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The editors have provided an in-depth discussion of
diagnosis and its relationship to assessment. They use
Kamitsuru's Tripartite Model of Nursing Practice to
distinguish between interdependent interventions based
on medical and organizational standards of care and
autonomous nursing interventions based on nursing
standards of care.

Functional Health Patterns provide an assessment
framework to guide nurses in collecting relevant data. This
approach increases the accuracy of nursing diagnoses.
Ontology, classification and taxonomy are described as
well as the axial structure of the diagnoses.
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Abstract Introduction Currently, there are no guidelines for the management of locally
advanced unresectable or metastatic urothelial carcinoma (mUC) from an Indian
perspective. There is a lack of consensus on the utility of treatment options in first-
line (1L) and second-line (2L) settings, especially in cisplatin- and platinum-unfit mUC
patient subgroups.
Objective This articles aims to develop evidence-based practical consensus recom-
mendations for the management of mUC in Indian settings.
Methods Modified Delphi consensus methodology was considered to arrive at a
consensus. An expert scientific committee of 15 medical oncologists from India
constituted the panel. Twelve clinically relevant questions were grouped into five
categories for presentation and discussion: (1) cisplatin and platinum ineligibility
criteria; (2) programmed death ligand 1 and fibroblast growth factor receptor (FGFR)
testing in mUC patients; (3) treatment options in 1L settings; (4) role of switch
maintenance; and (5) treatment options in 2L. Statements that reached high (� 80%)
and moderate (60–79%) levels of consensus in the first round (electronic survey) did
not undergo the second Delphi round. The questions that received a low level of
consensus (< 60%) were discussed during the virtual meeting.
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Introduction

Carcinoma of the urinary bladder is a common urological
malignancy that causes substantial morbidity and mortality.
As per the Global Cancer Observatory: CANCER TODAY
(GLOBOCAN) statistics, bladder cancer (BC) ranked 10th in
incidence, with approximately 573,000 new cases and
213,000 deaths in 2020.1 Urothelial carcinoma (UC) is the
predominant histologic type of BC and accounts for nearly
90% of all BC cases globally.2 BC has a wide spectrum of
disease severity from low-grade non–muscle-invasive BC
(NMIBC) to muscle-invasive disease stage and metastatic
lesions associated with poor outcomes.3 The majority of
muscle-invasive tumors are high-grade UCs. A high proba-
bility of local/systemic recurrences of muscle-invasive
tumors within 36 months after local treatment of primary
tumor has been observed.4 BC diagnosed at earlier stages
carry a greater chance of 5-year relative survival compared to
later disease stages (►Table 1).5 Overall, 5-year relative
survival rate for patients diagnosed with distant metastatic
UC (mUC) is roughly 6%.5 In India, BC is ranked 17th in
incidence and 19th in mortality, with significant heteroge-
neity in incidence rates across different regions of India.6 The
overall incidence rate of BC in India as per the National
Cancer Registry Programme report is 2.25 per 100,000

annually (males: 3.67 and females: 0.83).7 In India, BC
patients are more often diagnosed with locally advanced
diseases, resulting in poor outcomes. A study by Prakash et al
assessed the stage distribution of patients presenting with
BC (N¼419) to a tertiary care cancer center in Mumbai.8 The
median age of patients at diagnosis was 59 (18–88) years.8

Around 47% of patients had NMIBC, 36% hadmuscle-invasive
and locally advanced disease, and 17% had metastatic dis-
ease.8 The most common sites of distant metastasis were

Results Renal impairment (creatinine clearance [CrCl]<60mL/min) and New York
Heart Association class 3 heart failure are important assessment criteria for determin-
ing cisplatin ineligibility. Patients are unfit for any platinum-based chemotherapy in
case of Eastern Cooperative Oncology Group performance status> 3 or severe renal
impairment (CrCl<30mL/min). Gemcitabine and platinum with cisplatin over carbo-
platin were preferred in 1L settings. In patients unfit for cisplatin-based regimens,
carboplatin–gemcitabine chemotherapy was preferred over immunotherapy (atezoli-
zumab or pembrolizumab). Selected patients who are platinum ineligible may be
considered for immunotherapy. Post-induction chemotherapy, those who do not
progress may be strongly considered for avelumab maintenance. Experts recom-
mended erdafitinib in FGFR-positive mUC patients in 2L settings. In FGFR-negative
patients, immunotherapy (pembrolizumab, nivolumab, or avelumab) may be preferred
over chemotherapy (paclitaxel, docetaxel, or vinflunine). Enfortumab vedotin and
sacituzumab govitecan may be considered for further lines of therapy.
Conclusion Expert panel consensus will offer expert guidance to oncologists/clini-
cians on the management of mUC in Indian settings.

Key Points
• In 1L settings, the experts preferred gemcitabine and platinum with cisplatin over carboplatin in mUC patients.
• In patients unfit for cisplatin-based regimens, carboplatin–gemcitabine chemotherapy was preferred over immunother-

apy (atezolizumab or pembrolizumab). Selected patients who are platinum ineligible (cisplatin and carboplatin) may be
considered for immunotherapy (atezolizumab or pembrolizumab) in 1L. Post-induction chemotherapy, thosewho do not
progress should be strongly considered for avelumab switch maintenance.

• Erdafitinib was recommended in FGFR-positive mUC patients in 2L.
• In FGFR-negative patients, platinum-based chemotherapy was suggested in 2L for those relapsing late, immunotherapy

(pembrolizumab, nivolumab, or avelumab) for thosewho did not receive targeted immunotherapy in 1L, and single-agent
chemotherapy (paclitaxel, docetaxel, or vinflunine) for other mUC patients.

Table 1 Five-year relative survival rates of bladder cancer

Stage at diagnosis 5-year relative
survival (%)

Stage 0: Noninvasive papillary
carcinoma and carcinoma in situ

96

Stage 0–I: Localized
(confined to primary sites)

70

Stage III–IV: Regional (spread to
regional lymph nodes)

38

Stage IV: Distant (metastasis to lungs,
liver, or bones)

6

Abbreviation: SEER: Surveillance, Epidemiology, and End Results.
Note: Adapted from: National Cancer Institute. SEER Cancer Stat Facts
for bladder cancer.5
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bone, lung, liver, pelvic peritoneum, adrenal glands, and
nonregional lymph nodes.8

The National Comprehensive Cancer Network (NCCN)
guidelines recommend either gemcitabine–cisplatin combina-
tion chemotherapy or dose-dense methotrexate, vinblastine,
doxorubicin, and cisplatin (ddMVAC) with growth factor
support for cisplatin-eligible mUC patients in first-line (1L)
settings.3 Subsequent switch maintenance may be considered
in patients with a nonprogressive disease on 1L platinum-
based chemotherapy.3 However, a substantial proportion of
mUC patients are unfit to receive cisplatin-based chemothera-
py in1L settings due to advancedage, poor performance status,
impaired renal function, and presence of multiple comorbid-
ities. Currently, there are no defined criteria to establish
cisplatin andplatinum ineligibility in India, and it varies among
different physicians and institutes. In addition, there is a lackof
consensus on the utility of different treatment options in
cisplatin- and platinum-unfit patients in 1L settings and treat-
ment options in second-line (2L) settings. In this article, we
have attempted to summarize expert opinions and recommen-
dations on (1) cisplatin and platinum ineligibility criteria, (2)
programmed death ligand 1 (PD-L1) and fibroblast growth
factor receptor (FGFR) testing, (3) treatment options in 1L
settings, (4) role of switch maintenance after 1L platinum-
containing chemotherapy, and (5) treatment options in 2L
settings based on the available efficacy and safety data.

Methodology

Panel Selection
Apanel of 15medical oncologistswith significant experience
in managing BC patients participated in the development of
the consensus article.

Evidence Review
A literature review was carried out based on data from the
PubMeddatabase to identify relevantarticlesbetween January
2001 and March 2022 using keywords such as “urothelial
carcinoma,” “bladder cancer,” “first-line,” “second-line,”
“maintenance,” “guidelines,” and “management.” Twelve
clinically relevant questions (►Supplementary Material)
belonging to five major domains were drafted.

• Cisplatin/platinum ineligibility criteria.
• PD-L1 and FGFR testing.
• Treatment pattern in 1L settings.
• Role of switch maintenance.
• Treatment pattern in 2L settings and subsequent therapy.

An electronic survey link to these questions was sent to all
the participants to record their views. Key articles were short-
listed and circulated among theparticipants before the survey.
The “Oxford Centre for Evidence-Based Medicine: Levels of
Evidence (LOE)” was used to define the grade or LOE of each
recommendation (►Table 2A).9

Consensus Process
Modified Delphi consensus methodology was considered
to arrive at a consensus.10 ►Table 2(B) lists the grades of

recommendation (GOR) used during the electronic voting.11

The level of consensus (LOC) was considered “high” when
� 80% of participants agreed/strongly agreed or disagreed/
strongly disagreed with a particular statement
(►Table 2C).12 A “moderate” LOC was achieved when 60 to
79% of participants agreed/strongly agreed or disagreed/
strongly disagreed with a particular statement.12 All the
statements that reached a “moderate” and “high” LOC in
the first round did not undergo the second Delphi round. The
questions that received a “low” LOC (< 60%) were discussed
during the Delphi round 2 meeting conducted virtually on
April 8, 2022. Thefinal draft of the consensuswas e‑mailed to
the panel for the final review.

Results

The experts (N¼15) analyzed evidence, including random-
ized clinical trials (RCTs), systematic literature reviews, and
meta-analyses through a systematic search of MEDLINE (via
PubMed), Cochrane Library, and guidelines (NCCN) on mUC
management published between January 2001 and
March 2022. Experts made their decisions based on the
available evidence and current practices in India (during
Delphi rounds 1 and 2).

Cisplatin Ineligibility Criteria in Locally Advanced
Unresectable UC or mUC
Assessment of performance status and renal function is of
utmost importance for treatment selection. The Eastern
Cooperative Oncology Group performance status (ECOG
PS) � 2 criterion can strongly predict poor outcomes
(increased toxicity and decreased efficacy) in mUC patients
treated with cisplatin-based regimens (LOE: 1a).13 The
presence of renal impairment (creatinine clearance [CrCl]
<60mL/min) is an important exclusion criterion in clinical
trials that explore cisplatin-based regimens (LOE: 1a).13 In
addition, the presence of comorbidities such as peripheral
neuropathy13,14 and hearing loss13,15 are important criteria
for determining cisplatin ineligibility (LOE: 2c). Hydration
used as part of cisplatin administration can precipitate heart
failure in patients with preexisting New York Heart Associa-
tion (NYHA) class 3 heart failure and hence should be avoided
in this subset of patients (LOE: 2c).13,16

Consensus/recommendations: Initial clinical evaluation
should involve an assessment of medical history, hydration
status, urinary obstruction, infection, and metabolic
derangement. It is important that these factors are identified
early and treated appropriately before deciding on eligibility
for cisplatin-based chemotherapy. Experts agreed that renal
impairment (CrCl<60mL/min) and NYHA class 3 heart
failure are important assessment criteria for determining
cisplatin ineligibility (GOR:þþ; LOC: “high”). Hearing loss of
grade � 2 should be included in the cisplatin-ineligibility
criteria and an attempt should be made to perform audiom-
etry before cisplatin administration (GOR:þ; LOC: “high”). In
addition, they would consider ECOG PS � 2 and grade � 2
peripheral neuropathy for determining cisplatin ineligibility
in their daily clinical practice (GOR: þþ; LOC: “moderate”).
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Platinum Ineligibility Criteria in Locally Advanced
Unresectable UC or mUC
Patients with ECOG PS>3, CrCl<30mL/min, peripheral
neuropathy>3, NYHA heart failure class>3, and a combi-

nation of ECOG PS 2 and CrCl<30mL/min are poor candi-
dates for platinum-based chemotherapy (LOE: 2c).17 Severe
hearing impairment is an exclusion criterion in trials that
study platinum-based regimens (LOE: 2c).18

Table 2 Definitions: (A) Oxford LOE grading system, (B) grades of recommendation, and (C) level of consensus

(A) Oxford Centre for Evidence-Based Medicine: Level of evidence (LOE)

LOE Therapy/prevention, etiology/harm Prognosis

1a Systematic review (with homogeneity) of RCTs A systematic review (with homogeneity) of inception
cohort studies; clinical decision rule validated in
different populations

1b Individual RCT (with narrow CI) Individual inception cohort study with> 80%
follow-up; clinical decision rule validated in a single
population

1c All or none All or no case series

2a Systematic review (with homogeneity) of cohort
studies

A systematic review (with homogeneity) of either
retrospective cohort studies or untreated control
groups in RCTs

2b Individual cohort study (including low-quality
RCTs,<80% follow-up)

Retrospective cohort study or follow-up of untreated
control patients in an RCT; derivation of clinical
decision rule or validated on split-sample only

2c “Outcomes” research and ecological studies “Outcomes” research

3a Systematic review (with homogeneity) of
case–control studies

3b Individual case–control study

4 Case series (and poor-quality cohort and case–control
studies)

Case series (and poor-quality prognostic cohort
studies)

5 Expert opinion without an explicit critical appraisal, or
based on physiology, bench research, or “first
principles”

Expert opinion without an explicit critical appraisal, or
based on physiology, bench research, or “first
principles”

(B) Grade of recommendation (GOR)

þþ This investigation or therapeutic intervention is
highly beneficial for patients, can be recommended
without restriction, and should be performed

þ This investigation or therapeutic intervention is of
limited benefit for patients and can be performed

þ/� This investigation or therapeutic intervention has not
shown benefit for patients and may be performed
only in individual cases. According to current
knowledge, a general recommendation cannot be
given

� This investigation or therapeutic intervention can be
of disadvantage to patients and might not be
performed

�� This investigation or therapeutic intervention is of
clear disadvantage to patients and should be avoided
or omitted in any case

(C) Level of consensus (LOC)

High When� 80% of participants agree/strongly agree or
disagree/strongly disagree with a statement

Moderate When 60–79% of participants agree/strongly agree or
disagree/strongly disagree with a statement

Low When< 60% of participants agree/strongly agree or
disagree/strongly disagree with a statement

Abbreviations: CI, confidence interval; RCTs, randomized controlled trials.
Adapted from: Oxford Centre for Evidence-Based Medicine: Levels of Evidence,9 Scharl et al, 2013,11 and Jünger et al, 2012.12
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Consensus/recommendations: Experts agreed that patients
are unfit for any platinum-based chemotherapy in case of
ECOG PS>3 or severe renal impairment (CrCl<30mL/min)
(GOR:þþ; LOC: “high”). Assessment of grade�2 hearing loss
through audiometric evaluation can be performed in
patients with mUC and should be included in the plati-
num-ineligibility criteria (GOR: þ; LOC: “high”). In addition,
grade>3 peripheral neuropathy, NYHA class>3 heart
failure, or the combination of ECOG PS 2 and CrCl<30
mL/min should be considered for determining platinum
ineligibility (GOR: þþ; LOC: “moderate”).

PD-L1 Testing in Locally Advanced Unresectable UC or
mUC
The NCCN guidelines recommend early molecular/genomic
testing to facilitate treatment decision-making in patients
with locally advanced unresectable UC or mUC.3 A system-
atic review by Rouanne et al highlighted the use of PD-L1
testing with use of atezolizumab (IMvigor130 [N¼851;
SP142 assay], IMvigor210 [N¼119 cisplatin ineligible;
SP142]), and pembrolizumab (KEYNOTE 052 [N¼370
cisplatin ineligible; 22C3]) in 1L settings (LOC: 1a).19

Currently, the use of PD-L1 testing before 1L therapy is
advised in mUC patients who are cisplatin ineligible and
have no contraindications to the use of immunotherapy.
Immune checkpoint inhibitors (ICIs) used in the 1L include
atezolizumab and pembrolizumab.3 However, in platinum-
ineligible patients, checkpoint inhibitor (CPI) can be admin-
istered irrespective of PD-L1 status.3 The NCCN guidelines do
not recommend PD-L1 testing before themaintenance phase.
This is based on the JAVELIN 100 phase 3 trial that was not
powered to assess progression-free survival/overall survival
(PFS/OS) in the PD-L1-negativemUCpatients inmaintenance
settings (LOE: 2b).3,20,21 In the 2L setting, PD-L1 testing is not
required when assessing eligibility for treatment with ICIs
(LOE: 1a).3,19,22

Consensus/recommendations: Experts agreed that PD-L1
testing before 1L systemic therapy can be performed in mUC
patientswho are ineligible to receive cisplatin chemotherapy
(GOR: þ; LOC: “high”). In platinum-ineligible patients, CPI
can be administered irrespective of PD-L1 status (GOR: þ;
LOC: “high”). PD-L1 testing is not required when assessing
eligibility for treatment in maintenance and 2L settings
(GOR: þ/–; LOC: “high”).

FGFR Testing in Locally Advanced Unresectable UC or
mUC
Studies have shown that FGFR3 mutation or FGFR2/3 fusion
plays a significant role in the development of mUC.23–25

Currently, FGFR testing (FGFR3 mutation or FGFR2/3 fusion)
is recommended after progression on platinum-based che-
motherapy by the NCCN group to plan for optimal treatment
(FGFR inhibitor or PD-L1 inhibitor [for FGFR-negative
patients]) based on the eligibility criteria (LOE: 1a).3,23–25

Consensus/recommendations: FGFRmutation testinghasnot
shownbenefit formUCpatients in 1L settings. Experts strongly
opined that it is important to screen mUC patients for FGFR3
alterations or FGFR2/3 fusion before 2L systemic therapy to

plan for optimal treatment (FGFR inhibitor or PD-L1 inhibitor)
(GOR: þþ; LOC: “high”).

►Table 3 lists recommendations on cisplatin/platinum
ineligibility criteria and biomarker testing for management
of locally advanced unresectable or mUC.

Treatment Pattern in 1L Settings
Patients eligible for cisplatin-based chemotherapy: The NCCN
guidelines recommend either gemcitabine–cisplatin chemo-
therapy or ddMVACwith growth factor support for cisplatin-
eligible mUC patients in 1L settings.3

Patients ineligible to receive cisplatin-based chemotherapy:
Carboplatin–gemcitabine combination chemotherapy is rec-
ommended in cisplatin-ineligible mUC patients in 1L based
on the results of phase 1/2 randomized EORTC 30986 trial
(overall response rate [ORR]: 41.2%; median OS: 9.3 months)
(LOE: 2b).26 Treatment with an ICI (atezolizumab [PD-L1
inhibitor] or pembrolizumab [PD-1 inhibitor]) could be an
alternative option.3 Currently, the use of PD-L1 testing before
1L therapy is advised in mUC patients who are cisplatin
ineligible and have no contraindications to the use of immu-
notherapy.3 In phase 2, IMvigor210 cohort study, atezolizu-
mab conferred significant clinical benefits in untreated
cisplatin-ineligible mUC.27 Scoring criteria designated
tumors based on tumor-infiltrating immune cells (ICs): (1)
IC0 (PD-L1 expression on<1% of IC), (2) IC1 (PD-L1 expres-
sion on � 1% and<5% of IC), or (3) IC2/3 (PD-L1 expression
on � 5% of IC). The study demonstrated favorable durable
response rates, survival, and tolerability of atezolizumab in
mUC patients in 1L settings.27 The median OS was 12.3
months in IC2/3 and 19.1 months in IC0/1 group (LOE:
2b).27 However, in May 2018, the Food and Drug Adminis-
tration (FDA) issued a safety alert for use of atezolizumab
monotherapy in 1L settings due to decreased survival
compared to platinum-based chemotherapy inmUC patients
who have not received prior therapy andwho have lowPD-L1
expression.28 The FDA has restricted the use of atezolizumab
in cisplatin-unfit mUC patients with positive PD-L1 status
(PD-L1 expression on � 5% of IC) and mUC patients eligible
for any platinum-containing chemotherapy regardless of
PD-L1 expression in 1L settings.28 On April 2021, the FDA
agreed to continue the accelerated approval of atezolizumab
in the frontline treatment of cisplatin-unfit mUC.29 The
efficacy and safety of pembrolizumab were assessed in the
phase 2 KEYNOTE-052 trial in 1L settings.30,31 The study
demonstrated the efficacy of pembrolizumab with accept-
able tolerability in cisplatin-unfit patients, most of whom
were elderly, had poor performance status, or had serious
comorbidities. In patients with positive PD-L1 status defined
as a combined positive score (CPS) � 10, the median OS
was 18.5 months (95% confidence interval [CI]:12.2–28.5
months) (LOE: 2b).30,31 Frail patients and patients with
three or more comorbidities are candidates for best support-
ive care (BSC) alone instead of systemic therapy in 1L
(LOE: 2c).32–34

Patients ineligible to receive any platinum-based chemo-
therapy (cisplatin and carboplatin): On August 2021, the FDA
converted the accelerated approval of 1L pembrolizumab in
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locally advanced ormUC (cisplatin-unfit patients with PD-L1
CPS � 10 or patients who are not eligible for any platinum-
containing chemotherapy regardless of PD-L1 status) to a full
approval and revised the indication to only cover the treat-
ment of patients who are not eligible for any platinum-
containing chemotherapy.35 Based on the FDA approvals
and evidence, the recent 2022 NCCN guideline has recom-
mended: (1) atezolizumab (for patients not eligible for any
platinum-containing chemotherapy regardless of PD-L1
expression); or (2) pembrolizumab (for patients who are
not eligible for any platinum-containing chemotherapy)
(LOE: 2b).3,27,28,30,31,35

Consensus/recommendations: Experts agreed that they
would prefer carboplatin–gemcitabine chemotherapy fol-
lowed by avelumab maintenance over ICI monotherapy
(atezolizumab or pembrolizumab) in mUC patients with
positive PD-L1 status unfit for cisplatin-based regimens in
1L settings (GOR: þþ; LOC: “high”). Experts preferred ICI
monotherapy (atezolizumab or pembrolizumab) over
BSC in patients ineligible for any platinum-based chemo-
therapy (GOR: þþ; LOC: “high”). BSC should be strongly

preferred over ICI therapy in patients with: (1) poor
performance status, (2) multiple uncontrolled comorbid-
ities, and/or (3) poor access to therapies (GOR: þþ; LOC:
“high”).

Role of ICI–chemotherapy combination therapy: Two trials
investigated the relevance of ICI (atezolizumab or pembro-
lizumab) plus platinum-based chemotherapy combination
in 1L settings. The first trial to report was IMvigor130,
where atezolizumab plus platinum-based chemotherapy
provided PFS benefit (8.2 vs. 6.3 months; p¼0.007); how-
ever, OSwas not significant after a median follow-up of 11.8
months compared to placebo plus platinum-based chemo-
therapy.36 The KEYNOTE 361 study had a similar design and
investigated pembrolizumab plus platinum–gemcitabine
versus chemotherapy plus placebo in 1L settings.37 The
study revealed no benefit of this combination in terms of
PFS or OS.37

Consensus/recommendations: Experts agreed that immu-
notherapy (atezolizumab or pembrolizumab) plus plati-
num–gemcitabine chemotherapy is not suitable in mUC
patients in 1L settings (GOR: �; LOC: “high”).

Table 3 Cisplatin-/platinum-ineligibility criteria and biomarker testing in mUC patients

(A) Cisplatin/platinum ineligibility criteria: Summary of expert recommendations

Expert recommendations on cisplatin-ineligibility criteria

• ECOG PS � 2 (LOE: 1a; GOR: þþ; LOC: 66.7%).

• CrCl< 60 mL/min (LOE: 1a; GOR: þþ; LOC: 86.7%)

• Grade � 2 peripheral neuropathy (LOE: 2c; GOR: þþ; LOC: 60%)

• NYHA class 3 heart failure (LOE: 2c; GOR: þþ; LOC: 80%)

• Grade � 2 hearing loss (LOE: 2c; GOR: þ; LOC: 80%)

Expert recommendations on platinum (cisplatin and carboplatin)-ineligibility criteria

• ECOG PS> 3 (LOE: 2c; GOR: þþ; LOC: 80%)

• CrCl< 30 mL/min (LOE: 2c; GOR: þþ; LOC: 80%)

• Grade>3 peripheral neuropathy (LOE: 2c; GOR: þþ; LOC: 60%)

• NYHA class> 3 heart failure (LOE: 2c; GOR: þþ; LOC: 60%)

• ECOG PS 2 and CrCl< 30 mL/min are important criteria for determining platinum ineligibility in patients with mUC
(LOE: 2c; GOR: þþ; LOC: 66.7%)

• Grade � 2 hearing loss (LOE: 2c; GOR: þ; LOC: 80%)

(B) Biomarker testing in mUC: Summary of expert recommendations

PD-L1 testing before 1L systemic therapy can be performed in mUC patients who are ineligible to receive cisplatin
chemotherapy. PD-L1 testing before 1L systemic therapy is not required for those who are ineligible to receive any
platinum-based chemotherapy (LOE: 1a; GOR: þ; LOC: 80%)

PD-L1 testing is not required when assessing eligibility for ICI maintenance in patients who have not progressed with
platinum-containing chemotherapy (LOE: 2b; GOR: þ/� ; LOC: 80%)

PD-L1 testing is not required when assessing eligibility for treatment in 2L settings. According to current knowledge, a general
recommendation cannot be given (LOE: 1a; GOR: þ/� ; LOC: 80%)

FGFRmutation testing has not shown benefit for mUC patients in 1L settings. A general recommendation regarding FGFR testing
before 1L systemic therapy cannot be given (LOE: 2b; GOR: þ/� ; LOC: 80%)

It is important to screen mUC patients for FGFR alterations before 2L systemic therapy to plan for optimal treatment
(LOE: 1a; GOR: þþ; LOC: 80%)

Abbreviations: 1L, first-line; 2L, second-line; CrCl, creatinine clearance; ECOG PS: Eastern Cooperative Oncology Group performance status; FGFR,
fibroblast growth factor receptor; GOR, grade of recommendation; ICI, immune checkpoint inhibitor; LOC, level of consensus; LOE, level of evidence;
mUC, metastatic urothelial carcinoma; NYHA, New York Heart Association; PD-L1, programmed death-ligand 1.
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Role of Switch Maintenance in Locally Advanced
Unresectable UC or mUC After Platinum-Based
Chemotherapy
The JAVELIN Bladder 100 phase 3 RCT explored the impact of
switch maintenance with PD-L1 inhibitor avelumab plus BSC
versus BSC alone in mUC not progressed with 1L platinum-
containing chemotherapy (complete or partial response vs.
stable disease).21 Patients were categorized as having PD-L1-
positive status if at least one of the three criteriaweremet: (1)
at least 25% of tumor cells stained for PD-L1, (2) at least 25% of
ICs stained for PD-L1 if more than 1% of the tumor area
contained ICs, or (3) 100% of ICs stained for PD-L1 if no more
than 1% of the tumor area contained ICs.21 Addition of main-
tenance avelumab to BSC significantly prolonged median OS
(21.4 months; 95% CI: 18.9–26.1) as comparedwith BSC alone
(14.3months [95% CI: 12.9–17.9]; p¼0.001) (LOE: 1b).21With
extended follow-up (� 38 months), median OS remained
significantly longer in the avelumab plus BSC (23.8 months
[95% CI: 19.9–28.8]) as compared to BSC alone (15.0 months
[95% CI: 13.5–18.2]; p¼0.0036) in unresectable locally
advanced UC or mUC without disease progression.38 Another
phase 2 RCT investigated the impact of switch maintenance
withPD-1 inhibitorpembrolizumabinmUCpatientsachieving
at least stable disease on 1L platinum-based chemotherapy.
In this study, the OSwas not significantly different (22 vs. 18.7
months) in patients randomly assigned to maintenance pem-
brolizumab versus placebo (LOE: 2b).39

Consensus/recommendations: Experts strongly recom-
mended avelumab switch maintenance plus BSC in mUC
patients with nonprogressive disease after 4 to 6 cycles of 1L
platinum-containing chemotherapy (GOR:þþ; LOC: “high”).
They would not prefer pembrolizumab switch maintenance
due to no significant OS benefit in mUC patients (GOR: �;
LOC: “high”). Theywould consider BSC alone in patients with
poor performance status and lack of access to immunothera-
pies (GOR: þ/� ; LOC: “high”).

Patient profiles suitable for avelumab switch maintenance:
Avelumab switch maintenance plus BSC provided an OS and
PFS benefit in patients with PD-L1-positive or PD-L1-nega-
tive tumors, with a potentially greater benefit in patients
with PD-L1-positive tumors.21 Avelumab maintenance sig-
nificantly prolonged OS in the PD-L1-positive mUC patients;
OS at 1 year was 79.1% in the avelumab group versus 60.4% in
the control group (BSC alone; p<0.001) (LOE: 1b).21 With
extended follow-up (� 38 months), median OS remained
significantly longer in the avelumab plus BSC (30.9 months
[95% CI: 24.0–39.8]) as compared to BSC alone (18.5 months
[95% CI: 14.1–24.2]; p¼0.0064) in unresectable locally
advanced UC or mUC patients with PD-L1-positive tumors.38

The JAVELIN Bladder 100 phase 3 trial was not powered to
assess PFS/OS in the PD-L1-negative mUC patients in main-
tenance settings.21 In mUC patients with PD-L1-negative
tumors, the median OS was 18.8 months (95% CI: 13.3–
22.5) in the avelumab plus BSC group versus 13.7 months
(95% CI: 10.8–17.8) in the BSC alone (hazard ratio: 0.85; 95%
CI: 0.62–1.18) (LOE: 2b).21 The trial demonstrated OS bene-
fits with avelumab switch maintenance in a range of patient
subgroups (categorized by age, ECOG PS 0/1, prior chemo-

therapy regimen, response to chemotherapy, site of baseline
metastasis, CrCl) not progressed with 1L platinum-contain-
ing chemotherapy (LOE: 1b).20,21

Consensus/recommendations: Experts agreed that avelu-
mab switch maintenance therapy is beneficial and can be
recommended in mUC patients with ECOG 0/1, age<65
years, regardless of PD-L1 status, CrCl, site of metastasis,
and chemotherapy (gemcitabine with cisplatin or carbopla-
tin). The patient profiles that received moderate consensus
during the discussion were: (1) stable disease after 1L
platinum-containing chemotherapy, (2) visceral metastasis
after 1L platinum-containing chemotherapy, and (3) age
� 65 years (GOR: þþ).

►Table 4 lists the recommendations for 1L systemic
therapy and switch maintenance after 1L platinum-contain-
ing chemotherapy.

Treatment Pattern in 2L and Subsequent Therapy
In the phase 3 KEYNOTE-045 RCT, pembrolizumab conferred
significant OS benefits in 2L (10.3 vs. 7.4 months; p¼0.002)
as compared to the chemotherapy group (paclitaxel, doce-
taxel, or vinflunine) in mUC patients who progressed during
or after the receipt of platinum chemotherapy (LOE: 1b).40

Nivolumab, a fully human immunoglobulin G4 PD-1 ICI,
demonstrated clinical benefit (ORR was 19·6% [95% CI:
15.0–24.9]) in a phase 2, single-arm study in mUC patients
whose disease progressed or recurred despite previous
treatment with at least one platinum-based chemotherapy
regimen (LOE: 2b).41 Recently, the efficacy and safety of
avelumab in 2L were assessed in phase 1b JAVELIN Solid
Tumor study. Avelumab therapy resulted in a median OS of
7.0 months and a 24-month OS rate of 20.1% (LOE: 2b).42 For
management of mUC patients with FGFR alternations, the
NCCN guideline recommends erdafitinib, a tyrosine kinase
inhibitor of FGFR1–4, in 2L based on the promising result
from the phase 2 BLC2001 study.43 The confirmed response
rate to erdafitinib therapy was 40% and the median OS was
13.8 months. Among patients who had undergone prior
immunotherapy, the response rate was 59% (LOE: 2b).43

The indication of atezolizumab was withdrawn by the FDA
in March 2021 in mUC patients previously treated with
platinum-based chemotherapy based on the results of the
phase 3 IMvigor211 trial.44 The trial failed to meet its
primary endpoint of OS benefit inmUCpatientswith positive
PD-L1 status (IC2/3; 11.1 vs. 10.6 months; p¼0.41) as
compared to chemotherapy (vinflunine, paclitaxel, or doce-
taxel).44,45 TheNCCNguidelines recommend: (1) rechallenge
with gemcitabine and cisplatin or carboplatin or MVAC in
patients who relapse after a year of last platinum exposure,
(2) erdafitinib in patients with FGFR3 or FGFR2 genetic
alterations, or (3) ICI therapy (pembrolizumab, nivolumab,
or avelumab) in patients who have not received ICI in
1L settings.3

Consensus/recommendations: Experts recommended erda-
fitinib in FGFR-positive mUC patients in 2L settings (GOR:þþ;
LOC: “high”). Experts agreed that in FGFR-negative patients,
ICIs (pembrolizumab, nivolumab, or avelumab) may be pre-
ferredoverchemotherapy (paclitaxel, docetaxel, or vinflunine).
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Patient eligibility should be determined before therapy based
on the available efficacy and safety data. On the other hand,
chemotherapy (paclitaxel, docetaxel, or vinflunine) can be
considered in patients who are not eligible for ICI therapy or
have poor access to ICI therapy. Experts strongly opined that
pembrolizumab can be preferred as it has strong phase 3
clinical evidence with OS benefit (GOR: þþ; LOC: “high”) as
compared to nivolumab (GOR: þ; LOC: “high”).

Patient profiles suitable for ICI in 2L: Experts agreed that ICI
therapy (pembrolizumab, nivolumab, or avelumab) is suitable
and can be recommended in patients with ECOG status 0/1
(GOR:þþ; LOC: “high”). In addition, ICI therapy can be consid-
ered in patients with: (1) prior cisplatin chemotherapy, (2) PD-
L1 (IC2/3), and(3)visceraldisease (GOR:þþ; LOC: “moderate”).

