
magnetic resonance imaging (DCE-MRI), positron emission 
tomography-computed tomography (PET-CT), and change 
in tissue vascular endothelial growth factor [VEGF] expres-
sion post NACT can predict histologic necrosis, though this 
data needs prospective validation before incorporation in 
routine clinical practice [26–28]. Also, the prognostic sig-
nificance of Her2/neu expression, CXCR4, p53, and micro 
RNA expression needs to be better defined before they can 
be used routinely [21, 29, 30].

Systemic Therapy in Non‑metastatic OGS

Survival with OGS has improved significantly since the 
introduction of systemic therapy in the 1970s. A system-
atic review showed improvement in survival from 16% with 

local therapy alone to more than 70% with systemic chemo-
therapy, thus establishing the rationale for the same [35]. 
However, these improvements have been largely reported in 
developed nations, with a gross mismatch seen in low- and 
middle-income countries (LMICs). NACT is the standard 
of care in Indian scenario as it gives time to prepare for 
logistics for surgery including prosthesis and reduction in 
tumor size and vascularity may allow for limb sparing sur-
gery (LSS), although data to support the second hypothesis 
are scarce. The only randomized trial comparing NACT to 
adjuvant chemotherapy (ACT) showed equivalent outcomes 
in both [36]. Multiagent protocols tested by various coop-
erative groups have reported good histological response in 
40–60% cases with long-term EFS of 40–70% and OS of 
around 50–80% with no protocol clearly superior to other 
and no evidence to intensify treatment based on histologi-
cal response [37–44] (Table 3). High-dose methotrexate 
(HDMTX) is an integral component of most Western proto-
cols [37–41, 43, 44], with most large Indian centers adopting 
a HDMTX-free approach [18, 45–47] . We have summarized 
the evidence from these studies in Tables 3 and 4 and vari-
ous unanswered questions are discussed below.

Controversies and Challenges in Indian 
Setting—Why is HDMTX not standard?

Currently, the three-drug regimen of HDMTX at 12g/m2 
with cisplatin and doxorubicin used in the control arm of 
EURAMOS-1 trial is the standard of care in developed 
countries. However, the data for benefit of HDMTX is 
uncertain and comes mainly for phase II trials and retro-
spective analysis [34, 37, 38]. A study by the Co-operative 
German-Austrian-Swiss Osteosarcoma study group (COSS-
82 study) established the importance of early administra-
tion of doxorubicin and cisplatin (AP) in combination with 
HDMTX making MAP (methotrexate, adriamycin, cisplatin) 
one of the standard regimens for OGS [48]. The benefit of 
HDMTX was questioned after randomized trials by the 
European Osteoarcoma Intergroup (EOI). A phase III study 
by EOI compared HDMTX at 8g/m 2 with AP to AP alone. 
Majority of patients received NACT with surgery planned 
after 9 weeks of chemotherapy. Five-year disease-free sur-
vival (DFS) was better in the AP arm (57% vs 41%) with no 
significant difference in OS. However, the dose intensity of 
P and A in the three-drug arm was significantly lower com-
pared to the two-drug arm (66%) with AP cycles at 31-day 
intervals instead of planned 21 days in the triple-drug arm. 
The HDMTX dose was also suboptimal (8g/m2 compared 
to standard of 12g/m2) thus limiting the power of the study 
to make definite conclusions [49]. The second EOI study 
failed to show superiority of an intensive protocol similar 
to the T10 protocol developed at Memorial Sloan Kettering 

