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Epidemiological Review: Esophagus Squamous
Cell Carcinoma in India
Nikita Rajput1 Devyani Gholap1 Sharayu Mhatre1 Rajesh Dikshit1

1Department of Molecular Epidemiology and Population Genetics,
Centre for Cancer Epidemiology, Tata Memorial Centre, Navi
Mumbai, Maharashtra, India
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Floor, Department of Molecular Epidemiology and Population
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near Owe village, Navi Mumbai, 410210, Maharashtra, India
(e-mail: dixr24@hotmail.com).

Introduction

Esophagus squamous cell carcinoma (ESCC) contributes a
significant 90% of the total esophagus cancer (EC) cases
worldwide which is an aggressive condition with poor
prognosis and low survival rates.1 Moreover, within the
high-incidence region of ESCC, like South America, Africa,
Iran, and Asia, the etiologies vary.2 Consumption of alternate
sorts of tobacco, alcohol, hot beverages, low fruit or vegetable
diet, processed food, unpiped water, maintaining poor oral
hygiene, and human papillomavirus (HPV) infection are the
few possible risk factors currently being explored for ESCC
worldwide. ESCC has been amajor health concern in Kashmir
valley and Northeastern states of India where risk factors
presently are understudied. This review corroborates the

necessity for conducting large-scale epidemiological studies
in India to elucidate the risk factors associated with ESCC.
Additionally, this review expresses the necessity of present-
ing the EC burden data on the basis of histological subtypes,
considering the paucity of knowledge in this format, and also
viewing the vast differences in their etiologies.2

Materials and Methods

Advanced search option of the PubMed database was used
with the keywords such as “esophagus cancer,” “esophagus
squamous cell carcinoma,” “epidemiology,” “India,” “inci-
dence,” “mortality,” “risk factors,” “treatment,” “survival,”
“prevention,” and their corresponding Medical Subject
Heading terms were used in combination, like “AND” and

Keywords

► esophagus squamous
cell carcinoma

► esophagus cancer
► review
► epidemiology
► risk factor
► India

Abstract Worldwide the incidence of esophagus squamous cell carcinoma (ESCC), remains one
of the most common causes of cancer death. ESCC is one of the leading types of cancer
in the North and Northeast regions of India among both genders. Risk factors of ESCC
include tobacco, alcohol, areca nut, hot beverages, low fruit diet, poor oral hygiene,
unpiped water, and human papillomavirus infection. This review tries to elaborate on
various modifiable risk factors for ESCC, which have been studied worldwide and need
to be studied in India. PubMed was used as a search platform using keywords, such as
“esophagus cancer,” “esophagus squamous cell carcinoma,” “epidemiology,” “India,”
“incidence,” “mortality,” “risk factors,” “treatment,” “survival,” “prevention” and their
corresponding Medical Subject Heading terms, were used in combination with Boolean
operators “OR” and “AND.” Studies from India are mostly hospital-based case-control
studies from the North region. Further research is required in India to understand the
etiology, to design large-scale screening and prevention strategies.
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“OR,” to find published studies on ESCC. This review study
was conducted on studies published in English, from the
year 2008 to 2020 on ESCC. We excluded animal model
studies, studies other than on ESCC, commentaries, clinical
or observational veterinary study, and clinical trial studies.
Relevant data on descriptive epidemiology and risk factors
were explored using databases such as the National Health
Portal of India (NHP), Central Water Commission, India
(CWC), National Family Health Survey India (NHFS), National
Centre for Disease Informatics and Research–Indian Council
of Medical Research (NCDIR-ICMR) India, National Cancer
Registry Program (NCRP) of India, Census India 2011, Na-
tional Health Mission India (NHM), International Agency for
Research on Cancer (IARC) Monographs, World Health Orga-
nization (WHO) guidelines, Global Cancer Observatory 2020,
and Cancer Incidence in five continents XI vol. IARC (CI5 XI).

Descriptive Epidemiology
Worldwide, 604,100 new cases and 544,076 cancer death
were estimated for EC in the year 2020.3 India ranks second
in EC incidence trailing China which has the highest inci-
dence of EC. In India, it is the fifth most common cancer type
in males and the sixth most common cancer type in females.
In India, the number of incident cases of esophageal cancer in
2020 was 63,180 out of which 40,183weremales and 22,997
females, and the prevalent cases were 68,607.3 The male-to-
female ratio in India is 2.4:1.4 ESCC is the most common
histological subtype among all cancer registries in India. The
top five cancer registries having the highest incidence rate of
ESCC are Mizoram, Kamrup Urban, Cachar, Sikkim, and
Tripura registries.5 As per the hospital-based cancer registry
report, the esophagus was the leading site in KMIO—Banga-
lore, AMC—Dibrugarh, BBCI—Guwahati, and in PGIMER—
Chandigarh among 35 to 64-year-old males.6 However, the
observed incident cases in the year 2020 have already
exceeded the predicted number of incident cases for the
year 2035, showing a significant rise in the incident rates.7

Survival Data
A study from Jammu, India, suggested that the frequency of
survival in ESCCpatients is loweredby intakeof red chili, snuff,
and smoking.8 Studies fromChinaandBrazil show factors such
as gender, marital status, occupation, family history of any
cancer, tumor topographical site, differentiation status, and
pathological reports, are independent risk factors affecting the
overall survivalofEC.9,10Other factorssuchas,weight loss (kg),
and bodymass index (BMI) variation (kg/m2) predict the stage
atdiagnosis in theESCC.10TheSurveillance, Epidemiology, and
End Results (SEER) report of 18 regions from the year 2002 to
2008 for 5-year relative survival in EC continues to be low at
around 16.9%.11 The overall survival of EC is 5 to 30% as stated
by the ICMR report. The disease is mostly detected at a stage
where it is inoperable in most patients (70–80%), and with an
expected survival of 7 to 12 months.

Risk Factors
Recent developments and finding in epidemiological stud-
ies have led to the identification of many risk factors

associated with ESCC worldwide which need to be studied
in India. ►Fig. 1.

Strongly Associated

Tobacco Use
Exposure to tobacco smoke and chewing tobacco products
has been associated with ESCC. Case-control studies in India
have seen a two- to seven-fold increase in the risk of ESSC for
chewing tobacco, betel quid with tobacco having a dose–
response relationship.12 In India, the risk of developing
tobacco-related cancer was found highest in the Northeast-
ern region with maximum risk found for EC in women.13

Hospital-based studies from India suggest an increase in the
risk of ESCC by smoking tobacco, in the form of cigarettes,
bidi, and hookah.14–16 Habits such as consumption of nass,
snuff, paan chewers, and betel quid chewers also increase the
risk of ESCC.14,15,17 Along with cigarettes, other forms of
tobacco smoking such as hookah pipes, and cigars exhibit
similar risks on ESCC. A study from India on secondhand
smoking and ESCC risk reported odds ratio (OR) of 1.32 in
exclusive secondhand smokers (never tobacco users), and OR
of 3.41 in second-hand smokers who are active chewers,
suggesting additive effects of tobacco-related carcinogens16

(►Table 1). However, there are only a few studies in India
evaluating the risk of tobacco chewing and its association
with ESCC and adjusting for potential confounders.

Alcohol Use
Alcoholic beverages are known to be casually associatedwith
ESCC as reported by IARC monograph.18 A hospital-based
case-control study from India found an increased riskof ESCC
when associated with alcohol consumption, but without
adjusting for all potential confounders, that is, tobacco
chewing and smoking habits.14 Another study from India,
by Singh et al, reported statistically significant multivariate
OR of 2.21, among ever alcohol drinkers for ESCC.17 Although
alcohol intakehas a strong associationwith ESCC, few studies
have observed a J-shaped relationship (rather than a linear
relationship) between alcohol consumption and increased
risk of ESCC.19,20 Hence, designing health care policies is a
challenge21 (►Table 2).

Possibly Associated

Areca Nut
IARC has considered areca nut (AN) as a group-1 human
carcinogen in 2003.22 AN is consumed widely in Asian
countries like India, Pakistan, Bangladesh, and Sri Lanka,
with consumption observed higher in females.23 A Taiwan
study indicated that AN chewing history is significantly
associated with the onset of cancer from a younger age
and with poor response to chemoradiotherapy, in ESCC
patient.24 A meta-analysis study from Asia suggested that
chewing AN was independently and significantly associated
with an increased risk of ESCC.25 Studies from India have
shown a dose–response relationship and combined effect of
tobacco consumption and AN (►Table 3).
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Poor Oral Health
A population-based case-control study from China, indicat-
ing habits of tooth brushing once or less per day, compared
with tooth brushing twice or more per day, among non-
smokers and nondrinkers showed significant association
with a 1.81-fold increased risk of ESCC.24 The Golestan
cohort study from Iran suggested that tooth loss is inde-
pendently and positively associated with ESCC.26 A recent
case-control study from Africa showed increased ESCC risk
when associated with decayed teeth and missing teeth27

(►Table 4). A research study from India, Kashmir region
showed an inverse association between cleaning teeth and
ESCC risk, especially with toothbrushes compared with
sticks or other tools of brushing, supporting previous
studies from other high-risk countries.28 A cross-sectional
study published in 2019 from rural India to understand the
prevalence of oral disease concluded that the prevalence of
dental caries was 76.4%. The decayed, missing, and filled
teeth (DMFT) score of subjects who did not use tooth-
brushes and toothpaste was significantly higher and the
awareness about oral hygiene was observed to be low in the
general population.29

Social Economic Status
Higher incidence of ESCC is observed in low or middle-
income countries as compared with high-income coun-
tries.30 A population-based case-control study from Gole-
stan, Iran, indicates a strong inverse association between

education, wealth, and being married with the risk of devel-
oping ESCC. A Swedish cohort study showed that divorce,
widowhood, living alone, low educational attainment, and
low income increased the risk for ESCC along with other
subtypes of EC.31 A study from China published in 2018
showed higher education (OR¼0.60), larger house area per
person (OR¼0.71), and higher wealth score (OR¼0.43)were
associated with a low risk of ESCC, and patients possessing
several household appliances (>5 years) also had a lower
ESCC risk.32 Similar findings from a case-control study
published in 2013, from Kashmir, India, observed that low
socioeconomic status is associatedwith a high risk of ESCC.33

Another study fromNorth India suggests poor socio econom-
ic status results in lack of fresh fruit and vegetable intake and
which is suspected to be one of the risk factors in develop-
ment of esophageal cancer34 (►Supplementary Table S1;
available in the online version).

Although socioeconomic status is observed to be associ-
ated with esophageal cancer, it is not the direct cause in the
development of esophageal cancer. The low socioeconomic
status affects esophageal cancer through various causal
pathways which include its association with poor nutrition,
higher rates of tobacco consumption, and higher proportion
of infection with HPV.

Diet
High consumption of fruits and vegetables showed an inverse
association with the development of ESCC as reported in a

Fig. 1 Classification of associated risk factors with ESCC according to strength of evidence. (A) Strong: risk factors having strongest association
as per literature are mentioned in this group followed by (B) Possibly associated risk factors, (C) Probably associated risk factors, and (D)
risk factors having limited evidence. ESCC, esophagus squamous cell carcinoma

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 5/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

An Epidemiological Review on ESCC in India Rajput et al. 395



Ta
b
le

1
C
ha

ra
ct
er
is
ti
cs

of
to
ba

cc
o
st
ud

ie
s
(c
he

w
in
g,

sm
ok

in
g
,
an

d
in
ha

la
ti
o
n)

fo
r
ES

C
C
in

th
e
po

pu
la
ti
on

of
In
d
ia

an
d
w
or
ld
w
id
e

Ex
p
os

ur
e

Ri
sk

es
ti
m
at
es

(9
5%

C
I)

C
as
e/
co

nt
ro
l

St
ud

y
Ye

ar
PM

ID
Lo

ca
ti
o
n

C
as
e

ty
p
e

Sa
m
p
le

si
ze

(c
as
e/
co

nt
ro
l)

St
ud

y
de

si
g
n

A
d
ju
st
m
en

t
fa
ct
o
rs

In
di
an

st
ud

ie
s–

to
b
ac
co

To
ba

cc
o
ch

ew
in
g
w
it
h
ot
he

r
pr
od

uc
ts

Pa
an

ch
ew

er
s
w
it
h
to
b
ac
co

(m
or
e
th
an

20
ye
ar
s)

O
R
¼
1.
5

77
/2
04

G
an

es
h
et

al
14

20
09

19
84

63
60

M
um

b
ai

ES
C
C

44
2/
1,
62

8
C
as
e

co
n
tr
o
l

A
g
e,

ge
nd

er
,
re
si
de

nc
e,

an
d
oc

cu
pa

ti
o
n

N
as
s
ch

ew
in
g
(e
ve

r
ch

ew
er
)

O
R
¼
2.
88

20
1/
19

2
D
ar

et
al
15

20
12

23
03

30
08

K
as
hm

ir
ES

C
C

70
2/
1,
66

3
C
as
e

co
n
tr
o
l

A
g
e,

et
hn

ic
it
y,

re
lig

io
n,

pl
ac
e
of

re
si
de

nc
e,

ed
uc

at
io
n

le
ve
l,
cu

m
ul
at
iv
e
us
e
of

ci
ga

re
tt
e,

ho
ok

ah
,
ev

er
us
e
of

bi
d
i,
ca
nn

ab
is
,
gu

tk
a,

al
co

ho
l,
da

ily
fr
ui
t,
an

d
fr
es
h

ve
ge

ta
b
le

co
ns
um

pt
io
n

To
ba

cc
o
in
ha

la
ti
on

Sn
uf
f

O
R
¼
3.
86

13
6/
71

Se
hg

al
et

al
12

20
12

23
10

79
78

Ja
m
m
u

ES
C
C

20
0/
20

0
C
as
e

co
n
tr
o
l

N
ot

m
en

ti
on

ed

C
h
ew

in
g
pr
o
du

ct
s
ot
h
er

th
an

to
ba

cc
o

Be
te
ln

ut
ch

ew
er

(e
ve

r
ch

ew
er
)

O
R
¼
2.
79

68
/5
2

Si
n
gh

et
al
17

20
15

26
04

59
81

A
ss
am

ES
C
C

99
/7
5

C
as
e-

co
n
tr
o
l

N
ot

m
en

ti
on

ed

To
ba

cc
o
sm

ok
in
g

Sm
ok

in
g
to
b
ac
co

O
R
¼
1.
97

11
0/
63

Se
hg

al
et

al
12

20
12

23
10

79
78

Ja
m
m
u

ES
C
C

20
0/
20

0
C
as
e

co
n
tr
o
l

N
ot

m
en

ti
on

ed

C
ig
ar
et
te

sm
ok

in
g

O
R
¼
2.
0

40
/9
0

G
an

es
h
et

al
14

20
09

19
84

63
60

M
um

b
ai

ES
C
C

44
2/
1,
62

8
C
as
e

co
n
tr
o
l

A
g
e,

ge
nd

er
,
re
si
de

nc
e,

an
d
oc

cu
pa

ti
o
n

Bi
di

sm
ok

in
g

O
R
¼
1.
8

12
2/
25

2
G
an

es
h
et

al
14

20
09

19
84

63
60

M
um

b
ai

ES
C
C

44
2/
1,
62

8
C
as
e

co
n
tr
o
l

A
g
e,

ge
nd

er
,
re
si
de

nc
e,

an
d
oc

cu
pa

ti
o
n

W
at
er

pi
p
e
to
ba

cc
o
sm

ok
in
g

H
o
ok

ah
(w

at
er
p
ip
e
to
ba

cc
o

sm
ok

in
g
ev

er
us
er
s)

O
R
¼
1.
85

42
0/
69

9
D
ar

et
al
15

20
12

23
03

30
08

K
as
hm

ir
ES

C
C

70
2/
1,
66

3
C
as
e

co
n
tr
o
l

A
g
e,

et
hn

ic
it
y,

re
lig

io
n,

pl
ac
e
of

re
si
de

nc
e,

ed
uc

at
io
n

le
ve
l,
cu

m
ul
at
iv
e
us
e
of

ci
ga

re
tt
e,

ho
ok

ah
,
ev

er
us
e
of

bi
d
i,
ca
nn

ab
is
,
gu

tk
a,

al
co

ho
l,
da

ily
fr
ui
t
an

d
fr
es
h

ve
ge

ta
b
le

co
ns
um

pt
io
n

In
di
an

st
ud

y–
Se

co
nd

ha
nd

sm
ok

in
g

Se
co

nd
ha

nd
sm

ok
er

(n
ev

er
to
ba

cc
o
us
er
s)

O
R
¼
1.
32

31
/6
0

R
afi

q
et

al
16

20
16

26
73

55
35

K
as
hm

ir
ES

C
C

70
3/
1,
66

4
C
as
e

co
n
tr
o
l

A
g
e,

et
hn

ic
it
y,

re
lig

io
n,

pl
ac
e
of

re
si
de

nc
e,

in
co

m
e,

ge
nd

er
,e

du
ca
ti
o
n,

th
e
w
ea

lt
h
sc
or
e,

ev
er

us
e
of

al
co

ho
l,

sa
lt
te
a
co

ns
um

pt
io
n,

fr
eq

ue
nc

y
of

cl
o
se

co
nt
ac

t
w
it
h

an
im

al
s,

ho
us
e
ty
p
e,

co
o
ki
ng

fu
el
,
fr
ui
t
an

d
ve

ge
ta
b
le

in
ta
ke

Se
co

n
dh

an
d
sm

ok
er

(t
ob

ac
co

ch
ew

er
s)

O
R
¼
3.
41

15
/1
1

R
afi

q
et

al
16

20
16

26
73

55
35

K
as
hm

ir
ES

C
C

70
3/
1,
66

4
C
as
e

co
n
tr
o
l

A
g
e,

et
hn

ic
it
y,

re
lig

io
n,

pl
ac
e
of

re
si
de

nc
e,

in
co

m
e,

ge
nd

er
,e

du
ca
ti
o
n,

th
e
w
ea

lt
h
sc
or
e,

ev
er

us
e
of

al
co

ho
l,

sa
lt
te
a
co

ns
um

pt
io
n,

fr
eq

ue
nc

y
of

cl
o
se

co
nt
ac

t
w
it
h

an
im

al
s,

ho
us
e
ty
p
e,

co
o
ki
ng

fu
el
,
fr
ui
t
an

d
ve

ge
ta
b
le

in
ta
ke

,
to
b
ac
co

sm
ok

in
g
an

d
sm

ok
el
es
s
to
b
ac
co

us
e

In
te
rn
at
io
na

ls
tu
di
es
–t
ob

ac
co

C
ig
ar
et
te

or
pi
p
e
(e
ve

r)
R
R
¼
1.
33

Tr
an

et
al

20
05

15
45

53
78

C
h
in
a

ES
C
C

1,
95

8
C
oh

or
t

A
g
e

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 5/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

An Epidemiological Review on ESCC in India Rajput et al.396



few studies.35 Processed food is a source of N-nitroso amines
compounds which play important role in the high risk of
ESCC. N-Nitroso amines in processed meats are labeled as
carcinogenic (group 1) in 2015 by IARCmonographs and also
red meat is classified as (group 2A) carcinogenic.36,37 A
cohort study from the Netherlands showed that the con-
sumption of vegetables and fruits has an inverse association
with ESCC.38 A population-based case-control study in China
mentioned a strong association between consumption of
salted meat and ESCC.39 A case-control study from the
Golestan region in Iran indicated direct association between
red meat consumption and ESCC.40 Another cohort study
from Golestan showed that a dietary deficiency of zinc and
calcium is associated with ESCC.41 A study from India,
observed that lower intake of fresh vegetables and fruits is
suspected to be a major risk factor for the development of
ESCC34 (►Supplementary Table S2; available in the online
version). In India, the high-risk regions of ESCC consume
majorly processed red meat, fermented vegetables, fer-
mented black mustard seeds, and fermented fish to enhance
the flavors and preserve the food during scarcity.42

Very Hot Beverages/Food
Drinking very hot beverages (�65°C) is one of the probable
risk factors for ESCC as reported by the IARC monograph and
is classified as group-2A carcinogen.43,44 A recent cohort
study from Iran and a case-control study from Kenya
strengthen the evidence for a strong association between
very hot beverage consumption and risk of ESCC.27,45 A
population-based cohort study from China observed an
increase in EC associated with a combination of hot tea,
excessive alcohol, and tobacco.46 A study from South Amer-
ica showed that hot mate drinking was associated with ESCC
risk.47 In India, a case-control study from Kashmir indicated
that the habit of drinking salt tea was strongly associated
with the risk of developing ESCC and not the consumption of
hot tea. Although, it could be due to variations in reporting
tea-drinking temperature48 (►Supplementary Table S3;
available in the online version).