Scopeofantibody–drug conjugates (ADCs): Inphase3EV-301
trial, the efficacy of enfortumab vedotin, a nectin-4-directed

Table 4 First-line systemic therapy and switch maintenance for locally advanced or mUC

(A) 1L systemic therapy for locally advanced unresectable UC or mUC: Summary of expert recommendations

Treatment of cisplatin-ineligible mUC patients with positive PD-L1 status
Carboplatin–gemcitabine chemotherapy is preferred over ICI monotherapy (atezolizumab or pembrolizumab) in mUC patients
with positive PD-L1 status deemed unfit for cisplatin-based therapy in 1L settings (LOE: 2b; GOR: þþ; LOC: 80%)
Treatment of mUC patient ineligible for any platinum-based chemotherapy (cisplatin and carboplatin ineligible)
• ICI monotherapy (atezolizumab or pembrolizumab) can be preferred over BSC in patients ineligible for any platinum-based

chemotherapy (LOE: 2b; GOR: þþ; LOC: 80%)
• BSC is strongly preferred over ICI therapy in patients with: (1) poor performance status; (2) multiple uncontrolled

comorbidities; and/or (3) poor access to immunotherapies (LOE: 2c; GOR: þþ; LOC: 80%)
Scope of immunotherapy–chemotherapy combination in 1L treatment settings
• Immunotherapy (atezolizumab or pembrolizumab) plus platinum–gemcitabine chemotherapy is not suitable in mUC patients
in 1L treatment settings (LOE: 1b; GOR: �; LOC: 80%)

(B) Switch maintenance for locally advanced unresectable UC or mUC patients after 1L platinum-containing chemotherapy:
Expert recommendations

Switch maintenance in the general population
• Avelumab switch maintenance plus BSC is strongly recommended in mUC patients with the nonprogressive disease after 4–6
cycles of 1L platinum-containing chemotherapy (LOE: 1b; GOR: þþ; LOC: 100%)

• Pembrolizumab switch maintenance is not suitable after 1L platinum-containing chemotherapy due to no
OS benefit in mUC patients (LOE: 2b; GOR: �; LOC: 80%)

• BSC instead of switch maintenance can be considered in patients with poor performance status and lack of access to
immunotherapies (LOE: 2c; GOR: þ/� ; LOC: 80%)

Patient profiles suitable for avelumab switch maintenance therapy
PD-L1 status
• Avelumab switch maintenance plus BSC is strongly recommended in PD-L1-positive mUC patients with the nonprogressive

disease after 4–6 cycles of 1L platinum-containing chemotherapy (LOE: 1b; GOR: þþ; LOC: 86.7%)
• Avelumab switch maintenance plus BSC can be performed in PD-L1-negative mUC patients with the nonprogressive disease
after 4–6 cycles of 1L platinum-containing chemotherapy (LOE: 2b; GOR: þþ; LOC: 80%)

Prior chemotherapy regimen
• Avelumab switch maintenance therapy is beneficial and can be recommended in mUC patients not progressed on 1L

gemcitabine–carboplatin or gemcitabine–cisplatin-based chemotherapy (LOE: 1b; GOR: þþ; LOC: 93.3%)
Response to chemotherapy
• Avelumab switch maintenance therapy is beneficial and recommended in mUC patients with partial and complete response
after 1L platinum-containing chemotherapy (LOE: 1b; GOR: þþ; LOC: 86.7%)

• Avelumab maintenance therapy is also recommended in mUC patients with stable disease after 1L platinum-containing
chemotherapy (LOE: 1b; GOR: þþ; LOC: 66.7%)

Type of metastases
• Avelumab switch maintenance therapy is beneficial and can be recommended in mUC patients with nonvisceral metastasis

after 1L platinum-containing chemotherapy (LOE: 1b; GOR: þþ; LOC: 86.7%)
• Avelumab switch maintenance therapy is beneficial in mUC patients with visceral metastasis after 1L platinum-containing

chemotherapy (LOE: 1b; GOR: þþ; LOC: 73.3%)
ECOG status
Avelumab switch maintenance therapy is beneficial and can be recommended in mUC patients with ECOG status 0/1 (LOE: 1b;
GOR: þþ; LOC: 93.3%)
CrCl
Avelumab switch maintenance therapy is beneficial and can be recommended in mUC patients regardless of
CrCl (< 60 mL/min and � 60 mL/min) (LOE: 1b; GOR: þþ; LOC: 73.3%)
Age
• Avelumab switch maintenance therapy is beneficial and can be recommended in mUC patients with age< 65 years (LOE: 1b;
GOR: þþ; LOC: 100%)

• Avelumab switch maintenance therapy is beneficial and can be recommended in mUC patients with age � 65 years (LOE: 1b;
GOR: þþ; LOC: 66.7%)

Abbreviations: 1L, first-line; BSC, best supportive care; CrCl, creatinine clearance; ECOG PS, Eastern Cooperative Oncology Group performance
status; GFR, glomerular filtration rate; GOR, grade of recommendation; ICI, immune checkpoint inhibitor; LOC, level of consensus; LOE, level of
evidence; mUC, metastatic urothelial carcinoma; PD-L1, programmed death-ligand 1; UV, urothelial carcinoma.
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ADC, was assessed in patients previously treated with plati-
num-containingchemotherapyandaPD-1orPD-L1 inhibitor.46

The study demonstrated that median OS was significantly
longer intheenfortumabvedotin treatmentarm(12.88months
[95% CI: 10.58–15.21) as compared to the chemotherapy group
(docetaxel, paclitaxel, or vinflunine) (8.97 months [95% CI:
8.05–10.74]; p¼0.001) (LOE: 1b).46 Another phase 2, open-
label (TROPHY-U-01) cohort study investigated the role of
TROP-2-directed ADC sacituzumab govitecan in mUC patients
who progress on platinum-based combination chemotherapy
and ICI therapy.47 The median OS achieved with sacituzumab
govitecan therapy was 10.9 months (95% CI: 9.0–13.8 months)
(LOE: 2b).47

Consensus/recommendations: Experts agreed that enfor-
tumab vedotin is a suitable treatment option in patients
who have previously received platinum-containing chemo-
therapy and progressed during or after treatment with a
PD-1 or PD-L1 inhibitor (GOR: þþ; LOC: “moderate”).
Currently, enfortumab vedotin is available only on a com-
passionate basis in India. Sacituzumab govitecan is another
treatment option in patients who have previously received
platinum-containing chemotherapy and progressed during
or after treatment with a PD-1 or PD-L1 inhibitor (GOR:þþ;
LOC: “low”).

OS improvement from the start of 1L therapy: Experts
opined that 1L platinum-based chemotherapy (4–6 cycles)
followed by avelumab switch maintenance with BSC is most
useful in terms of OS improvement from the start of 1L
therapy and can be recommended (GOR: þþ; LOC: “high”).

►Table 5 lists the recommendations for 2L systemic
therapy for the management of mUC.

Discussion

Clinical and Research Implications
Treatment of UC has evolved over the last few years with
improved outcomes across different disease stages. ICI and
targeted therapies have emerged as new options for the
treatment of persistent diseases. In India, there are no
country-specific guidelines or recommendations for the
management of locally advanced unresectable or mUC.
Furthermore, due to the scarcity of RCTs conducted in India
and the lack of local guidelines or recommendations, oncol-
ogists rely on data from the Western world. Currently, there
are no defined criteria to establish cisplatin and platinum
ineligibility in India, and it varies among different physicians
and institutes. There is a lack of consensus on the utility of
treatment options, especially in cisplatin- and platinum-
unfit mUC patient subgroups. To the best of our knowledge,
this is the first evidence-based practical consensus docu-
ment to guide clinicians on the management of mUC in
Indian settings. This consensus document will offer expert
guidance to Indian oncologists and help achieve consistency
in mUC management across various healthcare settings.

Strengths: The members of the panel (in the space of
genitourinary oncology) were selected to best represent
the breadth of knowledge and clinical expertise in the field
from all over India. There was no selection bias during the
development of the expert committee. All experts actively
participated during the consensus process. The responses of
all panelists were generated in the form of graphs (GOR vs.
response in percentage) to ensure the protection of partic-
ipants’ data.

Table 5 Second-line systemic therapy for locally advanced or mUC

2L systemic therapy for locally advanced unresectable UC or mUC: Expert recommendations

• Erdafitinib is recommended in FGFR-positive mUC patients in 2L settings (LOE: 2b; GOR: þþ; LOC: 80%)
• In FGFR-negative patients, ICI (pembrolizumab, nivolumab, or avelumab) may be preferred over chemotherapy (paclitaxel,

docetaxel, or vinflunine) in 2L settings. Pembrolizumab has strong phase 3 data in terms of OS and can be preferred (LOE: 1b;
GOR: þþ; LOC: 80%) over nivolumab (LOE: 2b; GOR: þ; LOC: 80%) in 2L settings

• Enfortumab vedotin is a suitable treatment option in mUC patients who have previously received platinum-containing
chemotherapy and progressed during or after treatment with a PD-1 or PD-L1 inhibitor (LOE: 1b; GOR:þþ; LOC: “moderate”).
Currently, enfortumab vedotin is available only on a compassionate basis in India

• Sacituzumab govitecan is another treatment option in patients who have previously received platinum-containing
chemotherapy and progressed during or after treatment with a PD-1 or PD-L1 inhibitor (LOE: 2b; GOR: þþ; LOC: “low”)

Patient profiles suitable for ICI in 2L settings
• ECOG PS status: ICI therapy (pembrolizumab, nivolumab, or avelumab) is suitable and can be recommended in patients with
ECOG status 0/1 in 2L settings (GOR: þþ; LOC: 86.7%)

• PD-L1 status: ICI therapy (pembrolizumab, nivolumab or avelumab) can be considered in PD-L1 (IC 2/3 [GOR: þþ; LOC: 60%]
and IC 1 [GOR: þ; LOC: 73.3%]) in 2L settings

• First-line chemotherapy: ICI therapy (pembrolizumab, nivolumab, or avelumab) is suitable in patients with prior cisplatin
chemotherapy in 2L settings (GOR: þþ; LOC: 73.3%)

• Extent of involvement: ICI therapy (pembrolizumab, nivolumab, or avelumab) can be considered in patients with visceral
disease in 2L settings (GOR: þþ; LOC: 60%)

OS improvement from the start of therapy: Expert recommendations

1L platinum-based chemotherapy (4–6 cycles) followed by avelumab switch maintenance with BSC is most useful in terms of OS
improvement from the start of 1L therapy and can be recommended (GOR: þþ; LOC: 100%)

Abbreviations: 2L, second-line; ECOG PS, Eastern Cooperative Oncology Group performance status; FGFR, fibroblast growth factor receptor; GOR,
grade of recommendation; ICI, immune checkpoint inhibitor; LOC, level of consensus; LOE, level of evidence; mUC, metastatic urothelial carcinoma;
OS, overall survival; PD-L1, programmed death-ligand 1; UV, urothelial carcinoma.
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Limitation: The patient’s voice was not included in the
consensus process.

Conclusion

In this article, we have attempted to summarize the Indian
consensus on the management of locally advanced unre-
sectable UC or mUC. Patients with treatment-naive mUC
should be classified according to cisplatin and platinum
eligibility based on clear definitions. In a 1L setting, the
experts preferred gemcitabine and platinum with cisplatin
over carboplatin. Selected patients who are platinum ineli-
gible may be considered for atezolizumab or pembrolizu-
mab. Post-induction chemotherapy, those who do not
progress should be strongly considered for avelumab main-
tenance. Experts recommended screening mUC patients for
FGFR3 alterations or FGFR2/3 fusion before deciding on 2L
therapy. Options for 2L therapy include platinum-based
chemotherapy for those relapsing late, targeted therapy
with erdafitinib for patients with FGFR alterations, ICI
(pembrolizumab, nivolumab, or avelumab) for those who
have not received ICI in 1L settings, and single-agent
chemotherapy (paclitaxel, docetaxel, or vinflunine) for
others. Enfortumab vedotin and sacituzumab govitecan
should be considered for further lines of therapy.
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Introduction

Diet and nutrition not only serve as the source of important
physiologically functional components of human beings,
but they also play crucial roles in cancer management.
Dietary factors approximately contribute to 20 to 60% of
all cancers worldwide.1,2 Cervical cancer (CC) ranks as the
third most commonly diagnosed cancer type and fourth
leading cause of cancerous deaths in women worldwide.3,4

The Global Cancer Observatory estimates of the incidence
rate of CC due to human papillomavirus (HPV) in 2020 were
604,127 and mortality rates were 341,831 globally (95%
UI).5 Oncogenic HPV is a necessary but insufficient risk

factor for the development of cervical carcinoma, as most
HPV infections clear spontaneously without leading to any
cervical cytological abnormalities.6 However, the persis-
tence of genital HPV infection that might progress to
cervical intraepithelial neoplasia (CIN) and invasive cervical
cancer (ICC) is influenced by a variety of infectious, behav-
ioral, lifestyle-associated cofactors.7,8 Various studies on
risk factors have associated the role of the diet with CIN,
hypothesizing that women with a relatively high dietary
intake of certain nutrients have a reduced risk of developing
intraepithelial and invasive cervical lesions. Of particular
interest are antioxidants that play major roles in cell
survival, proliferation, and differentiation, such as vitamins
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Abstract Cervical cancer (CC) results from a subsequent process, starting from the infection of
normal cervical epithelium with oncogenic human papillomavirus and gradually
progressing to cervical intraepithelial neoplasia (CIN), before finally developing into
invasive cervical cancer (ICC). Over recent decades, dietary micronutrients have gained
much attention due to their pivotal role in cancer prevention. We reviewed several
relevant literature studies to investigate the protective roles of dietary nutrient intake
in CC. Dietary intake of vitamin C, green–yellow vegetables, and provitamin A
carotenoids that are rich sources of antioxidants may widely inhibit the process of
CC development, whereas vitamins A and D might be more helpful in preventing the
early events in the disease development. Vitamin E, lycopene, and folate are more
effective for the treatment of high-grade CIN. Fruits exert their protective effects in the
late stages of the cancer process, thus playing a vital role in ICC prevention.
Polyphenols, flavonoids, and polyunsaturated fatty acids are more often used in cases
of CC in combination with chemotherapy and radiotherapy. Thus, as a primary
prevention strategy, the health benefits of various nutrients in CC must be clarified
by vitro and in vivo approaches rather than epidemiological studies.
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A, D, C, and E,1,2,9–11 tea polyphenols (TPPs),12 flavonoids,1,2

tocopherol, and provitamin A carotenoids10,13–17; regula-
tors of DNA synthesis and repair such as folate10,18–20; and
inflammatory response relievers such as polyunsaturated
fatty acid (PUFA).21

Understanding the effects of diet and nutrition on CC
development is very important for themanagement of public
health concerns. For these reasons, it is necessary to under-
stand the roles of various dietary nutrients in CC develop-
ment. This paper reviews the current issues, effects, and
possible protective mechanism of these dietary micronu-
trients in CC in relation to each stage of CC development.

Role of Dietary and Nutrient Intake on
Cervical Cancer

In India and other developing nations, cervical cancer (CC) is
the second most common cancer among women of repro-
ductive age.22 Infection with HPV is the disease’s main
underlying cause. It usually takes nearly 10 to 20 years for
a precancerous lesion to develop into cancer. CC is also
proven to be associated with many factors such as the age
at marriage, age at the consummation of marriage, parity,
history of promiscuity, smoking habits, and the use of oral
contraceptives (OC).23 But the dietary intake of various
nutrients plays a vital role in either the development or
prevention of CC.

Normal metabolic activities and lifestyle factors such as
smoking, exercise, and diet generate reactive oxygen species
(ROS). Oxidative stress, induced by the overproduction of
ROS, causes oxidative damage to biomolecules such as lipids,
proteins, and DNA. Thus oxidative stress has been implicated
in the development of several chronic diseases, one of which

is cancer. Antioxidant deficiency might render individuals
more vulnerable to oxidative stress, thereby increasing the
risk of cancer occurrence. Exogenous antioxidant supple-
mentation has been proven to alleviate oxidative damage by
scavenging ROS and reducing the oxidation of cellular bio-
molecules.24 Thus, dietary patterns have a protective effect
against the development of a variety of cancers, particularly
those of epithelial origin.25 So the consumption of more
antioxidant-containing food such as vegetables, legumes,
fruits, and nuts can significantly reduce the risk of any cancer
including CC. Barchitta et al reported that a western diet,
which includes red and processed meats, salty foods such as
pickles and salted/dried fish, dipping sauces, chips, snacks,
instant noodles, and low intake of olive oil, is associatedwith
a higher risk of HPV infection.26 Additionally, women who
showed low adherence to a Mediterranean diet (MD), which
includes vegetables, legumes, fruits, nuts, milk, cereals, fish,
and a high ratio of PUFA, were posed to a greater risk of HPV
infection.26,27 The author demonstrated a direct relationship
between the increased intake of MD and the slowdown of
progression of hrHPV infection, thus playing a protective role
in the onset of neoplasia. As a result, a 60% reduction in CC
risk can be attained with high adherence to MD.26

Recently, Yang et al reported that dietary oleic acid
commonly found in edible oils exerts a stimulatory effect
on cancerous cell growth and metastasis of the cervix.28

Brock et al and Delam et al reported that a diet low in citrus
fruits and green-yellow vegetables (green vegetables, car-
rots, and pumpkins), which are rich sources of antioxidants
can elevate the risk of ICC.23,29 The roles of dietary and
nutrient intake in preventing various stages of CC are dis-
cussed below, and ►Fig. 1 depicts the pictorial representa-
tion of the same.

Fig. 1. Role of various nutrients on the development of cervical cancer.
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Carotenoids
Carotenoids are pigments that produce the red, orange, and
bright yellow colors seen in plants, fruits, and vegetables.
There are more than 600 different types of carotenoids. α-
carotene, β-carotene, β-cryptoxanthin, lutein, zeaxanthin,
and lycopene are among the most common dietary carote-
noids. Few of them (e.g., alpha-carotene, beta-carotene, and
beta-cryptoxanthin) can be converted into vitamin A when
released into the body. Beta-carotene, named provitamin A,
is transformed into vitamin A by the liver, according to the
body’s needs. It is the most powerful precursor of vitamin A,
followed by alpha-carotene, beta-cryptoxanthin, and other
carotenoids. Vitamin A deficiency stimulates oxidative
stress, cellular damage, and inhibition of cell repair function.

Studies indicated inverse associations between dietary
and serum antioxidant micronutrients like provitamin A
carotenoids (precursor of vitamin A) like α-carotene, β-
carotene, lutein/ zeaxanthin, and cryptoxanthin and the
risk of CC, especially for squamous-cell carcinoma.10,15–17

However, they did not observe any protective effects of
dietary retinol (preformed vitamin A) against CC as it might
be associated with early events in the HPV infection process
and, therefore, may be more effective in preventing low-
grade CIN.10,15 Blood retinol would not be expected to exert
an effect since levels of retinol are under homeostatic control
and show little variation except under extreme conditions of
over- or undernutrition.30

Two population-based case-control studies analyzing the
concentration of a variety of serum carotenoids of ICC
patients and controls reported that women possessing low
serum levels of total carotenoids (alpha-carotene, beta-car-
otene, and cryptoxanthin) are significantlymore prone to ICC
as compared to controls,14,31 whereas the supplementation
of oral beta-carotene has been reported to prevent CC.13

However, contradictory results were obtained in a Japa-
nese case-control study (Nagata et al) where it was reported
that carotene consumption was not significantly associated
with protection against cervical dysplasia. A low serum
carotenoid concentration found in cases indicated that it
was a result of the disease rather than a cause of its
occurrence.10

Serum concentrations of lycopene carotenoid have also
been linked to CC. A low concentration of this micronutrient
in serumhas the propensity to increase the riskof developing
CIN3, whereas medium to high levels were observed to
reduce the risk of CIN3 development.11 In summary, lyco-
pene might be more effective for preventing high-grade CIN
rather than primary HPV infection. Lycopene is a bright red
pigment and phytochemical from tomatoes, red carrots,
watermelons, and red papayas. It exerts antioxidant activity
and has chemopreventive effects in different types of cancer.
Its anticancer property is imparted by its ability to activate
cancer preventive enzymes such as phase II detoxification
enzymes. It has been found to inhibit human cancer cell
proliferation and to suppress insulin-like growth factor-I-
stimulated cell growth.12

Therefore, it can be concluded that serum carotenoids
provide overall protection against CC development. Its pos-

sible mechanism of action is via its antioxidant activity
involved in scavenging ROS, thus reducing toxic effects on
cell membranes, cellular proteins, and nucleic acids.29,32

Vitamins
In recent decades, dietary antioxidants, such as vitamins,
have received much attention in relation to cancer
prevention.

Fruits (mainly oranges, lemons, strawberries, blackcur-
rants, and kiwis) and vegetables (mainly tomato, broccoli,
and sweet pepper) are rich sources of vitamin C. Vitamin C,
also known as ascorbic acid, has several important functions
like protecting and maintaining healthy skin, blood vessels,
bones, and cartilage while also helping with wound heal-
ing.33 A meta-analysis by Cao et al suggests that there is a
significant inverse association between vitamin C intake and
the risk of CIN and the association was dose dependent.
Notably, increased vitamin C intake by 50mg/day was sig-
nificantly correlated with a reduced risk of ICC by 8%.34 The
intake of vitamins C and E may widely inhibit the process of
CC development. Slattery et al and Kim et al reported that the
intake of vitamins C and E significantly lowered CC risk in
nonsmokers as well as in smokers. The reason behind their
protective function is that both of these vitamins are known
to be antagonists to nitrosamines which are predominant in
side-stream smoke than in mainstream smoke, thus effi-
ciently reducing the chances of CC in passive smokers.9,10

The possible role of vitamin C is the enhancement of cellular
immunity, maintenance of the intercellular matrix, and an
antioxidative property.16 Vitamin C is a potent antioxidant
that has antineoplastic effects on the cervix. Vitamin C was
demonstrated to increase the drug sensitivity of cervical
carcinoma cells by stabilizing P53, which was targeted by
HPVoncoproteins for degradation and hence causes cell cycle
arrest. Antioxidants are able to reduce the toxic effects of
ROS, which otherwise lead to changes in the distribution and
function of cellular receptors through affecting the fluidity
and integrity of the membrane in immunological cells. Free
radical is apt to cause extensive damage to DNA, protein, and
lipids. Vitamin C could settle this situation by inhibiting DNA
adduct formation, thus enhancing mucosal immune re-
sponse to infection and scavenging the free radicals. Besides,
matrix metalloproteases (MMPs), tumor cells secrete
enzymes, that digest the membrane and then allow tumor
cells to invade adjacent tissues, eventually resulting in
migration of cancer cells. Notably, vitamin C can inhibit
MMP production and prevent invasion of cancer cells in
vitro, suggesting its potential protective effect on CC
development.34

Vitamin E is a fat-soluble antioxidant that exists in many
foods including wheat germ oil, sunflower oil, and safflower
oils. It represents a family of compounds comprising both
tocopherols and tocotrienols, and in particular, alpha-to-
copherol is the most bioactive form of vitamin E that stops
the production of ROS when fat undergoes oxidation.12

Serum concentrations of vitamin E (α- tocopherol and γ-
tocopherol) have been closely associated with CC. A low
concentration of this vitamin in serum increases the risk of
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developing CIN3, whereas medium to high levels were ob-
served to reduce the risk of CIN3 development.11 In summary,
vitamin E might be more effective for preventing high-grade
CIN. Someanti-inflammatorymechanismshavebeenreported
for tocopherols, such as inhibitory protein kinase C (PKC)
activity, inhibitory activity of enzymes involved in eicosanoid
biosynthesis, and inhibiting cyclooxygenase-2-mediated bio-
synthesis of PGE2 (prostaglandin E2).32

After exposure to ultraviolet-B light, vertebrates can gener-
ate vitaminD in their skins. Light-exposedmushroomsare also
an excellent source of vitamin D. Vitamin D promotes calcium
absorption in the small intestine and maintains adequate
serum calcium needed for bone growth and bone remodeling
by osteoblasts and osteoclasts. Vitamin D has other roles,
including the modulation of cell growth, neuromuscular and
immune functions, and the reduction of inflammation. Ste-
fanska et al reported that vitamin D particularly D3 was
associated with PTEN induction as well as p21 up-regulation,
thus suppressing tumor formation.12,35Due to its anti-inflam-
matory activities, vitamin D may be useful for ameliorating
clinical symptoms in patients with HPV infection. Schlte-
Uebbing et al also reported that treatment with vitamin D
vaginal suppositories (12,500 IU, three nights a week, for 6
weeks) resulted in antidysplastic effects in theCIN1group, but
that it did not affect the CIN 2 group.36Özgü et al showed that
the 25-hydroxy vitamin D level in 22 HPV-positive patients
was significantly lower than that in 62 HPV-negative
patients.37Thesefindingsmaybeexplainedby theassumption
that vitamin D deficiency can cause a persistent HPV infection
and thus lead to the development of CIN. However, a high
intake of vitamin D may therefore suppress persistent HPV
infection and prevent the development of CIN 1.1,2

Folate
Folate (vitamin B9) plays an important role in red blood cells,
DNA synthesis, DNA repair, DNA methylation, and cell pro-
liferation.38 Many vegetables and pulses are rich sources of
folate, with folate concentrations up to 600 pg/100 g in some
beans and chickpeas and around 200 pg/100 g in leafy
vegetables. A sort of general rule is that the lower the water
content in the vegetable, the higher the folate concentration,
and therefore leafy vegetables are good folate sources (folium
means leaf). Folate concentrations in fruits and berries are
usually one-tenth those of vegetables, ranging from a few pg
to approximately 50 pg/100 g.39

The dietary effect of folic acid on CC has been quite
controversial. The intake of folate may prevent or inhibit
HPV infection from progressing to various grades of CIN. The
studies of Butterworth et al and Kim et al suggested that low
plasma folate levels can be associated with an increased risk
of cervical dysplasia and dietary supplementation could lead
to regression of dysplastic lesions, thus supporting the
protective effects of folic acid on CC.10,18 Similar results
were observed by Kwanbunjan et al in a case-control study.
The author reported an association between low serum
folate levels and high risk of developing both CIN1 and
CIN2/3.19 However, a medium serum folate concentration
was associated with a high risk of developing CIN1 but not

CIN2/3. Thus, dose-responsive serum folate levels might be
useful for the prevention of CIN2/3.20

However, Brock et al, Verreault et al, and Palan et al failed to
observe a relation between dietary intake of folic acid and the
risk of ICC.16,29,40A study by Rampersaud et al (2002)mitigat-
ed the controversy related to the role of folate on CC, by
supporting the latter studies that there is no inverse associa-
tion between serum folate and the risk of CC.41 However, the
authors reported a sevenfold increase in CIN and CC when
lower serum folate concentration coexisted with HPV infec-
tion. This suggests that along with low blood folate, some
concurrent factors must be present that will predispose to
carcinogenesis.►Fig. 2 represents theeffectsof theavailability
of folate in body and the risk of CC development.

Folate’s possible protection against CC is based on its roles
in DNA synthesis and repairing damaged DNA. Folate is
involved in DNAmethylation, through which it may influence
gene expression. If an adequate amount of folate is present,
then DNAmethylationwill occur and proto-oncogenes can be
turnedoff, thuspreventinguncontrolled cellgrowth.However,
if there is low folate in the blood, then DNA hypomethylation
occurs and genes are turned “on,” which increases the risk of
uncontrolled cell growth causing cancer.41

Vegetables and Fruits
Fruits and vegetables are good sources of antioxidant phyto-
chemicals thatmitigate thedamagingeffect ofoxidative stress.
Carotenoidsareagroupofphytochemicals that are responsible
for different colors of foods. A wide variety of fruits and
vegetables provide a range of nutrients and different bioactive
compounds including phytochemicals, vitamins, minerals,
and fibers.42 A large prospective study conducted by the
European Prospective Investigation into Cancer and Nutrition
involving 299,649 women observed a statistically significant
inverse association of ISC (invasive squamous carcinoma)with
a 100g increase in the daily total fruit intake. Their findings
revealed that the protective effects of fruitsmight play amajor
role in ICC but not in CIN. This suggested that if there was any

Fig. 2. Availability of folate and the risk of CC development (PO:
Protooncogenes; TSG: Tumor Suppressor Genes).
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true protective effect, it would be observed in the late stages of
the cancer process (ISC> CIN2/3>CIN1).43However, Giuliano
et al founda reduced riskofHPVpersistence among thosewith
a high consumption frequency of papaya and orange. In their
study, intake of fatty foods rich in saturated fatty acid was
positively associated with HPV infection probably reflecting
participants’ lifestyle as these food groups were inversely
correlated with fruit intake.44

The consumption of green–yellow vegetables rich in beta-
carotene (carrot, pumpkin, and green vegetables) showed a
reduced risk for CC among all age groups, while that of light-
green vegetables (cabbage and lettuce) did not appear to
influence the risk.27 Increased dietary intake of dark green
and deep yellow vegetables and fruits, which are important
dietary sources of α-carotene, β-carotene, β-cryptoxanthin,
and lutein, were negatively associated with CIN3. However,
there are growing pieces ofevidence that a high intake of foods
rich in β-carotene and lutein has an important role in immune
response possibly acting against the persistence of HPV infec-
tion.32 All these pieces of evidence suggest that fruits and
vegetables provide overall protection against all stages of CC.

Antioxidants present in a variety of vegetables and fruits
can act as efficient scavengers of free radicals thereby
preventing damage to macromolecules. Free radicals and
oxidants if not neutralized by antioxidant molecules, then
the inflammatory processes induced by HPV infectionwould
lead to extensive damage to DNA and proteins. Additionally,
oxidative stress decreases immune function and increases
viral replication. It has been proposed that antioxidants
present in fruits and vegetables like vitamin A (retinoic
acid), C (ascorbic acid), and E (tocopherol) can prevent HPV
persistence and inhibit DNA adduct formation thereby pre-
venting cervical carcinogenesis and proliferation of cancer
cells by inducing apoptosis, stabilizing the p53 protein, and
reducing immunosuppression.1,2,10

Others
There are many other nutrients that play a critical role in CC
development like apigenin, genistein, quercetin, sulforaph-
ane, TPPs, PUFA, etc. Apigenin is a flavone present in vege-
tables such as parsley, celery, chamomile, and Egyptian plant
Moringa peregrine. Apigenin can sensitize HeLa cells to
paclitaxel-induced apoptosis through the accumulation of
excess intracellular ROS. It is considered a mediator for
chemoprevention in the cancerous process and induces
autophagia by which it exerts its protective role.12

Genistein is an isoflavone originating from a number of
plants such as lupine, fava beans, soybeans, kudzu, Psoralea,
Flemingia vestita, and coffee. Genistein inhibits the enzymes
like tyrosine kinase and DNA topoisomerase II that regulate
cell division and cell survival.12 It also decreases cellular
viability by induction of apoptosis due to the generation of
ROS.1,2 Additionally, genistein has been found to have anti-
angiogenic effects, thereby blocking the uncontrolled cell
growth associated with cancer.

Quercetin is a flavonoid ubiquitously present in vegetables
and fruits, and its antioxidant effect is implied to behelpful for
human health. Sundaram et al reported an antiproliferative,

proapoptotic, and antimigratory effect of quercetin on HeLa
cells by modulating various signaling pathways.45 Quercetin
induces apoptosis in CC cells mainly by extrinsic pathway.
Quercetin was found to alter the expression of several genes
involved in PI3K, WNT, mitogen-activated protein kinases
(MAPK), JAK/STAT pathways, effectively causing inhibition of
cell proliferation, cell cycle arrest, and apoptosis in CC (HeLa)
cells. A promising alternate route to cancer chemoprevention
and treatment strategies appears to be the use of dietary
polyphenols such as quercetin.

Sulforaphane is an organosulfur compound obtained from
cruciferous vegetables such as broccoli, brussels sprouts, and
cabbages. Sulforaphane acts by delaying the development of
CC by arresting cell growth in the G2/M phase1,2 and induc-
ing apoptosis by upregulation of proapoptotic genes. Sharma
et al analyzed the effect of sulforaphane on the expression of
Bcl-2, COX-2, and IL-1β by RT-PCR on HeLa cell and reported
that sulforaphane was found to induce dose-dependent
selective cytotoxicity in HeLa cells in comparison to normal
cells pointing to its safe cytotoxicity profile.46 Also, the
expression analysis of genes involved in apoptosis and
inflammation revealed significant downregulation of Bcl-2,
COX-2, and IL-1β upon treatment with sulforaphane, and it
proves that sulforaphane uses its anticancer activities via
apoptosis induction and anti-inflammatory properties,
which may be useful for the treatment of CC.

EGCG (epigallocateocatechin-3-gallate), a TPP, is the most
abundantcatechin compound ingreen tea. Increasingpiecesof
evidence show that EGCG can be beneficial in treating CCs.
Among numerous mechanism studies, EGCG binds and inhib-
its theantiapoptotic proteinBcl-xl, a protein involved in cancer
cell survival. EGCG has shown to inhibit MAPK, cyclin-depen-
dent kinases, growth factor-related cell signaling, activation of
activator protein 1 and NF-κB, topoisomerase I, and matrix
metalloproteinases.12 TPPs can act in synergy with bleomycin
(BLM), thus enhancing its therapeutic properties. TPP-BLM
synergistically inhibits CC cell viability by reduced prolifera-
tion through apoptosis. Singh et al reported that TPPs such as
EGCG and theaflavins (TF) can chemosensitize CC cells (HeLa,
SiHa) to cisplatin-induced growth inhibition and apoptosis by
excessive ROS generation.47

A recent clinical trial by Wuryanti et al concluded that
dietary supplementation enriched with PUFA can reduce the
inflammatory response in patients with advanced CC. PUFA
reduces serum PGE2 levels thereby lowering cancer cell
viability. Thus, PUFA supplementation together with radio-
therapy enhances the response of CC cells to radiations.21

Conclusion

Regarding dietary nutrients, various antioxidants have varying
capacities to affect the natural history of HPV-mediated CC.
Particularly, each vitamin may have various suppressive effects
at various phases of the development of CC (fromHPV infection
to the development of CINand CC). The intake of vitamins A and
D may prevent the early events in CC development (from HPV
infection to CIN 1). Vitamin C and carotenoids have the potency
to inhibit the events from HPV infection to the development of
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various grades of CIN. However, lycopene carotenoid has been
observed to inhibit CIN 3 development. The reason behind such
multiple mechanisms of action of carotenoids is unclear. The
intake of vitamin E and folate might be more effective for
preventing high-grade CIN. Consumption of fruits and vegeta-
bles rich in multivitamins may significantly reduce the risk of
the overall disease. Polyphenols, flavonoids, and PUFA are often
used in CC treatment in combination with chemotherapy and
radiotherapy for obtaining better results. Therefore, health care
professionals should counsel women with HPV preinfection or
infection to boost their intake of dietary antioxidants and to
bring changes in their lifestyles like in sexual activity, parity, OC
use, and quit smoking, in order to stop CC from developing.
There is a further need to take up research on this important
aspect of diet as a useful primary prevention strategy.
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Abstract Introduction There is a paucity of data on platinum-based chemotherapy in advanced
breast cancer (ABC) from developing countries like India.
Objectives The objectives were to analyze the efficacy and safety of platinum-based
chemotherapy in patients with ABC.
Materials and Methods This was a retrospective study of 35 patients with ABC who
were treated with platinum-based chemotherapy (gemcitabine and carboplatin, [GC])
in a tertiary cancer center in India from August 2015 to November 2019. The inclusion
criteria were patients with ABC, who had received palliative chemotherapy with GC.
The exclusion criteria were patients who had received less than two cycles of GC and
patients who received platinum-based chemotherapy for neuroendocrine carcinoma of
the breast.
Results The median age was 45 years (range: 28–68 years). All patients were female
(97%) except one male (3%). The histology was ductal carcinoma (77%), mixed (17%),
and others (6%). Out of the 12 patients tested for breast cancer (BRCA) gene mutation,
six patients had a BRCA mutation. Patients with metastatic and locally progressive
disease were 91 and 9%, respectively. The median number of prior lines of systemic
therapy for metastatic disease was 1 (range: 0–5). The median number of sites of
metastasis was 2 (range: 0–5). Patients with visceral crises were 23%. The median
number of cycles of GC chemotherapy received was 6 (range: 2–6). A dose reduction in
chemotherapy was done in 74%. The responses among 34 evaluable patients were
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Introduction

Platinum-based neoadjuvant chemotherapy (cisplatin and
carboplatin) has been shown to improve pathological com-
plete response in triple-negative breast cancer (TNBC), espe-
cially in the breast cancer (BRCA) mutant subtype.1

Platinum-based chemotherapy (PBC) can be combined
with anti-HER2 therapy (trastuzumab) for the treatment of
HER2-positive BRCA.2 The impact of PBC as compared to non-
PBC in advanced breast cancer (ABC) is unclear. The chemo-
therapy drugs that can be combined with platinum include
taxane, vinorelbine, etoposide, and gemcitabine.3 The re-
sponse rates are higher in thefirst line as compared to second
or third-line therapy.4 There is a paucity of data on PBC in
ABC from developing countries like India. The objectives of
this study were to analyze the efficacy and safety of PBC in
patients with ABC.