941 



Indian Journal of Surgical Oncology (December 2022) 13(4):939-955 

1 3

Ta
bl

e 
2  

In
di

an
 st

ud
ie

s e
va

lu
at

in
g 

pr
og

no
sti

c 
fa

ct
or

s i
n 

os
te

os
ar

co
m

a

JS
O

 Jo
ur

na
l o

f S
ur

gi
ca

l O
nc

ol
og

y,
 J

PH
O

 Jo
ur

na
l o

f P
ed

ia
tri

c 
H

em
at

ol
og

y 
an

d 
O

nc
ol

og
y,

 J
C

RT
​ Jo

ur
na

l o
f C

an
ce

r R
es

ea
rc

h 
an

d 
Th

er
ap

eu
tic

s, 
PS

 p
er

fo
rm

an
ce

 s
ta

tu
s, 

EF
S 

ev
en

t-f
re

e 
su

rv
iv

al
, 

O
S 

ov
er

al
l s

ur
vi

va
l, 

NA
C

T​ 
ne

oa
dj

uv
an

t c
he

m
ot

he
ra

py
, V

EG
F 

va
sc

ul
ar

 e
nd

ot
he

lia
l g

ro
w

th
 fa

ct
or

, A
LP

 a
lk

al
in

e 
ph

os
ph

at
as

e,
 IH

C
 im

m
un

oh
ist

oc
he

m
ist

ry
, O

G
S 

os
te

os
ar

co
m

a

St
ud

y 
de

ta
ils

Se
tti

ng
 (l

oc
al

iz
ed

 v
s m

et
as

ta
tic

)
N

o.
 o

f p
at

ie
nt

s
Pr

og
no

sti
c 

fa
ct

or
s

C
om

m
en

ts

N
at

ar
j e

t a
l, 

JS
O

, 2
01

7 
[1

8]
Lo

ca
liz

ed
23

7
D

ur
at

io
n 

of
 sy

m
pt

om
s >

4 
m

on
th

s a
nd

 
go

od
 P

S 
pr

ed
ic

te
d 

be
tte

r E
FS

G
oo

d 
PS

 a
nd

 n
or

m
al

 A
LP

 p
re

di
ct

ed
 b

et
te

r 
O

S

Re
sp

on
se

 to
 N

A
C

T 
di

d 
no

t p
re

di
ct

 su
rv

iv
al

; 
al

l p
at

ie
nt

s w
ith

 p
oo

r r
es

po
ns

e 
to

 N
A

C
T 

ha
d 

tre
at

m
en

t e
sc

al
at

io
n

Pu
ri 

et
 a

l, 
JS

O
, 2

01
7 

[2
2]

B
ot

h
85

3
73

8—
lo

ca
liz

ed
11

5—
m

et
as

ta
tic

Si
ze

 >
8c

m
, t

yp
e 

of
 su

rg
er

y 
(b

et
te

r O
S 

in
 

lim
b 

sa
lv

ag
e)

, a
nd

 c
he

m
ot

he
ra

py
 in

du
ce

d 
ne

cr
os

is
 (>

90
%

) p
re

di
ct

ed
 fo

r o
ve

ra
ll 

su
rv

iv
al

Si
te

 o
f t

um
or

 (l
on

g 
bo

ne
s)

, l
im

b 
sa

lv
ag

e 
su

rg
er

y 
an

d 
<

90
%

 n
ec

ro
si

s p
re

di
ct

ed
 fo

r 
hi

gh
er

 lo
ca

l r
ec

ur
re

nc
e

M
et

as
ta

tic
 O

G
S 

no
t a

na
ly

ze
d

Po
ud

el
 e

t a
l,

JS
O

20
17

 [2
3]

Lo
ca

liz
ed

95
B

io
ps

y 
fro

m
 o

ut
si

de
 tr

ea
tin

g 
ce

nt
er

 a
nd

 
de

la
y 

in
 su

rg
er

y 
af

te
r N

A
C

T 
as

so
ci

at
ed

 
w

ith
 lo

ca
l r

ec
ur

re
nc

e;
 h

ig
h 

tu
m

or
 v

ol
um

e 
>

20
0c

c 
do

es
 n

ot
 p

re
di

ct
 lo

ca
l r

ec
ur

re
nc

e
B

aj
pa

i e
t a

l, 
 P

ed
ia

tri
c 

bl
oo

d 
an

d 
C

an
ce

r, 
20

13
 [2

4]
Lo

ca
liz

ed
12

4
C

he
m

ot
he

ra
py

 c
om

pl
ia

nc
e 

w
as

 a
 p

re
di

ct
or

 
fo

r g
oo

d 
hi

sto
lo

gi
ca

l r
es

po
ns

e,
 d

id
 n

ot
 

pr
ed

ic
t f

or
 su

rv
iv

al

Lo
ng

er
 fo

llo
w

-u
p 

m
ay

 b
e 

ne
ed

ed
 to

 sh
ow

 
si

gn
ifi

ca
nc

e 
on

 su
rv

iv
al

 o
ut

co
m

es

R
as

to
gi

 e
t a

l, 
In

te
rn

at
io

na
l O

rth
op

ed
ic

s, 
20

12
 [2

5]
Lo

ca
liz

ed
40

R
ai

se
d 

V
EG

F 
le

ve
ls

 in
 O

S 
pa

tie
nt

s c
om

-
pa

re
d 

w
ith

 h
ea

lth
y 

co
nt

ro
ls

, n
o 

co
rr

el
a-

tio
n 

w
ith

 tu
m

or
 si

ze
, s

ite
, r

ec
ur

re
nc

e
B

aj
pa

i e
t a

l, 
JP

H
O

,
20

11
 [2

6]
B

ot
h 

(tr
ea

te
d 

w
ith

 c
ur

at
iv

e 
in

te
nt

)
31

PE
T-

C
T 

pr
ed

ic
ts

 h
ist

ol
og

ic
al

 re
sp

on
se

 to
 

N
A

C
T​

B
aj

pa
i e

t a
l, 

Pe
di

at
ric

 R
ad

io
lo

gy
,

20
11

 [2
7]

B
ot

h 
(tr

ea
te

d 
w

ith
 c

ur
at

iv
e 

in
te

nt
)

