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Introduction

The incidence of breast cancer has been gradually increasing
in India in the past few decades and it overtook cervical
cancer as the most common cancer among women in 2020.1

Based on data from population-based cancer registries, the

age-adjusted annual incidence of breast cancer in large urban
locations in India is approximately 30 to 35/100,000, with an
average annual percentage increase of about 1.1%, and in
rural locations about 10 to 12/100,000.2,3

The most important risk factors for breast cancer are
increasing age, genetic predisposition,4 obesity, lower parity,
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and exposure to estrogen, including use of hormone replace-
ment therapy. Apart from the known high-penetrance germ-
line mutations in a few genes like BRCA 1 and 2, research has
evaluated that, in the Indian population, the association of
body fat distribution (increasedwaist–hip ratio) is associated
with breast cancer risk.5,6 There is some evidence that
physical activity,7 dietary modification,7 and adequate
breastfeeding8 can be protective.

India is a large country with varied geography, different
disease distribution pattern among rural/urban society, and
socioeconomic constraintswhichmakemanagement of early
breast cancer complex and different. Therefore, the Indian
Society ofMedical and Paediatric Oncology convened a panel
of experts to create evidence and context-based guidelines
for the management of early breast cancer. Various key
opinion leaders from pathology, radiology, molecular oncol-
ogy, medical, radiation, and surgical oncology have thor-
oughly discussed and put down the recommendations
(Strength, Grade) applicable to our country.

Diagnosis of Early-stage Breast Cancer

Mammography is the gold standardworldwide for screening
and diagnosis with the maximum benefit in some studies
shown to be between 50 and 60 years. However, India has a
high incidence (up to 33% of all incident breast cancers in
some studies) of cancer in younger females.9,10 There are
currently no established screening standards that advocate
for the routine screening of women under the age of 40 who
are at average risk. In the population of women under the age
of 40, the occurrence of breast cancer is relatively infrequent
and young women have dense breast, hence the mammo-
gram can be misleading and lead to false negatives. Addi-
tionally, there is a lack of randomized studies pertaining to
breast cancer screening, and the efficacyofmammography in
this context is suboptimal. For younger females, clinical and
self-breast examination along with ultrasound (USG) breast
can be adjuncts to mammography but cannot replace mam-
mography. The implementation of biennial clinical breast
examinations by primary health care providers resulted in a
notable decrease in the stage of breast cancer at the time of
diagnosis. Additionally, this intervention was associated
with a reduction in breast cancer mortality, although the
overall reductionwas not statistically significant. However, a
substantial reduction of almost 30% in mortality was ob-
served specifically among women aged 50 years and older.

The inclusion of clinical breast examination as a component
of breast cancer screening should be given due consideration
in our country.11

In patients at high risk of developing breast cancer (esti-
mated lifetime risk of >20% such as—women with personal
history of breast cancer, BRCA 1 and 2 genemutation carriers
or their first-degree relatives, women with a history of chest
irradiation between 10 and 30 years of age, Li–Fraumeni
syndrome [P53], or above syndromes in first-degree rela-
tives); current evidence-based screening guidelines
(►Table 1) include earlier and more frequent screening,
with the addition of annual breast MRI.12,13

Early-stage breast cancer would include tumors which
are palpable (T1b, T1c, and T2) with or without palpable
axillary lymphadenopathy (N1). With palpable masses,
there is a need for a diagnostic imaging workup as per the
below guidelines (►Table 2). Indication of MRI during early
breast cancer diagnosis is detailed in ►Table 3.

Pathology

Pathological diagnosis of breast cancer is amalgamation of
histomorphology, biomarker assessment, and multigene
assays. Core needle biopsy is a highly sensitive and specific
modality with excellent diagnostic agreement and is man-
datory prior to commencement of any treatment. It is a
modality of choice for obtaining tissue diagnosis from pri-
mary breast lesion and axillary lymph node if metastasis is
suspected. ►Table 4 enumerates the basic investigations
required at the time of diagnosis.

Optimal tissue handling should be ensured with minimal
cold ischemia time to enable adequate fixation for histopa-
thology and immunohistochemistry (IHC) assays. The pa-
thology report should be generated in a standard format
outlining clinically relevant factors and prognostic informa-
tion. Tumor size, histological grading (Nottingham combined
histologic grade), peritumoral/lymphovascular invasion, in
situ component, and tumor infiltrating lymphocytes are
other parameters of importance to be outlined in pathologic
report.

The pathologic staging should be carried out in accordance
withUnion of International Cancer Control andAmerican Joint
Committee for Cancer (Eighth Edition) for Tumor, Node, and
Metastasis staging system.14 In current staging system, pure
anatomic staging is integrated with prognostic modifiers—
histologic grade, estrogen receptor (ER), progesterone receptor

Table 1 Screening recommendations

LoE GoR

• It is advised that women between the ages of 50 and 69 get mammography screening. I A

• Regular mammography screenings may also be conducted for women between the ages of 40 and 49,
as well as those between the ages of 70 and 74. However, it should be noted that the data supporting
the benefits of mammography in these age groups are not as well established.

II B

• In women with a strong familial history of breast cancer, with or without proven BRCA
mutations, annual MRI and annual mammography (concomitant or alternating) are recommended.

I A

Abbreviations: GoR, garde of recommendation; LoE, level of evidence.
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(PR), human epidermal growth factor receptor 2 (HER 2)
expression, and Ki proliferation index. American Society of
Clinical Oncology—College of American Pathologists guide-
lines strongly recommend ER and PR testing of newly diag-
nosed invasive cancer by validated IHC. The results should be
expressed in standard scoring system (Allred or H score).
Nuclear staining between 10 and 100% is considered positive
andbetween1 and10% shouldbe reportedas lowpositive. The
low-positive reporting category with 1 to 10% expression does
not apply to PR. The results should express overall positivity
and not hotspots as the stainingmay beheterogeneous.15HER
2 expression can be evaluated by IHC and HER2 gene amplifi-
cation by in situ hybridization (ISH), which could be fluores-
cent, chromogenic, or silver-enhanced. Score of 2þ is
considered equivocal and followed by reflex HER2 gene am-
plification by ISH either by dual probes (preferred) or single
probe studies. Ki67 proliferative index is of clinical utility in
prognostication and potential chemotherapy benefit but is
limited due to lack of international consensus on scoring

methods, cutoff values, and reproducibility. International
Ki67 breast cancer working group agreed that Ki-67 prolifer-
ative index below 5% or above 30% could be used as prognostic
marker.16

Breast carcinomas should be categorized into surrogate
intrinsic subtypes for prognostication and therapeutic deci-
sions (►Fig. 1). For prognostic risk stratification and predic-
tion of chemotherapy benefit, molecular profiling of early-
stage ER positive, HER-2 negative breast carcinomas is
advised.

Predictive and Prognostic Multigene Assays
in Hormone Receptor-positive/HER2-
negative Early Breast Cancer

In patients with early-stage breast cancer, the decision of
systemic adjuvant therapy is often based on the clinico-
pathological factors defining the risk of relapse, response
prediction to specific treatment (endocrine vs. targeted), its

Table 2 Imaging recommendations

Age group (years) Imaging modality LoE GoR

<29 Ultrasound (USG) modality of choice I A

30–39 USG I A

>40 Both mammography and USG to be performed with mammography as the initial modality I A

Table 3 Recommendations for role of magnetic resonance imaging in early breast cancer

LoE GoR

Familial breast cancer associated with BRCA mutations I A

Lobular cancers I A

Dense breasts II B

Suspicion of multifocality/multicentricity (particularly in lobular breast cancer) I A

Large discrepancies between conventional imaging and clinical examination III B

When the findings of conventional imaging are inconclusive
(such as a positive axillary lymph node status with an occult primary tumor in the breast)

I A

Table 4 Recommendations for pathology

LoE GoR

If preoperative systemic therapy is planned, a core needle biopsy is mandatory to ensure
a diagnosis of invasive disease and assess biomarkers

I A

As a minimum, USG fine-needle aspiration or core biopsy of suspicious lymph nodes should be carried out,
preferably followed by clip or carbon marking of biopsied lymph nodes

III A

Pathological evaluation includes histology from the primary tumor and cytology/histology of the
axillary nodes (if involvement is suspected)

I A

Pathological report should include histological type, grade, IHC evaluation of ER,
PgR (for invasive cancer), HER2 (for invasive cancer)

I A

aKi-67 proliferative index below 5% or above 30% could be used as prognostic marker IV B

Tumors should be grouped into surrogate intrinsic subtypes, defined by routine histology and IHC data I A

Abbreviations: ER, estrogen receptor; IHC, immunohistochemistry; USG, ultrasound.
aRecommended cutoff for Ki67 high/low—20%17.
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benefits and toxicities. The risk of relapse particularly in HR-
positive, HER2-negative tumors is assessed by age, meno-
pause status, number of positive nodes, primary T stage,
grade, Ki67, and multigene assays.

Predictive and Prognostic Assays
Among various commercially available multigene-based
assays, Oncotype DX is supported by clinical validation not
only for estimating prognosis but also for predicting the
recurrence risk reduction when chemotherapy is added to
hormone therapy (►Fig. 2a). Patients withmore than 1.0 cm,
node negative, hormone positive with recurrence score of 0
to 10, does not warrant adjuvant chemotherapy, only endo-
crine therapy (ET), as compared to high recurrence score (RS)
(>25) which will demonstrate a clear benefit on adjuvant
chemotherapy.18,19 Based on the TAILORx trial, RS 11 to 25
(intermediate risk) did not show any additional benefits of
adjuvant chemotherapy over and above ET. However, for
women aged less than 50 years, RS score from 16 to 25, did
reveal lower risk of recurrence (ROR) when chemotherapy is
added to postoperative hormone therapy.19 As per Rx PON-
DER study, postmenopausal women with recurrence risk
<26, node positive (1–4 nodes) did not show any benefit
of adjuvant chemotherapy. On the contrary, N1, young

premenopausal females in the same study revealed benefit
of adjuvant chemotherapy in addition to adjuvant ET in
node-positive patients irrespective of RS.

Prognostic Assays
70-gene assay (MammaPrint) can classify the patients into
genomic low or high risk for distant recurrence. However,
based on the randomized MINDACT published data, the
utility of 70-gene signature in providing evidence for making
recommendations regarding the use of adjuvant chemother-
apy especially for patients at low clinical risk20 is not present,
thus having only prognostic significance (►Fig. 2b).

50-gene assay (PAM50) has only prognostic clinical value
and can identify the ROR and stratify patient into high-,
medium-, and low-risk groups. Based on Danish Breast
Cancer Cooperative Group database and TransATAC study,
low ROR with either lymph node-negative or -positive
tumors, had low risk for distant recurrence.21,22

12-gene assay (EndoPredict) calculates the risk score and
stratify the patients into low and high risk of distant recur-
rence. Patients with an RNA-based 12-gene low-risk score,
predicts late recurrences risk among low-risk patients (less
than 2 cmandmore than 2 cmbut node negative). TransATAC
study, retrospectively validated endo predict (EP) and EP clin

Fig. 1 Breast molecular and surrogate subtypes. Er, estrogen receptor; IHC, immunohistochemistry; PR, progesterone receptor.
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Fig. 2 (a) Oncotype DX-based risk stratification. (b) MammaPrint-based risk stratification.
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scores in patient with low risk of of distant recurrence,22

suggest that adjuvant chemotherapymay not yield addition-
al benefit in these patients.

Breast Cancer Index (BCI) is an RT PCR-based assay that
combines gene expression of two biomarkers the HOXB13:
IL17BR ratio (H/I), and Molecular Grade Index (MGI).23 It
helps us to predict risk of late distant recurrence (5 years
postdiagnosis) and also cumulative risk of relapse at 10 years
in female treated only with adjuvant ET for node-negative
and chemo-ET in N1 patients.

Patients with a BCI low-risk score, the T1 and T2, and
lymph node-negative tumors prognostic category is similar
to T1a–T1b, N0, M0. BCI has only prognostic clinical value.

CanAssist Breast is an IHC-based test developed andvalidated
onmore than 2,000 patients primarily of Indian ethnic origin. It
calculates the risk score and stratifies the patients into low and
high risk of distant recurrence. This test assesses the expression
of five biomarkers (CD44, ABCC4, ABCC11, N-Cadherin, pan-
Cadherin) involved in tumor biology, namely metastasis, drug

resistance, stemness, and arrives at a score predictive of distant
recurrence, along with three clinical parameters—tumor size,
grade, andnodestatus.24Thesamehasnotbeenvalidated inany
prospective randomized control trial. ►Table 5 mentions rec-
ommendations for various genomic prognostic assay available
to us for deciding adjuvant therapy for both node-negative and
-positive (<4) early breast cancer.

►Fig. 3 depicts the algorithm to be followed for the
interpretation and applicability of the current RS cutoff score
in Oncotype DX assay results.

Management

Ductal Carcinoma In Situ
Ductal carcinoma in situ (DCIS) was a relatively rare entity
till the advent of routine screening programs. DCIS now
constitutes about 20 to 25% of “Stage 0” breast cancer.
National Cancer Institute study of 2020 reported a 36 to
100% progression of DCIS to invasive cancer when not
treated. The progression time was 0.2 to 2.5 years; however
the overdiagnosis of DCIS was 3.1 to 65.8%.25

DCIS needs a multidisciplinary team approach. Mastecto-
myor breast conservation surgery (BCS) alongwith radiation
are the cornerstones of management. Total mastectomywith
clear margins along with reconstruction in DCIS is curative,
and radiation therapy (RT) is usually not recommended.
There is no general agreement on what is considered an
optimal margin; however, recent consensus has determined
that a 2-mm margin is adequate.26 ►Table 6 mentions the
indication of adjuvant radiotherapyand/or hormone therapy,
postsurgery for DCIS. RT is commonly used as the standard
treatment for patients undergoing breast-conserving thera-
py (BCT). However, it may be justifiable to exclude certain
individuals with advanced age, significant comorbidities, or
small areas of low-grade disease that have been surgically
removed with wide negative margins.

Table 5 Assay

LoE GoR

21-gene (Oncotype DX; for pN0) I A

21-gene (Oncotype DX) for
pN1 (1–3 positive nodes)

II A

70-gene (MammaPrint) for
pN0 and pN1 (1–3 positive nodes)

I A

50-gene (Prosigna) for pN0 and
pN1 (1–3 positive nodes)

II B

12-gene (EndoPredict) for pN0 and
pN1 (1–3 positive nodes)

II B

Breast Cancer Index II B

CanAssist Breast IV C

Fig. 3 Algorithm for adjuvant therapy for HRþ EBC> 0.5 cm. ET, endocrine therapy; OFS, ovarian function suppression.
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ET in the form of tamoxifen or aromatase inhibitors (AIs)
used in ER and PR positive disease reduces the risk of local
recurrence as well as of contralateral breast cancer. Tamoxi-
fen is not commonly used as a chemopreventive measure for
women diagnosedwith ER� DCIS due to the lack of evidence
supporting its efficacy in reducing the risk of disease recur-
rence in this specific subgroup. Certain individuals of the
female gender may choose to utilize tamoxifen as a means to
mitigate the likelihood of acquiring a fresh case of ERþDCIS
or breast cancer. Inwomen having bilateral mastectomies for
DCIS, the risks of adverse effects from tamoxifen outweigh
any potential benefit for risk reduction.

Targeted therapy for HER2-positive disease is controver-
sial with the NSABP B-43 data showing some benefit but we
do not recommend the use of trastuzumab.27

Surgical Management of Early Breast Cancer

Management of Palpable Primary (T1/T2)
In early breast cancer, the choicebetween BCS followed by RT
or mastectomy usually depends on size and location of
tumor, tumor to breast size, multicentricity, lymph node
involvement, and patient factors such as age, menopausal
status, and personal preferences.

Safety of BCT-NSABP-06 trial found no significant differ-
ences among women who underwent lumpectomy followed
by radiation or mastectomy with respect to disease-free
survival (DFS), distant diseases free survival (DDFS), or
overall survival (OS).28 In a study in the Netherlands of

37,207 patients who underwent BCT found significantly
improved 10-year OS compared with mastectomy in all T
and N stages of breast cancer. Clear or negative margins are
mandatory for optimal outcomes of BCT. “No inkon tumor” is
the standard margin for breast cancer patients treated with
BCT.29 Positivemargins have been associatedwith a two-fold
increase in local recurrence rate. Neither radiotherapy nor
systemic therapy can substitute for re-excision to clear
margins.

►Tables 7 and 8 show the recommendation for manage-
ment of primary and axilla, respectively, in patients who
have not undergone chemotherapy.

Management of Primary Postneoadjuvant Chemotherapy
All patients must undergo definitive breast surgery, after the
completion of neoadjuvant therapy, even with complete
response. Metal clips should be placed in tumor bed under
ultrasound guidance in all patients considering BCT before
neoadjuvant treatment is started. Imaging should be repeat-
ed postneoadjuvant therapy to assess tumor response and for
surgical planning. Feasibility of BCS is dependent on post-
treatment tumor size and characteristics and not pretreat-
ment tumor size. Following neoadjuvant treatment, the
imaging modality that most clearly showed the extent of
the disease upon presentation is probably the most informa-
tive. On the other hand, the choice of imaging modality and
whether to acquire posttreatment investigations may
be determined by factors related to surgical planning
(►Table 9).

Table 6 Recommendations for ductal carcinoma in situ

LoE GoR

BCS followed by whole breast radiotherapy or total mastectomy is acceptable treatment options for DCIS I A

Whole breast radiotherapy is recommended for the majority of women with DCIS treated with BCS I A

In patients with low-risk DCIS, omitting radiation is an option V B

Both tamoxifen and Ais may be used after conservative, local treatment of DCIS to
prevent local recurrence and to decrease the risk of development of a second primary breast cancer

I B

Abbreviations: AI, BCS, breast conservation surgery; DCIS, ductal carcinoma in situ.

Table 7 Management of primary

LoE GoR

BCS is the preferred treatment option for locoregional treatment of EBC I A

No tumor at inked margin is required to minimize local recurrence I A

Mastectomy may be offered for multicentricity, BRCA-positive individuals,
and for cosmetic reasons. We recommend immediate reconstruction postmastectomy.

V A

Abbreviation: BCS, breast conservation surgery.

Table 8 Management of axilla

LoE GoR

SLNB is standard of care for clinically and histologically negative axilla I A

Complete ALND can be avoided in SLNB negative or one to two SLNB-positive patients II A

Abbreviations: ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy.
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Mastectomy and Oncoplasty in Special Situations
Mastectomy in early breast cancer is usually performed as
per patient choice or tumor characteristics (inflammatory
breast cancer/diffuse microcalcifications/multicentric/in-
ability to attain negative margins/pregnancy/contraindica-
tion to RT) making it nonfeasible for BCT. Oncoplasty is
ideally suited for patients who have a large tumor relative
to their breast size, or preexisting aesthetic concerns as it
permits removal of large volume of tissue while preserving
natural appearance. Oncologic outcomes of oncoplastic sur-
gery are comparable or superior to those of standard BCT
with low reported complication rates.30 All patients should
be offered immediate breast reconstruction (with the excep-
tion of inflammatory breast cancer). Breast reconstruction
procedures can be performed either immediately following a
mastectomy or in subsequent surgical intervention. Imme-
diate reconstruction is a viable option for the majority of
individuals who are undergoing mastectomy. This encom-
passes patients who undergo preventative mastectomy as
well as mastectomy for invasive or in situ cancer. The
consideration of delayed reconstruction is warranted in
patients diagnosed with inflammatory breast cancer, as
well as in patients who have a higher likelihood of experienc-
ing negative results due to comorbidities. Additionally, the
preferences of both the patient and the surgeon should be
taken into account while making this decision. Staged-im-
mediate reconstruction is occasionally considered in
patients with inadequate perfusion of the mastectomy skin
flaps as a technique of minimizing the likelihood of delayed
healing and reconstructive failure. Patients belonging to this
particular type typically exhibit the capacity to recommence
the process of reconstruction within a span of 2 to 4 weeks,
subsequent to the attainment of complete recovery. There
was no observed increase in problems associated with
postmastectomy RT, regardless of whether the reconstruc-
tion procedure was performed immediately or delayed.

Multicentric Lesions
Multicentric disease with two or more primary tumors in
separate quadrants of the breast such that they cannot be
encompassed in a single excision is considered an absolute
contraindication to BCT. The Alliance Z11102 trial, 198
women with two (96%) or three (4%) separate sites of
biopsy-proven malignancy separated by �2 cm within the
same breast underwent BCS. BCS was feasible in 93% and
achieved with a single operation in 73%, only 7% required

mastectomy due to positive margins. At 2 years, themajority
of women who underwent BCT reported good-to-excellent
cosmesis.31 However, long-term recurrence data are re-
quired before any recommendation can be made to permit
use of BCS in multicentric disease.

Risk-reducing Mastectomy
Hereditary breast cancer patients (e.g., -BRCA carrier) should
be informed about their increased risk of a second primary
cancer from 2 to 5% per year and that bilateral mastectomy
may reduce the risk of a second primary. However, contra-
lateral prophylactic mastectomy in such patients only
decreases incidence ofmetastatic contralateral breast cancer
without any improvement in OS.32High-risk patients are not
barred to BCT, but the decision should be made following
extensive discussion with an experienced surgeon and a
genetics counsellor.

Skin-sparing Mastectomy
This is preferred only for breast cancer patients with low
rates of local recurrence due to early stage, biologically
favorable cancers, and/or DCIS that are located >2 cm from
nipple. Retrospective studies indicate that skin-sparingmas-
tectomy does not increase risk of local recurrence while
offering the advantage of natural skin cover and immediate
reconstruction.33

Management of Nonpalpable Primary
Lumpectomy in nonpalpable lesions is performed with the
use of localization techniques J wire/radioactive seed locali-
zation (RSL)/radio occult lesion localization (ROLL) and exci-
sion followed by confirmation with specimen mammogram.
No difference in margin positivity rates between ROLL and
needle localization or RSL has been observed.34

Management of Axilla
A thorough axillary evaluation consisting of clinical exami-
nation, axillary imaging, fine needle aspiration cytology
(FNAC)/biopsy of suspicious lymph nodes, and clipping be-
fore neoadjuvant therapy is required.

Axilla Sampling in Indian Setting
Limited axillary dissection via sentinel lymph node biopsy
(SLNB) is standard of care in node-negative operable breast
cancer. However, the high cost of the gamma probe and the
need for radiocolloid have limited its widespread acceptance

Table 9 Management of EBC postsystemic therapy

LoE GoR

All patients must undergo definitive breast surgery BCT/mastectomy, after the completion of
neoadjuvant therapy, taking into consideration the tumor characteristics and response posttherapy.

II A

SLNB is recommended in patients with node-negative axilla prior to systemic therapy II A

SLNB may be performed in selected cases in patients with node-positive axilla converting
to node-negative postsystemic therapy

II B

Completion ALND is recommended in patients with SLNB-positive patients postsystemic therapy II B

Abbreviations: ALND, axillary lymph node dissection; BCT, breast-conserving therapy; SLNB, sentinel lymph node biopsy.
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in developing countries. Low axillary sampling (LAS) is a safe
alternative to SLNB in countrieswith limited resources due to
similar false negative rates. Therefore, LAS is an effective and
low-cost procedure that minimizes axillary surgery and can
be implemented widely.35

LAS can also be used to de-escalate axillary surgery in
postchemotherapy patients, as it is superior to SNB in
identification rate, FNR, and negative predictive value in
predicting node-negative axilla postneoadjuvant chemo-
therapy (NACT). LAS can be safely used to predict negative
axilla with <10% chance of leaving residual disease.36

Management of Clinically Negative Axilla
SLNB is the standard initial approach for women with
clinically node-negative early breast cancer (EBC).37 Patients
with negative pathology results from fine needle aspirate or
core biopsy of image detected abnormal lymph nodes should
also be considered for SLNB. We recommend to omit axillary
lymph node dissection (ALND) in patients with negative
SLNB.

Management of Clinically Positive Axilla
A clinically bulky, biopsy/FNAC confirmed that node-positive
disease should be managed with ALND.

Management of Positive Sentinel Lymph Nodes
Alliance Z0011 found no difference in local recurrence, DFS,
or OS between EBC patientswith one or two positive sentinel
lymph nodes (SLNs) undergoing a completion ALND versus
no ALND. Long-term follow-up (median 9.25 years) results
showed no statistically significant difference in local recur-
rence-free survival between trial arms.38 cT1-2, N0 tumors,
who have not received neoadjuvant therapy, only have one or
two positive SLNs, and will undergo BCT may skip complete
axillary dissection. If any of the above criteria are not met,
complete level I and II axillary dissection are performed. The
results of IBCSG 23-01 show that in patients with micro-
metastases on SLNB, ALND is not required. If there are more
than two positive SLNs, we suggest to perform complete
ALND.

Management of Axilla Postneoadjuvant Therapy
Patients with initial cN0 disease who remain node negative
after neoadjuvant therapy are eligible for SLNB. If sentinel
node is negative, these patients (ypN0) do not require
completion ALND. In patients with initial node-positive

disease, posttreatment SLNB is associated with high false
negative rates of 14.2% as per SENTINA,39 12.6% as per
ACOSOG-Z1071 trial,40 and 12.6% in the SNFNAC trial.41 An
axillary staging technique that removes any biopsy-proven
positive axillary nodes, which are marked with a clip or
tattoo prior to neoadjuvant therapy, in addition to SLNB
ensure removal of positive nodes while minimizing morbid-
ity. In the Z1071 trial, targeted axillary dissection reduced
the false negative rate of SLNB from 12.6 to 6.8% in patients
with positive axillary nodes undergoing neoadjuvant treat-
ment.42 The other techniques to reduce false negative rate
are usage of dual agents for lymphatic mapping and identi-
fying three or more SLNs. For patients with any positive
sentinel node after neoadjuvant therapy, complete ALND is
performed.

Radiotherapy Following Breast Conserving Surgery
Addition of radiotherapy to BCS benefits survival, and
reduces the absolute risk of any type of recurrence after
10 years by 15.7% overall and by 15.4% in patients with pN0
disease. Further, the risk of mortality from breast cancer at
15 years reduces by 3.8% overall and by 3.3% for patientswith
pN0 disease.43 In pNþ patients, the 10-year recurrence risk
and 15-year mortality risk from carcinoma breast are de-
creased by 21.2 and 8.5%, respectively44 (►Table 10).

Tumor Bed Boost. Ipsilateral breast tumor recurrence (IBTR),
whichmostly occurs in the proximity of tumor bed, can be as
high as 16.4% in the nonboost receiving patients versus 6.4%
in the boost group. However, the incidence of skin fibrosis is
significantly higher in the boost RT patients. Younger
patients benefit the most whereas patients >60 years of
age benefit far less.45

Accelerated Partial Breast Irradiation. Accelerated partial
breast irradiation (APBI) is used as an alternative to whole
breast irradiation (WBI) to reduce overall patient visits.
Various techniques of APBI include external beam-based
APBI (E-APBI), intraoperative radiotherapy (IORT), and
interstitial brachytherapy (I-APBI).46 RTOG 0413/NSABP
39 trial (WBI vs. E-APBI) reported an absolute difference
of <1.6% in recurrence-free interval and <1% in incidence
of IBTR at 10 years, respectively, but the criterion of
equivalence for IBTR incidence was not met. DFS (local
and distant) was equivalent for both regimes.47 Converse-
ly, RAPID and IMPORT LOW trials reported comparable

Table 10 Recommendations for radiotherapy after breast conservation surgery

LoE GoR

Postoperative RT is strongly recommended after BCS (I, A) I A

Boost RT is recommended to reduce the risk of in-breast relapse in patients:
Exceptions are elderly (more than 60 years) with stage I tumors

I A

APBI is an acceptable treatment option in patients with a low risk for local recurrence III C

Abbreviations: APBI, accelerated partial breast irradiation; BCS, breast conservation surgery; RT, radiation therapy; SLNB, sentinel lymph node
biopsy.
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results for E-APBI versus WBI in obviating IBTR but with
slightly worse Grade 2 to 3 late skin toxicity and skin
cosmesis.48,49

I-APBI is one of the techniques with maximum follow-up
and studies have used irradiation dose in the range of 32 to
34Gy in 8 to 10 fractions by high dose rate (HDR) and 45 to 50
Gy over 4 days by low dose rate (LDR) as both the dose
fractionation regimes are radiobiologically equivalent.46GEC
ESTRO reported an absolute difference in local recurrence
between I-APBI and WBI at 0.52% and declared the non-
inferiority of the I-APBI arm when compared to WBI.50

Further, the group compared toxicity and compliance be-
tween WBI (with boost) with I-APBI (HDR/pulse dose rate
(PDR)) and reported significantly less toxicity (Grade 1–3
skin) in the APBI group.51

ELIOT trial (IORT-based APBI) revealed higher rates of
IBTR in the IORT group than the conventional group (WBI;
4.4 vs. 0.4%, respectively). The 5-year survival did not differ
significantly between the groups. The use of IORT in this
trial and others (TARGIT) have demonstrated superiority in
long-term cosmesis and toxicity profile but have failed to
achieve equivalent ipsilateral recurrence rates.52

On the basis of various clinical trials on APBI, patients
are staged into low-, intermediate-, and high-risk groups.
Patients in the low-risk group are ideal candidates for
APBI.53 It is contraindicated in patients in high-risk group
—age <40 years, multicentric disease, lymphovascular
invasion (LVI)/extensive intraductal component (EIC)
positive, positive margins, pNþ or unknown. In the
intermediate-risk group, it should be used with caution.
In the low-risk group—age �50 years, pT1–2 (<3 cm),
unifocal, unicentric, pN0, nonlobular invasive breast can-
cer, absence of LVI and an EIC, negative surgical margins
of at least 2mm.