Probably Associated

Indoor Air Pollution
Indoor air pollution or household air pollution occurs from
the combustion of cooking fuel and has been studied as one
of the risk factors for esophageal cancer. In the rural area of
the developing countrieswhere the incidence of ESCC is high,
cooking fuels like coal, charcoal, wood, crop residue, animal
dung, and other smoke-producing fuel are used for daily
cooking. Compared to males, females are at a higher risk of
indoor air pollution since most of the cooking is done by
females in developing countries andwhere most of them are
non-smokers or non-drinkers.49 These fuels generate smoke
containing Polycyclic Aromatic Hydrocarbons (PAH) which
are classified as group 1, that is, carcinogenic to humans as
per IARC.50 A study from Iran, indicated that PAHs played a
causal role in the etiology of esophageal cancer in high-risk
population.26 A study from Northern India suggested thatTa
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using cooking fuels, like electricity (OR¼0.24), and LPG
(OR¼0.10) were associated with lower ESCC risk in compar-
ison to using less expensive fuels in the region, like animal
dung, firewood, and biomass33 (►Supplementary Table S4;
available in the online version).

Unpiped water/Drinking Water Contamination
Relation between drinking water quality and cancer has
been studied for a long time. Drinking water contaminants
like arsenic (group 1), nitrates (group 2A), and disinfection
by-products (groups 2B and 3), all are classified as carcino-
genic by IARC monograph classification.51 However, a study
from Sri Lanka showed contradicting results where pipe-
borne water was seen to have a six-fold risk for EC com-
pared with the present study with other sources of water,
but it could be due to other factors of water storage, and
sanitization after collection of water.52 Whereas, a study
from Golestan observed a dose–response relationship be-
tween the duration of drinking unpiped water and ESCC26,40

(►Supplementary Table S5; available in the online version).
On the National Health Portal (NHP) of India, it is men-
tioned that the total urban and rural population consumes
only 43.5% of their drinking water from the tap, the
remaining population drinks water from unpiped sources,
that is, well (11%), tube well (8.5%), hand pump (33.5%),
spring (0.5%), river or canals (0.6%), pond or lake (0.8%), and
other source (1.5%),53 making it a necessary exposure to be
studied.

Limited Data or No Data Associated

Obesity
Waist-to-hip ratio (WHR) and body mass index (BMI) are
strong factors representing obesity in a population. Obesity
is strongly associatedwith esophagus adenocarcinoma (EAC)
as per many published studies worldwide. There are limited
studies studying obesity as a risk factor in association with
ESCC.30 A recent study published from the United Kingdom,
Biobank cohort, suggested that no significant associations
were observed with anthropometric measurements or body
fat composition in men,54 and inwomenmeasurements, like
weight, BMI, hip circumference, waist circumference, waist-
to-height ratio, body fat, and trunk fat percentage were all
inversely associatedwith ESCC55 (►Supplementary Table S6;
available in the online version ). In India, this exposure in
association with ESCC is still quite unexplored.

Dental Fluorosis
Natural fluoride belts are found in regions from Jordan,
Egypt, Libya, Algeria, Sudan, Kenya, Turkey, Iran, Afghanistan,
India, Northern Thailand, and China, and similar fluoride
belts are observed in the United States and Japan.56 Fluoride
carcinogenicity in humans is understudied and is being
classified in group 3 as per IARC monograph.36 ESCC is
plausibly associated with dental fluorosis as per recent
findings from a case-control study in Kenya27

(►Supplementary Table S7; available in the online version).
Dental fluorosis is endemic as per the data published in the
National Health Profile report 2019 from India and, presents
a total number of 10,379 rural habitations from 16 states,
showing exceeding levels of fluoride in their source of
drinking water and highlights the need for safe drinking
water in these habitations.53 Studies in India show a high
groundwater fluoride level correlation with a high preva-
lence of dental fluorosis in regions like the Northwest, South,
and East, including the Gangetic Plains which warrants the
needs to study it as a risk factor in the development of
ESCC.57–59

Heavy Metals Consumption
Heavy metals, like cadmium, lead, chromium (IV), and
arsenic, have been found in drinking water and farm soil,
all of which have been, classified as carcinogenic(group-1)
by IARC monograph.51 A study from Taiwan suggested an
increased level of nickel in farm soil is associated with the
prevalence of EC.60 A study from Iran observed high-lead
intake from vegetables could be prevented in high-risk
regions of ESCC which is beyond suggested levels by
WHO61 (►Supplementary Table S8; available in the online
version). In developing countries, like India, most of the
population is dependent on surface water and groundwater
as a source of drinking water, hence most of the habitats are
exposed to the presence of excess arsenic in the drinking
water source.62

Human papillomavirus (HPV) Infection
A meta-analysis study conducted in the Chinese population
reported pooled OR of 6.36 for HPV 16 infection and EC.63

Another meta-analysis study on HPV types in ESCC observed
OR of 3.55 for HPV 16 infection and OR of 1.25 for HPV 18
infection.64 HPV 16 was found to be the most frequently
observed genotype in ESCC (►Supplementary Table S9;
online only).

Table 3 Characteristics of areca nut studies for ESCC in population worldwide

Exposure Risk
estimates
(95% CI)

Study Year PMID Location Case
type

Sample size Study design

International study–areca nut

Areca nut OR¼ 3.05 Akhtar et al25 2013 23224324 Kuwait ESCC 12 case-control
study

Meta-analysis

Areca nut and
tobacco smoking

OR¼ 6.79 Akhtar et al25 2013 23224324 Kuwait ESCC 6 case-control
study

Meta-analysis

Abbreviations: CI, confidence interval; ESCC, esophagus squamous cell carcinoma; OR, odds ratio.
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Occupation
Occupational hazard as a risk factor in association with ESCC
has received less attention. A population-based case-control
study conducted in China showed OR of 1.69 injobs involving
high physical labor.32 In India, a few studies conducted
in Kashmir published that the risk of workers who are
highly physically active or who are engaged in physically
strenuous work are at higher risk of developing ESCC33,65

(►Supplementary Table S10; available in the onlineversion).

Ruminants
Contact with the animal has been a risk factor which has not
studied extensively, butwehave a fewcase-control studies that
mention the risk of ESCC from the contact with ruminants. A
case-control study from India observed the association be-
tween daily close contact with animals and increased risk of
ESCC as compared with no animal contact group. Animal
contact for more than 50 years was associated with an in-
creased risk, showingadose–responseassociationwithESCC.66

Another case-control study from Iran showed an increased risk
ofESCCwhen incontactwithcanines andruminants in theever
contact group as comparedwith the groupwhich was never in
contact. Also, therewas a dose–response relationship observed
with the level of contact with the animals67 (►Supplementary

Table S11; available in the online version).

Prevention

Lifestyle modifiable changes could be adapted to prevent the
risk of developing ESCC. Strong evidence suggests cessation of
smoking tobacco, chewing tobacco, and drinking alcohol
should be followed in high-risk populations. Improving socio-
economic status reduces the risk of EC.32,33,68 Studies recom-
mend a healthy diet with fresh vegetables and fruits that
will help reduce the risk of developing ESCC. Pickled and
salted food intake needs to be avoided, along with processed
meat.35,37–39,69 Behavioral changes are needed in a high-risk
region where the intake of hot beverages is a common tradi-
tion.43 Endoscopic screening and surveillance for conditions,
such as dysplasia in the esophagus can lead to a reduction in
the incidence of ESCC and reduce in the mortality rate.70

Management of symptoms that can lead to conditions, like
dysplasia, can be decreased with the help of pharmaceutical
drugs, lifestyle changes, diet modifications, and diagnostic
testing. Early detection and classification of high-risk popula-
tions can be done with help of a risk prediction model.
Vaccination programs for a defined high-risk population can
prevent cancer incidences. Maintaining regular oral hygiene
prevents tooth loss and helps in preventing injury in the inner
lining of the esophagus. Early age lifestyle modifications can
help maintain health in the context of ESCC prevention.71

Discussion on Gaps in the Literature, Indian
Perspective

In India, tobacco smoking inmales is 19% and in females is 2%.
On the anotherhand, smokeless tobaccoprevalence inmales is
29.6% and in females is 12.8%.72 Association of different types

of chewing tobacco and betel nut needs to be identified.
Similarly, association with different types of tobacco smoke
products, including bidi, needs to be studied in the Indian
population adjusting for potential confounders. The duration
of consumption and content of the local liquor consumed in
high-risk regions of India in association with ESCC have not
been studied yet. Traditional alcoholic beverages carrying
cultural significance are commonly consumed during various
special occasions in the high ESCC incidence region of India.42

Similarly, rawANsor fermentedonesare commonlyconsumed
alone or with betel leaf in high ESCC incidence region of India,
thus they need to be studied in association with ESCC. Fer-
mented, spicy, and processed food are consumed extensively
in the high ESCC incidence region of India to meet their needs
in extreme environmental conditions. Therefore, research on
understanding the carcinogenic factors developed during food
processing can help to design preventive policies for food
preservations and cooking in high ESCC incidence regions.

In India, according to NHFS4 data, 55.7% of the rural
population uses wood as their source of cooking fuel, and
only 44% of the total urban and rural households had clean
cooking fuel.73 Indoor air pollution and socioeconomic status
could be related since the population which has high social
economic status (SES) can afford clean fuel for cooking and
has low exposure to indoor air pollution. To understand the
relation between indoor air pollution and the risk of ESCC
development, we need further investigation. As per the
NHFS4 survey data of India, rural households rely most on
tube wells or boreholes (51%), followed by water piped into
their dwelling, yard, or plot (18%).73 In India, sincemore than
half of the population lives in rural areas where tap water is
unavailable most of the time, unpiped water consumption
could be a potential risk for ESCC.

Conclusion

ESCC carcinoma affects millions of people worldwide every
year having a poor prognosis and poor survival rate, especially
in developing countries. A rapid increase in the incidence rate
of ESCC needs the implementation of new strategies for
diagnosis, treatment, and containment of the disease. The
review studies modifiable risk factors, like obesity, unpiped
water, dental fluorosis, heavy metals, diet, SES, and HPV,
showing very few or no studies from India. The review
indicates that there is a need to conduct descriptive, as well
as large-scale analytical studies in India for generating evi-
dence for risk factors associated with ESCC. Strict actions
against the usage of modifiable risk factors leading to ESCC
can be opted by the government policymakers to prevent such
health conditions and improve overall public health.
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Abstract Introduction Due to higher survival rates among patients with bone tumors, there is
a growing interest in determining these individuals’ limb functionality and psychoso-
cial prognosis.
Objectives This study aimed to analyze the differences in functionality and quality of
life (QoL) related to health in patients diagnosed with a malignant bone tumor during
childhood, according to the type of surgery performed.
Materials and Methods A cross-sectional study was performed for patients older than
14yearswhotreated forosteosarcomaorEwing’s sarcomaof the lower limbbywhoreceiving
surgery. Toassess lower limb functionality andQoLamongpatients survivingmalignantbone
tumors, 19 patients surviving osteosarcoma or Ewing’s sarcoma of the lower extremity were
studied. An evaluation of functionality and QoL was done using the “Enneking and Medical
Outcomes Study Short-Form36 scales.”Wecompared the functional results according to the
surgical technique used. Categorical variables were compared according to the Mann–
Whitney and Kruskal–Wallis tests, with an established 95% level of significance.
Results QoL among patients who had conservative surgery was not significantly
better than amputee patients in the physical or mental aspects, nor in any of their
components. Limb functionality, according to Enneking’s staging, was significantly
higher in non-amputee patients (p¼ 0.035).
Conclusion According to the data analysis done in this study, the QoL was found to be
not significantly different, based on the type of surgery performed; however, there
were differences in limb functionality.
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Introduction

In the last few decades, advances in the oncologic treatment
of patients with malignant pediatric bone tumors have
observed an improvement in cure rates, leading to higher
numbers of cancer surviving patients.1 In Peru, osteosarcoma
and Ewing’s sarcoma are the most common malignant bone
tumors, reporting aggressive and metastatic behavior in
around 40% of cases. The most common location for tumor
development is the lower extremity of the human body.2Due
to the high intensity of the oncologic treatment that includes
chemotherapy, surgery, and radiotherapy, survivors could be
stricken by a series of future sequelae affecting their quality
of life (QoL), both physically and mentally.3

Definitive surgery of malignant bone tumors with the aim
of complete removal of the tumoral lesion (amputation or
member disarticulation) can be radical. However, the con-
servative surgery approach has been most commonly used
by Peruvian institutions throughout the years.2 Even though
differences have been noted in limb functionality between
nonamputee and amputee patients, studies on the QoL show
contradictory results.4,5 Ignorance of long-term sequelae,
both medical and psychological, is a growing public health
issue, since conducting such research studies on those topics
would allow for formulation of preventive measures or early
intervention approaches which are important among sur-
viving patients who reach adulthood.6

This study compares lower extremity functionality and the
QoL of young patients surviving malignant bone tumors who
have undergone a specific type of surgery performed in a
developing country. The study also examines statistically sig-
nificantdifferences between the twogender populations, since
vast literature and extensive research support the fact that the
incidence of bone tumors (of lower extremity) occurs consid-
erably more in male populations than in their female counter-
parts; the gender differences are shown to differ statistically in
their postsurgical prognosis. This study included key postsur-
gerymetricsofQoL andoverall functionality. Theywerefurther
explicitly evaluated in the nonamputee surviving patientswith
lower extremitymalignant bone tumors and compared, aswell
as contrasted the gender-based differences.

Methods

Study Population
Peru is a South American country with a total population of
32.2 million inhabitants. At least 1,790 children and adoles-
cents (0–19 years old) are affected with cancer each year.7

Principal hospitals attending childrenwith cancer in Peru are
either a part of the Ministry of Health (MINSA), Social
Security (EsSalud), or private sector. Rebagliati Hospital
works as a public general hospital of EsSalud, attending
nearly 120 children and adolescents with cancer every year.

Inclusion Criteria
Patients older than 14 years old at the time of the study and
diagnosed with osteosarcoma or Ewing’s sarcoma of the
lower extremity as a child or adolescent (younger than

18 years old) were included for treatment from January 2002
to December 2014 in the Adolescent and Pediatric Oncology
Unit at Rebagliati Hospital in Lima, Peru. Patients who had
received surgical treatment and follow-up for at least 2 years
after the end of treatment were included as well.

Exclusion Criteria
Patients were excluded if they were critically ill or unable to
consent.

The sample size used in this study was determined based
on a sufficient statistical power (80%) to detect at least 10%
differences in outcome measures at a 5% significant level.
According to the study protocol, the lowest age to answer
questionnaires was decided to be 14 years of age.

Data Collection
Data on demographics, clinical characteristics, and treatment
outcomeswere collected by revision ofmedical records. Based
on the type of surgery, patients were separated into amputees
and those who received conservative surgery. This study
further analyzed thegenderdifferenceswith similardiagnoses
and surgical approaches (in nonamputee survivors). Patients
were contacted by phone or interviewed in person to answer
the questionnaire onMedical Outcomes Short (MOS) Form-36
Health Survey (SF-36; Supplementary Material S1; available
in theonlineversion); a toolwidelyused internationally to rate
the QoL. Additionally, the Enneking score (Musculoskeletal
Tumor Society [MSTS]; Supplementary Material S2; available
in the online version)was used to estimate the functionality of
the previously affected extremity. Based on the questionnaire
responses, the analysis was done to understand differences in
life quality and extremity functionality since disparities in
those areas had been reported in the past based on the gender
of the patient. Primary outcomes measured were limb func-
tionality and QoL, whereas secondary outcomes measured
were social functioning and overall health perception.

Statistical Analysis
Categorical variables were compared according to Mann–
Whitney (bivariable) and Kruskal–Wallis (multivariable)
tests to the scores obtained in the questionnaire on MOS
SF-36 and the Enneking score, with an established 95% level
of significance.

Ethics
The study was performed following the principles set out in
the Helsinki Declaration and was approved by the Rebagliati
Institutional Ethics Committee in July 2018. Informed pa-
tient consent was obtained prior to enrolment to all partic-
ipants (Supplementary Material S3; available in the online
version). In the case of patients younger than 18 years,
parental consent was also needed.

Results

From 2002 to 2014, 27 cases of patients surviving bone
sarcomas of the lower extremity were registered. Out of
those, five could not be located, and three patients died in

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 5/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

Bone Cancer Survivors Vasquez et al. 405



another institution due to the progression of the disease.
Nineteen patients (11 males and 8 females) with an average
current age of 20 years were studied. Seven patients were
from Lima while 12 were from several regions of Peru
(Arequipa, Callao, Cajamarca, Trujillo, and Tacna). Seventeen
patients received a diagnosis of osteosarcoma and two were
diagnosedwith Ewing’s sarcoma. Themost common surgical
approach used was conservative surgery (15 cases, 78.9%),
amputation being the least frequent among survivors
(4 cases, 21.1%). At the time of diagnosis, the average age
of patientswas 15 years, that is, most were adolescents.Most
survivors of bone sarcomas of the lower extremity presented
localized disease (16 cases, 84.2%). The group of patientswho
underwent conservative or salvage surgeries presented a
higher incidence of postsurgical complications (neurovascu-
lar injuries and deep wound infections) compared with the
group of amputee patients (33.3 vs. 0%; ►Table 1).

QoL among patients who had conservative surgery was not
significantly better than amputee patients in either the physi-
cal ormental aspects, nor in anyof their components (►Fig. 1).
Among nonamputees, social functioning (p¼0.014) and over-
all health perception (p¼0.026) were better among men

(►Table 2). Limbfunctionality, according toEnneking’s staging,
was significantly higher in nonamputee patients (p¼0,035).