31
Pr

e 
an

d 
po

st 
ch

em
ot

he
ra

py
 si

ze
 o

n 
M

R
I 

pr
ed

ic
ts

 n
ec

ro
si

s, 
di

ffu
si

on
 p

er
 u

ni
t v

ol
-

um
e 

ca
n 

pr
ed

ic
t N

A
C

T 
re

sp
on

se
B

aj
pa

i e
t a

l,
Pe

di
at

ric
 B

lo
od

 a
nd

 C
an

ce
r,

20
09

 [2
8]

B
ot

h 
(tr

ea
te

d 
w

ith
 c

ur
at

iv
e 

in
te

nt
)

31
Po

st-
N

A
C

T 
V

EG
F 

ex
pr

es
si

on
 a

s w
el

l 
as

 V
EG

F 
ch

an
ge

 fo
llo

w
in

g 
N

A
C

T 
si

gn
ifi

ca
nt

ly
 c

or
re

la
te

d 
w

ith
 h

ist
ol

og
ic

al
 

ne
cr

os
is

.
B

ak
hs

hi
 e

t a
l, 

JP
H

O
, 2

00
9 

[2
9]

B
ot

h
63

H
er

2/
ne

u 
or

 p
53

 e
xp

re
ss

io
n 

no
t r

el
at

ed
 to

 
gr

ad
e 

or
 st

ag
e 

of
 tu

m
or

; c
ho

nd
ro

bl
as

tic
 

su
bt

yp
e 

as
so

ci
at

ed
 w

ith
 h

er
2 

po
si

tiv
ity

K
um

ar
 e

t a
l, 

JC
RT

, 2
00

6 
[3

0]
B

ot
h

49
 (2

0 
ca

se
s w

he
re

 
IH

C
 w

as
 av

ai
l-

ab
le

)

H
er

2 
ex

pr
es

si
on

 b
y 

IH
C

 d
id

 n
ot

 c
or

re
la

te
 

w
ith

 p
ro

gn
os

is

N
at

ar
aj

 e
t a

l, 
C

lin
ic

al
 a

nd
 T

ra
ns

la
tio

na
l 

O
nc

ol
og

y,
 2

01
5 

[3
1]

M
et

as
ta

tic
10

2
El

ev
at

ed
 A

LP
 a

nd
 n

um
be

r o
f m

et
as

ta
si

s >
3 

pr
ed

ic
te

d 
lo

w
er

 E
FS

El
ev

at
ed

 A
LP

, >
3 

m
et

as
ta

si
s, 

an
d 

m
ar

gi
n 

po
si

tiv
ity

 p
re

di
ct

ed
 fo

r l
ow

er
 O

S

942 



Indian Journal of Surgical Oncology (December 2022) 13(4):939-955 

1 3

Cancer Center (MSKCC) over AP. This study was not pow-
ered to detect the benefit of methotrexate. Moreover, only 
50% of patients were able to complete the intensive protocol 
compared to 94% completion rates in AP arm and this likely 
contributed to lack of benefit of intensive therapy. [40] A 
subsequent meta-analysis by Anninga et al. showed superior-
ity of three- or four- (MAP or MAP plus ifosfamide (I)) vs 
the two-drug regimen of AP in terms of both EFS and OS. 
However, the meta-analysis had only two above mentioned 
randomized trials, thus limiting the conclusions regarding 
the benefit of methotrexate [35]. A second Cochrane meta-
analysis on this subject was also inconclusive [50]. Despite 
the limited prospective evidence for HDMTX, it has been 
accepted as a part of standard chemotherapy protocol for 
OGS all around the world. The recently reported EURA-
MOS-1 study which was a multicentric trial that recruited 
patients from 326 centers across 17 countries also used MAP 
in the control arm reflecting global practice [44]. However, 
administration of HDMTX requires hospital admission and 
therapeutic drug monitoring (TDM) of methotrexate levels. 
Logistic issues including lack of availability of TDM, una-
vailability of glucarpidase, and shortage of admission beds 
have limited the use of HDMTX in Indian centers, especially 
in the first-line setting. Various alternative approaches have 
been used, which are subsequently discussed.

What Are the Alternative Approaches 
to HDMTX?

To circumvent the issues with delivery of HDMTX and 
prevent possible undertreatment of patients with doublet 
chemotherapy, various three-drug approaches have been 
tried including combination of ifosfamide (I) with AP 
in all cycles, alternating dyads of IAP ± etoposide (E) 
and treatment guided by histological response (Table 5) 
[45–47, 51–55]. Most of the evidence for these approaches 
comes from small phase II studies with best outcomes 
having been achieved with alternate regimen of the above 
drugs as reported by Daw et al. [55] However, a total of 
twelve cycles were used and toxicity was significant with 
almost 100% patients having one episode of grade four 
neutropenia. A similar but modified regimen has been 
adapted by TMH in India [44]. Their initial protocol con-
sisted of six cycles of alternating IAP (OGS 99), three as 
NACT, and three as ACT with 5-year EFS of 38% in 41 
evaluable patients. This protocol was further enhanced by 
increasing the number of cycles to nine (six in adjuvant), 
increasing dose of P and adding etoposide (E) to adju-
vant chemotherapy (OGS 99 enhanced). Five-year EFS 
of 50% was reported with this protocol; however, 63% 
patents developed febrile neutropenia even with primary 