Radiation Therapy Following Mastectomy. Despite the in-
crease in use of BCTwith equivalent outcomes, mastectomy
and axillary dissection is often necessary. Radiotherapy
provides no benefit in locoregional recurrence, breast cancer
mortality, and overall recurrence in women who undergo
mastectomy and adequate axillary dissection with node-
negative disease.54 In an unaddressed or only sampled axilla,
the locoregional recurrence is as high as 16.3% and radio-
therapy reduces both local and overall recurrences.55 In
node-positive axilla (1–3 nodes,) locoregional recurrence
(14% absolute difference between RT and no RT) and breast
cancer mortality gets significantly reduced following RT54,56

(►Table 11).

Nodal Radiation Therapy. Axilla must be addressed either
via surgery or radiotherapy. RT to nodal basins does not
affect survival but improves local and regional recur-
rences. In patients with cN0/pN0, nodal RT has no effects
on outcome and inclusion of nodal fields is not mandato-
ry.57 Inclusion of nodal RT after mastectomy in pNþ
patients leads to drop in recurrences by one-third and
deaths in more than one-fifth.55 Nodal irradiation along
with WBI in BCS has also shown an increment in DFS by
>20% for pNþ patients.58 Internal mammary nodes
(IMNs) inclusion has been a subject of debate for a long
time. It may be included in centrally located tumors with
considerations to pulmonary and cardiac morbidities. IMN
irradiation has been reported to improve survival out-
comes.59 Regional nodal irradiation (RNI) of axilla and
supra clavicular fossa (SCF) is strongly recommended in an
undissected axilla or in sentinel node positive without
complete axillary dissection (►Fig. 4a, b). For nodal RT
recommendations, please follow ►Table 12.

Fractionation Schedules

1. Conventional fractionation: 50Gy/25 fractions/5weeks to
the chest wall/whole breast with or without nodal basins
(I A)

2. Hypofractionation: 40 Gy/15 fractions/3 weeks or 42.5
Gy/16 fractions/3.1 weeks to the chest wall/whole breast
with or without nodal irradiation60 (I, A)

3. Tumor bed boost: conventional fractionation—14 to 16
Gy/7 to 8 fractions or a hypofractionated regimen of 12.5
Gy/5 fractions61 (III B)

4. APBI: 38.5 Gy/10 fractions/2 fractions a day/1 week or 30
Gy/5 fractions by external body radio therapy (EBRT) (III, C)

5. 34 Gy/10 fractions/2 fractions a day/1 week by
balloon/interstitial technique (III C)

6. Fast forward: 26 Gy/5 fractions/1 week to the whole
breast/chest wall62 (III B)

Choice of Adjuvant Endocrine Therapy in
Premenopausal Women

Any degree of ER and/or PR positive cases (1% and above)
must receive adjuvant hormonal therapy. Genomic tests
should be taken into account for guiding treatment decisions
in lymph node-negative disease and tumors larger than
0.5 cm. Initial treatment decisions in patients with one to
three positive lymph nodes should take into account clinical
features, tumor stage, pathology, and the availability and
applicability of genetic testing (►Table 13).

Table 11 Recommendations for post mastectomy radiotherapy (PMRT)

LoE GoR

PMRT is recommended for high-risk patients, including those with involved resection margins,
involved axillary lymph nodes, and T3–T4 tumors

I A

It should also be considered in patients with one to three positive axillary lymph nodes I A
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Tamoxifen
According to Early Breast Cancer Trialists Collaborative Group
(EBCTCG) analysis, adjuvant tamoxifen for 5 years lowers breast
cancer mortality by around one-third during the first 15 years
following diagnosis and reduces local, contralateral, and distant
recurrence of breast cancer by 30 to 50% for the first 10 years.
Tamoxifen adjuvant therapy for 10 years has been shown to
have a better DFS than therapy for a shorter duration.

Ovarian Function Suppression with Tamoxifen or an
Aromatase Inhibitor
The addition of ovarian function suppression (OFS)/ablation to
either an AI or tamoxifen for some patients results in a
clinically significant reduction in the ROR but increases toxici-
ty. Ovarian function can be suppressed with a gonadotrophin
releasing hormone (GnRHa). We define high-risk patients as
those in whom chemotherapy is indicated (e.g., patients with

Fig. 4 (a) Algorithm for the role of radiation therapy in early breast cancer. (b) Algorithm for the role of radiation therapy after neoadjuvant
therapy. ALND, axillary lymph node dissection; NACT, neoadjuvant chemotherapy; RT, radiation therapy; SLN, sentinel lymph node; SLNB,
sentinel lymph node biopsy; USG, ultrasound.
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Fig. 4 (continued)
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the presence of pathologically involved lymph nodes [Nþ ],
large tumor size [>2cm], high ROR based on a genomic assay)
and young age <35 years. In SOFT trial, tamoxifen plus OFS
improved theDFS rate (77 vs. 71%; hazard ratio [HR]: 0.76, 95%
CI: 0.60–0.97). Exemestane plus OFS also improved DFS rates
(80 vs. 71%; HR: 0.68, 95% CI: 0.53–0.88).63OS: tamoxifen plus
OFS was associated with an improvement in OS (89 vs. 85%;
HR: 0.59, 95% CI: 0.42–0.84). Interestingly, no significant
benefit was seen for exemestane plus OFS versus tamoxifen
(87 vs. 85%; HR: 0.79, 95% CI: 0.57–1.09).63 However, the
overall conclusions of SOFT are consistent with TEXT for the
subset of patients with hormone receptor-positive, HER2-
negative disease, which comprised 88% of the overall group
(12% had HER2-positive disease).64

For women with high risk, hormone receptor-positive
breast cancer, we suggest incorporation of OFS plus an AI or
tamoxifen, rather than tamoxifen alone.When using OFS, we
suggest use of an AI rather than tamoxifen. For women with
average low-risk breast cancer, we suggest tamoxifen as
single-agent therapy rather than OFS plus ET. We typically
consider low-risk breast cancer to be in women older than
35 years who are without indications for chemotherapy.

Choice of Adjuvant Endocrine Therapy in
Postmenopausal Women (►Table 14)

An AI administered instead of or after tamoxifen in postmeno-
pausalwomen is better to 5 years of tamoxifen alone. According
to ameta-analysis of almost 18,000patients, 5 years of adjuvant
AI treatment was linked to a 2.9% absolute decrease in the
chance of recurrence and a 1.1% absolute decrease in breast
cancer mortality when compared to 5 years of tamoxifen.
Patients who received 2 to 3 years of tamoxifen followed by 2

to 3 years of AI experienced reductions in mortality and breast
cancer recurrence of 3.1 and 0.7%, respectively, as compared to
patients who received tamoxifen alone for 5 years.65

(►Table 14) According to the Intergroup Exemestane Study,
patientswhoswitched toanAIafterusing tamoxifen for thefirst
2 to3yearsof their treatment regimenandfinished5yearsofET
had considerably lower rates of disease recurrence and breast
cancer death than those who took the drug for the full
5 years.66,67 The consecutive use of AIs and tamoxifen was
investigated in an EBCTCG meta-analysis of more than 30,000
postmenopausal individuals. AIs were linked to decreased risks
of breast cancer recurrence and a 15% reduction in 10-year
mortality when 5 years of an AI were compared to 5 years of
tamoxifen or to 2 to 3 years of tamoxifen followed by an AI for a
total of 5years. Therates of recurrence forAIswere considerably
reduced during years 2 to 4 and the 10-year breast cancer
mortalitywas lowerwith switching toAIs thanwith continuing
on tamoxifen when 5 years of tamoxifen was compared to 2 to
3 years of tamoxifen followed by AI for a total of 5 years.68

Postmenopausalwomen can choose fromanumber of adjuvant
ET alternatives, such as AI for 5 years, AI for 10 years, tamoxifen
for 5 years (in the event that AI is contraindicated or poorly
tolerated), tamoxifen for 2 to 3 years followed by AI to complete
5 years, or tamoxifen for 5 years followed by AI for 5 years. For
womenwith larger tumorsor node-positivedisease,wesuggest
extended endocrine treatment.

Incorporation of Targeted Therapies for
Select Patients

Cyclin Dependent Kinase (CDK) 4/6 Inhibitors
Wewould support the decision to add abemaciclib for 2 years
to the existing backbone of adjuvant ET as per monarchE

Table 12 Recommendations for nodal radiation therapy

LoE GoR

Comprehensive nodal RT is recommended for patients with involved lymph nodes I B

After ALND, routine axillary irradiation should not be done to the I E

Abbreviations: ALND, axillary lymph node dissection; RT, radiation therapy.

Table 13 Choice of adjuvant endocrine therapy in premenopausal women

LoE GoR

For premenopausal women, tamoxifen for 5 to 10 years is a standard of care. I A

In patients who turn postmenopausal during the first 5 years of tamoxifen, a switch to aromatase
inhibitors (AIs) for 2 to 5 years shall be considered, depending on predicted risk of late recurrence.

II A

In high-risk patients requiring CT (node positive, tumor size more than 2 cm), addition of OFS to
ET should be strongly considered.

I A

OFS during CT provides some protection of ovarian function and has no negative impact on
oncological outcomes; thus, it should be proposed to patients. Patients must use barrier
contraception along with medical ovarian suppression (recommend monthly LHRH
analogs and not 3 monthly)

I A

Patients undergoing OFS and those taking AIs should be advised to have adequate calcium
and vitamin D3 intake and undergo periodic assessment of bone mineral density (by DEXA scan)

I A

Abbreviations: ET, endocrine therapy; LHRH, luteinizing hormone-releasing hormone; OFS, ovarian function suppression.
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criteria, that is, four or more positive nodes, one to three
positive nodes with one of the high-risk feature (ki67 >20%,
size more than 5 cm, high-grade disease).69

HER2 Breast Cancer: Neoadjuvant and
Adjuvant

Neoadjuvant Therapy
All HER2-positive tumors which are more than 2 cm in
size or node positive shall be treatedwith NACT andHER2-
targeted drugs, trastuzumab along with pertuzumab. For
patients receiving an anthracycline-based regimen as part of
their NACT, we typically administer the HER2-targeted ther-
apy concurrently with a taxane, either following completion
of or prior to administration of the anthracycline. Patients
receiving sequential anthracycline-based chemotherapy and
HER2-directed therapy should be monitored closely for
cardiotoxicity specially in elderly population.

In Neosphere phase II trial, patients given Pertuzumab,
Trastuzumab plus docetaxel had a significantly improved
pathological complete response (pCR 45.8%) compared with
those given trastuzumab plus docetaxel (29.0%; p¼0.0141).
The study was not powered to demonstrate the difference in
event-free survival as pCR was the primary end point.70 In
the phase III TRAIN-2 trial of 438 patients with stage II to III
HER2-positive assigned to anthracycline-containing chemo-
therapy (three cycles of 5-fluoruoracil, Epirubicin, and cy-
clophosphamide followed by six cycles of paclitaxel and
carboplatin) versus nonanthracycline-based chemotherapy
(nine cycles of paclitaxel and carboplatin), with trastuzumab
and Pertuzumab administered every 3 weeks with all che-
motherapy cycles, the rates of pCR did not differ between the
arms (67 vs. 68%). Updated results from this study demon-
strate equivalent 3-year event-free (94 vs. 93%) and overall
(98 vs. 98%) survival for the anthracycline-free versus the
anthracycline-containing regimens, respectively.71

Subcutaneous formulations of fixed-dose trastuzumab
and pertuzumab are available and are based on similar
pCR rates as the intravenous (IV) forms of these therapies.
However, the IV formulations were used in all the major
trials for both early- and advanced-stage HER2-positive
breast cancer.

Adjuvant Therapy
►Table 15 mentions the level of evidence and grade of
recommendation for the usage of anti-HER2 therapy in
perioperative setting.

For pT1NO
All patients with less than 2 cm node negativewill not have a
similar risk of relapse, the risk will significantly increase for
size>1 cm, grade 3, hormone-negative tumor. Several retro-
spective data report recurrence rates as high as 15 to 30%
after 5 years for pT1b/c versus pT1a tumors.72 Curigliano et al
analyzed European population of very early (less than 1 cm,
node negative) HER2-positive breast cancer. They concluded
that tumor size was an independent predictor of 5-year DFS
with OR of 2.5 (95% CI: 0.9–6.5; p¼0.09). In a European
Institute of Oncology73 population of pT1a/bN0 breast can-
cers, tumor size was an independent predictor of 5-year DFS
with OR of 2.5 (95% CI: 0.9–6.5; p¼0.09). Bahl et al74

published the practical recommendations for the communi-
ty oncologists in India regarding the use of trastuzumab in
early breast cancer. Majority of the experts (70%) agreed that
they would offer adjuvant trastuzumab for tumor �0.5 cm.

De-escalating Chemotherapy
As we have trials of escalation in the neoadjuvant setting, APT
study75 was the first prospective investigation of a de-escala-
tion ofHER2 therapy in the adjuvant setting (weekly paclitaxel
and trastuzumab for 12 weeks, followed by completion of
1 year of trastuzumab [H]). A total of 8.9% of these had T size 2
to 3 cm and rest all were less than 2 cmnode-negative tumors.
The trial met its primary end point with invasive DFS of 98.7%
(95% CI: 97.7–99.8) at 3 years, thus supporting an abbreviated
chemoregimen for low-risk early HER2-positive disease.

The efficacy and safety of adjuvant T-DM1 in this setting
was explored in the ATEMPT76: phase II trial of 497 patients
with stage I HER2-positive breast cancer were patients were
assigned in a 3:1 ratio to T-DM1 versus TH. At a median
follow-up of 3.9 years, the 3-year invasive diseases free
survival (iDFS) for T-DM1 was 97.8% (95% CI: 96.3–99.3)
versus 93.4% (95%CI: 88.7–98.2)with TH. Since 17% receiving
T-DM1 discontinued for adverse events and the concerns
over limited follow-up of patients in this trial puts T-DM1 as

Table 14 Choice of adjuvant ET in postmenopausal women

LoE GoR

For postmenopausal women, AI (both nonsteroidal and steroidal) is the preferred adjuvant therapy.
We recommend this treatment for those with hormone receptor-positive breast cancers regardless of size.

I A

For women receiving adjuvant ET, we recommend at least a 5-year course of treatment. I A

For women with higher risk disease (stage II or node positive), we suggest extended endocrine treatment
7 to 10 years, although we recognize that some patients with poor tolerance may choose not
to pursue extended treatment.

I C

For patients receiving adjuvant CT, we initiate ET after CT has completed (i.e., sequentially),
in order to minimize toxicities. For women receiving adjuvant radiation therapy (RT) for
breast cancer, ET may be initiated concurrently with RT or sequentially, following the completion of RT.

I A

We recommend addition of abemaciclib to adjuvant ET in high-risk patients. III C

Abbreviations: AI, ET, endocrine therapy.
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not a standard adjuvant regimen for small, HER2-positive
tumors.

De-escalating Trastuzumab Duration
Though the standard duration of adjuvant Trastuzumab is
1 year, there have been trials with shorter duration (9 weeks/
6 months) which have shown discordant results. Manuprasad
et al77 in a retrospective study from South India gave 9weeks of
Trastuzumab due to financial constraints along with 4 AC
(doxorubicinþ cyclophosphamide), weekly paclitaxel 12, as
chemotherapy backbone. One hundred and twenty-nine
patients received short-course trastuzumab and majority of
these patients (n¼120, 93%) had T1/T2 disease andwere node-
negative (n¼62, 57%). At amedian follow-up of 29months, the
3-year OSwas 98%; themedian OSwas not reached. The 3-year
DFS was 97.4%; the median DFS was not reached.

Gulia et al78 analyzed individual patient data for DFS and
OS from six eligible randomized control trials (RCTs) includ-
ing data from PHARE and Persephone trials. The noninfer-
iority margin chosen was based on the margins in the
included RCT (1.3; range: 1.15–1.53). For shorter duration
versus 1 year of trastuzumab, the 5-year DFS was 85.42
versus 87.12% (HR: 1.14; 95% CI: 1.03–1.25, one-sided p-
value for noninferiority ¼0.004), and OS was 92.39 versus
93.46% (HR: 1.17; 95% CI: 1.02–1.33). There was significantly
less risk of congestive heart failure with shorter duration
trastuzumab (relative risk, 0.53; 95% CI: 0.38–0.74).

Escalation of Anti-HER2 Therapy
In Katherine trial,79 1,486 women with HER2-positive early
breast cancer with residual invasive disease after NACT plus

HER2-directed therapy (trastuzumab with or without per-
tuzumab), were included. These patients when randomized
in adjuvant setting to 14 cycles of T-DM1 versus trastuzu-
mab, improved 3-year invasive DFS (88 vs. 77%; HR: 0.50, 95%
CI: 0.39–0.64) for TDM1 arm. Although the DFS improved
with postoperative TDM-1 in patient on neoadjuvant doublet
HER2 therapy (trastuzumabþpertuzumab), it was not sig-
nificant (HR: 0.54, 95% CI: 0.27–1.06). Extended adjuvant
anti-HER2 therapywith neratinib in patients who completed
1 year of trastuzumab demonstrated additional improve-
ment in DFS, in particular in the ER-positive subgroup, albeit
at the cost of significant toxicity, mostly diarrhea.

APHINITY,80 a phase III trial randomized 4,800 patients
with node positive or high risk, node negative, operable
breast cancer to chemotherapy and trastuzumab with either
pertuzumab or placebo. At a median follow-up of 8.4 years,
invasive diseases free survival (IDFS) was 88.4 versus 85.8%
(2.6% difference) in the intention to treat (IIT) population
(►Fig. 5).

Chemotherapy for Early-stage Triple-
Negative Breast Cancer

Patients with triple-negative breast cancer (TNBC) require
adjuvant chemotherapy with Anthracycline/Cyclophospha-
mide (AC) and taxane-based chemotherapy delivered se-
quentially is the standard of care. The prognosis of node-
negative, triple-negative tumors �0.5 cm is generally favor-
able, and therefore, the benefits of adjuvant chemotherapy
are likely to be very small and must be weighed against the
chances of side effects of chemotherapy. Dose-dense

Table 15 Choice of anti-HER2 therapy

LoE GoR

All HER2-positive tumors which are more than 2 cm in size or node positive shall be treated with
neoadjuvant chemotherapy and HER2-targeted drugs

I A

We consider six cycles of taxane–carboplatin–trastuzumab (with or without pertuzumab) regimens as
preferable alternatives to anthracycline-containing regimens (4AC or 4EC followed by weekly paclitaxel)
as neoadjuvant therapy

I A

SC formulations are reasonable alternatives to IV formulations for both trastuzumab and pertuzumab III B

For all pT1b/c, we recommend adjuvant chemotherapy/trastuzumab. For patients with pT1a tumors,
we advise adjuvant chemotherapy/trastuzumab for 4- to 5-mm tumor if they are hormone
negative (►Fig. 1)

II B

For women with pT1b/c N0, we suggest to use weekly Paclitaxel for 12 weeks along with
Trastuzumab for 1 year

II A

One year of (neo) adjuvant trastuzumab remains a standard for the vast majority of HER2-positive
patients but in select subgroup,a shortening trastuzumab duration to 6 months shall be discussed

I A

For patients who had residual invasive disease after completion of neoadjuvant chemotherapy with
anti-HER2 therapy (Trastuzumab with or without pertuzumab), substitute adjuvant trastuzumab with
trastuzumab emtansine (T-DM1) for 14 cycles

II B

For those with pathologic complete response following HER2-directed therapy, we recommend
adjuvant trastuzumab to complete a year of HER2-directed therapy

III B

For those with node-positive breast cancer, who have not received any neoadjuvant therapy,
we advise trastuzumab with pertuzumab along with chemotherapy

II B

Abbreviations: AC, Anthracycline/Cyclophosphamide; IV, intravenous; SC, subcutaneous.
aLow risk: hormone negative, node negative, elderly with cardiac comorbidities.
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chemotherapy regimens given once in 2 weeks in the adju-
vant setting have shown an OS benefit over three weekly
regimens.81 However, dose-dense regimens are associated
with increased toxicity, especially febrile neutropenia, there-

fore, patients must be monitored closely and receive pro-
phylactic filgrastim granulocyte colony stimulating factor
(GCSF) support, especially during AC chemotherapy
(►Table 16).

Fig. 5 Treatment algorithm for neoadjuvant therapy for HER2-positive EBC. pCR, yr, year.

Table 16 Recommendations for role of triple-negative breast cancer in early breast cancer

LoE GoR

Patients with triple-negative breast cancer (TNBC; >0.5 cm)/node-positive require adjuvant chemotherapy I A

AC/Taxane-based dose-dense chemotherapy is preferred for high-risk TNBC (more than 2 cm, node positive) I A

Clinicians can individualize the decision to add Carboplatin to the chemotherapy regimen along with taxane. I C

NACT does not offer a survival advantage in operable TNBC II A

Carboplatin can be considered along with paclitaxel in neoadjuvant therapy to increase
the pCR in BRCA1/2 patients

I C

Patients who do not achieve pCR after NACT should be treated with eight cycles of adjuvant capecitabine postoperatively I C

Pembrolizumab for the treatment of patients with high-risk, early-stage TNBCb in combination with
chemotherapy as neoadjuvant treatment, and then continued pembrolizumab as a single agent as
adjuvant treatment after surgery for 1 year.

I B

Patients with a germline BRCA mutation: Olaparib is approved for the adjuvant treatment of adult
patients with deleterious or suspected deleterious germline BRCA mutation, HER2-negative,
high-risk early breast cancer.b

I A

Abbreviations: AC, Anthracycline/Cyclophosphamide; NACT, neoadjuvant chemotherapy; pCR, pathological complete response.
bHigh-risk early triple-negative breast cancer: more than 2 cm, node positive.
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A nonanthracycline-based regimen like docetaxel and
cyclophosphamide (TC) for four cycles is not recommended
in early-stage TNBC due to the disease’s aggressive nature.
Evidence suggests that anthracycline-based chemotherapy is
superior to six cycles of TC in high-risk (TNBC, grade 3, tumor
>2 cm, and node positive) early breast cancer.82 The panel
recommends dose-dense AC for 4 cycles followed by weekly
paclitaxel for 12 cycles as the standard of care in early-stage
TNBC. A nonanthracycline-based regimen can be used in
patients in whom anthracyclines are contraindicated due to
cardiac morbidities. A three-drug combination regimen con-
taining 5-Flurouracil is not recommended.

Role of Platinum in Triple-Negative Breast
Cancer

Platinum chemotherapy has shown increased effectiveness
in TNBC (significant rise in pCR), especially in BRCAmutants.
A recent meta-analysis showed that adding platinum in
neoadjuvant and adjuvant settings improves survival in
TNBC.83 Gupta et al84 randomized 720 patients with TNBC
to four doses of adriamycin cyclophosphamide/weekly pac-
litaxel for eight doses with and without weekly carboplatin
for eight doses. At a median follow-up of 67.6 months, the 5-
year DFS (primary end point) was 70.6% for carboplatin arm
and 64.5% without carboplatin (HR: 0.79, 95% CI: 0.61–1.02,
p¼0.073). In subgroup analyses for women<50 years of age
in experimental versus control arms, 5-year DFS andOSwere
74.5 versus 62.3% (p¼0.003, interaction p¼0.003) and 76.8
versus 65.7% (p¼0.003, interaction p¼0.004), respectively.
The panel’s consensus is that the physician shall individual-
ize the decision to add carboplatin to paclitaxel in early-stage
TNBC, majorly for premenopausal (less than 50 years).

Indications for Neoadjuvant Chemotherapy

The benefits of NACT in early breast cancer include assessing
response in the surgical specimen, which has a prognostic
significance, pathological CR-guided adjuvant treatment and
downsizing of the tumor to facilitate BCS. We would recom-
mend using NACT in TNBC with more than 2 cm or node-
positive disease. The planned cycles’ NACT should be deliv-
ered before surgery. The regimens used in the adjuvant
setting are also used in the neoadjuvant setting. To increase
the pathological complete response rate (pCR), adding car-
boplatin to neoadjuvant paclitaxel might be considered in
patients with BRCA1 or 2 mutations.85 Patients who do not

achieve pCR after NACTshould be treatedwith eight cycles of
adjuvant capecitabine postoperatively.86

In the phase III KEYNOTE-52287 trial, patients with early-
stage, high-risk TNBC, Anthracycline, Taxane and Carbopla-
tin-based chemotherapy with and without Pembrolizumab
were administered in the neoadjuvant setting. Pembrolizu-
mabwas continued in the adjuvant setting for a total of 1 year
duration. Immunotherapy was found, regardless of PD-L1
status, for patients with a T2 or higher and/or node-positive
breast cancer to improve both pathologic complete response
and event-free survival. For patients who also have germline
BRCA mutations, 1 year of adjuvant Olaparib, a poly-ADP
ribose polymerase (PARP) inhibitor, decreases the ROR and
increases OS of patients, as shown in the OlympiA88 phase III
trial.

Treatment of Elderly Patients

(►Table 17) Most treatment guidelines for elderly patients
limit their recommendations to being applicable to biologi-
cally older patients, need for use of a formal validated
geriatric assessment tool and avoidance of standard “aggres-
sive” regimens in frail elderly. India (and other South Asian
Association Regional Cooperation (SAARC) as well as Low
and Middle Income Countries (LMIC) countries) face addi-
tional challenges. Most Indian patients will depend on
someone else (younger, main breadwinner for the family)
to make their treatment decision—often based on family
circumstances. Geriatric assessment tools developed and
validated in the western world are inappropriate to capture
the aspects important to elderly Indians, especially with
respect to cultural differences and beliefs.89 Screening of
the older person with cancer is a step in the right direction
for our country.90 In one large study, it was able to identify
functional impairment in 75% of the cases, two or more
comorbidities in 64%, and malnutrition in 35% of patients.

On the other hand, the benefit that the standard adjuvant
systemic therapy can provide should not be denied to
geriatric patients because it is similar to that seen in younger
patients with early breast cancer. In addition, Indian patients
with breast cancer, including those with early breast cancer,
often have higher expression of poor prognostic genes.

The challenge therefore, is to provide optimal treatment
without compromising quality of life (especially avoiding all
kinds of toxicities). For instance, use of AIs in the elderly is
associated with significantly higher risk of fractures, a com-
plication that could result in premature death. Identifying

Table 17 Recommendations for elderly patients

LoE GoR

Treatment of elderly early breast cancer patients should be adapted to biological (not chronological) age,
with consideration of less aggressive regimens in frail patients. In patients suitable for standard ChT, a
standard multidrug regimen should be used

II B

A geriatric assessment should be carried out before making treatment decisions in all patients more
than 65 years

II A

Abbreviation: ChT, Chemotherapy.
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high-risk patients will limit appropriate adjuvant therapy to
the subset that can really benefit from it; at the same time
preventing unnecessary medication (including logistics, loss
of earning for caregiver, potential toxicities) to the majority.

Bone-modifying Agents in Early Breast
Cancer

Preserving bone health in breast cancer is an integral part of
the treatment to alleviate the bone loss caused by ovarian
suppression/hormone therapies and to improve breast can-
cer outcomes. The bone-modifying agents (BMAs) include
bisphosphonates and the receptor activation of nuclear
kappa B ligand inhibitor, Denosumab. Various schedules
have been used such as 6-monthly zolendronic acid for
5 years (Z FAST and ZO-FAST91 study) versus 6-monthly for
3 years (ABCSG-12 Study93).

The EBCTCG meta-analysis of data pooled from 18,000
women from 26 trials including the AZURE and ABCSG-12
validate the survival benefit of adjuvant bisphosphonates in
EBC but only for postmenopausal patients with a significant
benefit by reducing recurrence (Risk ratio (RR)¼0.86,
2p¼0.002), distant recurrence (RR¼0.82, 2p¼0.0003),
and breast cancer mortality (RR¼0.82, 2p¼0.002) which
is independent of tumor grade, hormone receptor (HR) and
HER2 receptor status, chemotherapy, and the bisphospho-
nate class. The nonbreast cancer mortality was unchanged.93

Recently published are the contradictory survival outcomes
of the two randomized phase III RCT ABCSG-1894 and D-
Care95 using denosumab which led to the recommendation
against the use of adjuvant denosumab.We thus favor use of
zoledronic acid over denosumab in adjuvant setting.

Please refer to►Table 18 for recommendations regarding
the use of BMAs in nonmetastatic breast cancer.

Pregnancy-associated Breast Cancer and Breast Cancer
after Pregnancy
Pregnancy-associated breast cancer (PABC) includes breast
cancer diagnosed during pregnancy (BCP) or postpar-
tum.96,97 However, they merit separate categorization.

The BCP management demands multidisciplinary, preci-
sion care and depends upon disease stage, receptor status,
gestational age, and performance status.98–102

Delayed diagnosis is common and to reduce such delays,
clinical and self-breast examination, and obstetricians’
awareness to investigate a breast lump during pregnancy
are required.11 Chest X-ray, ultrasound of the abdomen and
pelvis, and a noncontrast skeletal MRI are recommended

staging investigations.100,102,103 Histopathology is a must to
confirm diagnosis with documentation of receptor status for
therapeutic and prognostic importance.

BCP management essentially mirrors the standard breast
cancer management with careful considerations towards
pregnancy trimesters and safety of mother and fetus.99,101,103

Pregnancy termination generally has not found to improve
outcomes and not recommended unless there are pressing
obstetric and/or oncologic reasons. The treatment outcomes
varies, however, stage and biology-matched outcomes are
found comparable in many studies including the first Indian
gestational registry by Bajpai et al, wherein a total of 104 PABC
cases over 7 years has also shown comparable oncological and
obstetrical outcomes.98 Prematurity was found as an impor-
tant negative prognosticator for cognitive development and
hence avoidance of iatrogenic preterm deliveries are recom-
mended, unless there are pressing obstetric reasons.100,101

The positive trail103 supports the data of temporary
interruption of ET in 516 womenwith more than 90% having
stage I/II disease. Among 497 women, 74.0 and 63.8% had at
least one pregnancy and live birth, respectively. The 3-year
incidence of breast cancer events was 8.9% (95% CI: 6.3–11.6)
in the treatment-interruption group and 9.2% (95% CI: 7.6–
10.8) in the control cohort. At present, in select womenwith
proper counseling, patients with HRþ disease should com-
plete at least 18 to 24 months of ETwith a wash off period of
3 months before attempting pregnancy (if they cannot wait
till completion of ET).