Materials and Methods

This was a retrospective study of 35 patients with ABC who
had received palliative chemotherapy with gemcitabine and
carboplatin (GC) in a tertiary care cancer center from Au-
gust 2015 to November 2019. The data were retrieved from
the electronic medical records (EMR) of these patients for
whom gemcitabine and carboplatin prescription was given.
At our hospital, patient records registered from 1954 until
2016, and records of patients who had deceased were
scanned. The data of patients for whom case records were
scanned were obtained from the EMR. For the alive patients
registered after 2016, we obtained data from the individual
case record obtained from the tumor registry.

The inclusion criteria were patients with ABC, who had
received palliative chemotherapy with GC. The exclusion
criteria were patients who had received less than two cycles
of GC and patients who received PBC for neuroendocrine
carcinoma of the breast. BRCA was tested as per National
Comprehensive Cancer Network (NCCN) hereditary BRCA
testing criteria5 and the methodology used was Ion Torrent
next-generation sequencing. The primary objective was
to assess the progression-free survival (PFS) and overall
survival (OS) of patients with recurrent/metastatic BRCA
who received palliative chemotherapy with GC while
the secondary objective was to assess the toxicity.

Prechemotherapy blood investigations included hemo-
gram, renal function test, and liver function test before the
day (D) 1 of each cycle and hemogram and differential count
before D8 of each cycle. Chemotherapy was initiated only if
the absolute neutrophil count was more than 1000/µL and
platelet count was>1 lakh/µL. The premedications were
injection palonosetron 0.25mg intravenous bolus and injec-
tion dexamethasone 12mg intravenous bolus 30minutes
before chemotherapy. The chemotherapy schedule was in-
jection gemcitabine 1 gm/m2 in 250mL 0.9% normal saline
over 30minutes intravenously on D1 and D8 and injection
carboplatin area under the curve 5 or 6 in 250mL 0.9%
normal saline over 1 hour on D1.

Patients were assessed clinically for response and toxicity
before each cycle. Imaging was done with either chest X-ray,
ultrasound of abdomen/pelvis, or contrast-enhanced chest
tomography of chest/abdomen/pelvis or positron imaging
tomography-computed tomography once every 3 to
4 months and when clinically indicated. Responses were
assessed as per the Response Evaluation Criteria in Solid
Tumors, version 1.1 criteria.6 Toxicity was graded as per
Common Terminology Criteria for Adverse Events, version
4.0.7 Chemotherapy dose reduction was done in patients
with � grade 3 toxicity and discontinued in patients with
life-threatening toxicity.

Statistical Analysis
Descriptive statistics were used to analyze the baseline
characteristics. PFSwas calculated from the date of initiation
of GC to the date of recurrence or death. OS was calculated
from the date of the initiation of GC to the date of death due
to any cause. Survival was estimated by the Kaplan–Meier
method and compared across groups using the log-rank test.
Cox proportional hazard model was used to find the prog-
nostic factors affecting the outcome. All p-values were two-
sided, and values<0.05 were considered significant. This
was performed using the Statistical Package for the Social
Sciences version 15 (SPSS), Chicago, Illinois, United States.

Ethics
The procedures followedwere in accordancewith the ethical
standards of the responsible committee on human experi-
mentation and with the Helsinki Declaration of 1964, as
revised in 2013. The study was approved by the Institutional

complete response (11%), partial response (24%), stable disease (41%), and progressive
disease (24%). Grade 3 or more hematological and nonhematological toxicities were
observed in 69 and 9%, respectively. The median progression-free survival and overall
survival were 6 and 8 months, respectively. The 1-year progression-free survival and
overall survival were 19 and 34%, respectively. Multivariate analysis showed that
patients who had received more than 3 cycles had a better outcome.
Conclusion GC was an active and well-tolerated regimen in ABC regardless of the
receptor status. Further prospective randomized studies are warranted to assess the
optimal regimen in patients with triple-negative breast cancer.
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Ethics Committee of Cancer Institute (WIA), Chennai (IEC/
2020/Aug 08), dated Aug 14, 2020 and a waiver of consent
was obtained as this was a retrospective study.

Results

Baseline Characteristics
A total of 35 patients were included in this analysis with a
median follow-up of 8 months (range: 2–39 months). The
median duration from diagnosis to start of GC chemotherapy
was 18 months (range: 2–113 months). The median age was
45 years (range: 28–68 years). All patients were females
(n¼34/35, 97%) except for one male (n¼1/35, 3%). Premen-
opausal women were 76% (n¼26/35) and the rest 24%
(n¼8/35) were postmenopausal. The Eastern Cooperative
Oncology Group Performance Status (ECOG PS) was 1 (83%)
and 2 (17%). The histology was ductal carcinoma (77%),
mixed (17%), and others (6%). The differentiation was grade
2 (17%) and grade 3 (80%). The molecular subtype was
luminal B (n¼10/35, 29%), HER2 positive (n¼6/35, 17%),
and triple-negative subtype (n¼19/35, 54%). Two of the six
patients with HER2-positive BRCA had received adjuvant
trastuzumab. Out of the 12 patients tested for BRCA 1 and
2 gene mutations, six patients had a BRCA 1 mutation.
Recurrence was confirmed by biopsy in 37% (n¼13/35)
patients. Patients with metastatic and locally progressive
disease were 91 and 9%, respectively. The median number of
prior lines of systemic therapy for metastatic disease was 1
(range: 0–5). Themedian number of sites ofmetastasis was 2
(range: 0–5). Patients with visceral crises were 23%
(n¼8/35). This study included two patients with brain
metastasis and one with choroidal metastasis. The baseline
characteristics are shown in ►Table 1.

Treatment, Response, and Toxicity
The median number of cycles of GC chemotherapy received
was 6 (range: 2–6). A dose reduction in chemotherapy was
done in 74% (n¼26/35). The responses were complete
response (n¼4/35, 11%), partial response (n¼8/35, 23%),
stable disease (n¼14/35, 40%), progressive disease (n¼8/35,
23%), and unknown (n¼1/35, 3%). The hematological and
nonhematological toxicities of� grade 3were observed in 69
and 9%, respectively. Grade 3 or more anemia, leucopenia,
and thrombocytopenia were observed in 34, 46, and 37%,
respectively. Febrile neutropenia was observed in 9% of
patients. Grade 3 or more chemotherapy-induced nausea
and vomiting, hypersensitivity, and neuropathy were ob-
served in 3, 3, and 3%, respectively. There was no treatment-
related mortality.

Survival
The median PFS (►Fig. 1) and OS (►Fig. 2) were 6 (95%
confidence interval [CI]: 3.2–5.7 months) and 8months (95%
CI: 5.3–10.7 months), respectively. The 1-year PFS and OS
were 19 and 34%, respectively. Univariate analysis was done
with factors including age, menopausal status, histology,
molecular subtype, BRCA status, number of lines of prior
therapy, number of sites of metastasis, and number of cycles

Table 1 Baseline characteristics (n¼35)

Variable Number (%)

Median age 45 years (range:
28–68 years)

Sex

Female 34 (97)

Male 1 (3)

Menopausal statusa

Premenopausal 26 (76)

Postmenopausal 8 (24)

Comorbid illnessb

Diabetes mellitus 9 (27)

Hypertension 7 (21)

Others 8 (24)

None 18 (54)

ECOG performance status

0 0 (0)

1 29 (83)

2 6 (17)

3 or 4 0 (0)

Histology

Infiltrating ductal carcinoma 27 (77)

Mixed 6 (17)

Othersc 2 (6)

Differentiation

Grade 1 0 (0)

Grade 2 6 (17)

Grade 3 28 (80)

Unknown 1 (3)

Estrogen receptor

Positive 13 (37)

Negative 22 (63)

Progesterone receptor

Positive 8 (23)

Negative 27 (77)

HER2

Positive 6 (17)

Negative 28 (80)

Unknown 1 (3)

Molecular subtype

Luminal A (ER/PR positive, HER2
negative & Ki 67 � 20%)

0 (0)

Luminal B, HER2 negative (ER/PR
positive & Ki 67> 20%)

10 (29)

HER2 positive 6 (17)

TNBC 19 (54)

(Continued)
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of GC chemotherapy for correlation with PFS. Univariate
analysis showed that patients with infiltrating ductal carci-
nomahistology and thosewho receivedmore than 3 cycles of
chemotherapy had better PFS (►Table 2). Multivariate anal-

ysis confirmed that patients who had received more than
three cycles of chemotherapy had better PFS (hazard ratio:
3.05, 95% CI: 1.36–6.82, p¼0.007).

Discussion

This study is the largest study from India on PBC in ABC. The
study included real-world patients like those in ECOG PS 2
(17%), HER2 positivity (17%), and pretreated (maximum 5
lines of prior systemic therapy) ABC who were treated with
gemcitabine and carboplatin.

Currently, there is no standard chemotherapy option in
patients who progress after exposure to anthracycline, tax-
ane, and capecitabine. The chemotherapy options include
ixabepilone, vinorelbine, eribulin, and PBC.We chose GC as it
was an affordable treatment option.

Germline BRCA testing was done in 12 patients. Among
them, 6 patients (50%) had BRCA 1 mutation and none had
BRCA 2 mutation. The NCCN guidelines recommend BRCA
testing for all patients with a family history of breast or
ovarian cancer, age less than 45 years, bilateral BRCA, male
BRCA, breast and ovarian cancer, and TNBC less than 60 years
of age.

Biopsy confirmation of recurrent diseasewas done only in
37% due to inaccessible site, patient’s unwillingness, and
short disease-free survival. All current guidelines including
(NCCN), American Society of Medical Oncology, European
Society of Medical Oncology, and ABC recommend repeat
biopsy from accessible metastatic setting especially in the
first recurrence. Repeat biopsy is useful as it not only con-
firms the recurrencebut also identifies discordance in ER, PR,
and HER2 status that can alter systemic therapy.8 Studies
from All India Institute of Medical Sciences, Delhi and
Kidwai, Bengaluru have shown a receptor (ER/PR/HER2)

Table 1 (Continued)

Variable Number (%)

BRCA mutation status

BRCA 1 or 2 mutation present 6 (17)

Wild type 6 (17)

Unknown 23 (66)

De novo metastatic disease 12 (35)

Recurrent disease 23 (65)

Median number of sites of metastatic
disease

2 (range: 0–6)d

Visceral crisis

Yes 8 (23)

No 27 (77)

Median number of lines of prior
therapy in metastatic disease

1 (range: 0–5)

Abbreviations: BRCA, breast cancer; ECOG, Eastern Cooperative On-
cology Group; ER, estrogen receptor; PR, progesterone receptor; TNBC,
triple-negative breast cancer.
aOne male patient was excluded.
bPercentage may not add to 100% as patients had combination of
comorbid illness.

cOne patient has metaplastic carcinoma and 1 patient had poorly
differentiated carcinoma with neuroendocrine features.
dRange starts with 0 as 3 patients had only locally progressive disease.

Fig. 1 Kaplan–Meier curve (x-axis: survival in months; y-axis: per-
centage of patients) of 35 patients with advanced breast cancer
treated with gemcitabine–carboplatin showing amedian progression-
free survival of 6 months (95% confidence interval: 3.2–5.7 months).

Fig. 2 Kaplan–Meier curve (x-axis: survival in months; y-axis: per-
centage of patients) of 35 patients with advanced breast cancer
treated with gemcitabine-carboplatin showing a median overall sur-
vival of 8 months (95% confidence interval: 5.3–10.7 months).
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discordance of 10 to 20% in recurrent BRCA and can be useful
in treatment decisions.9,10

A Cochrane database systematic review (n¼9742)
showed that combination chemotherapy had improved re-
sponse and survival but with increased toxicity.11 But an-
other Cochrane database systemic review (n¼2317) showed
no difference in OS in patients receiving combination versus
sequential single-agent chemotherapy.12 Currently, we do
not have studies comparing GC to carboplatin alone in
advanced BRCA.

In our study, dose reduction with GC chemotherapy was
seen in 74%. A phase 2 study showed that dose reductions
with GC occurred in 60% due to myelosuppression.13 Al-
though dose reduction happened in two-thirds of the
patients, most patients completed all the six cycles of
chemotherapy.

A study from Gujarat Cancer Research Institute in 21
patients with TNBC showed a response rate of 72% and the
survival details were unreported.14 There are no further
studies on PBC in ABC from India. Our study had a lower
overall response rate (34%) as it included pretreated patients
with ABC. A retrospective study of patients (n¼375) with de
novo ABC from All India Institute of Medical Sciences, Delhi,

showed that hormone-positive subset, good PS (0-1), and
oligometastasis had a better outcome. Patients with TNBC
and those with liver or brain metastasis had a poor
outcome.15

A study from Royal Marsden showed that PBC improved
response and PFS but not OS in patients with advanced
TNBC.16 The triple-negative (TNT) randomized controlled
trial (RCT) in patients with untreated TNBC, carboplatin, and
docetaxel had similar response and survival. But in patients
with BRCA mutated TNBC, carboplatin had a better response
and survival.17 A phase 3 RCT from China showed that
patients treated with GC had a better PFS than gemcita-
bine-paclitaxel in untreated advanced TNBC.18 A meta-anal-
ysiswith three RCTs showed that PBC does not improve PFS in
patients with advanced TNBC.19 Another meta-analysis of
4,625 patients with ABC showed that PBC improved PFS and
OS with increased fatigue, hematological, and gastrointesti-
nal toxicity.20 The details of the studies with PBC in ABC are
shown in ►Table 3.

In our study, the median PFS and OS were only 6 and
8 months, respectively. This could be due to the inclusion of
real-world patients like heavily pretreated subset and HER2-
positive patients (who could not afford anti-HER2 therapy).
The TNBC and BRCA mutant subtype did not correlate with
survival possibly because of the small numbers. GC-based
regimen could be considered as first-line regimen in patients
with BRCA mutant advanced TNBC and as a third-line regi-
men after anthracycline and taxane in patients with BRCA
wild-type advanced TNBC.

Poly ADP ribose polymerase (PARP) inhibitors (olaparib,
talazoparib) had shown to improve response and PFS as
compared to non-PBC (capecitabine, eribulin, or vinorelbine)
in patients with germline BRCA-mutated advanced
BRCA.21,22However, the addition of PARP inhibitor (iniparib)
to GC chemotherapy did not improve survival in patients
with advanced TNBC.23

Immunotherapy (atezolizumab) with nab-paclitaxel had
shown to improve survival as compared to nab-paclitaxel
alone in patients with untreated advanced TNBC, especially
the PD-L1-positive subset.24 Pembrolizumab with chemo-
therapy (nab-paclitaxel, paclitaxel, gemcitabineþ carbopla-
tin) improved PFS as compared to chemotherapy alone in
patients with PD-L1-positive (combined positive score� 10)
untreated advanced TNBC. Sacituzumab govitecan-hziy is an
antibody-drug conjugate that targets the human trophoblast
cell-surface antigen 2 (Trop-2) with SN-38 had shown dura-
ble responses in patients with heavily pretreated advanced
TNBC.20

The multivariate analysis showed that patients who re-
ceived more than three cycles of chemotherapy had an
improved PFS. None of the other studies of PBC in ABC had
shown a similar correlation. The strength includes the first
study with the largest sample size from India on real-world
outcomes with PBC in ABC. The limitations include retro-
spective design, lack of biopsy confirmation of recurrence
(63%), and unknown BRCA status (66%). Further prospective
randomized studies are warranted to assess the optimal
regimen in patients with TNBC.

Table 2 Univariate analysis with correlation with progression-
free survival

Variable HR CI (95%) p-Value

Histology

Infiltrating ductal
carcinoma

1.00

Others 2.40 1.04–5.67 0.04

Molecular subtype

Luminal B 1.00

HER2 enriched 1.23 0.33–4.60 0.75

Triple negative breast cancer 1.76 0.79-3.92 0.16

Number of cycles of
chemotherapy

> 3 cycles 1.00

� 3 cycles 3.23 1.47–7.06 0.03

Number of sites of
metastatic disease

� 2 sites 1.00

> 2 sites 0.88 0.39–1.99 0.76

Number of lines of prior
systemic therapy for
metastatic disease

� 2 lines 1.00

> 2 lines 0.46 0.16–1.35 0.16

BRCA mutation

BRCA positive 1.00

BRCA wild type 0.43 0.10–1.78 0.25

Abbreviations: BRCA, breast cancer; CI, confidence interval; HR, hazard
ratio.
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Conclusion

This study is the largest study from India on PBC in ABC
representing the real-world outcome. Patients with ECOG PS
2, HER2 positivity, and pretreated ABC were included in this
analysis. GC was an active and well-tolerated regimen in
advanced BRCA regardless of the receptor status.
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Abstract Introduction L-asparaginase is considered to be the most important component in
the treatment of acute lymphoblastic leukemia (ALL). Intensifying the use of L-
asparaginase during treatment for ALL has resulted in a significant rise in the
percentage of children and adolescents who are cured of the disease. Asparaginase
trough activitymore than or equal to 100 IU/L on day 7 has been found to be the desired
activity level in all childhood leukemia patients.
Objectives Due to the paucity of data on biosimilar pegaspargase in the upfront
setting, we planned this prospective pilot study to evaluate the levels of serum
asparaginase activity (SAA) after biosimilar pegaspargase infusion.
Materials and Methods It is a prospective, single-center, pilot study of 10 pediatric
ALL patients for the duration of 6 months. All children less than 18 years with ALL on
treatment with curative intent and receiving pegaspargase and who provided informed
consent were included in this study. The enzymatic spectrophotometric method was
used to determine SAA, and it was measured on the 7th and 14th days after the first
dosage of pegaspargase-asparaginase, as well as on the 14th day after the second dose
of pegaspargase-asparaginase, while toxicity was charted according to Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0.
Results From 10 patients with a median age of 5.5 years, a grand total of 29 samples
were taken for analysis. Children who received pegaspargase had either B-ALL or T-ALL.
After the first dose,mean� SD (standard deviation), SAA levels at day 7 was 131.3�38
IU/L and at Day 14 was 94.8�8 IU/L. After the second dose, mean� SD SAA level at
day 14 was 86.1�15 IU/L. No patient had clinical hypersensitivity reaction and no
patient reported any asparaginase-related toxicity. One patient died due to sepsis,
infection with multidrug-resistant gram-negative bacteria.
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Introduction

Acute lymphoblastic leukemia, also known as ALL, is an
extremely rare form of hematologic malignancy that is
characterized by an increase in the production of abnormal
lymphoid progenitor lymphoblast cells. These cells can be
either B cells or T cells. ALL is more prevalent in children,
making up nearly 30% of all cases of pediatric cancer, while
only accounting for 1% of all cases of adult cancer. When
taking into account the effects of age, 5-year overall survival
rate for children is greater than 90%, while it is less than 20%
for older adults.1–3

L-asparaginase is the pivotal drug used in the treatment of
ALL. The patients who have been diagnosed with ALL are
given Escherichia coli in either its native form or in conjuga-
tion with poly(ethylene glycol) (PEG) as their treatment.
Reference biologic pegaspargase is the approved first-line
asparaginase treatment for pediatric ALL. E. coli is PEGylated
by reacting with either succinimidyl carbonate PEG (cala-
spargase pegol) or succinimidyl succinate PEG (biologic
pegaspargase). L-asparaginase uses the substrate l-aspara-
gine (Asn) to catalyze the production of free l-aspartic acid
(Asp). The main goal of l-asparaginase therapy is to lower or
eliminate endogenous circulating l-asparagine from the
blood, depriving circulating blast cells of this crucial nutri-
ent. PEG incorporation, on the other hand, increases steric
hindrance, which restricts access of circulating peptidases
and proteases and significantly lengthens half-life. This also
lessens its immunogenicity; however, compared with the
more than 30% incidence rate as observed with native
enzyme, pegaspargase is only used in 3% of first-line and
10% of relapsed ALL patients without any prior reactions.
Patients’ immune systems can still produce antibodies
against the linker.1

Intensification of L-asparaginase during therapy has led to
dramatic increase in cure rates. Asparaginase trough activity
more than or equal to 100 IU/L on day 7 has been found to be
the desired activity level. Biologic pegaspargase (Oncospar)
is not easily available in India, while other biosimilar pegas-
pargase is expensive compared with native formulations.
Biosimilar native L-asparaginase have shown poor activity in
pilot study.4

Serum asparaginase activity (SAA) has developed into a
valid pharmacodynamic tool because there is a direct
correlation between the level of L-asparaginase activity
and decrease in asparagine concentration. Following a
1981 study that showed plasma and cerebrospinal fluid
(CSF) asparagine were undetectable at this level, which was
later validated in numerous studies, SAA 0.1IU/mL was

proposed as the minimum desired threshold for meaningful
efficacy.1,3 Therefore, SAA that reflects the enzyme’s ability
to deplete asparaginase should be compulsorily monitored
in every pediatric ALL patients. Comparisons should be
included in prospective work and identification of new
microbiological sources of L-asparaginase to maximize
the clinical efficacy of the drug while minimizing the side
effects.1,5

Forty-six B-ALL patientswho had relapsedwere randomly
assigned to receive pegaspargase (2500 IU/m2) either weekly
(four doses) or biweekly (two doses) during reinduction in
the POG 9310 study. The overall complete response (CR) rate
was 90%, and the cohort receiving weekly (97%) rather than
biweekly (82%) dosing experienced higher CR, p¼0.003.
Asparaginase activity was more active when the CR rate
was higher (p¼0.012).1,6

In this pilot study, we have inducted biosimilar pegaspar-
gase as the intensification therapy followed by comparing
assays at different intervals after first and second dose to
keenly observe the trough activity; desired level ismore than
or equal to 100 IU/L on day 7 so that any needful changes can
be met with the existing regimens.

Materials and Methods

It is a prospective, single-center pilot study done at tertiary
cancer care center by the Division of Pediatric Haematology
and Oncology Manipal Comprehensive Cancer Care Centre
and Department of Biochemistry. The duration of this study
was 6 months.

Inclusion and Exclusion Criteria
All children less than 18 years of age with ALL on treatment
with curative intent and receiving pegaspargase who pro-
vided informed consent were included in this study of
6 months duration. However, any child with ALL with
Down syndrome was excluded from this study as per the
exclusion criteria.

All the patients were administered two doses of bio-
similar pegaspargase (manufactured by Indian Pharmaceu-
tical company) intravenously (IV) with a gap of 14 days in
between. Assent form along with legally authorized repre-
sentative form was obtained by subjects’ parents or
guardians.

Primary and Secondary Outcome
The primary outcome of the studywas tomeasure the trough
level activity of peg L-asparaginase at the decay stage at

Conclusions Biosimilar pegaspargase maintained good SAA levels 7 and 14 days after
infusion.
Drug Trial Registration: Clinical Trial Registry of India vide reference CTRI/2021/08/
036033 and available at https://ctri.nic.in/Clinicaltrials/pmaindet2.php?trialid=
59285&EncHid=&userName=
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7 days and 14 days after first dose and 14 days after second
dose. While the secondary outcomes in terms of clinical
hypersensitivity and asparaginase-related toxicity were
measured at day 35 and for more clinical significance to
the descriptions of grades, the toxicity charting was done as
per the guidelines of Common Terminology Criteria for
Adverse Events (CTCAE) V 4.0 for which the grading scale
also includes a quantitative component.

Statistical Analysis
Descriptive statistics were used to evaluate the data, includ-
ing percentages and frequencies for demographic param-
eters, andmedian for laboratory parameters and lastly mean
and standard deviations for SAA values. Statistical analysis
was done using Microsoft Excel. SAA being the key observa-
tion estimated using enzymatic spectrophotometricmethod.
Other hematological parameters, which were accounted for,
included hemoglobin, platelet count, total bilirubin and
direct bilirubin with values taken before first and second
dose as part of routine blood tests taken prior to
chemotherapy.

Spectrophotometric Estimation of L-Asparaginase
Activity
The activity of SAAwas estimated by quantifying the levels of
Indoxine generated after the substrate L-asparagine in the
presence of 8-hydroxyquinolone (Indoxine method).

Standards for the assay were prepared in pooled plasma
obtained from the blood bank. A total of seven standard
concentrations were decided based on the dosage adminis-
tered to the patients (2, 1, 0.5, 0.25, 0.125, 0.06, 0.03 IU/mL).
The standard curve was plotted using the software mycur-
vefit.com (►Fig. 1). The patient samples were treated the
same way as the standards and the optical density (OD)
values were plotted against the standard using the same
software.

Results

Ten children with B-ALL (7 patients) and T-ALL (3 patients)
were included in the study, and 29 samples were collected
(►Table 1).

After the first dose, mean� SD (standard deviation) levels
of asparaginase on day 7 and 14 were 131.3�38 IU/L and
94.8�8 IU/L followed by mean value of 86.1�15 IU/L on
day 14 after the second dose (►Fig. 2). Furthermore, in the
linear graph, the L-asparaginase activity can be seen well
above the expected value and in the 14th day evaluation, the
trough levels seem to fall below 100IU/L in certain patients
after first dose and inmost patients after the second dose. No
case of clinical hypersensitivity reported. Asparaginase-re-
lated toxicity that includes any thromboembolic event, seiz-
ures, vomiting, pancreatitis, encephalitis, and hyperglycemia
was not observed in any patient. However, sepsis/febrile
neutropenia reported in nine out of ten patients and one
patient died due to infection- multidrug-resistant (MDR)
gram-negative sepsis. Another study concluded that Pseudo-
monas aeruginosa and Klebsiella species were the most
frequently isolated organisms, of which most were gram-
negative organisms while few were fungal. However, the
antibiotic response was good with only some episodes
requiring a third-line antibiotic.7

Discussion

In 1994, Food and Drug Administration first approved pegas-
pargase for use in the treatment of ALL patients who were
hypersensitive to native forms of L-asparaginase.8 Asparagi-
nase’s tumor-inhibitory properties were discovered nearly
50 years ago when researchers noticed that lymphoma-
bearing mice treated with guinea pig serum quickly under-
went complete regression. This observation later led to the
isolation of asparaginase of bacterial origin.9

Fig. 1 Standard curve plotted for spectrophotometric estimation of L-asparaginase activity.
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In this pilot study of 10 ALL patients, all were given
biosimilar pegaspargase through IV route.10 In a comparative
study, comparison of IV versus intramuscular [IM] route of
administration of pegaspargase, Children’s oncology group
[COG] leukemia 51 trials (2003–2015), the rate of grade 3
hypersensitivity reactionwas3.2% for IVadministrationwhere-
as it was 5.4% with IM route. Increased IV infusion time of 10%
pegaspargase over the first hour and the remaining 90% over
thesecondhourcan further reduce the infusion reactioncaused
by pegaspargase.8 In the induction stage, the dosage used was
2500 IU/m2. The administration of IM and IV doses of pegylated
E. coli asparaginase and Erwinia asparaginase is authorized.10

Up to 44 to 60% of patients may develop antiasparaginase
neutralizing antibodies in response to bacterial-derived
asparaginases, which can inhibit a specific enzyme’s activity
and prevent the target amino acid from being deaminated

within the serum. There is evidence of immunological cross-
reaction between the antibodies in various formulations of
native E. coli-asparaginase and PEG-asparaginases, as sug-
gested by laboratory preclinical findings, but not in Erwinia
asparaginase. Due to the liver’s involvement in de novo Asn
biosynthesis, the pharmacodynamic analyses strongly sug-
gest that more than or equal to 90% of the glutaminemust be
deaminated before optimal asparaginase deamination can
occur.10

Enzymes as therapeutic drugs, however, have drawbacks
related to the purity of bacterial proteins and the limited
pharmacokinetic (PK) distribution in the central compart-
ment of the plasma volume, as well as the potential to induce
immunogenicity in the host. Extensive purification is always
required tominimize the immune reactions as these proteins
also have limited biodistribution in circulation followed by

Table 1 Demography and laboratory parameters before pegaspargase-L-asparaginase dose

Demography

Age in years (Median) 5.5

Gender n (%) Male 5 (50%)

Female 5 (50%)

Diagnosis B-cell acute leukemia 7 (70%)

T-cell acute leukemia 3 (30%)

Laboratory parameters

Prior to 1st dose (median) Prior to second dose (median)

Hemoglobin (g/dL) 12.1 9.75

Platelet count (109/L) 110 128

Total bilirubin (mg/dL) 0.585 1.01

Direct bilirubin (mg/dL) 0.145 0.34

Albumin (g/dL) 4 3.2

Fig. 2 Serum asparaginase activity (SAA) after first and second infusion of pegaspargase-L-asparaginase.
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rapid elimination.9 The approximate level of Asn in the
serum is 50 μM that is de novo synthesis derived from the
liver by catalysis of Asp and glutamine.9 The development of
clinical hypersensitivity with the native form is nearly 3 to
78%. Clinical allergy is most commonly seen in asparaginase
therapy when initiated without steroids and would be
limited if preinductionwith the steroid immunosuppression
is done pre-emptively resulting in greater Asn depletion and
improved outcomes.9 For prevention of hypersensitivity
reactions, in a study, the administration of IV pegaspargase
and premedication containing acetaminophen, hydrocorti-
sone,and diphenhydramine was advised.8 To counter the
immunogenicity and the rapid decline, PEG is conjugated
to native L-asparaginase thereby increasing the elimination
half-life.9

Pegaspargase has an approximately 6-day elimination
half-life, which is five times longer than native E. coli and
nine times longer than Erwinia ASNase.11 Another study
found that PEG Asparaginase could lower the frequency of
administration because it has a longer half-life (7�2 days)
than E. coli L-Asparaginase (20hour).12Asparaginase activity
as low as 0.05 IU/mL has been reported by several research-
ers to cause Asn depletion or positive outcomes in patients,
challenging the strict 0.1 IU/mL requirement. The target level
of plasma asparaginase activity to be attained has been set
between 0.05 and 0.4 IU/mL, despite the fact that this range is
necessary to achieve sufficient Asn depletion. However, data
indicate that a level of 0.02 IU/mL should be maintained for
effective plasma asparaginase activity. Pegaspargase clear-
ance is observed to be multiphasic, with a rapid decline
during the first day, a slower decline during days 1 to 7, a still
slower decline during the second week, and then an increas-
ingly more rapid decline at 22 to 29 days. The activity might
fall below 0.02 IU/mL, showing a considerable acceleration of
clearance after day 21.13

Pegaspargase 2,500 IU/m2 was administered once or
twice weekly in a study for the treatment of ALL. It was
found that the trough serum enzymatic activity levels aver-
aged 750 to 800 IU/L at trough times, or on day 7, and
increased to higher concentrations of 1,200 to 900 IU/mL
on days 21 and 28 post-induction, or after the third and
fourth doses, respectively. Additionally, during induction,
serum Asn was markedly decreased (p<0.002 for all com-
parisons) from day 0 to days 7, 14, 21, and 28.9

In our study, the trough level was maintained above
100 IU/L post a week of medication that dropped down to
a mean level of 94.8IU/L and further to 86.1IU/L at the end of
2 weeks post second dose. Moreover, the percentage of
samples with adequate ASNase activity on day 21 of delayed
intensification above 0.03 IU/mL were 95 and 31% in pegy-
lated and native, respectively; furthermore above 0.1 IU/mL,
it was 95 and 19%, respectively.14 In the secondary outcome,
nine out of ten patients reported sepsis/febrile neutropenia
and there was one fatality due to infection—MDR gram-
negative sepsis—while no other major events were reported
for this duration.