Discussion

Our study focuses on evaluating the QoL and lower extremity
functionality among patients surviving malignant bone

Table 1 Clinical features of patients surviving malignant bone tumors of the lower extremity according to type of surgery

Patients who had conservative surgery
of lower limb (n¼15)
Median (range)/n (%)/mean� SD (range)

Patients who had amputation
surgery (n¼4)
Median (range)/n (%)/mean� SD (range)

p-Value

Age at diagnosis (y) 15 (11–17) 15 (13–15)

Current age (y) 20 (14–25) 21.5 (16–27)

Gender

Male 7 (46.7) 1(25)

Female 8 (53.3) 3 (75)

Diagnosis

Osteosarcoma 13 (86.7) 4 (100)

Ewing’s sarcoma 2 (13.3) 0 (0)

Stage

Localized 14 (93.3) 2 (50)

Metastatic 1 (6.7) 2 (50)

Tumor location

Distal femur 8 (53.3) 3 (75)

Proximal femur 2 (13.3) 1 (25)

Proximal tibia 4 (26.7) 0 (0)

Fibula 1 (6.7) 0 (0)

Postsurgical complications

Yes 5 (33.3) 0 (0)

No 10 (66,7) 4 (100)

Quality of life

Physical functioning SF-36 79.1�7.4 (64.8–93.2) 78.04�5.1 (71.6–83.7) 0.76

Mental health SF-36 76.2�9.6 (60–97.3) 71.6�7.1 (62.2–68.6) 0.45

Enneking’s test

Total score (%) 78�14.6 (53.3–100) 59.1�18.3 (50–86.6) 0.035

Abbreviations: SD, standard deviation; SF-36, Short Form-36 Health Survey.

Fig. 1 Quality of life among patients who had conservative surgery.
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tumors in the transition period between adolescence and
adulthood facing challenges linked to the oncologic treatment
they received. We found no significant difference in the QoL,
neither in the physical or mental aspects, nor in any of their
components among patients who had conservative surgery
versus amputation. In past decades, amputation was the
treatment of choice for localized disease control of malignant
bone tumors. Now, both national and international organiza-
tions support the idea that conservative surgery is the stan-
dard treatment and a priority in the multidisciplinary team
against osteosarcoma and Ewing’s sarcoma.2,8,9 This subject is
acquiring relevance in public health due to the potential need
to employ additional resources or support services in physio-
therapy and psychosocial therapy.7,10

Most studies involving patients surviving pediatric bone
tumors have been conducted in high-income countries and
do not specifically examine patients whose lower limbs
have been compromised.11,12 In our study, the QoL among
amputee patients compared with that of the group
who underwent conservation surgery did not change sig-
nificantly, a finding similar to that of most studies,8,9,13–17

but different from others.18–20 Nevertheless, the function-
ality of the extremity was significantly higher in the group
of patients who had conservative surgery, as reported in
other studies.21,22

Although patients surviving bone sarcomas could suffer a
series of subsequent events (recurrences, new surgeries on
the affected limb, metastasis, or retarded effects of medica-
tion), their adaptation level to the social environment relat-
ing to educational, or employment level is notmuch different
from that of the general population.4,5 It is important to note
that postsurgical complications are generally more common

in patients who had conservative surgery, as shown in our
study.16,19

Related to gender, this study showcases that social func-
tioning and overall health perception were better among
men in the group of patients who had conservative surgery.
This is consistent with several literature reviews produced
which predominantly stated, although lower extremity bone
tumors are more common in males, their QoL and functional
scores are statistically more than that of females (based on
variations of the Mann–Whitney test).23,24 In contrast, a
study showed that men had diminished performance in
the work environment and were less likely to be married.7

Limitations and Strengths

Within the limitations of our study, there is a potential
selection bias. This is because some patients were excluded
from this study, since they could not be located or contacted,
probably leaving aside survivors with more significant
performance difficulties or greater negative impact on their
QoL. Another drawback involves the retrospective nature of
the study with the limited number of cases per group since
bone sarcomas are infrequent pathologies with high mortal-
ity rates, especially in lower- and middle-income countries.
Among the strengths of this study, it is essential to note that
evidence has been produced of a relatively homogeneous
group of patients who have mostly undergone conservative
surgeries, a treatment approach demonstrating an upward
trend in terms of its utility, further providing evidence in a
country of limited resources. Future research should focus on
a better understanding of these patients’ functional status
and QoL.

Table 2 Comparison by gender of different scales of quality of life and functionality in nonamputee patients surviving malignant
bone tumors of the lower extremity

Category Male (n¼ 7)
Mean� SD (range)

Female (n¼ 8)
Mean� SD (range)

p-Value

Enneking’s test

Score (%) 76.2�12.7 (53.3–86.7) 79.6� 16.9 (53.3–100) 0.75

Quality of life

Physical functioning SF-36 79.5�7.7 (64.9–90.5) 78.7� 7.7 (68.9–93.2) 0.82

Mental health SF-36 79.8�9.9 (65.3–97.3) 73.2� 8.8 (60–88) 0.18

Components

Bodily pain 70.1�1 2.5 (45.5–81.8) 73.9� 18.5 (45.5–90.9) 0.31

General health 83.4�6.3 (72–92) 75.5� 6.6 (68–88) 0.026

Mental health 81.4�11 (66.7–100) 76.7� 10.4 (66.7–96.7) 0.38

Role emotional 90.5�13.1 (66.7–100) 87.5� 23.1 (50–100) 0.78

Social functioning 82.9�17 (50–100) 67.5� 12.8 (50–80) 0.014

Vitality 72� 13.8 (58.3–100) 66.1� 7.9 (54.2–75) 0.45

Role: physical 80.4�15.9 (62.5–100) 85.9� 12.4 (62.5–100) 0.47

Physical functioning 79.5�9.7 (66.7–90) 81.3� 11.8 (66.7–96.7) 0.86

Abbreviations: SD, standard deviation; SF-36, Short Form-36 Health Survey.
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Conclusion

In conclusion, this study indicates that theQoL of patientswho
have suffered bone neoplasia of the lower extremity during
their pediatric years inadevelopingcountry isnot significantly
different due to the nature of the surgery performed, even
though there were differences in limb functionality. The latter
increased among patients who underwent conservative sur-
gery. A subsequent analysiswith a larger number of patients is
needed to verify such results.
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Abstract Introduction Multiple myeloma in the elderly population is rising in India. Such frail
transplant-ineligible patients are less frequently included in clinical trials. Moreover,
novel agents are not accessible to everyone. Melphalan-based chemotherapy regimens
are frequently used in elderly myeloma patients. Our study revisited the role of
melphalan, prednisone, and lenalidomide (MPL) as front-line therapy in this subgroup
of patients.
Objective The aim of this study was to determine the response, tolerance, and
outcome of MPL in elderly patients with newly diagnosed multiple myeloma.
Materials and Methods This prospective study was conducted at the Department of
Medical Oncology at a tertiary cancer center during January 2012 to September 2013.
Newly diagnosed patients with multiple myeloma >60 years who were transplant
ineligible formed the study subjects. Eligible patients received oral melphalan 0.18
mg/kg from D1 to 4, prednisone 2mg/kg from D1 to 4, and lenalidomide 10mg from
D1 to 21 q28 days. Patients who achieved complete response/very good partial
response (CR/VGPR) after 6 cycles of MPL received maintenance with lenalidomide
10mg fromD1 to 21 q28 days (MPL-L) until progression or 1 year whichever was earlier.
Quality of life was assessed using the Eq. 5D questionnaire.
Results Out of 46 patients, 25 were males and 21 were females. Median age was
67 years (range: 60—83 years). Majority had immunoglobulin G myeloma, followed by
immunoglobulin A subtype. The median quality of life score at baseline was 50 (range:
30–70). Forty patients completed six cycles of MPL. The main toxicity was grade 1 to 2
hematological. There were no treatment-related deaths. Twenty-two (55%) achieved
CR, 5 (13%) achieved VGPR, 4 (10%) achieved partial response, 6 (15%) achieved stable
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Introduction

Multiple myeloma (MM) is a plasma cell disorder that
accounts for 10 to 15% of hematological malignancies. The
incidence of MM in India is lower when compared with the
West (1/1,00,000 vs 4.1/1,00,000), but, as per recent statis-
tics, the numbers are expanding.1 As the life expectancy of
the general population is on the rise, the proportion of
elderly patients with various malignancies is expected to
rise aswell. MMdeserves specialmention in this seam, as the
majority affected are elderly, frail, and transplant ineligible.
The median survival of elderly patients with MM has im-
proved in recent years with the advent of newer agents,
starting from bortezomib in late 2000s.1 In 1990s, combina-
tion of melphalan, prednisone, and thalidomide was consid-
ered as a standard of care in elderlyMM,whowere transplant
ineligible.1 Present study looked at the role of lenalidomide
along with melphalan and prednisone, herein after referred
as MPL-L (melphalan-prednisone-lenalidomide induction
followed by lenalidomide maintenance) in elderly patients
as front-line therapy in MM.

Materials and Methods

This prospective single-arm study was conducted at the
Department of Medical Oncology at our tertiary cancer
Institute, in India, during 2012 to 2013. Patients with
newly diagnosed MM above 60 years of age, transplant
ineligible, were included in the study. Patients with an
Eastern Co-operative Oncology Group performance status
of �2 with adequate organ function as indicated by the
laboratory tests (hemoglobin [Hb]>8 g/dL, platelet count
>75000/mm3, absolute neutrophil count>1000/mm3,
serum creatinine <2.5mg/dL, serum bilirubin<1.5mg/dL,
aspartate aminotransferase/alanine aminotransferase
[ALT/AST] <2.5 times upper limit of normal) were included
for the study. Patients with uncontrolled intercurrent infec-
tions, renal failure, congestive cardiac failure, and previous
history of thromboembolic episodes were excluded from the
study. The study was approved by Institutional Ethics Com-
mittee and patients were recruited after obtaining informed
consent. The recruitment was consecutive and all eligible
patients during the study period (January 2012 to Septem-
ber 2013) were considered for the study. Baseline demo-
graphic profile, blood parameters (Hb, total white blood cell
(WBC) count, differential count, platelet count, serum creat-

inine, blood urea, serum bilirubin, ALT/AST, total protein,
serum albumin, serum globulin, serum sodium, serum po-
tassium, serum calcium, immunoglobulin assay, free light
chain assay, serum electrophoresis), bone marrow study
details, and skeletal survey were considered for the study.
Imaging with computed tomography/magnetic resonance
was done as indicated. Baseline cytogenetics for the study
group was not done as it was not available to us during the
study period. Eligible patients received oral melphalan 0.18
mg/kg from D1 to 4, prednisone 2mg/kg from D1 to 4, and
lenalidomide 10mg from D1 to 21 q 28 days (MPL). After 6
cycles of MPL, patients who achieved complete response
(CR)/very good partial response (VGPR) received mainte-
nance with lenalidomide 10mg from D1 to 21 q 28 days
until any sign of relapse or progression or 1 year whichever
was earlier (MPL-L). Patients with partial response/stable
disease (PR/SD) were given sixmore cycles of inductionMPL.
All patients received aspirin and cotrimoxazole prophylaxis
throughout the treatment. For staging, International Staging
system (ISS) was used.2 Response to treatment was assessed
by International Myeloma Working Group criteria.3 Toxicity
was graded using CTCAEv3. Quality of life (QoL)was assessed
using the Eq. 5D questionnaire.4 The toxicity assessment was
done at each visit. The QoL was assessed at baseline, after 3
and 6 months of MPL and after 12 months of maintenance
lenalidomide. The primary endpoint was response assess-
ment, that is, attainment of CR/VGPR/PR)/SD/progressive
disease (PD), and the secondary endpoints were progres-
sion-free survival (PFS), overall survival (OS), toxicity assess-
ment, and QoL. During maintenance, clinical examination
and laboratory investigations (Hb, total WBC count, platelet
count, serum creatinine, blood urea, serum calcium, immu-
noglobulin assay, free light chain assay, and serum electro-
phoresis) were done q3monthly. Further follow-upwas done
q6monthly with clinical examination and investigations, as
above, or earlier if the patient was symptomatic. PFS was
calculated from the date of diagnosis to the date of first
progression or death. OS was calculated from the date of
diagnosis to the date of last follow-up or death.

Statistical Analysis

The categorical variables are expressed in frequency and
proportion. The continuous variables are summarized using
mean and standard deviation. The OS and PFS are estimated
using Kaplan–Meier method and association of survival

disease, and 3 (7%) had progressive disease. Twenty-seven patients received lenalido-
mide maintenance. At a median follow-up of 55 months, the 2- and 5-year progression-
free survival was 60 and 18%, respectively. The overall survival at 2 and 5 years were 80
and 53%, respectively. The median number of subsequent lines of treatment was 2
(range: 1–4). The quality of life was improved and preserved in all study subjects. At
8 years, three patients had second malignant neoplasms and seven are alive.
Conclusion MPL-L is a well-tolerated and effective regimen in elderly myeloma with
good overall response rates.
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with comparator parameters is tested using logrank test.
The risk is estimated using Cox Regression. A p-value of
<0.05 is considered to be significant. SPSS v.20 was used for
the analysis.

Ethics
The study was approved by the Human Ethics Committee
(HEC 37/2011, dated January 12, 2012). The trial is registered
under the Clinical Trials Registry - India (CTRI) (CTRI/2013/
04/003565).Written informed consentwas obtained fromall
study subjects. All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and/or national research com-
mittee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Results

Baseline Characteristics
A total of 65 patients were screened for the study. Out of
55 patients who were eligible for the study, 46 patients
received the study drug. Nine patients did not report back
for treatment. Twenty-five patients were males and 21
were females. The median age was 67 years (range: 60–83
years). Seventeen (37%) patients were in 60 to 65 years age
group, 14 (30%) were in 66 to 70 years, and 15 (33%)
patients were in >70 years age group. Twenty patients had
documented comorbidities at the time of study entry.
Thirty-three patients had IgG myeloma, 7 had immuno-
globulin A (IgA) myeloma, 5 had light chain myeloma, and
1 had nonsecretory myeloma. According to the ISS staging
system, 19 had stage I, 13 had stage II, and 14 had stage III
MM. All had CRAB (hypercalcemia, renal impairment,
anemia and bone lesions) criteria at presentation. Seven
patients had hypercalcemia, 10 patients had renal im-
pairment, 15 patients had anemia, and 40 patients had
bone lesions. Urine Bence-Jones proteins were demonstra-
ble in six patients. The median QoL score at baseline was
50 (range: 30–70).

Treatment Received and Outcome
All 46 patients received at least one cycle of chemotherapy
and 40 patients completed six cycles of MPL. The main
toxicity was grade 1 to 2 hematological in nature. Non-
hematological toxicities included fatigue (grade 1–2), pneu-
monitis (grade 1), and deep vein thrombosis (grade 2). Four
(8.7%) patients required granulocyte colony stimulating fac-
tors (GCSF) and two (4.3%) patients had febrile neutropenia
that were managed conservatively. Two patients were with-
drawn from the study, the reasons being allergy to lenalido-
mide and severe hematological toxicity to chemotherapy.
There were no treatment-related deaths. The summary of
adverse events is shown in ►Table 1.

The response assessment was done after six cycles ofMPL.
Twenty-two (55%) patients achieved CR, five (13%) achieved
VGPR, four (10%) achieved PR, six (15%) achieved SD, and
three (7%) had PD. The median time to response was
3 months (range: 3–6 months) and the median time to
maximum response was 6 months (range: 6–9 months).
Out of 27 patients who received lenalidomide maintenance,
23 completed 1 year of treatment, 3 patients relapsed, and
one was lost to follow-up. Out of 10 patients with PR/SD, 5
received six additional cycles of MPL, among which, 3
achieved CR and 2 progressed. The remaining 5 received
MP further.

The median follow-up was 55 months. The 2- and 5-year
PFS were 60 and 18%, respectively (►Fig. 1). The OS at 2 and
5 years were 80 and 53%, respectively (►Fig. 2). The 5-year
PFS for IgG subtype was 13.5 versus 9.7% for all other
subgroups combined (p-value¼0.597) (►Fig. 3A). The 5-
year OS for IgG subtype was 64.2 versus 27.7% for all other
subgroups combined (p-value¼0.032) (►Fig. 3B). The 5-year
PFS for ISS stage 1, 2, and 3 were 23, 10 and 0% (p-value
¼0.116), respectively and the 5-year OS for ISS stage 1, 2, and
3 were 60, 59 and 40% (p-value¼0.193), respectively. Age
was not a significant factor in our study.

Twenty-four patients received next line of treatment,
with bortezomib-based chemotherapy in the majority, at a
median duration of 31 months (range: 8–102 months). The

Table 1 Toxicity profile of study subjects

Grade 1
n (%)

Grade 2
n (%)

Grade 3
n (%)

Grade 4
n (%)

Hematological toxicity

Anemia 17 (37) 17 (37) 4 (9) 1 (2)

Thrombocytopenia 17 (37) 6 (13) 6 (13) 1 (2)

Neutropenia 14 (30) 12 (26) 3 (6) 1 (2)

2 (4.3%) patients developed febrile neutropenia

Nonhematological toxicity

Fatigue 15 (33) 10 (22) 0 0

Pneumonitis 4 (9) 0 0 0

Deep vein thrombosis 0 1 (2) 0 0

Rash 4 0 0 0
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median number of subsequent lines of treatment was 2
(range: 1–4). The median PFS in those who completed
1 year maintenance was 41 months (range: 20–111 months)
andmedianOSwas 69months (range: 20–111months). At 8-
year follow-up, seven patients are alive (►Fig. 4). Three
developed second malignancies, in the form of squamous
cell carcinoma esophagus at 2 years, clear cell renal cell
carcinoma at 3 years, and carcinoma larynx at 5 years.

QoL Assessment
The QoL was improved and preserved in all the study
subjects. At the point of study entry, the median QoL was
50 (range: 30–70). The median QoL after 3 cycles of MPL, 6
cycles of MPL, and after 12 cycles of maintenance lenalido-
mide were 60 (50–90), 90 (50–100), and 100, respectively.

Discussion

The treatment armamentarium of elderly patients with MM
is abounding. Choosing the upfront treatment of an elderly
transplant ineligible MM patient depends on the perfor-
mance status, organ reserve, comorbidities, and polyphar-

macy. MP, the once considered standard of care in elderly
MM has undergone various combinations and has evolved to
the present treatment schedules. The added benefit of tha-
lidomide to MP (MPT) was demonstrated in the benchmark
trial, Intergroupe Francophone du Myelome (IFM) 99–06,
and henceforth was continued as the new standard of care in
the treatment of elderly MM in late 1990s and early 2000s.5

MPT was better than MP in terms of PFS, OS, and time to
progression. The benefit of lenalidomide in combination
with MP was studied by Palumbo et al in 2007 and it was
found to be an effective regimenwith good response rates.6A
subsequent phase I/II trial ofMPL in transplant ineligibleMM
patients, with a median age of 74 years, demonstrated an
objective response rate of 69% and manageable toxicity
profile.7 In the phase III trial EA106, Stewart et al compared
MPT and MPL in newly diagnosed transplant ineligible MM.
In this study, both the studyarms had similar PFS andOSwith
a favorable hematological (73 vs. 58%; p¼0.007) and non-
hematological (59 vs. 40%; p ¼0.001) toxicity profile for
MPL.8 Palumbo et al in 2012 investigated the role of MPL
induction followed by maintenance lenalidomide (MPL-L)
among 459 transplant ineligible MM patients. MPL-L was

Fig. 1 Progression-free survival (PFS). Fig. 2 Overall survival (OS).