Pregnancy after breast cancer can be considered even in
those with HRs and/or BRCA mutation-positive disease
under trained oncology professional care. There are sparse
data on breastfeeding after BC. Patients who continued
having systemic therapy should not breastfeed. Other wom-
en can breastfeed and should be counseled appropriately by
professionals.

►Table 19mentions the level of evidence and recommen-
dations for PABC.

Treatment of Male Breast Cancer

Malebreast cancer (MBC) is a rare disease comprisingonly 1%of
all breast cancers.104 However, the incidence of MBC has been
rising over the past few decades.105,106Usually, MBC resembles
its much more common female counterpart in many ways but
therearesomedifferences—thecancer isdiagnosedatanelderly
age, has high node positivity, and high rate of ER positivity.107

The vast majority of breast cancer cases in male patients are
ductal invasivecarcinomasof theluminal-like type (►Table 20).

Table 18 Recommendations for bone-modifying agents

LoE GoR

Bisphosphonates for early breast cancer are recommended in women with low estrogen status
(undergoing OFS or postmenopausal), especially if at high risk of relapse (I, A).

I A

Zoledronic acid six monthly for 2 to 5 years is recommended in patients with treatment-related bone loss I A

Denosumab is not recommended in the adjuvant setting II B

Abbreviation: OFS, ovarian function suppression.
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Follow-up and Survivorship in Early Breast
Cancer

The purpose for regular follow-up in patients with early
breast cancer is manifold. This aims

• to detect early recurrences, both local, contralateral and
distant;

• to evaluate andmanage long-term treatment-related compli-
cations related to adjuvant hormonal therapy such as osteo-
porosis, menopausal symptoms, and second malignancies;

• to motivate and encourage patients to continue and
complete adjuvant hormonal therapy;

• to address psychosocial concerns and offer information for
dealing with these issues so as to establish a new normal.

Five-year OS rate of breast cancer in India ranged from 40
to 62%.108 The results from 16 publications showed that
survival of breast cancer varies widely depending on number
of factors like age, stage at diagnosis, marital status, educa-
tional level, hormonal status, clinical extent of disease, and
treatment.

Table 19 Recommendations for pregnancy-associated breast cancer and breast cancer diagnosed during pregnancy

LoE GoR

Standard chemotherapy (Anthracyclines/Taxane-based) can be offered to the majority considering the
tumor stage and biology after first trimester. Adriamycin is preferred over epirubicin.

Expert
opinion

Other systemic therapy including endocrine therapy, trastuzumab, immunotherapy,
and bone-modifying agents should be avoided in all trimesters.

I A

There are sparse data on breastfeeding after BC. Patient on systemic therapy
postdelivery should not breastfeed.

Expert
opinion

Surgery can be considered in second (preferred) or third trimester. III B

Abbreviation: BC, breast cancer.

Table 20 Recommendations for male breast cancer

LoE GoR

ChT and anti-HER2 therapy indications and regimens should follow the same recommendations as
those for breast cancer in female patients

IV A

Tamoxifen is the standard adjuvant ET for male breast cancer patients IV A

If a strong contraindication exists for the use of tamoxifen, a combination of an AI plus a luteinizing
hormone-releasing hormone agonist may be considered, but its higher toxicity must be discussed with
the patient to avoid compliance issues

IV B

An AI alone should not be used as adjuvant ET in male breast cancer patients IV E

Abbreviations: AI, aromatase inhibitor; ET, endocrine therapy.

Table 21 Recommendations for follow-up

LoE GoR

Regular follow-up visits are recommended every 3 to 4 months in the first 2 years (every 6 months for
low-risk and DCIS patients), every 6 to 8 months from years 3 to 5 and annually thereafter.

V A

Annual bilateral (after BCT) and/or a contralateral mammography (after mastectomy), with USG
when needed is recommended

II A

In asymptomatic patients, other laboratory or imaging tests (e.g., blood counts, routine chemistry
tests, chest X-rays, bone scans, liver US exams, CT scans, FDG-PET-CT) or any tumor markers such as
CA15-3 or CEA are not recommended

I D

Regular bone density once every 1 to 2 years is recommended for patients on AI or undergoing OFS I A

Patients should be encouraged towards adopting a healthy lifestyle, including diet modification,
exercise, yoga, and weight reduction

II A

Hormone replacement therapy for ameliorating menopausal symptoms among survivors
should usually not be used

I D

Long-term survivorship issues (psychological needs and issues related to work, family and sexuality)
should be addressed

V A

Abbreviations: AI, aromatase inhibitor; BCT, breast-conserving therapy; DCIS, ductal carcinoma in situ; OFS, ovarian function suppression; USG,
ultrasound.
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Although there are no randomized data to support the
efficacy of a particular follow-up schedule, it is important to
address patient needs during follow-up posttreatment.

During a follow-up visit, it is important to extract a
detailed history with a special emphasis on new and trou-
blesome symptoms and a physical examination. Mammog-
raphy (digital preferred)�ultrasound should be performed
annually. In young patients with dense breasts and heredi-
tary breast cancer,MRIwould bebeneficial. There are no data
to suggest that additional CT and PET scan tumor markers or
even chest X-rays have any survival benefit and should not be
routinely performed. Tests to monitor side effects of hor-
monal therapy may be carried out. These include pelvic
ultrasound to assess endometrial thickness in women on
tamoxifen and lipid profile and bone density for those on AIs.

Modification of lifestyle factors has been shown to reduce
the ROR in early breast cancer. Recommendation of regular
exercise should be made to all patients.109 Weight gain and
obesity contributes to worse prognosis as does Hormone
replacement therapy (HRT).110,111 Specialized rehabilitation
services likemanagement of lymphedema and arm exercises
are also important for recovery.

Follow-up clinics should address the psychosocial aspects
of survivorship in women with early breast cancer, with a
special focus on mental well-being, work-related issues,
family, and sexual needs.

In summary, a survivorship plan is important to include
aspects of long-term follow-up care and can be developed
including the points mentioned above. This is relevant to our
context as it is estimated that there are over 1.5 million
breast cancer survivors in India at present.

Refer to ►Table 21 for recommendations on follow-up
after treatment for breast cancer survivors.
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Abstract Malignant pleural effusion (MPE) poses a substantial clinical challenge, necessitating
effective interventions. Pleurodesis, commonly employed in MPE management,
involves inducing pleural symphysis to prevent fluid accumulation. Talc and povi-
done-iodine have emerged as prominent agents for pleurodesis, each with its unique
characteristics and considerations. This systematic review and meta-analysis aimed to
compare the efficacy and safety of talc powder pleurodesis (TPP) and povidone-iodine
pleurodesis (PIP) in the management of MPE. Following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines, we conducted a systematic
review registered in PROSPERO (CRD42023470930). Randomized controlled trials
(RCTs) with TPP and PIP arms for MPE were included. The information sources included
electronic bibliographic databases such as PubMed, Scopus, Web of Science, Cochrane,
and Embase from inception to November 2023. The Cochrane risk of bias tool was used
for the critical appraisal. Ameta-analysis using RevMan 5.3 compared outcomes. Out of
105 identified records, 3 RCTs were included in our review. Our review findings revealed
a higher success rate for TPP. However, variability existed, with one study indicating
better success rates in PIP groups. Adverse events were reported less frequently in the
PIP group, suggesting a potentially superior safety profile. TPP showed higher overall
success in comparison to PIP, emphasizing the need for cautious clinical decision-
making given variability. The potential superior safety profile of povidone-iodine
underscores the importance of context-specific choices, considering patient prefer-
ences and resource constraints in selecting pleurodesis interventions for MPE
management.
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Introduction

Malignant pleural effusion (MPE) poses a substantial chal-
lenge in clinical settings, requiring effective interventions to
alleviate its symptoms and prevent its recurrence.1 Pleu-
rodesis, a common therapeutic approach, aims to induce
pleural symphysis to prevent fluid accumulation due to
MPE, recurrent pneumothorax, and some nonmalignant
effusions. It involves chemical agents or physical abrasion
during thoracotomy or thoracoscopy. The ideal agent for
pleurodesis should be highly effective, having specific char-
acteristics, yet none meet all the criteria, prompting ongo-
ing research.2

Talc is widely used despite a lack of consensus on the best
agent. Though effective forMPEs, concerns about talc-related
acute respiratory distress syndrome arose but were later
challenged.2 Cost and availability limit medical-grade talc
use, particularly in resource-poor countries. Povidone-io-
dine, an affordable antiseptic, proved safe and effective for
pleurodesis in prior studies.1,2

Talc and povidone-iodine have emerged as prominent
agents for pleurodesis in MPE management due to their
efficacy and safety profiles.1,3 Talc pleurodesis (TP), employ-
ing sterile talc powder, has long been considered a gold
standard due to its high success rates in achieving symphysis
and preventing effusion recurrence.1 Povidone-iodine, an
iodophor solution, has gained attention as a potential alter-
native to talc, this attention is attributed to povidone-iodine
having higher efficacy, lower cost, and easy availability
compared with talc.1 Numerous studies have examined the
efficacy, safety, and outcomes of these two agents concerning
pleurodesis.1,3,4 TP and povidone-iodine pleurodesis (PIP)
have been evaluated for their effectiveness in managing
MPE.2,5 The debate primarily revolves around their compar-
ative effectiveness, safety profile, recurrence rates, and cost-
effectiveness in treating MPE. Studies have compared the
outcomes and safety aspects of both interventions.1,3 The
comparison between talc and povidone-iodine in pleurod-
esis is crucial in resource-limited settings due to cost impli-
cations. Studies highlight povidone-iodine as a potentially
cost-effective alternative to talc.2 If both agents exhibit
comparable efficacy in treating MPE, opting for povidone-
iodine could be advantageous.1,3 Povidone-iodine’s lower
cost and easy availability make it appealing, especially in
areas with limited resources.1 The potential to achieve
similar therapeutic outcomes while minimizing expenses
might notably benefit health care systems facing constraints
in funding or availability of resources.

Materials and Methods

Registration and Protocol
This study followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines for
reporting the findings.6 The study protocol was registered in
PROSPERO: International Prospective Register of Systematic
Reviews (registration number: CRD42023470930) before
conducting the study.

Objectives
The research question for the systematic review is “What are
the comparative efficacy and safety of TP and PIP in the
management of MPE?” The research question was broken
down into (population, intervention, comparison, and out-
come) PICO format. The defined “population” was patients
with MPE, without restriction on age, sex, and ethnicity.
“Intervention” was patients treated with TP, whereas “com-
parator”was patients treated with PIP. The “outcome”meas-
ures assessed were efficacy and safety.

Eligibility Criteria
The studieswere considered eligible to be included according
to the following criteria.

Inclusion Criteria

(1) Interventional studies that include both TP and PIP in
MPE patients.

Exclusion Criteria

(1) Interventional studies that include a study arm involv-
ing either TP or PIP with some other comparators; Any
study lacking TP and PIP interventions will be ineligi-
ble for consideration.

(2) Animal studies.
(3) Nonretrievable articles or abstract-only papers.

Information Sources and Search Strategy
We have critically reviewed the literature to select relevant
articles published in the electronic bibliographic databases
from inception until December 30, 2023. We systematically
performed an advanced electronic search in PubMed, Scopus,
Web of Science, Cochrane, and Embase for eligible studies.
The search strategy in the above database was performed
using the keywords and Medical Subject Headings (MeSH)
terms like “malignant pleural effusion,” “Pleurodesis,” “povi-
done iodine,” “talc,” using “AND” and “OR” (►Supplementary

File S1, available in the online version).We limited the search
to English publications.

Study Selection Process and Data Extraction
The studies were screened by title and abstracts followed by
full-text articles based on predefined criteria. Two indepen-
dent reviewers (D.B. and T.B.) performed the study selection,
and disagreements were resolved by mutual consultation
with a third reviewer (M.K.M). Awell-defined data extraction
sheet was employed for data extraction. Data from the final
selected studies included authors’ names, year of publica-
tion, study design, sample size, study groups, clinical out-
comes, and adverse effects. One reviewer (T.B.) extracted the
data in a standardized extraction sheet, and the other
reviewer (D.B.) checked for accuracy. Any disagreement
was resolved by a mutual discussion or consultation with a
third reviewer (M.K.M).

Risk of Bias Assessment
The Cochrane risk of bias assessment tool was used to assess
the methodological quality of the included studies.7 Two
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independent reviewers (D.B. and T.B.) performed the quality
assessment, and any disagreements between the reviewers
were settled through consensus or discussion with a third
reviewer (M.K.M.).

Data Synthesis
A narrative synthesis was performed from the extracted data
findings and presented in tabular form. The data synthesized
in the review summarized the current evidence of efficacy
and safety for TP and PIP inMPE. Subgroup analysis could not
be performed due to insufficient available data.

Statistical Analysis
We used the Review Manager software (RevMan, version 5.3
for Windows; The Cochrane Collaboration, Oxford, United
Kingdom) to conduct a meta-analysis, and odds ratio (OR)
with 95% confidence interval (CI) values was calculated.8

Statistical heterogeneity of data was assessed using the I2

statistic, and the fixed-effects model was used for studies
without significant heterogeneity (I2 � 50% or p � 0.10). We
could not create a funnel plot for assessing visual inspection
of publication bias due to a lack of sufficient eligible studies.

Results

Study Selection
We identified 105 records by searching the MeSH terms from
the abovementioned databases. We removed 54 duplicate
records before the screening, leaving 51 unique records for
further assessment. Out of these, 43 records were excluded,
indicating the stringent application of predefined inclusion/
exclusion criteria. Subsequently, efforts weremade to retrieve
eight reports for closer evaluation, although only six reports
were successfully obtained and assessed for eligibility. Within
this assessment, four reports were excluded, comprising two
conference abstracts, one trial protocol, and one observational
study that did not meet the desired comparator criteria. We
employed a manual search strategy that resulted in the
identification of two records. Subsequently, reports sought
for retrieval and reports assessed for eligibility both amounted
to two records each. However, one report was excluded due to
being ina languageother than thespecified language criterion.
Finally, we incorporated a total of three studies in the review.

Study Characteristics
All the final selected studies were randomized controlled
trials (RCTs). We identified all research papers by the first
author’s last name and year (►Table 1). In tabular format, we
recorded the extracted data from the three studies.1,3,4

Among the included studies, twowere conducted in Egypt1,3

and one was conducted in India.4 We extracted data from a
study group consisting of patients withMPEwho underwent
pleurodesis with either povidone-iodine or talc. The flow-
chart for study selection according to the PRISMA guidelines
is shown in ►Fig. 1. Among the three included studies,
Agarwal et al had conducted their study by taking either
benign or MPE.4 Hence, according to our review criteria, we
have extracted data about MPE only.

Overall Efficacy
To compare the efficacy of TP and PIP procedures, we
identified and extracted the data on outcome measures,
which were in terms of success rate, complete inflation,
partial inflation, and failure rate (►Table 2).

Success Rate
In Ibrahim et al, the success rate was found to be 80.85% (17
out of 21) and 72.22% (13 out of 18) in the TP and PIP groups,
respectively.1 Similarly, Mohsen et al reported the success
rate to be 90.90% (20 out of 22) and 85% (17 out of 20) in the
TP and PIP group, respectively.3 In the case of Agarwal et al,
the success rate was high in the case of PIP. The success rate
was reported to be 90% (16 out of 18) and 95% (17 out of 18)
in the TP and PIP groups, respectively.4

Complete Inflation
Ibrahim et al1 found the complete inflation to be high in the
TP group, that is, 71.43% (15 out of 21) than in the PIP group,
that is, 66.66% (12 out of 18). In the case of Mohsen et al,3 the
rate of complete inflation was almost similar, which was
86.36% (19 out of 22) and 85% (17 out of 20) in the TP and PIP
groups, respectively.

Partial Inflation
The partial inflation rate was reported to be 9.52% (2 out of
21) and 5.55% (1 out of 18) in the TP and PIP groups,
respectively, in Ibrahim et al.1

Failure Rate
Ibrahim et al reported the failure rate to be 19.04% (4 out of
21) and 27.77% (5 out of 18) in the TP and PIP groups,
respectively.1 A similar trend was observed by Mohsen
et al, which was 9.09% (2 out of 22) and 15% (3 out of 20)
in the TP and PIP groups, respectively.3

Adverse Events
To compare the occurrence of adverse events between the TP
and PIP groups, we extracted the relevant data from the

Table 1 Characteristics of selected studies

Author/Year Ref Regions Study design Study duration Population

Ibrahim et al, 20151 Egypt RCT Not available Recurrent MPE

Mohsen et al, 20113 Egypt RCT January 2002 to December 2005 MPE

Agarwal et al, 20114 India RCT January 2006 to June 2007 MPE

Abbreviations: MPE, malignant pleural effusion; RCT, randomized controlled trial.
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selected studies for postprocedure pain, fever, recurrence of
dyspnea, allergy, and death (►Table 3).

In the TP group, Ibrahim et al reported 66.66% (14 out of
22), 19.04% (4 out of 21), and 19.04% (4 out of 21) for pain,
fever, and recurrence of dyspnea, respectively.1 Whereas in
the PIP group, 50% (9 out of 18), 22.22% (4 out of 18), and
27.77% (5 out of 18) for pain, fever, and recurrence of
dyspnea, respectively. There were no adverse events
reported for allergy and death in any of the pleurodesis
groups.1

Mohsen et al reported 18.18% (4 out of 22) for pain and
fever in TP.3 They had reported for fever in 5% (1 out of 20) of
the PIP group. There were no adverse events reported for
pain and recurrence of dyspnea in the PIP group.3

Along with the above adverse events Mohsen et al
reported the postprocedure hospital stay and mean survival
rate among pleurodesis patients. The postprocedure hospital
stay was reported to be 5.7�2 and 4.5�1.1 days in the TP
and PIP groups, respectively. The mean survival rate was
higher in the PIP group, which was 33.8 months, compared
with TP, which was 27.7 months.3

Risk of Bias within the Studies
The methodological quality assessment of all three studies
has been mentioned in ►Table 4. We have conducted the
quality assessment for Cochrane risk of bias focused on the
following domains: random sequence generation, allocation
concealment, incomplete outcome data, selective reporting,
and other biases.

We have omitted the two domains: blinding of partici-
pants and personnel as well as blinding of outcome assess-

ment. Given the inherent differences in the interventions
being studied, blinding of participants and personnel is
challenging. Specifically, the TP intervention necessitates
thoracoscopy, whereas the PIP intervention does not involve
this procedure. Consequently, the nature of the interventions
makes it impractical to blind participants and personnel to
the treatment assignment due to the distinctive procedural
requirements associated with each intervention.

The risk of bias in the mentioned domain in all included
studies was categorized according to the following: high risk
of bias, low risk of bias, unclear risk of bias, and not
applicable.

Meta-Analysis
The success rate of TP was compared against PIP among MPE
patients. ►Fig. 2 represents the summary results of pooled
data from all three RCTs on success rate.1,3,4 The fixed-effect
model was considered because of the lack of statistical
heterogeneity among studies (I2 � 50% or p � 0.10). The
pooled analysis of the three studies having a total of 117MPE
patients showed a nonsignificant OR of 1.31 (95% CI: 0.46–
3.72). The resulting I2 value of 0% suggests that any hetero-
geneity might not be important among the included studies,
which could be due to a small number of participants.1,3,4

Discussion

Our systematic review aimed to compare the efficacy and
safety of TP versus PIP in managing MPE. We found that TP
demonstrated a higher success rate in achieving pleurodesis
than PIP.1,3 However, one of the studies included in the

Fig. 1 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the screening and selection process.
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analysis presented differing results, leading to variability in
findings.4 While both interventions were generally well-
tolerated, adverse events like pain and fever were reported
less frequently in the povidone-iodine group, suggesting a
superior safety profile for povidone-iodine. The clinical
importance of these findings lies in the similar outcomes
of TP and PIP in providing effective and sustained relief for
patients with MPE. However, it is essential to consider the
small sample size in all the included studies, which may
impact the generalizability of these results. A retrospective
observational study by Makkar et al showed a 79% success
rate in pleurodesis with manageable pain and minimal
complications.9 In a meta-analysis, Muthu et al suggested
that povidone-iodine is a cost-effective and widely available
alternative, with a success rate of approximately 90%.10 Their
findings revealed no notable adverse effects like thyroid
dysfunction or iodine toxicity, at standard doses. While
talc poudrage may be superior according to a network
meta-analysis, tube thoracostomy with povidone-iodine
remains a practical option, especially in resource-con-
strained settings.11 Another meta-analysis by Beltsios et al
noted the potential superiority of TP over other mechanical
approaches.5 Comparatively better success rate associated
with TP suggests that it may be a preferred option for more
robust and sustained pleurodesis in patients with MPE.
Clinicians may consider TP as a first-line intervention, par-
ticularly in cases where long-term efficacy is a primary
concern. However, the superior safety profile of PIP, with
fewer reported adverse events, presents an important alter-
native, especially in situations where minimizing complica-
tions is a priority. Clinicians should weigh the potential
benefits of effective pleurodesis against the safety consider-
ations when selecting the appropriate intervention for indi-
vidual patients. Our findings align with the study by Muthu
et al supporting the role of povidone-iodine as a cost-effec-
tive and widely available alternative with a pooled success

rate of 90%.10 A recent comprehensive review conducted by
Bonser et al concluded that the current standard of care for
pleurodesis in MPE is based on limited evidence.12

The study limitations hinder the generalizability of recom-
mendations. However, the available evidence suggests that
povidone-iodine is a safe, well-tolerated, and equally effective
agent for achieving palliative pleurodesis in MPE. Povidone-
iodine has several advantages including low cost, accessibility,
and ease of administration, making it a suitable alternative to
talc in certain clinical settings.12 In resource-constrained set-
tings, where talc may pose logistical challenges, povidone-
iodine emerges as a practical option without compromising
efficacy. Clinicians must consider the local context, patient
preferences, and available resources when making decisions
about pleurodesis interventions. While TP may be favored in
settings with adequate resources and expertise, PIP can be a
valuable alternative in situations where logistical constraints
or safety concerns are paramount. The choice between TP and
PIP shouldbemade through shareddecision-making involving
the patient, considering individual factors such as comorbid-
ities, treatment goals, and preferences. Additionally, ongoing
monitoring for adverse events, patient response, and the need
for repeat procedures should be integral components of post-
pleurodesis care, irrespective of the chosen intervention. This
nuanced understanding of the comparative effectiveness and
safety profiles of TP and PIP should inform evidence-based
decision-making in the clinicalmanagementofMPE.However,
this systematic review has certain limitations. The primary
constraint lies in the small sample size of the included studies,
whichmay limit the generalizability of thefindings. Addition-
ally, variations in, the type of malignancy, and follow-up
durations across the three RCTs might have influenced the
heterogeneity. Also, including studies reporting no significant
statistical differences between TP and PIP could have influ-
enced the pooled results. However, their inclusionwas neces-
sary to reduce publication bias and provide a more balanced

Table 4 Cochrane risk of bias assessment for selected studies

StudiesRef Sequence
generation

Allocation
concealment

Incomplete
outcome data

Selective
reporting

Other bias

Ibrahim et al, 20151 Low High Low Low Low

Mohsen et al, 20113 Low Low Low Low Low

Agarwal et al, 20114 Low Low Low Low Low

Fig. 2 The success rate in talc pleurodesis versus povidone-iodine pleurodesis.
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and comprehensive analysis of the available studies on TP
versus PIP in MPE patients. These warrant need for a larger,
greater number of studies to strengthen the evidence base for
informed clinical decision-making.

Future Directions

Future research should concentrate on conducting well-
designed multicenter RCTs with larger sample sizes. Stan-
dardization of study protocols, including consistent outcome
measures, will enhance the comparability of results across
trials. Additionally, exploring patient-specific factors that
may influence the choice of pleurodesis agent and conduct-
ing long-term follow-up studies are critical steps in advanc-
ing our understanding of the comparative effectiveness of TP
and PIP. These may help to develop a prediction model for
point care for MPE.

Conclusion

Although TP is more effective in achieving pleurodesis, the
PIP treatment appears to have a better safety profile with
fewer adverse effects. The importance of these results is that
both treatments provide effective and long-lasting relief for
patients with MPE. However, further research is needed,
including larger and more standardized trials, to build on
these findings and refine treatment guidelines in this clinical
context.
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Abstract Introduction In autologous stem cell transplant (ASCT) for lymphomas, no standard
conditioning regimen has been defined so far. Thus, the choice is guided by the center’s
familiarity and experience with a particular regimen.
Objective To determine the response, toxicity, and survival outcomes in lymphoma
patients who underwent ASCT with CBV (cyclophosphamide, carmustine, and etopo-
side) conditioning regimen.
Materials and Methods Between January 2013 and May 2019, 45 consecutive
lymphoma patients who had ASCT with CBV conditioning regimen were included in
this retrospective study. CBV consisted of cyclophosphamide (1.5 g/m2/day� 4 days),
carmustine (300mg/m2� 1 day), and etoposide (125mg/m2 twice daily�3 days).
Baseline characteristics, pre transplant response, apheresis, post-transplant toxicities,
post-transplant response, and survival outcomes were collected. Endpoints were
toxicity, response, event-free survival (EFS), and overall survival (OS).
Results The median age was 30 (range: 6–64) years. Diagnosis was Hodgkin
lymphoma (HL) in 26 (58%) and non-Hodgkin lymphoma (NHL) in 19 (42%). Forty-
three patients (95%) had chemosensitive disease; 22(49%) in CR, and 21 (46%) in PR.
The median CD34 was 2.95�106/kg (range: 0.9–9.56). The median time to
neutrophil engraftment was 11 days (9–23) and 13 (8–36) days for platelets. All
patients had febrile neutropenia, clinically and/or microbiologically documented
infection was seen in 75% of patients. The most common grade 3/4 toxicities were
mucositis (n¼4, 9%), diarrhea (n¼4, 9%), and nausea/vomiting (n¼2, 4%). The
average days of hospitalization was 18 (range: 10–37). Day 100 mortality was 6.6%
(n¼3). The median follow-up was 44.8 months. The median EFS for the entire
cohort was 23.8 months; for HL, the median EFS was not reached, and for NHL, it
was 7.97 months (95% confidence interval [CI]: 1.57–14.37). The median OS for the
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Introduction

High-dose chemotherapy (HDC) followed by autologous
stem cell transplant (ASCT) is the current standard of
care for relapsed/refractory lymphoma.1,2 Several HDC
regimens with varying drug combinations, with or without
total body irradiation (TBI), have been in use as
the conditioning protocol in autologous transplant of lym-
phomas. Most have shown similar efficacy but different
toxicity profiles. Compared to chemotherapy-TBI regimens,
chemotherapy-only regimens have demonstrated superior-
ity in terms of disease-free survival (DFS), overall survival
(OS), and lesser toxicity.3,4 Commonly used HDC regimens
in ASCT for lymphoma include BEAM (BCNU, etoposide,
cytarabine, and melphalan), BEAC (BCNU, etoposide,
cytarabine, and cyclophosphamide), CBV (cyclophospha-
mide, BCNU, and etoposide), and LACE (lomustine, etopo-
side, cytarabine, and cyclophosphamide),5–9 but no
prospective randomized study has been done so far com-
paring these regimens. Most of the retrospective studies
comparing various HDC regimens have shown variability in
toxicity, and some have reported differences in disease
outcomes.3,10–16

In our center, CBV has been the commonest conditioning
regimen used for autologous transplant in lymphomas.
Unfortunately, data regarding the use of CBV are scant in
contemporary published literature, and there are no
reports on the use of CBV conditioning from India. This
study has retrospectively analyzed the toxicity profile,
engraftment kinetics, and survival outcomes of lymphoma
patients who have undergone ASCT using a CBV condition-
ing regimen.

Methodology

Patient Population
From January 2013 to May 2019, all consecutive histology-
proven relapsed or refractory Hodgkin lymphoma (HL) and
non-Hodgkin lymphoma (NHL) patients, who had a com-
plete or partial response to salvage chemotherapy and
underwent ASCT at our center, with CBV conditioning
regimen were included in this retrospective study. Patients
who received other conditioning regimen were excluded
from the study.

We collected the data for baseline characteristics, pre-
transplant response, apheresis, post-transplant toxicities,
post-transplant response, and survival outcomes from med-
ical records maintained in the department. Endpoints were
toxicity, post-transplant response, event-free survival (EFS),
and overall survival (OS).

Pre-Transplant Assessment
Relapsed or refractory lymphoma was treated with 3 to 4
cycles of first- or second-line salvage chemotherapy depend-
ing on their primary diagnosis and previous treatment
history. Post salvage response assessment was done with
either contrast-enhanced computed tomography (CECT)
scan or positron emission tomography and computed to-
mography (PET-CT) scan. Pre-transplant chemosensitivity
was defined as either complete or partial response following
salvage therapy. Evaluation was done for organ functions
(renal, hepatic, cardiac, and pulmonary) and general fitness
as per the department protocol for all patients prior to
transplant.