Table 3   Various international neoadjuvant protocols for osteosarcoma with outcomes

MTX/M methotrexate, A adriamycin, P cisplatin, I ifosfamide, E etoposide, B bleomycin, EFS event-free survival, OS overall survival, GR good 
response, PR poor response, g-CSF granulocyte colony-stimulating factor

Study details N Chemotherapy Good histological response 
rate (>90% necrosis)

EFS OS

MSKCC T10 [37] 153 Preop-Mtx
Post op-
GR-MTX, BCD
PR-APBCD

34% 72% (5years) 82% (5years)

MSKCC T12 [38] 73 Preop-MTX+BCD
Post op
GR-MBCD
PR-AP

44% 73% (5years) 78% (5years)

IOR OS-2
39

164 Preop-MAP
Post op
GR-MAP
PR-MAP + IE

71% 75% (5years)

EOI study 2 [40] 391 Arm A-AP
ARM B
MA + BCP/AP, similar to 

T10, not response tailored

30% 44% (5years) 55% (5years)

EOI study 3 [41] 504 DP with g-CSF 51% 37% (5years) 58% (5years)
COSS 86 [42] 171 MAP, I in high risk 68% 66% (10years) 75% (10years)
INT0133 [43] 617 MAP ± I and mifamurtide 45% 64% (6years) 74% (6years)
EURAMOS 1 [44] 716 Preop-MAP

Post OP
GR-MAP
PR-MAP/IE

72.6% with MAP 60% vs 57% at 3 years OS 77% vs 72% at 
3 years (no differ-
ence)
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growth factor prophylaxis. To further improve outcomes, 
cumulative doses of IAP were further increased in OGS 12 
protocol and a total of eight cycles were delivered as alter-
nating dyads. Five-year EFS of 62% was achieved in 385 
evaluable patients which is quite similar to Daw protocol 
and historical methotrexate regimens [55, 56]. However, 
both hematological and non-hematological toxicity was 
significant. Around 40% patients had febrile neutropenia, 
36% and 51% had grade 3/4 thrombocytopenia and ane-
mia respectively, 14% had grade 3/4 mucositis, and 9% 
had grade 3/4 diarrhea. Therefore, triplet chemotherapy 
without HDMTX is attractive but comes with its own set 
of complications. Another alternative is intensification 
based on histological response and both these approaches 
have not been directly compared in a randomized trial. 
Although the largest trial to test intensification of chemo-
therapy based on histological necrosis did not show any 
benefit of intensification (EURAMOS-1) [44], the results 
of this trial are not directly applicable to our setting as 
control arm used a triplet HDMTX containing chemother-
apy regimen. No randomized trial has proven or refuted 
the benefit of intensification of adjuvant chemotherapy 
on the basis of response to NACT after a doublet non-
HDMTX induction. In a study from our institute using 
uniform doublet (AP) chemotherapy as NACT with addi-
tion of IE alternating to AP in poor responders, 5-year 
EFS of 36% and OS of 50% in 237 patients were demon-
strated [18]. These outcomes are similar to those achieved 
in EOI studies using a doublet regimen [57]. Although 
outcomes with triplet therapy may appear to be superior 
based on cross-study comparisons, their toxicity is sig-
nificant, randomized trials have not shown superiority of 
HDMTX based triplet therapy over AP, and no randomized 
evidence exists to support superiority of non-HDMTX tri-
plet therapy over doublet. However, if resources for admin-
istration and monitoring of HDMTX are available or if a 
center has experience in managing toxicities of three drug 
protocols while maintaining treatment intensity, they can 
be considered acceptable strategies.

Surgical Management of Localized OGS—Is 
Limb Salvage Feasible in Indian setting?

Surgical resection is the treatment of choice for local con-
trol and should be a wide excision with a cuff of normal 
tissue including previously done biopsy tract, drain tract, 
or contaminated tissue. Oncological outcome must always 
take precedence over functional outcome. When oncological 
outcomes are expected to be the same, limb salvage should 
be preferred. There is convincing evidence from multiple 
Indian and international studies that LSS improves survival 
albeit with a slightly higher risk of local recurrence and is 
the procedure of choice where expertise is available [18, 22, 
23, 58, 59]. High tumor volume is not a contra-indication 
for limb salvage surgery [58]. The specific issues that need 
to be dealt with in Indian scenario include waiting time for 
surgery, cost of implants, large tumor volume at presenta-
tion, and lack of expertise in oncological surgery [23, 62]. 
In a retrospective study from our center, every week, delay 
in surgery after NACT increased the risk of local recur-
rence [23]. The delay can be attributed to a variety of fac-
tors including financial difficulties of the patient, delay in 
release of funds from welfare schemes, and long waiting 
lists in crowded government hospitals. While tumor volume 
plays a significant role in the complexity of surgical proce-
dure, the relation to local recurrence is controversial [60, 
61]. If adequate oncological margins can be achieved, tumor 
volume is not a contraindication for limb salvage surgery. 
58 60,61 In our institutional experience of non-metastatic OGS 
undergoing LSS, 47.3% (45/95) patients presented with a 
tumor volume >200ml [23]. As far as cost is concerned, the 
type of surgery and implant used is heavily dependent on 
the paying capacity of the patient due to lack of insurance or 
centralized health schemes available to most patients. Cost 
of indigenous endoprosthetic (>1 lakh rupees) and expand-
able implants (>5 lakh rupees) remains a major obstacle 
to their routine use with autograft being the most widely 
practiced mode of reconstruction in India [62]. The lack of 
availability of well-trained orthopedic oncologists at periph-
eral centers also contributes to late presentation of these 