Fig. 3 (A) Progression-free survival (PFS) versus type of myeloma. (B) Overall survival versus type of myeloma (OS). IgG, immunoglobulin G.
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found to significantly improve the PFS, and the greatest
benefit was seen in 65 to 75 years age group.9

Our study investigated the role of MPL followed by
maintenance lenalidomide as front-line in transplant ineli-
gible MM patients. In our study, IgG subtype and ISS stage 1
were the commonest. The regimenwas well tolerable and all
the described toxicities were managed conservatively. There
were 16 grade 3 to 4 hematological events. Two (4.3%)
patients had febrile neutropenia and four (8.7%) required
GCSF support. There was no treatment-related mortality.
However, in the MM-015 study, grade 3 to 4 hematological
toxicities are reported as the most common.9

In our study, the percentage of patients with at least a PR
was 78% after six MPL. As per MM-015 study also, a CR/PR
rate of 77%was seen in theMPL-L regimen. Themedian PFS in
MM-015 study was better for MPL-L than MP, 31 and
13 months, respectively, with continued benefit at mainte-
nance of lenalidomide as well.9

As the majority of clinical trials enroll fit and young
patients, the data on elderly patients is very scarce. Focus
on the tolerability and QoL maintenance is imperative in
managing elderly MM patients. As per MM-015 study, 16% of
patients had to discontinue the drug due to adverse events;
however, it is lower than that with MPT (33–45%) and
V(bortezomib) MP (12–34%). In our study, only one patient
was withdrawn due to poor treatment tolerance. In EA106
trial, which compared melphalan, prednisone, thalidomide
with thalidomide maintenance (MPT-T) and melphalan-
prednisone-lenalidomide with lenalidomide maintenance
(MPR-R), survival was similar in both, while QoL assessment

favored MPR-R arm at the end of induction.10 In our study
group, the QoL was maintained and was progressively better
throughout the treatment protocol unless the disease was
progressive. The 2- and 5-year PFS were 60 and 18%, respec-
tively, and the OS at 2 and 5 years were 80 and 53%,
respectively. The survival was better for IgG subtype in our
study. ISSwas not statistically significant for PFS in our study,
probably due to the small sample size and as the majority
were in ISS stage 1. The median number of subsequent lines
of treatment was 2 (range: 1–4). At 8-year follow-up, seven
patients are alive and three developed second malignancies.

Our study has the limitation of a small sample size. We
could not perform baseline cytogenetics in our study as it
was unavailable during the study period. Elderly, frail
patientswithMMwho are notfit for intensive chemotherapy
can have meaningful remission rates with MPL-L regimen.
This is awell-tolerated and effective oral regimen and studies
comparing this with bortezomib-based regimens in elderly
MM need to be explored in the future.

Conclusion

To conclude,MPL-L is an effective andwell-tolerated regimen
in elderly myeloma with good overall response rates.
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Abstract Introduction The novel coronavirus disease 2019 (COVID-19) catastrophe caused
significant mental threats to health care workers (HCW), especially during the first
wave of the pandemic. India successfully implemented vaccination strategies in
January 2021 that is likely to ameliorate the mental health impact of HCWs. The
current survey aims to identify the change in impact following vaccination and address
the issues affecting mental health.
Objective The primary objective is to reevaluate the stress levels of radiation
oncology HCWs with vaccine implementation and compare it with the mental health
status at the onset of the pandemic. The secondary objective is to identify the current
causative factors influencing mental health.
Materials andMethods Health careworkerswhoparticipated in the initialmental health
impact surveyat theoutsetof theCOVID-19pandemic fromMay to July2020were included
in this study. Two hundred eligible HCWs were reassessed of the total 363 initial assess-
ments. The 7-item Generalised Anxiety Disorder (GAD-7), 9-item Patient Health Question-
naire (PHQ-9), and 22-item Impact of Events Scale-revised (IES-R) was again served for
assessing anxiety, depression, and posttraumatic stress disorder. The Mc Nemar test was
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Introduction

The novel coronavirus disease 2019 (COVID-19) pandemic, a
catastrophic health crisis witnessed in the 21st century, had
adversely affected mental health across the globe.1 The
relentless increase in the number of cases and the unpre-
dictable nature of this pandemic had further exacerbated the
public’s psychological distress.2 In India, more than 4.3 crore
cases have been identified so far, with above 5.2 lakh COVID-
19-related deaths.3,4 The psychological impact of COVID-19
on humanity makes it imperative to address issues concern-
ing mental health with a degree of urgency.5

Although there is an acute shortage of health workforce,
we have nearly 5.76 million health care workers (HCWs).6

Mental stress had taken a toll on our HCWs during this
critical period, affecting their professional and personal life.
A few of the apparent reasons attributed were lengthy
working hours, multiple shifts, risk of contracting the infec-
tion, transmitting it to family members back home, non-
availability of personal protective equipment (PPE),
isolation, quarantine, and segregation from families.7 In
terms of availability of beds, our country has approximately
713,986 hospital beds across 25,778 hospitals in the govern-
ment sector which is as low as 13.76 beds per 10,000 people.

During the first pandemic wave, more significant anxiety
and panic was reported consequent to the rising number of
fatalities and unavailability of a vaccine. Various studieswere
conducted on the deteriorating mental health condition of
HCWs. HCWs from oncology and, especially, branches like
radiation oncology, have more frequent contact and expo-
sure to the patients due to the fractionated and prolonged
course of treatment. A multinational study conducted in
India from May 2020 to July 2020 with 758 participants of
the radiation oncology fraternity, comprising various Asian
countries revealed significant anxiety, depression, and stress
levels s in HCWs.8

With the rising number of cases and deaths, the public,
including HCWs, was apprehensive about contracting the
infection and the possibility of a next wave. The beginning
of 2021 witnessed the approval of vaccines to fight the

pandemic that had caused untold misery and deaths across
the globe.9 However, around 20 to 30% of the population
were also apprehensive about the vaccine’s side effects.10

India inaugurated its vaccination drive program on Janu-
ary 16, 2021.11 Two vaccines were approved, the Covaxin
which is an inactivated viral vaccine and Covishield which
uses the viral vector platform. The country expedited its
vaccination drive on a war footing, and 1 billion cumulative
vaccine doses were administered by October 21, 2021.12

This remarkable achievement was possible due to contin-
ued efforts from government agencies, vaccine manufac-
turers, and HCWs.

The ongoing vaccination drive, the resultant decrease in
the severity of infections, and a marked fall in death rates
are likely to have boosted the morale of most of our HCWs.
On the other hand, the public was also apprehensive about
the shortage of vaccines, their effectiveness, side effects,
and the possibility of a second pandemic wave. We could
see that a proportion of them was still unable to cope with
the stress despite continued awareness and vaccine imple-
mentation. Hence, our study aimed to evaluate the change
in the mental health status of radiation oncology HCWs
following the mass vaccination drive in India and compare it
with that at the beginning of the pandemic and identify the
various causative factors negatively impacting their mental
health.

Materials and Methods

This longitudinal study was conducted as a continuation of
the survey done during the onset of the pandemic to reex-
plore the mental health status of HCWs with the advent of
vaccine implementation strategies. The initial assessment
fromvarious Asian countrieswaspublished earlier this year.8

The data collection variables included demographic profile,
history of COVID-19 contact, testing, and infection with
vaccination status. Responses of the mental health assess-
ment tools were analyzed. The case record formwith all data
variables is given in the Supplementary Material S1

(available in the online version).

used to evaluate the change and significance of the mental health impact. Univariate and
multivariate analyses were done to identify the causative factors affecting mental health.
Results The cohort’s median age was 30 years (interquartile range [IQR]: 27–33). The
incidence of moderate-to-severe level anxiety, depression, and stress significantly
declined to 6.5% (p¼0.031), 9% (p¼ 0.01), and 19% (p<0.001) compared with 39.5,
40.5, and 30.5% during the pandemic onset. On further analysis, HCWs with affected
family members had higher levels of stress (p¼ 0.002). The rest of the parameters did
not have significant impact on mental health outcomes.
Conclusion With public education, awareness, and vaccination strategies, the second
follow-up survey conducted after vaccine implementation demonstrated a significant
number of HCWs in the radiation oncology community, exhibiting a decline in the
incidence of anxiety, depression, and stress levels compared with the initial wave of the
pandemic.
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Participants
The mental health status of radiation oncology HCWs from
four tertiary cancer care centers in India was assessed from
January 2021 to May 2021. This period was chosen because
the first wave of the pandemic was tailing down, and
vaccination strategies for HCWs were just implemented
and slowly picking up across the country. Participants
were requested to fill out the survey via a google form. Three
reminders were sent for completing the survey, and each
question was marked mandatory to avoid missing data. The
closure date for the response to the survey was fixed as
May 10, 2021.

Inclusion and Exclusion Criteria
Our study included radiation oncologyHCWs from Indiawho
filled the survey at the pandemic onset, aged 18 years and
above. There was no cut-off for the upper age limit. The
participants included radiation oncology clinicians, physi-
cists, technologists, nurses, and allied workers. Participants
who did not participate in the initial survey were excluded.

Data Collection
Of the 363 Indian participants who participated in the initial
survey, 200 responses were received, forming the study
sample for the current analysis. ►Supplementary Fig. S1

(available in the online version) represents the number of
participants evaluated during the first and second surveys.
The demographic profile, including a history of vaccination
status, was documented. The 7-item Generalised Anxiety
Disorder (GAD-7), 9-item Patient Health Questionnaire
(PHQ-9), and 22-item Impact of Events Scale-revised (IES-
R) was again utilized for assessing anxiety, depression, and
posttraumatic stress disorder. Univariate and multivariate
analysis was done to identify the causative factors affecting
mental health. No subgroup analysis was performed. For
GAD-7, scores 0 to 4 represent minimal, 5 to 9 mild, 10 to 14
moderate, and 15 to 21 severe anxiety. For PHQ-9, scores 0 to
4 represent none, 5 to 9 mild, 10 to 14 moderate, 15 to 19
moderately severe, and 20 to 27 severe depression. For IES-R
scores from 0 to 88, a total score of 24 or more for posttrau-
matic stress disorder is a clinical concern.13,14

Statistical Analysis
Statistical Package for Social Sciences software, Version 25,
was utilized for data analysis. The McNemar test was used to
evaluate the change and significance of the mental health
impact. Important causative factors for anxiety, depression,
and stress were analyzed. Significant factors were entered
into a multivariate Cox’s proportional hazards model and
expressed as hazard ratio (HR)with a 95% confidence interval
(CI). A p-value of �0.05 was considered statistically
significant.

Ethics
Tata Memorial Centre Institutional Ethics Committee ap-
proval was taken (project no: 3482, dated: May 13, 2020),
and Clinical Trial Registry of India registration (CTRI no.:
2020/05/025212) was done before the initiation of the study.

Informed consent was obtained from all participants. The
procedures followed were in accordance with the ethical
standards of the responsible committee on human experi-
mentation and with the Helsinki Declaration of 1964, as
revised in 2013.

Results

A total of 200 participants were assessed again for anxiety,
depression, and stress. It was observed that 108 (54%) were
married, 103 (51.5%) aged above 50 years, and 105 (52.5%)
had less than three rooms in the household. Comorbidities
were present in 26 (13%) participants. Among all the partic-
ipants, 93 (46.5%) were physicians and 197 (98.5%) of HCWs
had above secondary education. ►Table 1 shows the demo-
graphic profile of the participants.

History of testing for COVID-19 and contracting the
infection at any point of time during the pandemic was
recorded for all study subjects. Overall, 113 (56.5%) of the
participants got tested for COVID-19 among which 29
(14.5%) got infected. Also, 27 (93.1%) participants recovered
from the infection by 2 to 4 weeks; however, two (7%) HCWs
took nearly 4 to 6 weeks to recover. There was a total of 46
(23%) participants whose family members tested positive
amongwhom6 (13%) had both the participant and the family
getting infected which was an important finding not usually
asked in the questionnaire while evaluating mental health.
About 152 (76%) of the participants had the facility for
vaccination within the hospital itself. However, getting it
donewas voluntary, and 145 (72.5%) participants received at
least one dose of the vaccine at the survey time. ►Table 2

depicts the history of COVID-19 testing, infection, contact,
and vaccination status for all participants.

The incidence of anxiety, depression, and stress levels
were estimated in all the participants (►Fig. 1). It was noted
that moderate-to-severe level was seen in 13 participants
(6.5%), moderate-to-severe depression in 18 participants
(9%), and moderate-to-severe stress in 38 (19%). It was
noticed that the adverse impact on mental health had a
decreasing trend during the span of vaccine implementation
compared with the survey done at the beginning of the
pandemic. ►Fig. 2 shows the change in the levels of anxiety,
depression, and stress that changed over the course of the
pandemic. The levels of moderate-to-severe anxiety de-
creased from 39.5 to 6.5% (p¼0.03), depression from 40.5
to 9% (p¼0.001), and stress levels from 30.5 to 19%
(p<0.001). Following precautions for personal protection,
health education about the transmission of infection, public
awareness, and vaccine implementation is likely to have
contributed to change in mental health status over time.

Univariate analysis was done to assess the factors which
determine anxiety, depression, and stress levels. It was seen
that none of the factors was significant for anxiety and
depression among all. However, for stress levels, COVID-19
infection among familymembers significantly contributed to
increased stress levels (p¼0.002). ►Table 3 shows the
univariate analysis for stress. The tables of univariate analysis
for anxiety and depression are shown in the
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►Supplementary Tables 1 and 2 (available in the online
version).

Discussion

The COVID-19 pandemic has undoubtedly impacted the
mental health of a significant proportion of the popula-
tion. A survey conducted in the United States revealed that
4 in 10 adults reported anxiety or depressive disorder,
compared with 1 out of 10 in the prepandemic era.15

Conspicuous factors impacting mental health include
fear of getting infected, isolation, quarantine for long
periods, lack of social life and financial burden. As the
pandemic unfolded, individuals at a high risk of psycho-
logical stress were the frontline workers, including doc-
tors, nurses, community health workers, sanitation

workers, police personnel, and others. They relentlessly
provided care and assistance to the affected needy as the
pandemic raged across the country.16 Long working hours,
multiple shifts, fear of transmitting the contagion to
family members, and inadequacy of emergency medical
equipment, including PPEs, manifestly exacerbated the
stress level during the initial wave of the pandemic,
even as the unprecedented lockdowns derailed the health
care system across the world.17

Cancer care was affected during the pandemic across the
globe and in India.18,19 Despite grave challenges, the center
delivered uninterrupted cancer care services.20 At the onset
of the pandemic, a multinational survey was conducted
across Asian countries to assess the anxiety, depression,
and stress levels among HCWs in the radiation oncology
community from May to July 2020. The study revealed

Table 1 Demographic profile of all participants

Participants n¼ 200

Median age [IQR] in years 30 [27–33]

n %

Gender Female 87 43.5

Male 113 56.5

Marital status Divorced or separated 1 0.5

Married 108 54.0

Single 91 45.5

Number of rooms
in the household

<3 105 52.5

�3 95 47.5

Children less than 15 years 0 135 67.5

1 44 22.0

�2 21 10.5

Age more than 50 years No 97 48.5

Yes 103 51.5

Occupation Administrator 3 1.5

Allied health care worker 20 10.0

Nurse 4 2.0

Physician 93 46.5

Physicist/therapist 80 40.0

Cadre Junior staff (<10 years’ experience) 124 62.0

Senior staff (>10 years’ experience) 26 13.0

Student 50 25.0

Comorbidities No 174 87.0

Yes 26 13.0

History of smoking
or tobacco use

No 191 95.5

Yes 7 3.5

Do not want to disclose 2 1.0

Educational qualification Above secondary 197 98.5

Below secondary 3 1.5

Abbreviations: COVID-19, novel coronavirus disease 2019; IQR, interquartile range.
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significant levels of anxiety (34.8%), depression (31.2%), and
stress (18.2%) among HCWs.8

The current analysis of 200 participants across various
tertiary cancer care centers in India shows that 80% had close
contact with a COVID-19-positive patient, with 86% at the
workplace. A surge in COVID-19-positive patients within the
hospital was seen as cancer patients were a vulnerable group
to contracting infection consequent in decreased overall
immunity. The hospital policy did not insist on testing
asymptomatic patients who visited the institution daily for
radiation treatment.21 However, patients posted for brachy-
therapy procedures were routinely tested. This aggravated
the existing case burden for COIVD-19. Around 14.5% of the
HCWs tested positive, and nearly 7% tested free from the
virus after 4 to 6 weeks. The more prolonged periods of
isolation had impacted mental health.

As the year came to a close, vaccines were developed in
various countries. In December 2020, the U.S. Food and Drug
Administration issued the first emergency use authorization
(EUA) for a vaccine for the prevention of COVID-19 in
individuals 16 years of age and older.22 India’s COVID-19
vaccination drive commenced in the middle of January with
the approval of Covishield and Covaxinvaccines for restricted
emergency use.23HCWs of our country were among the first
to receive the vaccine doses.24 Also, 76% of the participants
had access to vaccination centers within the hospital itself.

As the vaccination program commenced, there was skep-
ticism among a minority of the public on whether to get
vaccinated or not. This is a natural corollary to the media
reports on the efficacy and side effects of various parts of the
world. In March 2021, the Danish Health Authority reported
severe cases of blood clots with the Vaxzevria COVID-19

Table 2 History of COVID-19 testing, infection, contact, and
vaccination status

n (200) %

Close contact No 40 20.0

Yes 160 80.0

Place of Contact Society 13 8.1

Workplace 138 86.3

Other 9 5.6

Testing for COVID-19 No 87 43.5

Yes 113 56.5

COVID-19 positive No 171 85.5

Yes 29 14.5

Weeks for recovery 2 to 4 27 93.1

4 to 6 2 6.9

Family members
contracted COVID-19

No 154 77.0

Yes 46 23.0

HCW and family þve Yes 6/46 13

Vaccination facility No 48 24.0

Yes 152 76.0

Volunteering to
get vaccinated

No 55 27.5

Yes 145 72.5

Abbreviations: COVID-19, novel coronavirus disease 2019; HCW, health
care worker.

Fig. 1 Percentage incidence of mental health outcomes during second survey.
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Fig. 2 Comparison of mental health impact between initial and final survey.