Stem Cell Mobilization, Collection, and
Cryopreservation
Peripheral blood (PB) stem cell mobilization was done with
GCSF 5 µg/kg twice daily for 4 days. One day prior to
apheresis, on the fourth day of mobilization, PB CD34 enu-
meration was done. Plerixafor was used 12hours before
apheresis if the PB CD34 was <20 cells/mm3 or as per
physician’s discretion based on the baseline risk factors for
poor mobilization. All patients had undergone peripheral
blood stem cell (PBSC) harvest by apheresis, and stem cell
enumeration was done at the end of harvest. PBSC collected
were volume depleted and cryopreserved using 10% of
dimethyl sulfoxide (DMSO) and autologous plasma at –80°
C until day 0 (day of stem cell reinfusion).

Conditioning Regimen
CBV conditioning regimen was given over a period of 6 days
in the following schedule: BCNU (carmustine) 300mg/m2

intravenous (iv) over 2 hours on D-6, cyclophosphamide
1.5 g/m2/day i.v. over 2 hours on D-6 to D-3, mesna 120% of
cyclophosphamide dose as i.v. infusion over 24hours on D-6
to D-3, and 40% of cyclophosphamide dose as i.v. infusion
over 12 hours on D-2, etoposide 125mg/m2/dose i.v. over
1 hour 12th hourly on D-6 to D-4. The above CBV schedule is
considered as CBV (low) compared to the older regimen CBV
(high), which used carmustine at 600mg/m2.10,11

Supportive Care
All patients received G-CSF 5 µg/kg/day subcutaneous (s.c.)
starting on day þ1 after stem cell infusion until the absolute
neutrophil count (ANC) was greater than 0.5�109/L for least
3 days.17,18 Irradiated packed red cell concentrates and
platelet concentrates were given to keep hemoglobin >8.0
g/dL and platelet count >20�109/L, respectively. Oral flu-
conazole and acyclovir were started from day 1 as antifungal

entire cohort and for HL was not reached; for NHL, it was 24.3 months (95% CI:
0.56–48.11).
Conclusion CBVconditioning regimenwas well toleratedwith low grade 3/4 toxicities
and efficacy comparable to literature data.
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and antiviral prophylaxis, respectively. Routine antibacterial
prophylaxis was not given. Total parenteral nutrition (TPN)
was administered in patients who developed grade 3–4
mucositis and in any grade mucositis with decreased food
intake. Febrile neutropenia was managed as per the depart-
ment antibiotic policy.

Study Definitions
Time to neutrophil engraftment was defined as the first of
three consecutive days with an absolute neutrophil count of
� 0.5�109/L.19,20 Time to platelet engraftment was defined
as the first of three consecutive days when the platelet count
was maintained � 20�109/L without platelet transfusion.19

Engraftment syndrome was defined by the presence of
noninfectious fever and one other symptom (i.e., skin in-
volvement, diarrhea, or pulmonary manifestations) during
the peri-engraftment period.21 Regimen-related organ tox-
icities, evaluated in the first 100 days, were graded using the
Seattle criteria, whereas mucositis and chemotherapy-in-
duced nausea and vomiting (CINV) were graded using the
National Cancer Institute Common Terminology Criteria For
Adverse Events (NCI CTCAE) v4.0.22,23 The length of hospital
stay (LOS) was defined as the time from the day of infusion of
stem cell product (Day 0) to the day of hospital discharge.
Transplant-relatedmortality (TRM)was defined as any death
not related to relapse or disease progression during the first
100 days after the transplant. EFS (event-free survival) was
defined as the time interval from the date of the transplant to
disease progression, relapse, or death due to any cause.
Overall survival (OS) was defined as the time from transplant
to death due to any cause or date of the last follow-up.

Statistical Analysis
Descriptive statisticswereused to summarizebaseline disease
features, pre-transplant disease status, patient characteristics,
and post-transplant outcomes. Estimation of EFS and OS was
done using the Kaplan–Meiermethod and comparedusing log
rank test. Data were censored on 31 March 2020 for survival
analysis. IBM SPSS Statistics for Windows, Version 19.0.
Armonk, NY: IBM was used for analysis.

Ethics
The procedures followed were in accordance with the ethical
standardsof theresponsiblecommitteeonhumanexperimen-
tation andwith the Helsinki Declaration of 1964, as revised in
2013. The study was approved by the Institute Ethics commit-
tee (no. JIP/IEC/2016/30/979, dated 23.10.2016), andwaiver of
informed patient consent was granted.

Results

Baseline Characteristics and Pre-Transplant Data
During the study period, 45 patients (28 males and 17
females) underwent autologous transplant with a CBV con-
ditioning regimen for refractory/relapsed lymphoma. The
median age was 30 years (range: 6–64). Diagnosis was HL in
26 patients (58%) and NHL in 19 patients (42%). Of the 45
patients, 28 (62%) had relapsed after their primary treat-

ment, and 15 (35%) had refractory disease. The median time
from diagnosis to transplant was 19 months, and median
lines of previous therapywere two. As a part of pretransplant
response assessment, PET CT and CECTwas done in 22 (49%)
and 23 (51%) patients, respectively. Among the 45 patients,
43 (96%) had chemosensitive disease (either complete re-
sponse [CR] or partial response [PR]). All patients had ECOG
(Eastern Cooperative OncologyGroup) performance status of
1 before transplant baseline clinical characteristics, and pre-
transplant disease status is shown in ►Table 1.

Apheresis
For 45 patients, a total of 70 apheresis procedureswere done.
Themedian number of apheresis donewas 2 (range: 1–3); for
HL was 2 (range: 1–3), and for NHL was 1 (range: 1–3). The
median CD34 cells/kg for entire cohort was 2.95�106/kg
(range: 0.9–9.56), for HL 2.99�106 (range: 0.90–7.3), and for
NHL 2.90�106 (range: 1.77–9.56). Themedian total MNC/kg
for the entire cohort was 6.04�108 (range: 2–27), for HL
6.03�108 (range: 2–27), and for NHL 6.35�108 (range: 4–
20). All PBSC apheresis products were cryopreserved and
stored at –80°C until the day of infusion.

Conditioning Regimen and Post-Transplant Outcomes
All 45 patients received a CBV conditioning regimenwithout
any modifications. The median day to neutrophil engraft-
ment and platelet engraftment was 11 days (range: 9–23)
and 13 days (range: 8–36), respectively. Five patients had
engraftment syndrome, and all responded to low-dose ste-
roids. All patients had febrile neutropenia, of which 11 (24%)
had an FUO (fever of unknownorigin)while others had either
a CDI (clinically documented infection), MDI (microbiologi-
cally documented infection), or both CDI and MDI. The
median day to the onset of fever was 2 days (range: 0–11).
The median number of antibiotics used was 4 (range: 1–8),
and median days of antibiotic usage was 14 (range: 6–29)
days. Empirical antifungal, amphotericin B was used in 15
patients (33%).

Grade 3–4 mucositis was seen in four patients, and all
received total parenteral nutrition. Grade 3/4 diarrhea and
CINV (chemotherapy-induced nausea and vomiting) were
observed in four and twopatients, respectively. Hypokalemia
and hypomagnesemia were seen in 18 (40%) and 11 (25%)
patients, respectively. None of the patients had hemorrhagic
cystitis, and no grade 3/4 toxicity was observed in other
organs viz. renal, liver, pulmonary, or cardiac. The median
duration of stay in the transplant unit was 18 days (range:
10–37). Transplant-related mortality (TRM) at 100 days was
6.6% (n¼3; HL, 1 and NHL, 2), the cause of death being severe
sepsis for all patients. One patient died before engraftment
on dþ20, and two patients died after engraftment on dþ26
and dþ78. ►Table 2 presents the data on engraftment
kinetics, pattern of infection, and toxicity post-transplant.

Post-Transplant Response
The post-transplant response was available for 40 (89%)
patients. Post-transplant response assessment was not
done in five patients as three died before dþ90, and two
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were lost to follow-up post-ASCT. In the entire cohort, post-
transplant CR was observed in 25 (62.5%) patients, PR in 8
(20%) patients, and progressive disease (PD) in 7 (17.5%)
patients. Change in the disease status from pre-transplant
period to post-transplant is shown in the bar diagram
in ►Fig. 1.

Survival
The median follow-up for the entire cohort was 44.8 months
(95% CI: 33.8–55.8). Themedian EFS for the entire cohort was
23.8months (95%CI: 0.00–63.68); for HL, themedian EFSwas

not reached, and for NHL, it was 7.97 months (95%CI: 1.57–
14.37). Estimated 3-year EFS was 48% for the entire cohort;
for HL and NHL, it was 57.4% and 33.7%, respectively. The
median OS for the entire cohort and for HL was not reached;
for NHL, it was 24.3 months (95%CI: 0.56–48.11). The esti-
matedOS at 3 yearswas 61.6% for the entire cohort and 74.6%
and 43.4% for HL and NHL, respectively.

An association of survival outcomes with respect to
baseline features viz. relapsed vs. refractory disease, number
of lines of salvage therapy, and pre-transplant disease status,
complete response vs. partial response is shown in

Table 1 Baseline clinical, treatment characteristics and pre-transplant disease status in HL and NHL

Features Entire Cohort (N¼45) HL (N¼ 26) NHL (N¼19)

Age (at transplant) in years 30 (6–64 years) 26 (6–47) 38 (19–64)

Gender
Male
Female

28 (62.2%)
17 (37.8%)

17 (65%)
9 (35%)

11 (58%)
8 (42%)

Diagnosis (lymphoma) 26 (58%) 19 (42%)

Relapsed 28 (62%) 14 (54%) 14 (74%)

Refractory 15 (34%) 12 (46%) 3 (16%)

Upfront (in CR1 for HR) 2 (4%) – 2 (10%)

NHL Relapsed/refractory DLBCL – – 12 (63%)

ALCL (ALK negative) (upfront) 2 (11%)

Relapsed FL 2 (11%)

Relapsed PTCL 1 (5%)

Relapsed AITL 1 (5%)

Relapsed ALCL 1 (5%)

Time from diagnosis to transplant in months
(median, range)

19 (5-102) 21 (8–84) 16 (5–102)

Number of lines of treatment (median, range) 2 (1–4) 2 (1–4) 2 (1–3)

ECOG PS (median, range) 1 (0–1) 1 (0–1) 1 (0–1)

Chemosensitivity

Yes 43 (95.6%) 24 (92%) 19 (100%)

No 2 (4.4%) 2 (8%) 0

Pre-transplant imaging for disease status
PET CT-22 (49%)
CECT–23 (51%)

PET CT response (N¼ 22)

CR (complete response) 15 (68%) 10 (77%) 5 (55%)

PR (partial response) 7 (32%) 3 (23%) 4 (45%)

SD (stable disease) 0 0 0

PD (progressive disease) 0 0 0

CECT response (N¼ 23)

CR (complete response) 8 (35%) 5 (39%) 3 (30%)

PR (partial response) 13 (56%) 6 (46%) 7 (70%)

SD (stable disease) 1 (4.5) 1 (7.5%) 0

PD (progressive disease) 1 (4.5%) 1 (7.5%) 0

Abbreviations: AITL, angioimmunoblastic T cell lymphoma; ALCL, anaplastic large cell lymphoma; CECT, contrast-enhanced computed tomography;
DLBCL, diffuse large B cell lymphoma; ECOG PS, Eastern Cooperative Oncology Group-Performance status; FL, follicular lymphoma; HL, Hodgkin
lymphoma; NHL, non-Hodgkin lymphoma; PET CT, positron emission tomography and computed tomography; PTCL, peripheral T cell lymphoma.
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►Supplementary Tables S1 and S2. A comparison of survival
outcomes based on the pre-transplant disease status of
CR vs. PR in subgroups of HL and NHL, respectively, is shown
in ►Fig. 2.

Discussion

The present standard of care for relapsed/refractory lympho-
ma is HDC followed by ASCT.2,5 Several HDC regimens have
been in use as conditioning protocol in the autologous
transplant of lymphomas, and most have shown similar

efficacy but with different toxicity profiles. CBV is one
of the older conditioning regimens for lymphoma with a
relatively safer toxicity profile, especiallywith low-dose CBV.
Sparse data are available on the contemporary use of CBV,
especially from India. Our study found CBV practicable,
less toxic, and had efficacy comparable to that reported
in the literature for other regimens used in lymphoma
conditioning.

We report the results of 45 transplants for HL and NHL
with CBV conditioning. The majority of the patients (95%)
had chemosensitive disease at transplant. Grade 3 or 4
toxicitieswere observed in only 10% of our patients, common
toxicities being mucositis, diarrhea, and CINV. No grade 3/4
toxicity was observed in other organs viz. renal, liver, pul-
monary, or cardiac. Toxicity in our study was comparable to
that reported for low-dose CBV.10,11,16 Studies with the
original CBV (high dose) regimen with BCNU dose of 600
mg/m2 have reported higher pulmonary toxicity (5–10%).
However, subsequent reports with the use of BCNU at 450
mg/m2 or 300mg/m2 (CBV low) have shown less pulmonary
toxicity (<1%) without any loss of efficacy.10–12,16 Also, Chen
et al proved that carmustine dose higher than 300mg/m2

resulted only in increased toxicity without any survival
benefit.10 Other grade 3 or 4 toxicities with CBV (low)
included mucositis in about 8 to 25%, diarrhea 10 to 25%,
CINV 4 to 8% from various studies in the literature.10,14,16 As
summarized in ►Table 3, grade 3/4 regimen-related toxic-
ities were relatively less with CBV (low) compared to other
commonly used conditioning regimens such as BEAM, BEAC,
or LACE (10–25% in CBV low vs. 30–55% in other regimens)
although with comparable survival outcomes.

Table 2 Post-transplant engraftment kinetics, pattern of
infection, toxicity, and supportive care in HL and NHL

Entire
cohort
(N¼ 45)

HL
(N¼26)

NHL
(N¼ 19)

Day of
engraftment

Neutrophils 11 (9–23) 11
(9–17)

10.5 (9–23)

Platelets 13 (8–36) 12.50
(8–36)

14.5 (11–30)

Febrile
neutropenia

FUO 11 (24%) 8 (31%) 3 (16%)

CDI 18 (40%) 9 (35%) 9 (47%)

MDI 10 (22%) 5 (19%) 5 (26%)

CDI
and MDI

6 (14%) 4 (15%) 2 (11%)

No of antibiotics 4 (1–8) 4 (2–8) 4 (1–7)

Organism Sterile 26 (58%) 15 (58%) 11 (58%)

Gram
negative

13 (30%) 6 (23%) 7 (37%)

Gram
positive

0 0 0

Polymicro-
bial

5 (10%) 5 (19%) 0

Fungal 1 (2%) 0 1 (5%)

Mucositis Grade 0 10 (22%) 3 (10%) 7 (37%)

Grade1–2 31 (69%) 19 (76%) 12 (63%)

Grade 3–4 4 (9%) 4 (14%) 0

CINV Grade 0 9 (20%) 4 (16%) 5 (26%)

Grade 1–2 34 (66%) 20 (77%) 14 (74%)

Grade 3–4 2 (4%) 2 (7%) 0

Diarrhea Grade 0 21 (47%) 13 (50%) 8 (42%)

Grade 1–2 20 (43%) 10 (38%) 10 (53%)

Grade 3–4 4 (10%) 3 (12%) 1 (5%)

TPN Yes 4 (9%) 4 (15%) –

No 41 (91%) 22 (85%) 19 (100%)

Blood
products

PRBC 3 (0–8) 3 (0–8) 3 (0–7)

SDP 4 (2–13) 4 (2–12) 4 (2–13)

Length of stay in days
(median, range)

18
(10–37)

25
(10–37)

18 (10–30)

Abbreviations: CDI, clinically documented infection; CINV, chemo-
therapy-induced nausea and vomiting; FUO, fever of unknown origin;
HL, Hodgkin lymphoma; MDI, microbiologically documented infection;
NHL, non-Hodgkin lymphoma; PRBC, packed red blood cells; SDP, single
donor platelets; TPN, total parenteral nutrition.

Fig. 1 Comparison of disease status pre and post-transplant in the
entire cohort; CR, complete response, PR, partial response, PD,
progressive disease. X axis indicates disease status pre-transplant and
Y axis indicates disease status post-transplant. Among 21 patients
who had CR pre transplant, 16 maintained CR, and 5 had progressive
disease post-transplant. Among the 18 patients who had PR before
transplant, 9 achieved CR, 7 maintained PR, and 2 had progressive
disease. One patient who had progressive disease pre transplant
achieved PR post-transplant.
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The median time to engraftment was 11 days (range: 9–
23) and 13 days (range: 8–36) for neutrophils and platelets,
respectively. Engraftment time was comparable to results
reported with CBV conditioning and other conditioning
regimens.12,13,15,24 Post day 0 (stem cell infusion) hospitali-
zation was for 18 days (range: 10–37) in our study, while it
ranged from 17 to 25 days in reports of CBV and other
regimens from different transplant settings.10,11,13,15During
the first 30 days of transplant, PRBC (packed red blood cell)
and single donor platelet (SDP) were required for amedian of
3 and 4 units, respectively. TPN was used in 7% of our
patients, mostly for moderate to severe mucositis, compara-
ble to published data on TPN use for moderate to severe

mucositis during lymphoma ASCT.10,13–15 TRM at 100 days
was 6.6% in our cohort comparable to that reported for CBV
(7–10%) in other settings.10,11 A relatively higher TRM (13–
18%) has been reported for other conditioning regimens as
BEAM.13,15Overall, from different studies in the literature, as
summarized in ►Table 3, including ours, CBV has shown a
lower incidence of mucositis and other toxicities, lesser
requirement for parenteral nutrition, shorter hospital stay,
and lower TRM compared to other conventional regimens.

In our study, post-transplant evaluation of response had
shown a CR of 62% and a PR of 20% compared to 49% and 47%,
respectively, during the pre-transplant assessment. Thus,
about 18% of patients had a progression within 3 months

Fig. 2 Kaplan–Meier survival estimate for (A) event-free survival, (B) overall survival for Hodgkin lymphoma, and (C) event-free survival (D)
overall survival for non-Hodgkin lymphoma, comparing outcomes with respect to pre-transplant disease status.
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of transplant, indicating a high-risk subset who had pro-
gressed despite having a chemosensitive disease. There is
scant literature on the evaluation of disease response in the
immediate post-transplant period as the majority of the
studies on autologous transplant in lymphoma describe
efficacy outcomes in terms of DFS and OS. Nevertheless,
besides chemosensitivity of the disease pre-transplant, other
risk factors for progression need further evaluation in a
larger cohort.

The median EFS in our cohort was 23.8 months, and the
median OS was not reached. As shown in ►Table 3, our

outcomes were comparable to those reported in the litera-
ture for CBV and other regimens for HL and NHL transplants.
We observed that patients who had received more than two
lines of salvage treatment and patients in PR before trans-
plant had inferior EFS and OS although statistically not
significant. In the subset of HL, patients having CR pre-
transplant had higher 3-year EFS and OS (73% and 86%,
respectively) than patients in PR (43% EFS and 71% OS)
although statistically not significant. In the NHL subset, no
statistically significant difference was seen in 3-year EFS or
OS for patients having CR (37% and 37.5%, respectively) or PR

Table 3 Summary of comparative studies of conditioning regimens for toxicity and survival outcomes in lymphoma

Study Regimen Toxicity TRM (d100-150) PFS OS

Arranz et al
1997, Spain11

HL (n¼ 49)
Retrospective study

CBVhigh vs. CBVlow Not reported 9% vs. 8% 47% vs. 29%
(p¼ 0.57)

Not reported

Salar et al, 2001,
Spain3

NHL (n¼ 395)
Retrospective study

CBV vs. BEAM vs.
CyTBI

Not reported Not reported CBV vs. BEAM
Relative risk
1.26 (0.77–2.05)
(p¼ 0.34)

CBV vs. BEAM
Relative risk
1.30 (0.74–2.28)
(p¼ 0.36)

Puig et al, 2005, Spain12

(n¼ 113)
NHL(n¼ 69)
HL (n¼ 44)
Retrospective study

CBVhigh vs. BEAM Mucositis (grade 1–2)
6% vs. 34%
Pulmonary (grade 3)
4% vs. 0%
SOS: 5% vs. 0%

24% vs. 5% Not reported Not reported

Harris et al,
COG A5962, 2011, USA16

HL (n¼ 28)
NHL (n¼ 10)
Prospective study

CBV single arm study
CBVhigh:450mg/m2
CBVlow:300mg/m2

CBVhigh vs. CBVlow

Pulmonary toxicity
(grade 3/4)
100% vs. 0%

Not reported 3year EFS
HL:45%
NHL:30%

3year OS
HL:63%
NHL:34%

Sharma et al, 2013
, India15 (n¼ 51)
NHL (n¼ 26)
HL (n¼ 25)
Retrospective study

BEAM vs. LEAM Mucositis (grade 3/4)
68% vs. 65%
Diarrhea (grade 3/4)
47% vs. 41%

18% vs. 12% 2 year EFS
(HLþNHL)
44.6% vs. 41.1%
(p¼ 0.510)

2 year OS
(HLþNHL)
61.7% vs. 62.7%
(p¼ 0.928)

Chen et al, 2015,
Multicenter study10

(n¼ 4,917)
NHL (n¼ 3,905)
HL (n¼ 1,012)
Retrospective study

CBVhigh vs. CBVlow vs.
BEAM vs. BuCy vs. TBI

CBVhigh vs. CBVlow

vs. BEAM
Overall toxicity
(grade 3–4)
6% vs. 3% vs. 3%

Not reported CBVhigh vs. CBVlow

vs. BEAM
3 year PFS
HL
57% vs. 60% vs. 62%
DLBCL
39% vs. 47% vs. 47%

CBVhigh vs.
CBVlow vs. BEAM
3 year OS
HL
68% vs. 73% vs. 78%
DLBCL
43% vs. 55% vs. 58%

Khattry et al
2016, India13

(N¼ 139)
NHL¼ 92
HL¼ 47
Retrospective study

LACE vs. BEAM Mucositis (grade 3–4)
8% vs. 38%

9% vs. 13% 5-year PFS
HL:
39% vs. 48%
(p¼ 0.747)
NHL:
34% vs. 46%
(p¼ 0.709)

5-year OS
HL:
49% vs. 48%
p¼ 0.279
NHL
37% vs. 46%
(p¼ 0.709)

SHI et al
2016, China14

NHL (n¼ 129)
Retrospective study

CBV vs. BEAM vs.
BEAC

CBV vs. BEAM
Diarrhea(� grade 2)
18.8% vs. 63.9%
Mucositis (�grade 2)
25% vs. 47.2%

0% CBV vs. BEAM vs.
BEAC
5-year EFS
43.8% vs. 66.7%
vs. 67.5%
(p¼ 0.40)

CBV vs. BEAM vs.
BEAC
5-year OS
68.8% vs. 77.8%
vs. 81.8%
(p¼ 0.584).

Our study (N¼ 45)
HL¼ 26
NHL¼ 19
Retrospective study

CBV–single arm Diarrhea (grade 3/4)
10%
Mucositis (grade 3/4)
9%

6.6% 3-year EFS
HL 57.4%
NHL 33.7%

3-year OS
HL 74.6%
NHL 43.4%

Abbreviations: BEAC, BCNU, etoposide, cytarabine and cyclophosphamide; BEAM, BCNU, etoposide, cytarabine, and melphalan; CBV, cyclophos-
phamide, BCNU and etoposide; DLBCL, diffuse large B cell lymphoma; HL, Hodgkin lymphoma; LACE, lomustine, etoposide, cytarabine, and
cyclophosphamide; NHL, non-Hodgkin lymphoma; OS, overall survival; PFS, progression-free survival; SOS, sinusoidal obstruction syndrome; TBI,
total body irradiation; TRM, treatment-related mortality.
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(30% and 48.5%, respectively) pre-transplant. In several
studies in the literature, CR pre-transplant has been shown
to be a predictor for better EFS, DFS, and OS in both HL and
NHL.25,26 We did not find any significant difference between
patients in CRor PR, possibly due to the small sample size and
short follow-up.

Our results and a review of the literature suggest that CBV
(low) is generally a safe conditioning regimen with lower
toxicities and similar efficacy compared to other convention-
al regimens, viz. BEAM, BEAC, LACE, or LEAM, especially for
patients with HL. However, prospective randomized studies
are needed with a larger cohort of patients to know the
difference in toxicities and outcomeswith various condition-
ing regimens for lymphoma. Our analysis had limitations
inherent to a retrospective study. We had a small number of
patients and short follow-up, which precluded any mean-
ingful interpretation of the factors affecting the outcome.
Nevertheless, this is the first study from India to report the
toxicity profile and efficacy of CBV conditioning.

Conclusion

CBV (low) is relatively safe, with common toxicities being
mucositis, diarrhea, CINV, and overall grade 3/4 toxicities
experienced by less than 10% of patients. Thus, CBV can be a
preferred regimen in resource-limited settings. Event-free
survival and overall survival with CBV were comparable to
that reported in the literature, especially for patients with
Hodgkin lymphoma.
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Abstract Introduction Coronavirus disease 2019 (COVID-19) has affected both physical and
mental aspect of people worldwide, especially the high-risk group such as pediatric
cancer patients. Children with cancer were considered both clinically and mentally
vulnerable during this pandemic. They were also affected by the self-isolation,
quarantine, and social distancing policy taken as a respond to public threat.
Objectives To evaluate the impact of social distancing and health protocol during
COVID-19 on the mental health profile of children with cancer in Indonesia.
Materials and Methods A cross-sectional study evaluating the mental health of children
with cancer during COVID-19 pandemic was conducted in Cipto Mangunkusumo Hospital,
Jakarta, Indonesia from June to September 2020. An online questionnaire was used to
collect demographics of parents and children, children’s Strength and Difficulties Ques-
tionnaire (SDQ) score, andparents’ Self-ReportingQuestionnaire (SRQ). SDQ score consists
of five subscales, including the emotional symptoms, conduct problems, hyperactivity,
peer relationships problems and prosocial behavior. Cancer types were grouped into
retinoblastoma, nonretinoblastoma (other solid tumors), and leukemia.
Results There were 156 valid responses, consisting of 42 patients with retinoblasto-
ma, 34 patients with nonretinoblastoma (other solid tumors), and 80 patients with
leukemia. Pandemic-related lifestyle changes did not significantly impact emotional or
behavioral problems. Children with normal total SDQ (odds ratio [OR]: 473, p¼ 0.001)
and emotional scores (OR: 3.19, p¼ 0.07) had parents with normal SRQ scores (<6).
Leukemia patients with shorter diagnosis period had worse hyperactivity score
(p¼ 0.01). On the contrary, leukemia inpatients had better prosocial scores than
outpatients (p¼0.03). More bilateral retinoblastoma patients (p¼0.04) with longer
duration of cancer diagnosis (p¼0.03) faced peer problems.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has
posed a global threat since December 2019. It affected
both physical and mental health of the public, leading to
detrimental effects on quality of life. The World Health
Organization expressed concern over the psychosocial con-
sequences of COVID-19, as it stated that the new measures
including quarantine and social distancing have disrupted
people’s routines, thus increasing the feeling of anxiety,
depression, loneliness, insomnia, and self-harm.1–5

Following government responses to COVID-19 on schools,
educational institutions, and closure of public places, ample
evidence has revealed the psychological impact of COVID-19
pandemic toward children and adolescents manifesting as
behavioral and emotional problems.6–10A study showed that
children who have more highly educated parents, live in big
cities, come from either high- or low-income households,
and have parents with mental problems are the most vul-
nerable group during the pandemic. There is also evidence
that extended period of parental stress during the pandemic
is related to child behavioral problems.11

Children and adolescents faced emotional struggles while
experiencing social isolation and disrupted education. Chil-
dren encountered fear, uncertainties, and isolation, resulting
in conditions such as poor appetite, physical discomfort,
agitation and inattention, clinginess, separation problems,
and poor sleep.6–10 In published research on stress levels
among students during the pandemic, the values ranged
from 24.7 to 71.2%, mostly related to the adaptation of long-
distance learning.12–14 In addition, the increased use of
digital devices during lockdown has also been used as
indicator of developing the internet addiction, gaming dis-
order, anxiety, depression, irritability, sleep disturbance, and
poor mental health in children during the pandemic.12–15

Pediatric cancer patients are not indifferent to the dra-
matic impact of COVID-19. The uncertainty regarding their
condition is now worsened by the risk of contracting viral
infection and disruption in cancer treatment protocol.16,17

Even before the pandemic, childrenwith cancer were already
at risk of developing mental health disorders precipitated by
the anxieties following diagnosis, treatment, and alteration
of daily activities. The side effects of cancer treatments,
including surgery, chemotherapy, and radiotherapy, may
lead to cognitive problems, behavioral disorders, and poor
coping skills. There are also increased levels of depression,
anxiety, and concerns related to mortality.18–20

Childrenwith cancer are considered as clinically vulnerable
during this pandemic due to their immunocompromised
status caused by cancer and anticancer treatments.17,20,21

Hence, they are recommended to undergo stricter rules to
keep them safe by always remaining at home and avoiding
contactwith anyonebeyond theirhousehold, except attending
medical care in the hospital. There is an emerging concern
regarding the damage of these measures on the mental
wellbeing of pediatric cancer patients.16,22–25A study inMilan
showed that majority of adolescent cancer patients were
worried and felt personally at risk during this pandemic, as
they encountered high levels of stress and anxiety, facing
dilemmas regarding continuation of their treatment and
access to health care facility under these threatening
circumstances.17,22–26

Not only the patients but also the families of children with
cancer experience challenges in balancing their life during the
pandemic. A study in UK found that parents/caregivers were
worried that their childrenwouldget infected by the virus and
felt that hospital was not a safe place, thus increasing parents’
anxiety and concerns about their child’s care.26,27 Another
study also stated that hospital restriction increased parent’s
psychosocial distress during the pandemic, especially regard-
ing the risk of suboptimal care received by their children.27–29

There are limited data on the mental health status of
pediatric patients with cancer during the COVID-19 pan-
demic. Therefore, we conducted the first Indonesian study
that aimed to evaluate the experience and psychological
impact of COVID-19 toward children with cancer and their
parents in Indonesia. These findings can provide compre-
hensive foundation for the development of mental health
programs to support children with cancer during this
pandemic.