Table 5   International data evaluating non-high-dose methotrexate three drug approaches in osteosarcoma

I ifosfamide, A adriamycin, P cisplatin, CYC​ cyclophosphamide, Carbo carboplatin, E etoposide, EFS event-free survival, OS overall Survival, 
JCO Journal of Clinical Oncology

Study  details N Chemotherapy Good path 
response rate

OS (5years) % EFS (5years) %

Patel et al [51], American Journal of Clinical 
Oncology, 2002

12 IAP 63% 83 75

Piperno Neumann et al [52], JCO, 2006 32 IAP±E for poor risk 37% 86 74
Tunn and Reichardt et al [53], Onkologie, 2007 53 AP+VCr+CYC​ NA 71 60.4
Assi et al [54], Current Oncology, 2010 32 IAP 47% 69 65
Daw et al [55], Cancer, 2010 75 CARBO AI 61% 79 66.7
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patients to central government hospitals and long waiting 
list for surgeries thus contributing to poor outcomes of these 
patients [62] [63],

.

What Are the Reconstruction Options 
Available After Limb Salvage?

There are various types of reconstruction options avail-
able after either LSS or amputation and can be broadly 
divided into biological and non-biological options. Various 
Indian studies looking at outcomes with different surgical 
approaches are summarized in Table 6 [64–71].

Biological Reconstruction

Fibula is the most common bone used as an autograft and 
can be either vascularized/non-vascularized depending 
upon whether the vascular pedicle was anastomosed or not. 
Defects >10cm usually require a vascularized fibular graft. 
One study added a single dose of radiation with vascularized 
fibula graft and showed decreased local recurrence and this 
concept should be explored in future studies [64]. Allograft 
reconstruction entails use of non-vascularized cadaveric 
bone. The graft can be chosen according to the patient’s 
anatomy. However, the use of allograft in India is limited 
by lack of availability at most Indian centers and limitations 
including non-union and fracture due to its non-vascularized 
nature.

Reimplantation of processed tumor done after extra cor-
poreal radiation therapy (ECRT) is gaining popularity as one 
of the most common biological processes used in India. This 
involves killing the tumor cells within the affected bone fol-
lowing resection by a single radiation dose, usually 50 gray 
[72, 73]. The bone is then prepared with antiseptic solution 
and replaced into the defect. Irradiating tumor bone has the 
advantage of providing a size- and shape-matched graft with 
properties of an allograft [74]. The irradiated bone behaves 
like a dead elastic bone and provides just structural support 
while union happens by creeping substitution from the host 
end [75]. Re-implantation of processed bone presents some 
advantages over allograft implantation including availability 
of graft material, better osteotomy site match, better graft 
size match, possibility of soft tissue reconstruction, and no 
disease transmission problems. A large international study 
by Hong et al. evaluating ECRT for malignant bone tumors 
(37 with OGS) showed no local recurrence with 5-year OS 
of 85% [72]. Two studies from TMH and our institute have 
demonstrated the safety of this technique in bone sarcomas 
with 5-year OS of around 70% [65, 66, 74], although data 
are retrospective and superiority in functional outcome over 

customized prosthesis has not been proven. Other methods 
of extracorporeal tumor killing include pasteurization, alco-
hol, liquid nitrogen, and autoclaving. A recent retrospective 
study reported similar outcomes with radiation- and alco-
hol-induced tumor killing; however, more data is needed to 
establish equivalence [76].

Van Ness rotationplasty is another type of biological 
reconstruction that converts an above-the-knee amputation 
into a below-the-knee amputation. This is accomplished 
by resecting the tumor, rotating the lower leg 180 degrees, 
and reattaching the remaining distal tibia to the remaining 
proximal femur. It is indicated as a reconstruction option in 
skeletally immature children where endoprosthetic fitting 
may not be feasible. It is more commonly performed for 
lower extremity juxta-articular bone sarcomas which require 
resection of either distal femoral or proximal tibial physis. 
The major contraindication for rotationplasty include a dys-
functional sciatic nerve or extensive neurovascular encase-
ment which precludes successful surgery [77].