Studying the correlation between SAA and Asn concen-
tration is crucial because the main goal of asparaginase

therapy is to deplete serum Asn. However, it has been
debatable to measure Asn in the presence of asparaginase
due to rapid ex vivo hydrolysis. Although the ideal aspar-
aginase depletion level and duration for leukemic cell death
are unknown, several studies legitimately identify a target
asparaginase activity level of 100 IU/L.10 There are some
studies that contradict the strict 0.1 IU/mL criteria, such as
the Avramis and Panosyan study, which contend that aspar-
aginase activity levels of more than 0.4 to 0.7 IU/mL are
necessary for the best asparaginase depletion.11According to
a recent study, however, an activity level of 20 IU/L can
efficiently deplete plasma asparagine, and the 95% confi-
dence interval for plasma asparagine depletion following a
pegaspargase dose is close to 22 to 29 days. In line with this
information, this pilot study’s patientsmaintained SAA levels
above 100 IU/L at 7 days and above 20 IU/L at 14 days,
resulting in all patients remaining in remission.13

Since it is known that patients with antiasparaginase
antibodies have higher asparaginase clearance, there were
some restrictions on the number of patients in our pilot
study. Additionally, antibody titer was not assessed.9 PEG
Asparaginase was used in our study as the first-line therapy
for the diagnosis and management of children with ALL, as
recommended by the Chinese guidelines. By the analysis of
the collected data, lower hypersensitivity rate and hepatic
injury have been shown in the patients of the PEG Aspar-
aginase groups. Additionally, the use of PEG Asparaginase in
pharmacotherapymay lessen thefinancial burden associated
with using medical resources because of decreased adminis-
tration frequency and a shorter length of hospital stay.12

Levocarnitine and vitamin B complex are being tested in
numerous ongoing studies for their ability to treat hyper-
bilirubinemia linked to PEG. To accurately measure plasma,
asparagine is not mostly feasible outside the clinical trial
context. The optimal therapeutic level where plasma Aspar-
agine is fully depleted, but the measurement of its plasma
values faces uncertainty due to technical issues that call the
validity into question. There is still room for improvement
even though asparaginase is a well-established cornerstone
of ALL/LBL therapy. Some approaches, like encapsulating L-
asparaginase in donor-derived erythrocytes, appear promis-
ing for overcoming potential hypersensitivity. When the
cleaved asparagine enters the erythrocyte, it does so while
the drug is hidden from the patient’s immune system.
However, on observing the current available data, the infor-
mation regarding the asparaginase levels and their PK value
is needed in a larger group so that asparaginase dose
regimens can be optimized. A more direct evaluation of
the SAA levels required for the best outcomes might be
made in future studies by correlating SAA values with out-
comes in sizable uniformly treated cohorts.3

Conclusions

Pegaspargase is more tolerable, less immunogenic, and
equally effectivewhen comparedwith native L-asparaginase.
If at all possible, all patients with childhood leukemia should
have their levels of SAA, an indicator of the enzyme’s capacity
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to deplete asparaginase, If at all possible, all patients with
childhood leukemia should have their levels of SAA, an
indicator of the enzyme’s capacity to deplete asparaginase
monitored. Biosimilar pegaspargase maintained good SAA
levels at 7 and 14 days after infusion. However, further
evaluation should be considered regarding therapeutic
SAA levels and its correlation with complete plasma deple-
tion of asparagine (including CSF values). Since it has been
found that pegaspargasehas a prolonged effect, is convenient
to administer, and has a good safety profile, it can be
recommended to replace native asparaginase. However,
larger studies are warranted for exploring further scope.
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Introduction

Children suffering from chronic diseases, such as cancer, are
more susceptible to both iron deficiency (ID) and iron
deficiency anemia (IDA). A study conducted by the European

Cancer Anemia Survey (ECAS) revealed that 39% of children
with cancer were anemic at the study’s onset. This value
increased to 67% after chemotherapy. Moreover, 42% were
identified as iron deficient.1,2
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Abstract Background The prevalence of iron deficiency (ID) and iron deficiency anemia (IDA) in
children with cancer is not well studied. The detection of ID and IDA using sensitive
laboratory tools may facilitate early diagnosis and treatment in this cohort. In this
regard, reticulocyte hemoglobin (Ret-He) content serves as a cost-effective measure-
ment that remains unaffected by inflammation, unlike the ferritin test.
Aim The objective of this study is to analyze the role of Ret-He as a diagnostic tool to
identify functional and absolute ID and IDA in children with cancer.
Methods We conducted a cross-sectional study in children aged 0 to 18 years. Blood
samples were collected to compare Ret-He values with iron status, reflected by
hemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MCHC), serum iron (SI), total
iron binding capacity (TIBC), and ferritin and transferrin saturation. The overall
discriminative power of Ret-He in detecting ID and IDA was assessed using receiver
operating characteristic analysis.
Results Of the 135 children included in the study, 58 (43.0%) had anemia. Among
them, 20 (14.8%) had IDA (8 [5.9%] absolute and 12 [8.9%] functional), while 25 (18.5%)
had ID (16 [11.9%] absolute and 9 [6.7%] functional). The Ret-He value was significantly
related to iron status (p � 0.002). Ret-He was also shown to have a significant
correlation with the abovementioned hematological parameters (p¼ 0.000), except
TIBC. Multivariate analysis revealed a significant relationship between Hb (p¼0.051),
MCH (p¼ 0.000), and MCHC (p¼0.001) and Ret-He. Ret-He values of 33.7, 32.7, 32.4
and 28.6 pg were established as optimal cut-off values to identify functional ID,
absolute ID, functional IDA, and absolute IDA, respectively.
Conclusion Ret-He is a reliable diagnostic tool for absolute and functional IDA in
children with cancer.
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Anemia in cancer patients can arise from factors like
malnutrition, malabsorption, chronic inflammation, bleed-
ing, therapy-induced myelosuppression, bone marrow infil-
tration, hemolysis, hypersplenism, and ID. The disrupted
iron homeostasis and metabolism in cancer patients are
primarily due to chronic inflammation, which leads to iron
sequestration in macrophages, causing limited iron avail-
ability for red blood cell production in the bone marrow.3,4

IDA can adversely affect physical performance, leading to
general weakness and fatigue and potentially reducing the
effectiveness of chemotherapy/radiotherapy against
tumors.3 Thus, the early detection of ID is crucial to address
it with simple treatments like iron supplementation or
erythropoietin and limit the need for packed red cell trans-
fusion in cancer patients.

Although the gold-standard diagnostic tool for ID is bone
marrow staining with Prussian blue, this method is invasive
and expensive.5 In 2010, the American Academyof Pediatrics
(AAP) stated that ID can be diagnosed by evaluating ferritin
and c-reactive protein levels or measuring reticulocyte he-
moglobin (Ret-He), with low hemoglobin levels indicating
IDA.6 However, ferritin is an acute-phase protein that can
increase under inflammatory conditions, including malig-
nancy. The European Society for Medical Oncology (ESMO)
guidelines define ID in cancer patients as ferritin levels
<100 ng/mL or transferrin saturation (TS)<20%.3,5

In recent years, the potential of Ret-He content as an early
marker for ID has been highlighted. Reticulocytes are imma-
ture erythrocytes released from the bone marrow that can
reflect the erythropoiesis status over the preceding 3 to
4 days.7,8 Unlike ferritin, Ret-He is not influenced by inflam-
mation as it is not an acute-phase protein.6,9 Thehemoglobin
content in reticulocytes can be assessed through measures
such as Ret-He content (CHr or Ret-He), both utilizing flow
cytometry and reported in picograms.8,10,11 The Ret-He
laboratory test can be performed alongside routine blood
tests without the need for additional blood samples.9,12

Research to determine the optimal Ret-He cut-off values
for ID and IDA in pediatrics, particularly pediatric cancer
patients is ongoing.12–14 In this study, we investigated the
diagnostic value of Ret-He in identifying ID and IDA in
children with cancer to facilitate the simple detection of
these conditions.

Materials and Methods

Subjects
A cross-sectional study was conducted in Cipto Mangunku-
sumo Hospital from March to June 2021. Hospitalized and
outpatient children aged 0 to 18 years with cancer were
selected as participants. Patientswith a history of iron therapy
or blood transfusion in thepastmonthwere excluded.Written
consentandassentwereobtained fromthesubjects’parentsor
legal guardians and adolescent patients.

Inclusion and Exclusion Criteria
The inclusion criteria for this study comprised children
between the ages of 0 and 18 years with cancer who were

either hospitalized or received outpatient treatment.
Patients who received iron therapy or blood transfusion
within the past month were excluded. No oral iron therapy
was initiated for IDA patients.

Laboratory Methods
Venous blood samples (6mL) were obtained from the
subjects. Iron parameters, including hemoglobin (Hb),
mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin concentration
(MCHC), reticulocyte hemoglobin (Ret-He), ferritin, serum
iron (SI), and total iron binding capacity (TIBC), were
measured via standard techniques. TS was calculated using
the formula SI/TIBC�100. All parameters were analyzed in
the Clinical Pathology Laboratory of Cipto Mangunkusumo
Hospital.

Iron Status Definition
The World Health Organization defines anemia as a low Hb
value according to age: Hb <11 g/dL in children aged 6 to
59 months, <11.5 in 5 to 11-year-olds, <12g/dL in 12 to 14-
year-olds, <12 g/dL in unpregnant girls aged �15 years, and
<13 g/dL in boys aged �15 years.15 In this study, ESMO
criteria were used to evaluate iron status in children: (1)
absolute IDA with low Hb and ferritin <100ng/mL, (2)
functional IDAwith low Hb and TS <20% and normal ferritin
�100 ng/mL, (3) absolute ID with normal Hb and ferritin
<100 ng/mL, and (4) functional ID with normal Hb and TS
<20% and ferritin �100ng/mL.16

Primary and Secondary Outcomes
The primary outcome of this study was the establishment
of optimal Ret-He cut-off values for different types of
absolute and functional ID or IDA, with their respective
sensitivities, specificities, and predictive values. The sec-
ondary outcome was the evaluation of iron status in
children with cancer, including the prevalence of ID and
IDA. Laboratory indices, such as Hb, MCV, MCH, MCHC, SI,
ferritin and TS, and their relationship with Ret-He, were
also analyzed.

Statistical Analysis
The correlation between iron status and Ret-He was deter-
mined with analysis of variance (ANOVA) or the Kruskal–
Wallis test, depending on the data distribution. Normality
was assessed using the Kolmogorov–Smirnoff test. ANOVA
with Tukey’s post-hoc analysis was performed. Ret-He was
also compared with other laboratory parameters through
correlation analysis using the Pearson and nonparametric
Spearman methods. Significant variables were subse-
quently subjected to multivariate analysis using linear
regression. The overall discriminative power of Ret-He to
detect iron depletion, ID, and IDA was assessed using
receiver operating characteristic (ROC) analysis. Cut-off
values were determined for each iron status using You-
den’s index, where (sensitivityþ specificity) –1 had the
highest value. A p-value of <0.05 was considered statisti-
cally significant.
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Ethics
The Ethics Committee of the Faculty of Medicine, University
of Indonesia, Cipto Mangunkusumo Hospital, approved
this study (No. KET-1010/UN2.F1/ETIK/PPM.00.02/2020) on
September 14, 2020. This study did not involve any animals.
All the research methods involving humans were performed
according to the ethical guidelines established by the re-
sponsible committee overseeing human experimentation at
the institutional and national levels. They also compliedwith
the 1975 Helsinki Declaration, updated in 2013.

Results

A total of 146 children were initially included in this study.
Eleven subjects had incomplete data and were excluded;
thus, the final study population comprised 135 children
(►Supp. Fig. 1). The characteristics of these subjects are
shown in ►Table 1.

Iron Status in Children with Cancer
In thisstudy, 58children (43.0%)hadanemia.Theprevalenceof
IDA was 14.8% (20/135), while anemia in the remaining
subjectshadother causes.Absolute IDAwas found in8 subjects
and functional IDA in 12 subjects. The prevalence of ID was
18.5% (25/135). Absolute ID was found in 16 subjects and
functional ID in 9 subjects. Analysis of laboratory indices
showed that Hb, MCH, MCHC, Ret-He, SI, and TSwere statisti-
cally significantly related to iron status. All the laboratory
parameters assessing iron status in the abovementioned sub-
groups were statistically significant except ferritin, MCV, and
TIBC (►Table 2).

Diagnostic Performance of Ret-He
The diagnostic performance of Ret-He is shown in ►Supp.

Fig. 2. The ROC curve revealed Ret-He as a reliable diagnostic
tool for functional ID, absolute ID, functional IDA, and abso-
lute IDA, with area under the curves (AUCs) of 72.4%
(p¼0.033, 95% confidence interval [CI]: 0.54–0.91), 77.8%

(p¼0.001, 95% CI: 0.65–0.91), 69.7% (p¼0.034, 95% CI: 0.50–
0.89), and 73.1% (p¼0.037, 95% CI: 0.50–0.97), respectively.
From the correlation analysis, Ret-He was found to be
positively related to transferrin (0.54) and ferritin (0.44),
aswell as the remaining hematological parameters except for
TIBC (►Table 3).We also conducted amultivariate analysis to
examine the relationship between other hematological
parameters and Ret-He. A significant relationship was
observed between Ret-He and Hb (p¼0.051), MCH
(p¼0.000), andMCHC (p¼0.001); see►Table 4. By assessing
Youden’s index, we determined the optimal cut-off values of
Ret-Hewith their respective sensitivities and specificities for
each group (►Table 5). The optimal cut-off values for func-
tional ID, absolute ID, functional IDA, and absolute IDAwere
33.7, 32.7, 32.4 and 28.6 pg, respectively. On the contrary, the
cut-off values with the highest specificity for the aforemen-
tioned groups were 28.4–30.25, 27.85–30.25, 27.85–30.25,
and 27.25–30.25 pg, respectively.

Discussion

The prevalence of anemia in our pediatric cancer study was
43.0%, comparable to a study by ECAS (39%).1 In this study,
the overall prevalence of IDA was 14.8%, similar to prior
studies in healthy school-aged children in Jakarta (1312 and
14%17). Notably, no previous study has examined the preva-
lence of anemia and ID in children with cancer in Indonesia.

In cancer patients, iron metabolism and regulation are
altered due to chronic disease, chronic blood loss, nutri-
tional deficiency, increased consumption by cancer cells,
myelosuppressive chemotherapy, and metastases. ID can
contribute to DNA damage, genomic instability, and immu-
nological dysfunction during cancer development.18 The
timely diagnosis and treatment of ID are crucial in cancer
patients to prevent complications associated with anemia,
such as impaired exercise capacity, fatigue, reduced quality
of life, and an overall poor prognosis.4,7,18 While functional
ID is typically predominant,4,16,18–20 absolute ID was more
prevalent in this study, indicating reduced iron stores as
the main cause. Thus, restoring iron stores through appro-
priate therapies is essential.

Iron status assessment in cancer patients remains chal-
lenging due to the lack of a gold standard and the impact of
inflammatory conditions on standard biochemical tests
such as SI and ferritin. According to the AAP, Ret-He is
the strongest predictor for ID in children.6 It remains stable
compared with other markers and is unaffected by con-
ditions like infection, inflammation, and malignancy.6,7,21

In our study, Ret-He showed a significant positive correla-
tionwith other hematological parameters (p¼0.000) except
for TIBC. Multivariate analysis revealed a significant
relationship between Ret-He and Hb (p¼0.051), MCH
(p¼0.000), and MCHC (p¼0.001). The simultaneous analy-
sis of all laboratory parameters in multivariate analysis
allows for assessing the effects of variables, as each labora-
tory parameter represents a specific definition of ID.

Unfortunately, there is no universal cut-off value or guide-
lines for Ret-He in diagnosing ID or IDA. Prior studies have

Table 1 Characteristics of subjects

Characteristics Frequency (n) Percentage (%)

Gender

Male 75 55.6

Female 60 44.4

Age (years), mean� SD,
median (IQR)

8.4�4.7 7 (8)

Cancer type

ALL 74 54.8

AML 7 5.2

CML 9 6.7

Lymphoma 6 4.4

Solid cancer 39 28.9

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid
leukemia; CML, chronic myeloid leukemia; IQR, interquartile range; SD,
standard deviation.
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Table 2 Comparison of iron status

Normal
(n¼52)

Functional ID
(n¼ 9)

Absolute ID
(n¼16)

Functional IDA
(n¼ 12)

Absolute IDA
(n¼8)

p-Value

Hb 13.00�0.96 12.33�0.86 12.58�1.45 10.09�1.16 10.44� 1.37 <0.001

MCV 85.48 (75–96) 80.39 (75–87) 77.43 (60–85) 84.03 (78–97) 80.05 (71–85) 0.000

MCH 29.85 (25–34) 27.80 (25–30) 27.40 (19–30) 27.90 (26–33) 27.60 (20–29) <0.001

MCHC 34.75�1.30 34.29�0.93 34.05�1.28 33.93�1.17 32.64� 2.19 0.001

Ret-He 34 (26–38) 32.5 (27–36) 31.2 (20–35) 31.50 (17–36) 30 (19–36) <0.002a

Ferritin 709.55 (113–96,773) 191.03 (111–5,039) 38.35 (11–95) 716.79 (187–3,483) 14.68 (1–81) 0.79

SI 93.5 (40–291) 39 (9–54) 73.5 (24–132) 29.5 (10–52) 45 (19–82) <0.001a

TS 40 (21–92) 17 (9–18) 23 (10–40) 15 (5–20) 14.5 (6–26) <0.001a

TIBC 238 (101–258,000) 231 (103–326) 315 (247–389) 214.5 (168–310) 330 (193–382) 0.93

Abbreviations: ANOVA, analysis of variance; Hb, hemoglobin; ID, iron deficiency; IDA, iron deficiency anemia; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; Ret-He, reticulocyte hemoglobin; SI, serum iron; TIBC, total
iron binding capacity; TS, transferrin saturation.
Note: Data are presented as mean� standard deviation or median (min–max).
aKruskal–Wallis for nonparametric analysis as alternative to ANOVA test.

Table 3 Correlation analysis between Ret-He and hematological parameters

Parameters Correlation coefficient Sig. (2-tailed)

Hba 0.431 0.000

MCV 0.474 0.000

MCH 0.627 0.000

MCHCa 0.668 0.000

SI 0.489 0.000

TIBC �0.76 0.460

Transferrin 0.540 0.000

Ferritin 0.443 0.000

Abbreviations: Hb, hemoglobin; MCH,mean corpuscular hemoglobin; MCHC,mean corpuscular hemoglobin concentration; MCV, mean corpuscular
volume; Ret-He, reticulocyte hemoglobin; SI, serum iron; TIBC, total iron binding capacity.
Note: Remaining data are analyzed with nonparametric Spearman.
aData are analyzed using Pearson correlation.

Table 4 Multivariate logistic regression analysis between Ret-He and hematological parameters

Unstandardized coefficients Standardized coefficients t Sig.

B Standard error Beta

Ret-He Hb 0.392 0.198 0.154 1.983 0.051

MCV 0.009 0.030 0.025 0.313 0.755

MCH 0.642 0.166 0.427 3.878 0.000

MCHC 0.841 0.243 0.315 3.466 0.001

SI 0.007 0.11 0.101 0.599 0.551

TIBC �7.131E�007 0.000 �0.005 �0.072 0.943

Transferrin �0.006 0.028 �0.040 �0.231 0.818

Ferritin �1.703E�005 0.000 �0.043 �0.637 0.526

Abbreviations: Hb, hemoglobin; MCH,mean corpuscular hemoglobin; MCHC,mean corpuscular hemoglobin concentration; MCV, mean corpuscular
volume; Ret-He, reticulocyte hemoglobin; SI, serum iron; TIBC, total iron binding capacity.
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suggested various cut-offs, ranging from 25 to 29 pg,22–24

with sensitivities between 70 and 94% and specificities from
72 to 80% in healthy children. Population studies in healthy
Indonesian children aged 6 to 18 years and 6 to 12 years
found cut-offs of 27.812 and 27.8 pg,14 respectively. In cancer
patients, one study in adolescents and adults aged 11 to
94 years reported a higher Ret-He cut-off of 32.0 pg for ID.7 In
our study, cut-offs for functional ID, absolute ID, functional
IDA, and absolute IDA were 33.7, 32.7, 32.4, and 28.6 pg,
respectively. Studies in children on hemodialysis reported
cut-off values of 28.925 and 29.0 pg.26 Both these values are
more similar to the cut-offs in healthy children. Besides
determining the optimal fixed values to evaluate iron status,
we also analyzed a range of cut-offs for clinical utility. We
found that higher cut-offs (33.4–35.25 pg) are suitable for
screening purposes, while lower values (27.25–30.25 pg) are
more appropriate for diagnosis.

Ret-He proved to be a reliable diagnostic tool for functional
ID, absolute ID, functional IDA,andabsolute IDA,withrespective
AUCs of 72.4, 77.8, 69.7, and 73.1%. It exhibited the highest
diagnosticperformance in theabsolute IDgroup,demonstrating
high sensitivity and specificity. In the functional IDand absolute
ID groups, sensitivity was higher than specificity, indicating its
reliability as a screening tool. In the functional and absolute IDA
groups, specificity was higher, making Ret-He a reliable diag-
nostic tool supported by a good negative predictive value. Ret-
Hehas been reported as superior in diagnosing ID in children by
Brugnara et al,23 Andriastuti et al,12 and Syed et al.27 Using Ret-
He as a diagnostic tool can reduce the need for additional iron
studies, improving cost-effectiveness and patient comfort.28,29

Our study has limitations that could potentially intro-
duce bias, such as the restriction of the population to

subjects who had not received blood transfusions within
the past month and the lack of assessment of transfusion
frequency and volume. However, from a clinical perspective,
the test can effectively be used as a diagnostic tool either at
baseline or for new cases, considering the high prevalence
of IDA. This study is the first to report the prevalence of ID
and IDA in Indonesian children with cancer. Additionally, it
is the first to compare Ret-He to other laboratory param-
eters as a diagnostic tool for pediatric cancer in Indonesia.
Further cohort studies are needed to evaluate Ret-He after
iron therapy and explore its impact on anemic and iron-
deficient children with cancer, including newly diagnosed
patients.

Conclusion

The prevalence of IDA and ID in childhood cancer in this
study was 14.8 and 18.5%, respectively. Ret-He emerged as
a reliable diagnostic tool, showing a significant positive
correlation with other hematological parameters. Given
the burden of IDA in children, it is important to understand
its impact on children diagnosed with cancer. The relation-
ship between IDA and cancer in this context is currently
understudied and requires further exploration. The present
study provides valuable insights into iron metabolism in
cancer. It also supports the existing evidence that Ret-He
remains unaffected by inflammation in cancer. However,
further research is needed to determine the clinical utility
of these tests in this population.

Patient Consent
Patient consent was obtained from every subject.

Table 5 Ret-He cut-off to evaluate iron status

Parameter AUC Cut-off Sensitivity Specificity p-Value

Functional ID

72.4% 33.7a 88.9 55.8 0.033 (0.54�0.91)

33.65�34.65 88.9 32.7�55.8

28.4�30.25 22�33 90.4�98.1

Absolute ID

77.8% 32.7a 81.3 73.1 0.001 (0.65�0.91)

33.4�34.05 81.3�87.5 44.2�57.7

27.85�30.25 31.3�37.5 90.4�98.1

Functional IDA

69.7% 32.4a 66.7 75.0 0.034 (0.50�0.89)

34.55�35.25 83.3 21.2�36.5

27.85�30.25 25�41.7 90.4�98.1

Absolute IDA

73.1% 28.6a 50.0 98.1 0.037 (0.50�0.97)

35�35.25 87.5 21.2�26.9

27.25�30.25 37.5�50 90.4�98.1

Abbreviations: AUC, area under the curve; ID, iron deficiency; IDA, iron deficiency anemia,
aOptimal cut-off based on the highest Youden index.
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Abstract Introduction Appendicitis in patients with hematological malignancies presents with
vague symptoms, thus requiring a high degree of suspicion for early diagnosis and
treatment to prevent complications.
Objectives The aim of this article was to describe the demographic, clinicoradio-
logical, operative findings, and outcomes in patients with acute appendicitis with
underlying hematological malignancies.
Materials and Methods A retrospective review of pediatric patients with hematologi-
cal malignancy who developed acute appendicitis was conducted. Medical records of
patients were reviewed for patient demographics, disease status, signs, and symptoms
at the time of diagnosis of acute appendicitis, and outcome. The laboratory, radiologi-
cal, and histological findings were retrieved from the hospital records.
Results Six (2.4%) patients developed acute appendicitis over the past 8 years among a
total of 254 patients treated for hematological malignancies in the unit. Five patients had
underlying acute lymphoblastic leukemia (ALL) and onehadacutemyeloid leukemia (AML).
Of the five patients, three were in postremission consolidation, one each in the delayed
intensification and maintenance phase of chemotherapy. The child with AML was on
induction chemotherapy for the first relapse at the time of diagnosis. Fever and abdominal
pain were the common presenting symptoms. Diagnosis was made on ultrasound
abdomen in five patients, and one patient was diagnosed on computed tomography. All
patients underwent open appendectomy. Two patients had evidence of appendiceal
perforation. Three patients had neutropenia at the time of developing appendicitis and
underwent appendectomy regardless of the absolute neutrophil count (ANC). Five patients
recovered well, and chemotherapy was restarted within 2 weeks of appendectomy. One
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Introduction

The gastrointestinal tract is one of the most common sources
of infective complications in children with hematological
malignancies, with a specific predilection to the ileocecal
region. Acute appendicitis is themost common surgical emer-
gency in children with a lifetime cumulative incidence rate of
9% in the general population. Younger children are at an
increased risk of complicated appendicitis.1,2 The reported
incidence of appendicitis is as low as 0.5% in children with
leukemia and most children present with vague abdominal
signs requiringahigh indexof suspicion forearlydiagnosis and
treatment. The presence of neutropenia and/or thrombocyto-
penia, along with underlying disease conditions, has led to
controversy over whether to opt for medical or surgical
management in these patients.3,4 Here we present the data
of six children with underlying hematological malignancy
managed for acute appendicitis at our center.

Materials and Methods

Study Design
A retrospective observational study was conducted in the
Pediatric Hematology Oncology unit of the Department of
Pediatrics, Dayanand Medical College and Hospital, Ludhiana.

Sample Size
All pediatric patients undergoing treatment for a hematological
malignancywhodevelopedacuteappendicitisfromAugust2014
toDecember2022wereincludedinthestudy.Thedataregarding
the patient’s age, gender, anthropometry, underlying disease
status, signs and symptoms, laboratory, radiological, and histo-
pathological data, treatment modalities, and outcomes at the
time of development of acute appendicitis were retrieved from
the hospital records. The diagnosis of acute appendicitis was
made radiologically on an ultrasound (US) or computed tomog-
raphy (CT) scan in the presence of blind-ending incompressible
tubular structure in the right lower quadrant with an overall
diameter of more than 6mm and raised echogenicity of sur-
rounding mesenteric fat.5 It may or may not be associated with
free fluid or abscess in the abdominal cavity.

The patients with ALL are treated as ALL-BFM 1995
protocol and patients with acute myeloid leukemia (AML)
receive one to two courses of (7þ3) induction followed by
three courses of high-dose cytarabine.6,7

Inclusion and Exclusion Criteria
All patients less than 18 years of age who developed
acute appendicitis while on treatment for an underlying

hematological malignancy were included in the study. Non-
availability of data/incomplete data regarding any of the
studied variables was considered an exclusion criterion.

Primary and Secondary Outcomes

Primary Outcome
Outcome of patients with hematological malignancies who
developed acute appendicitis.

Secondary

A) To describe clinical, laboratory, and radiological
findings.

B) To describe the operative findings.
C) The time taken to start oral feed/duration of hospital

stay.
D) The time taken to reinitiate chemotherapy.

Statistical Analysis
The data collected was tabulated in Excel sheets and statisti-
cal analysis was performed using descriptive methods. Data
were described in terms of range;mean� standard deviation
(�standard deviation), frequencies (number of cases), and
relative frequencies (percentages) as appropriate.

Results

Over a period of 8 years, 254 children were treated for
hematological malignancies and six of them developed
acute appendicitis (2.4%) during the treatment. Among
the six patients diagnosed with appendicitis, five had an
underlying diagnosis of ALL, and only one had AML. The
median age at the time of diagnosis of appendicitis was 7.5
years (range: 4–15 years). All patients were male. Of the five
ALL patients, three were in the postremission consolidation
phase, one was in the delayed intensification phase, and one
patient was on maintenance chemotherapy. The sixth pa-
tient with AML was on induction chemotherapy for the first
relapse (►Table 1).

Three patients had neutropenia at the time of surgery, with
absolute neutrophil count (ANC) being as low as 10 cells/µL in
the patient with relapsed AML. Themedian ANC at the time of
admission and surgery was 847.5 cells/µL (range: 10–7,040
cells/µL) and 1,299.5 cells/µL (range: 10–7,921 cells/µL), re-
spectively. Themedian hemoglobin andmedian platelet count
at the time of surgery were 9g/dL and 133,500 cells/µL,
respectively with thrombocytopenia in two patients.

All patients had a fever, five had abdominal pain, and four
patients had classical tenderness at the right lower quadrant

patient developed a superficial surgical site infection. and one patient with relapsed AML
expired due to refractory septic shock.
Conclusion Acute appendicitis in patients with hematological malignancies can
present with subtle signs and symptoms. Appendectomy can be safely performed
irrespective of the ANC.
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of the abdomen. Three patients were diagnosed with acute
appendicitis within 24hours of the onset of signs and
symptoms and underwent emergency appendectomy after
stabilization. Two patients had a delay in diagnosis due to
the absence of signs of tenderness in the right lower
quadrant and one of them required a CT scan (►Fig. 1)
to establish the diagnosis preoperatively. Another patient
was being managed for febrile neutropenia and did not
have any localizing signs. An US abdomen done to deter-
mine the focus for persistent fever revealed peri-appendic-
ular echogenic collection. The collection was drained by
US-guided percutaneous technique, and an interval appen-
dectomy was performed 2 weeks later. At the time of
admission, all patients were started on broad-spectrum
antibiotics (cefoperazone/sulbactam and amikacin) as per
febrile neutropenia protocol. Oral feeds were withheld
once diagnosed with appendicitis and patients were ad-
ministered maintenance intravenous fluids. Paracetamol
was used for the management of pain in all patients. All
children underwent open appendectomy. The antibiotics
were modified in the patient who underwent percutaneous
drainage based upon the pus culture and sensitivity pat-
tern. The pus culture showed growth of Klebsiella pneumo-
niae sensitive to carbapenems. Four patients required
transfusion of blood components perioperatively. Two
patients had developed complicated appendicitis in the
form of appendicular perforation. One patient developed
a superficial surgical site infection that was managed by
regular bedside wound care. One of the patients had a
coexistent coronavirus 2019 infection at the time of diag-
nosis of appendicitis but did not affect the surgical inter-
vention or outcome.

Five patients recovered well and were started on an oral
diet at a mean duration of 35 hours after surgery (range:
24–48hours). Chemotherapy was restarted after a mean
duration of 11.2 days (4–17 days) from the onset of symp-
toms. Patients were discharged after a mean postoperative

stay of 7 days (range: 5–10 days). One patient had a delay in
diagnosis due to inconclusive US findings. The patient had
persistent fever with neutropenia on day 4 of admission;
hence, antibiotics were upgraded, and antifungal therapy
was added empirically as per the institutional policy. A CT
scan conducted on day 5 due to clinical worsening and
development of abdominal distension revealed the pres-
ence of appendicular perforation, which necessitated surgi-
cal intervention. The patient developed features of
septic shock on postoperative day 4 requiring inotropic
(norepinephrine and dobutamine infusion) support and
died on postoperative day 8 due to refractory septic shock
(►Table 2). All six patients had histology-proven appendi-
citis with no specimen showing leukemic infiltration on
hematoxylin-eosin staining and immunohistochemistry
(►Fig. 2).

Discussion

Acute appendicitis is a rare gastrointestinal complication in
children being treated for hematological cancers. The
reported incidence of acute appendicitis in children with
hematologicalmalignancy is 0.5 to 4.5% as shown inmultiple
studies (►Table 3).8–10 This study revealed an incidence rate
of 2.4% among these children (►Table 3). There are multiple
causes of the acute surgical abdomen in children undergoing
treatment for leukemia but the most common are acute
appendicitis and typhlitis.9 Typhlitis is characterized by
the cecal or terminal ileal wall thickness of more than
3mm on US for a variable length of the bowel segment.
Mucosal injuries from chemotherapy, bacterial overgrowth,
and neutropenia contribute to typhlitis.11 Themost probable
etiology of appendicitis in children with leukemia is luminal
obstruction by a fecolith, which is similar to patients with
appendicitis in the general population. Other causes of
appendicitis may include lymphoid hyperplasia secondary
to a viral infection, enterocolitis in a neutropenic patient, or

Fig. 1 (A, B) Axial and coronal postcontrast images showing a dilated appendix (arrow) in the right iliac fossa with significant peri-appendiceal
fat stranding in keeping with acute appendicitis.
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leukemic infiltration of the appendix. The incidence of
leukemic infiltration of the appendix is negligible as shown
by others; none of the patients had leukemic infiltration of
appendix in our cohort (►Table 3).12–14 It is difficult to
diagnose appendicitis in immune-compromised patients
with leukemia due to the absence of typical signs and
symptoms.8,9,15 Timely diagnosis of appendicitis is key to
improving overall survival in these children.16 Several stud-
ies have confirmed that US and contrast-enhanced CT aid in
establishing the diagnosis for this group of children as
highlighted in►Table 3.4,9,17,18 In our cohort, US successfully
diagnosed appendicitis in all patients except for one, who
later underwent a CT scan for confirmation.

A debate continues between surgical and nonsurgical
approaches to treat appendicitis in leukemic children. Ap-
pendectomy has been the mainstay of management of acute
appendicitis in the past. There is emerging data that nonop-
erative management with broad-spectrum antibiotics may
be equally effective and safe for the management of uncom-
plicated acute appendicitis. The complications of early sur-
gery may include blood loss, bowel obstruction, injury to
bowel wall or surrounding tissues, abscess/fistula formation,
dissemination of infection, and wound complications. The
management of complicated acute appendicitis, that is,
presence of perforation or abscess formation, remains
controversial.1,2

Many studies till the late 1970s showed that patients
managed medically had poor outcomes.19 Exelby et al
and Ver Steeg et al advocated early surgical intervention
that improved survival by 50% in these children.20,21

The distorted anatomyof inflamed tissues in delayed surgical

interventions raises concerns about a higher risk of periop-
erative complications. Delaying surgical resection may also
increase the risk of progression and recurrence of complicat-
ed appendicitis.22 Park et al recommended a non-surgical
approach in the initial stages till the ANC improves.5 Patients
with persistent symptoms after an increase in ANC or sudden
worsening were recommended surgery. Neutropenic chil-
dren with acute appendicitis should be treated medically
without surgery, according to Wiegering et al.4 All five
children recovered well in their study, and none developed
recurrent appendicitis. In our institute, all children indepen-
dent of the ANC at the time of diagnosis undergo early
appendectomy, which reduces the recovery time postopera-
tively. At the time of surgery, three of our patients had
moderate-to-severe neutropenia, reinforcing the feasibility
of appendectomy in neutropenic patients. Mortellaro et al
demonstrated that an early appendectomy (within 24 hours
of the onset of symptoms) is safe in neutropenic patients and
did not result in an increased risk of infections or mortality
during the perioperative period.19,22

Webelieve that delay in recovery from infection can lead to
the interruption of chemotherapy for the underlying disease.
This can lead to ineffective treatment and hence increase the
chances of relapse in the future. Upfront appendectomy in
children with leukemia resulted in fewer complications,
shorter hospital stay, and fewer delays in chemotherapy
completion in a retrospective review by Many et al.3 Either
of the two approaches (open or laparoscopic appendectomy)
can be followed based on the patient’s disease status and
surgeon’s preferences with no significant differences in the
outcome.3

Fig. 2 Histopathological examination of the surgical specimen. (A, B) Scanner view showing mucosal ulceration (black arrow) with transmural
infiltration by neutrophils along with serosal congestion in two different areas shown with normal mucosa (orange arrowhead; hematoxylin
and eosin [H&E] 40X). (C) Lowpower view showingulcerationofmucosa (black arrow;H&E100X). (D) High-power view showing the presence of neutrophils
(black arrow) in muscularis propria of appendix (H&E 400X).
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This study is an attempt to demonstrate the course of
appendicitis in children with underlying malignancy at our
institution. This study can guide themanagement of appendi-
citis in children with leukemia in a resource-constrained
setting; however, it has several limitations. This is a retrospec-
tive study and the number of patients is small. The nutritional
status of children as indicated by serum albumin levels should
have been taken into account to correlate outcomes in this
respect. We did not measure C reactive protein levels which
may have helped in prognostication in this subset.