Table 3 Univariate analysis for stress levels

Variables to assess the change in impact Mild Impact
(n¼162)
n (%)

Mild-to-severe Impact
(n¼ 38)
n (%)

p-Value

Median age [IQR] in years 29.5 [27–33] 30 [28–34.25] 0.118

Gender Female 72 (82.8) 15 (17.2) 0.578

Male 90 (79.6) 23 (20.4)

Marital status Divorced or separated 1 (100.0) 0 (0.0) 0.881

Married 87 (80.6) 21 (19.4)

Single 74 (81.3) 17 (18.7)

No. of rooms in household <3 87 (82.9) 18 (17.1) 0.482

�3 75 (78.9) 20 (21.1)

Children in the house <15 years 0 110 (81.5) 25 (18.5) 0.837

1 36 (81.8) 8 (18.2)

2 16 (76.2) 5 (23.8)

Adults >50 years 0 84 (86.6) 13 (13.4) 0.05

�1 78 (75.7) 25 (24.3)

Occupation Administrator 3 (100.0) 0 (0.0) 0.437

Allied health care worker 19 (95.0) 1 (5.0)

Nurse 3 (75.0) 1 (25.0)

Physician 73 (78.5) 20 (21.5)

Physicist/therapist 64 (80.0) 16 (20.0)

Cadre Junior staff 98 (79.0) 26 (21.0%) 0.335

Senior staff 20 (76.9) 6 (23.1)

Student 44 (88.0) 6 (12.0)

Comorbidities No 140 (80.5) 34 (19.5) 0.791

Yes 22 (84.6) 4 (15.4)

Smoking No 154 (80.6) 37 (19.4) 0.746
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vaccine. There were also isolated cases of a neurological
disorder, such as Guillain–Barré syndrome, in scarce vacci-
nated people.25,26 There were also doubts regarding the
vaccine’s effectiveness against the mutating variants of the
virus. This could be the reason that why 27. 5% of the
participants abstained from vaccination at the time of the
survey.27

In April 2021, India witnessed a second pandemic wave
with more than 6.9 million new cases and 48,000 deaths.28

India administered more than 84 million vaccine doses, an
average of 2·8 million per day in April 2021. Our second
survey project reassessed the mental impact among the
same subset of radiation oncology HCWs from India who
participated in the initial questionnaire. They revealed de-
creasing anxiety, depression, and stress levels compared
with the initial survey. This was primarily due to greater
preparedness of the government, health care system and
growing confidence of the people in combating the pandem-
ic. Vaccines had brought optimism, and fatalities had de-
creased concomitantly, reducing the severity of the infection.
Continued awareness about safety precautions and compli-
ance also contributed to the positive mental health impact
continuum.

Several studies reported a positive impact on mental
health following vaccine implementation in various parts
of the world. In an extensive survey of 453,167 volunteers
from the United States, vaccinated participants had a 13%
lower risk of developing anxiety and 17% lower risk of
depression than nonvaccinated patients. In another survey

from the United States, vaccination was associated with
declines in distress and perceived dangers of infection,
hospitalization, and death. In another large study of 8,003
adults who were vaccinated between December 2020 and
March 2021, decreased mental distress levels were reported
after receiving the first dose.29–31

In our study, in univariate analysis, none of thedemograph-
ic factors impacted anxiety or depression. However, COVID-19
among the family members was significant (p¼0.002) in
affecting stress levels. HCWs were perennially in fear of
infecting their families.32,33 Social stigma was an important
concern during the pandemic. Several incidents of stigmatiza-
tion were reported against frontline workers. Families of
HCWs were subjected to social quarantine as they were also
considered a contagion source.34 Many health professionals
lived away from families during the pandemic. If a family
member gets COVID-19, it is likely to bemore stressful; one of
themain concerns for theHCWs is that the infectionmay have
been transmitted from their workplace. Spread among other
members, especially elderly parents, joint families, and socie-
ties, shutting down essential services for the affected house-
hold could further aggravate the distress.

In an attempt to improve the mental health of the HCWs,
mass counseling sessionswere organizedwithin the center by
psychologists leading to positive results. Subjects with acute
psychological distress were also given individual counseling.
Our center also addressed mental health concerns during this
period with professional support. The services offered includ-
ed counseling and psychotherapy for various problems like

Table 3 (Continued)

Variables to assess the change in impact Mild Impact
(n¼162)
n (%)

Mild-to-severe Impact
(n¼ 38)
n (%)

p-Value

Yes 6 (85.7) 1 (14.3)

Do not want to disclose 2 (100.0) 0 (0.0)

Educational qualification Above secondary 161 (81.7) 36 (18.3) 0.093

Below secondary 1 (33.3) 2 (66.7)

Close contact No 33 (82.5) 7 (17.5) 0.787

Yes 129 (80.6) 31 (19.4)

COVID-19 testing No 71 (81.6) 16 (18.4) 0.847

Yes 91 (80.5) 22 (19.5)

COVID-19 positivity No 139 (81.3) 32 (18.7) 0.802

Yes 23 (79.3) 6 (20.7)

COVID-19 in family members No 132 (85.7) 22 (14.3) 0.002

Yes 30 (65.2) 16 (34.8)

Vaccination facility No 35 (72.9) 13 (27.1) 0.102

Yes 127 (83.6) 25 (16.4)

Volunteering for Vaccine No 43 (78.2) 12 (21.8) 0.532

Yes 119 (82.1) 26 (17.9)

Longer period of isolation

Abbreviations: COVID-19, novel coronavirus disease 2019; IQR, interquartile range.
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anxiety, loneliness, relationship issues, difficulty sleeping,
depression, trauma, self-harm, and others. It was also made
sure that all counseling sessions were strictly confidential.
These sessions are held weekly through online platforms for
easy accessibility for all participants.

Creating awareness and persistent measures to educate
the people paid rich dividends in significantly reducing the
levels of moderate-to-severe anxiety, depression, and
stress among HCWs in the radiation oncology community.
In general, it can be interpreted that the mental impact
after vaccination strategies were implemented, vis a vis,
the second wave was better compared with the first. In one
of the recent studies, it was seen after 12 weeks of the
double dose of vaccine. These measures, along with the
decreasing trend of COVID-19 fatalities and fall in severe
infections, have generated hope that our fraternity’s men-
tal health and well-being will improve in due course of
time.

Limitations and Strengths

Our study had several limitations. Out of the 363 participants
who were surveyed at the first pandemic wave, only 200
could complete the present one. This was mainly because of
the long gap between the two surveys wherein many par-
ticipants had changed the workplace. At the time of the
survey, vaccination strategies were just getting imple-
mented, and the public had doubts regarding the safety
and efficacy. This could also have possibly impacted the
response rate. The stress among the participants was higher
during the initial months of the pandemic, especially with an
increase in case fatalities and nationwide lockdowns; how-
ever, with increased public awareness, compliance to pre-
cautionary measures, and ease of restrictions, results may
have been confounded.

This study highlights the importance of studying the
mental health of HCWs during the pandemic, as the psycho-
logical footprint of a disaster is supposedly more prominent
than the medical footprint. Effective corrective actions
should be implemented to provide a safe work environment
that will facilitate work–life balance, effective communica-
tion, and information, health promotion, job security, and
lend risk-adapted psychosocial support.

Conclusion

Continued health education, compliance to safety precau-
tions and effective vaccination strategies have produced
beneficial results. The second survey conducted at the launch
of vaccine implementation strategies showed that a signifi-
cant number of HCWs in the Radiation Oncology community
had declining trends of anxiety, depression, and stress levels
compared with the pandemic’s initial wave.
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Abstract Introduction Platinum-based chemotherapeutic agents cisplatin and carboplatin are
two of the most widely used drugs in cancer today. They display wide range of adverse
reactions; among them, ototoxicity is an important cumulative toxicity that more
commonly observed with cisplatin. At a later stage, it can affect speech of individual
and lead to communication problem with decreased cognitive function and depression
in cancer survivors. Periodic monitoring of hearing loss with pure-tone audiometry
(PTA) provides early evidence of ototoxicity which may decrease debilitating effect of
the same in a patient.
Objective The primary objective of this study was to assess cisplatin-induced
ototoxicity. We also investigated its severity, reversibility, and other modifying risk
factors.
Materials and Methods We conducted a prospective observational descriptive type
of epidemiological study. The study was conducted over 80 randomly selected cancer
patients (for estimation of sample size, the following formula was used n¼ [Zα2 PQ] /
d2), who were starting with their first cycle of cisplatin from August 2018 to July 2020.
This study was conducted at tertiary cancer care center in western Gujarat which caters
patients from all over India. We performed PTA in all randomized patients at baseline
and periodically. We classified hearing loss according to the World Health Organization
(WHO) criteria.
Results A total of 30% (n¼24) patients developed cisplatin-induced ototoxicity
according to WHO criteria at end of 3 months after starting the first cycle of cisplatin.
It was sensory neuronal, affecting both the ears equally, and was seen predominantly at
high frequency. We observed hearing loss at 3 months to be significantly more
common in the 301 to 400mg/m2 cumulative dose group (47%), as compared with
the other two groups (0–200mg/m2 and 201–300mg/m2; p< 0.05). It showed dose
dependency with cisplatin. In the multivariate step-wise regression model, baseline
hearing loss (odds ratio [OR]¼17.71, 95% confidence interval [CI]: 6.57–118.91,
p< 0.05) and cumulative cisplatin dose of more than 300mg/m2 were significantly
associated with hearing loss at 3 months (OR¼6.62, 95% CI: 2.33–18.74, p<0.05).
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Introduction

According to the GLOBOCAN 2020 data, the total number of
new cases of cancer was 19,292,789, and total mortality was
99,58,133.1 Among them, the most common cancers diag-
nosed in females after breast cancer were head and neck,
cervical, lung, and gastrointestinal cancers. These cancer
types were observed to be common in males as well. The
platinum-based chemotherapeutic agents, cisplatin and car-
boplatin, are two of the most widely used chemotherapeutic
agents in these types of cancer.

Cisplatin has various dose limiting and cumulative tox-
icities. Ototoxicity is an important cumulative toxicity of
cisplatin. This exclusively affects the cochlea. For cisplatin,
hearing loss is bilateral, sensory neuronal, irreversible, and
generally occurs at higher frequencies (>4kHz) and is pro-
portional to the cumulative dose of the drug.2Hearing loss is
common at the higher frequencies when the cisplatin dose is
greater than 60mg/m2.3 Often, it is accompanied by tran-
sient or permanent tinnitus which is commonly reversible
on the completion of treatment.4

In literature, the rate of hearing loss is variably reported
between 4 and 90%, depending on the drug dose, age of the
patient, preexisting hearing loss, concurrent cranial radia-
tion, some genetic factors, or concurrent use of other
ototoxic medications.5 A correlation between genetic var-
iants and hearing loss has been found for cisplatin-detoxi-
fying enzymes (glutathione-S-transferase),6 nucleotide
excision repair proteins, and megalin (low-density
lipoprotein).7

Recently, sodium thiosulfate has been approved by the
Food and Drug Administration (FDA) to prevent cisplatin-
induced ototoxicity in children aged between 1 and
18 years.8 Unfortunately, it is not yet approved for adult
patients. The nature of ototoxicity is such that it often goes
undetected until speech intelligibility is affected9 and usu-
ally detected only when a communication problem
becomes evident. These patients can be prescribed a hear-
ing aid,10 cochlear implant,11 or other assistive device (text
messaging or audio streamers), and other special accom-
modations which will optimize the quality of life for cancer
survivors.

Early detection of ototoxicity is an essential component of
cancer care in patients receiving cisplatin. Pure-tone audi-
ometry (PTA) remains the first-line diagnostic tool for the
screening, diagnosis, and follow-up of hearing status in these
patients. So, by doing baseline and periodic audiometry, we
can prevent administration of such ototoxic drug in patients
of preexisting hearing loss and could detect cisplatin-in-
duced sensory neuronal hearing loss (SNHL) early.

Therefore, this study aims to serve as a resource for health
professionals to enhance their understanding of ototoxicity
and its regular monitoring in patients receiving cisplatin to
prevent ototoxicity. The primary aim of our study is to
evaluate cisplatin-induced ototoxicity in cancer patients.
Our objectives were to study the dose and effect relationship
of cisplatin ototoxicity, severity and reversibility of cisplatin
ototoxicity, and other associated risk factors enhancing
cisplatin-associated ototoxicity.

Materials and Methods

This prospective study was performed among randomly
selected 80 patients with diagnosed cancer and commencing
treatment with cisplatin from August 2018 to July 2020 at a
tertiary cancer health care center in western Gujarat. For
estimation of sample size, the following formula was used:

n¼ [Zα2 PQ] / d2

Where:

• Zα¼ value of standard normal variate corresponding to α
level of significance¼1.96 (corresponding to 95% confi-
dence interval).

• P¼ likely value of parameter¼20%.
• Q¼1–P¼ (100–20)%¼80%.
• d¼margin of errors (measure of precision)¼0.10 (10%).

Inclusion Criteria

Inclusion criteria are listed below:

• Adults >18 years of age.
• Positive diagnosis of cancer.
• Commencing the first cycle of chemotherapy with

cisplatin.
• Patients on concurrent radiation with cisplatin were also

included.

Exclusion Criteria

Exclusion criteria are as follows:

• Patients presenting with profound hearing loss (more
than 91 db) at baseline assessment, as it would be difficult
to evaluate them according to the American Speech
Language–Hearing Association criteria.12

• Patients who have previously received cisplatin
chemotherapy.

Conclusion Cisplatin-induced ototoxicity manifests as a bilateral high frequency
sensorineural hearing loss. Cumulative dose of cisplatin is an important predictor of
development of ototoxicity. Baseline and periodic audiometricmonitoring could detect
ototoxicity early which leads to possible limitation on the severity of ototoxicity.
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• History of medical condition, such as tuberculosis and
malaria (medications used in these conditions are ototox-
ic) or diabetes, heart failure, and renal failuremedications,
of which can affect the hearing threshold.

A total of 80 patients were randomly selected fulfilling the
above inclusion criteria. Data collection was done in form of
history, examination, complete blood count (CBC), biochemis-
try, biopsy of accessible site, imaging of relevant site, tumor
markers, history regarding hearing loss, tinnitus, and pure-
tone average at high frequency. PTAwasperformed at baseline
frequency, atfirst, third, and sixthmonths (frombeginning the
first cycle of cisplatin) in both the ears. Patients were asked
about symptoms like hearing loss, tinnitus, and vertigo with
each PTA test. We have tested the hearing threshold in decibel
(dB) from 250 to1,200Hz for both the ears during PTA at
multiple timeperiod as discussed above. But for comparison of
thehearing threshold in dB,wehave used only 8-kHz frequen-
cy, as cisplatin-induced hearing loss occurs only at high
frequency. The difference between hearing threshold (in
dBHL) from the baseline audiogram and the posttreatment
audiogram of all the patients were counted.

Significant hearing loss was considered in the following
scenarios: approximately 20 Db decline in hearing observed
at any single test frequency, oral 0-dB decline at two adjacent
frequencies, or loss of response at maximum audiometer
outputs for three consecutive frequencies where there was
previouslymeasurable hearing. This was based on the Amer-
ican Speech Language and Hearing Association criteria.13We
graded severity of cisplatin-induced ototoxicity according to
the World Health Organization (WHO) criteria.14

In primary outcome, we found that cisplatin ototoxicity is
proportional to cumulative doses of drug. For secondary
outcomes, we studied effect of age, sex, concomitant cranial
radiation, chemotherapy given with cisplatin, baseline hear-
ing loss, and cumulative dose. Among them, baseline hearing
loss and cumulative doses of cisplatin, both being associated
with ototoxicity, were found to be statistically significant.

Statistical Analysis

The data were entered in MS Excel spread sheet and analysis
was done using Statistical Package for Social Sciences (SPSS)
version 21.0. Quantitative variables were compared using
paired t-test. Qualitative variables were analyzed using Chi-
square test.

Ethics

The study was approved by the Institutional Ethics Commit-
tee clinical studies, Apollo Hospitals International Ltd.,
Ahmedabad, Gujarat, India. (approval no: ECR/30/INST/GJ/
2013/RR; approved on July 16, 2018). The study was con-
ducted according to the principles outlined in the Interna-
tional Conference on Harmonization Good Clinical Practice
guidelines and in compliance with the protocol, the Data
Protection Act and all other ethical and regulatory require-
ments, as appropriate for the study. All study participants

were explained about study, and written informed consent
was obtained from them. The Helsinki Declaration was
followedwhich said that all procedures performed in studies
involving human participants were in accordance with the
ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

Results

This study included 80 patients of cancer, commencing their
treatment with first dose of cisplatin repeating either 1 or 3
weekly, given as concurrent with radiotherapy, as an adju-
vant or as a neoadjuvant form with other chemotherapy
agents or as a single agent.

We found that mean age of the patients in our study was
48.9�10.11 years (range: 22–67 years; ►Fig. 1). Here, 70%
(n¼56) of the patients were males and rest were women
(30%, n¼24). The most common diagnosis for which cisplat-
in was prescribed was squamous cell carcinoma of head and
neck (42.5%, n¼34). Treatment history of the patients
revealed that 42.5% (n¼34) of the patients received cranial
radiation therapy along with cisplatin. Gemcitabine, doce-
taxel with 5-fluorouracil, etoposide, bleomycin with etopo-
side, and pemetrexed were used with cisplatin, respectively,
in 23.8 (n¼19), 10 (n¼8), 10 (n¼8), 7.5 (n¼6), and 6.3%
(n¼5) of the patients.

Of our study population, 32.5% (n¼26) received 0 to
200mg/m2 cumulative dose of cisplatin, with median dose
being 180mg/m2. A total of 43.8% (n¼35) patients received
201 to 300mg/m2 cumulative dose, with median dose of
cisplatin being 290mg/m2. About 23.8% (n¼19) of patients
received 301 to 400mg/m2 of cisplatin with a median dose
being 320mg/m2 (►Fig. 2).

At baseline, the mean PTA in right ear was 22.59�4.03dB
which increased significantly to 32.89�16.22dB at 3months
(p<0.001), and in left ear it was 22.59�3.85dB which
increased significantly to 33.01�16.04dB at 3months
(p<0.001) (►Table 1).

Among the study population, 7.4% of the patients hadmild
hearing loss before starting cisplatin chemotherapy. Decibel

Fig. 1 Distribution of patients according to age.
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of mild hearing loss was recorded to be 26 to 40dB. At 1-
month follow-up, we observed that 17 (21.3%) patients had
hearing loss; the severity of hearing losswas not significantly
associated with the dose of cisplatin, given to the patients
(p¼0.13). At 3 months, we found that ototoxicity was
associated with cumulative dose of cisplatin, as 24 patients
(30%) had hearing loss, and it was significantly more com-
mon in the 301 to 400mg/m2 cumulative dose group (47%) as
compared with the other two groups (p<0.05; ►Fig. 3).
Irreversible sensorineural hearing loss (SNHL) was con-
firmed with repeat PTA at sixth month.

We found that subjective hearing loss was significantly
more common in the 301 to 400mg/m2 cumulative dose
group (36.8%) as compared with patients in the other two-
dose groups (p<0.01). Tinnitus was not found to be signifi-
cantly associated with the cumulative dose of cisplatin given
to patients (p¼0.14), and it was reported by 8.8% (7 out of
80) of the patients.

We assessed the effects of age, gender, history of cranial
radiation, chemotherapy given with cisplatin, baseline hear-
ing loss, and cumulative cisplatin dose on ototoxicity. In
multivariate step-wise regression analysis, baseline hearing
loss (odds ratio [OR]¼17.71, 95% confidence interval [CI]:
¼6.57–118.91, p<0.05) and cumulative dose of cisplatin
more than 300mg/m2 (OR¼6.62, 95% CI: 2.33–18.74,
p<0.05) were found to be significantly associated with
hearing loss at 3 months (►Table 2).