Materials and Methods

Study Design and Data Collection
A cross-sectional survey study of parents and children with
cancer diagnosed between 2015 and 2020 was conducted to
assess their mental health and experience during the social
isolation of COVID-19 pandemic. The data were collected by
clinicians who are members of the research team (R. M., A. S.
N., N. S.) from June to September 2020, 3 months after the
start of social distancing and lockdown implementation in
Indonesia.

The variables in our study are as follows: gender, age,
education level, parent’s marital status, time from diagnosis
to data collection (TDD), treatment status, place of stay
during self-isolation, duration of study from home per day,
total duration of using gadget per day, cancer staging,
treatment received, phase of treatment, number of eyes
affected (retinoblastoma patients), children’s Strength and

Conclusions Our study revealed that lifestyle changes during early COVID-19 pan-
demic were notmajor factors impacting emotional and behavioral problems in children
with cancer. However, disease-related factors pose great challenges; thus, a holistic
mental health support system should be available to both children and parents.
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Difficulties Questionnaire (SDQ) score, emotional problems
score, conduct problems score, hyperactivity score, peer
problems score, prosocial score, and parents’ Self-Reporting
Questionnaire (SRQ) score. The primary outcomes of this
study are the association between patient’s clinical charac-
teristics (cancer staging, types of treatment, and TDD) and
their total SDQ score (and its domain) during the COVID-19
self-isolation period. The secondary outcomes are the
patients’ and their parents’ demographic characteristics
(gender, age, total screen time, treatment status, place of
stay during pandemic, marital status, parents’marital status,
and parent’s SRQ score) and their association with the SDQ
score (and its domain), in addition to the comparison
between each cancer group.

The inclusion criteria of this study were parents and their
children aged between 0 and 18 years, who were clinically
diagnosed with cancer (either were still undergoing treat-
ment or had completed their treatment) and were literate
and able to respond to questions in Indonesian language.
Patients were recruited from Pediatric Oncology and/or
Pediatric Ophthalmology Department outpatient clinics,
Ciptomangunkusumo Hospital. We exclude parents and
children who refused to complete the questionnaire or are
not able to comprehend and respond to questions.

Instrument
We gathered information on parents’ and children’s demo-
graphics and then evaluated their experiences during the
COVID-19 pandemic including the social distancing practice,
work/study from home practice, problems, and hopes during
this pandemic. A questionnairewas developed to address the
lifestyle-related behavior changes during the pandemic
including the duration of work from home and study from
home, source of COVID-19 information, and problems expe-
rienced during the pandemic.

The main outcome, which is the mental condition of the
pediatric cancer patients, was assessed using validated ques-
tionnaire. The survey was conducted via an online survey
tool (Google Forms) in Indonesian language, available in the
►Appendix 1. Before we performed the statistical analyses,
all patient-related medical information was validated
through the medical record.

SDQ for Children
The emotional and behavioral problems of the childrenwere
assessed using the SDQ.30,31 The SDQ questionnairewas each
categorized based on the age of the children, which consists
of a parent-completed SDQ for ages 2 to 4 years old30 and 4 to
11 years old,31 and a self-completed SDQ for ages 11 to
18 years old. SDQ had been officially translated and validated
into Indonesian language by one of our authors (T. W.). It is
available as online assessment tool for children at www.
sdqinfo.com. SDQ for ages 11 to 18 years was filled in by the
children themselves, meanwhile SDQ for ages 2 to 11 years
was filled in by their parents.30,31

The SDQ questionnaire consists of 25 questions on Likert
scale (0¼not true; 1¼ somewhat true; 2¼ certainly true). It
was divided into two major parts including the difficulties

domains, which consist of 20 questions (emotional prob-
lems, conduct problems, hyperactivity scale, and peer prob-
lems), and strength domain, which comprises 5 questions
(prosocial scale). The total score for the difficulties domains
ranged from 0 to 40. The newer four-band categorizationwas
used as cutoff points for total SDQ score and its domain in our
study. The initial three-band categorization divided SDQ
scores as “normal,” “borderline,” and “abnormal,”with cutoff
points such that 80% of children population scored “normal,”
10% “borderline,” and 10% “abnormal.” New four-band clas-
sification with cutoff points such that 80% of children popu-
lation were “close to average,” 10% “slightly raised,” 5%
“high,” and 5% “very high” for all scales except prosocial,
which is 80% “close to average,” 10% “slightly lowered,” 5%
“low,” and 5% “very low,” was used.30,31

SRQ for Parents
Parents also completed the SRQ consisting of 20 yes/no
questions, which has been translated and validated in Indo-
nesian language, with a cutoff score of 6 to be indicative of
common mental disorder.32

Definitions
TDD was defined as the duration of time since the patient
was diagnosed with cancer until the data were obtained.
We classified patients into three groups: retinoblastoma,
leukemia, and nonretinoblastoma (other solid tumors) group.
We defined combined therapy in both retinoblastoma and
nonretinoblastoma (other solid tumors) groups as combina-
tion of surgical, chemotherapy, radiotherapy, and other
modalities. Monotherapy in the nonretinoblastoma (other
solid tumors) group was defined as surgical only or chemo-
therapy only. The retinoblastoma group was classified into
early (stage 1 and 2) and advanced (stage 3 and 4). Cancer
staging in nonretinoblastoma (other solid tumors) diagnosis
wasgrouped into early to advanced (stages 1, 2, and3) and late
(stage 4). The treatment phase in leukemia groupwas catego-
rized into two groups based on the treatment received,
namely, inpatient, which consists of induction, consolidation,
and intensification phase, and outpatient, which consists of
maintenance and remission phase.

Statistical Analyses
From questionnaire results, we excluded housewives and un-
employed in theanalysisof “work fromhome”variable.Wealso
excluded patients who received chemotherapy only in the
retinoblastoma group from the analysis of “treatment received
for cancer” as they have not completed treatment regimen.

Statistical analysis was performed with SPSS version 24.0
for Mac (SPSS Inc., Chicago, IL, United States). Categorical
datawere reported in the formof frequency (percentage) and
assessed using chi-square (χ2) test or Fisher’s exact test.
Continuous variables were reported in the form of mean�
standard deviation or median (range). Normality of the data
was evaluated by using Shapiro–Wilk test. Normally distrib-
uted data were analyzed using one-way analysis of variance.
Nonnormally distributed data were analyzed using Kruskal–
Wallis test.
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Analysis was conducted according to the cancer diagnosis,
grouped as retinoblastoma, nonretinoblastoma (other solid
tumors), and leukemia. Descriptive statistics were carried
out to summarize all variables included based on the diag-
nosis groups. We performed a bivariate analysis and risk
assessment on parents’ and children’s characteristics toward
children’s SDQ score. A p-value<0.05 was considered sta-
tistically significant.

Ethics
This study has been approved by the Research Ethic Com-
mittee in Cipto Mangunkusumo Hospital, Jakarta (KET-476/
UN2.F1/ETIK/ PPM.00.02/2020), as listed in►Appendix 2 and
conducted in accordancewith the tenets of theDeclaration of
Helsinki. All participants were provided study information
and completed electronic consent before completing the
online survey.

Results

Patient’s Clinical Characteristics
A total of 166 patients were assessed for enrollment. Ten
patients were excluded and 156 patients whomet the eligible
criteria were included in the study, as seen in►Fig. 1. Among
them, 42 patients belonged to the retinoblastoma group, 34
patients were in the nonretinoblastoma (other solid tumors)
group, and 80 patients were diagnosed with leukemia. Half of
our retinoblastoma patients suffered from unilateral cases
(50%, n¼21). Approximately 85.7% (n¼36) of the children
were in the early stage (stages 1 and 2) of the disease. The
combination of enucleation and chemotherapy was the most
common treatmentmodality given in accordancewith disease
stage. Meanwhile, the diagnosis for the other (nonretinoblas-
toma) solid tumor group in our study included neuroblastoma
(26.5%, n¼9), lymphoma (23.53%, n¼8), rhabdomyosarcoma
(11.76%, n¼4), osteosarcoma (11.76%, n¼4), and others

(26.47%, n¼9). Around 70.58% (n¼24) came to the hospital
during late stage of the disease (stages 3 and 4). The most
common types of treatment given to these patients were
chemotherapy only (41.2%, n¼14) and combination of che-
motherapyandsurgery (23.5%,n¼8). Lastly, 75.75% (n¼59)of
leukemia patients in our study were in maintenance phase of
chemotherapy treatment. Patient’s demographic character-
istics are listed in ►Table 1. Patients’ clinical information
based on the cancer diagnosis is summarized in ►Table 2.

Patients’ Clinical Data and SDQ Score
►Appendix 3 displayed comparison between total SDQ score
and its domains based on clinical characteristics in each cancer
group. Our results showed significant differences in the scores
of three domains, including hyperactivity, peer problems, and
prosocial domains between cancer groups. Significantly
shorter TDD in leukemia patients was found in group with
at-risk hyperactivity score (p¼0.01). Numbers of bilateral
retinoblastoma patients (p¼0.04) and patients who were
diagnosed longer (p¼0.03) were also significantly higher in
group with at-risk peer problems score. Lastly, the prosocial
scoreof the leukemiagroupwassignificantlydifferentbetween
those receiving inpatient and outpatient treatments (p¼0.03).

Parents’/Children’s Demographic Characteristics and
Children’s SDQ Score
The comparisonbetween total SDQ score and its domainbased
on parents’ and children’s demographic characteristics is
detailed in ►Appendix 4. Several characteristics should be
highlighted. Children with normal total SDQ (odds ratio [OR]:
473; 95% confidence interval [CI]: 45.04–4,975.42; p¼0.001)
and emotional problems (OR: 3.19; 95% CI: 0.91–11.18;
p¼0.07) scores had parents with normal SRQ score (<6)
during this COVID-19 pandemic. A significant difference was
also seen in the emotional problems, conduct problems, and
prosocial scores among the children’s age groups. Compared
with children aged 10 to 17 years, preschool children aged
between 0 and 5 were more likely to experience problems in
emotional (OR: 4.83; 95% CI: 1.36–17.11; p¼0.02) and pro-
social scores (OR: 3.27; 95% CI: 1.31–8.19; p¼0.01), while
children aged 6 to 9 were more likely to face emotional (OR:
5.07; 95%CI: 1.21–21.23;p¼0.03) and conduct problems (OR:
8.19; 95% CI: 2.02–33.19; p¼0.003). In addition, most of the
children with emotional problems also were still on their
cancer treatment during the survey rather than being cancer
survivors (OR: 2.11; 95% CI: 0.92–4.83; p¼0.07).

Comparison of Children’s SDQ Score among the Cancer
Diagnosis Groups
The comparison of children’s SDQ score and its domain
between the diagnosis groups showed no significant differ-
ence of children’s SDQ score and its domain between the
three diagnosis groups.

Discussion

Children with cancer face stress not only from their medical
condition but also from lifestyle changes brought about byFig. 1 Consort diagram showing participants enrollment.
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pandemic. Their ability to cope with additional stress is a
cause of concern as psychological and social problems could
affect the children’s enthusiasm in continuing cancer treat-
ment and their ability to adapt to new lifestyles. Recommen-
dation regarding standard of care in children with cancer
provides insight to balance the risk of COVID-19 and contin-
uation of care for children, which caused burden and chal-
lenges toward parents, children, and health care providers.16

A study in UK reported an increased worry experienced by
parents of a child with cancer.26 In addition, children with
cancer and their families also expressed their concerns living
in a life of uncertainty, which leads to fear of adaptation,
loneliness, and confusion.17 Our study showed that pandem-
ic-related changes such as increased screen time, place of
stay during lockdown, and duration of homeschooling did
not significantly affect their psychosocialwellbeing. Disease-
related factors such as TDD, being on treatment, and other
factors such as gender, age, and parental SRQ scores had
greater influence instead.

Lifestyle Changes during the Pandemic
To our surprise, in our study lifestyle changes during the
COVID-19 pandemic were not significant factors in deter-

mining social and psychological problems in children with
cancer. This was supported by other studies as well. A Dutch
study26 had also reported that there was no significant
difference in psychosocial health of children with cancer
before and during the pandemic. Children with chronic
illness and cystic fibrosis who were thought to have risks
of developing psychosocial problems during the pandemic
were also not significantly affected.33,34

In addition, more than half of our patients (58.3%) under-
going treatment lived in temporary housing such as rentals
and boarding home for childhood cancer patients. The board-
ing home for childhood cancer patients helped establish a
community of patients and their guardians for mutual
support. Hence, this could be a possible explanation why
the place of stay did not have a significant impact on the
psychosocial health of the patients.

The Impact of Increased Screen Time
School closures, homeschooling that utilized online learning,
lockdown, and isolation resulted in a sharp increase of screen
time for children. Children in our study experienced a
median of 160minutes of daily screen time. Our data
revealed that total screen time per day did not significantly

Table 1 Children’s demographic characteristics based on cancer diagnosis

Retinoblastoma
(n¼ 42)

Solid tumor
(nonretinoblastoma)
(n¼34)

Leukemia
(n¼80)

Gender

Male 26 (61.9%) 20 (58.8%) 47 (58.8%)

Female 16 (38.1%) 14 (41.2%) 33 (41.3%)

Age (y) 4 (1–11) 5 (1–17) 6 (1–16)

0–5 33 (78.6%) 20 (58.8%) 34 (42.5%)

6–9 8 (19%) 3 (8.8%) 17 (21.3%)

10–17 1 (2.4%) 11 (32.4%) 29 (36.2%)

Education level

Preschool 29 (69%) 19 (55.9%) 30 (37.5%)

Kindergarten 7 (16.7%) 2 (5.9%) 9 (11.3%)

Elementary school 6 (14.3%) 4 (11.8%) 25 (31.3%)

Junior high school 0 (0%) 8 (23.5%) 9 (11.3%)

Senior high school 0 (0%) 1 (2.9%) 6 (7.5%)

University 0 (0%) 0 (0%) 1 (1.3%)

Time from diagnosis to data collection (mo) 24 (1–96) 12 (3–48) 17.5 (1–72)

Treatment status

On treatment 15 (35.7%) 30 (88.2%) 75 (93.8%)

Survivor 27 (64.3%) 4 (11.8%) 5 (6.3%)

Place of stay

Private housing 16 (38.09%) 9 (26.47%) 40 (50%)

Temporary housing 26 (61.91%) 25 (73.53%) 40 (50%)

Duration of study from home per day (min) 0 (0–120) 0 (0–240) 45 (0–300)

Total duration of using gadget per day (min) 60 (0–540) 80 (0–540) 120 (0–780)
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impact children’s mental health during the pandemic. This
was different from previous findings,32,35,36 which showed
that excessive screen time was related to poorer mental
health. Another study29,37 had also shown that these detri-
mental effects were related to social media and Internet use,
but not gaming and watching television.

The necessity of gadget usage during the pandemic for
schooling and entertainment activities for children staying at
home could help them copewith stress instead. This solution
may be helpful in the short term, but can turn out to be
inappropriate or even bad in the long run. Recreational
screen use may be good for children, to a certain extent,
during this difficult pandemic. It is also important to inform
parents about the importance of controlling their child’s
screen time and content. Therefore, parents should establish
sufficient screen-free periods each day.32,36,37

Mental Wellbeing in Retinoblastoma Patients
Disability brought about by pediatric cancer can be detri-
mental to children’s mental wellbeing. Our study showed
that children with bilateral retinoblastoma faced difficulties
with peers,which could be linked to their loss of sight. Longer
duration since cancer diagnosis also significantly raised the
risk of peer problems. Retinoblastoma patients in developing
countries such as Indonesia often exhibit symptoms long
before seeking medical help; therefore, the duration is an
underestimation of the actual TDD. Retinoblastoma patients
often present with advanced stage at diagnosis. As most
children with retinoblastoma had to undergo enucleation
surgery, visual impairment could cause their peer problems.
A recent study in China by Feng et al38 revealed that
retinoblastoma survivors who underwent enucleation
were more self-conscious about their appearance resulting
in low self-confidence. In our study, visual disability not only
reduced self-confidence but also caused problems in social-
izing with their peers. A study conducted in the Netherlands
by van Dijk et al39 found that 88% of adult retinoblastoma
survivors had experienced bullying related to their appear-
ance, eye prosthesis, and their visual impairment and blind-
ness, which consequently affected their mental health.
Participants also mentioned that their peers had difficulty
reading their facial expressions and emotions due to lack of
eye contact. Unlike children with other forms of cancer,
childrenwith retinoblastoma face greater challenges as their
sight and appearance are adversely affected. Children with
cancer and resulting disabilities should receive guidance on
dealing with peer problems and psychological counseling
when necessary.

Mental Wellbeing in Leukemia Patients
Our study showed that in children with leukemia, outpa-
tients were at higher risk of prosocial problems than inpa-
tients. Outpatient treatment can impose more problems for
children with cancer, as they are required to socialize with
other children and family members outside of the hospital
environment. Lengthy period of previous hospitalization
might have affected their prosocial abilities. A Turkish

Table 2 Clinical characteristics of cancer patients based on the
diagnosis

Retinoblastoma patients (n¼ 42)

Number of eyes affected

Unilateral 21 (50%)

Bilateral 21 (50%)

Cancer staging

1 21 (50%)

2 15 (35.7%)

3 4 (9.5%)

4 1 (2.4%)

Treatment received for cancer

Enucleation 10 (23.8%)

Enucleation, chemotherapy 22 (52.4%)

Enucleation, chemotherapy, laser 6 (14.3%)

Enucleation, chemotherapy,
radiation

2 (4.8%)

Chemotherapy 2 (4.8%)

Other solid tumor (nonretinoblastoma) patients (n¼34)

Diagnosis

Neuroblastoma 9 (26.47%)

Lymphoma 8 (23.53%)

Rhabdomyosarcoma 4 (11.76%)

Osteosarcoma 4 (11.76%)

Others 9 (26.47%)

Cancer staging

1 1 (2.94%)

2 9 (26.47%)

3 12 (35.29%)

4 12 (35.29%)

Treatment received for cancer

Chemotherapy 14 (41.2%)

Chemotherapy, operation 8 (23.5%)

Chemotherapy, radiation 5 (14.7%)

Chemotherapy,
operation, radiation

3 (8.82%)

Operation 4 (11.76%)

Leukemia patients (n¼ 80)

Phase of treatment

Induction 3 (3.75%)

Consolidation 11 (13.75%)

Intensification 2 (2.5%)

Maintenance 59 (73.75%)

Remission 5 (6.25%)

Treatment received
for cancer

Chemotherapy 80 (100%)
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study40 of leukemia survivors found that children were
unwilling to reattend school after treatment and their
parents were more likely to restrict their social activities,
as they feared that the children were more vulnerable of
infections. Outside the hospital, children should be encour-
aged to socialize, and adequate guidance should be given to
allow them to build friendships with other children.

Leukemia patients in our study with shorter period since
diagnosis (median of 5 months) were associated with hyper-
activity problems. Patients and parents alike were often in
denial after initial diagnosis of leukemia. Furthermore,
chemotherapy regimen would be in the induction stage for
the initial 4 to 5 months when children would experience
strong side effects from intense chemotherapy treatment. At
the maintenance stage, however, chemotherapy regimen is
less intense, and children arebetter adjusted to chemotherapy.
Children initially diagnosed with cancer exhibit hyperactive
behavior to gain more parental care as coping mechanism. In
contrast, children with retinoblastoma who experienced
peer problems had longer period of cancer diagnosis. Chemo-
therapy for retinoblastoma does not follow the induction–
maintenance regimen but is administered in cycles. Longer
period since diagnosis meant that children undergo intense
chemotherapy in repetitive cycles and repeatedly affected by
side effects.41,42

The Psychological Impact of COVID-19 in Younger
Children
Across the board, adolescents aged 10 to 17 were less likely to
be at risk of emotional problems compared with younger
children. A study by Bloom et al43 also supported this finding,
showing that younger childrenwere more negatively affected
by lockdown and had more mental health problems than
adolescents, including emotional problems, misconduct, and
hyperactivity.

Young children aged 0 to 5 showed highest risk of hyperac-
tivity and prosocial score. This was in line with another study,
which reported an increased inattention and hyperactivity/
impulsivity were seen on young children aged 4 to 6 years
during the pandemic.44 In our study, children aged 6 to 9were
most likely to experience emotional problems and conduct
problems. On the other hand, a study in UK reported those
aged 7 to 12 years found depression symptoms worsened but
reported no significant changes for anxiety symptoms and
emotionalproblems.6,45,46Acontradictive resultwasshownin
study of pediatric patients with rheumatological diseases, in
which female adolescents diagnosed with juvenile idiopathic
arthritis experienced more anxiety and depressive symptoms
during the pandemic.47

Children under 9 years were less able to cope and verbal-
ize their discomfort of their experience; therefore, they
express misbehavior and misconduct. It highlights the im-
pact that the COVID-19 pandemic and consequent restric-
tions might have had on childrenwho are perhaps too young
to understand the meaning of the pandemic, compared with
adolescents. Younger children are a lot more reliant on their
parents throughout the day including support with educa-
tion and monitoring, entertaining, and providing for them.

On the contrary, adolescents may have been more indepen-
dent during lockdownwith better access to their peers.6,42,46

Impact of Parents’ Mental Health Status toward
Children
Parents have a large impact on the mental health of children
with cancer. Our analysis showed that parents with SRQ score
� 6 who were more likely to face psychological problems
might affect their children to be at greater risk of facing
psychological difficulties. Studies also reported that during
COVID-19 pandemic, parents of children with cancer have
increased sense of isolation and loneliness, especially due to
the lack of support from family, friends, relatives, and cancer
support group17,27 in addition to the high stress level and
significant level of anxiety.48 Several studies49,50 had shown
that parents of children with cancer were psychologically
distressed due to mental and financial burden of caregiving.
Parents with psychological problems were less able to build
healthy parent–child relationships. In comparison to another
study inhighlyvulnerablegroupofchildrenwith rarediseases,
a study by Rihm et al also reported a high psychosocial burden
in caregivers and reduced quality of life in children with rare
diseases.51 A similar trend was also observed in both care-
givers and children with type 1 diabetes.52

A study by Kim et al53 also reported an increased risk of
children sleep and behavioral problems related to parents’
stress and depression during the pandemic. Reciprocal rela-
tionship between parents’ and children’s mental health was
also seen, especially associated with higher levels of depres-
sion, anxiety, and stress.43Hence, not only should children be
providedwith psychological support, but also parents should
have access to mental health care and make effort to build
healthy parent–child relationships.

Our study has several limitations. First, the study population
was not enough to draw a generalized conclusion, which
represents the whole diagnosis groups in pediatric cancer
patients as the study only covered pediatric cancer patients in
a single institution using a convenience sampling method.
Second, the data collection was conducted through self-report
surveys and online questionnaires.We recommended psychia-
trists toperformclinical in-depthinterviewin follow-upstudies
in order to gain detail regarding factors affecting the mental
health conditions of pediatric cancer patients during this
pandemic. In addition, the self-report nature of the assessment
tools used in our study also increases the chance of subjectivity
of the answers. Third, several important factors that may affect
the outcome such as friends and families support, information
collection regarding COVID-19 and mental health during the
pandemic, and coping strategies were not included in the
analysis. Therefore, further studies with larger samples and
more comprehensive assessment should be conducted in order
to gain a better understanding of pediatric cancer patients’
mental wellbeing during this COVID-19 pandemic.

Conclusion

Our study has shown that although the pandemic has altered
the routine and lifestyles of children with cancer, disease-
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related factors had greater impact on their mental health.
Children with cancer might even benefit from more time
spent at home and increased interaction with parents
working from home. The process of cancer treatment and
having less developed emotional coping ability pose risks to
their emotional and behavioral wellbeing. These findings
highlight the ongoing need to target vulnerable groups. A
holistic mental health support system is essential for both
children and parents to help them promote self-manage-
ment, enhance physical and psychological wellbeing, and
raise their quality of life.
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Introduction

Cancer is a major disorder that causes millions of deaths
worldwide. Cancer cells divide uncontrollably, leading to
tumor growth and immune system dysfunction. Due to
factors such as population ageing, tobacco use, radiation
exposure, adopting a more sedentary lifestyle, and genetic
predisposition, its incidence has increased in recent years.1

Globally, 19.3 million new cancer cases have been diagnosed
in 2020, with over 10.0 million cancer deaths.2

According to recently released cancer facts and figures
reported by the International Agency for Research on Cancer,
there has been an overall increase in the cancer burden in
South Asia over the last decade. The region is now home to
almost a quarter of new cancer cases globally and is also
expected to have the highest growth rate among all other
regions by 2030.3 Cancer remains a largely dreaded illness
and is usually associatedwith death, but this may not always
be true. Although it is still one of the top three leading causes
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Abstract Introduction Globally, 19.3 million new cancer cases were diagnosed in 2020, with
over 10.0 million cancer deaths. Patients with cancer often face various long-term
physical, social, financial, psychological, and existential challenges, complicating their
survivorship.
Objectives This study aimed to evaluate the different needs of patients undergoing
chemotherapy at a tertiary care cancer center.
Materials and Methods Data were collected from a tertiary care cancer center using
purposive sampling. A total of 101 samples were collected over a 2-month period.
Results The majority of participants were female (61.4%), with 38.6% being male.
Most participants were in the third stage of cancer (57.4%), with 42.6% in the fourth
stage. Localized metastasis was observed in 83.2% of participants. The most common
symptoms were lack of appetite (59.4%) and nausea/vomiting (54.5%). Most partic-
ipants rated the care provided by nurses during chemotherapy as good (86.1%). The
majority had moderate needs (67.3%) during the treatment course.
Conclusion The study highlights significant needs in the physical and psychological
domains among patients undergoing chemotherapy.
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of death in India and several other developing countries, it
can be managed if diagnosed early.4

The increase in cancer burden in India can be attributed to
several factors, such as an ageing population, an unhealthy
lifestyle, and an increase in obesity. While the proportion of
people with cancers in older age groups is expected to
increase, the proportion of people younger than 50 with
cancer is also expected to increase. Certain risk factors for
cancer, such as tobacco use, unhealthy diet, and alcohol
consumption, are expected to increase, contributing to the
country’s increased cancer burden.5

As a result of the current advances in cancer treatment
and the evolving landscape of clinical trials, more adults are
surviving cancer and living longer than ever before. Themost
common cause of cancer death is lung cancer, with 1.8
million deaths predicted.6

Patients with cancer may experience varying degrees of
long-termphysical, social, financial, psychological, and existen-
tial distress, complicating their survivorship. Cancer survivors
may experience physical and psychological symptoms beyond
10 years after treatment completion, even though some cancer-
related concerns usually decrease over time. These symptoms
may include fatigue, pain, and sleep difficulty.7

Despite providing chemotherapy, many patients experi-
ence various symptoms in the formof adverse effects, amajor
drawback of chemotherapy.8 The physical domain describes
the adverse effects of chemotherapy. Other unmet needs are
also present during treatment, crucial for improving quality
of life. Psychological factors also play a major role in quanti-
fying the health-related quality of life in cancer patients who
may experience different psychological disturbances during
the treatment.9

In the context of increasing cancer burden and the signifi-
cant impact of chemotherapy on patients’ well-being and
quality of life, it is essential to evaluate the specific needs of
individuals undergoing this treatment. This study aimed to
assess the needs of patients undergoing chemotherapy at a
tertiary care cancer center. By understanding these needs,
health care providers can address chemotherapy-related
adverse effects and improve patient-centered care. The find-
ings of this study will inform clinical practice, guide future
research, and contribute to interventions that optimize the
chemotherapy experience of patients. Themain objectives of
the study were to assess the needs of patients undergoing
chemotherapy for cancer and determine factors associated
with these needs.

Methodology

This study used a cross-sectional design to assess the differ-
ent needs of cancer chemotherapy patients in a tertiary care
cancer center. Data collection was conducted over 2 months
using purposive sampling. The sample size of 101 partici-
pants was calculated based on a 2% prevalence of cancer in
the Mysuru district, Karnataka, India, with an absolute
precision of 2.8% and a confidence interval of 95%. Patients
who provided informed consent and were free of psycholog-
ical disorders were included. Those in terminal cancer stages

were also included to capture a full range of experiences.
Data was collected over 2 months through interviews using
the validated Cancer Needs Assessment Tool-Chemotherapy
(CNAT-CC) questionnaire.10 The CNAT-CC has defined cutoff
scores to classify needs as no need (0–25), moderate need
(26–50), and high need (51–75).

The term “need” refers to cancer chemotherapy patients’
perceived or identified requirements, demands, or necessi-
ties. These needs encompass various aspects such as physical
symptoms, psychological well-being, information, support,
and other elements essential for the comprehensive care and
well-being of individuals receiving chemotherapy.

Data was entered in Microsoft Excel 2019 and analyzed
using SPSS version 26 (licensed to the institution). Data
analysis involved descriptive statistics in determining the
frequency and percentage of different needs, and the chi-
square test was used to explore the associations between
dependent and independent variables. This study adhered to
the ethical standards outlined in the 1964 Declaration of
Helsinki and its later amendments. All procedures involving
humanparticipantswere conducted following the guidelines
of the Institutional Ethical Committee. The study was
approved by the Institutional Ethical Committee (approval
number: JSSMC/IEC/03072023). Informed consent was
obtained from each participant before the commencement
of the study.

Results

Data were collected from 101 participants. The majority of
the participants in the current study were females (61.4%),
and 38.6% were men. Most participants in the current study
belonged to the Hindu religion (92.1%), while 4% belonged to
Muslims and Christianity. From the current study partici-
pants, 54.5% belonged to rural areas, whereas 45.5% were
from urban areas. Most participants in the current study
were illiterate (33.7%), and 12.9% had a diploma or degree.