Conclusion

Acute appendicitis being themost common surgical emergen-
cy in children with hematological malignancies must always
be suspected in a child presentingwith persistent fever and/or
pain abdomen. Diagnosing appendicitis in this subset requires
good clinical and radiological acumen. Appendectomy can be
safely performed in patients irrespective of neutropenia/
thrombocytopenia with optimal supportive care.
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Abstract Introduction Pain in pediatric oncology patients is often undertreated due to a lack of
timely assessment and inefficient communication between health care workers.
Improper pain assessment is a leading cause of poorly managed pain in children. In
high-income countries, pediatric oncology nurses play a key role in developmentally
appropriate pain assessment measures to identify potential management strategies.
However, nurses in low- and middle-income countries (LMICs) face a deficit of
knowledge about pain assessment tools and management. Owing to differences in
availability of resources, a disparity exists between health-related quality of life of
cancer patients treated at public- and private-sector hospitals in Pakistan.
Methodology The Indus Hospital and Health Network partnered with nine public-
sector hospitals nationwide to improve pediatric oncology practices. Supported by the
My Child Matters grant, training sessions were conducted for nurses at each public-
sector pediatric oncology unit (POU) from March to December 2021. Pain assessment
tools were provided. To assess retention and implementation of practices, a knowl-
edge, attitudes, and practices questionnaire was distributed online to nurses at each
POU. All responses remained anonymous.
Results Fifty-four responses were recorded, 85% were female and most were
between 26 and 30 years of age. Most of the participants held a diploma in nursing
and were designated charge nurses with more than 6 years of experience. Forty nurses
reported routinely assessing pain; the most common reason for not doing so was
increased workload. Correlations were observed between routinely performing pain
assessment and the number of patients per nurse, availability of formal credentialing or
certifications at the institution and routinely performing pain assessment, availability
of trainings focused on pain assessment and routinely performing pain assessment,
and qualification of nurses and knowledge of nonpharmacological pain assessment
methods.
Conclusion Strategies to improve pain assessment knowledge and practices among
pediatric oncology nurses in LMICs must be developed to improve patient care and
clinical outcomes.
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Introduction

Children diagnosed with cancer are particularly susceptible
to experiencing pain as a result of the intensity of illness and
the treatments they undergo. Despite this vulnerability, the
pain experienced by pediatric oncology patients is frequent-
ly not adequately addressed, largely due to delays in timely
assessment and ineffective communication among health
care professionals. An overarching factor contributing to the
inadequate management of pain in children is the insuffi-
cient evaluation of pain, which significantly impacts their
overall quality of life and treatment outcomes.1–3 Frequently
termed the “fifth vital sign,” pain necessitates assessment
and documentation in conjunction with traditional vital
signs such as blood pressure, pulse, temperature, and respi-
ratory rate.4

For children, pain expression typically occurs through
nonverbal cues and bodily responses. In such cases where
a child is between the ages of 2 months and 3 years, the
appropriate assessment tool is the behavioral pain scale,
such as the Face, Legs, Activity, Cry, and Consolability
(FLACC) scale. In contrast, for children aged 3 years and
older, self-reported pain intensity becomes more reliable.
This can bemeasured using theWong–Baker faces pain scale,
visual analog scale, and numerical rating scale.3,5,6

Within high-income nations, pediatric oncology nurses
take on a crucial role in formulating age-appropriate pain
assessment methodologies, identifying potential avenues for
pain management, and administering both pharmacological
and nonpharmacological treatments.7 Developing nations
encounter a lack of understanding concerning pain assess-
ment tools and the significance of proficiently using them.2

In Pakistan, more than 50% of patients with advanced-stage
cancer experience undertreatment of pain due to inadequate
education and training of health careworkers.8 Furthermore,
disparities arise in the quality of life of cancer patients
treated in Pakistan’s public- and private-sector hospitals
due to variable resource availability.9

In a collaborative effort, the Department of Pediatric
Hematology/Oncology (PHO) at the Indus Hospital and
Health Network (IHHN) partnered with nine public-sector
hospitals throughout Pakistan. This partnership was aimed
at elevating pediatric oncology practices on a nationwide
scale, with the objective of comprehensively enhancing
childhood cancer services. Given the limited existing re-
search, this study is designed to evaluate the knowledge,
attitudes, and practices surrounding pain assessment among
pediatric oncology nurses within these nine units.

Methods

Study Design
The IHHN PHO project secured the My Child Matters (MCM)
grant from the Sanofi Espoir Foundation, propelling initia-
tives in training and capacity enhancement within partnered
pediatric oncology units (POUs). An integrated approachwas
adopted, combining online theoretical classes with hands-
on, in-person sessions for nurses across each POU. These

sessions were conducted between March and Decem-
ber 2021. The program prioritized comprehensive pain
assessment andmanagement techniques for pediatric cancer
patients.

Pertinent pain assessment tools, including the Wong-
Baker faces pain scale, visual analog scale, and FLACC pain
scale, were provided in both hard and soft formats to nursing
leadership at each unit. To gauge the absorption and appli-
cation of these resources, a structured questionnaire encom-
passing domains of knowledge, attitude, and practices
concerning pain assessment was developed and adminis-
tered to nurses at nine public-sector hospitals via an online
platform.

Sample Size
Study was conducted across nine public-sector hospitals.
Fifty-four nurses in total chose to participate.

Inclusion and Exclusion Criteria
The criteria for the study included nurseswhowere currently
working in pediatric oncology and excluded those who were
not.

Statistical Analysis
The collected data were analyzed using SPSS v23 for mean-
ingful insights. Descriptive statistics were computed for
quantitative variables, and frequencies and cross-tabulations
were made for qualitative variables.

Ethics
Ethical approval for the study was obtained from the IHHN
Institutional Review Board (IRB number: IHH-
N_IRB_2022_03_014) on April 8, 2022. Ethical consider-
ations were taken into account by obtaining written
informed consent from the participants and ensuring the
anonymity and confidentiality of their responses. Our study
complied with the Declaration of Helsinki.

Results

A total of 54 nurses, distributed across different age groups
were participated in the study. Most participants (61.1%) fell
within the age range of 26 to 30 years, indicating a relatively
young nursing workforce. The age group of 31 to 40 years
accounted for one-third of the participant population, while
a very minor number were between 20 and 25 years of age
and above 40 years of age.

Gender distribution revealed that the sample was pre-
dominantly female (85.2%).

Approximately two-thirds of the nurses held a diploma in
nursing (63.0%), while one-third held a bachelor of science in
nursing degree (33.3%). Less than 2% of participants held
higher qualifications, which included a master of science in
nursing and a diploma in pediatric oncology nursing.

Thework experience of the nurses varied, with the largest
group (42.6%) having more than 6 years of experience.
Approximately one-third (29.6%) had 4 to 6 years of experi-
ence, while the rest had less than 3 years of experience.
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One-third (31.45%) of the nurses who participated in this
study reported having access to ongoing training in pain
assessment in the form of Continuing Nursing Education
(CNEs), whereas approximately two-thirds (66.7%) did not.
The fact that only five nurses (9.3%) mentioned formal
training in pain management suggests that institutional
credentialing programs in this area are limited.

Only 32 nurses (59.3%) were acquaintedwith the numeric
pain scale, which is a widely utilized pain assessment tool. A
larger subset of nurses (38 nurses, 70.4%) demonstrated
awareness of the facial pain scale. In contrast, a smaller
cohort of 11 nurses (20.4%) were familiar with the FLACC
scale, a behavioral pain assessment tool often employed for
children older than 2 months and younger than 3 years.

Within our study, among the nurseswho conducted initial
pain assessments, 16 nurses (42.1%) reported actively engag-
ing in pain reassessment, while 22 nurses (57.9%) did not
consistently perform follow-up pain evaluations. Among
those who did not engage in routine pain reassessment,
several reasons emerged, including the perceived lack of
importance in 1 nurse (4.5%), insufficient availability of
resources/forms indicated by 9 nurses (40.9%), and the
formidable challenge of managing workload highlighted by
12 nurses (54.5%).

Knowledge
As shown in►Table 1, when assessing knowledge, there was
an association found between a nurse’s work experience and
their familiarity with pain assessment tools such as
facial pain scale (p-value¼0.0005) and numeric pain scale
(p-value¼0.005). An association was also seen between
work experience and knowledge of nonpharmacological
pain management interventions; however, according to
our study, nurses with less experience were more likely to
know about it than their more experienced counterparts.

Attitudes
As shown in ►Table 2, most nurses reported that they
assessed pain but were less likely to reassess pain or docu-
ment their assessment. Lack of resources/forms and work-
load were often cited as the reasons.

Practices
As shown in ►Table 3, most nurses demonstrated a lack of
implementation of pain assessment methods regardless of
their work experience level.

As shown in ►Fig. 1, only 29.6% nurses in the study had a
nurse-to-patient ratio of 1 to 5, which is considered a
favorable nurse-to-patient ratio, whereas the rest of the
study participants had a higher nurse-to-patient ratio.

Discussion

The assessment, management, and reassessment of pain in
childhood cancer patients are primarily the responsibility of
oncology nurses.2 Regardless of treatment outcomes, the
efforts of pediatric oncology nurses to identify and manage
a child’s pain have the potential to improve the quality of life
both of patients and their families.7 Effective pain manage-
ment for children and adolescents faces continued obstacles;
amajor one being the lack of knowledge plaguing health care
professionals such as nurses, particularly in low- andmiddle-
income countries (LMICs).10

The population of nurses in this study highlighted a
female predominance which aligns with findings from a
comparable survey conducted in Iran, in which 79.8% of
the nurses were women.11

CNE and specialized training programs are crucial to
nurses’ pain evaluation and management skills. They show
a commitment to professional development and keeping
health care workers abreast of new practices. Only one-third
nurses (31.5%) said their hospitals offered pain assessment
CNE or training, while the rest either report the lack of such
programs. This is especially shocking since according to the
Baseline Nursing Standards, pediatric oncology nurses must
complete 9hours of CNE annually.

Traditional clinical practice can hinder pain management
by failing to consistently assess and document pain. This is
made worse by a lack of feasible treatment techniques, and
the belief that pain is expected and is therefore trivial. Health
care organizations and institutions must go beyond teaching
to improve resource distribution and assessment tomaintain
good pain management practices. Health care settings can

Table 1 Nurses recognized pain as the fifth vital sign

Nurse’s work experience

< 1 y 1–3 y >3 y Total p-Value

Recognized pain as the fifth vital sign, n (%); n¼ 54 6 (11%) 7 (13%) 33 (61%) 46 (85%) 0.9775

Nurses’ familiarity with pain control modalities

Pharmacological pain management, n (%); n¼ 54 6 (11%) 7 (13%) 37 (67%) 50 (93%) 1.081

Nonpharmacological pain management, n (%); n¼54 4 (7%) 6 (11%) 6 (11%) 16 (30%) 0.0008

Nurses’ familiarity with pain assessment tools

FLACC scale, n (%); n¼ 54 0 (0%) 1 (2%) 10 (19%) 11 (20%) 0.2376

Facial pain scale, n (%); n¼54 1 (2%) 6 (11%) 31 (57%) 38 (70%) 0.0005

Numeric pain scale, n (%); n¼ 54 1 (2%) 3 (6%) 28 (52%) 32 (59%) 0.005

Abbreviation: FLACC, Face, Legs, Activity, Cry, and Consolability.
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enhance pain evaluation and management by addressing
these issues, in the process improving patient care and
outcomes.12

As shown in ►Table 1, a significant majority of nurses
(87.0%) recognized pain as the fifth vital sign, mirroring
findings from a parallel survey in Brazil where 79.3% of
nurses reported a similar acknowledgment.13 However,
this study shows that there were certain gaps in knowledge
regarding specific pain assessment tools. A large subset of
nurses were familiar with the facial pain scale, but slightly
more than half (59.3%) were acquainted with the numeric
pain scale, and only a quarter (20.4%) was familiar with the
FLACC scale. Effective pain management commences with

accurate pain assessment and the utilization of standardized
tools. These tools are instrumental in evaluating the effec-
tiveness of interventions tailored to the individual needs of
patients, particularly concerning pain relief.14 Recent litera-
ture also highlights this disparity between recommended
methods of frequent pain evaluation and their lack of usage
and implementation on the ground.12

Most nurses (92.6%) exhibited familiarity with pharma-
cological approaches for pain management, whereas aware-
ness of nonpharmacological pain control methods such as
complementary therapies and relaxation techniques was
less prevalent (29.6%). Nurses with less experience were
more likely to know of nonpharmacological methods, which
may point toward a change in emphasis in nursing teaching
programs in recent times or suggest that more experienced
nurses tend to forget about them with the passage of time
due to a lack of implementation. Interestingly, a study
conducted in Zimbabwe found that most respondents dem-
onstrated knowledge of nonpharmacological pain control
methods. This discrepancy in awareness regarding nonphar-
macological approaches highlights the need for comprehen-
sive education and training initiatives to ensure that nurses
are equipped with a diverse set of pain management strate-
gies. Addressing this knowledge gap can enhance the ability
of health care professionals to provide well-rounded and
patient-centered pain management.15

As shown in ►Table 2, two-thirds of nurses (70.4%)
demonstrated the positive practice of routinely conducting

Table 3 Pain assessment methods used

Nurse’s work experience

< 1 y 1–3 y >3 y Total p-Value

Use of standardized pain assessment tools, n (%); n¼54 2 (5.2%) 6 (16%) 17 (45%) 25 (66%) 0.05156

Use of interviews for pain assessment, n (%); n¼ 38 3 (8%) 3 (8%) 6 (16%) 12 (32%) 0.2523

Use of other methods for pain assessment, n (%); n¼38 1 (3%) 0 (0%) 0 (0%) 1 (3%) 0.06465

Fig. 1 Distribution of Nurse-to-Patient Ratios Among Study Participants.

Table 2 Attitudes of Nurses towards Pain Assessment

Nurse’s work experience

< 1 y 1–3 y >3 y Total p-Value

Routine pain assessment, n (%); n¼ 54 6 (11%) 6 (11%) 26 (48%) 38 (70%) 0.344

Pain reassessment following any intervention, n (%); n¼ 38 1 (3%) 5 (13%) 10 (26%) 16 (42%) 0.074

Pain assessment documentation, n (%); n¼ 38 3 (8%) 4 (11%) 14 (37%) 21 (55%) 0.783

Reasons for not documenting patient’s pain score

It is not important, n (%); n¼ 17 1 (6%) 0 (0%) 0 (0%) 1 (6%)

Lack of resources/forms, n (%); n¼17 1 (6%) 2 (12%) 4 (24%) 7 (41%)

Workload, n (%); n¼ 17 1 (6%) 0 (0%) 8 (47%) 9 (53%)

Reasons for not reassessing the patient for pain

It is not important, n (%); n¼ 22 1 (5%) 0 (0%) 0 (0%) 1 (5%)

Lack of resources/forms, n (%); n¼22 0 (0%) 3 (14%) 6 (27%) 9 (41%)

Workload, n (%); n¼ 22 0 (0%) 4 (18%) 8 (67%) 12 (55%)

Indian Journal of Medical and Paediatric Oncology Vol. 45 No. 5/2024 © 2024. The Author(s).

Pain Assessment among Pediatric Oncology Nurses in Pakistan Khan et al. 413



pain assessments concurrently with vital sign measure-
ments. This proactive approach within patient care under-
scores the significance of comprehensive pain management.
Conversely, one-third of nurses (29.6%) indicated that they
did not consistently incorporate pain assessment into their
routine practices. It is imperative for health care professio-
nals to consistently evaluate pain, particularly considering
that many patients may not spontaneously report pain
unless specifically prompted. Thus, the practice of patient-
centered pain assessments aligns with the core principles of
patient care, emphasizing the necessity of incorporating pain
assessment as a routine component of health care delivery.16

The documentation of pain scores among participating
nurses showed variability. Some nurses reported actively
documenting pain scores, while others did not routinely
record them. Barriers to comprehensive pain assessment
documentation were identified, including a perceived lack
of importance, limited availability of resources/forms, and
the challenge of managing heavy workloads. These findings
underscore potential hurdles in effectively integrating pain
assessment documentation into clinical practice. The impor-
tance of pain reassessment after interventions cannot be
understated, as it forms the cornerstone of evaluating the
efficacy of pain management strategies.

Close to half of our study population (42.1%) performed
initial pain assessments which parallels the findings in a
study conducted in Uganda. In their study, documentation of
pain assessment was commonly reported, reflecting the
recognition of pain as an essential vital sign. However, their
results also suggested that while pain assessment may be
documented, it might not be effectively discussed in nurses’
reports. This highlights a potential gap between document-
ing pain assessment and translating these findings into
actionable care decisions. Such disparities between docu-
mentation and effective communication of pain assessment
results emphasize the need for cohesive strategies to ensure
that pain assessment is not only recorded but also integrated
into the broader patient care process.14,17

As shown in ►Table 3, a significant number of nurses
(65.8%) used standardized pain scales such as the facial pain
scale, and one-third (31.6%) preferred conversational non-
standard interviews. This aligns with findings from a com-
parable survey conducted in Jerusalem, Israel.18 These
findings support the literature outlining the gap between
current guidelines recommending regular and routine pain
evaluation using valid and reliable methods.12

As shown in ►Fig. 1, only one-third of the study partic-
ipants (29.6%) reported that they were responsible for man-
aging one to five patients, reflecting a favorable nurse-to-
patient ratio that promotes personalized care. The rest
managed 6 or more patients along with a shocking one-third
of participants (31.5%) managing more than 20 patients per
shift. This is similar to a study conducted in Brazil, inwhich it
was identified that the highest patient-to-nurse ratio was
around 27 patients per nurse during shifts. This congruence
in findings between our study and the Brazilian study under-
scores the challenges faced by health care systems in LMICs
in maintaining optimal nurse-to-patient ratios, particularly

in settings like pediatric oncology where the demands for
comprehensive and individualized care are paramount.19

Most people who answered our survey cited an excessive
amount of work and a dearth of resources as the primary
reasonswhy comprehensive pain evaluations and recordings
were not performed frequently and on each patient. This
issue is further exacerbated by the fact that Pakistan has only
0.49 registered nurses for every 1,000 people, resulting in a
severely understaffed health care system (Pakistan Human
Resources for Health Vision 2018–2030). Therefore, signifi-
cant changes will need to be made to Pakistan’s health care
system to address the challenges posed by its deteriorating
infrastructure and limited supply of resources.20,21

As evidenced by this study, nursesworking in POUswithin
the public sector in Pakistan encounter a range of barriers
when it comes to evaluating and managing pain in a clinical
setting. These challenges include a lack of knowledge, a
severe shortage of human resources, inadequate availability
of materials, and significant deficiencies in leadership sup-
port, among various other microlevel issues. In light of these
challenges, it is crucial to recognize that oncology nurses are
uniquely positioned to emphasize the importance of accu-
rate and frequent pain assessment for their patients. They
play a pivotal role in advocating for the necessity of compre-
hensive pain evaluation until the patient’s pain is effectively
alleviated.

Limitations

Several limitations are inherent in this study. As a cross-
sectional investigation, it captured a singular perspective of
nurses’ knowledge, attitudes, and practices within a specific
time frame. Longitudinal studieswould offer amore dynamic
understanding of the evolution of pain assessment practices
over time. Furthermore, the study was confined to nurses
functioning within public-sector POUs within specific Pak-
istani cities. Consequently, the generalizability of the find-
ings to nurses in distinct health care settings or geographical
regions may be restricted.

Conclusion

The findings of this study highlight the need for further
training in pain assessment and management for pediatric
oncology nurses within Pakistan’s public-sector hospitals. To
address challenges such as high workload, resource limita-
tions, inadequate training, andeducation inpainmanagement,
and to prioritize effective pain control in pediatric oncology as
a fundamental quality care indicator, the active engagementof
hospital leadership and policymakers is crucial.
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Abstract Introduction Myelosuppression is a commonly observed dose-limiting side effect of
majority of chemotherapeutic drugs, characterized by a decrease in blood cell
production. They cause neutropenia, thrombocytopenia, and anemia and can be life
threatening in few susceptible individuals. Attempts to lessen chemotherapy-induced
myelosuppression have been minimally effective. Managing myelosuppression has
been a challenge to medical practitioners and pharmacist. Identifying their risk factors
and the management strategies can help prevent the debilitating effects on chemo-
therapy patients.
Objectives The aim of this study was to determine the risk factors for chemotherapy-
induced myelosuppression and identify its management in a tertiary care hospital. We
also observed the cycle it predominantly occurs and its prevalence rate in the region.
Materials and Methods The study is a prospective observational cohort study
conducted in a tertiary care hospital in Coimbatore, Tamil Nadu. The sample size
was calculated using RAO software for a study duration of 4 months from 73 patients
who were prescribed the inclusion criteria drugs paclitaxel, carboplatin, 5-fluorouracil,
doxorubicin, and cyclophosphamide. The complete blood count was obtained and
followed up to find myelosuppression occurrence on day 8 of first three cycles. The
National Cancer Institute grading system was used to assess the severity of myelo-
suppression. It was done from May 2022 to August 2022. Chi-squared tests and
percentages were adopted by using the SPSS software.
Result The result for primary objective is that among the total 73 patients employed,
30 patients were found to bemyelosuppressive (41%) and the prevalence rate was 41%.
Risk factors such as age, gender, and diagnosis showed statistically significant
association (confidence interval: 95% and p-value <0.005). The drugs paclitaxel,
carboplatin, 5-fluorouracil, cyclophosphamide, and adriamycin proved to be highly
myelosuppressive with a p-value of 0.049.
The results for secondary objectives were that cycle 1 was reported to be highly
myelosuppressive with 27%. The treatment options that was highly used was
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Introduction

Cancer is a group of diseases, where some of the body’s cells
grow uncontrollably and spread in the body. Cancer is
among the leading causes of death worldwide. According
to National Cancer Institute (NCI) in 2018, there were 18.1
million new cases and 9.5 million cancer-related deaths
worldwide; accounting for nearly 10 million deaths in 2020.
Chemotherapy is treatment of cancer with drugs that uses
powerful chemicals to kill fast growing tumor cells in your
body. There are many different chemotherapy drugs that
are used alone or in combination to treat different types of
cancers.1 In chemotherapy, drugs interfere with DNA syn-
thesis and mitosis to destroy the cancer cells. Hence, it is not
only effective to treat most types of cancers, but also
possesses a series of side effects. These chemotherapy
side effects may be mild and treatable or can cause life
threatening complications.

Chemotherapy-induced myelosuppression (CIM) is the
most common dose-limiting and fatal complication of cancer
treatment. Myelosuppression is caused by destruction of
proliferating progenitor cells that produce mature red and
white blood cells and platelets in peripheral circulation. As
immature cells in the marrow are destroyed, pre-existing
mature cells are eliminated, and the nadir of the individual’s
blood cell count is attained. At that time, cells are maturing
and are ready to release into peripheral blood so within a
short period the blood count has returned to near normal
state and the next dose of chemotherapy is administered.2

Myelosuppression is a crucial factor in determining how
much drug is to be given. After treatment has begun, if bone
marrow has not recovered before the next cycle of chemo-
therapy, dosage reduction or delay starting the cycle will
depend primarily on intent of treatment.3 If the patient is in a
clinical trial, the grade of toxicity will correspond with
appropriate course of action. According to NCI grading scale,
myelosuppression is graded, and the type is decided. Mye-
losuppression is the umbrella term for anemia, thrombocy-
topenia, and neutropenia.4 Grade I myelosuppression may
require no modification in the treatment plan, whereas a
grade III or IV toxicity may require not just a delay in
treatment but dose reduction, depending on the outcome.5

Transfusions of packed red blood cells (PRBC) and platelets
are common treatments when chemotherapy causes anemia
and thrombocytopenia.2

The granulocyte colony-stimulating factors (G-CSF) and
granulocyte macrophage-colony stimulating factors (GM-

CSF) reduce the severity and duration of neutropenia after
therapy. Antibiotics are given to prevent infection.6 Regular
peripheral blood count monitoring is the standard practice.
The other mainstay of early detection is education of
patients, caretakers, and healthcare staff with the signs
and symptoms suggestive of cytopenia’s, and importance
of prompt blood count confirmation and appropriate man-
agement. Dose reduction or delay before scheduled courses
maybe suggested if unexpectedly severe or prolonged cyto-
penia occur. Primary or secondary prophylaxis happens by
giving G-CSF.7

In this study, the association of risk factors (age, gender,
body surface area, comorbidities and chemotherapeutic drug
combinations) with myelosuppression is studied. To identify
myelosuppression, data from complete blood count (CBC)-
platelets, RBC and white blood cells along with absolute
neutrophil count (ANC) were noted on the day 8 and the
nadir day reports.8 The risk factors of CIMwere studied using
five chemotherapeutic drugs that are commonly used in
chemotherapy (paclitaxel, carboplatin, cyclophosphamide,
doxorubicin, and 5-fluorouracil).9

Therefore, this study aims to serve as a resource for
healthcare professionals to enhance their understanding
of myelosuppression and its regular monitoring in
patients receiving chemotherapy. The primary objective
of our study is to determine the prevalence rate of
myelosuppression and its risk factors in cancer patients.
The secondary objective was to identify the cycle in
which increased myelosuppression occurs and the treat-
ment options used.

Materials and Methods

The study is a prospective observational cohort study con-
ducted in a tertiary care hospital in Coimbatore, Tamil Nādu.
The sample size of 73 was calculated using the RAO software
from data obtained by daily patient flow and study duration.
The study was carried out for a duration of 4 months, and
data was collected from patients who were prescribed with
the inclusion criteria drugs paclitaxel, carboplatin, 5-fluoro-
uracil, doxorubicin, and cyclophosphamide. The CBC was
obtained and followed up to find myelosuppression occur-
rence on day 8 of blood reports, since the administration of
drug for thefirst 3 cycles. TheNCI grading systemwas used to
assess the severity of myelosuppression of carboplatin, pac-
litaxel, 5-fluorouracil, adriamycin, and cyclophosphamide.
The study was done from May 2022 to August 2022. Chi-

granulocyte-colony stimulating factor (90%), followed by packed red blood cell
transfusion (7%).
Conclusion The incidence of chemotherapy-induced myelosuppression from this
study showed that it was important to monitor the complete blood count levels in
patients undergoing chemotherapy. Early assessment of risk for developing myelo-
suppression may prevent or reduce its severity.
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squared tests and percentages from SPSS softwarewere used
for statistical analysis. The result for primary outcome is that
among the total 73 patients employed, 30 patients were
found to be myelosuppressive (41%) and the prevalence rate
was 41%. Risk factors such as age, gender, and diagnosis
showed statistically significant association (confidence in-
terval: 95% and p-value <0.005). The drugs paclitaxel, car-
boplatin, 5-fluorouracil, cyclophosphamide, and adriamycin
proved to be highly myelosuppressive with a p-value of
0.049. The results for secondary outcome were that cycle 1
was reported to be highly myelosuppressive with 27%. The
treatment options that was highly used was granulocyte-
colony stimulating factor (90%), followed by packed red
blood cell transfusion (7%).

Inclusion Criteria

• All types of cancer with chemotherapy drugs (paclitaxel,
carboplatin, cyclophosphamide, 5-fluorouracil, and doxo-
rubicin) in weekly and 3 weekly dosage regimens.

• >18 years of age.
• Cancer patients in cycles 1, 2, and 3.

Exclusion Criteria

• Patients who are not receiving chemotherapy.
• Psychiatry patients with cancer.
• Cycles excluding 1, 2, and 3 due to difficulty to obtain data

and patient follow-up.
• Patients receiving concurrent chemotherapy and radia-

tion therapy.

Statistical Analysis

The datawere entered inMs excel spread sheet and analyzed
using Statistical Package for Social Science (SPSS) version
26.0. Qualitative and Quantitative variables were compared
and analyzed using chi-squared test.

Ethics

The study was approved by Institutional Human Ethics
Committee, PSG hospitals, Coimbatore, Tamil Nadu, India.
(Approval no: PSG/IHEC/2022/Appr/Exp/118; approved on
May 04, 2022). 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

In this study, 73 patients were recruited based on their
inclusion and exclusion criteria. The age wise distribution
was found by grouping the patients according to World
Health Organisation (WHO) scale as age groups (15–24)
with 6%, age group (35–64) with 71%, and more than
65 years with 23%. The gender wise distribution showed
21% male and 80% female in the study. The study catego-

rized the body mass index (BMI) for patients in C1, C2, and
C3. The BMI was categorized as less than 18.5 (under-
weight), 18.5 to 24.9 (normal range), 25 to 29.9 (over-
weight) and more than 30 (obese). The highest
distribution of myelosuppression was in the BMI range
18.5 to 24.9 (normal range) as 48% (n¼35).

In this study, among the total population the social history
was taken into accounted and 10% (n¼7) patients were
smokers, 4% (n¼3) were alcoholics, and 3% (n¼2) were
smokers and alcoholics. The past medical history showed
diabetes mellitus (DM) 27% (n¼5), hypertension (HTN) 6%
(n¼4), both DM 2 and HTN 14% (n¼10), no comorbidities
56% (n¼41), and no past medical history as 18% (n¼13). The
past medication history, chemotherapy, and oral hypoglyce-
mic agents (OHA) showed 7% (n¼5), chemotherapy, and
anti-HTN showed 6% (n¼4), chemotherapy, OHA, anti-HTN
combined showed 14% (n¼10), chemotherapy alone showed
56% (n¼41), and none showed 18% (n¼13). Family history
was also included based on genetic lineage.

Among 73 patients, 41% (n¼30) were found to have
myelosuppression (►Fig. 1). The objective was met by calcu-
lating the prevalence rate by,

The occurrence of myelosuppression in the population was
41% (n¼30). ►Table 1 shows the relationship of myelosup-
pression with gender, age, and disease condition in this study.
Also, other postulated risk factors like BMI, past medical and
medication history, social history, and family history did not
show significant statistical association. In this study, a total of
30 patients got myelosuppression among which grade 1 was
27% (n¼20), grade 2 was 10% (n¼7), grade 3 was 11% (n¼8),
grade4was3%(n¼2), andprophylaxiswasgiven for3%(n¼2).
The highest distribution was in grade 1 with 27% (n¼20).

The cycle in which CIM occurred more was cycle 1 with
56% followed byother cycles (►Fig. 2). Additionally, grades of

Fig. 1 Occurrence and nonoccurrence of myelosuppression in study
population.
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myelosuppression were assessed according to NCI guide-
lines. The management strategy used in the tertiary care
center for the myelosuppressive patients with myeloprotec-
tive agents were found to be G-CSF, PRBC transfusion, and a
combination of both. The myeloprotective agent G-CSF 90%
was prescribed the most (►Fig. 3).

Discussion

CIM is a life-threatening condition and commonly manifests
as anemia, neutropenia, and thrombocytopenia and often
results in an increased risk of infections, shortness of breath,
fatigue, and excessive bleeding.

In this study of chemotherapy patients, female patients
(80%) have reported to have more myelosuppression than
men (20%). According to Nan Jiang et. Al and WHO Female

gender are scientifically proven to have an increased 35% risk
of developing side effects than men due to sex differences in
inflammatory and immune responses.10 Many biological
differences in male and female in patterns of cancer are
due to differences in their sex hormones, such as estrogenic
or testosterone.

Age group of 25 to 65 (60%) reported to be more myelo-
suppressive than other groups of 19 to 24 and seniors of age
above 65, similar to the study of Repetto.3,11 Complications
due to age-related physiologic changes that can increase the
toxicity are decreased stem cell reserves, decreased ability to
repair cell damage, progressive loss of body protein, and
accumulation of body fat.12

Body weight was reported to have increased risk of
developing several cancers including colorectal cancer,
breast cancer, renal cell, and pancreatic cancer from stud-
ies.13 One proposed mechanism in increased risk of develop-
ing cancer was the reduction in growth factor production
with increased body weight. This study showed an increase
in myelosuppression in patients who fell under the BMI
groups 18.5 to 24.9 and 25 to 29.9, with strong support
from the study of Weycker et al.14 BMI classification was
done according to standard WHO classification.

Social history denoted as smoking, alcohol consumption,
and other substance usewere collected in this study. Accord-
ing to the study of Beyth et al,15 cigarette smoking was linked
to significant decrease in bone marrow concentration of
mesenchymal stem cells. In this study, social history was
not found to have any relationship with CIM.

Family history consists of the collection of information
about the patients and their family members devoted to an
understanding of heritable lines. Many diseases have genetic

Fig. 2 Cycle wise incidence of myelosuppression in study population.

Table 1 Significance of risk factors associated with
myelosuppression in study population

Risk factors p-Value

Gender
Age
BMI C1
BMI C2
BMI C3
Social history
Family history
Past medical history
Past medication history
Diagnosis
Drugs

0.048
0.046
0.313
0.386
0.654
0.674
0.406
0.343
0.343
0.048
0.049

Abbreviations: BMI, body mass index; C1, cycle 1; C2, cycle 2; C3, cycle 3.
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lineage proposing as one of the significant risk factors. Family
lineage of diseases like diabetes andHTNand otherswere not
found to be a significant risk factor for CIM in this study.

Medical history denoted the comorbid conditions that
coexisted with the primary disease. Given that most of the
cancers are diagnosed, these comorbid conditions are pre-
existing. Examples of comorbid conditions are DM, HTN,
cardiovascular diseases, liver diseases, kidney problems, etc.
Some of these have common risk factor with cancer. The type
and severity of comorbidity may affect treatment outcomes
and hence require customization. In this study, comorbid
conditions of patients were not found to have significance in
causing CIM.

Medication history is the class of drugs given other than
chemotherapy drugs in this study. Medication history is
proposed to have impact on the occurrence of adverse event
due to polypharmacy. Other drugs found to cause myelosup-
pression are chloramphenicol, Meclofenamic acid, quinidine,
trimethoprim-sulfadiazine, and other antifungals. In this
study, medication history was found to be an insignificant
risk factor to cause CIM.

Breast cancer has been the disease that has reported to
show more myelosuppression in our study. Breast cancer has
onlybeenseen inwomanandnomalebreastcancercaseswere
reported in this study. Evidence from several studies showed
that woman have more risk of developing adverse reaction to
chemotherapy. Women have 100 times greater risk of devel-
oping breast cancer due to presence of more breast cells than
male. Other factors like race and ethnicity, menstrual cycle,
lifestyle changes, and use of contraception can influence the
development of myelosuppression in breast cancer.

Drugs in this study are the inclusion criteria drugs, that
is, paclitaxel, carboplatin, cyclophosphamide, 5-fluoroura-
cil, and doxorubicin. Cell cycle specific and cell nonspecific
drugs are reported to cause rapid myelosuppression that is
rapid and recovery is quicker, whereas cell noncycle
specific causes myelosuppression that is delayed, pro-
longed and cumulative with evidence from study of Max-
well and Maher.1 The same has been reported in our study
with 41%.

WBC nadir occurs during every cycle of chemotherapy in
patients. Nadir occurs in chemotherapy patients alone or in
combination around 8 to 14 days of chemotherapy drugs
intake with reference to Barreto et al.16 Also, myelosuppres-
sion can occur in any cycle and it is due to large intrasubject
variability. In this study the cycle that shows increased
myelosuppression was cycle 1 with 56% followed by cycle
2 and cycle 3, after follow-up of individual patientswith their
CBC reports.

In this study, gender, age, disease condition, and inclusion
criteria drugs (paclitaxel, 5-fluorouracil, carboplatin, cyclo-
phosphamide, and adriamycin) were found to be significant
risk factors in the development of myelosuppression.

Limitations

The study was performed in a single-center hospital that
resulted in homogenous sample intake. The follow-up of
patient’s files and collecting sample details were difficult,
due to record unavailability. Patient flowwas affected due to
coronavirus disease 2019 pandemic. Febrile neutropenia
patients were not included in this study.