Discussion

Cisplatin-induced ototoxicity manifests as bilateral high-
frequency sensorineural hearing loss in a dose-dependent

manner15 with continued exposure to cisplatin gradually, it
affects low frequency associated with speech.16 This will
further lead to impairment in functional status, cognitive
status, and depressive symptoms in cancer survivors.17

Cisplatin ototoxicity is produced by several distinct mecha-
nisms,18 mainly it is due to preferential damage to the basal
turn of the cochlea,19 where it involves the formation of
reactive oxygen species (ROS) and reduction of antioxidative
enzymes within the cochlea causing intrinsic apoptosis of
outer hair cells20,21 which are involved in neural transmis-
sion of sound.

The reported incidence of cisplatin ototoxicity is variable,
ranging from 26% to over 90% due to many treatment and
patient-related factors which include both genetic and non-
genetic risk factors. Data from clinical trials can be difficult to
compare due to differences in the dose of the drug adminis-
tered, both within a cycle and the total amount administered
over multiple cycles, the time interval between courses,
method of administration, treatment duration, and differ-
ences in patient populations.

Fig. 2 Median dose of cisplatin given to the patients in the three groups.

Table 1 Comparison of baseline and 3-month PTA for right and left ear side

PTA (dB) Mean Standard deviation p-Value

Right ear Baseline 22.59 4.03 < 0.01

At 3 months 32.89 16.22

Left ear Baseline 22.59 3.85 < 0.001

At 3 months 33.01 16.04

Abbreviations: dB, decibel; PTA, pure-tone audiometry.

Fig. 3 Comparison of patients in different dose groups with the
severity and type of hearing loss according to WHO grading. WHO,
World Health Organization.
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Of our study population, 32.5% received 0 to 200mg/m2

cumulative dose of cisplatin, 43.8% received 201 to 300
mg/m2 cumulative dose, and 23.8% received 301 to 400
mg/m2 of cisplatin. The study by Dwivedi et al evaluated
cisplatin ototoxicity dosage of cisplatin ranged from 50mg to
115mg/m2 with cumulative dose ranging from 250 to
850mg.22

In our study, at baseline, mean PTA in right ear was
22.59�4.03dB at 8 kHz which increased significantly to
32.89�16.22 dB at 3 months (p<0.001) at same frequency.
Similarly, at baseline, mean PTA in left ear was
22.59�3.85dB at 8 kHz which increased significantly to
33.01�16.04dB at 3 months at same frequency
(p<0.001). Similarly, Arora et al reported that in 57 patients,
mean baseline hearing threshold at all tested frequencies
was 54.4 dB which increased to 73.1 dB after 3 months.23

In our study at 3 months, 30% of patients had bilateral
sensorineural high-frequency hearing loss (at 8 kHz) accord-
ing toWHO criteria, incidence and characteristics of hearing
loss of our study correlate with studies done by Dwivedi
et al,22 Dutta et al,24 and Green et al.25

We observed that 7.4% had hearing loss at baseline,
increased to 21.3% at 1 month and 30% at 3 months fol-
low-up. At 3 months, it was significantly associated with
dosage of cisplatin (p<0.05).We also found that moderate-
to-severe hearing loss was significantly more common in
patients in 301 to 400mg/m2 cumulative dose group (31.5%)
as compared with patients in the other two dose groups
(p<0.01). This observation establishes the dose effect rela-
tionship of cisplatin-induced ototoxicity similar to study
done by Bokemeyer et al26 and Frisina et al.27 Irreversible
nature of hearing loss was confirmed by repeat PTA at
6 months which correlates with studies done by Dwiwedi
et al22 and Arora et al.23

We found that tinnitus was reported (evaluated by taking
history) by 8.8% of patients and was not significantly associ-
ated with the cumulative dose of cisplatin (p¼0.14). Inci-
dence of same has been reported from 2 to 36% in

literature.28,29 Study by Skalleberg et al showed that tinnitus
was not associatedwith cumulative dosage of cisplatinwhich
is comparable to our study.30

In literature, cumulative dose of cisplatin has been con-
sidered as an important factor enhancing cisplatin ototoxic-
ity,26 similarly we found that cumulative cisplatin dose of
more than 300mg/m2 (OR¼6.62, p<0.05) and baseline
hearing loss (OR¼17.71, p<0.05) were found to be signifi-
cantly associated with hearing loss at 3 months on multivar-
iate analysis. Apart from dose, age31 and sex32 are also
associated with cisplatin ototoxicity but we did not find
such association.

Audiological monitoring should aim to identify the hear-
ing loss early and reduce its impact on the individual’s life by
means of proper medical and hearing intervention.33 Yu
et al34 compared the effectiveness of monitoring cisplatin-
induced ototoxicity in adult patients using extended high-
frequency PTA (EHF-PTA) or distortion-product otoacoustic
emission (DP-OAE). The incidence rate of cisplatin-induced
ototoxicity was 40% with EHF-PTA or DP-OAE which corre-
lates with detection rate of SNHL by PTA of our study.

There have been many studies with multiple otoprotec-
tive agents, none of these agents yet approved in preventing
cisplatin ototoxicity in adults.16 Our study showed that
periodic PTA could detect SNHL early. As today, the only
way to prevent cisplatin ototoxicity lies on early detection
followed by dose modification or substitution with other
platinum compound like carboplatin. But care should be
taken to prevent compromise in oncologic efficacy.

Limitations

Our study has few limitations, as we have not compared
hearing loss at different high frequencies. Comparison was
done only at 8 kHz at 0, first, and third months. Also after the
third month, most of the patients had finished their treat-
ment, so we were not able to change or modify the cisplatin
doses. We have also not performed cost–benefit analysis.

Table 2 Factors associated with sensorineural hearing loss in our patients at 3 months

Parameter Univariate analysis Multivariate analysis��

OR� 95% CI p-Value OR 95% CI p-Value

Age (in y)

Up to 50 Reference – – – – –

>50 1.82 0.67–4.91 0.23 1.82 0.54 to 6.09 0.33

Female gender 1.12 0.39–3.25 0.94 – – –

Crania radiation Received 0.53 0.19–1.51 0.23 0.91 0.17–4.83 0.91

Concomitant chemotherapy given 4.8 1.45–16 < 0.01 2.06 0.26–16.37 0.49

Baseline HL 16.76 1.83–153.48 < 0.01 17.71 6.57–118.91 < 0.05

Cumulative cisplatin dose (mg/m2)

0–200 Reference – – Reference – –

201–300 3.51 0.86–14.23 0.07 4.13 0.67–15.23 0.12

301–400 5.57 1.23–25.21 < 0.05 6.62 2.33–18.74 < 0.05

Abbreviations: CI, confidence interval; HL, hearing loss; OR, odds ratio.
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Conclusion

We observed that at 3 months, 30% of the patients had
bilateral high-frequency sensorineural hearing loss accord-
ing to the WHO criteria. Patients with baseline hearing loss
and cumulative dose of more than 300mg/m2 had signifi-
cantly higher odds of developing cisplatin-induced hearing
loss. Results of our study showed that audiometric monitor-
ing provides early evidence of decreased hearing ability. We
can modify the doses or can substitute cisplatin with other
platinum compounds like carboplatin. However, it still does
not completely prevent ototoxicity. We recommend audio-
metric testing (with main focus on high frequency), periodi-
cally for all patients at baseline, first, third, and sixth months
after starting cisplatin doses.
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High-dose methotrexate (HD-MTX) that is given in the form
of continuous infusion over 24hours forms an essential part
of extra compartmental therapy pediatric-inspired protocols
for treatment of acute lymphoblastic leukemia (ALL). Der-
matological eruptions due to HD-MTX are rarely reported as
compared with low-dose MTX (LD-MTX) therapy given for
immunodermatological disorders. Defects in skin andmuco-
sa paveway for bacterial invasion and sepsis in a neutropenic
patient adding up to complications and contributing to
morbidity due to ALL.

We report a 24-year-old female diagnosed as Philadel-
phia positive B cell ALL treated with Berlin-Frank-Mun-
chester-95 protocol, who developed severe methotrexate-
induced dermatological eruption post first HD-MTX infu-
sion. She had an uneventful induction course with docu-
mented minimal residual disease negativity post
induction. After documenting baseline normal complete
blood count and biochemistry values, hydration along
with alkalinization was started as per institute’s protocol.
Interacting medications such as dasatinib, septran, 6-
mercaptopurine, and folate were stopped. HD-MTX was
administered at a dose of 5 gm/m2 as a 24-hour infusion.
Her maximum serum level of MTX at 36 hours was 1.38
micromol/L and leucovorin rescue was guided according
to Bleyer’s nomogram. She was conservatively managed
for grade 2 emesis and headache on day 4 of administra-
tion. She was discharged on day 6 with balanced pH and
soda bicarbonate mouth gargles for mild oral soreness. On

day 9, she started developing abdominal pain, bloody
stools, with high-grade fever, requiring immediate read-
mission. She looked sick, febrile, icteric with multiple
pruritic plaques on an erythematous base distributed all
over the body, palmoplantar erythrodysesthesia, and
grade 4 oral mucositis (►Table 1). Her laboratory inves-
tigations were suggestive of severe myelosuppression
along with grade 2 AKI and grade 3 transaminitis accord-
ing to Common Terminology Criteria for Adverse Events
Version 5.0. She was given bowel rest with total parenteral
nutrition, broad spectrum antibiotics, granulocyte colony
stimulating factor, transfusion support with red blood
cells, and platelets including granulocyte infusion to tide
over the gram-negative bacterial sepsis. The skin care
included application of topical urease cream with mild
corticosteroids for palmoplantar lesions, emollients for
generalized skin lesions, and balanced pH gargles for
oral mucositis. The skin lesions became hyperkeratotic
over time and healed with desquamation as shown
in ►Fig. 1. Her general condition improved after an inpa-
tient stay of 14 days with good nursing care.

Pulse LD-MTX therapy given weekly without leucovorin
rescue for psoriasis and rheumatoid arthritis commonly
causes dermatological eruptions at a lower threshold than
HD-MTX (0.2 vs 1mM/L).1 Perifolliculitis, photosensitivity,
erythema multiforme, Stevens-Johnson syndrome, and tox-
ic epidermal necrolysis occur due to immunologic mecha-
nisms from drug presentation by keratinocytes to cytotoxic
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T lymphocytes.2,3 Palmoplantar erythema with bullous
lesions result due to concentration of this drug in eccrine
glands.4 Histopathological changes like acanthosis, epider-
mal necrolysis, interface dermatitis, and dyskeratosis result
due to direct toxicity on rapidly multiplying keratinocytes.5

Dasatinib forms backbone of pHþALL and is known to
delay the proper clearance of methotrexate.6 Other known
risk factors include advanced age, hypoalbuminemia, pre-
existing renal dysfunction, and low folate stores in the
patient’s body. Variations in expression of genes SLCO1B1,
BCRP, and ABCB1 along with single nucleotide polymor-
phisms of various enzymes involved in metabolism of
methotrexate like 5,10-methylene-tetrahydrofolate reduc-
tase and thymidylate synthetase can predict individual
toxicities.7 Our patient had significant toxicity despite
adequate clearance and stopping interacting medications
like dasatinib, thus involving genomics into discussion.
Ensuring a robust supportive care with the use of dermo-
protective agents will surely enhance faster recovery of such
patients.
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Table 1 Possible Differential Diagnosis considered during admission

Differentials encountered For Against

Stevens-Johnson syndrome
with sepsis-induced multior-
gan dysfunction
Severe varicella infection

Skin and mucosal lesions,
timing of drug administra-
tion
Fever, oral ulcers, skin lesions

No typical skin blistering seen except on palms
Palmoplantar involvement, typical chemotherapy induced
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Introduction

Despite optimal surgery and first-line platinum-based dou-
blet chemotherapy, approximately 70 to 80% of patients with
epithelial ovarian cancers show a relapse.1 The most impor-
tant features that influence the treatment choice in recurrent
ovarian cancer (ROC) with respect to systemic therapy are
tumor histology, BRCA mutation status, platinum-free inter-
val (PFI), and previous treatment with an anti-VEGF mono-
clonal antibody. The presence of germline or somatic BRCA
mutations allows platinum-responsive patients to optimize
the chemotherapy efficacy and prolong progression-free

survival (PFS) using a PARP inhibitor given as maintenance
therapy until progression.1

Response to platinum re-treatment in recurrent epi-
thelial ovarian cancer is related to PFI. The most preferred
and accepted chemotherapy in the treatment of platinum-
sensitive (PFI>6 months) recurrence is platinum-based
combination regimens. It is considered that extending the
PFI with non-platinum agents may enhance the response
and the outcome of subsequent re-challenge with
platinum.2

Therefore, the exploration for therapies with minimal
toxicities to increase the PFS was initiated. Time to relapse
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Abstract Despite optimal surgery and first-line platinum-based doublet chemotherapy, approxi-
mately 70 to 80% of patients with epithelial ovarian cancers relapse. Two cases of
recurrent ovarian cancer (ROC) were treated with non–platinum-based Ayurveda
maintenance therapy (AMT) consisting of drugs having a herbal and herbomineral
origin. This regimen was followed over a period of 3 years and progression-free survival
(PFS) was noted along with platinum-free interval (PFI). Two patients were diagnosed
with BRCA1 mutated recurrent high-grade serous ovarian carcinoma and treated with
the per-oral AMT regimen labeled as ZINCA-30 in our hospital after completion of
standard of care treatment and followed up until progression. The ZINCA-30 regimen
comprising Jasada (traditional Zinc preparation), Indukanth kwatham and Curcuma
amada powder in combination was prescribed based on Rasayana chikitsa postulated in
Ayurveda. The patients were followed up every 3months. The progression-free survival
observed in these patients was 28months and 45months, respectively. These two pilot
cases suggested an increased platinum-free interval (PFI), improved progression-free
survival (PFS) in recurrent ovarian cancer (ROC), with the AMT labeled as ZINCA-30 after
chemotherapy.
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is an important prognostic factor in ovarian cancer as
subsequent chemoresponse is based on this time interval.3

In the doctrines of Ayurveda, the clinical stages and
treatments for benign and malignant tumors have been
discussed in detail.4

Rasayana chikitsa is one of the therapeutic segments of
Ayurveda, which helps to improve immunity, consists of
compounds having immune-stimulant, immune-modulator
effects and hence they restore health.5 A regimenwith drugs
having anti-cancer properties and predominant Rasayana
herbs and minerals has been described here for the manage-
ment of ROC.

Methodology

We report the detailed course as elaborated in ►Table 1 and
the follow-up of Ayurveda maintenance treatment (AMT)
labeled as ZINCA-30 in two cases of recurrent high-grade
serous ovarian cancer in our institution. Two BRCA mutated
patients (refer to ►Table 1 for details) of ROC were offered
AMT ZINCA-30. These patients after completing the standard
chemotherapy were not willing for any conventional main-
tenance therapy and had opted for ZINCA-30.

The per-oral ZINCA-30 regimen prescribed for both the
patients has standardized Jasad Bhasma (JB), Indukanth
Kwatam (IK) tablets and powdered Amra-Haridra (AH)
(Curcuma amada); daily dosage to be continued until the
next recurrence. IK tablets (the detailed composition is
mentioned in ►Supplementary Table S1) (3,600mg/day)
were prescribed 30minutes before food, while the JB
(10mg /kg/day) and AH (1,200mg/day) combination was
advised to be taken after consuming food.

The treatment was started after the last chemotherapy
cycle in both patients. These patients were followed up 3
monthly with clinical as well as laboratory evaluation in-
cluding biochemistry, CA 125, and sonological evaluation of
the abdomen and pelvis.

Patient 1 (PSK) was on regular follow-up until Novem-
ber 2020 when she presented with mild pain in the abdo-
men. Her clinical examination was unremarkable and CA-
125 level was normal. A PET CT evaluation on 02/11/2020
showed nodal recurrence along the right iliac vein and a
mesenteric node. Thus, she had a PFS of 28 months after
three earlier recurrences as mentioned in ►Table 1.

She was treated with six cycles of paclitaxel and carbo-
platin from 06/11/2020 to 01/03/2021 and is now in com-
plete regression (CR) as reported in PET CT dated 03/04/2021.

Patient 2 (BSK) has had a PFS of 45 months and has shown
no signs of relapse at the time of submitting the manuscript.

The CA-125 levelwaswithin normal range throughout the
period of observation until the last follow-up in both the
patients (►Supplementary Table S2). The mean� standard
deviation (SD) value of CA-125 in U/mL was 5.15�1.12 in
patient 1-PSK and 7.72�1.61 in patient 2-BSK, over the total
duration of follow-up.

All hematological and biochemical parameters including
liver function tests and renal function tests were observed to
be within the normal limit (►Supplementary Table S3).

There are no clinically noticed, pathology (laboratory) docu-
mented, or patient-reported adverse events or side effects
with ZINCA-30 in both cases.

Discussion

Epithelial ovarian cancer (EOC) is the most fatal among
recurring gynecological malignancies and around 75% of
females with EOC are diagnosed at FIGO stage III or IV.6

The median PFI of 11.9 months (interquartile range [IQR]:
3.6–21.9) among 28 recurred patients with the median
number of treatment lines 4 (IQR: 3–6) and median of 2
(IQR: 2–3) platinum lines was observed in a retrospective
study between 2004 and 2014with at least 3 years follow-up
among 40 BRCA mutation carriers (26 BRCA1 and 14 BRCA2)
with a mean age of 54 years, all underwent cytoreduction
surgery and received platinum chemotherapy.7

GOG-0218 (PFS 14.1 vs. 10.3, p<0.001) and ICON7 (PFS
19.8 vs. 17.4, p<0.001) trials suggested that the use of
bevacizumab maintenance after standard chemotherapy
prolongs median PFS in ROC patients.8

In the AGO-OVAR-16 trial, pazopanib maintenance thera-
py for 24 months after the completion of first-line platinum-
based therapy improved PFS by 5.6 months compared with
placebo.9 SOLO2 investigated olaparibmaintenance after� 2
lines of chemotherapy for ovarian cancer patients with
germline BRCAmutations. The study concluded that olaparib
significantly improved PFS as compared with placebo (19.1
months vs. 5.5months, p<0.0001).10

The maintenance treatment options are being explored in
the ROC setting including targeted therapy with vascular
endothelial growth factor (VEGF) inhibitors such as bevaci-
zumab and tyrosine kinase inhibitors (TKI) such as pazopa-
nib and nintedanib.11

Fatigue, hematological, and GI toxicities are the most
commonly observed adverse events with PARPi therapy.12

GI tract symptoms such as nausea, vomiting, anemia, neu-
tropenia, fatigue, and abdominal pain are reported as prima-
ry adverse effects. Rare but serious adverse events of
developing acute myeloid leukemia (AML) have been
reported with phase III study of olaparib.13

In the phase 3 AGO-OVAR 16 study, grade 3 or 4 AEs of
hypertension (30.8%), neutropenia (9.9%), liver-related tox-
icity (9.4%), diarrhea (8.2%), fatigue (2.7%), thrombocytope-
nia (2.5%), and palmar-plantar erythrodysesthesia (1.9%)
were significantly higher in the pazopanib arm than with
placebo, and the treatment-related discontinuation rate was
also higher with pazopanib (33.3% vs. 5.6%).14

It has been observed in two phase III clinical trials in
newly diagnosed advanced-stage ovarian cancer GOG 218
andGOG262, around 18% of EOCwere associatedwith BRCA1
and BRCA2 mutations and differed in tumor biology and
treatment response.15

The platinum-free interval is the most important predic-
tive factor for a response to subsequent lines of chemothera-
py. It is also themost important prognostic factor for PFS and
overall survival (OS) in patients with ROC. A non-platinum
regimen is generally preferred as the most appropriate
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approachwhen the disease recurs early after the chemother-
apy, and platinum-based chemotherapy is usually recom-
mended if the platinum-free interval exceeds 12 months.16

The goals of therapy in ROC should be palliation of cancer-
related symptoms, maintenance of the quality of life, and exten-
sion of life. Hence, there is a significant impetus for research for
focusing on newer maintenance treatments for ROC.17

Therefore, the option of ATM was explored with the
effective role of Rasayana properties of the herbs and min-
erals in the ZINCA-30 regimen.