Compared to amputation, it gives better functional out-
come and reduces energy expenditure during gait. However, 
the main disadvantage of this technique is the cosmetic dis-
figurement of the resulting limb making it unacceptable to 
some patients [78]. The only study evaluating rotationplasty 
in Indian setting reported on 23 OGS patients. Although 
functional outcomes were acceptable, complication rates 
were high and psychological impact of the deformity was 
not assessed. Although rotationplasty remains an option in 
patients who cannot afford a prosthesis, its use is restricted 
and thorough preoperative counseling and post-operative 
physiotherapy are absolutely essential [79].

Non‑biological Reconstruction

It involves replacing the defect with material such as metal 
(endoprosthesis) or bone cement (nail-cement-plate com-
posite). Endoprosthetic reconstruction is commonly per-
formed for intra-articular resections. However, the cost of 
these implants is a major obstacle to their usage in Indian 
scenario. Expandable prosthesis are even costlier and are 
an option when limb length discrepancy is expected to be 
>5cm. This has led to the use of endogenous custom-made 
prosthesis in a majority of centers. The two largest studies 
that have reported on the use of Indian indigenous prosthesis 
analyzed 135 and 165 OGS patients respectively [71, 72] 
with few other small studies supporting their use [73, 74]. 
Varying complication rates of 16.6–32% have been reported 
with aseptic loosening, infection, and periprosthetic fracture 
being the most common. However, prosthesis survival of 
around 80–90% at 5 years and 70–80% at 10 years has been 
consistently seen, which is similar to Western literature [80, 
81]. No direct comparisons exist between endoprosthesis vs 
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ECRT/fibular grafts and decisions are often individualized 
based on patients tumor and financial resources.

When Is Radiation Therapy Useful in OGS?

OGS has been conventionally thought to be radioresistant 
except for the small cell variety and no prospective trials 
have tested the utility of radiation in OGS. Although no 
head-to-head trials exist, surgery is preferred for local con-
trol whenever possible. However, a subset of patients may 
benefit from radiation in the definite and adjuvant setting. 
Traditionally, patients with OGS at unusual locations like the 
skull base, spine, and pelvis, where adequate surgical mar-
gins are difficult have been treated with definite radiation. 
Machak et al. reported one of the largest series of extremity 
OGS treated with definite RT. [82] A total of 31 patients 
were treated with a median 60gy of external beam radiation 
(EBRT) after induction chemotherapy with 5-year OS of 
61%. Caceres et al. reported pathological complete response 
in 80% of patients treated with chemotherapy and 60gy 
EBRT in a series of 13 patients with 3-year OS of 75% [83]. 
For pelvic and unresectable head and neck osteosarcomas, 
60–70gy EBRT is conventionally used. Use of other modali-
ties of radiation have also been reported with one series that 
reported local control rates of 72% using proton-based RT in 
such locations [84]. However, two small studies from India 
have demonstrated that with proper patient selection, surgi-
cal management with limb sparing surgery is feasible in such 
locations with acceptable long-term functional outcome and 
survival. Local recurrence rates were high (23%) and limited 
number of OGS patients were treated [85, 86]. Hence, the 
decision should be based on expertise and experience of the 
surgical team after discussion in a multidisciplinary tumor 
board.

Data for adjuvant radiation in OGS are scarce. Delaney 
et al. reported on 41 patients with OGS of various sites 
who underwent gross tumor resection, subtotal resection, 
or biopsy only. All patients were treated with EBRT with 
a median dose of 66gy. Local control rates of 78.4% in 

patients with complete resection and 77% in those undergo-
ing subtotal resection were reported thus showing utility of 
RT in preventing recurrence in patients with a margin posi-
tive resection and unable to undergo re-surgery [87]. In rare 
patients with positive margins, it is usually difficult to go for 
re-resection in our setting due to various logistic constraints. 
Therefore, our institutional policy is to go for adjuvant radia-
tion in such cases based on the above evidence.

In patients with head and neck osteosarcoma, adjuvant 
radiation improves local control especially in patients with 
close margins or high-risk features including large tumor 
size, lymphovascular invasion, or soft tissue infiltration [88, 
89].

Upfront Metastatic Osteosarcoma

What Determines Prognosis in Metastatic OGS?

Isolated lung metastases have better outcomes than patients 
with other bone/visceral metastasis [90]. No. of metastasis 
(≤3 vs >3), unilateral vs bilateral lung involvement, ALP, 
lactate dehydrogenase (LDH), and bone involvement are 
other important prognostic factors in metastatic OS [ 31, 
91]. Two largest studies to evaluate metastatic OGS in Indian 
setting reported >3 lung metastasis, elevated ALP, and poor 
response to induction chemotherapy as predictors for poor 
outcome [31, 92].