Fig. 3 Myeloprotective class percentage used to treat myelosuppression. G-CSF, granulocyte colony-stimulating factor; PRBC, packed red blood
cell.
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Conclusion

The incidence of CIM from this study showed that it was
important to monitor the CBC levels in patients undergoing
chemotherapy. Early assessment of risk for developing mye-
losuppression may prevent or reduce its severity. Drugs
prescribed like paclitaxel, carboplatin, cyclophosphamide,
and doxorubicin have increased risk of causing myelosup-
pression. Assessment and prevention of CIM should be
considered as one of the important aspects in clinical prac-
tice because negligence of monitoring CBC profile may lead
to life threatening situations.

Pharmacist can improve appropriate medical care to
reduce occurrence of myelosuppression. Dose titrations,
capping, prophylactic treatments, and medical intervention
provided by pharmacists can be valuable in reducing the
harm of chemotherapy adverse effects. Medication chart
review, follow-up, and checking for adverse drug reactions
aid the process. Further suggesting predictive models allow-
ing better access to a patient’s susceptibility to antineoplastic
agent-induced myelotoxicity will enable better individual-
ized therapy thought to be unpredictable. Finally, the use of
modern novel therapies and molecular information can help
mitigate the lethal risks of chemotherapy induced myelotox-
icities in hospital setup.
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Abstract Introduction Gastric cancer has become the third leading cause of cancer deaths
globally. It accounts for 5.7% of cancer around the world, with a rate of mortality
around 8.2%. Evaluation of human epidermal growth factor receptor 2 (HER2)/neu
overexpression for targeted therapies is presently the mainstay of treatment in gastric
cancer. High Ki-67 index expression in gastric cancer is an indicator of poor prognosis.
Objectives To study the prevalence of HER2/neu expression and Ki-67 index in various
types, sites, grade, and stage of gastric adenocarcinoma and to determine the
correlation between HER2/neu expression and Ki-67 index.
Materials and Methods This is a prospective study in a tertiary care hospital, Kolkata
from January 2019 to June 2020. Gastrectomy and endoscopic biopsy of gastric
adenocarcinoma were studied for histopathology and immunohistochemistry
(HER2/neu and Ki-67 index). Statistical analysis used: SPSS (version 21.0, IBM, Chicago,
Illinois, United States) for windows software.
Results Among 54 cases, most of them were intestinal type, antral, moderately
differentiated, stage III cases. HER2 expression and high Ki-67 index were observed in
28.0 and 40.75% cases, respectively. Statistically significant correlation was found in
both HER2 expression and high Ki-67 index with location of the tumor and pathological
nodal (pN) stage. A positive correlation was found between HER2/neu score and Ki-67
index (p¼0.007) (correlation coefficient¼0.4).
Conclusion A positive correlation was found between HER2/neu positivity and high
Ki-67 index, both were associated with higher pathological tumor stage and pN stage.
So, advanced cases may be considered for targeted therapy using trastuzumab.
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Introduction

Gastric cancer ranks third globally in terms of overall cancer
mortality, trailing only colorectal and lung cancer, according
to GLOBOCANa 2018 data. Among all cancers, gastric cancer
has the fifth highest incidence, accounting for 5.7% of newly
diagnosed cases.1,2 Ten percent of deaths caused by cancer
globally are attributable to gastric carcinoma (GC), which has
a 70% case fatality rate.3

Males are more likely to develop gastric cancer. In devel-
oped countries, men have 2.2 times greater likelihood than
women to get diagnosed with stomach cancer. The ratio in
developing countries is 1.83.1 Although most patients are
older than 50 years, rare cases arise in younger individuals
and even children.4

Early-stage cancers are typically treated with surgical
resection; however, the majority of patients get diagnosed
when the disease has advanced and is frequently incurable.
Despite chemotherapy, the outcome for patients with ad-
vanced resectable stomach cancer is still pathetic. Therefore,
early tumor detection and the use of molecular targeted
therapy can increase patient survival by reducing the risk of
recurrence and metastasis.2,3

In gastric cancer, overexpression of human epidermal
growth factor receptor 2 (HER2)/neu plays a pathogenetic,
therapeutic, and predictive role. One of the mainstays of
treatment is presently to assess HER2/neu overexpression
along with other biomarkers for targeted treatments.5HER2/
neu oncogene overexpression and amplification has
emerged as a critical indicator for determining patient’s
response to HER2/neu targeted therapy.

There has been some evidence that Ki-67 can be correlat-
ed with outcome in stomach cancer.6

This study aimed to investigate the clinicopathological
spectrum of gastric cancer, and to assess HER2/neu and the
Ki-67 index using immunohistochemistry (IHC) techniques
on diagnosed cases of adenocarcinoma. This study tried to
find correlation of HER2/neu expression and the Ki-67 index
with various histomorphological variations and grade of
gastric adenocarcinoma.

This studywas undertaken to diagnose the cases of gastric
adenocarcinoma by histopathology, determine its incidence,
and study the prevalence of HER2/neu expression and Ki-67
index according to location, histopathological types, grading,
and staging. The correlation between HER2/neu and Ki-67
was also determined.

Objectives

The objectives were to study the prevalence of HER2/neu
expression and Ki-67 index in various types, sites, grade, and
stage of gastric adenocarcinoma and to determine the corre-
lation between HER2/neu expression and Ki-67 index.

Materials and Methods

Study Design
This is a prospective study done in a tertiary care hospital,
Kolkata, West Bengal from January 2019 to June 2020.

Primary Outcome
To study the prevalence of HER2/neu expression and Ki-67 index
invarious types, sites, grade,andstageofgastricadenocarcinoma.

Secondary Outcome
To study the correlation between HER2/neu expression and
Ki-67 index.

Inclusion Criteria
Patients clinically diagnosed with gastric adenocarcinoma
and who underwent gastric endoscopic biopsy or gastrecto-
my for the same.

Exclusion Criteria
Patientswithahistoryofgastric adenocarcinoma, treatedwith
chemotherapy and gastric cancer cases diagnosed other than
gastric adenocarcinomawere excluded. Detailed history, clin-
ical features, and radiological investigation were evaluated.

The specimens were processed for histopathological and
immunohistochemical study. Hematoxylin and eosin stain
was used to stain the sections for histopathological study and
cases diagnosed as gastric adenocarcinoma were evaluated
for immunohistochemical study with HER2/neu and Ki-67.

The three authors independently scoredHER2/neu IHCusing
the Gastric Cancer Scoring System for surgical specimens.7 The
cases were examinedwith standard HER2/neu positive criteria.
Brown staining of malignant cell membrane was used to assess
positivity. A score of 3þ was considered positive for HER2/neu.

HER2 IHC Pattern in Surgical Specimen

Score 0 negative: No reactivity or membranous reactivity
in <10% of cancer cells.
Score 1þ negative: Faint or barely perceptible membra-
nous reactivity in �10% of cancer cells; cells are reactive
only in part of their membrane.
Score 2þ equivocal:Weak tomoderate complete, basolateral
or lateral membranous reactivity in �10% of tumor cells.
Score 3þ positive: Strong complete, basolateral or lateral
membranous reactivity in �10% of cancer cells.

HER2 IHC Pattern in Biopsy Specimen

Score 0 negative: No reactivity or no membranous reac-
tivity in any cancer cell.
Score 1þ negative: Cancer cell clusterb with a faint or
barely perceptible membranous reactivity irrespective of
percentage of cancer cells positive.
Score 2þ equivocal: Cancer cell clusterb with a weak to
moderate complete, basolateral, or lateral membranous
reactivity irrespective of percentage of cancer cells positive.

a An online database providing global cancer statistics and
estimates of incidence and mortality in 185 countries for 36
types of cancer, and for all cancer sites combined. b Cancer cell cluster consisting of �5 neoplastic cells
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Score 3þ positive: Cancer cell clusterb with a strong
complete basolateral, or lateral membranous reactivity
irrespective of percentage of cancer cells positive.

Ki-67 IHC scoring was performed in accordance with the
International Ki-67 in Breast Cancer Working Group8 crite-
ria, with Ki-67 positive staining defined as positive nuclear
staining only, irrespective of intensity of staining. At least
1,000 nuclei counted at high power (�40 objective) was
required for scoring.

The Ki-67 score/index or proliferation index was calculat-
ed as percentage of positively stained nuclei in the area
scored out of total number of nuclei.

Cases were then divided into two groups for suitable
grouping of results: GCs having high Ki-67 score (>20%)
and GCs having low Ki-67 score (�20%).

Statistical Analysis
Available data were statistically evaluated with SPSS (version
21.0, IBM,Chicago, Illinois, United States) forwindowssoftware.

Ethics
All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. We began our re-
search only after receiving approval from the ethical
committee. This work has been approved by our institution’s
proper ethical committee. Ethical approval number is EC-
CNMC/2019/220, date January 11, 2019, Institutional Ethics
Committee, Calcutta National Medical College.

Results

In our study, the patient’s mean age was 59.1�10.9 years,
having a range from 32 to 83 years, with male preponder-

ance (3:1). We studied 38 (70%) specimens of gastrectomy,
whereas gastric biopsies account 16 (30%) cases. Antrum
(48.15%) was the most frequent location followed by pylo-
rus (24.07%).

Intestinal variant was higher (87.04%) than the diffuse
variant and majority of gastric adenocarcinoma cases were
moderately differentiated (grade 2) (62.96%) (►Fig. 1), fol-
lowed by poorly differentiated (grade 3) (27.78%) and few
cases were well differentiated (grade 1) (9.26%).

Fig. 1 Moderately differentiated gastric adenocarcinoma; hema-
toxylin and eosin stain �40 and inset showing gross specimen of
radical gastrectomy showing diffuse infiltrative growth involving
whole of the specimen.

Table 1 Clinicopathological characteristics of patients

Characteristics Number of patients
(n¼54) (%)

Age

Range 32–83

Mean 59.1�10.9

Sex

Male 40 (74.07)

Female 14 (25.93)

Type of specimen

Gastrectomy 38 (70.37)

Gastric biopsy 16 (29.63)

Location of tumor

GE junction 2 (3.7)

Fundus 1 (1.85)

Body 9 (16.67)

Incisura 3 (5.56)

Antrum 26 (48.15)

Pylorus 13 (24.07)

Lauren’s classification

Intestinal 47 (87.04)

Diffuse 7 (12.96)

Grade of tumor

Well differentiated 5 (9.26)

Moderately differentiated 34 (62.96)

Poorly differentiated 15 (27.78)

Pathological tumor stage

T1 16 (29.63)

T2 5 (9.26)

T3 25 (46.30)

T4 8 (14.81)

Pathological nodal stage

Nx 16 (29.63)

N0 6 (11.11)

N1 6 (11.11)

N2 16 (29.63)

N3 10 (18.52)
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The majority of gastrectomy patients (65.78%) had stage
III disease according to TNM staging (►Table 1).

In this study, including 54 cases of gastric adenocarcino-
ma, 15 cases (28%) were positive for HER2/neu (►Fig. 2).
HER2/neu expression was more prevalent in adenocarcino-

ma of distal part of stomach, antrum (38%), pylorus (30%)
which is statistically significant (p¼0.02). Out of the 15
HER2/neu positive cases, there were 14 intestinal variant
cases and only 1 was diffuse variant case.

Adenocarcinoma with moderate differentiation (grade 2)
displayed highest HER2/neu positivity (score 3þ ) (►Fig. 3)
followed by poor differentiation (grade 3).

No significant association (p¼0.06) was noted among
positive expression of HER2/neu and pathological tumor
(pT) stage, but a statistically significant association
(p¼0.009) noted among positive expression of HER2/neu
and pathological nodal (pN) stage (►Table 2).

In our study of 54 cases, 40.75% cases had high Ki-67
proliferation index (►Fig. 4), out of which 62% had T4 stage
gastric adenocarcinoma cases showing high Ki-67 score.

A significant correlation was noted between Ki-67 index
and site of gastric adenocarcinoma (p¼0.05).

The diffuse type (57%) had high Ki-67 score and poorly
differentiated adenocarcinoma (53%) had high Ki-67 score
(►Fig. 5).

A statistically significant correlation was noted be-
tween Ki-67 score and pN stage (p¼0.002). pN3 gastric
adenocarcinoma (90%) cases showed high Ki-67 score
(►Table 3).

Thirteen out of total 15 HER2/neu positive cases had high
Ki-67 score. A positive correlationwas noted HER2/neu score
and Ki-67 score (p¼0.007) (correlation coefficient¼0.4)
(►Table 4).

Table 1 (Continued)

Characteristics Number of patients
(n¼54) (%)

TNM stage

I 3 (7.90)

II 10 (26.32)

III 25 (65.78)

IV 0 (0)

HER2/neu score

0 19 (35)

1þ 6 (11)

2þ 14 (26)

3þ 15 (28)

Ki-67 proliferation index

High 22 (40.75)

Low 32 (59.25)

Abbreviations: GE, gastroesophageal; HER2, human epidermal growth
factor receptor 2.

Fig. 2 Bar diagram showing distribution of gastric adenocarcinoma cases according to HER2/neu score. HER2, human epidermal growth factor
receptor 2.
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Discussion

A study conducted by Amrani et al9 and Ahadi et al10 which
was similar to our study also showed that patient’s mean age
was 59.1�10.9 years, with male preponderance (3:1).

In our study, antrum (48.15%) was the most frequent
location followed by pylorus (24.07%) similar to Aditi
et al11 and Mohapatra et al’s study.12

Intestinal subtype was more common (87.04%) than the
diffuse subtype in our study, similar to the study of Shah et al
(2019)13 and Shabbir et al (2018).14

Raj et al’s15 study also similarly showed that majority
of gastric adenocarcinoma cases were moderately

Fig. 3 Moderately differentiated gastric adenocarcinoma showing
positive membranous staining for HER2/neu; immunohistochemistry
�40. HER2, human epidermal growth factor receptor 2.

Table 2 Association between HER2/neu of the patients with different clinicopathological parameters

Clinicopathological parameters HER2/neu score p-Value

0 1þ 2þ 3þ
Site

Proximal (GE junction, incisura, fundus, body) (n¼15) 7 0 7 1 0.02

Distal (antrum, pylorus) (n¼39) 12 6 7 14

Type

Intestinal (n¼ 47) 18 5 10 14 0.23

Diffuse (n¼7) 1 1 4 1

Grade

Well differentiated (grade 1) (n¼ 5) 3 2 0 0 0.09

Moderately differentiated (grade 2) (n¼34) 12 2 8 12

Poorly differentiated (grade 3) (n¼ 15) 4 2 6 3

Pathological tumor stage

T1 (n¼ 16) 9 2 5 0 0.06

T2 (n¼ 5) 3 2 0 0

T3 (n¼ 25) 7 1 7 10

T4 (n¼ 8) 0 1 2 5

Pathological nodal stage

Nx (n¼16) 9 2 5 0 0.009

N0 (n¼ 6) 5 1 0 0

N1 (n¼ 6) 2 1 3 0

N2 (n¼ 16) 3 1 4 8

N3 (n¼ 10) 0 1 2 7

Abbreviations: GE, gastroesophageal; HER2, human epidermal growth factor receptor 2.

Fig. 4 Pie chart showing distribution of gastric adenocarcinoma
cases according to Ki-67 proliferation index.
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differentiated (grade 2) (62.96%), followed by poorly differ-
entiated (grade 3) cases (27.78%) and least cases were well
differentiated (grade 1) (9.26%).

In our study,most of the gastrectomy patients (65.78%) had
stage III disease which was comparable to the research con-
ductedbyAditi et al (2016)11andPramaniket al16whereoutof
17 resection specimens, 10 had (58.8%) stage III disease and
majority (71.1%) had stages III and IV disease, respectively.

Among 54 cases, HER2/neu positivity was expressed by 15
(28%) caseswhichwas comparable to the researchdonebyAditi
et al (2016),11Ghosh et al (2016),17 and Pramaniket al (2020).16

HER2/neu expression was more prevalent in adenocarcino-
maofdistal part of stomach, antrum (38%), pylorus (30%)which
was found to be statistically significant (p¼0.02) and concor-
dant with thefindings of the study byMohapatra et al (2020).12

Among 15 HER2/neu positive cases, there were 14 intes-
tinal cases and only one diffuse casewhich is consistent with
the research of Dawa and Zedan (2018),18 Ghosh et al
(2016),17 and Aditi et al (2016).11

Adenocarcinoma with moderate differentiation (grade 2)
displayed highest HER2/neu positivity (score 3þ ) followed
by poor differentiation (grade 3).

Similar findings also were seen in the study by Raj et al
(2018)15 and Shah et al (2019)13.

Our study showed no significant correlation between
positive HER2/neu score and pT stage (p¼0.06) as also
shown in the research by Ahadi et al (2020)10 and Pramanik
et al (2020).16

But a statistically significant correlation was seen be-
tween HER2/neu positivity and pathologic T-stage
(p¼0.026) in the study by El-Gendi et al (2015).19

A statistically significant association was noted among
HER2/neu positivity and pN stage (p¼0.009) similarly as in
the research by Mohapatra et al (2020).12

In our study, 40.75% of the 54 patients had Ki-67 prolifer-
ation index comparable to the research by Ahadi et al (2020)
10 where 33.75% patients had high Ki-67 proliferation index.

Low Ki-67 index tumors were more proximally located,
similar to the study findings by Fradique et al.20.

The Ki-67 index showed significant association with
gastric adenocarcinoma site in our study (p¼0.05).

The diffuse gastric adenocarcinoma (57% cases) showed
high Ki-67 score which was similar with the study by
Pramanik et al (2020).16

In our study, 53% of poorly differentiated adenocarcinoma
(grade 3) showed high Ki-67 proliferative index which was
consistent with the study by Lazăr et al (2010).21

In our study, 62% of T4 stage gastric adenocarcinoma cases
showed high Ki-67 index whichwas in concordancewith the
findings done by El-Gendi et al (2015).19

In our study, 90% of pN3 gastric adenocarcinoma cases
showed high Ki-67 index which had statistical significance
(p¼0.002), whereas for pN2 and pN3 carcinomas, Lazăr
et al’s study (2010)21 noted “high Ki-67 scores in only 39.1
and 25% of cases.”

Our study showed 13 out of 15HER2/neupositive caseswith
high Ki-67 score, and positive correlation was noted between
HER2/neu score and Ki-67 index (p¼0.007) (correlation coeffi-
cient¼0.4)which is consistentwith the studyofAhmedandAl-
Tamimi (2018)22 where “high Ki-67 index was significantly
significant, p-value <0.01 in HER2/neu positive cases.”

Conclusion

To conclude, our study showed out of 54 cases of gastric
adenocarcinoma, there were predominantly males of age
59.1�10.9 years. Most of the gastric adenocarcinoma cases
present on antrum andweremoderately differentiated, stage
III intestinal type.

HER2/neu overexpressionwas found in 28.0% cases which
was statistically significant and correlated with location
(p¼0.02), pN stage (p¼0.009) of the tumor.

High Ki-67 index expression were shown in 40.75% cases
of gastric adenocarcinoma. Out of which majority were
poorly differentiated, stage III diffuse type. There was a
significant correlation between Ki-67 index with location
of tumor (p¼0.05) and pN stage (p¼0.002).

Positive HER2/neu and high Ki-67 index had association
with higher pT stage and pN stage evidencing an aggressive
behavior.

Our study supports the view that patients with HER2/neu
positivity and high Ki-67 index have poorer prognosis.

Positive HER2/neu cases (87%) showed high Ki-67 score
and a positive correlation noted between HER2/neu score
and Ki-67 score (p¼0.007) (correlation coefficient¼0.4).

Fig. 5 Poorly differentiated gastric adenocarcinoma showing score
3þ positive nuclear staining for Ki-67 marker; immunohistochemistry
�10.
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Though unavailability of fluorescence in situ hybridiza-
tion for equivocal HER2/neu cases and follow-up of all the
patients could not be assessed; however, immunohisto-
chemical assessment of the HER2/neu score and Ki-67 score
in our study appeared to be useful in detecting prognostic
correlation in patients with advanced adenocarcinomas.

Our study can help clinicians to optimize the management of
gastric adenocarcinoma patients by choosing candidates for
trastuzumab-based therapy and may help improve understand-
ing of the therapy’s efficacy in HER2/neu positive gastric cancers.
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Majority (70–80%) of the epithelial ovarian cancers (EOC)
recur with current therapy.1 Patients who progress within
6 months of platinum-based chemotherapy are considered
to have platinum-resistant ovarian cancer (PROC) disease
and have a very poor prognosis. Themedian progression-free
survival (PFS) in PROC is 3 to 4 months, and the median
overall survival (OS) is 1 year.2 Other than “platinum-refrac-
tory disease” (progression during or within 4 weeks of
platinum-based therapy [median OS: 3–5 months]), few
factors have been consistently associated with prognosis in
PROC. We explored the prognostic impact of simple indices
that reflect the immunological milieu (neutrophils to lym-
phocyte ratio [NLR] and systemic immune-inflammation
[SII]) in patients with PROC. Inflammatory indices are prog-
nostic in ovarian cancer (newly diagnosed and platinum-
sensitive recurrence), but there are no reports in patients
with PROC.3,4 After obtaining approval from the Institutional
Ethics Committee (EC Approval No: JIP/IEC/2019/558), data
of patients diagnosed with PROC between January 1, 2015

and December 31, 2019 was collected. The diagnosis of
relapse could be based on the elevation of CA-125 or
symptoms/imaging findings. PFS was defined from the start
of treatment of PROC until progression or death due to any
cause. SII (platelet count�neutrophil count)/lymphocyte
count and NLR (absolute neutrophil count/absolute lympho-
cyte count) were calculated. Their median values were used
to divide patients into high and low categories.

Forty-nine patients who had started treatment for PROC
(n¼21 with “refractory” disease) were included in this
analysis (►Fig. 1). The median interval between the last
platinum treatment to relapse was 3.2 (2.1–4.6) months.
All had undergone surgery during initial treatment, either
upfront (n¼9, 18%) or interval (n¼40, 82%). At the time of
diagnosis of PROC, 19 (39%) patients were symptomatic, 2
(4%) had isolated elevation of CA-125, and 28 (57%) had
elevated CA-125 with abnormal imaging. For resistant
disease, the majority received only chemotherapy (n¼45
[91%]), while few underwent additional surgery (n¼4[8%]).

Keywords

► platinum-resistant
ovarian cancer

► treatment
► outcomes
► systemic immune-

inflammation indices
► neutrophil to

lymphocyte ratio

Abstract We explored the prognostic impact of simple indices that reflect the immunological
milieu (neutrophils to lymphocyte ratio [NLR] and systemic immune-inflammation
[SII]) in 49 platinum-resistant relapsed ovarian cancer patients. The median progres-
sion-free survival (PFS) and overall survival (OS) were 4 and 8 months, respectively.
Patients with a lower NLR (�2.89) had a better PFS (5 vs. 2months [p¼0.02]) and OS (9
vs. 5 months [p¼0.20]). Factors associated with a worse PFS were NLR>2.8 (hazard
ratio [HR] ¼2.32, p¼0.02) and SII>639 (HR ¼3.70, p¼ 0.002). SII>639 indepen-
dently predicted PFS (HR ¼4.13, p¼ 0.03). Future studies should study the validity of
inflammatory markers and could consider incorporating it as a biomarker in clinical
trials.
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Most received single-agent chemotherapy (n¼27), while a
few received doublets (n¼22). The median number of
chemotherapy cycles was 4 (range: 2–6). The overall
response rate (ORR) was 21%. After a median follow-up of
3 (range: 2–7) months, 33 (67%) patients progressed, and 25
(57%) had died. During secondary progression, 25 patients
(76%)were symptomatic, 4 (12%) had an elevation of CA-125,
and 4 (12%) had both elevations of CA-125 and radiological
imaging (►Supplementary Table S1 [online only]).

The median PFS and OS were 4 (95% confidence interval
[CI]: 2.44–4.55) and 9 months (95% CI: 4.77–10.76), respec-
tively (►Fig. 1A and 1B). Patients with a lower NLR (�2.89)
had a better PFS (5 vs. 2 months [p¼0.02]) and OS (9 vs.
5 months [p¼0.20]) when compared with patients with
higher NLR (>2.89) (►Fig. 1C). Patients with lower SII�639
had a better PFS (9 vs. 2 months [p¼0.002]) and OS (16 vs.
8 months [p¼0.04]) in comparison to patients with higher
SII (►Fig. 1D and 1E). On univariate analysis, the following
factors were associated with a worse PFS: NLR>2.8 (hazard
ratio [HR] ¼2.32, p¼0.02) and SII>639 (HR ¼3.70,
p¼0.002) (►Table 1). On multivariate analysis (including
NLR and SII), SII>639 was the only factor that predicted
survival (HR ¼4.13, p¼0.03) for PFS.

Even though PROC has a poor prognosis, this group has
recognized heterogeneity.5 Identifying patients with PROC
whomay benefit from subsequent therapy is currently based
on clinical judgment (performance status, rapidity of pro-
gression, number of previous lines, and patient wish to
continue potentially toxic treatment with a low expectation
of benefit). There is a need for more objective markers to
determine prognoses. This may help us tailor more intense

therapies and stratify patients included in clinical trials in
this segment. This is one of the first studies looking at the
impact of inflammatory indices in PROC. We demonstrated
that SII calculated at the time of diagnosis of PROC is a
powerful independent predictor of outcomes (HR of 4.1 for
PFS) among patientswith PROCundergoing second/third line
of chemotherapy.

Systemic inflammation induced by cancer cells may aid
tumor progression by several mechanisms.6 These indices
have also been identified as powerful independent prognos-
tic factors in various cancers. In patients with newly diag-
nosed EOC, SII, NLR, platelet to lymphocyte ratio, and
lymphocyte to monocyte ratio have been shown to predict
outcomes. Recently, predictive abilities have been demon-
strated in patients with platinum-sensitive relapsed ovarian
cancer.3,7 Neutrophil infiltration of the tumor is associated
with tumor growth (release of proinvasive factors, angiogen-
esis)8 while less amount of CD8þ tumor-infiltrating lym-
phocytes is associated with poorer prognosis.9,10 Thus, the
combination of high neutrophil and low lymphocytes in the
peripheral blood reflects an immunological milieu that
favors tumor growth which explains the predictive ability
of the SII. Earlier studies have also demonstrated that SII
could predict therapeutic benefit.3 Patients with higher SII
(�730) levels did not show any benefit with the addition of
bevacizumab to chemotherapy (when compared with those
with lower SII who benefited from the addition of
bevacizumab).

Other studies attempting to develop prognostic nomo-
grams in PROC have not incorporated SII in their models.11,12

Also, there is a paucity of real-world studies on PROC; most

Fig. 1 The Kaplan–Meier analysis of progression-free survival (PFS) (A) and overall survival (OS) (B) in patients with platinum-resistant ovarian
cancer (PROC). Factors affecting survival in patients with PROC. Comparison of PFS between patients with high and low neutrophils to
lymphocyte ratio (NLR) (C) and systemic immune-inflammation index (SII) (D). Comparison of the OS between patients with high and low SII (E).
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data are from trials or analysis of specific treatments such as
bevacizumab or oral metronomic chemotherapy. Although
this study is limited by the small sample size and its
retrospective nature, ours is the first data showing that SII
could be a useful prognostic predictor in patients with
platinum-refractory/resistant disease. The treatment under-
gone by the patients was uniform—all our patients received
chemotherapy, and there were no patients treated with
bevacizumab or other targeted agents. Though several stud-
ies in different types of cancers have shown the usefulness of
this index, it is yet to be incorporated into practice. Future
studies should study the validity of inflammatorymarkers in

PROC and could consider incorporating it as a biomarker in
clinical trials.
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Table 1 Univariate analysis of survival outcomes in platinum resistant/refractory patients

Variable n Median
PFS

95% CI HR p-Value Median
OS

95% CI HR p-Value

Duration from last platinum

3–6 mo 28 4 1.47–6.59 1 0.88 9 6.67–12.05 1 0.59

<3 mo 21 3 1.19–6.00 1.04 6 0.00–13.41 1.22

ECOGa

0,1 13 9 0.00–13.64 1 0.10 27 0.00–63.14 1 0.04

2,3 24 3 2.23–4.88 2.01 7 2.60–10.79 2.93

Type of therapy for PROCb

IV chemotherapy doublet

Yes 22 4 1.57–5.36 1 0.60 5 8.49–11.73 1 0.08

No 27 5 2.39–7.60 0.85 9 3.55–7.31 0.52

IV chemotherapy single agent

Yes 5 4 0.00–11.45 1 0.63 4 0.00–9.37 1 0.40

No 44 4 2.86–5.19 1.29 9 7.31–11.24 1.59

Oral etoposide

Yes 22 6 2.22–8.97 1 0.82 10 3.23–8.02 1 0.02

No 27 4 1.93–6.13 1.07 5 8.75–9.78 2.31

Number of previous
lines of treatment

1 38 4 2.40–4.95 1 0.96 7 3.95–9.91 1 0.69

2 11 4 3.61–5.18 1.02 6 3.86–9.73 1.25

NLR

�2.8 19 5 2.40–7.59 1 0.02 10 6.11–13.81 1 0.11

>2.8 21 2 0.23–5.23 2.32 5 0.95–9.90 1.94

SII

�639 12 9 2.94–15.79 1 0.002 16 3.95–27.38 1 0.04

>639 28 2 0.22–4.37 3.70 8 3.25–12.27 2.49

LMR

>6.7 20 4 2.24–6.48 1 0.09 9 6.45–12.08 1 0.75

�6.7 20 2 0.12–5.51 1.77 7 2.62–11.24 1.13

Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; LMR, lymphocyte to monocyte ratio; NLR, neutrophil to
lymphocyte ratio; OS, overall survival; PFS, progression-free survival; SII, systemic immune-inflammation index; HR, hazard ratio.
aAt the time of platinum resistance.
bThe chemotherapy regimens used were paclitaxel/carboplatin (n¼ 7, 14%), lipodox/carbo (n¼ 4, 8%), single-agent lipodox (n¼ 5, 10%), oral
etoposide (n¼ 22, 45%), and gemcitabine/epirubicin/carbo (n¼ 11, 22%).
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Introduction

Langerhans cell histiocytosis (LCH) is characterized by
aggressive proliferation of histiocytes causing tissue destruc-
tion at the involved sites. The liver is affected in 20 to 60% of
patients with LCH and is more common when there is
multiorgan involvement.1 A prototype hepatic LCH
is secondary sclerosing cholangitis (SSC), which is caused
by progressive destruction of the biliary tree by malignant
histiocytes.1 It is one of the “risk organs,” apart from the
spleen and bone marrow, as this can adversely affect long-
term survival. Liver involvement is divided into two stages:
the infiltrative phase (early) and the sclerosis phase (late). In
the early infiltrative phase, inflammatory mediators/cells
infiltrate the periportal area in response to malignant

histiocytes. Nodular lesionswere observed during this phase.
In the late sclerosing phase, the liver develops scarring and
cirrhosis, leading to portal hypertension.2,3

Chemotherapy remains the mainstay of treatment.4 Vin-
blastine plus prednisone has been the standard of care for
childrenwithmultisystem disease. Although overall survival
has steadily improved, outcomes for patients with LCH with
liver dysfunction remain suboptimal.5 It is advisable to
refrain from administering vinblastine in the presence of
liver dysfunction tomitigate the risk of toxicity.6,7 Therefore,
there is a pressing need for an alternative treatment regimen.
Limited research exists on the use of cytarabine as an initial
therapy and as an alternative regimen in children with liver
dysfunction. In the present study, we evaluated the
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► sclerosing cholangitis
► liver transplantation

Abstract The management of Langerhans cell histiocytosis (LCH) with accompanying liver
dysfunction poses significant challenges, and this prompted the development of a
modified low-dose cytarabine and prednisolone regimen. In this prospective observa-
tional study on children with LCH and liver dysfunction, four patients underwent
induction and maintenance chemotherapy. The induction phase included 5 days of
100mg/m2 cytarabine and 4 weeks of 40mg/m2 daily prednisolone, with subsequent
tapering. Maintenance included a regimen of 5 days of 100mg/m2 cytarabine, along
with oral prednisolone, repeated every 3 weeks. Complete disease resolution occurred
after varying chemotherapy cycles. Three patients had liver transplants, and the
chemotherapy resumed for 52 weeks after the transplant. In one child, chemotherapy
was continued after reaching remission. In conclusion, a modified, less toxic low-dose
cytarabine-based chemotherapy effectively managed LCH with liver dysfunction, with
liver transplantation as a postremission treatment option.
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effectiveness of a low-dose cytarabine/prednisolone-based
therapy in terms of treatment response and associated
toxicity.

Definitions

Liver involvement in LCH was defined as per the European
Consortium for Histiocytosis as palpable liver 3 cm below the
costal margin along the mid-clavicular line, and liver dys-
function defined by hyperbilirubinemia (at least three times
the upper limit of normal), hypoalbuminemia (<3.0 g/dL),
elevated alanine transaminase (ALT), and/or aspartate trans-
aminase (AST; more than three times the upper limit of
normal), elevated gamma glutamyl transpeptidase (GGT;
more than twice the upper limit of normal), ascites, and/or
intrahepatic nodular mass.8 Decompensated liver disease is
defined as ascites, variceal bleed or Hepatic Encephalopathy
(HE), and bilirubin >3mg/dL, and/or acute on chronic liver
failure (acute on chronic liver failure is bilirubin more than
5mg/dL with international normalized ratio [INR] above 1.5
along with onset of ascites and/or HEwithin 4weeks of onset
of jaundice).4,9 Sclerosing cholangitis in LCH is defined as
involvement of extrahepatic or intrahepatic biliary tree with
strictures, dilatation, abnormal branching detected on imag-
ing (computed tomography or magnetic resonance imaging),
and/or on liver biopsy with or without elevated GGT.10 The
treatment response is defined as per the LCH-IV study,
namely, no active disease (NAD), active disease (AD) better,
intermediate, and worse.11

Materials and Methods

Chemotherapy Protocol
Children in our study received modified low-dose cytarabine-
based chemotherapy.12–14 The induction regimen included
cytarabine administered at a dosage of 100mg/m2 per day.
The administrationwas carried out either through intravenous
infusion over 1hour or via subcutaneous delivery. The treat-
ment spanned 5 consecutive days every 3 weeks. This was
combined with daily prednisolone at a dose of 40mg/m2 for
4 weeks, followed by gradual tapering over the subsequent
2 weeks. Subsequently, the treatment responsewas assessed at
6 and 12 weeks. Induction chemotherapy was continued until
complete remission or 12weeks, whichever was earlier, as long
as there was no progression of the disease. After induction,
maintenance chemotherapy commenced. It involved three
weekly doses of cytarabine at a dose of 100mg/m2 for 5 days,
alongwith prednisolone at 40mg/m2/d for 5 days. Likewise, the
total duration of treatment spanned 52 weeks (►Fig. 1).