Rasayana drugs in Ayurveda are herbal/herbomineral
preparations or individual herbs used to rejuvenate or attain
the complete potential of an individual to prevent diseases
and degenerative changes that lead to the disease. The
probable mechanism may be immune-stimulation, quench-

ing free radicals, enhancing cellular detoxification mecha-
nisms, repairing damaged non-proliferating cells, inducing
cell proliferation, and self-renewal of damaged proliferating
tissues, and replenishing those by replacing damaged or
mutated cells with fresh cells.18

A combination labeled as ZINCA-30 regimen comprising
Jasad Bhasma (classical Ayurveda Zinc preparation), Indu-
kanth Kwatham tablets and powdered Curcuma amada
(Amra-Haridra), was prescribed considering safety and effi-
cacy in cancer treatment as discussed here. The Jasad bhasma
(JB) is a bioabsorbable Rasayana preparation from Rasa-
shashtra19; the pharmaceutic treatise of Ayurveda. The
safety and bioactivity studies of the JB are well studied
and documented.20 It has the presence of macro-, micro-,
and nano-particles21 in the final safe22 products

Table 1 Details of cancer treatment

Event Chronology Patient 1-PSK Patient 2-BSK

Age in years 50 48

Co-morbidity Hypothyroidism 10 years No

Family history Not significant Mother: ovarian cancer
Brother: non-Hodgkin lymphoma

Cancer antigen 125 (CA 125) at
diagnosis

158 U/mL 2881 U/mL

Primary cytoreduction surgery Total abdominal
hysterectomyþbilateral salpingo-
oophorectomy þ omentectomy on
23/06/2010

Total abdominal hysterectomyþ
bilateral salpingo-oophorectomy
þomentectomy on 11/7/2015

Diagnosis–histopathology
report

Bilateral high-grade serous
cyst-adenocarcinoma
FIGO stage III-B

Bilateral grade III serous papillary
adenocarcinoma
FIGO stage III-B

BRCA mutation Positive in intron 16 of the BRCA1 gene
C.5074þ1G>A

Positive in exon 2 of the BRCA1
gene
p.Glu23ValfsTer17

Previously received
cancer therapies

Chemotherapy 1st line 6 cycles nanoparticle formulation of
paclitaxel þ carboplatin, last
on 21/12/ 2010

6 cycles of paclitaxelþ carboplatin
last on 29/11/2015

Recurrence 1 12/03/2013
(PFS: 26 months)

25/07/2017
(PFS: 20 months)

Chemotherapy 2nd line 6 cycles of gemcitabineþ carboplatin,
last on 23/09/2013

6 cycles of pegylated liposomal
doxorubicinþ carboplatin, last on
21/02/2018

Recurrence 2 30/06/2016
(PFS: 33 months)

—

Chemotherapy 3rd line 6 cycles of doxorubicinþ carboplatin,
last on 19/10/ 2016

—

Recurrence 3 11/01/2018
(PFS: 15 months)

—

2nd cytoreduction
surgery followed by
chemotherapy 4th line

6 cycles of liposomal
doxorubicinþ carboplatin until
02/07/ 2018

—

Ayurveda
maintenance
treatment ZINCA-30

Progression-free survival (PFS) Started from 02/07/2018 to 01/11/
2020

Started from 21/05/2018 till the
date of latest follow up on 19/11/
2021

Present
status

Recurrence 02/11/2020
(PFS: 28 months)

No recurrence until 19/11/2021
(PFS 45 months and continued)
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manufactured as per the guidelines of Ayurvedic Formulary
of India.23 JB is a zinc-based preparation, which was also
studied in resistant ovarian cancer using SKOV3 and ES2
ovarian cancer cell lines and showed potential as a second-
line treatment.24 Amra Haridra (AH), as mentioned in Ayur-
vedic Pharmacopeia of India,25 commonly called as mango
ginger and botanically known as Curcuma amada Roxb. is a
medicinal species of turmeric known for its anticancer
potential, including ovarian cancer. It works by targeting
the nuclear factor-αB (NF-αB) pathway in human ovarian
cancer cell lines SKOV3ip1 and HeyA8.26,27 Indukant Kwat-
ham (IK)28–30 has therapeutic implications for the cases of
intra-abdominal cysts, ovarian cysts, benign and malignant
ovarian tumors termed as Raktaja-Gulma.31 Indukant Kwat-
ham has immunomodulatory effects after chemotherapy and
is used in the form of aqueous or lipid extract.32,33 These
patients were punctual for treatment and follow-up over the
3 years and continued to appear for their scheduled follow-
ups. In these cases, the ZINCA-30 regimenwas non-platinum
based and the PFS observed was 28 months and 45 months.
Therewere no reported or notedAEs during the entire period
of treatment in these patients.

For the patients treated here, inwhom the recurrencewas
observed after 28 months, the complete response (CR) was
observed on PET CT at the end of platinum-based chemo-
therapy (PBC),whichmay bebecause of a significant increase
in the platinum sensitivity. The complete response to the re-
challenged platinum-based treatment after AMT ZINCA-30
may be a possible scope of further study.

Therefore, the AMT ZINCA-30, being a non–platinum-
based regimen may have a potential role in maintenance
treatment after SOC as well as to increase the PFI, which
eventually may lead to better OS, without any AEs or events.

Conclusion

1. Ayurveda maintenance therapy, ZINCA-30 can be a po-
tential lead as an alternative non–platinum-based treat-
ment option for increasing PFS in ROC.

2. The observations in these preliminary cases indicated
increased PFI with AMT, ZINCA-30 after standard chemo-
therapy in ROC.

Limitations and Further Scope

This communication is merely a preliminary outcome of
continued clinical observations, and a well-planned formal
study is needed to test this hypothesis further.

Assessing the quality of lifewith the Global QOL Score and
affordability can be studied in addition to this.

Conflict of Interest
None declared.

References:
1 Pignata S, C Cecere S, Du Bois A, Harter P, Heitz F. Treatment of

recurrent ovarian cancer. AnnOncol 2017;28(Suppl 8):viii51, viii56

2 Chuang Y-T, Chang C-L. Extending platinum-free interval in
partially platinum-sensitive recurrent ovarian cancer by a non-
platinum regimen: its possible clinical significance. Taiwan J
Obstet Gynecol 2012;51(03):336–341

3 Soyama H, Takano M, Miyamoto M, et al. Factors favouring long-
term survival following recurrence in ovarian cancer. Mol Clin
Oncol 2017;7(01):42–46

4 Balachandran P, Govindarajan R. Cancer–an ayurvedic perspec-
tive. Pharmacol Res 2005;51(01):19–30

5 Doshi GM, Une HD, Shanbhag PP. Rasayans and non-rasayans
herbs: future immunodrug - Targets. Pharmacogn Rev 2013;7
(14):92–96

6 Gupta S, Nag S, Aggarwal S, Rauthan A, Warrier N. Maintenance
therapy for recurrent epithelial ovarian cancer: current therapies
and future perspectives - a review. J Ovarian Res 2019;12(01):
103. Doi: 10.1186/s13048-019-0579-0

7 Jorge S, Swisher EM, Norquist BM, et al. Patterns and duration of
primary and recurrent treatment in ovarian cancer patients
with germline BRCA mutations. Gynecol Oncol Rep 2019;
29:113–117

8 Aravantinos G, Pectasides D. Bevacizumab in combination with
chemotherapy for the treatment of advanced ovarian cancer: a
systematic review. J Ovarian Res 2014;7:57

9 DuBois A, Floquet A, Kim J, et al. Randomized, double-blind, phase
III trial of pazopanib versus placebo in women who have not
progressed after first-line chemotherapy for advanced epithelial
ovarian, fallopian tube, or primary peritoneal cancer (AEOC):
results of an international intergroup trial (AGO-OVAR16). J Clin
Oncol 2013;31(Suppl 18):LBA5503–LBA5503

10 Pujade-Lauraine E, Ledermann JA, Selle F, et al; SOLO2/ENGOT-
Ov21 investigators. Olaparib tablets as maintenance therapy in
patients with platinum-sensitive, relapsed ovarian cancer and a
BRCA1/2 mutation (SOLO2/ENGOT-Ov21): a double-blind, ran-
domised, placebo-controlled, phase 3 trial. [published correction
appears in Lancet Oncol. 2017 Sep;18(9):e510]Lancet Oncol
2017;18(09):1274–1284

11 Cortez AJ, Tudrej P, Kujawa KA, Lisowska KM. Advances in ovarian
cancer therapy. Cancer Chemother Pharmacol 2018;81(01):17–38

12 Pothuri B, O’Cearbhaill R, Eskander R, Armstrong D. Frontline
PARP inhibitor maintenance therapy in ovarian cancer: A Society
of Gynecologic Oncology practice statement. Gynecol Oncol 2020;
159(01):8–12

13 Montemorano L, Lightfoot MD, Bixel K. Role of olaparib as
maintenance treatment for ovarian cancer: the evidence to
date. OncoTargets Ther 2019;12:11497–11506

14 DiSilvestro P, Alvarez Secord A. Maintenance treatment of recur-
rent ovarian cancer: is it ready for prime time? Cancer Treat Rev
2018;69:53–65

15 Norquist BM, Harrell MI, Brady MF, et al. Inherited mutations in
women with ovarian carcinoma. JAMA Oncol 2016;2(04):
482–490

16 Tomao F, D’Incalci M, Biagioli E, Peccatori FA, Colombo N. Restor-
ing platinum sensitivity in recurrent ovarian cancer by extending
the platinum-free interval: myth or reality? Cancer 2017;123
(18):3450–3459

17 Jorge S, Swisher EM, Norquist BM, et al. Patterns and duration
of primary and recurrent treatment in ovarian cancer patientswith
germline BRCA mutations. Gynecol Oncol Rep 2019;29:113–117

18 Vayalil PK, Kuttan G, Kuttan R. Rasayanas: evidence for the
concept of prevention of diseases. Am J Chin Med 2002;30(01):
155–171

19 Umrani RD, Paknikar KM. Jasada bhasma, a zinc-based ayurvedic
preparation: contemporary evidence of antidiabetic activity
inspires development of a nanomedicine. Evid Based Complement
Alternat Med 2015;2015:193156

20 Chavare A, Chowdari P, Ghosh S, et al. Safety and bioactivity
studies of Jasad Bhasma and its in-process intermediate in Swiss
mice. J Ethnopharmacol 2017;197:73–86

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 5/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

Ayurveda Maintenance Therapy in Recurrent Ovarian Cancer Wanjarkhedkar et al. 437



21 Pal D, Gurjar VK. (2017) Nanometals in Bhasma: ayurvedic
medicine. In: Rai, Ph.D M., Shegokar, Ph.D R., eds. Metal Nano-
particles in Pharma. Springer, Cham. doi-org-443.webvpn.fjmu.
edu.cn/10.1007/978-3-319-63790-7_17

22 Umrani RD, Paknikar KM. Ayurvedic medicine zinc bhasma:
physicochemical evaluation, anti-diabetic activity and safety
assessment. J Biomed Nanotechnol 2011;7(01):148–149

23 Department of AYUSH Ministry of Health & Family Welfare. The
Ayurvedic Formulary of India, Part I. 2nd ed The Controller of
Publications New Delhi 2003:227, 239

24 Bastow M, Kriedt CL, Baldassare J, Shah M, Klein C. Zinc is a
potential therapeutic for chemoresistant ovarian cancer. J Exp
Ther Oncol 2011;9(03):175–181

25 Department of AYUSH Ministry of Health & Family Welfare. The
Ayurvedic Pharmacopeia of India, Part I, Vol V. The Controller of
Publications New Delhi 2006:13–15

26 Ramachandran C, Lollett IV, Escalon E, Quirin KW, Melnick SJ.
Anticancer potential and mechanism of action of mango ginger
(Curcuma amada Roxb.) supercritical CO2 extract in human
glioblastoma cells. J Evid Based Complementary Altern Med
2015;20(02):109–119

27 Lin YG, Kunnumakkara AB, Nair A, et al. Curcumin inhibits tumor
growthandangiogenesis inovariancarcinomaby targeting thenuclear
factor-KB pathway. Clinical Cancer Research13(11):3423–3430

28 Pandey V, ed. Sahastrayog, Kashaya Prakaran, Chap. 1. Verse 171.
CCRASNew Delhi1990:298

29 Savrikar SS, Ravishankar B. Bhaishajya Kalpanaa - the Ayurvedic
pharmaceutics - an overview. Afr J Tradit Complement AlternMed
2010;7(03):174–184

30 Dongre S, Pande S. Need and approach of pharmaceutical
standardization of Kwath Kalpana in present scenario-a cri-
tique. Int J Ayurveda Pharma Res 2016;4(03):57–60. Accessed
November 26, 2021 at: https://ijapr.in/index.php/ijapr/
article/view/321

31 Mishra BR, Katre SP. Raktaja Gulma in correlation with modern
science conditions. Journal of Ayurveda and Integrated Medical
Sciences 2018;3(02):73–77

32 George SK, Rajesh R, Kumar S, Sulekha B, Balaram P. A polyherbal
ayurvedic drug–Indukantha Ghritha as an adjuvant to cancer
chemotherapy via immunomodulation. Immunobiology 2008;
213(08):641–649

33 Sruthi CV, Vendamirtham S, Sindhu Afrom the proceedings of
Insight Ayurveda 2013, Coimbatore. 24th and 25th May 2013.
PA02.20. A comparative study on the total phenolic content and
antioxidant property of two Ayurvedic formulations–Indukan-
tham gritham and Indukantham kashayam. Anc Sci Life 2013;32
(Suppl 2):S65. Doi: 10.4103/0257-7941.123886

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 5/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

Ayurveda Maintenance Therapy in Recurrent Ovarian Cancer Wanjarkhedkar et al.438

https://ijapr.in/index.php/ijapr/article/view/321
https://ijapr.in/index.php/ijapr/article/view/321


Pulmonary Aspergillosis Silently Presenting as
Pneumothorax in Children with Leukemia: A
Report of Three Cases
Krunal Shah1 Abhishek Kumar1 Arun Kumar1 Nuthan Kumar1 Prakruthi Kaushik1

Avinash Thumallapalli1 Bandagadde Srinivas Aruna Kumari1 Lingegowda Appaji1

1Department of Pediatric Oncology, Kidwai Memorial Institute of
Oncology, Bengaluru, Karnataka, India

Ind J Med Paediatr Oncol 2022;43:439–442.

Address for correspondence Krunal Shah, MBBS, DCH, DNB, DM, 817/
B, Padmini Darshan, Jayanagar 7th block; Bangalore 560080,
Karnataka, India (e-mail: krunalshah14@yahoo.com).

Introduction

Invasive pulmonary aspergillosis (IPA) is a potentially fatal
opportunistic infection in patients with hematological malig-
nancies and stem cell transplant recipients.1,2 Acute necrotiz-
ing bronchopneumonia, hemorrhagic pulmonary infarction,
and lung abscess have been described in a large retrospective
review of culture documented aspergillus infection in pediat-
ric cancer patients but none of them manifested with pneu-
mothorax.3 We describe our observations of three children
with B-lymphoblastic leukemia (B-ALL) who developed spon-
taneous pneumothorax that represented the first sign of IPA.

Case Description

Case 1
A 7-year-old male presented with fever, pallor, hepatomeg-
aly, and splenomegaly. He was diagnosed with B-ALL and
started on remission induction chemotherapy as per the

Indian Childhood Collaborative Leukemia Group (ICiCLe)
protocol under the intermediate-risk arm.4 On day 22 of
induction, child complained of difficulty in breathing and
chest pain on left side. On physical assessment, the trachea
was shifted to the right and hyperresonant percussion note
on left hemithorax. Chest radiography showed lucent area in
left lung field with absent bronchovesicular marking sug-
gesting a pneumothoraxwith tracheal shift to right (►Fig. 1).
An emergent chest tube thoracostomy was performed. Con-
trast-enhanced computed tomography (CECT) showed bilat-
eral patchy areas of consolidation involving left lower lobe,
left upper lobe, and right lower lobe.

Serum galactomannan (GM) level was analyzed by im-
mune-enzymatic sandwich microplate assay and was found
to be optical density index of 0.85. Any value of >0.5 optical
density index is considered positive by the assay. Blood
culturewas negative. The patchy consolidation resolved after
6 weeks of amphotericin B deoxycholate therapy at dose of
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Abstract Aspergillosis causes invasive pulmonary disease in patients with hematological malig-
nancies. Children with invasive pulmonary aspergillosis (IPA) usually have nonspecific
radiographic findings unlike cavitary lesions commonly seen in adults. Pneumothorax
due to rupture of peripheral fungal lesionmay be a severe complication in patients with
neutropenia. Here, we describe three children during induction chemotherapy for B-
lymphoblastic leukemia with pneumothorax as a presenting feature of pulmonary
aspergillosis.
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1mg/kg/day once daily. In retrospect, it was noticed that
there was rapid recovery of neutrophil counts from 500 to
1,500 cells/µL within 48hours when child developed pneu-
mothorax. At the end of induction, bone marrow was in
remission and minimal residual disease was <0.01%.

Case 2
A 9-year-old female presentedwith fever and easy fatigability
since 4 weeks. Physical examination revealed pallor; cervical,
axillary, and epitrochlear lymphadenopathy; hepatomegaly ;
and splenomegaly. The childwas diagnosedwith B-ALL having
hyperdiploidy and chromosome 6q deletion. Remission induc-
tion chemotherapy was started as per the ICiCLe protocol
under the intermediate-risk arm. Second week of induction
was complicated by reversible posterior leukoencephalopathy
syndrome (RPLS). On day 30 of induction, child developed
pleuritic chest pain on the right side. Chest radiograph sug-
gested right pneumothorax which was confirmed on CECT
thorax. There were multiple ill-defined heterogeneously en-
hancing nodules of varying size in bilateral lung fields in
random distribution. Few cavitary lung lesions were observed
in the anterior basal segmentof right lower lobe. The childwas
started on amphotericin B deoxycholate with suspicion of
invasive fungal infection. There was a recent neutrophil count
recovery from 600 to 1,100 cells/µLwhen child had developed
pneumothorax. Two days later, a small subcutaneous swelling
was noted on anterior abdominalwall in the left iliac region. It
was firm and tender on examination. The specimen obtained
by needle aspiration was sent for microbiological evaluation
which revealed septate fungal elements. Serum GMwas posi-
tive with an index value of 2.11. There was modest improve-
ment on CECT thorax after 3 weeks of therapy, with

persistence of lung nodules in bilateral lung fields. Pneumo-
thorax resolved spontaneously. Serum GM was negative (op-
tical density index of 0.30) after 6 weeks of amphotericin B.
Despite a challenging course of remission induction compli-
cated by RPLS and invasive aspergillosis (IA)with pneumotho-
rax, the child was able to achieve a post induction minimal
residual disease of <0.01%.