Most of the participants in the current study were semi-
skilled (33.7%), and the least were unskilled (13.9%). The
majority of the participants belonged to socioeconomic class
II; that is, their income lies between 3,504 and 7,007 INR, and
the least (5%) belonged to socioeconomic class V (1,050 INR
and below). Most of the participants in the current study had
joint families (49.5%), followed by nuclear families (42.6%)
and three-generation families (7.9%).

Personal History and Disease Profiles

Most participants in the current study were in third stage of
cancer (57.4%), and 42.6% were in fourth stage. Localized
metastasis was observed in 83.2% (n¼84) of the partici-
pants. This indicates that cancer had metastasized locally
from the original tumor to nearby lymph nodes or tissues for
these patients but had not spread further to distant sites in
the body. Regional tumors refer to cancer that has spread
outside the original site to nearby organs, lymph nodes, or
tissues. In this study, 4% (n¼4) of participants had regional
tumors, meaning their cancer had spread regionally from the
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primary site to adjacent organs or structures but not yet
distantly throughout the body.

Comorbidities were absent in most participants (n¼85,
84.2%). Among thosewith comorbid conditions, diabeteswas
present in 3% (n¼3), diabetes with cardiovascular disease in
3% (n¼3), diabetes with hypertension in 5.9% (n¼6), and
hypertension alone in 4% (n¼4). Themajority of participants
were undergoing chemotherapy (66.3%), followed by surgery
þ chemotherapy (14.9%), and triple therapy (surgeryþ che-
motherapyþ radiation) (12.9 %). Note that 33.7 had lung
cancer and 17.8% had rectal carcinoma, followed by breast
carcinoma (12.9%), esophageal carcinoma (10.9%), and carci-
noma of the stomach (8.9%). Acute leukemia was present in
5.9% of the participants (►Table 1).

Physical Needs
The majority of participants had a lack of appetite (59.4%).
Nausea and vomiting sensations were present in 54.5% of
participants. Forty-seven percent of the participants felt
lethargic and fatigued during chemotherapy cycles.

Hair loss was seen in 60.4% of the participants during the
treatment.Most participants (58.4 %) had pains/aches during
chemotherapy. Breathlessness was observed in a few partic-
ipants (23.8%) (►Fig. 1).

Psychological Domain
Regarding psychological symptoms, 33.7% of the participants
had anxiety and 9.9% felt depressed. Someparticipants stated
they felt stressed during chemotherapy (19.8%) and11.9% felt
lonely.

Of the participants, 27.7% said they feared chemotherapy
sessions and 12.9% said they feared hospitalization
(►Table 2).

Hospital Care Domain
Most participants reported that their care needs were ade-
quatelymet, with 86.1% (n¼87) stating that nurses provided
good care during chemotherapy. Most participants (87.1%,
n¼88) indicated their communication needs with doctors
were well met. Prompt treatment for adverse reactions was
received by most participants (88.1%, n¼89), meeting their
needs for timely management of chemotherapy side effects.
Most participants (92.1%, n¼93) reported that their needs
for satisfactory care from treating doctors were fulfilled. The
need for doctor availability in an emergency was met for
91.1% (n¼92) of participants. Most participants (89.1%,
n¼90) had their needs met to be involved in treatment
decisions, indicating their self-determined needs were sat-
isfied. The hospital care domain reflects that most partic-
ipants had their essential care and communication needs
met during chemotherapy.

Information and Communication Domains
Moderate need (20.8%) was available for patients regarding
the information provided regarding chemotherapy.

A moderate need (77.2%) was observed regarding infor-
mation on adverse drug reactions and their occurrence
during chemotherapy.

Information regarding emergencies (21.8) and self-man-
agement of drug reactions is in moderate need (24.8%).

Five percent of the participants felt they needed informa-
tion on financial schemes by the government or private
agencies. Participants stated that they had a moderate
need for information on the current state of illness (15.8%),
contact details of the treating physician (9.9%), and total
expenditure on chemotherapy (26.7%).

Practical Needs Domain
Among the participants, 19.8% reported needing family
support during chemotherapy. Most participants needed
financial support (43.6%).

Note that 35.6% of the participants stated they needed
transportation services to attend the chemotherapy sessions.

Table 1 Clinical profile of the study participants

Personal history

n %

Stage of cancer

3 58 57.4

4 43 42.6

Type of tumor

Regional 4 4.0

Localized metastasis 84 83.2

Metastasis 13 12.9

Comorbidities

DM 3 3.0

DM and CVD 3 3.0

DM and HTN 6 5.9

HTN 4 4.0

Nil 85 84.2

Treatment

Chemotherapy 67 66.3

Surgeryþ chemotherapy 15 14.9

Chemotherapy and radiation 6 5.9

Surgeryþ chemotherapyþ radiation 13 12.9

Type of Cancer

Acute leukemia 6 5.9

Carcinoma of breast 13 12.9

Carcinoma of colon 2 2.0

Carcinoma of esophagus 11 10.9

Carcinoma of leiomyosarcoma 3 3.0

Carcinoma of lung 34 33.7

Carcinoma of ovary 5 5.0

Carcinoma of rectum 18 17.8

Carcinoma of stomach 9 8.9

Abbreviations: CVD, cardiovascular disease; DM, diabetes mellitus;
HTN, hypertension.
Note: Values are expressed as frequency and percentages.
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Supportive care during chemotherapywas reported by 21.2%
of the participants.

Total Needs of Patients
The overall score reflects participants’ total needs assessed
across all domains of the CNAT-CC questionnaire. The CNAT-
CC has multiple items assessing needs in physical, psycho-
logical, hospital care, information, and practical domains.

The overall score of the patients in the current study ranged
from 34 to 62, with a mean of 47.72�7.54.

Overall Needs of Patients
Most participants had moderate needs (67.3%) during their
treatment course (►Fig. 2), based on the overall scores
obtained from the different domains.

Factors Associated with Patient Needs
Sociodemographic factors associated with the participants’
overall needs show that the family’s socioeconomic status is
associated with the overall needs with a chi-square value of
11.87 and ap-value of 0.01,which shows statistical significance.

Similarly, the type of family is associated with patients’
overall needs with a chi-square value of 20.26 and a p-value
of 0.001 that shows statistical significance (►Table 3).

The results showed that participants in both third and
fourth stage cancer hadmoderate needs. Comorbidities were
associatedwith greater needs, as participantswith comorbid
conditions tended to have moderate needs. The association
between comorbidities and increased needs was statistically
significant, with a p-value of 0.043.

Higher needs were also correlated with undergoing che-
motherapy. Participants receiving chemotherapy were more
likely to havemoderate needs compared to other treatments.
This relationship was statistically significant, with a chi-
square value of 13.36 and a p-value of 0.004 (►Table 4).

Discussion

This study aimed to assess the needs of patients undergoing
chemotherapy for cancer. Needs were assessed using a
physical, psychological, care, and communication question-
naire. In the current study, 61.4% of the participants were
female and 38.6% were male. Almost all (92.1%) participants

Fig. 1 Physical needs of the study participants.

Table 2 Psychological needs of the study participants

Psychological domain Count
N

Column %

Feeling of anxiety No 67 66.3

Yes 34 33.7

Feeling of depressed No 91 90.1

Yes 10 9.9

Feeling stressed during
treatment

No 81 80.2

Yes 20 19.8

Feeling loneliness No 89 88.1

Yes 12 11.9

Fear of recurrence No 92 91.1

Yes 9 8.9

Fear of hospitalization No 88 87.1

Yes 13 12.9

Fear of chemotherapy
sessions

No 74 73.3

Yes 27 26.7

Fear of death No 101 100.0

Yes 0 0.0
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Fig. 2 Overall needs among the study participants.

Table 3 Association between sociodemographic variables and needs of the participants

Sociodemographic variables Overall needs of patients

No need Moderate
need

High
need

N % N % N % Chi-square value p-Value

Gender Male 17 51.5 22 32.4 0 0.0 3.442 0.064a

Female 16 48.5 46 67.6 0 0.0

Religion Hindu 33 100.0 60 88.2 0 0.0 4.216 0.121a

Christian 0 0.0 4 5.9 0 0.0

Muslim 0 0.0 4 5.9 0 0.0

Others 0 0.0 0 0.0 0 0.0

Locality Urban 11 33.3 35 51.5 0 0.0 2.947 0.086a

Rural 22 66.7 33 48.5 0 0.0

Marital status Married 33 100.0 68 100.0 0 0.0 4.005 0.549a

unmarried 0 0.0 0 0.0 0 0.0

Divorced 0 0.0 0 0.0 0 0.0

Separated 0 0.0 0 0.0 0 0.0

Widow/widower 0 0.0 0 0.0 0 0.0

Education status of
the head of the family

Illiterate 11 33.3 23 33.8 0 0.0

Primary education 1 3.0 5 7.4 0 0.0

Secondary education 5 15.2 6 8.8 0 0.0

High school education 3 9.1 13 19.1 0 0.0

Pre-university 7 21.2 14 20.6 0 0.0

Diploma/degree 6 18.2 7 10.3 0 0.0

Postgraduate 0 0.0 0 0.0 0 0.0

(Continued)
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Table 3 (Continued)

Sociodemographic variables Overall needs of patients

No need Moderate
need

High
need

N % N % N % Chi-square value p-Value

Occupation status Unemployed 12 36.4 12 17.6 0 0.0 4.710 0.194a

Unskilled 3 9.1 11 16.2 0 0.0

Semiskilled 9 27.3 25 36.8 0 0.0

Skilled 9 27.3 20 29.4 0 0.0

Retired 0 0.0 0 0.0 0 0.0

Living status Living alone 0 0.0 0 0.0 0 0.0 � �
Living with spouse and children 33 100.0 68 100.0 0 0.0

Living with parents 0 0.0 0 0.0 0 0.0

Others 0 0.0 0 0.0 0 0.0

Socioeconomic
status of the family

7,008 and above 6 18.2 1 1.5 0 0.0 11.878 0.018b

3,504–3,503 20 60.6 46 67.6 0 0.0

2,102–3,503 4 12.1 11 16.2 0 0.0

1,051–2,101 3 9.1 5 7.4 0 0.0

1,050 and below 0 0.0 5 7.4 0 0.0

Note: Values are expressed as frequency and percentages.
ap-Value is by chi-square test.
bp-Value of less than 0.05 is considered to be statistically significant.

Table 4 Association between clinical profile and needs of the participants

Overall needs of patients

No need Moderate
need

High
need

Case history N % N % N % Chi-square value p-Value

Stage of cancer 3 20 19.8 38 37.6 0 0.0 0.13 0.711

4 13 12.9 29 28.7 0 0.0

Type of tumor Regional 1 1.0 3 3.0 0 0.0 0.14 0.93

Localized metastasis 28 27.7 56 55.4 0 0.0

Metastasis 4 4.0 9 8.9 0 0.0

Unknown 0 0.0 0 0.0 0 0.0

Comorbidities Diabetes mellitus 0 0.0 3 3.0 0 0.0 9.34 0.043

Diabetes mellitus and cardiovascular
disease

0 0.0 3 3.0 0 0.0

Diabetes mellitus and hypertension 0 0.0 6 5.9 0 0.0

Hypertension 3 3.0 1 1.0 0 0.0

Nil 30 29.7 55 54.5 0 0.0

Treatment Surgery 0 0.0 0 0.0 0 0.0 13.36 0.004a

Chemotherapy 22 21.8 45 44.6 0 0.0

Radiation 0 0.0 0 0.0 0 0.0

Surgeryþ chemotherapy 2 2.0 13 12.9 0 0.0

Chemotherapyþ radiation 0 0.0 6 5.9 0 0.0

Surgeryþ chemotherapyþ radiation 9 8.9 4 4.0 0 0.0
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were Hindu, 4% were Muslim, and 4% were Christian. Among
the participants, 54.5%were from rural areas and 45.5%were
from urban areas. In the current study, 33.7% of the partic-
ipants were illiterate, while 12.9% had a diploma or degree.
Most participants in the present study (33.7%) were semi-
skilled and the least (13.9%) were unskilled.

Most of the participants in the current study have physical
needs, as they had symptoms of loss of appetite, pain, nausea
and vomiting, loss of hair, and diarrhea, and a few partic-
ipants had breathlessness. The physical domain score was
also high for all participants. This result aligns with findings
from a study byWilliamson et al, which showed patients had
greater unmet needs related to physical symptoms arising
during chemotherapy treatment.10 Another cross-sectional
study showed similar results, where most physical symp-
toms were nausea (23%), hair fall, pain, decreased appetite
(40.1%), and anemia.11

In the psychological domain, most participants in the
current study experienced anxiety and stress during chemo-
therapy. Some participants had a fear of chemotherapy ses-
sions and skipped someof thesessions due to fear (26.7%). Few
participants (11.8%) felt lonely during the treatment, and 8.9%
feared cancer recurrence even after the chemotherapy.
According to some participants in the current study, their
fear of recurrence was also related to the high cost of treat-
ment. Chaturvedi mentioned that depression (13–40%) and
anxiety are cancer patients’ most common psychiatric disor-
ders.12 Another cross-sectional study in North India shows
that most participants had depression (55.7%), and the results
concur with the current study (9.9%).13

Thehospital domain scorewas lower in the present study;
however, participants expressed overall satisfactionwith the
care provided by doctors and nurses, the availability of

health care professionals during emergencies, and the
prompt response to any adverse reactions during chemo-
therapy. The findings align with a study conducted in
Indonesia, where chemotherapy patients reported high
self-satisfaction with care and a strong fulfillment of their
needs (98%).14

Patients had a moderate need (20.8%) for chemotherapy
information. A moderate need (77.2 %) was observed during
chemotherapy for information regarding adverse drug reac-
tions. Five percent of the participants felt they needed
information about government or private financial schemes
concerning emergencies and self-management of adverse
drug reactions. Information on the current state of illness,
contact information for the treating physician, and the total
cost of chemotherapy, were moderately needed by partic-
ipants. The results of our study are contrary to those reported
by Meredith et al, who observed that 79% of cancer patients
wanted information about cancer and chemotherapy.15 In a
systematic review by Tariman et al, prognosis, diagnosis, and
treatment options were identified as the top three informa-
tion needs.16 Another cross-sectional study conducted by
Mekuria et al, it was observed that the information about the
particular type of cancer and the disease staging is the most
important to 67% of cancer patients, followed by 63.3% who
want to know about the side effects of chemotherapy and
how to deal with them, and 51.8% who want to know about
prognosis (survival).17

In the current study, 19.8% of participants mentioned
needing family support during chemotherapy. In most cases
(43.6 %), participants required financial assistance. Transpor-
tation services were required by 35.6% of the participants to
attend chemotherapy sessions and 21% of participants
reported requiring supportive care during chemotherapy.

Table 4 (Continued)

Overall needs of patients

No need Moderate
need

High
need

Case history N % N % N % Chi-square value p-Value

Type of cancer Acute leukemia 2 2.0 4 4.0 0 0.0 6.77 0.561

Breast cancer 5 5.0 8 7.9 0 0.0

Colon cancer 0 0.0 2 2.0 0 0.0

Esophageal cancer 1 1.0 10 9.9 0 0.0

Leiomyosarcoma 1 1.0 2 2.0 0 0.0

Lung cancer 11 10.9 23 22.8 0 0.0

Ovarian cancer 1 1.0 4 4.0 0 0.0

Rectal cancer 9 8.9 9 8.9 0 0.0

Stomach cancer 3 3.0 6 5.9 0 0.0

Note: Values are expressed as frequency and percentages, Regional: Tumor confined to the primary site and its surrounding tissues, possibly
involving nearby lymph nodes. Localized metastasis: Tumor localized at the primary site with evidence of metastasis to regional lymph nodes.
Metastasis: Presence of distant metastasis beyond the primary site.
ap-Value is by chi-square test, and a p-value of less than 0.05 is considered to be statistically significant.
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Similar results were found in a study by Longo et al, where
the burden of treatment cost and the supportive care from
the family members are the major unmet needs in chemo-
therapy patients.18

In the current study, socioeconomic status and family type
were associatedwithmoderate needduring chemotherapy. The
findings were similar to those of a study conducted in South
India comparing sociodemographic factors and the clinical
extent of cancer.19 The current study showed that most partic-
ipants had moderate needs (67.3%) during treatment.

The current study provides valuable insights into the specific
needs of cancer patients undergoing chemotherapy. By under-
standing and addressing these needs, health care providers can
optimize patient-centered care and enhance patients’ overall
quality of life undergoing chemotherapy. Further research
should explore tailored interventions to meet these needs
and evaluate their impact on patient outcomes. By implement-
ing these strategies, health care professionals can contribute to
better outcomes and improved experiences for patients with
cancer undergoing chemotherapy.

Limitations of this study include its cross-sectional de-
sign, preventing causal inferences, potential biases associat-
edwith self-reported data, limited generalizability due to the
study’s specific geographic focus, and the absence of a
control group for comparative analysis. The 2-month study
duration may not capture long-term variations in patients’
needs. Despite these limitations, the study provides valuable
insights into chemotherapy needs, offering a basis for future
research and interventions.

Conclusion

The study findings underscore the moderate needs of cancer
patients undergoing chemotherapy, particularly in the phys-
ical and psychological domains. These results emphasize the
importance of developing new plans or policies to alleviate
the burden and improve the quality of life of individuals
receiving cancer chemotherapy.
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Abstract Introduction Adverse reactions (ARs) occur during infusion of thawed hematopoietic
progenitor cells (HPCs) either due to infusion or its contents. There is sparse literature
on it in the world and none in India. Therefore, we retrospectively analyzed ARs
occurring during and within 1 hour of infusion of thawed HPCs.
Objective This study aimed to evaluate the prevalence of adverse reactions associat-
ed with the infusion of cryopreserved hematopoietic progenitor cells (HPC) and to
categorize the types of adverse reactions observed in HPC transplant recipients during
its infusion.
Materials and Methods This study was done in a tertiary-care center, between
2019 and 2022. Data collected included age, gender, diagnosis, specifications of
contents of infusion product (volume of product, volume of dimethyl sulfoxide per kg
body weight, total nucleated cell count per microliter, and viability of CD 34þ cells),
pretreatment given, and ARs, if any from the procedure records and the hospital
information system.
Results The present study included 55 transplant patients, and the commonest
diagnosis was Hodgkin lymphoma. All were prophylactically hydrated and premedi-
cated as per institutional protocol. AR was seen in 56.36% (n¼ 31); the commonest
type of ARs was nausea (n¼26) followed by vomiting (n¼13), abdominal pain (n¼4),
shivering (n¼3), transient tachycardia (n¼ 2), transient hypotension (n¼2), and
hematuria (n¼1). All ARs were managed clinically by giving symptomatic treatment.
No patients required intensive care, and there were no deaths or aborted procedures.
Characteristics of infusion products had no significant correlation to ARs.
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Introduction

Hematopoietic progenitor cell (HPC) transplant is done for
various indications, both benign and malignant; benign
disorders such as thalassemia major, sickle cell anemia,
aplastic anemia, and malignant disorders such as acute
myeloid leukemia, myelodysplastic syndromes, myeloprolif-
erative disorders, acute lymphocytic leukemia, chronic mye-
loid leukemia, multiple myeloma, and lymphomas.

There are threemajor forms ofHPC transplants performed
clinically: (1) autologous transplantation, in which the pa-
tient serves as a self-donor; (2) allogeneic transplantation,
from another person, and (3) cord blood transplant.1 In
autologous transplantation, the reinfusion of the patient’s
HPCs allows for the recovery of the marrow following high-
dose myeloablative chemotherapy and is, hence, also known
as bone marrow rescue.2

While cord HPC is infrequent, the commonest transplant
in clinical settings is allogeneic HPC transplantation,
where the healthy donor provides HPC either from bone
marrow (HPC-M) or from peripheral blood through an
apheresis procedure (HPC-A).2 HPC-A has almost replaced
HPC-M because of the ease and safety of collection and
quicker recovery of granulocytes and platelets from the
apheresis procedure compared with bone marrow
collection.1

Harvested HPC-A can be stored at 4°C for up to 2 days in
certain cases, such as multiple myeloma, where patient
conditioning is quicker.3 It must be cryopreserved in cases
such as lymphoma, where patient conditioning takes 6 to
7 days or the HPC product must be shipped to a different
state or country. Advancement in HPC processing over the
years has led to the ability to cryopreserve cells for long-term
storage, wherein stem cells can be collected in advance,
cryopreserved, and then infused after the administration
of myeloablative doses of chemotherapy or chemoradiother-
apy in the recipients.4

Once the patient is conditioned, the HPC is infused to
reconstitute the hematopoietic system. Such infusion of
HPCs is generally a safe procedure, but these infusions
have the potential to cause adverse reactions (ARs). These
range from mild reactions such as nausea, vomiting, fever,
flushing, chills, and cough to severe reactions affecting
cardiovascular, respiratory, and neurological systems.5

Mild ARs are more common than severe or life-threatening
ARs.5

ARs due to the infusion of thawed HPCs are not well-
documented globally, and there is a lack of literature on this
in India. Therefore, we observed and analyzed ARs occurring

within 1 hour of infusion in transplant recipients in our
retrospective cohort of 4 years.

Materials and Methods

Settings
This observational analytical study was conducted between
2019 and 2022 at a tertiary care hospital in India. The study
population included all patients who were transfused
thawed HPC during the study period.

Collection and Cryopreservation
HPCswere collected through an apheresis (HPC-A) procedure
using an automated cell separator machine (Com.Tec [Fre-
senius Kabi AG, Bad Homburg, Germany]) from donors
(allogeneic transplant) or patients (autologous transplants).
The donors/patients were mobilized using a granulocyte-
colony stimulating factor with/without CXCR4 inhibitor
(Plerixafor). After the target CD34 positive cell dose was
achieved (4–6 million cells/kg body weight for allogeneic
transplant and 2–4 million cells/kg body weight for autolo-
gous transplant), the collected HPC-A product was trans-
ported to an outside National Accreditation Board for Testing
and Calibration Laboratories (NABL)-accredited Good Labo-
ratory Practices (GLP)-certified cellular-therapy laboratory
for cryopreservation. The HPC-A product was centrifuged,
and excess plasma was expressed off.

The product was then transferred into freezing bags,
and cryoprotectant solution (100% dimethyl sulfoxide
[DMSO]) and sedimentation agent (6% hydroxyethyl
starch [HES]) were added according to the product volume.
The final concentration of DMSO was 5%.6,7 A small aliquot
(1mL) was separated to serve as a control for the cryopres-
ervation process. The final HPC-A product was frozen
using a controlled rate freezer and then cryopreserved at
less than �196°C in a vapor-phase liquid nitrogen storage
freezer.

The viability of the infusion product was done twice,
prefreezing and preinfusion by flow cytometry using 7-
aminoactinomycin D (7-AAD). These tests were done at
the same laboratory that performed the cryopreservation
(NABL-accredited GLP certified). The final CD34 infusion
dose was based on both postthaw viability and flow cytom-
etry CD34 counts.

Thawing and Infusion
On the day of the transplant, cryopreserved HPC product
was transported to the transplantation center in a

Conclusions To the best of the author’s knowledge, this is the first such study from
India. We report an overall incidence of ARs of 56.36%, which is similar to the previously
published data on ARs during thawed HPC infusions. AR is a common occurrence and
can be managed medically and symptomatically.
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temperature-monitored liquid-nitrogen cryoshipper (MVE
Cryoshipper, MVE Biological Solutions, LLC, United States).
The cryopreserved HPC product was thawed bedside to 37°
C using a dry-plasma thawer (Barkey Plasmatherm V, Bar-
key GmbH & Co. KG, Germany). The process was done under
sterile conditions by a transfusion medicine specialist, in
the presence of a transplant physician.

The HPC infusion was performed in a positive pressure
room fitted with a high-efficiency particulate air filter. All
the patients were prophylactically hydrated (10–15mL/kg
body weight, up to 1 L) and premedicated with an antihista-
minic (injection Pheniramine maleate 2mL stat) and an
antipyretic (Paracetamol infusion 10mg/kg body weight,
maximum dose of 1 g) as per institutional protocol,
30minutes before the start of infusion.

The infusionwas initiated through a peripherally inserted
central catheter (line) in all patients immediately after
thawing at the rate of 20mL/min. The rate of infusion was
increased up to 50mL/min if the patient had no AR in thefirst
10minutes. The patients were monitored for vital signs
including blood pressure, pulse, respiratory rate, and oxygen
saturation during and after the infusion.

Adverse Reaction Definition/Record
ARs were defined according to the Common Terminology
Criteria for Adverse Events criteria.8 Vital signs included
hypotension (systolic pressure<90mm Hg, if previously
normotensive or a decrease in systolic pressure of 20mm
Hg), hypertension (> 150/100mm Hg if previously normo-
tensive or an increase>20mm Hg in diastolic blood
pressure), bradycardia (heart rate<60bpm), tachycardia
(heart rate>100bpm), arrhythmia, hypoxia (oxygen satu-
ration<95%), tachypnoea (respiratory rate>20), fever
(temperature>38°C), and hypothermia (temperature
<35°C).

Vital signs were recorded at the start of infusion and at 15-
minute intervals thereafter till 1-hour postinfusion. Any AS
occurring during and within 1-hour postinfusion was docu-
mented in the procedure sheet. Management was done
according to the institutional standard operating procedures.

Postinfusion Protocol
Reverse barrier nursing was practiced according to the
institutional protocol. Patient monitoring was done for
laboratory parameters at defined frequency (complete
blood counts and electrolytes once a day; liver function
tests, renal function tests, and blood glucose twice a
week; blood culture as and when deemed necessary).
Antimicrobial prophylaxis included antibacterial (levoflox-
acin), antifungal (fluconazole), and antiviral (acyclovir)
activities.

Data Collection
Data collected included patient/recipient age (�18-year-old
were considered in the “children” subgroup), gender, diag-
nosis, details of the infusion product (like volume of
infusion product, volume of DMSO per kg body weight,
total nucleated cell count (TNCC) per microliter, viability of

CD 34þ cells), pretreatment given, and AS, if any. The
data were collected from the procedure sheet filled at
the time of infusion and from the hospital information
system (HIS).

Inclusion and Exclusion Criteria
All the patientswho underwent infusion of thawedHPCs and
filled procedure sheets were included in the study. Any
patient with an incompletely filled procedure sheet was
excluded from the study.

Statistical Analysis
Data were analyzed, and mean, median, and range were
calculated using Microsoft Excel software and SPSS Software
version 23.0 (SPSS Inc., Chicago, Illinois, United States);
p-values <0.05 were considered significant.

Ethical Approval
The study has been approved by the Institutional Ethics
Committee on 29.03.2023, Reference no: 1513/2023 (Aca-
demic). All procedures performed in studies involving hu-
man 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

Demographics and Patient Characteristics
Fifty-five patients were transfused thawed HPC-A during the
study period, and all of them were included in the study
analysis. There were 32 males and 23 females (M:F was
1.39:1). Twenty-nine were adult patients (52.72%), and
twenty-six were children (47.27%). The most common
diagnosis for which these patients were undergoing HPC
transplant was Hodgkin lymphoma followed by diffuse large
B cell lymphoma. All patients were transfused infusion
volume on a single day.

Complete patient characteristics are mentioned
in ►Table 1.

Characteristics of the Infusion Product
Characteristics of the thawed HPC-A product transfused to
the patients undergoing transplant were studied and includ-
ed the total volume of the product transfused, volume of
infusion product per kg body weight, number of CD34 cells,
volume of DMSO, TNCC, and viability. Themedian viability by
7-AAD prefreezing was 99%. The difference between median
viability at prefreezing and preinfusionwas 6.6% (99–92.4%).
The characteristics of the infusion product are mentioned
in ►Table 2.

Adverse Reactions
►Fig. 1 shows the incidence of AR among different study
groups. The overall incidence of AR was 56.36% (n¼31); the
most common type of AS was nausea (n¼26) followed by
vomiting (n¼13). The types of AR that occurred in the study
population are demonstrated in ►Fig. 2.
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Management of Adverse Reactions
All AR were managed clinically, as shown in ►Table 3. No
patients required intensive care, and therewere no deaths or
aborted procedures.

Factors Affecting Adverse Reactions
The possible factors affecting AR in recipients like the volume
of infusion product, volume of DMSO per kg body weight,
TNCC per microliter, and viability of CD 34þ cells were
analyzed using a chi-square test, and these had no significant
correlation to AR.

Discussion

The present study analyzed the incidence and classified the
AR occurring during the infusion of thawed hematopoietic
progenitor cells. To the best of the author’s knowledge, this is
the first such study from India. There are several previous
studies from India9–12 that have reported long-term compli-
cations and transplant outcomes after infusion of cryopre-
served HPC. Only one of these studies by Setia et al12 briefly
mentions ASs during the infusion. However, studying the ASs
during the infusion of thawed HPC was not an objective of
any of these studies.9–12

In the present study, the prevalence and type of ASs
during and immediately after the “infusion” of thawed
HPCs have been collated, analyzed, and discussed. We report
an overall incidence of AR of 56.36%, which is similar to the
previously published data on ASs during thawed HPC infu-
sions.5,8,13,14 In addition, 30.90% of patients had more than
one AR. The most common AR reported in our study were
gastrointestinal symptoms, mainly nausea (50.98%) followed
by vomiting (25.49%).

Mobilized stem cells are harvested from the peripheral
blood with a continuous-flow blood cell separator apheresis
system (HPC-A). High-dose chemotherapy causes myeloa-
blation of the normal marrow cells, and restoration of
hematopoiesis is accomplished by infusion of HPC, thereaf-
ter. The duration from HPC-A collection to infusion might
vary depending on the type of transplant and the condition-
ing regimen required in each case. When harvested HPC-A
must be cryopreserved until the date of graft infusion, the
most used cryoprotectant is DMSO,6 an agent that has a
known spectrum of adverse effects. ARs have been related to
the amount of DMSO in the HPC-A.7 Currently, there are no
guidelines for the use of DMSO in stem cell cryopreservation;
however, DMSO at 5% concentration is used bymost centers.