Approach to Metastatic OGS

In patients who are candidates for aggressive therapy, neoad-
juvant chemotherapy (same drugs as localized) and surgery 
of local site plus all resectable metastatic sites and adjuvant 
chemotherapy is the standard of care. Patients with mul-
tiple poor prognostic factors and extensive unresectable 
disease are treated with palliative intent therapy (Figure 1). 
We evaluated addition of IE post local site surgery to AP 
(alternate AP and IE post-surgery, maximum 11 cycles, 8# 
in those who underwent upfront local surgery outside) in 95 

Fig. 1   Management tree for 
metastatic/relapsed osteosar-
coma; all patients with resect-
able disease should go for sur-
gery at primary and metastatic 
sites; * poor risk factors include 
short remission duration <2 
years, bilateral multiple metas-
tases, extensive non-pulmonary 
metastases—these patients go 
for palliative intent therapy
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patients with upfront metastatic OGS. Lung metastasectomy 
was done after completion of all planned chemotherapy in 
patients whose disease persisted but did not progress dur-
ing therapy. With this approach, 5-year OS was 28%, which 
is similar to Western literature [30, 31, 93, 94]. More than 
three lung metastasis and elevated ALP were prognostic for 
poor survival. Further intensification with higher cumula-
tive doses of IAP did not improve outcomes [92]. Role of 
metronomic chemotherapy in bone sarcomas was refuted in 
a randomized trial from our center [95].

Pulmonary Metastasectomy—For Whom and When?

There have been no randomized trials regarding the effi-
cacy of pulmonary metastasectomy in OGS; however, for 
a selected subgroup of patients, it is regarded as a stand-
ard approach to treatment [96]. Relative contraindications 
for metastasectomy include poor PS, inadequate pulmo-
nary reserve, multiple metastasis (≥4), time to relapse <12 
months, synchronous metastasis, uncontrolled extrathoracic 
disease, pleural infiltration, mediastinal involvement, bilat-
eral or central location, and poor response to second-line 
chemotherapy [93, 97–100]. Five-year survival of up to 40% 
has been reported in patients without any unfavorable fea-
tures who are able to undergo complete resection [96, 101].

Metastasectomy can be done at interim assessment with 
limb surgery or as a separate surgery at the end of chem-
otherapy. In a recent retrospective study from India, 37 
patients underwent delayed metastasectomy for resectable 
lung metastasis. Completion of systemic chemotherapy, 
disease-free interval (DFI) more than 2 years after surgery, 
and no post metastasectomy recurrence predicted better 
survival [102]. In our institute data reported above, 5-year 
survival was comparable to Western literature when a uni-
form delayed metastasectomy approach was employed. 
As it avoids futile surgery in patients who progress while 
on chemotherapy, this approach is particularly prudent in 
resource-limited settings like ours and in patients who have a 
stable disease after NACT [31, 92]. Indian data on metastatic 
OGS are summarized in Table 7.

Relapsed Osteosarcoma

Despite improvement in outcomes of localized and meta-
static OS with use of multimodality therapy, 30–40% of 
patients eventually relapse and generally have poor long-
term outcome ranging from 13 to 40% [103]. The lung is 
the most common site of recurrence (80%) followed by bone 
(10%). Isolated local recurrence is uncommon (4–10%) [104, 
105]. Due to lack of Indian data on management of recurrent 
OS, management principles are extrapolated from Western 
literature.

Management of Lung Only Recurrence

The patterns of lung involvement at relapse depend on dis-
ease-free interval with extensive and bilateral involvement 
more common with early relapse [ 97]. Complete surgical 
resection has been shown to improve survival [101, 103]. 
Benefit of chemotherapy in this setting is controversial and 
does not seem to benefit patients who undergo complete sur-
gical resection [106, 107]. Chemotherapy delays progression 
in unresectable disease but there is no evidence to suggest 
that it can convert unresectable disease to resectable [106, 
107]. There is no universal standard chemotherapy regimen 
in this setting. Combinations of drugs not used in first line 
like etoposide with ifosfamide with or without carboplatin 
are most commonly used [108]. Other second-line options 
include cyclophosphamide topotecan, gemcitabine doc-
etaxel, high-dose ifosfamide, single-agent gemcitabine, and 
HDMTX (if not used upfront) [108–113].

Management of Local Recurrence

Local recurrence is more common in axial OGS [114]. Ini-
tial concerns about higher local recurrence with limb sal-
vage surgeries have been allayed with multiple institutional 
studies showing comparable outcomes to amputation [115]. 
For patients with local recurrence, surgery with adjuvant 
chemotherapy is generally practiced though evidence from 
randomized trials is lacking. Preoperative chemotherapy can 
be used if systemic recurrence is there in addition to local 
recurrence. General practice at most centers is to offer ampu-
tation as the standard oncological procedure for local recur-
rence as limb salvage in this setting is controversial [114]. 
However, local resection and limb salvage can be considered 
and depends on the resectability of the recurrence. Relapse 
more than 2 years after initial treatment and complete surgi-
cal resection is associated with improved outcomes [116].

Management of Bone Metastasis/Recurrence

Treatment of choice is surgical resection if disease is limited 
and resectable. Adjuvant chemotherapy is generally admin-
istered [117]. For patients with multiple bone lesions, pal-
liative radiation either external beam or with radio-isotopes 
including samarium 153, strontium 89, or radium 223 based 
can be used [118].