This was a prospective observational study conducted in a
tertiary care hospital in Chennai. The study was conducted
over 5 years (2018–2022). Children with biopsy-proven LCH
and decompensated liver diseasewere included in this study.
Children who had received chemotherapy prior to the study
were excluded. We had four children in the cohort. Demo-
graphic data, growth parameters, and essential blood inves-
tigations (i.e., complete blood count and liver function test,
and positron emission tomography and computed tomogra-
phy [PET-CT] at diagnosis and subsequently during response

Fig. 1 Chemotherapy protocol: modified low-dose cytarabine-prednisolone-based chemotherapy.
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assessment) were tabulated. Chemotherapy was adminis-
tered as described above. If the disease showed complete
remission at the end of 6weeks, either the childwas taken up
for liver transplantation or continued on further mainte-
nance chemotherapy to complete 52 weeks. If there was an
intermediate or better response at the end of 6 weeks,
chemotherapywas administered for 6moreweeks. Response
was reassessed using PET-CT at the end of 12 weeks of
chemotherapy. Children were continued on induction che-
motherapy until complete remission or 12 weeks, whichever
was earlier. If disease progression occurred at any point
during induction, a salvage chemotherapy regimen was
initiated.

Liver transplantation was performed in patients with
acute decompensation or in children with compensated
cirrhosis and sclerosing cholangitis with portal hyperten-
sion, intractable pruritus, and growth retardation.

Results

All four patients showed favorable response (NAD, AD better,
or AD intermediate) to chemotherapy. Complete resolution
(NAD) of the disease was attained at the end of two cycles in
patients 1 and 4, whereas patients 2 and 3 attained complete
resolution at the end of 13 and 5 cycles, respectively. Three
patients with persistent liver dysfunction underwent liver

Table 1 Patient characteristics, evaluation, treatment received, and outcomes

Patient 1 Patient 2 Patient 3 Patient 4

Gender Female Male Male Male

Age at symptom
onset (mo)

36 6 20 8

Age at diagnosis (mo) 48 11 23 12

Hb (g/dL) 8.9 8.5 9.4 6

TLC (cells/mm3) 18,220 15,240 19,800 23,900

Platelets (lakhs/mm3) 5.2 4.1 6.21 11.47

PET-CT Metabolically
active liver,
periportal and
thoracic lymph
nodes

Metabolically
active middle ear
cavity,
mastoid air cells,
bilateral level II, III, IV
cervical lymph nodes,
bilateral lungs, liver,
spleen, and left femur

Metabolically active
left temporal, petrous,
orbit, sphenoid, liver,
and bone marrow

Metabolically active liver,
lungs, mediastinum,
LNs, and bone marrow

Chemotherapeutic
agents

Prednisolone,
cytarabine

Prednisolone,
cytarabine

Prednisolone, cytarabine Prednisolone, cytarabine,
trametinib

Post-chemo PET-CT
(2 cycles/6 wk)

NAD Intermediate response
overall

AD better Intermediate response in
mediastinum; NAD elsewhere

Post-chemo PET-CT
(4 cycles/12 weeks;
if relevant)

Intermediate response
in the lungs;
AD better in liver, LNs;
NAD in femur

NAD

Total bilirubin (mg/dL) 19 16 4.4 5.5

ALP (IU/L) 2211 1099

GGT (IU/L) 163 105 555 316

Albumin (g/dL) 2.1 2.4 2.9 2.7

PELD score 22 31.4 32 22

Underwent LT? Yes Yes Yes No

Age at LT (mo) 50 33 28 –

Indication for LT DCLD, PHTN DCLD, PHTN DCLD, PHTN –

Latest PET-CT – NAD – Intermediate response in
mediastinum; NAD elsewhere

Follow-up (mo) 20 38 3 12

Status On follow-up On follow-up On follow-up On follow-up

Abbreviations: AD, active disease; ALP, alkaline phosphatase; DCLD, decompensated chronic liver disease; GGT, gamma glutamyl transferase; LCH,
Langerhans cell histiocytosis; LN, lymph node; LT, liver transplantation; NAD, no active disease; PELD, pediatric end stage liver disease; PET-CT,
positron emission tomography and computed tomography; PHTN, portal hypertension.
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transplantation at remission. Chemotherapy was resumed
after transplantation to complete 52 weeks of treatment.
Patient 4 had a complete resolution of active disease in the
risk organs; however, he remained stable in mediastinal
disease. He was positive for the BRAF-V600E mutation.
Hence, trametinib was added at a dose of 0.025mg/kg/d to
themaintenance therapy.15His liver function stabilized after
induction chemotherapy and hence he was continued with
maintenance chemotherapy. His periodic monitoring sched-
ule involved checking liver function every 3 months, cardiac
function every 6 to 23 months, and assessing for other
potential side effects, such as colitis, hemorrhagic events,
skin rashes, andpulmonary signs and symptoms, during each
visit. We plan to continue trametinib for 2 years (►Table 1

and ►Fig. 2).

Discussion

In this cohort, low-dose cytarabine-based chemotherapy
was administered to the children with LCH and progressive
liver dysfunction. All four children successfully tolerated
chemotherapy and attained remission. After achieving com-
plete remission, three patients underwent liver transplanta-
tion. One child had stable disease in the mediastinum but

had achieved complete resolution of the disease elsewhere.
Following a multidisciplinary meeting, the treatment regi-
men was updated to include trametinib. This medication
halts the MAPK pathway by inhibiting the activity of MEK1
andMEK2, thereby disrupting intracellular cell signaling that
fosters tumor growth.16 A correspondence published in the
British Journal of Haematology in 2014 highlighted the
remarkable outcome of low-dose cytarabine-based treat-
ment, which is comparable to the results of the present
study.13 In a study conducted by Menon et al, low-dose
cytarabine-based chemotherapy was employed in children
with progressive liver dysfunction, demonstrating excellent
results with this regimen.5

Conclusion

We propose that low-dose cytarabine/prednisolone-based
regimen could serve as an appealing and less toxic alterna-
tive for children with active LCH and decompensated liver
diseases. The low-dose cytarabine/prednisolone regimen is a
well-tolerated chemotherapy regimen, with excellent out-
comes. However, a large-scale prospective study is required
to underpin this modified regimen and propagate its utility.
If liver dysfunction persists, liver transplantation should be

Fig. 2 Flowchart depicting the status of the liver disease and treatment received by the children. f/b¼ followed by; LT¼ liver transplantation;
chemo¼ chemotherapy.
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offered at complete remission to improve survival in these
children.
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Introduction

Synchronous tumors account for less than 5% of all malig-
nancies. The prevalence of synchronous tumors in one
patient ranges between 0.73 and 11.7%.1 It is an extremely
rare form of hematological malignancy. Synchronous tumors
are defined as tumors that appear within 6 months of one
another. They could be in the same or separate organs.2 To
define synchronous malignant tumors, consider the follow-
ing: metastasis should not be present, both tumors must
exhibit malignancy criteria, and they must differ patholog-
ically from one another.3 The coexistence of gynecological
solid tumors with hematological malignancy is a very rare
combination. We report a case of non-Hodgkin lymphoma
diffuse large B-cell lymphoma (NHL DLBCL type) with serous

carcinoma of the ovary. To the best of our knowledge, this is
thefirst case of synchronous NHL (DLBCL) and ovarian serous
carcinoma in the present literature. The most common and
aggressive subtypes of NHL and carcinoma ovary are DLBCL
and high-grade serous carcinoma, respectively. Three to four
percent of DLBCL had synchronous multiple primary malig-
nancies (MPMs).4 We discuss management, prognosis, and
the complicated hospital course that resulted in the diagno-
sis of synchronous primary malignancies.

Case Description

A woman aged 52 years with a history of ischemic heart
disease was presented with abdominal pain and abdominal
mass for the past 15 days. Per abdomen clinical examination,

Keywords

► synchronous multiple
primary malignancies

► lymphoma
► serous ovarian cancer

Abstract A synchronous solid and hematological malignancy is an uncommon condition in which
a patient develops two or more primary cancers, one of which is a solid malignancy and
the other one is a hematological malignancy, within 6 months of primary cancer
diagnosis. The most common histology in solid malignancies is gastrointestinal
adenocarcinoma, which coexists with the lymphoma subtype diffuse large B-cell
lymphoma (DLBCL). Here, we report an extremely rare combination of serous
carcinoma of the ovary synchronous with lymphoma of DLBCL subtype. A woman
aged 52 years presented with an abdominal mass and abdominal pain for a short
duration of 15 days. She was evaluated using clinical, radiological, and biochemical
parameters. She was diagnosed with non-Hodgkin lymphoma by tru-cut biopsy from a
bony lytic lesion and ovarian cancer by staging laparotomy. R-CHOP (rituximab,
cyclophosphamide, doxorubicin hydrochloride, vincristine, and prednisolone) chemo-
therapy for lymphoma and staging laparotomy for persistent adnexal mass resulted in
complete remission of both ovarian cancer and lymphoma. She received paclitaxel and
carboplatin-based postoperative chemotherapy as an adjuvant for ovarian cancer.
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radiological imaging, and tumormarkers were used to assess
her for the same. Clinical findings suggested a smooth,
mobile mass of 32 weeks in size. A computed tomography
(CT) scan of the abdomen, pelvis, and thorax revealed a solid
cystic mass 19�20 cm (right), 7�8 cm (left) (►Fig. 1B),
ascites with omental, muscle, and pleural infiltrates, and a
lytic metastatic lesion (50�25mm) at the left iliac bone
(►Fig. 1A). CA125 was 944 IU/mL, carcinoembryonic antigen
was 17.3 ng/mL, and CA19-9 was 41.9 IU/mL. Due to exten-
sive disease involving themuscle and pleura, the decision for
neoadjuvant chemotherapy was made with a plan of ultra-
sound-guided biopsy from the lesion.

Although an ovarian tissue biopsy was negative for
malignancy, ascitic fluid cytology and cell block were suspi-
cious for malignancy. Again, a repeat omental biopsy
revealed no evidence of malignancy with borderline epithe-
lial tumor component. A third biopsy from a different
suspicious area was recommended to confirm the diagnosis.

This biopsy of a bony lytic lesion with muscle infiltrates
showed a monotonous population of large-sized cells
arranged in sheets with abundant apoptosis indicating
NHL B-cell type, and immunohistochemistry (IHC) panel
(positive for LCA, CD-20, BCL-6, and PAX-5 and negative for
WT1, CD2, BCL-12, and MUM1) confirmed the diagnosis of
diffuse large B-cell lymphoma, germinal center type
(►Fig. 2A and B). A bone marrow biopsy revealed no
evidence of malignancy and confirmed the primary lympho-
ma (NHL).

The case was discussed in the tumor board, and it was
decided that at first chemotherapy for aggressive hemato-
logical malignancy would be administered, followed by an
evaluation for ovarian mass presumed borderline epithelial
malignancy. She underwent one cycle of cytoreduction
CVP (cyclophosphamide, vincristine, prednisolone) followed
by six cycles of R-CHOP (rituximab, cyclophosphamide,
doxorubicin hydrochloride, vincristine, and prednisolone)

Fig. 1 (A) Cystic adnexal mass. (B) A bony lytic lesion with muscle infiltrates on computed tomography (CT) scan.

Fig. 2 (A) Hematoxylin and eosin (H&E) staining showing the sheet of atypical large lymphoid cells with hyperchromatic nuclei and eosinophilic
cytoplasm with brisk apoptotic and mitotic activity for non-Hodgkin lymphoma (NHL). (B) Immunohistochemistry (IHC) showing membranous
CD20 positivity. (C) High-grade (HG) nuclei with papillary architecture on final surgical specimen. (D) WT1 positive on IHC for final surgical
specimen.

Indian Journal of Medical and Paediatric Oncology Vol. 45 No. 5/2024 © 2023. The Author(s).

A Rare Occurrence of Solid Gynecological Malignancy Synchronous with Hematological Malignancy Gupta et al.440



regimen chemotherapy. Dose modification (10% dose reduc-
tion) was required after the fifth cycle of R-CHOP due to
grade 3 thrombocytopenia. The size of the bony lesion
reduced on CT evaluation, but the size of the adnexal mass
remained unchanged. Positron emission tomography-CT
imaging revealed a bilateral adnexal mass with a maximum
uptake of 4.0 and no metastatic lesion elsewhere. As a result,
she underwent interval cytoreductive surgery, including
abdominal hysterectomy, bilateral salpingo-oophorectomy,
omentectomy, and deposit removal from the pouch of Doug-
las as much as possible. It was suboptimal surgery leaving
residual tumor at the mesentery and pouch of Douglas.
►Fig. 3 depicts an intraoperative finding (uterus with bilat-
eral ovarian masses, one predominantly cystic, and another
predominantly solid).

The final pathology specimen revealed high-grade serous
ovarian carcinoma with a 3-cm omental carcinomatous
deposit (FIGO stage IIIc). IHC panel confirmed high-grade
serous carcinoma of the ovary (positive forWT1, AE1) and no
lymphomatous metastasis to the ovary (negative for LCA)
(►Fig. 2C and D).

She received and well-tolerated six cycles of adjuvant
chemotherapy (paclitaxel and carboplatin) without dose
modification. The patient received involved-field radiation
therapy for residual bony lesions and backache. Complete
remission of both lymphoma and ovarian cancer with treat-
ment was achieved. She is on regular follow-up as per
guidelines.

Discussion

MPMs are two or more cancers diagnosed at the same time
or within 6 months of each other. A solid tumor is a mass of
abnormal cells that develops in an organ or tissue, such as
the breast, lung, or colon. Hematological cancers, such as
leukemia, lymphoma, and myeloma, are cancers that affect
the blood cells or the lymphatic system.5 Solid malignancy
with hematological malignancy can arise in various combi-

nations and locations. The incidence of this synchronous
type of malignancy is extremely rare, with only case reports
or series available in literature. We also report a case of dual
solid and hematological malignancy in one patient, at
Gujarat Cancer and Research Institute in Ahmedabad with
a very common presentation of a pelvic mass. To the best of
our knowledge, this is the first reported case of synchro-
nous NHL (DLBCL) and serous carcinoma of ovary in one
patient. The most common location of primary solid malig-
nancy associated with NHL is the gastrointestinal tract
(esophagus to rectum), followed by the prostate, lung,
and breast.6 The synchronous association of solid tumors
of ovary with hematological malignancy is one of the rarest
forms of MPMs. In our case, diagnosis of DLBCL was made
initially, while there was suspicion of second malignancy
due positive ascitic fluid cytology for malignancy and
borderline surface epithelium malignancy on tru-cut biopsy
from adnexal mass. Diagnosis of serous carcinoma of the
ovary was confirmed after cytoreductive surgery and final
histopathology of surgical specimen. Finally, ovarian serous
carcinoma was treated sequentially within 6 months of
primary diagnosis of DLBCL.

The pathogenesis of synchronous MPM is not well under-
stood. There are several theories, such as different types of
tumors arising from the same precancerous lesion, genetic
instability, or a defect in the mismatch repair system.7 It has
been proposed that lymphomas may cause lymphatic chan-
nels to be obliterated, allowing synchronous solid neoplasms
to grow.

A rare occurrence of synchronous malignancy can bring
distinct diagnostic and treatment issues.Diagnosis of synchro-
nousMPMs can be difficult and challenging. It is unrealistic to
get a biopsy for every metastatic lesion, but re-biopsy should
be considered for any atypical and uncommon metastatic
lesionwith keeping inmind the biological behavior of primary
malignancy. As in our case, bone and muscle infiltrates were
not typicalfinding for carcinomaovary. Therefore, thedecision
to do a repeat biopsy from these muscle infiltrates with lytic

Fig. 3 Intraoperative finding.
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bony lesion was made to look for another malignancy, which
subsequently revealed DLBCL.

It is very challenging to choose the best treatment plan
when a patient has two different types of cancer. Each type
of cancer may need different modalities of treatment.
Additionally, treatment of one type of cancer may make
the other type worse, so selecting a treatment strategy
requires considerable thought. For synchronous lymphoma
and ovarian cancer, there is no established treatment plan.
Utilizing tumor board discussions, treatment was priori-
tized and tailored to the patient based on the tumor’s
aggressiveness and likelihood of responding to primary
therapy, ensuring a multidisciplinary team approach. A
high level of aggressiveness was present in both the primary
(DLBCL and serous carcinoma), which added to the poor
prognosis. Because of its aggressive behavior and confirmed
diagnosis, lymphoma DLBCL type was treated first with
chemotherapy regimen R-CHOP. This regimen includes
cyclophosphamide and Adriamycin (doxorubicin) which is
also part of CAP (cyclophosphamide, Adriamycin, and plati-
num) regimen, previously utilized in advanced untreated
ovarian cancer.8 This cyclophosphamide-containing regi-
men was also beneficial for response in ovarian cancer
when treating hematological malignancy first, which
worked as a neoadjuvant for solid ovarian malignancy.

Our success in treating this dual malignancy is proof that
multidisciplinary teams can work together effectively to pro-
duce positive result. Due to the complexity of this condition
and the scarcity of reported cases, research and clinical studies
are essential to further understand its underlying mecha-
nisms, optimal diagnostic approaches, and treatment options.

Conclusion

Synchronous solid and hematological malignancy is a rare
entity.We should have a high index of suspicionwhen dealing
with such complex situations. We should also consider per-
forming another biopsy if clinical and radiologicalfindings are
not typical for primary malignancy. Appropriate selection of
chemotherapy regimen that could be useful in bothmalignan-
cies is necessary as in our case selection of regimen containing
cyclophosphamide and Adriamycin. Multidisciplinary coordi-
nation and expertise are problem-solving tools.
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Introduction

Acute leukemia is uncommonly encountered during pregnan-
cy, occurring in approximately 1 in 75,000 cases and its
management is a challenging task.1 It requires a multidisci-
plinary approach to treat this life-threatening condition, keep-
ing inmind the health andwell-being of themother and fetus.
Patient management entails a gamut of challenges from treat-
ment decisions to ethical and social considerations. Moreover,
there is a dearth of trials in this unique and rare cohort of
patients. Data from case reports, case series, and retrospective
studies are the only evidence available, thereby emphasizing
the need for an individualized approach.

Herein we report five cases of acute lymphoblastic leuke-
mia (ALL) diagnosed during pregnancy at our center and

challenges faced in managing these patients. We also
reviewed the available literature to summarize the data on
the clinical presentation, treatment complications,maternal,
and fetal outcomes of these patients.

This is a series of ALL patients presenting during preg-
nancy who were treated at our institute between Janu-
ary 2015 and July 2020 (5 years). Clinical and laboratory
data and outcomes of these patients were retrieved from our
archives and reviewed for the purpose of this report. In-
formed consent was taken from the patients and/or next of
kin while reporting these cases. For each patient, an institu-
tional medical board, comprising specialists from hematolo-
gy, obstetrics, neonatology, anesthesiology, and transfusion
medicine, was convened to formulate the management plan.
For the management of ALL in the adolescent and young

Keywords

► acute leukemia
► ethical

considerations
► pregnancy
► maternal well-being
► fetal outcome
► chemotherapy

Abstract Acute lymphoblastic leukemia (ALL) diagnosed during pregnancy is rare and causes
ethical and therapeutic challenges. We performed a retrospective search of ALL
patients (n¼202) treated at our institution from 2015 to 2020 and found five patients
diagnosed during pregnancy. In this report, we discuss the individual patients in detail
and the challenges faced during their treatment. The use of established lymphoblastic
leukemia treatment protocols and the modifications made therein to prevent unto-
ward chemotherapy-related toxicities to the fetus are discussed in this study. We report
the second use of rasburicase during pregnancy in literature with favorable maternal
and fetal outcomes. We also present an extensive literature review of 41 cases of ALL in
pregnancy previously reported. It is important to note that there is a dearth of
guidelines for the treatment of these complex situations, and although certain general
principles can be established, an individualized approach is needed in most cases of
leukemia diagnosed during pregnancy.
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adults age group, our institutional practice is to use pediatric
inspired protocols, namely, the Berlin Frankfurt Munster-
2002 regimen. Our institute has a state-of-the art neonatal
intensive care unit that canmanagepretermbirths as early as
25 weeks of gestational age.

A total of 202 ALL patients were treated during the period
2015 to 2020 at our institution of which five were ALL with
pregnancy (B-ALL, n¼4; Philadelphia positive B-ALL, n¼1).
All five cases were women aged between 20 and 29 years
(median age: 26 years) of whom three were primigravidae.
None of the patients were diagnosed in the first trimester
(n¼2, third trimester, n¼3, second trimester). The first two
patients involving late third trimester mothers with newly
diagnosed ALL were relatively stable and therefore could be
managed with transfusion support till delivery, after which
standard chemotherapywas administered. In the other three
patients, chemotherapy had to be started with the fetus in-
utero as a life saving measure for the mother. Institutional
protocol for ALL induction therapy comprised of predniso-
lone at 60mg/m2, vincristine at 1.4mg/m2, daunorubicin at
30mg/m2, and L-asparaginase at 5000 IU/m2 in accordance
with the BFM-2002 protocol in phase IA and 6-mercaptopu-
rine, cyclophosphamide, and cytarabine in phase IB, followed
by consolidation, re-induction and maintenance treatment
limbs.

Case Series

Patient 1: A 28-year-old third gravida (32 weeks gestation)
who presented with anemia was diagnosed with interme-
diate-risk Philadelphia negative pre-B-ALL. Her pregnancy
was supported till 37 weeks with transfusions after which
she delivered a healthy male baby by normal vaginal
delivery (NVD). Subsequently BFM-2002 protocol was
started and the induction was complicated by recurrent
episodes of maxillary sinusitis, sepsis (Klebsiella species),
and central line associated blood stream infection, which
were managed with appropriate antibiotics. Subsequent
phases of chemotherapy were administered without any
interruptions.

Patient 2: A 24-year-old primigravida at 35 weeks ges-
tation, developed intermittent fever, and generalized
weakness of 1 month duration and was diagnosed as
intermediate risk pre-B-ALL. Similar to patient 1, she was
also kept on supportive care with packed red blood cells
and platelets till she delivered a healthy male child by NVD
at 37 weeks gestation. Subsequently, she was initiated on
BFM-2002 protocol and received chemotherapy without
any modifications.

Patient 3: A 29-year-old primigravida at 28 weeks of
gestation was diagnosed as Philadelphia negative pre-B-ALL
with leucocytosis (50,000/cumm with 80% blasts) and
retinal hemorrhage. She received BFM-2002 induction
without any modifications. Fetal assessment during leuke-
mia induction revealed no anomalies. At 35 weeks of
gestation and at the end of induction IA when her counts
had recovered, she underwent planned Cesarean Section
(CS) and delivered a healthy baby boy, appropriate for

gestational age. Subsequently she received phase IB of
BFM-2002. She unfortunately relapsed post-induction,
and therapy was switched to rituximab-hyper-CVAD (com-
prising of hyperfractionated cyclophosphamide, vincristine,
adriamycin, and dexamethasone). During the second cycle
of hyper-CVAD, she developed febrile neutropenia, septic
shock, and succumbed to it. The child was healthy at last
known follow-up.

Patient 4: A 26-year-old third gravida (26 weeks) pre-
sented with fever, generalized lymphadenopathy, and mul-
tiple skin nodules and plaques. On evaluation, she had
hyperleukocytosis (with 90% blasts), anemia, and thrombo-
cytopenia andwas diagnosed as Philadelphia positive (Phþ )
B-ALL with leukemia cutis and central nervous system (CNS)
involvement. She developed tumor lysis syndrome (TLS) and
was given rasburicase during initial stabilization. She was
then started on modified E-WALL protocol which included a
tyrosine kinase inhibitor (TKI)—imatinib 600mg daily along
with weekly pulsed dexamethasone and vincristine injec-
tions. Intrathecal chemotherapy was given with cytarabine
and hydrocortisone, while methotrexate was omitted. Her
platelet counts recovered by 31st week of gestation. Her
pregnancy was continued till 32 weeks of gestation after
which she underwent an elective CS and gave birth to a
healthy female child. Post-induction bone marrow on day 52
of E-WALL protocol was in morphological remission and
BCR-ABL measurable residual disease (MRD) was negative.
She received one cycle of E-WALL consolidation after which
she was lost to follow-up.

Patient 5: The last case is that of a 20-year-old primi-
gravida at 24 weeks gestation who presented with pro-
gressive weakness, exertional dyspnea, low-grade fever,
and was found to have severe anemia and atypical cells
in peripheral blood. A diagnosis of Ph negative pre-B-ALL
was made. She developed hepatic encephalopathy, TLS, and
septic shock that were managed effectively. In this back-
ground of deranged liver functions and an early pregnancy,
she was started on a modified BFM-2002 protocol, consist-
ing of steroids and vincristine only. Subsequently, she went
on to receive a modified phase IB of BFM-2002 protocol
where only the cytarabine blocks were administered in-
travenously and intrathecal cytarabine chemotherapy was
given, while omitting methotrexate, 6-mercaptopurine,
and cyclophosphamide from the protocol. Her phase IB
of induction was completed at 32 weeks of gestation.
Pregnancy continued till term and she delivered a healthy
male child. Post-induction, bone marrow was in remission
and MRD was negative. However, she had persistence of
CNS disease and was given high-dose intravenous metho-
trexate consolidation @ 5gm/m2 along with triple intra-
thecal chemotherapy. Her reinduction chemotherapy
phase was interrupted by coronavirus disease 2019 pan-
demic. Subsequently on resumption of chemotherapy, she
developed febrile neutropenia, macrophage activation syn-
drome, went into septic shock, and unfortunately suc-
cumbed to her illness.

A summary of the patients, course of treatment in hospi-
tal, and their outcome are mentioned in ►Table 1.
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Discussion

Among leukemia cases encountered in pregnancy, around
28% cases of leukemia in pregnancy are ALL, the rest being
acute myeloid leukemia (AML) and chronic myeloid leuke-
mia, (CML).1 The major concern in the management of these
cases has been the optimal timing and dosing of chemother-
apy so as to prevent harmful effects to the fetus. An extensive

search of the literature revealed 41 cases of ALL in pregnancy
(summarized in ►Table 2)2–12 in addition to the 60 cases of
ALL during pregnancy described by Cardonick and Iaco-
bucci.3 Pregnancy leads to physiological changes such as
increased plasma volume as well as changes in drug phar-
macokinetics due to altered hepatic and renal clearance of
drugs. Pregnancy can also change drug metabolism by crea-
tion of a third space in the form of the amniotic sac.13

Table 2 Synopsis of cases of pregnancy with acute lymphoblastic leukemia reported in literature

Sl.
no.

Reference
(total cases;
ALL cases)

Patient details
(age/obstetric
history/POG)

Diagnosis Therapy used;
modifications (if any)

Pregnancy and fetal
outcome

Disease
status

Maternal outcome

1 Krueger et al
[1976] (4)

15/-/26 ALL COAP regimen: cyclo-
phosphamide, vincris-
tine, cytarabine,
prednisone

Induction of labor.
Normal Infant at
38 weeks

PD Relapse1-month
post-partum

2 O’ Donnell et al
[1979] (4)

24/-/15 ALL TAD regimen (thiogua-
nine, cytarabine,
daunorubicin)

Pre-eclampsia and
intrauterine
fetal death at 30 weeks

CR Alive

3 Okun et al
[1979] (5)

18/-/12 ALL 1st Induction: VCR, Pred,
IT MTX. 2nd induction:
CTX,
L-Asp, DNR, 6-mercapto-
purine; WBRT

CS at 31 weeks; baby
with transient pancyto-
penia, CHF, normal
development at 1 year

Relapse CNS relapse
5 weeks
post-partum

4 Dara et al
[1981] (4)

26/-/21 ALL 6-MP, MTX, discontinued
when pregnancy con-
firmed; relapse at 21
weeks, second line initi-
ated with doxorubicin,
VCR, Pred, Cyt, MTX

CS at 36 weeks. infant
with polycythemia and
hyperbilirubinemia
Normal growth and
development at
6 months

CR Alive

5 Sigler et al
[1988] (4)

26/-/32 ALL Pre, DNR, Ctx, Cyt, L-asp Induction at 35 weeks.
Normal infant

CR Remission followed
by maintenance

6 Avasthi et al
[1993] (4)

20/-/22 ALL Two courses of VCR, Pred Preterm delivery at
29 weeks to live infant

– Sudden death
2 days
after delivery

7 Camera et al
[1996] (4)

21/-/17 ALL VCR, Pred, DNR, L-asp C-section at 29 weeks
Normal male infant

Relapse Death 9 months
later from relapse

8 Tewari et al
[1999] (4)

17/-/33 ALL VCR, Pred for relapse ALL Induction at 35 weeks
Normal infant

CR Consolidation s/p
allo-
SCT 22 months
later

9 Hansen et al
[2001] (4)

24/-/26 ALL Induction CALGB 9111.
At 26 weeks: DNR, VCR,
Pred, L-asp At 30 & 34
weeks: IT-MTX, Ctx,6-MP,
Cyt, VCR, L-asp

Spontaneous delivery at
36 weeks. Normal male
infant

– Unclear

10 Ali et al [2002]
(10 cases: 2-ALL)
(5)

24/G1/24
21/G2P0/8

B-ALL
Relapsed
B-ALL

Not documented
Not documented

Therapeutic abortion
Therapeutic abortion

Remission
relapse

Alive
Dead

11 Terek et al
(2003] (4)

21/-/31 ALL VCR, DNR, Pred, L-asp C-section, newborn
respiratory distress
(required intubation)

– Maternal death
due to sepsis

12 Chelghoum et al
[2005] (n¼ 37)
(6)
6 ALL cases

1. 25/G1/27
2. 34/G2/9
3. 33/G4/26
4. 30/G1/10
5. 21/G1/28
6. 25/G1/9

T-ALL
Pre B-ALL
Pre B-ALL
Phþ B-ALL
Pre B-ALL
T-ALL

All cases received
VCRþDaunoþCTXþ
Pred

NVD, premature
Therapeutic abortion
CS; premature
Therapeutic abortion
CS; premature
Therapeutic abortion

PD
CR
CR
CR
CR
CR

13 Molkenboer
et al [2005]
2 ALL cases (7)

1. 30/G3P2/6
2. 37/G1/15

Phþ B-ALL
Phþ B-ALL

PredþVCRþDaunoþ
Aspþ ITMTx;
High-dose cytarabineþ
imatinib
Same as above

Missed abortion at
11 weeks
Spontaneous delivery at
22 weeks; stillborn

CR
PD
post-induction

Death post-HSCT
Imatinib palliation.
Death few weeks
later

14 Dilek et al [2006]
(1/21, ALL) (8)

25/G1/term ALL 4 drug regimen
induction

NVD; LBW CR
post-induction

Alive
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Estrogen receptors like HL-60 have been found in human
myeloblastic leukemia cell lines14 however, pregnancy alone
is not thought to have an adverse effect on leukemia.13

Management of leukemia in first trimester: In our
study, none of the patients presented with leukemia in the
first trimester. As per recommendations, the pregnancy
should be terminated prior to initiation of chemotherapy
(many recommend 20 weeks and earlier).3,15 Another ap-
proach in precious pregnancies is to give a short course of

steroids to carry forward the pregnancy past the period of
embryogenesis, after which cytotoxic chemotherapy can be
administered.15 The limited evidence suggests that almost all
chemotherapeutic drugs used in ALL induction can be given
during pregnancy, albeit, with risks to the fetus including
still-births, intrauterine growth restrictions, spontaneous
abortions, and congenital malformations, especially in the
first trimester.15–17 Beyond first trimester, however, almost
all chemotherapeutic drugs can be used. Somemodifications

Table 2 (Continued)

Sl.
no.

Reference
(total cases;
ALL cases)

Patient details
(age/obstetric
history/POG)

Diagnosis Therapy used;
modifications (if any)

Pregnancy and fetal
outcome

Disease
status

Maternal outcome

15 Matsouka et al
[2007] (9)

16/G1/26þ3d B-ALL BFM-95; Recombinant G-
CSF use during cytopenic
phase. Delivered post-
induction

Elective CS at 32.4
weeks; LBW

CR Alive

16 Papantoniou
et al
[2008] (4)

16/-/26 ALL DNR, VCR, L-asp, Pred, IT-
Mtx, G-CSF

CS at 32 weeks.
Infant normal at 18
months

CR Remission at
18-months
follow-up

17 Udink Ten
Cate et al
[2009] (4)

30/-/23 ALL VCR, Pre, IT-MTX, Ctx,
DNR.
VCR, Ctx, DNR. Mainte-
nance 6-MP

PROM at 33 weeks,
NVD baby; pancyto-
penic, normal develop-
ment at 2 years

CR MUD—HSCT
In CR 2 years after
transplant

18 Aljurf et al
[2009] 2
ALL cases
(4)

37/-/29
27/-/13

ALL
ALL

VCR, dexamethasone,
idarubicin
Unknown

Full-term infant; anemia
Spontaneous abortion at
14 weeks during
induction

CR
CR

CR with induction
Allo-SCT in CR 1
Alive 4 years later

19 Ticku et al
[2013] (4)

22/G1/26 Phþ
B-ALL

Induction: Hyper-CVAD
þ dasatinib
Phþ mutation F317L;
Ponatinib started 10
days post-partum

Elective CS at 30 weeks;
LBW

CR Alive

20 Nakajima
et al
[2013] (10)
3 ALL cases

1. 20/G1/37
2. 36/G1/29
3. 29/G1/5

ALL
ALL/
t(9;22)
ALL

Not available
DNRþVCRþ , CTXþ
Pred
Not available

Emergency CS; live birth
Elective CS; live birth
Therapeutic abortion

PD
CR
CR

Dead
Alive
Alive

21 Saleh et al
[2014]
(n¼32; 6 ALL
cases) (2)

1. 23/G2/38
2. 25/G1/12
3. 26/G3/28
4. 23/G3/13
5. 37/G7/29
6. 21/G1/31

Pre B-ALL
Pre B ALL
Pre B-ALL
Pre B-ALL
Pre B- ALL
T-ALL

None
None
5 drug regime
None
5 drug regime
VCRþ Pred

Live birth at term
Spontaneous abortion
Spontaneous abortion
Spontaneous abortion
Live birth at term
Preterm birth at 33þ
weeks

PD
PD
CR
PD
LTFU
PD

Death
Death
Alive, post-SCT
Dead, post-SCT
LTFU
Death

22 Farhadfar et al
[2016]
(n¼23)
5 ALL cases
(11)

1. 26/-/12
2. 23/-/6
3. 34/-/10
4. 19/-/16
5. 28/-/35

B-ALL
B-ALL
Phþ ALL
B-ALL
B-ALL

Post-termination induc-
tion C10403
Post-termination induc-
tion C10403
CALGB9111; Reinduc-
tion: Imatinib with ara-C
HSCT: MUD, TBI/VP-16
DNR/VCR/Pred; Consoli-
dation: HiDAC
Post-delivery - DNR/VCR/
Pred
Relapse: DNR/VCR/Pred,
HiDAC, MTX/L-Asp

Therapeutic abortion
Therapeutic abortion
Fetal loss at 19 weeks
Fetal loss 22 weeks
NVD,38 weeks

-
CR
CR, f/b
HSCT
CR
PD

Alive
Alive
Death on D21 of
HSCT d/t septic shock
Death
Death

23 Vlijm-Kievit et al
[2017] (12)

37/G2P1/36 T-ALL PredþVCRþDaunoþ
Peg-asparaginase
(HOVON 100 protocol)-
Asp and MTX delayed till
post-delivery
Therapeutic LMWH giv-
en upto 6 weeks post-
partum

NVD 37 weeks Remission Alive

Abbreviations: ALL, ALL, acute lymphoblastic leukemia; CR, complete remission; CS, cesarean section; CTX, cyclophosphamide; Cyt, cytarabine;
DNR, daunorubicin; G-CSF, granulocyte colony-stimulating factor; HiDAC, high-dose cytarabine; HSCT, hematopoietic stem cell transplant; IT, intrathecal;
L-asp, L-asparaginase; LBW, low birth weight; LMWH, lowmolecular weight heparin; LTFU, lost to follow-up; MTX, methotrexate; MUD, matched-unrelated
donor; NVD, normal vaginal delivery; PD, progressive disease; Pred, prednisone; VP-16–Etoposide; WBRT, whole brain radiation therapy.
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have also been recommended with regard to L-asparaginase
and intrathecal methotrexate in view of risk of thromboem-
bolism and fetal aminopterin syndrome.18 In our literature
search, we found 11 pregnancies in the first trimester with
ALL, 8 of whom underwent therapeutic abortion prior to
starting chemotherapy and 2 had spontaneous abortion
and only 1 pregnancy resulted in a live birth (premature)
where induction was with only vincristine and
prednisolone.4–6,10,12

Management of leukemia in second trimester: In our
report, both patients with second-trimester pregnancies pre-
sented with complications for which several key modifications
weremade and the resultswere favorable. In the fourth patient,
presence of a targetable lesion (BCR-ABL) prompted us to use a
TKI along with steroids and vincristine as per the E-WALL
protocol.19,20 Data from CML patients with pregnancy proves
that TKIs are teratogenic when used during organogenesis and
may also lead to adverse pregnancy outcomes when used in
later trimesters. However, other studies have advocated the use
of Imatinib safely in second and third trimesters of pregnan-
cy.21–23 Data on other second-generation TKIs are scanty with
isolated cases of fetal exposure to dasatinib and nilotinib.24,25

We, therefore, used imatinib, instead of dasatinib (as per the
E-WALL protocol) for our patient.19 There are six cases of Phþ
ALL described in►Table 2, mostly treated with imatinib as the
TKI of choice.4,6,7,10 In one case, both dasatinib and ponatinib
wereuseddue to tyrosinekinasedomainmutation.However, as
chemotherapy was started post-partum, the effects of these
drugs on fetal outcome cannot be commented upon.