Gokarn et al15 studied the effect of long-term cryopreser-
vation using 4.35% DMSO with methyl cellulose and uncon-
trolled rate freezing in a mechanical freezer (�80°C) on the
viability of CD34þ HPCs. Twenty-six HPC harvest samples
with a median cryopreservation duration of 6.6 years were
studied. The median viability of post-thaw HPCs was >80%
using trypan blue exclusion and flow cytometry-based 7-
AAD methods. The clonogenic potential of postthaw stem
cells was studied using a colony-forming unit assay, which

Table 1 Patient characteristics

Patient characteristics n (%)

Gender

Female 32 (58.2%)

Male 23 (41.8%)

Age group (in years)

�18 26 (47.27%)

19–30 12 (21.81%)

31–50 11 (20%)

>50 06 (10.90%)

Diagnosis

Hodgkin lymphoma 16 (29.1%)

Diffuse large B cell lymphoma 11 (20%)

Rhabdoid tumor 06 (10.9%)

T cell lymphoma 03 (5.50%)

Non-Hodgkin lymphoma, Ewing’s
sarcoma, thalassemia major

02 cases each

Germ cell tumor, lymphoma, GI
lymphoma, primary CNS lymphoma,
neuroblastoma, medulloblastoma,
multiple myeloma, osteosarcoma, sickle
cell anemia, Wilm’s tumor, ALL

01 case each

Type of transplant

Autologous 49 (89.09%)

Allogeneic 06 (10.90%)

Abbreviations: ALL, acute lymphocytic leukemia; CNS, central nervous
system; GI, gastrointestinal.

Table 2 Characteristics of the infusion product

Characteristics Mean� SD Minimum Maximum

Total volume transfused (mL) 334.8� 203.1 21.5 792.0

Infusion product per kg body weight 6.1�3.1 0.6 19.1

CD 34þ cells per kg body weight 7.1�6.1 1.7 39.0

Volume of DMSO (mL) 32.4�17.1 4.0 72.0

TNCC � 103 / μL 215.5� 123.4 9.0 469.0

Viability (%) 92.4�4.6 76.0 99.0

Abbreviations: DMSO, dimethyl sulfoxide, SD, standard deviation; TNCC, total nucleated cell count.
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yielded a good proliferation and differentiation potential in
postthaw HPCs.

Types of Adverse Reactions Occurring during Infusion
of Thawed Hematopoietic Progenitor Cell
AR was reported in 56.36% of infusions. ►Table 4 demon-
strates the incidence of AR in the present study in comparison
with the other published data. Among the AR reported in our
patients, nausea (50.98%) was the most frequent AR followed
by vomiting (25.49%). These data were in concordance with

that published by Truong et al, where they reported nausea as
the most common AR (42%) followed by vomiting (28%).5

Otrock et al also reported nausea and/or vomiting in 38.1%
of the cases.14

Cordoba et al13 reported allergic reactions as the most
common AR, occurring in 43.75% cases. Similarly, Otrock
et al14 reported facial flushing in 39.4% of the cases.
Cardiovascular symptoms were reported to be highest in
the study published by Vidula et al,8 in 48% of the study
population. Genitourinary reactions were the least common

Fig. 1 Incidence of adverse reactions in different study groups.

Fig. 2 Types of adverse reactions in the study population.
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AR in our study with hematuria occurring in 1.96% of the
patients. There were no cases of reactions requiring intensive
care management, no deaths occurred, and no procedure was
aborted.

Some of the centers wash the cryopreserved thawedHPCs
before the infusion to remove DMSO. Solves et al16 studied
and compared the incidence of AR in patients receiving
thawed and washed HPC (peripheral blood and cord) and
patients receiving noncryopreserved HPC. Before infusion,
the cryopreserved HPCs were washed with a solution con-
taining albumin, acid citrate dextrose, and dextran solution
in an IBM-COBE 2991 cell processor (Gambro BCT, Lakewood,
Colorado, United States). They reported a statistically insig-
nificant difference (p¼0.114) between the two groups and
concluded that AR occurred in a significant number of
patients after thawed and washed (39.2%) and noncryopre-

served (23%) HPC infusions. AR were mild, nonspecific, and
well-controlled with nausea, vomiting, and fever being the
most common AR.

Factors Affecting Adverse Reactions
Martín-Henao et al17 studied the correlation of the number of
granulocyte cells in the leukapheresis product to the occur-
rence ofASsduring transfusionof thawedHPCs. They reported
that the volume of DMSO kg, volume of red blood cells kg,
number of nuclear cells (NCs) kg, and number of
granulocytes kg in the infused graft were significant for the
occurrence of AR. The grade of AR also correlated with the
number of granulocytes.

Similarly, Otrock et al found that granulocyte content was
an independent risk factor for AR. Another independent
predictor of AR in the same study was the volume of graft

Table 3 Adverse reactions with corresponding management given at the time of reaction

Adverse reaction Management Median time to resolution

Nausea, vomiting Antiemetic given stat 16min

Transient tachycardia, transient
hypotension, shivering

Slowing of infusion rate till the reaction subsided 28min

Hematuria Double maintenance fluids given till the reaction subsides 110min

Abdominal pain Antispasmodic given stat 36min

Table 4 Adverse reactions in the present study and comparison with published reports

S. No. Year of
publication

Study Concentration of
DMSO infused

Sample
size (n)

Incidence (%) Type of adverse reactions

1. Present study 5% 55 56.36% 50.98% (n¼ 26) nausea
25.49% (n¼ 13) vomiting
7.84% (n¼ 4) abdominal pain
5.88% (n¼ 3) shivering
3.92% (n¼ 2) transient tachycardia
3.92% (n¼ 2) transient hypotension
1.96% (n¼ 1) hematuria

2. 2007 Cordoba et al13 5–10% 144 67.36 43.75% allergic reactions
25% gastrointestinal symptoms
20.83% respiratory symptoms
11.81% cardiovascular symptoms
3.47% neurological symptoms

3. 2015 Vidula et al8 10% 460 56.7 48% cardiovascular symptoms
14.3% respiratory symptoms
4.6% gastrointestinal symptoms
3.5% constitutional symptoms
1.1% neurological symptoms
0.22% genitourinary symptoms

4. 2016 Truong et al5 10% 213 55 Most common reaction was nausea
(42%), followed by vomiting (28%)

5. 2017 Otrock et al14 10% 1,269 37.8 39.4% facial flushing
38.1% nausea and/or vomiting
29% hypoxia requiring oxygen
16.7% chest tightness
12.1% cough
8.3% shortness of breath
7.3% cardiovascular symptoms

Abbreviations: DMSO, dimethyl sulfoxide.
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infused per body weight. Infused granulocytes were signifi-
cantly higher in the infusions with AR.14

For patients receiving allogeneic transplants, Vidula et al
reported that the factor ofgreatest significancewasgreater red
blood cell volume. They found that a greater granulocyte
volume had a borderline association with the occurrence
of AR.8

In the present study, the authors did notfind a statistically
significant correlation between characteristics of the infu-
sion product that have previously been associated with AR,
such as the number of granulocytes and DMSO volume or
infusion rate and incidence of AR. A larger prospective study
is needed to establish the relationship between the charac-
teristics of the infusion product and the occurrence of AR.

Conclusion

ASs are a common occurrence during the infusion of thawed
HPCs (56.36%) and can be managed medically and
symptomatically.
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Abstract Introduction The Erythroblastosis Oncogene B homolog 2 (ERBB2) protein, also
known as human epidermal growth factor receptor 2 (HER2), is a key player in cancer
growth, especially in neuroblastoma and gastric cancers. Targeting ERBB2 has led to
successful therapies, making it an important focus in cancer research with the potential
to improve treatment for HER2-positive cancers.
Objective The primary goal of this research is to employ a multifaceted computa-
tional approach to identify potential drug candidates targeting ERBB2. We aim to
combine virtual screening, protein–protein docking, and functional partner prediction
to provide insights into the molecular interactions and potential efficacy of the
identified compounds. Additionally, we intend to assess the safety profiles of these
compounds using advanced toxicity prediction tools.
Materials and Methods Relevant protein sequence and structural data for ERBB2 and
epidermal growth factor receptor (EGFR) were sourced from publicly available data-
bases. Potential inhibitors from the Enamine and LifeChemicals databases were
identified through virtual screening using AutoDock Vina. Functional partners of
ERBB2 were explored using STRING, KEGG, and REACTOME servers. The identified
compounds were subjected to toxicity prediction using the ProTox-II server.
Results Virtual screening led to the selection of 10 compounds with favorable binding
energies (–8.346 to –6.296 kcal/mol) and specific amino acid interactions (Thr5, Arg412,
Leu414, and Ser441) with the receptor. On the other hand, EGFR was identified as the best
functional partner for ERBB2. TheEGFR residuesGln408, Lys463, Phe412, andAsp436 found
key residues for the complex formation. The toxicity prediction analysis revealed that the
majority of compounds exhibited acceptable safety profiles, although a subset of com-
pounds showed lower prediction scores, suggesting the need for further consideration.
Conclusion This comprehensive computational approach, integrating virtual screen-
ing, protein–protein docking, functional partner identification, and toxicity prediction,
offers a systematic framework for efficient drug discovery. The identification of
potential lead compounds targeting ERBB2, with emphasis on both binding affinity
and safety, underscores the significance of such an approach in streamlining the drug
development process. By prioritizing compounds with promising efficacy, functional
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Introduction

The ERBB2 protein, also known as human epidermal growth
factor receptor 2 (HER2), plays a pivotal role in cell prolifer-
ation, survival, and differentiation.1 Dysregulation or over-
expression of ERBB2 has been linked to various cancers, such
as neuroblastoma, gastric, breast, and ovarian cancers, mak-
ing it an attractive therapeutic target.2 Human ERBB2 was
initially identified as an oncogene in rat brain tumors
induced by chemicals. Subsequent analysis of human tissues
revealed ERBB2 amplification in specific cases of salivary
carcinomas and breast cancers with poor prognosis. These
early findings sparked significant interest in ERBB2’s role in
human cancer, leading to amultitude of studies investigating
the biology and clinical relevance of ERBB receptor signal-
ing.3,4 In recent years, structure-based virtual screening and
in silico analysis have emerged as powerful approaches to
identifying potential inhibitors for specific protein targets.

This comprehensive study aimed to identify novel inhib-
itors for the ERBB2 protein through structure-based virtual
screening and in silico analysis. Leveraging the wealth of
available protein structural data, computational tools, and
advanced algorithms, we sought to identify small molecules
with the potential to interact with key binding sites on
ERBB2 and disrupt its activity.

By employing state-of-the-art computational techniques,
including molecular docking, protein–protein docking, and
binding free energy calculations, we conducted an extensive
screening of a diverse chemical library. Our focus on ERBB2-
specific binding sites aims to prioritize compounds with high
binding affinities and favorable aminoacid interactions, there-
by increasing the likelihood of successful inhibition. The
identification of novel ERBB2 inhibitors holds promise for
developing targeted therapies that can effectively combat
cancers associated with ERBB2 dysregulation.5 These findings
may contribute significantly to advancing personalized medi-
cine and improving the overall efficacy of cancer treatments.

Overall, this study represents a crucial step toward har-
nessing the power of computational approaches to expedite
the discovery of new and potent ERBB2 inhibitors, fostering
advancements in precision oncology and targeted therapeu-
tics. The implications of these findings in the context of
cancer therapy and future directions for experimental vali-
dation and drug development are also discussed.

Methodology

Data Collection
Relevant protein sequence and structural data for ERBB2 and
other targets were sourced from publicly available databases
and repositories, including PubMed, RCSB-PDB, and UniProt.6

Our primaryobjectivewas to identifypotential inhibitors from
diverse natural databases, such as Enamine and LifeChemicals
for ERBB2.7,8 These databases are distinguished for their
wealth of natural compound derivatives and medicinal value.
The compounds pinpointed through virtual screening present
viable candidates for subsequent experimental studies. The
compound librarywasdownloaded fromtheofficialwebsiteof
the respective chemical compound database. A protein–pro-
tein docking protocol and pertinent data were acquired
through a comprehensive literature survey.

Protein and Ligand Preparation
Protein and ligandpreparation are essential steps inmolecular
docking studies, and AutoDock Vina serves as a powerful tool
for this purpose. In the initial phase, the protein structure is
prepared by removing anywatermolecules, heteroatoms, and
cocrystallized ligands that are not part of the binding site. The
protein is then assigned appropriate atom types, charges, and
torsion angles, and polar hydrogens are added.9 Careful atten-
tion is given to the correct protonation states of ionizable
residues, ensuring accuracy in the simulation.

On the other hand, ligands are prepared by removing any
counterions, water molecules, or other nonessential entities.
The ligand’s three-dimensional structure is refined by opti-
mizing bond lengths, angles, and torsion angles. Proper
charges, atom types, and hybridization states are assigned
to the ligand’s atoms, ensuring compatibilitywith the chosen
force field. Additionally, for flexible ligand docking, multiple
conformations of the ligand were generated for a single
ligand to explore potential binding modes. Based on the
binding energy calculated for each ligand conformation, the
potential ligand and its binding pose were considered.

Overall, this meticulous preparation of both protein and
ligand ensures a reliable and accurate docking simulationwith
AutoDock Vina, enabling the exploration of protein–ligand
interactions and the prediction of potential binding poses,
ultimatelyaiding indrugdiscoveryand futuremoleculardesign
efforts.

Structure-Based Virtual Screening
Structure-based virtual screening is a valuable computation-
al approach employed to identify potential drug candidates
by predicting their binding affinities to a target protein
(ERBB2), using the AutoDock Vina tool.10 In this study, the
LifeChemicals and Enamine compound databases were uti-
lized as valuable sources of diverse small molecules. The
prepared protein structure and ligand molecules were uti-
lized for the virtual screening studies.

The virtual screening was conducted by docking each com-
pound from the LifeChemicals and Enamine databases into the
active site of the ERBB2 protein. AutoDock Vina exhaustively

relevance, and acceptable toxicity profiles, this study advances our understanding of
potential therapeutic agents, enhancing the likelihood of successful translation from
computational predictions to real-world drug candidates.
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sampled binding poses and ranked the compounds based on
their calculated binding energies, reflecting the strength of
their potential interactions with the protein. The top-ranking
compounds, with the most favorable binding energies, were
further analyzed to assess their predicted binding modes,
hydrogen bonding patterns, and key interacting residueswith-
in thebinding site. Default protocols of theAutoDockVinawere
implemented throughout the virtual screening analysis.

This structure-based virtual screening using AutoDock
Vina, coupled with the utilization of the LifeChemicals and
Enaminedatabases, provided a systematic andefficientmeans
to prioritize promising small molecules for potential ERBB2
inhibition.11,12 The results from this study contribute valuable
insights into the realmofdrugdiscovery, guidingexperimental
efforts toward the identification and development of novel
therapeutic agents targeting ERBB2-associated diseases.13

Functional Partner Discovery with Bioinformatics
Tools
Functional partners in a pathway are crucial components
that interact with each other to execute specific biological
processes, such as cancer pathogenesis. Identifying these
partners is essential for understanding the intricate molecu-
lar mechanisms that govern cellular functions. Tools and
servers such as STRING,14 KEGG,15 and REACTOME16 provide
valuable resources to unravel these interactions and uncover
the network of relationships within a pathway. STRING is a
powerful bioinformatics resource that specializes in predict-
ing protein–protein interactions. It integrates various sour-
ces of experimental and computational data to construct a
comprehensive network of functional associations between
proteins. KEGG is a widely used resource for understanding
biological pathways and the interactions among genes and
proteins in various organisms. REACTOME is another valu-
able resource for pathway analysis, providing a curated
knowledge base of biological pathways. Consolidating all
the results and identifying the potential functional partner
will be subjected to further computational analysis.

Protein–Protein Docking
The protein–protein docking between two or more proteins
was performed using the HADDOCK 2.4 server, an advanced
computational tool specifically designed for modeling mac-
romolecular interactions.17 The main objective of this dock-
ing study was to predict the potential binding modes and
interface interactions between these two important pro-
teins, which play crucial roles in signaling pathways and
cellular processes. Parameters were set to define ERBB2 as
the “receptor” and the identified functional protein as the
“ligand,” given their respective roles in the interaction.

Active residues, crucial for the protein–protein interac-
tion, were defined based on the known literature and bio-
logical context. These active residues were set to be unbound
and flexible during the docking simulations. The initial
docking runs were performed using the rigid body docking
mode, allowing for a global search of possible binding
orientations. HADDOCK generated an ensemble of docking
solutions for further refinement. The top-scoring docking

solutions were selected for the semiflexible refinement
stage. During this step, the side chains of the active residues
were allowed to optimize their positions, employing a simu-
lated annealing protocol. The resulting docked complexes
were analyzed to identify the most probable binding mode,
interface residues, hydrogen bonding, and hydrophobic
interactions between ERBB2 and functional proteins.5,18

The binding energy of the top-ranked solution was used as
an indicator of the stability of the predicted complex.

Toxicity Prediction Analysis
The toxicity prediction of the identified lead compounds was
performed using the ProTox-II server, a widely recognized
computational tool specifically designed for predicting the
potential toxicity of small molecules.19 This step was crucial
in the drug discovery process to assess the safety profile of the
identified lead compounds before further experimental inves-
tigations. The top five potential lead compounds were selected
basedontheir favorablebindingenergiesandpredictedbinding
modes from our structure-based virtual screening analysis.
ProTox-II provided predictions for multiple toxicity endpoints,
including mutagenicity, hepatotoxicity, carcinotoxicity, and
others, using validated models. The predicted toxicity scores
were interpreted, considering both the individual toxicity
endpoints and the overall toxicity profile.20 The toxicity
predictions were critically analyzed in the context of the
intended therapeutic application and the known safety stand-
ards for pharmaceutical compounds. This approach ensures
that the lead compoundswith themost promisingefficacyand
favorable safety profiles are advanced in the drug discovery
pipeline, enhancing the overall success rate of the drug devel-
opment process.

Ethics
No human participants/subjects were involved in this study.

Results

Virtual Screening Studies
The structure-based drug design study conducted using Auto-
DockVina yielded promising results in the search for potential
drug candidates from the Enamine and LifeChemicals data-
bases. After rigorousfilteringbasedon theLipinski Ruleof Five,
which ensures drug-likeness and favorable pharmacokinetic
properties, a total of 385,000 and 137,000 compounds were
retained from the LifeChemicals and Enamine databases,
respectively, for further analysis. The AutoDock Vina program
automatically generates the grid map and presents clustered
results to users in a transparent manner. Within Vina, diverse
stochastic global optimization techniques, including genetic
algorithms, simulated annealing, and particle swarm optimi-
zation, were employed. The active site cavity was carefully
chosen, followed by postdocking steps involving energy mini-
mization and H-bond optimization.

Upon thorough docking simulations, we identified 10
compounds that exhibited notably favorable binding ener-
gies, suggesting strong interactions with the receptor
(►Table 1). The binding energy calculated for the top
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compounds ranged from –8.346 to –6.296 kcal/mol. The
interacting residues were Thr5, Arg412, Leu414, and
Ser441 with the docked ligands (►Fig. 1). These compounds
demonstrated specific amino acid interactions within the
binding site or active site of the receptor, reinforcing the
potential for selective binding and biological activity. The
identification of these 10 compounds with both promising
binding energy and significant interactionswith the receptor
represents a significant outcome of our study.

From the results we observe, most of the potential com-
pounds were identified from the LifeChemicals database. Out
of the 10 compounds, 7 from LifeChemicals and 3 are from the
Enamine database. The identified compounds were found to
have hydrogen bond, salt-bridge, and pi–pi interactions.

Protein Functional Partners
The comprehensive analysis of functional partners using
STRING, KEGG, and REACTOME has yielded crucial insights

Fig. 1 Two-dimensional interaction diagram of the top five compounds in the active site of the protein. (A) LC_87763; (B) LC_33378;
(C) LC_27122; (D) Enamine_101102; and (E) LC_87632.

Table 1 List of potential compounds identified through structure-based virtual screening

Compound ID Binding energy (kcal/mol) Interacting residues

LC_87763 –8.346 Thr5, Arg412

LC_33378 –7.858 Thr5, Arg412

LC_27122 –7.409 Thr5, Leu414, Ser441

Enamine_101102 –7.359 Thr5, Gly6, Gly411, Leu414

LC_87632 –7.221 Thr5, Arg412

Enamine_95473 –6.729 Thr5, Leu414

Enamine_68284 –6.489 Thr5, Gly6, Gly411

LC_48628 –6.385 Thr5, Leu414

LC_12121 –6.337 Thr5, Gly411

LC_34889 –6.296 Thr5
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into the intricate network of interactions involving the
ERBB2 protein. Through STRING, we uncovered a multitude
of potential interaction partners, which were further
enriched and contextualized within biological pathways
and processes using the KEGG and REACTOME databases.
The rigorous exploration highlighted a significant finding:
among the various candidates, epidermal growth factor
receptor (EGFR) emerged as the most prominent and
compelling functional partner for the ERBB2 protein
(►Fig. 2). This outcome was supported by multiple lines
of evidence, including high-confidence protein–protein in-
teraction scores, shared pathways, and known biological
relevance. The identification of EGFR as the best functional
partner of ERBB2 underscores its central role in cellular
signaling and its potential significance in various physio-
logical and pathological contexts. Further experimental
validation and functional studies will be crucial to decipher
the specific mechanisms through which this interaction
contributes to cellular processes and disease pathways,
potentially opening new avenues for therapeutic interven-
tions targeting the ERBB2–EGFR complex.

Protein–Protein Docking
The protein–protein docking studies conducted using HAD-
DOCK 4.2 server provided critical insights into the binding
interactions between ERBB2 as the receptor protein and

EGFR as the ligand. The docking simulations yielded a range
of potential binding modes, allowing us to explore the
diverse conformations in which these two proteins may
interact. Through comprehensive analysis, we identified a
highly favorable binding mode that demonstrated strong
binding energy, indicative of stable and specific interactions
between ERBB2 and EGFR (►Table 2). The best cluster is
observed as Cluster 1 with a Haddock score of –95.3, lowest
rootmean square deviation (RMSD) of 0.6Å,–384kcal/mol of
Electrostatic energy, and –95.9 kcal/mol of Van der Walls
energy. The structure selected from the initial cluster exhib-
its a Haddock score of –91.46, a minimal RMSD of 0.4 Å, and
recorded energy values of –311 kcal/mol for Electrostatic
forces and –90.2 kcal/mol for Van derWaals interactions. The
important residues of EGFR found in/around the active site
comprises nearly 30 amino acids from 353 to 359 and 448 to
464; specifically, Gln408, Lys463, Phe412, and Asp436 are
vital residues. The detailed examination of the docked com-
plex revealed keyamino acid residues involved in thebinding
interface, highlighting the precise molecular interactions
contributing to the formation of the ERBB2–EGFR complex
(►Fig. 2). These findings shed light on the potential func-
tional implications of this protein–protein interaction, fur-
ther underscoring the significance of the ERBB2–EGFR
interaction in cellular signaling pathways and disease
contexts.

Fig. 2 (A) Protein–protein docking interaction and molecule binding pose representing the interaction site. (B) Interacting amino acid residues
from chain A (ERBB2) and chain B (epidermal growth factor receptor).
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Toxicity Prediction
The toxicityanalysis of the10compoundsperformedusing the
ProTox-II server has yielded encouraging results. The compre-
hensive evaluation encompassing multiple toxicity endpoints
has revealed that themajority of the compounds demonstrat-
ed favorable profiles with no indication of significant toxicity
concerns (►Table 3). Remarkably, 6 out of the 10 compounds
exhibited excellent prediction scores, indicating their poten-
tial safety in terms of the assessed toxicity endpoints. It is
worthnoting that,while themajorityofcompoundswere inan
acceptable stage in terms of predicted toxicity, four com-
pounds did exhibit relatively lower prediction scores, suggest-
ing the need for cautious consideration or further assessment
before advancing them for experimental testing.

Discussion

Virtual screening’s ability to expedite lead discovery, opti-
mize resources, and streamline the drug development pipe-
line underscores its vital role in modern pharmaceutical
research, offering a critical bridge between computational
analysis and experimental validation, ultimately driving the
development of innovative therapeutic agents that hold the
potential to address unmet medical needs and improve
patient outcomes. Recently, a study investigated similar
workflow using Zinc database with 300 natural compounds.
The successful docking of ERBB2 and EGFR using HADDOCK
4.2 demonstrates the utility of this computational tool in
deciphering protein–protein interactions, paving the way
for future experimental validation and the design of tar-
geted interventions aimed at modulating this critical inter-
action for therapeutic purposes. These results underscore
the importance of such computational toxicity analysis in
early stage drug discovery, enabling the identification of
compounds with favorable safety profiles and highlighting
those that may require additional scrutiny. Further valida-
tion through in vitro and in vivo toxicity studies is essential
to confirm these predictions and refine our understanding Ta
b
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Table 2 Haddock score for the docked complex of ERBB2 and
EGFR of Cluster 1

Parameters Values

Cluster size 53

Haddock score –95.3� 12.5

Van der Waals energy –95.9� 5.1

Electrostatic energy –384.2�42.6

RMSD from the overall
lowest-energy structure

0.6� 0.4

Desolvation energy 0.0� 3.3

Restraints violation energy 774.2� 27.8

Buried surface area 3,259.9� 151.7

Z-score –2.1

Abbreviations: EGFR, epidermal growth factor receptor; ERBB2,—; MSD,
root mean square deviation.
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of the overall safety profile of the identified compounds.
Nonetheless, the majority of the compounds showing
promising results in the ProTox-II analysis represent en-
couraging candidates for further investigation in drug de-
velopment efforts.

Conclusion

The results obtained from the combination of various
bioinformatics tools and computational methodologies in
our study provide a comprehensive understanding of the
molecular interactions, binding affinities, functional part-
nerships, and toxicity profiles of the identified lead com-
pounds. Through protein–protein docking studies utilizing
HADDOCK 4.2, we elucidated the binding modes between
ERBB2 and EGFR, shedding light on potential interaction
mechanisms crucial for cellular processes. Our analysis of
functional partners using STRING, KEGG, and REACTOME
revealed the pivotal role of EGFR as a functional partner of
ERBB2, enhancing our understanding of their interplay in
biological pathways. The subsequent toxicity prediction
using ProTox-II enabled the early assessment of potential
safety concerns, and the identification of compounds dem-
onstrating acceptable toxicity profiles highlights the impor-
tance of computational tools in prioritizing lead compounds
for further experimental validation. This integrated ap-
proach, encompassing molecular docking, pathway analysis,
and toxicity assessment, serves as a robust framework for
efficient and informed decision-making in drug discovery,
accelerating the identification and development of promis-
ing candidates while minimizing the risk of adverse effects
in the later stages of drug development.
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Abstract Introduction Neuroblastoma is the most common extracranial solid tumor in
childhood. The data on the treatment experience with 131iodine-meta-iodo-benzyl-
guanidine (131I-mIBG) and clinical outcome data are meager from India.
Objectives This article studies the efficacy and treatment outcomes in patients
treated with 131I-mIBG in high-risk neuroblastoma.
Materials and Methods The study group consisted of 201 consecutive patients (aged
between 1 and 15 years) with biopsy-proven neuroblastoma who underwent 131I-mIBG
scans from 2012 to 2022. The majority of these children had a disease that was
inoperable or had poor response to chemotherapy. Patients with positive scintigraphy
were considered for therapy with 131I-mIBG. The findings were analyzed and correlated
with the final diagnosis and outcomes obtained from survival during follow-up and
reviewing patient records.
Results Thirty-nine children, 22 males and 17 females, with a median age of 4 years
had positive 131I-mIBG scintigraphy. Intra-abdominal primary lesions and osseous
lesions were the most common sites of uptake on 131I-mIBG scan. Of these, 13 had
upfront chemotherapy and 26 had surgery followed by chemotherapy. All the patients
underwent therapy with 131I-mIBG. Fourteen patients had multiple therapies while the
remaining 25 had only one therapy. Eight patients had no follow-up, and 13 had disease
relapse. The remaining 18 had regression of disease which was confirmed by follow-up
131I-mIBG scintigraphy and with bone scintigraphy in patients with osseousmetastases.
Conclusion 131I-mIBG scintigraphy should be preferred in intermediate and high-risk
neuroblastoma to know the extent of the disease and also for patient selection for early
therapy with 131I-mIBG. It holds significant utility in the management of metastatic
neuroblastoma, facilitating palliative pain relief and tumor size reduction in inoperable
or metastatic disease.
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Key Messages

High-risk neuroblastoma can be treated upfront with
131I-mIBG and used in advanced stages to improve overall
survival.

Introduction

Neuroblastoma is themost common extracranial solid tumor
of childhood which arises from neural crest cells that form
the adrenal medulla and sympathetic ganglia.

About 50% of patients at diagnosis1 present with metas-
tasis most commonly to bone or marrow. Important prog-
nostic factors are age at presentation, histological features,
tumor ploidy, N-MYC gene amplification, and stage of the
disease, which is based on the International Neuroblastoma
Staging System (INSS).2 The worst outcomes are noted in
high-risk diseases defined as stage III or IV in children aged
more than 18 months at diagnosis as well as those with N-
MYC amplification.