Is There Any Role of Targeted therapy 
and Immunotherapy in Advanced OGS?

Activity of sorafenib has been demonstrated in two 
phase II trials with relapsed refractory OGS with 46% 
progression-free survival at 4 months [119]. Activity of 
regorafenib has been demonstrated in two double-blind 
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placebo-controlled studies with response rates of 8–13%; 
however, stable disease was seen in 64% patients for 8 
weeks. [120, 121] Cabozantanib was recently shown to 
have activity in relapsed Ewing’s and OGS in the phase II 
CABONE trial [122]. An objective response rate of 12% 
was demonstrated in the OGS cohort with a 6-month PFS 
of 33% These data provide proof of concept of antiangio-
genic activity in OGS and form a basis for larger trials. 
Mifamurtide, an agent derived from Bacillus Calmette-
Guerin (BCG), has been shown to be active in OGS but 
with discordant results in adjuvant and metastatic setting 
[ 123, 124]. Hence, it has not gained widespread accept-
ance and is not yet available in India. Data for immune 
checkpoint inhibitors is scarce with only 1/22 patients 
of OGS enrolled in SARC028 trial showing an objective 
response [ 125]. Other than limited efficacy as described, 
high cost limits the widespread use of targeted and immu-
notherapy in OGS in the Indian setting.

A Peek Into the Future—Role of NGS and Genomic 
Profiling

With few advancements in treatment and the dismal 
prognosis for patients with relapsed, refractory disease, 
OGS patients may benefit from deep molecular, genomic 
sequencing and comprehensive molecular profiling. NGS 
and array comparative genomic hybridization (aCGH) 
are the most promising approaches although the best 
sample, timing of testing, and technology are yet to be 
optimally defined [ 126]. Moreover, cost and availability 
of these technologies are major barriers to their adop-
tion in routine clinical practice. Targetable mutations 
are rare in OGS with VEGFA, platelet-derived growth 
factor receptor (PDGFR), cyclin-dependent kinase 4 
(CDK4), and mouse double minute 2 homolog (MDM2) 
being the most common potential targets seen in about 
20% of patients [127]. Suehara et al. analyzed 71 OGS 
samples and proposed an algorithm for targeted ther-
apy in relapsed OGS. Patients with 4q12 amplification 
involving PDGFRA/KDR could be targeted by pazopanib/
regorafenib (15–20% of OGS), patients with 6q12 ampli-
fication causing VEGFA overexpression may be candi-
dates for bevacizumab/sorafenib/pazopanib (20–25% of 
OGS), and patients with 12q13 amplification involving 
MDM2 and CDK4 can be potentially sensitive to pal-
bociclib (10–15%) with the remaining 50–60% patients 
treated by conventional chemotherapy [128]. However, it 
must be remembered that evidence for use of these drugs 
is limited and cost is a major hurdle to their routine use. 
Therefore, NGS-guided therapy is still experimental and 
should be offered only in the context of a clinical trial.

Future Research Questions Relevant to Indian 
Scenario

Although outcomes have improved with advent of multi-
modality therapy especially in localized OGS, there are sig-
nificant challenges in the Indian setting which need to be 
addressed. First, there needs to be more systematic recording 
of data to define the extent of the problem especially in pop-
ulation-based cancer registries (PBCRs). Most of the data 
on management of OGS from India is in the form of single 
institutional retrospective analysis with no randomized trials 
reported to date. The question of utility HDMTX and inten-
sification of chemotherapy after doublet induction are par-
ticularly relevant to LMIC setting and can only be answered 
by well-designed randomized trials. With advent of newer 
radiation modalities like proton beam therapy, intensity 
modulated radiation therapy, and ECRT, role of radiation 
therapy for local control and adjuvant therapy needs to be 
revisited. Finally, targeted therapies and precision medicine 
hold promise in relapsed refractory setting but need more 
evidence. Such data may further revolutionize management 
of OGS.

Conclusion

The purpose of this article was to provide a comprehensive 
review of Indian literature on osteosarcoma and highlight 
the unique challenges faced while managing these patients. 
While majority of patients with localized OGS can be cured 
with multimodality therapy, delay in diagnosis, advanced 
disease at presentation, poor performance status, inability 
to complete planned chemotherapy, delay in surgery, lack 
of expertise for LSS at small centers, and high cost of pros-
thesis remain major challenges in the Indian scenario. Non-
HDMTX-based doublet or triplet chemotherapy can be used 
with comparable outcomes to the West as shown in multi-
ple Indian studies. HDMTX remains a standard approach 
where facilities for administration and monitoring are avail-
able. Early initiation of planning for surgery is essential to 
overcome logistic hurdles and provide optimal outcomes. 
LSS should be considered whenever feasible and indige-
nous prosthesis can be used to make reconstruction with 
a prosthesis affordable and within reach of more patients. 
For patients with metastatic osteosarcoma, disease burden 
and PS usually decide intent of therapy and outcomes are 
generally poor.
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