Case 3
A 9-year-old male with fever since 2 weeks had pallor,
cervical lymphadenopathy, and oraganomegaly. On evalua-
tion, child was diagnosed with B-ALL with hyperdiploidy
and started on induction chemotherapy as per the ICiCLe
protocol. On day 28, the child developed right-sided chest
pain on deep inspiration. There were decreased chest
excursions and diminished breath sounds on right hemi-
thorax. Chest radiography showed collapse of right lung
with lucent area in peripheral lung field with absent
bronchovesicular marking suggesting a pneumothorax.
Needle decompression of pleural space was performed
followed by chest tube thoracostomy. CECT thorax showed
patchy areas of consolidation in right lower lobe. Serum GM
assay was positive. Child responded well after 3 weeks of
amphotericin B dosage and achieved remission at the end of
induction.

Discussion

The incidence of invasive fungal infections (IFIs) has in-
creased over the last few years along with the increased
number of immunocompromised patients.5 Timely diagno-
sis and prompt initiation of antifungal treatment are crucial
for care.6 Spontaneous pneumothorax in children receiving
remission induction chemotherapy for leukemia is seldom
encountered. Pneumothorax occurs in approximately 13% of
adults who have pulmonary fungal infection while receiving
chemotherapy for hematological malignancies. But the inci-
dence of pneumothorax due to IPA in pediatric age is not
known, since it is exceedingly rare.

IPA is categorized as “proven,” “probable,” and “possible”
based on clinical, microbiological, and radiological criteria as
per the revised European Organization for Research and
Treatment of Cancer and theMycoses StudyGroup Education
and Research Consortium (EORTC/MSGERC) consensus defi-
nition.7 In this report, we describe pneumothorax as the first
manifestation in one “proven (case 2)” and two “probable
(cases 1 and 3)” cases of IPA. Bacterial blood cultures were
negative, and fungal blood cultures were sent for testing but
showed no growth in all the three cases.

Bronchoalveolar lavage could not be performed in
patients due to prevailing clinical conditions and resource
constraints. All the patients were on fluconazole for primary
antifungal prophylaxis since beginning of the induction
therapy. Voriconazole was continued as secondary prophy-
laxis after discontinuation of amphotericin B. Steroids were
continued at second or third dose, and further inductionwas
resumed once patients were clinically stable along with
antifungal therapy.

Fig. 1 Pneumothorax with tracheal shift to right
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Opportunistic infections during the early phase of leukemia
treatmentare a two-fold blow. Theynotonly hamper the timely
delivery of cytotoxic agents but are also difficult to treat and
often lethal. The German ALL–Berlin–Frankfurt–Muenster
(BFM) studygroup reported that fungal infectionswere respon-
sible for one-fifth of fatal infections in pediatric ALL patients.8

Aspergillus was implicated in two-thirds of those with
invasive fungal infection.8 Corticosteroids and prolonged
neutropenia are known risk factors for this.9 Pulmonary
aspergillosis presents with fever, pleuritic chest pain, and
hemoptysis. Corticosteroidsmaymask the commonpresent-
ing symptoms of IPA, mainly fever and cough. In a large
survey of patients with IPA, typical manifestations were
significantly less common in patients receiving steroids.10

The occurrence of spontaneous pneumothorax may be the
first manifestation of subpleural fungal infection in patients
with leukemia. Poor nutrition, presence of subpleural lesion,
bouts of excessive coughing, and prolonged corticosteroid
therapy are various precipitating factors. Pleural lesions
were seen in cases 2 and 3.

In review of radiological findings in children with IPA
consolidation, perihilar infiltrates, multiple small nodules,
peripheral nodular masses, and pleural effusions have been
described but no findings have been suggestive of pneumo-
thorax.11 In a multicenter retrospective analysis of pediatric
invasive pulmonary aspergillosis, the most common diagnos-
tic radiologic finding was of nodules.12 Children with proven
IPA commonly have nonspecific changes on CECT compared
with halo sign, air crescent formation, or cavitation seen in
adults.8 Rare possible complications of pulmonary aspergillo-
sis include bronchopericardial fistula, pericarditis, tension
pneumopericardium, and pericardial tamponade.13

A temporal correlation between neutrophil count recov-
ery and occurrence of pneumothorax in patients with inva-
sive fungal pneumonia has been demonstrated.14 The
neutrophils are attracted to site of infection by chemotactic
factors. Along with its microbicidal activity, neutrophils
release reactive oxygen intermediates and proteolytic
enzymes like collagenase and elastase. These cytolytic mol-
ecules cause collateral damagebydestruction of surrounding
pulmonary parenchyma. This might explain the paradoxical
clinical deterioration with neutrophil recovery observed in
two of the cases (1 and 2) we described.

Early suspicion of aspergillosis helped us to start appro-
priate antifungal agent early, with favorable outcome during
a crucial period of remission induction. The advent of
biomarker tests such as the GM enzyme immunoassay
(GM-EIA) provides a potential adjunct for noninvasive diag-
nosis of IA.15 A limitation to our approach was that histo-
pathologic or cytopathologic evidence of mold could not be
proven in cases 1 and 3. Bronchoalveolar lavage and fungal
DNA polymerase chain reaction (PCR) could not be per-
formed due to resource constraints.

Conclusion

Our observation helps us to be vigilant for sudden deteriora-
tion and pneumothorax in children with ALL on induction

therapy. A possibility of IPA should be considered when
encountered with pneumothorax in children with leukemia
on intensive chemotherapy. Based on clinical and radiologi-
cal observations, recent recovery of neutrophil counts and
presence of subpleural or peripheral lesion may increase the
likelihood of pneumothorax.
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Introduction

L-asparaginase has become an integral part in the manage-
ment of childhood acute lymphoblastic leukemia (ALL) and
failure to receive its intended course has been associated
with poor outcome.1,2 However, L-asparaginase is also
associated with a number of unique toxicities, some of
which can have life threatening consequences.3 Here we
present a patient with Philadelphia-Chromosome-positive
Acute Lymphoblastic Leukemia (Phþ ALL) who experienced
two rare complications during induction therapy: gastric

perforation and a left ventricular thrombus which led to his
demise.

Case Report

An 8-year-old male presented with on and off fever, bruising
over shin and chest and easy fatigability for 2 weeks. A
complete blood count showed a total leukocyte count (TLC)
of153�109 /Lwithadifferential countof60% lymphocytes, 3%
neutrophils, 0.1% eosinophils, and 27% blasts in the peripheral
blood. A bonemarrowexaminationwas done, flowcytometric
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Abstract Even though L-asparaginase remains an essential drug for the treatment of childhood
acute lymphoblastic leukemia (ALL), its use is associated with several unique toxicities.
In this care report, we discuss a young boy with ALL who developed multiple
complications simultaneously, including pancreatitis, gastrointestinal perforation,
and left ventricular thrombus secondary to L-asparaginase during induction chemo-
therapy. Patient received immediate surgical intervention for the perforation and was
commenced on anticoagulation therapy for the thrombus but eventually expired. This
report highlights the importance of being aware of toxicities secondary to the use of L-
asparaginase. Multiple complications secondary to L-asparaginase have been rarely
reported previously and can be fatal.
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analysis along with FISH study which was positive for t(9;22),
confirmed the diagnosis of B-lineage Phþ ALL. A real-time
quantitative polymerase chain reaction (RT-PCR) was sugges-
tive of p190 BCR/ABL fusion transcript. Cerebrospinal fluid
analysis was uninvolved for disease. Hewas treated as per the
modified COG AALL1131 protocol. Induction chemotherapy
consisted of prednisolone (60mg/m2/day; 1–28 days), vincris-
tine (1.5mg/m2/d; days 1, 8, 15, and22), native Escherichia coli
L-asparaginase (10,000 U/m2/d; days 1,4, 7, 10, 13, 16, 19, and
22) daunorubicin (30mg/m2/d; days 1 and 15), intrathecal
methotrexate (12mg; days 1, 8, and 30) along with daily
imatinib (340mg/m2/once daily) from day 10. Chemotherapy
was administered through peripheral intravenous lines on an
outpatient basis. Treatment was uneventful up to day 29 of
induction when he presented with abdominal pain and fever.
On examination, heart rate was 86/min, blood pressure was
100/70mm Hg and respiration was 22/min. Abdomen was
mildly distended, diffusely tender, and bowel sounds were
present. He was started on intravenous fluids, intravenous
antibiotics (cefoperazone-sulbactam and amikacin), and
analgesics for abdominal pain. The complete blood count
showed a hemoglobin of 5 g/dL, platelet of 49�109/L, and
TLC of 0.42�109/L with an absolute neutrophil count
of 0.1�109/L. Blood tests showed an elevated lipase
(1,164 U/L), elevated D-dimer (3,700ng/mL), with a normal
serum sodium (137mEq/L) and potassium (4.2mEql/L) and
no organism was isolated from blood culture. In view of the
above symptoms in a neutropenic child, computerized
tomography (CT) scan of the abdomen with contrast was
performed on the day of admission which revealed a bulky
pancreas with fat stranding consistent with acute pancrea-
titis, as well as perforation of the greater curvature of the
stomach resulting in pneumoperitoneum (►Fig. 1a and b).
An incidental finding on CT scan was a well-defined hypo-
dense mass in the left ventricle (LV) of the heart which an
ultrasound study showed lacked vascularity; two-dimen-
sional echocardiography confirmed a mass of 3.01�1.49 cm
arising from the interventricular septum with a normal
ejection fraction of 60% (►Fig. 1a and c). Imaging findings
and elevated D-dimer both strongly suggested a diagnosis of
intraventricular thrombus. The child was shifted to the
intensive care unit (ICU) where he was continued on
analgesics and intravenous antibiotics and kept nil by
mouth. He underwent an emergency laparotomy for his
abdominal emergency. Intraoperatively, there was a single
perforation on the posterior wall of the stomach, and two
impending perforations on the proximal jejunal wall, all of
which were closed in two layers, using 4-0 polydioxanone
suture (►Fig. 1d and e). The surgical procedure was un-
eventful. Postoperatively, the child continued to be neutro-
penic (absolute neutrophil count: of 0.1�109/L) with a
platelet count of 40�109/L. He was continued on intrave-
nous antibiotics and was started on the low-molecular
weight heparin (LMWH) enoxaparin at 1mg/kg/dose twice
a day for the large cardiac thrombus. Given his postopera-
tive state and neutropenia, it was decided to defer any
major cardiac surgery. The day after surgery the child was
extubated from the ventilator and started on clear liquids,

his pancreatic enzymes had returned to normal. On the
subsequent day (postoperative day 2) he developed a sud-
den cardiac arrest and could not be revived. Permission for
autopsy was not obtained.

Discussion

Philadelphia chromosome (Phþ) ALL comprises only 3%–5% of
childhood ALL, the outcomes of which have been dismal until
the addition of tyrosine kinase inhibitor, imatinib.4,5 While
imatinib has been linked to pneumatosis intestinalis in a child
with acute leukemia, most clinical trials for childhood Phþ ALL
havenot reported thisasa significant toxicity.4–6Of interestwas
L-asparaginase, linked to pancreatitis in 6.7%–18% of children
being treated for ALL.7 The clinical course of drug-induced
pancreatitis can vary from mild to severe and in our patient
serum lipase returned to normal within 72hours and CT abdo-
men showed no evidence of pseudocyst or necrosis, excluding
severe pancreatitis as a cause of gastrointestinal perforation.8

Gastrointestinal tract perforation is reportedly seen in less than
1% of patients on induction therapy for ALL.9 L-asparaginase-
related jejunal perforation has been described in a patient with
ALL, with the etiology related to the prothrombotic state
induced by reducing levels of natural anticoagulants such as
protein C, protein S, Antithrombin III, and plasminogen.10,11

Also, imatinib has very rarely been reported to cause bowel
perforation, but given the rarity and length of exposure it is
unlikely to be the causative factor in our patient.12–14

Thrombotic complications are seen in 2%–7% of patients
with ALL receiving asparaginase. The driving mechanism for
thrombosis is related to the depletion of L-asparaginase-
dependent hemostatic protein synthesis. Thrombotic
events most often occur during induction and corticoste-
roids may contribute by increasing synthesis of procoagu-
lants as well as by inducing vascular changes.15 Majority of
patients develop venous thrombosis, but arterial thrombo-
sis has also been reported.16 Thrombosis secondary to L-
asparaginase is usually managed with LMWH. L-asparagi-
nase may need temporary discontinuation in the presence
of clinically significant thrombotic events, however, re-
exposure is considered to be safe and feasible and is usually
done under the cover of anticoagulation therapy.3 Intracar-
diac thrombus amongst patients receiving L-asparaginase
usually involves the right atrium in 2%–14% of children with
ALL and is usually related to the presence of catheter tip in
right atriumwhile the LV has not been described as a site for
a thrombus.17,18 LV thrombosis has been described in
patients with hypereosinophilic syndrome, as well as in a
child with acquired protein C deficiency.19,20 Amongst
adults, LV thrombus commonly occurs following myocardial
infarction but has also occasionally been described amongst
patients with cancer.21–23 LV thrombus poses a risk of
embolism resulting in ischemic stroke and peripheral em-
bolism, because of which immediate anticoagulation ther-
apy is recommended. In adults the preferred
anticoagulation is usually oral warfarin along with low
dose aspirin for 3 to 6 months.23 Surgery is recommended
if the general condition of the patient is preserved. Since
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our patient was a child who had undergone a major gastric
surgery, he was commenced on subcutaneous LMWH and
since he was severely neutropenic it was decided to defer
any cardiac surgery until the time of count recovery.

Our patient did not have any past history of thrombotic
episodes or family history of thrombophilia, but the co-
occurrence of these unusual complications made us strongly

suspect a underlying prothrombotic condition exacerbated
by L-asparaginase therapy.10 The prevalence of genetic pro-
thrombotic abnormalities amongst children with ALL varies
around the world, and we do not pre-emptively screen for
thrombophilia given that such testing is expensive, and not
easily available. The Dutch Children’s Oncology Group has
debated the benefit of more aggressive screening and LMWH

Fig. 1 (A) CT abdomen showing left ventricular thrombus (arrow head) and pneumoperitoneum (�) (B) with gastric perforation (arrow). (C) 2D-
echocardiography confirming the presence of left ventricular thrombus (outlined circle). (D) Intraoperative findings showing perforation of
greater curvature of stomach (arrow head) (E) impending perforation of jejunum (double arrow).

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 5/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

L-asparaginase Toxicity Srinivasan et al. 445



prophylaxis during induction for those found to have throm-
bophilia.24 The role of genetic predisposition for pancreatitis
is less clear but recent genome-wide association studies have
found different candidate single-nucleotide polymorphisms
associatedwith pancreatitis in patients with ALL.25We could
not rule out a pre-existing cardiac thrombus as a baseline
2D-echo was unavailable. Also, thrombotic events and gas-
tric perforation during ALL therapy are often considered to
be multifactorial rather than secondary to a single drug. But,
the occurrence of several unique toxicities which are often
shown to be associated with L-asparaginase, all occurring
simultaneously in a patient would be the highlight of this
case report.

Conclusion

Though L-asparaginase is an essential drug for the manage-
ment of childhood ALL, it does possess a unique toxicity
profile. Unfortunately, our patient simultaneously experi-
enced several toxicities, including pancreatitis, LV thrombus,
and gastrointestinal perforation leading to his demise. Lack
of familiarity of the toxicity profile of this drug can make L-
asparaginase a difficult drug to use. Being vigilant for these
unusual toxicities especially during induction chemotherapy
is essential for optimal patient care.
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Reconstruction of skeletal defects after resection for bone
tumors in children is challenging due to (a) small size bones,
(b) limited bone stock, (c) challenges with microvascular
anastomosis, and (d) risk of limb length discrepancy. Recon-
structions should be durable to ensure long-term stability
and allow for axial growth. Reconstruction with metal
prosthesis, biological reconstruction, and allo/auto-prosthe-
sis composites come with challenges unique to them. This is
further compounded in our country with constraints of
resources and advanced stage of presentation.

Tumors around the joint need prosthetic reconstruction.
Pediatric patients need some form of expansion that is built
into the prosthesis which can be periodically expanded to
account for longitudinal growth. Third-generation metal
prostheses where the expansion is noninvasive (Juvenile
Tumour System, Stanmore Implants Worldwide, Stanmore,
United Kingdom) have revolutionized the management of
these patients. This has overcome the problems of (a)
multiple surgeries and (b) infection, in second-generation
implants that were minimally invasive and needed
repeated surgeries to expand the prosthesis which was
based on an elongating screw or telescoping mechanism.
Third-generation expandable prostheses are expensive,
about Rs 20 lakh, which is not affordable for most patients
in our country.

Our “go-to” modality for reconstruction has been the
vascularized fibular graft. It is a versatile flap and can be
used for reconstruction at a variety of sites.1 We have used
this graft for (a) intercalary resections, either alone or with
recycled autograft (Capanna technique—combination of
auto/allograft and vascularized fibula),2 or for (b) recon-
struction of combined epiphyseal-diaphyseal defects
(humerus and radius). Monitoring of these flaps without

skin paddle is a challenge. We use a triple-phase Tc99 MDP
bone scan at 48 hours after surgery to assess viability and
use Jones index to score the flap.3 The fibula is usually
harvested based on peroneal vessels. This, however, does
not supply the proximal epiphysis. For longitudinal growth,
the fibula should be harvested with the vessels supplying
the epiphysis (epiphyseal transfer technique) that
branches from the anterior tibial artery (first/second
recurrent epiphyseal arteries or inferior genicular artery).
Rarely due to small caliber they may not be demonstrable,
in which case anterior tibial artery may be harvested in
addition to peroneal vessels. Transposition of the ipsilater-
al fibula for tibial defects (Huntington’s procedure or
tibialization of fibula)4 is an attractive option.

Postoperative radiation after biological reconstruction is
a barrier to healing. All components of bone from epiphysis
to osteoblasts, osteoclasts, periosteum, periosteum, vascu-
larity, and quality of mineralized bone are detrimentally
impacted by radiation, leading to increased problems with
wound healing and bone union.5 This represents a Hobson’s
choice between (a) delivery of radiation leading to issues
with bone union or (b) avoiding radiation in biological
reconstruction, leading to undertreatment that may com-
promise survival. We have attempted to circumvent this
problem by using preoperative radiation in patients with
Ewing’s sarcoma in patients (a) who mandatorily need
radiation (pathological fracture, large prechemotherapy
tumor volume, etc.) and (b) who have biological reconstruc-
tion being performed.

Multiple choices exist of reconstruction for skeletal
defects in children and should be individualized based on
patient characteristics, need for additional therapy, patient
affordability, and availability of expertise.
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