Thefifth patient in our cohort was also a second-trimester
pregnancy, but she had multiple complications at diagnosis
itself, precluding the use of full-fledged BFM-2002 proto-
col.26 L-asparaginase was added to the consolidation limb of
chemotherapy, similar to the UKALL and E-WALL consolida-
tion protocols for the treatment of Phþ ALL.19,27 Of note,
there is in vivo antagonism of methotrexate and L-asparagi-
nase due to opposing mechanisms of action. This can be
overcome by administration of L-asparaginase after (but, not
before) high dose methotrexate. This prompted us to use it
24hours after completion of methotrexate infusion.28,29

Although the patient succumbed to infectious complications
later-on during the course of treatment, both maternal and
fetal outcomes of pregnancy were favorable.

Management of leukemia in third trimester: Chemo-
therapy should ideally be withheld 3 weeks prior to child-
birth to allow the counts to recover at the time of delivery
and also to prevent neonatal myelosuppression.30 A planned
delivery is always essential in these scenarios. Another
option for patients presenting near term is to initiate pre-
inductionwith steroids alone and then continuewith the full
chemotherapy once the child is delivered.31 A conservative
approach with transfusion support till delivery was safely
adopted for first two relatively stable patients presenting in
late third trimester, while in the third patient, we started
chemotherapy ante-partum. In the cited literature, we found
two cases of third-trimester pregnancies diagnosed near
term, in whom chemotherapy was started post-partum
(►Table 2).

Supportive care: TLS is a common complication in highly
proliferative hematological malignancies and is an oncologic
emergency. Rasburicase use has not been deemed safe in
pregnancy, in view of teratogenicity reports in animal stud-
ies. However, it has been used in cases where the benefits
outweigh the risk.32 The Phþ ALL patient in our cohort
presented to us with life-threatening TLS and after due
consideration, we gave her rasburicase during induction
and did not see any adverse fetal outcomes. To the best of
our knowledge, only one earlier case of antepartum use of
rasburicase has been published in literature at 35þweeks of
gestation in a case of ALL.33

Chemotherapy-induced neutropenia increases the chance
of infections in the mother and poses numerous risks during
pregnancy, both to the mother and the fetus. This is com-
pounded by the fact that not all antibiotics can be used safely
during this period.13 Recombinant granulocyte colony-stim-
ulating factor has been reported to be safe and can be used to
shorten the period of neutropenia.9,34 Leukemic patients
may also present with thrombocytopenia that can be delete-
rious at the time of delivery, especially when the required
platelet thresholds for vaginal (30,000/cumm) and cesarean
delivery (50,000/cumm) are not met.35,36

In all our patients, fetal outcomeswere favorable in termsof
four babies being born at term either by NVD or elective CS.
Only one baby was born prematurely at 32 weeks but is
currently doing well. There is an association of intrauterine
growth restriction and low birth weight (LBW) babies with
exposure to chemotherapeutic agents in the second and third
trimester. Preterm deliveries are also common. Prolonged
durations of myelosuppression with their inherent complica-
tionssuchas infectionshavebeenobserved inneonatesborn to
mothers undergoing chemotherapy.13 Long-term effects on
growth and development of these children are also of concern
and require follow-up of this rare and unique cohort. Among
the41caseswe reviewed in literature, therewere15abortions
(4 spontaneous, 11 therapeutic), 11 preterm/LBW babies, 1
still born, and 14 normal live births. In 23 cases, the fetuses
were exposed to chemotherapy in utero and this resulted in
four spontaneous abortions, sixteen LBW/preterm deliveries
and fetal deaths. Some of these babies had complications at
birth (►Table 2). Only three live healthy newborns were
reported post-chemotherapy exposure in utero.

Post-delivery, due consideration should be given to breast
feeding, future fertility, and reproductive health of the
patient.13 In most situations, breastfeeding is not recom-
mended while the mother is on chemotherapy, as these
agents can be secreted in breast milk. If at all breastfeeding
is essential, it is recommended to commence at least 2weeks
after the last administration of chemotherapy.15 Complica-
tions such as mastalgia and breast abscesses may arise and it
is therefore recommended for lactating mothers on chemo-
therapy to express and discard the milk to prevent such
issues. Fertility issues in surviving patients may also arise,
and similar to any woman in the reproductive age-group
undergoing chemotherapy, it is recommended to give a
hiatus of at-least 2 to 3 years after completion of chemother-
apy to try to conceive once again.16
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Saleh et al in their follow-up of 32 patients opined that
acute leukemia patients had poorer long-term outcome
compared to nonpregnant patients. Given the small number
of patients in our cohort, we are unable to comment on this
aspect.2 Our experience shows that those patients who
received full dose chemotherapy post-delivery were able
to maintain remission and probably reflect the requirement
of more aggressive therapy post-delivery to prevent relapse.

The cases described here were unique with respect to
several factors including the time of presentation, clinical
and leukemia risk profile, and complications. Hence, an
individualized approach was undertaken. A proposed algo-
rithm for the management of ALL in pregnancy is described
in ►Fig. 1.

Conclusion

Management of leukemia in pregnancy is a challenging task
and relies heavily on effort of a multidisciplinary team, from
treating hematologists to obstetricians. Individualized ap-
proach tomanage these patients is essential, considering the
gestational timing of presentation of ALL, cytogenetics,
clinical profile, and active medical issues at diagnosis. Novel
approaches used in our patients such as the use of modified
BFM and E-WALL protocols, modifications with regard to
timing of L-asparaginase administration, and antepartum
use of rasburicase were met with favorable pregnancy
outcomes.
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Introduction

Wilms’ tumor is the most common primary renal malignan-
cy of childhood. It constitutes 6.3% of cases of childhood
cancer and accounts for approximately 90% of all pediatric
renal tumors.1 Tumor usually arises from single kidney;
however, there can be synchronous or multifocal tumors
in around 10% of the patients and these usually tends to
present at an earlier age. It is usually seen in children aged
between 3 and 5 years and is unusual before 6 months of
age.2 The vast majority of patients presents with asymptom-
atic abdominal mass. In one-third of patients, there can be
abdominal pain, hematuria, and hypertension. Rarely there
can be atypical presentation because of compression of
surrounding organs or infiltration into renal vein and inferior
vena cava.3 Lung is the most common site of metastasis
followed by liver and contralateral kidney.4 Cutaneous man-
ifestations are not common in Wilms’ tumor unlike other
tumors like neuroblastoma, leukemia, rhabdoid tumor, and
rhabdomyosarcoma that can present in early infancy with
metastasis.5

In the index case, a 4-month-old infant presented with a
presternal swelling and on further examinationwas found to
have a left-sided flank mass. The diagnosis of Wilms’ tumor
with cutaneous metastasis was confirmed after further
workup.

Case Report

A 4-month-old female child, first in birth order, born by full-
term vaginal delivery, and asymptomatic at birth, was re-
ferredwith a presternal swelling. This had been noticed since
the age of 2 months by the parents and was gradually
increasing in size. There was no history of loss of appetite
or weight. She had normal bowel and bladder habits. There
were no complaints other than the presence of the presternal
swelling. An ultrasonography (USG) of the swelling done
before referral was suggestive of hemangioma or arteriove-
nous malformation. On examination, a 6�4 cm, round, well
defined, firm, nontender, noncompressible swelling was
present over the presternal area with overlying darkened
skin and few areas of ulceration and eschar (►Fig. 1A).
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Abstract A 4-month-old infant presented with an enlarging large vascular presternal swelling
noticed for the past 2 months. Clinical examination revealed a left renal mass in this
otherwise asymptomatic child. She underwent left nephroureterectomy and excision
of the skin metastasis following a course of chemotherapy. Preoperative cytology and
postoperative histopathological examination confirmed Wilms’ tumor with a single
skin metastasis. We report this case for its rarity.
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Incidentally, fullness was noted in the left flank region and
on abdominal examination, a mass of size 4�5 cm was
palpable in the left lumbar region that was firm, well
defined, smooth, bimanually palpable, and nonballotable.
She had no features of any syndrome associated with
Wilms’ tumor. USG abdomen revealed a hyperechoic
4�4 cm left renal mass. Contrast-enhanced computed to-
mography (CECT) chest showed that the presternal mass
had no intrathoracic extension. (►Fig. 1B). CECT of abdo-
men showed a 5.1�3.8�5.3 cm hyperdense exophytic
mass arising from the left kidney with no major vessel
encasement or calcifications (►Fig. 1C).

Fine-needle aspiration cytology smears from the left renal
mass and chest wall swelling showed a predominantly
dispersed population of blastemal cells with high nucleocy-
toplasmic ratio and hyperchromatic nuclei. Focal anaplasia
and occasional mesenchymal fragments could also be noted.
Cell blocks with immunohistochemistry were also sugges-
tive of anaplastic Wilms’ tumor with metastasis (►Fig. 2).
Both the presternal swelling and renal mass showed a
reduction in size after four cycles of age adjusted chemo-
therapy with doxorubicin, actinomycin D, and vincristine.
The patient underwent left radical nephroureterectomywith
lymph node sampling and excision of the chest wall lesion.
Histopathological examination confirmed Wilms’ tumor
with lymph nodes free of tumor. Local staging was stage 1
as the tumor was fully excised and there was 99% necrosis.
Margins of the local site tumor (abdomen) and metastatic
site were also negative. After surgery, she developed surgical
site infection that responded to antibiotics. The tumor was
triphasic in nature and there was focal anaplasia on the
initial biopsy that does not qualify for unfavorable histology.
She therefore did not belong to poor risk histology and was
planned for 27 weeks of chemotherapy with actinomycin D,
doxorubicin, and vincristine. She defaulted after receiving 12
cycles of chemotherapy. The reason for abandonment of
therapy is unclear. She expired 6 months after surgery at
home after a brief period of complaint of fever, weight loss,
and cough. The probable cause of death may be due to
coronavirus disease 2019 or the malignancy itself.

Discussion

Wilms’ tumor is the second most common childhood ab-
dominal malignancy forming 6% of all the childhood cancers
with a 5-year survival rate of nearly 90%.1

It usually presents as an asymptomatic abdominal mass.
Other presentations include abdominal pain, fever, hematu-
ria, hypertension, recurrent urinary tract infection, and
anemia.2,3 Metastasis occurs commonly in the lung, liver,
and contralateral kidney. Less common sites include bone,
skin, brain and orbit, and rarely testes.4 Wilms’ tumor is less
frequent in infants with the mean age at diagnosis being
around 8 months.2 Complete surgical removal without tu-
mor spillage is essential as these patients have sixfold
increased risk of local abdominal relapse.6 Because of refine-
ment in risk stratification and advancement in chemothera-
py, the overall survival has improved to greater than 90% for
localized disease and 75% for metastatic disease.7

Unlike in older children, Wilms’ tumor in infancy often
has cystic appearance.8 This cystic form is considered to be
low-risk nephroblastoma, prognosis is better, and they may
be treated with surgical resection alone.9 Early detection is
possible in specific syndromic associations if frequent check-
ups are done in the first year of life. In our case, the child
presented at 4 months of age with cutaneous metastasis and
features of anaplasia on cytological examination. Other more
malignant tumors could be ruled out by immunohistochem-
istry of cell blocks, namely: malignant rhabdoid tumor
kidney (as INI-1 retained), clear cell sarcoma kidney
(cyclinD1 negative), neuroblastoma (chromogranin and syn-
aptophysin negative), Ewing’s sarcoma (CD99 negative), and
lymphoma (leukocyte common antigen negative). The tumor
cells were positive for vimentin and desmin.

Currently, tumor histology is considered as the most
common “biomarker” reflecting prognosis. Anaplastic his-
tology, especially diffuse anaplasia, is associated with higher
recurrence rates, metastases, and death. The recommended
National Wilms’ Tumor Study group/Children’s Oncology
group chemotherapy protocols differentiate patients by
presence and degree of anaplasia.10,11

Fig. 1 (A) Single large skin metastasis in lower presternal area at presentation; (B) contrast-enhanced computed tomographic scan of chest
shows a 3.8� 3.8� 6.3 cm mass in the presternal area lying in subcutaneous plane with no intrathoracic extension; (C) contrast-enhanced
computed tomographic scan of abdomen shows a 5.1� 3.8� 5.3 cm hyperdense exophytic mass arising from the left kidney with no major
vessel encasement or calcifications.
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On reviewing literature,wedid notfind any case ofWilms’
tumor presenting as a single skin metastasis in an infant. We
found one report of a 12-year-old child who had undergone
nephrectomy 7 years back for Wilms’ tumor, and presented
with a lump in the parasternal area as a form of late
recurrence.12

Conclusion

This case reveals an unusual presentation ofWilms’ tumor in
an infant that has not been reported before in literature. The
child manifested first with a skin lesion at 2 months of age
and on histopathological examination was revealed to have
anaplastic Wilms’ tumor, both of which are extremely rare.
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Introduction

Rhabdomyosarcoma (RMS) is designated as the most fre-
quently reported soft tissue sarcoma in children, accounting
for more than 50% of soft tissue sarcomas. RMS can appear at
any age, although 87% of patients present at an age younger
than 15 years. It rarely affects adults.1 Less than 1% of all
malignancies are soft tissue sarcomas, and 3% of all soft tissue
sarcomas are RMS.2 It affects 4.3 cases per one million under
20 years of age annually.2 RMS cells resemble skeletalmuscle
progenitor cells despite being derived from nonskeletal
tissues.3 RMS is divided into four clinical categories based
on its histopathology—embryonal RMS (ERMS), alveolar
RMS (ARMS), pleomorphic RMS (PRMS), and spindle cell
and sclerosing RMS. ERMS accounts for most cases and has a
favorable prognosis, but ARMS is clinically aggressive due to

a propensity for metastasis and recurrence.4 ERMS and
ARMS are the most common histologies in children, but
PRMS is nearly exclusively seen in adults. Furthermore,
PRMS is more resistant to chemotherapy than ERMS and
ARMS. RMS in older patients is associated with a poorer
prognosis than in younger patients. They present with the
primary tumor unfavorable and a more aggressive histologic
subtype. Although the etiology and specific risk factors for
RMS are unknown, in utero radiation exposure, faster in
utero growth, low socioeconomic background, and parents
who use recreational drugs during pregnancy all augment
the chance of RMS. It usually presents as an isolated disease
but has been linked to certain familial syndromes, including
neurofibromatosis type I, Noonan syndrome, Li-Fraumeni
syndrome (p53 mutations), Beckwith-Wiedemann syn-
drome, and Costello syndrome (HRAS mutations).5
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Abstract Rhabdomyosarcoma (RMS) is a malignant soft tissue tumor of skeletal muscle origin.
The head and neck, urinary tract, and extremities are the common sites of origin.
Embryonal, alveolar, pleomorphic, and spindle/sclerosing are subtypes. It is more
common in childhood and rare among adults. The incidence and risk factors for this
disease are mainly largely unknown. RMS is sporadic in most instances; however, it is
attributed to familial syndromes in some situations—its metastasis to the lungs, bone
marrow, and lymph nodes. Breast and ovary involvement is scarce. Diagnostic workup
mainly includes contrast-enhanced computed tomography (CECT) and magnetic
resonance imaging (MRI). However, 18F-fluro-deoxyglucose positron emission tomog-
raphy (18F-FDG-PET/CT) and PET/MRI are increasing contribution to providing func-
tional insights about tumor biology and improving the diagnostic accuracy of the
imaging workup. This report presents a case of the neck’s embryonal RMS metastasiz-
ing simultaneously to the breast and ovary. PET/CT imaging revealed the unusual
pattern, further validated by histopathology.
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The location of the initial tumor, age at presentation, and
metastatic disease influence the presenting signs and symp-
toms. The head and neck region, the genitourinary tract, and
the extremities are common sites for origin. The tumor may
originate in the orbit, para meningeal sites (middle ear, nasal
cavity, paranasal sinuses, nasopharynx, infratemporal fossa),
and other sites (scalp, parotid gland, oral cavity, pharynx,
thyroid, and parathyroid glands). These tumors are most
commonly ERMS and rarely spread to regional lymphnodes.6

Genitourinary tract RMS mainly arises in the prostate and
bladder. They present as hematuria, urinary tract infection,
and features of obstruction. In females, the vagina, cervix,
and uterus are common sites. Vaginal RMS mainly presents
as bleeding or discharge per vaginum and ismore common at
a younger age, whereas uterine and cervical RMS is more
common in older females.7 The third most prevalent site of
RMS is the extremities. These tumors usually appear as a
painful lump or swelling with or without erythema of the
surrounding skin in adolescents. The ARMS subtype accounts
for about half of all extremities RMS.6 The trunk, intratho-
racic area, perineal–perianal region, and biliary system are
less common sites. RMS most frequently metastasizes to the
lung, followed by bone, bone marrow, and lymph nodes.
Usually, 25% of the patients present with metastatic disease
at the time of diagnosis. Visceral organ metastases are rare.
There have been reports of primary RMS in the liver, brain,
trachea, heart, and breast.8

Case Presentation

A 20-year-old female patient presented with a complaint of
pain and swelling over the right side of the neck for 2months.
It was insidious in onset and progressively increased in size.

She had swelling and bulging of the right eye and a diminu-
tion of vision for 1 month. On examination, she had multiple
enlarged conglomerated lymph nodes over the right upper
side of the neck and extending up to the posterior triangle of
the neck. Contrast-enhanced computed tomography (CECT)
of the head and neck was suggestive of a large, necrotic soft
tissue mass lesion in the right maxillary, ethmoid, and
sphenoid sinuses. It extended into the nasal cavity with
the maxilla and cribriform plate erosion, and multiple cervi-
cal lymph nodes were also noted. Lymph node biopsy sug-
gested ERMS. Immunohistochemistry (IHC) revealed tumor
cells were positive for vimentin, desmin, Myogenin, and
CD99 (paranuclear dot-like positivity) and negative for
LCA, CD3, CD20, cytokeratin, synaptophysin, chromogranin,
and terminal deoxynucleotidyl transferase. Ki67 index was
approximately 50 to 60%. Baseline 18F-fluro-deoxyglucose
positron emission tomography (18F-FDG-PET/CT) could not
be done due to the ongoing coronavirus disease 2019 pan-
demic. She was further treated with 20 gray/5 fractions (#)
palliative radiotherapy (RT) to the orbit; post palliative RT,
18F- FDG-PET/CT was performed. 18F-FDG-PET/CT was per-
formed intravenously after injecting 370 Megabecquerel
(MBq) 18F-FDG (IV). Whole body PET/CT images were ac-
quired 45minutes after the FDG injection.

18F-FDG-PET/CT revealed FDG avid soft tissue mass in the
right paranasal sinuses (►Fig. 1A) eroding the medial wall of
the orbit. Solitary skeletal metastasis was noted on the right
iliac bone and multiple bilateral cervical lymph nodes. The
patient received three cycles of vincristine, dactinomycin,
and cyclophosphamide (VAC) chemotherapy. Interim PET/CT
showed a residual mass in the paranasal sinuses with cervi-
cal lymph nodes. Previously seen lesions showed partial
treatment response (►Fig. 1B). She received three more

Fig. 1 Maximum intensity projection images of baseline positron emission tomography/computed tomography (PET/CT) reveal (A)
flurodeoxyglucose (FDG) avid thickening involving paranasal sinus (PNS) and adjacent areas. Interim PET/CT (B) reveals no significant residual
disease in the neck. End-cycle PET/CT (C) for treatment response reveals FDG avid metastatic involvement of right breast (red arrow), bilateral
ovary (green arrow), and FDG avid lesion in left iliac bone (blue arrow).
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cycles of VAC chemotherapy and was referred for end-cycle
PET/CT for treatment response. PET/CT revealed FDG avid
and nonavid residual cervical lymph nodes. FDG avid soft
lesions were noted in the right breast parenchyma and
ovaries (►Figs. 1C, –2A–D). Also, metastatic lytic and scle-
rotic skeletal lesions were noted (►Fig. 1C, ►Fig. 2). The
overall impression was suggestive of disease progression.
Fine-needle aspiration cytology and histopathological exam-
ination (HPE) with immunohistochemistry suggested meta-
static ERMS from both sites. The patient refused further
treatment and was lost to follow-up.

Discussion

RMS is the most common soft tissue sarcoma in children. On
the contrary, it is an uncommonneoplasm in adults and older
population.1 ERMS predominantly affects children in their
first 5 years of life, but it may occur at older ages. ERMS
typically occurs in and around the head, neck, bladder,
vagina, prostate, and testicles. However, only a few primary
cases are reported from the liver, brain, trachea, heart, and
breast.5 Two subtypes of ERMS are botryoid and spindle cell
RMS. Sarcoma botryoides present as a grape-like lesion,
particularly in the vagina or bladder. Botryoid and spindle
cell RMS tends to have a better prognosis than conventional
ERMS.

Lung, bone marrow, and lymph nodes are specific meta-
static sites for RMS.2 Metastasis to the breast and ovary is
very rare. Our case, unfortunately, had HPE and IHC con-
firmed both breast and ovarian metastases. Breast metasta-
ses from RMS are exceptional, with an incidence of 6%.9

Bilateral involvement is between 8 and 25%.10 They occur
mainly in adolescent girls, with the most primary tumors in
the extremities.9,10 The alveolar typehas a strong connection

with breast deposits. Breast metastases are believed to arise
due to increased vascularity and rapidly growing mammary
tissue at puberty.9,10 Metastatic, as well as primary involve-
ment of the ovary, is infrequent in RMS. We reviewed the
literature for RMS metastasizing to the breast and ovary in
the pediatric population (from age 0 to 18 years) and found
12 studies reporting breast metastasis, but ovarian metasta-
sis was not reported (►Table 1). Out of 54 patients, only one
was male, and the rest were female, demonstrating female
predominance.

In most cases, the primary site was the extremity, fol-
lowed by pelvic structures. Paranasal sinus as a site for
primary was noted in eight (15%) cases. Out of 54 cases, 49
(90%) reported an alveolar variety of RMS; the embryonal
variant was found in only a single case. Two studies showed
the PET/CTutilization for metastasis detection and response
evaluation. Most studies reported mortality in the follow-up
period.

In our case, FDG-PET/CT revealed solitary skeletal metas-
tasis in the baseline scan, and following chemotherapy,
interim PET/CT revealed residual disease with partial treat-
ment response. However, the patient developed further
recurrence and ovarian breast metastasis demonstrated by
FDG-PET/CT.

The diagnostic evaluation of a suspected RMS involves
determining the primary disease extent and the presence of
metastatic dissemination. A thorough physical examination
should be carried out, with particular attention paid to the
lymphatic structures in the region. A total blood count with
differential, serum electrolytes, blood urea nitrogen, and
liver function tests should be conducted along with serum
creatinine, phosphorus, magnesium, uric acid, and calcium.
Hypercalcemia due to bone absorption can develop in people
with bone metastases, albeit uncommon. Bilateral bone

Fig. 2 End-cycle response positron emission tomography/computed tomography (PET/CT) fused images reveal flurodeoxyglucose (FDG) avid
multiple lesions in the right breast (A, B); FDG avid lesions in the bilateral ovary (C, D), and FDG avid lesion in the left iliac bone (E) corresponding
to axial CT image (F) reveal lytic lesions in the left iliac bone.
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marrow aspiration and iliac crest biopsies should be per-
formed in the absence of abnormal peripheral blood counts
or apparent bone metastases. Plain radiographs of the pri-
mary site and CT scans of the primary and adjacent struc-
tures should be done. Magnetic resonance imaging or
ultrasonography helps determine the disease extent in ma-
lignancies of the extremity or head and neck region. 18F-
FDG-PET/CT can accurately detect tumor lesions extent and
metabolic activity, aiding staging and evaluating therapy
response in many malignant tumors. As a complement to
staging, restaging, and response assessment of metastatic
RMS, PET/CT imaging has steadily increased in use in the last
decade.11,12 HPE and IHC are necessary for confirming the
diagnosis. In our case, FDG-PET/CT revealed solitary skeletal
metastasis in the baseline scan. Interim PET/CT revealed
residual disease with partial treatment response. However,

the patient relapsed with unusual metastasis to the breast
and ovary.

Treatment for RMS requires a multidisciplinary approach,
including surgical excision with or without RT and chemo-
therapy. The prognosis of this disease depends upon the
location of the metastatic burden and the treatment re-
ceived13 standard chemotherapy regimen in North America
is VAC.14 In Europe, the backbone consists of ifosfamide
vincristine and actinomycin D.14 A randomized trial showed
no apparent difference in patient outcomes between the two
treatment combinations.14 VAC/IVA has remained the same
chemotherapy regimen since it was developed four decades
ago, despite changes in duration, dosage, and method of
administration.15 An open-label phase 3 trial (EpSSG RMS
2005) unambiguously showed that doxorubicin addition to
the standard IVA backbone did not enhance patient

Table 1 Reported cases of rhabdomyosarcoma metastasis to the breast in the pediatric population (n¼ 54)

Sr no. Authors (y) No. Age/sex Primary site Histology PET Outcome

1 Howarth16

et al
(1979)

6 11.5–16
F(n¼5)
M(n¼1)

Extremity Alveolar
(n¼ 6)
Mix (n¼1)

N All died at 1–16 mo from
breast metastasis

2 Bohman17

et al
(1982)

3 15–18
All F

Extremity, orbit, mandible NA N NA

3 Copeland18

et al
(1985)

3 13–15
All F

Perineum Alveolar N All died at 7–27 mo
from diagnosis

4 Pettinato19

et al (1989)
2 14–17

All F
NA. Alveolar

(n¼ 1)
Embryonal
(n¼ 1)

N NA

5 Chan et al20

(1991)
2 14–15

All F
Pelvis, perirectal Alveolar N NA

6 Rogers et al21

(1994)
2 12–16

All F
Perineum, extremity Alveolar

(n¼ 1)
Primitive
(n¼1)

N All died of PD

7 Kwan et al22

(1996)
2 14–15

All F
Extremity Alveolar N Died with PD

8 Hays et al23

(1997)
19 12–21

All F
Extremity (n¼ 8)
Nasopharynx and
paranasal sinus (n¼7)
Trunk (n¼4)

Alveolar N Died with PD (n¼ 3)
Alive with disease (n¼ 3)
No evidence of disease
(n¼ 3)

9 Vishnevskaia24

et al
(2004)

2 14
All F

Widespread metastasis Alveolar NA Died within 3 mo–1.5 y

10 D’Angelo25

et al (2010)
7 13-16

All F
Extremity (n¼ 3)
vagina (n¼ 1)
breast (n¼ 1)
retroperitoneal (n¼1)

Alveolar NA All dead at 15–48 mo

11 Kebudi26

et al
(2017)

3 13–14/F Extremity, perineum,
sphenoid sinus

Alveolar Y
(n¼ 3)

Died with PD

12 Audino27

et al (1995)
3 14–16

All F
Extremity Alveolar Y

(n¼ 3)
Died(n¼1)
In remission(n¼2)

Abbreviations: F, female; M, male; mo, month; n, number; N, no PET/CT done; NA, not available; PD, progressive disease; PET/CT, positron emission
tomography/computed tomography; Y, PET/CT done.
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outcomes. Because of cardiotoxicity (especially in younger
patients), there is a lack of rationale for its continued inclu-
sion in the chemotherapy regimen. Disease progression is
noted despite continuing a VAC-based chemotherapeutic
regimen. Metastatic RMS has a poor prognosis. Multimodal
chemotherapy, RT, mastectomy, and bilateral oophorectomy
approaches depend on a patient’s condition. Literature re-
garding the treatment protocol for such patients is very
scarce.

Conclusion

RMS being a pediatric soft tissue sarcoma commonly meta-
stasizes to lung, bone, and lymph nodes. The alveolar variety
of RMS ismore frequent than other types. Fewcases of breast
metastasis have been reported in the past; however, ovarian
metastasis is not documented. We reported a rare case of
ERMS metastasizing to the breast and ovary. This case also
highlights the importance of the 18F-FDG-PET/CT in the
treatment response evaluation and disease monitoring.
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Sir,
Renal leiomyoma is a rare smooth muscle tumor account-

ing for 0.3% of all nephrectomies and 1.5% of all benign
neoplasms.1 They predominantly affect the female popula-
tion between the second and fifth decades of life. Renal
leiomyoma is predominantly asymptomatic and discovered
incidentally on autopsy or when the patient is screened for
some other symptoms. The most common presentations are
abdominal mass, flank pain, and/or microscopic haematu-
ria.2 In the kidney, the lower pole is commonly involved.
Leiomyomas are mostly subcapsular (53%) or capsular (37%),
and these occur less often in the renal pelvis (10%) as these
sites normally contain smooth muscles.2 Macroscopically,
these tumors arewell circumscribed. The cut surfaces appear
tan to white with a whorling pattern. Cystic degeneration is
common.3 Microscopically, long interlacing fascicles of spin-
dle cells are seen. The presence of necrosis, atypia, or mitosis
warrants the diagnosis of leiomyosarcoma and is hence
looked for. Clinically, the important differential diagnosis
includes renal cell carcinoma (RCC) and oncocytoma. Micro-
scopically, stromal predominant angiomyolipoma (AML) also
needs exclusion through thorough tissue sampling. Immu-
nohistochemically, the diagnosis of leiomyoma is supported
by diffuse smooth muscle actin (SMA) positivity and nega-
tivity for melanocytic markers (HMB45 and/or Melan-A).
Both AML and oncocytoma are benign and require neph-
ron-sparing surgery (NSS) like leiomyoma. However, RCCs
are the most common outcome of contrast-enhancing renal
mass and need elaborate management.4 In the case of renal
leiomyoma, the choice between partial and radical nephrec-
tomy depends upon the tumor size and its location. There is
no documentation of metastasis to date in the literature and
most of the patients remain alive.5

A 56-year-old lady presented with a history of on and off
right flank pain for 3 to 4 years. The pain was mild, dull

aching and subsided on oral medication. There was no
history of hematuria, burning micturition, or any previous
significant past medical illness. She was hypertensive for
3 years with regular medication. On evaluation, the com-
plete hemogram and renal and liver function tests were
within normal limits. Contrast-enhanced computed tomog-
raphy (CECT) showed a well-defined soft-tissue lesion mea-
suring 3.6�3.0�3.1 cm in the mid-pole cortex of the right
kidney. On the noncontrast CT scan, the lesion appeared
slightly hyperdense to isodense and showed plain CT atten-
uation of 33 to 46 HU. Furthermore, on the postcontrast
scan, the lesion showed mild enhancement of up to 78 HU
(maximum); however, it appeared hypodense with respect
to renal parenchyma. The lesion showed a slight smooth
exophytic bulge into overlying fat at the lateral aspect.
Medially, the lesion appeared to merge with the mid-pole
pelvicalyceal system. In addition, there was chronic calcu-
lous cholecystitis and uterine fibroid measuring
3.0�2.2 cm. A robot-assisted laparoscopic right NSS was
performed. The specimen was sent for histopathological
evaluation. Grossly, the right NSS specimen measured
4�3.7�2.5 cm. An encapsulated solid tumor was seen
measuring 3.6�2.5�2.6 cm. The cut surface was homoge-
nous, white, and firmwith a whorling texture (►Fig. 1A). No
areas of hemorrhage, necrosis, or calcification were noted. A
peripheral rim of normal renal parenchyma was identified,
measuring 0.3 cm. The histopathological sections showed a
well-circumscribed tumor composed of smooth muscle
cells arranged in long and short interlacing fascicles
(►Fig. 1B). Additionally, individual tumor cells showed a
mild degree of nuclear pleomorphism with spindle-shaped
morphology and a moderate amount of eosinophilic cyto-
plasm. The nuclei appeared cigar shaped with both blunt
ends, fine chromatin, and inconspicuous nucleoli (►Fig. 1C).
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Mitotic activity was infrequent (<1/10 hpf). No nuclear
atypia, mitosis, or necrosis was seen. No perinephric fat
extension was identified. On immunohistochemistry, the
tumor cells exhibited diffuse cytoplasmic positivity for SMA
(►Fig. 1D). Melan-A immunostain was negative. The Ki-67
proliferation index was less than 1%. The surgical resection
margin was not involved. In view of morphology and
immunohistochemistry, a diagnosis of leiomyoma (pT1a
pNx; American Joint Committee on Cancer [AJCC] staging
manual, 8th edition) was made. To the best of our knowl-
edge, the association between renal and uterine leiomyo-
mas was not found in the English literature. The patient is
doing well after the surgery, and at the 1-year follow-up,
she had no recurrence.
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Fig. 1 (A) Gross specimen showing a well-circumscribed tumor. The tumor has tan to white color, rubbery texture, and whorled cut surface
(scale bar¼ 2 cm). (B) The microphotograph showing a sharp demarcation from the surrounding normal renal parenchyma (hematoxylin
and eosin [H&E]; �100). (C) The tumor cells are arranged in intersecting fascicles (H&E; �200). (D) Smooth muscle actin (SMA)
immunohistochemistry shows diffuse strong positivity (�200).
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