The standard of care for high-risk neuroblastoma includes
chemotherapy, surgery,myeloablative therapy, and radiation
therapy followed by differentiation therapy using cis-reti-
noic acid. Despite this multimodality treatment, the out-
come is poor3 with overall survival (OS) ranging from 10 to
60%. Immunotherapy using anti-GD2 antibodies has im-
proved outcomes considerably in high-resource countries;
however, this modality is currently prohibitively expensive
and hence unavailable to the rest of the world. Iodine 131
meta-iodo-benzyl-guanidine (131I-mIBG) is one of themulti-
modality treatments that is used mainly in advanced stages
of neuroblastoma.4 Treatment of these high-risk neuroblas-
toma is essential as this may help in planning the manage-
ment of the disease.

The current study aimed to analyze the treatment out-
comes and to look at the feasibility of this form of treatment
as a future therapeutic option in this select group of patients
from a tertiary care center in India.

Materials and Methods

Inclusion and Exclusion Criteria
Children aged 1 to 15 years, diagnosed to have high-risk
neuroblastoma from 2012 to 2022 who had a positive 131I-
mIBG scintigraphy were included in this study. Diagnosis of
neuroblastoma was confirmed by a biopsy of either the
primary tumor or bone marrow (BM) trephine and supported
by elevated urine catecholamines. The disease was staged
according to the revised INSS and the assessment of response
was according to the International Neuroblastoma Response
Criteria.2 131I-mIBG scintigraphy was done in 201 patients for
metastatic workup, among which 168 patients had shown
positive uptake. Thirty-nine patients among them who had a
positive mIBG scintigraphy during the period of the study
received treatment with 131I-mIBG for metastatic or inopera-
ble disease or relapse of the disease after standard care based
ondecisions by themultidisciplinary tumorboard that includ-

ed pediatric oncologists, surgeons, radiation oncologists, and
nuclear medicine physicians.

131I-mIBG Imaging
131I-mIBG which was prepared in-house using carrier-free
131iodine was used5 to assess for mIBG uptake. A dose of 0.5
mCi was administered intravenously andwhole-body planar
images were acquired using a gamma camera (Infinia Hawk-
eye, GE Healthcare, Milwaukee, Wisconsin, United States) at
24, 48, and 72hours postinjection. Anterior and posterior
whole-body images were acquired with a window centered
at 364 keV�15 and a matrix of 256�1024 for 450 s/step in
three steps. Single-photon emission computed tomography
(CT)/ low-dose CT was acquired for doubtful lesions and
anatomical localization.6

Posttherapy 131I- mIBG whole-body scintigraphy in ante-
rior and posterior projectionswas done on the third day after
the therapy to look for any lesions not seen on the diagnostic
pretherapy scans7 and also confirm the uptake ofmIBG in the
target lesions.

131I-mIBG Therapy
Patients were treated in a room specially designed for
radioisotope therapy. 131I-mIBG was administered as slow
infusion intravenously over 3 to 4hours with hydration.

Thyroid gland blockade was provided with potassium
perchlorate by oral administration from 2 days before thera-
py to 5 days posttherapy. Blood pressure and heart rate were
monitored during the procedure and for 24 hours after
treatment. There was no adverse reaction during or shortly
after the administration of 131I-mIBG therapy for any of the
patients. Dosage was given according to a weight-based
regimen with a dose of 37 to 74 MBq/kg (1–2 mCi/kg) to
all the patients and patients were discharged once the levels
of exposure were<50 micro-Sv at a 1-m distance which
conferred to the Atomic Energy Regulatory Board, India
standard guidelines.

Primary Outcome
Patients who were treated with 131I-mIBG were followed
up after 6 months to look for response evaluation. 131I-
mIBG scintigraphy and urinary catecholamine levels were
done. Progression of the disease was considered when
there was an increase in the intensity of 131I-mIBG uptake
or any new lesions noted compared with the posttherapy
scan and increase in urinary catecholamine levels
(►Fig. 1). Partial regression of the disease was considered
when there was a decrease in the number of lesions or
intensity of lesions and decrease in the levels of urinary
catecholamine (►Fig. 2).

Statistical Analysis
Categorical data were summarized using percentages. Nu-
merical data were summarized as the means and standard
deviations or medians and ranges. Due to the small sample
size multivariable Cox regression for determining indepen-
dent predictors of survival was not possible.
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Ethical Approval Statement
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. Ethics Committee Approval was obtained
from the Institutional Ethics Committee vide letter no. IRB
Min No. 15495 (RETRO) dated June 28, 2023.

Results

Results
Thirty-nine of 201 children who had a positive 131I-mIBG
scan received 131I-mIBG therapy. There were 22 boys and 17
girlswith their ages ranging from 1 to 15 yearswith amedian
age of 4 years. Six children had stage III disease and all the
rest had stage IV neuroblastoma. Twenty-four children re-
ceived COJEC (cisplatin [C], vincristine [O], carboplatin [J],
etoposide [E], and cyclophosphamide [C]) chemotherapy, 7
had carboplatin-etoposide/CADO (cyclophosphamide, doxo-
rubicin, and vincristine), and the rest of the childrenwho had
chemotherapy elsewhere prior to coming to our hospital had

Fig. 1 A 6-year-old child with a primary lesion in the mediastinum (A). Progression of the disease as the areas of uptake have increased despite
two 131iodine-meta-iodo-benzyl-guanidine (131I-mIBG) therapies on the posttherapy scans (B).

Fig. 2 A 7-year-old child with a primary abdomen lesion and multiple
osseous metastases in the pretherapy scan (A–C). Partial regression is
noted as the areas of uptake have significantly reduced after three
131iodine-meta-iodo-benzyl-guanidine (131I-mIBG) therapy as seen in
the posttherapy images (D–F).
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Table 1 Patient characteristics

Total no. of patients 39

Male 22

Female 17

Age at diagnosis

Range 1–15

Mean 5.9

Median 4

Histopathology

Neuroblastoma 35

Ganglioneuroblastoma 4

Immunohistochemistry

Synaptophysin, chromogranin, and NSE 35 of 39 (4 were operated elsewhere)

Stage of the disease

Stage 3 7

Stage 4 32

Presentation

Inoperable primary 20

Skeletal metastasis 13

Primary with skeletal metastasis 3

Extraosseous metastasis 3

Treatments prior to 131I-mIBG therapy

Chemotherapy followed by

Debulking surgery 28

Chemotherapy 11
131I-mIBG therapies 57

1 dose 25

2 doses 10

3 doses 4
131I-mIBG activity (mCi) 37–74 MBq/kg body weight

1–2 mCi/kg body weight

Follow-up

Period 12–60 mo

Mean 25 mo

Results based on posttherapy 131I-mIBG scan

Regression 18

Progression 12

Lost to follow-up 9

Post 131I-mIBG treatment in progressive disease

Chemotherapy 7

Radiation therapy 1

Supportive/palliative treatment 4

Abbreviations: 131I-mIBG, 131iodine-meta-iodo-benzyl-guanidine; NSE, neuron-specific enolase.
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OPEC (vincristine, prednisolone, etoposide, and chlorambu-
cil)-based chemotherapy. The baseline characteristics of the
cohort are shown in ►Table 1.

The location of the primary tumor was suprarenal in 10,
retroperitoneal in 9, paraspinal in 4, thorax/neck in 4, and
undetected primary with extensive bone and/or BM disease
in 12 children. 131I-mIBG scan just prior to 131I-mIBG therapy
showed uptake in multiple bones in 12 children, at primary
site in 24 children, and 3 children with both primary and
bone lesions. Indications for 131I-mIBG therapy included
metastatic disease, refractory to standard therapy in 13,
relapse/recurrence of disease in 9 (2 post-myeloablative
therapy relapse), and inoperable primary with or without
metastasis in 17. 131I-mIBG therapywasgivenwith a curative
intent for 6 children and in the remaining 33 it was given
with palliative intent. Twenty-five patients had received a
single dose of 131I-mIBG therapy.

For patients who had positive 131I-mIBG scintigraphy in
the follow-up scan done 6 months after the first therapy
underwent further doses of 131I-mIBG therapy, two doses
were given for 10 patients and three doses for 4 patients.

Eighteen patients (46%) had partial regression of the
disease identified by follow-up 131I-mIBG scintigraphy and
catecholamine levels, 12 patients (30%) had progression of
the disease, and 9 patients had been lost to follow-up. The
median follow-up was 21 months (range: 10–60 months).
They were also regularly followed up with complete blood
count profile to look for any thrombocytopenia and neutro-
penia which are the most common side effects of 131I-mIBG
therapy. Among the 30 children who were followed up, 18
patients had a regression and were doing well on the last
follow-up. Among the 12 patients who had progression of
the disease, irinotecan and isotretinoin acid-based chemo-
therapy and radiation therapy were given to 7 children and
the remaining 5 children succumbed to the disease during
the follow-up.

Discussion

High-risk neuroblastoma is most often associated with poor
OS and mostly presents with metastases at initial presenta-
tion.1 Current imaging guidelines for staging neuroblastoma
are based on the INSS which recommends CT/magnetic
resonance imaging for primary disease and 131I-mIBG for
metastatic disease.

Although 123I-mIBG is recommended, due to unavailability
in the Indian setting, 131I-mIBG is used for pretherapyworkup
and subsequent therapy. Our study included 201 patients
diagnosed with neuroblastoma who underwent 131I-mIBG
scintigraphy as it is useful for documentation of primary and
metastatic lesions and also to assess response to therapy,
whereas 18F-fluorodeoxyglucose positron emission tomogra-
phy (PET)/CT has only a complementary role for response
assessment.8Among them39patientswithpositive 131I-mIBG
scintigraphy were referred for therapy with 131I-mIBG.

Long-term survival of childrenwith inoperable or dissem-
inated neuroblastoma diagnosed after 1 year of age remains
largely unsatisfactory. This may be attributed to the fact that

current treatment commonly fails to completely eradicate
the disease. It is also noted that 70% of remission rates are
achieved by surgical resection, chemotherapeutic agents,
and radiation therapy. Despite these treatments, there are
high chances of relapse rate,9 possibly due to the aggressive
nature of the disease.

Approximately 75% of neuroblastomas have 131I-mIBG
uptake10 which makes it an effective therapeutic agent and
can be used for treatment upfront as in our study. 131I-mIBG
has proven to be useful for inoperable tumors, to improve
overall disease-free survival rates, and reduce bone pain.
Irrespective of some success, 131I-mIBG systemic therapy is
still not themainstay of treatment. 131I-mIBG therapy dosage
used in neuroblastoma varies among different centers and is
used in low and high doses. In our study, we had used doses
ranging from 1 to 2 mCi/kg which can be used to achieve a
response in the form of palliative pain reduction. This low
dose does not require the use of a subsequent stem cell
transplantation as it is associated with lower hematological
toxicity comparedwith a high-dose regimen. 131I-mIBGwere
given at a high dose ranging from 12 to 20 mCi/kg body
weight,11 which are mainly administered as a myeloablative
dose before stem cell transplantation without many compli-
cations as seen in various studies.

Most of the patients in our study had upfront treatment
with either chemotherapy (26/39, 66%) or surgery (11/39,
28%), except for two patients who presented with an
inoperable primary and were given upfront 131I-mIBG as
induction therapy.12 All of the patients presented with
advanced-stage disease with bone and BM metastasis cor-
responding to high-risk neuroblastoma.1 Various studies
suggested a time interval of 2 to 6 months between
treatment sessions and in our study, the interval was
6 months.13 Though various objective response scales like
the Curie scale14 are available to look for treatment re-
sponse, it was not used in our study partly as it was a
retrospective study and few were lost to follow-up.

Only a few minor side effects were observed during the
131I-mIBG infusion and 3 to 4 days posttherapy, some
patients complained of temporary nausea and vomiting.

Variousstudieshavedemonstrated that thesesideeffectscan
be managed symptomatically with antiemetics.15 No serious
acute side effects, such as hypertensive encephalopathy, accel-
erated hypertension, or death, were seen during therapy.
Change in thyroid function was not observed in the follow-up
patients as there was an adequate pretherapy blockade of the
thyroid with perchlorate, although there is long-term thyroid
complication reported in patients treated with 131I-mIBG.16

Patients who were lost to follow-up were mainly due to
bleak prognosis and themoribund state as therewas a lackof
effective salvage treatment.17

We have outlined our experience in a tertiary care hospi-
tal in South India in treating high-risk neuroblastoma with
131I-mIBG therapy. Among those treated, 18 (46%) patients
were found to have partial regression of the disease which is
in comparison to other studies,18 though cannot be an
independent predictor of OS.11 Johnson et al also demon-
strated similar outcomes which favored the use of 131I-mIBG
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therapy in the standard-of-care treatment of high-risk neu-
roblastoma with multiple and subsequent doses.19

Future Directions

This study and other contemporary studies indicate that 131I-
mIBG therapy can achieve a significant reduction in disease
burden and pain in high-risk neuroblastoma patients. With
the development of new radiotracers in the form of fluori-
nated form of mIBG, 18F-meta-fluorobenzylguanidine to
detect lesions using PET20 with improved lesion detection,
the utility of 131I-mIBG therapy is going to become included
in the management of neuroblastoma.

Limitations

Our study had limitations which included the retrospective
nature of the study from a single institution and the small
sample size. In addition, a standardized protocol for dosime-
try of the 131I-mIBG therapy is not available.

Conclusion
131I-mIBG scintigraphy serves as a crucial tool for disease
staging and patient stratification for 131I-mIBG therapy. It
holds significant utility in the management of metastatic
neuroblastoma, facilitating tumor size reduction, particular-
ly in caseswhere surgical interventions or initial chemother-
apy and radiation treatments have proven ineffective.
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Abstract Introduction Febrile neutropenia is a dreadful complication associated with malig-
nancies. Knowledge of locally prevalent pathogens and their resistance pattern is of
paramount importance in guiding antimicrobial therapy.
Objectives The aim of the study was to identify the common infectious agent,
antibiotic susceptibility of culture positive patients, and outcome
Materials and Methods We conducted a single-center prospective observational study.
Forty-three children with febrile neutropenia episodes admitted in KKCTH, Chennai, were
included in the study. The duration of the study was 1 year. Relevant patient and disease
specific details were obtained, results were analyzed, and conclusions were drawn.
Results There were 90 episodes of febrile neutropenia. Overall culture positivity was
identified in 37 cases (41.11%). Bacteremia (23.3%) was the most common cause of
microbiologically documented infection. Gram-positive organisms (60%) were more
commonly documented. Among the gram-positive organisms, coagulase-negative
Staphylococcus aureus was the predominant isolate followed by Streptococcus. Central
line–associated bloodstream infections were documented in 13.33%. Chemo-port
removal was done in four children. Three had invasive fungal disease. The majority
of the gram-negative isolates were resistant strains. Morbidity was significantly more in
gram-negative infections. Overall outcome was good though three children suc-
cumbed to sepsis.
Conclusion A vigilant management of illness is essential. Chemo-port carries risk of
severe infection. Protocol-based management of catheter-related bloodstream infec-
tion (CRBSI) can limit the number of chemo-port removal. Though gram-positive
organisms are in the rise, gram-negative organisms are still responsible for significant
morbidity. Early initiation of broad-spectrum empirical antibiotics with optimal gram-
positive coverage is crucial. Children with suspected fungal infections should be
aggressively evaluated and treated. An organized approach is the key in successful
management.
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Key Messages: Initiation of broad-spectrum antibiotics at
the earliest during an episode of febrile neutropenia is the
determinant factor of the outcome.

Introduction

The advancements in cancer care have led to better cure rates
for patients suffering fromvariousmalignancies, while at the
same time making them susceptible to complications of
therapy. Febrile neutropenia is one such complication and
one of the most common admitting diagnoses among pedi-
atric oncology units, second only to admissions for chemo-
therapy.1 A delay in appropriate management is associated
with higher morbidity, mortality, a prolonged duration of
hospital stay, and higher costs of treatment.2 The strategy of
using empirical antibiotics has led to a considerable decline
in infection-related mortalities. Knowledge of the locally
prevalent pathogens and their resistance pattern is of para-
mount importance in guiding antimicrobial therapy. There
have been very few Indian studies looking at this changing
trend of microbiome in the pediatric population. Our aims
and objectives of this study are to identify the common
infectious agent associated with febrile neutropenia, antibi-
otic susceptibility pattern, and outcomes.

Materials and Methods

It is a prospective observational study. The duration of study
is 1 year (January 2019–January 2020).

Inclusion criteria:

• Febrile neutropenia episodes in children aged less than
18 years, with an underlying malignancy.

Exclusion criteria:

• Children who have undergone hematopoietic stem cell
transplantation.

• Episodes that were pretreated elsewhere.
• Childrenwho have a preexisting inborn error of immunity.
• Parents who refused to be a part of thefinal sample size of

the study: 90 episodes.

Methodology
Each episode of febrile neutropenia was considered an
individual event, with comprehensive bedside histories
obtained to gather pertinent information regarding both
the underlying malignancy and febrile illness. Detailed clini-
cal examinations were conducted to identify potential sour-
ces of infection, and baseline investigations upon admission
encompassed a complete blood count (CBC), renal function
tests, and blood cultures obtained through aseptic techni-
ques. Analysis of the culture reports focused on organism
identification and antibiotic sensitivity patterns. Secondary
investigations were performed based on suspected sources
of infection, including urine analysis/culture, chest X-ray
imaging, and abdominal ultrasonography. Patients with sus-
pected viral etiology underwent serology tests such as
respiratory biofire panel (multiplex polymerase chain reac-
tion [PCR]), dengue NS1 antigen and immunoglobulin M

(IgM)/IgG antibody titers, H1N1 PCR testing, or stool adeno-
virus detection. Thosewith suspected fungal etiology under-
went serum galactomannan and serum beta-D-glucan level
assessments, along with computed tomography (CT) scans of
the chest and/or paranasal sinus to pinpoint the focus of
infection (►Fig. 1).

Treatment initiation followed our institutional protocol.
Children diagnosedwith febrile neutropenia received empirical
antibiotic therapy consisting of piperacillin-tazobactam and
amikacin, as directed by our institutional antibiogram. Blood
cultures were collected before initiating the antibiotics. After
48hours, in the absence of microbial growth in the cultures,
amikacin was discontinued. Piperacillin-tazobactam was con-
tinueduntil thefinalculture report,providedthechildexhibited
clinical improvement. In cases of clinical deterioration, antibi-
otic escalation to second-line agents was implemented. Beyond
96 to 120hours of febrile neutropenia, empirical antifungal
therapy was commenced. High-risk individuals for invasive
fungal disease (IFD) received liposomal amphotericin-B, with
concomitant workup for fungal infection. Conversely, preemp-
tive antifungal treatment with azoles or liposomal amphoteri-
cin-B was implemented in low-risk patients. All children
received cotrimoxazole for Pneumocystis jiroveci prophylaxis.
Additionally, those at high risk of invasive fungal disease
received either fluconazole or voriconazole prophylaxis, based
on susceptibility to yeast or molds, respectively.

Monitoring included assessing antibiotic effectiveness
and escalating treatment as necessary, with careful docu-
mentation of patterns and reasons for escalation. Patients
unresponsive to initial antibiotic regimens or exhibiting

Fig. 1 Methodology flow chart.
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clinical deterioration underwent repeat CBC and blood cul-
tures (aerobic bacterial and fungal). Additional investiga-
tions were undertaken for pediatric intensive care unit
(PICU) patients, encompassing endotracheal tube cultures
for ventilated individuals, central line catheter tip cultures
for those with central lines, and urinary catheter tip cultures
for patients with Foley catheters (see ►Table 1 for defini-
tions). Furthermore, all patients needing PICU care under-
went rectal swab culture screening for carbapenem-resistant
Enterobacterales (CRE). Mortality and morbidity among
study participants associated with febrile neutropenia
were documented.

Statistical Methods
Statistical analysis was done using SPSS 16.0. Frequency
tables and descriptive statistics were calculated for
background variables. For data that did not follow normal

distribution, nonparametric tests were used. To compare the
difference in quantitative variables between two groups, the
Mann–WhitneyU test was used, whereas the Kruskal–Wallis
test was used for quantitative variables in more than two
groups. Chi-squared tests were employed for comparing the
difference in proportions. For data that followed normal
distribution, Student’s t-test and chi-squared test were ap-
plied. For the statistical analysis, 95% confidence interval (CI)
was used, and a p-value of less than 0.05 was considered
significant.

Definitions, descriptions, and categories are presented
in ►Tables 1 and 2.3–6

Ethical Approval
This study was approved by the CHILDS Trust Medical
Research Foundation ethical committee (ECR/676/Inst/TN/
2014/RR – 17).

Table 2 Categories of invasive fungal disease

Category Definition

Proven Proof of invasive fungal disease by demonstration of fungal elements in diseased tissue of most conditions

Probable Host factor, clinical features, and mycological evidence are present

Possible Host factor and clinical features without mycological evidence

Table 1 Definitions and descriptions

Febrile neutropenia Single oral temperature measurement of�38.3°C (101°F) or a temperature of�38.0°C (100.4°F)
sustained over a 1-h period, with <500 neutrophils/mm3 or <1,000 neutrophils/mm3 with a
predicted decline to 500/mm3 over the next 48 h

Clinically documented
infections (CDI)

Episodes where a site of infection has been identified either clinically or radiologically and cultures
and other pathogen-directed workups are negative

Acute febrile illness not
otherwise specified
(AFI-NOS)

Episodes of fever where an infection cannot be demonstrated neither clinically nor
microbiologically

Microbiologically docu-
mented infection (MDI)

Episodes where a pathogen has been identified in microbiological samples

Paired cultures Cultures drawn from a central venous access and from a peripheral venous access or two different
peripheral venous accesses

Catheter-related blood-
stream infections
(CRBSI)

A definitive diagnosis of CRBSI requires that the same organism grow from at least 1 percutaneous
blood sample culture and from the catheter tip or that 2 blood samples for culture be obtained (1
from a catheter hub and 1 from a peripheral vein) that meet CRBSI criteria for quantitative blood
cultures or differential time to positivity (DTP)

Possible CRBSI 2 quantitative blood cultures of samples obtained through 2 catheter lumens in which the colony
count for the blood sample drawn through one lumen is at least threefold greater than the colony
count for the blood sample obtained from the second lumen

DTP for CRBSI CRBSI is defined as the growth ofmicrobes from blood drawn from a catheter hub at least 2 h prior
to microbial growth being detected in blood samples obtained from a peripheral vein

High-risk conditions for
invasive fungal disease

Acute myeloid leukemia, high-risk acute lymphoblastic leukemia, or relapsed acute leukemia;
those with prolonged neutropenia; those receiving high-dose steroids; and those undergoing
allogeneic HCT in the first year after HCT without evidence of T-cell reconstitution, those or
receiving steroids or multiple immune suppressive agents to prevent or treat graft-versus-host
disease

Low-risk conditions for
invasive fungal disease

Febrile neutropenia, not meeting the criteria of high risk

Abbreviation: HCT, Hematopoietic cell transplantation.
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Ethics
The study was approved by the CHILDS Trust Medical Re-
search Foundation (IBR approval number: ECR/676/Inst/TN/
2014/RR – 17; date: February 20, 2018).

Helsinki Declaration
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 Helsinki declaration and its later amendments
or comparable ethical standards.

Results

A total of 43 children with 90 febrile neutropenia episodes
were enrolled in the study. Majority of the episodes were in
preschool children (71%) and had hematological malignancy
(78%). Among all the hematological malignancies, acute
lymphoblastic leukemia (ALL) constituted about 66% of the
cases. The risk stratification and management of ALL were
implemented in accordance with the Indian Collaborative
Childhood Leukemia Group (ICiCLe) study protocol. Among
the children with ALL, 34 (57%) episodes made up the
intermediate- and high-risk groups, whereas 26 (43%)
were standard risk. Intensive chemotherapy preceded 51
(85%) episodes.More than 53% (n¼48) episodes did not have
a clear focus of infection. The baseline characteristics are
outlined in the ►Table 3.

All the febrile neutropenia episodes were divided into
three categories: microbiologically documented infections
(MDIs; 41.1%, n¼37), clinically documented infections
(17.7%, n¼16), and acute febrile illness not otherwise speci-
fied (AFI-NOS; 41.1%, n¼37; ►Table 1).

Severe neutropenia (absolute neutrophil count [ANC]
<500 cells/µL) was encountered in 52.2% of episodes.
Sixty-one (67.8%) episodes had neutropenia lasting for
less than aweek, while 39 (32.2%) episodes had neutropenia
lasting for more than a week. Episodes with severe neutro-
penia also had a significantly prolonged duration of neu-
tropenia, further augmenting the risk of infection, and this
was statistically significant (p¼0.029). Children with AFI-
NOS had a shorter duration of neutropenia. The majority
(75.9%, n¼22) of episodes, which had neutropenia lasting
for more than a week, had MDI. On the other hand, only
25.5% (n¼15) had an MDI with neutropenia lasting less
than a week. The difference was statistically significant
(p<0.0001).

TheMDIs were further classified as thosewith bacteremia
and those with fungemia. Twenty-one (57%) episodes had
bacteremia and 1 (2.7%) had candidemia. Paired cultures
were found to be positive in 14 (25.9%) cases (►Fig. 2).
Bronchoalveolar lavage revealed growth of Candida spp.
(6.6%, n¼1) and Aspergillus spp. (6.6%, n¼1), while endotra-
cheal tube cultures showed the presence of Escherichia coli
(6.6%, n¼1). Pus cultures indicated the presence of methi-
cillin-resistant Staphylococcus aureus (MRSA; 26.6%, n¼4),
and stool cultures yielded CRE E. coli (20%, n¼3) and
Clostridium difficile (6.6%, n¼1). Additionally, urine cultures

exhibited growth of Klebsiella spp., CRE E. coli, and Entero-
coccus spp. Polymicrobial infections were documented in 6
(28.5%) episodes. All cultures indicated growth within
48hours of incubation; earliest growth was documented to
be within 6hours. There were in total 14 episodes of sus-
pected IFDs, comprising 3 proven cases, 3 probable cases, and
8 possible cases (►Table 2). All the children were receiving
cotrimoxazole prophylaxis for P. jiroveci, while six children
were additionally on fluconazole prophylaxis for yeast, and
four were on voriconazole prophylaxis for further protection
against molds. None of them had any breakthrough fungal
infection.

Workup for viral infection was positive in 6 (16.2%) cases.
Of note, 11 (31%) did not have a clear focus. Overall, the

Table 3 Baseline characteristics

Total episodes: 90 Frequency
of episodes

Percentage

Age distribution (mean 4.6� SD)

<5 y 64 71.1

5–10 y 18 20.0

>10 y 8 8.88

Gender distribution

Boys 50 55.6

Girls 40 44.4

Nutritional status

Undernourished 16 17.78

Well nourished 74 82.22

Underlying malignancy

B-cell ALL 56 62.2

T-cell ALL 4 4.4

AML 11 18.3

NHL 5 5.5

Hodgkin’s lymphoma 1 1.11

Peripheral T-cell
lymphoma

1 1.11

LCH 1 1.11

Nonhematological
malignancy

11 12.2

Site of infection

No focus 46 53.3

Respiratory tract
infection

18 20

Vascular access related 8 8.9

Gastrointestinal tract 5 5.6

Skin and soft-tissue
infection

8 8.9

Genitourinary tract 3 3.3

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid
leukemia; LCH, Langerhans cell histiocytosis; NHL, non-Hodgkin’s lym-
phoma; SD, standard deviation.
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pattern of organisms attained by various laboratorymethods
in variant body tissues is entailed in the ►Figs. 3 and 4.

Catheter-Related Bloodstream Infections
Out of the 21 (23.33%) MDI with bacteremia, 12 (13.33%)
were central line–associated bloodstream infections. Nearly
8.9% (n¼8) were long-term line (chemo-port) related
infections and 4.4% (n¼4) were short-term-line-related
infections. Multidrug-resistant (MDR) Klebsiella spp., MDR
Acinetobacter spp., E. coli, MRSA coagulase-negative Staph-
ylococcus (CONS), Streptococcus mitis, and Candida para-
psilosis were the organisms responsible for catheter-related
bloodstream infection (CRBSI) in our cohort. Management

of CRBSIs was done in accordance with the Infectious
Diseases Society of America (IDSA) 2009 guidelines. Four
children had to undergo chemo-port removal as a part of
source reduction. The antibiotic susceptibility of the pat-
tern of the isolates in our study is shown in the ►Figs. 5

and 6.

Treatment
Piperacillin-tazobactam with amikacin was the first-line
antibiotic in all episodes with febrile neutropenia. Escalation
to second-line antibiotics was done in 31.1% of cases. Both
meropenem and vancomycin were used in 21 (71.4%) epi-
sodes, 5 (17.8%) cases received only meropenem, and

Fig. 2 Paired blood culture positivity.

Fig. 3 Clustered column graph depicting spectrum of microbiologically documented infections in blood.
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3 (10.7%) cases received only vancomycin. Further escalation
to colistin or polymyxin-B was done in 5 (5.55%) cases.

Seventeen (45.9%) episodes of MDIs required escalation
to second-line antibiotics, whereas only 11 (20.8%) without
any microbiological proof required further escalation
(p¼0.011). Mean rank of treatment duration (58.8) and
hospital stay (62.73)were also significantly higher whenever
escalation of antimicrobial drugs was required (p¼0.001).
PICU care was often required (35.7%, n¼10) during the
episodes requiring escalation (p<0.0001). IFD was sus-
pected in 14 (16.6%) episodes and proven in 3 episodes.
Empirical antifungalswere started in 6 (42.8%) episodeswith
liposomal amphotericin-B and 8 (57.1%) episodes with
azoles.

Granulocyte colony stimulating factor (G-CSF) prophylax-
is was provided in 8 (27.5%) cases (with underlying solid

tumors) and 21 (72.4%) received it as treatment in view of
profound prolonged neutropenia.

Intensive care treatment was required in 14 (15.55%)
episodes. Inotrope or vasopressor requirementwas observed
in 4 (28.5%) cases. The need for invasive ventilation was
observed in 4 (28.5%) cases. Notably, episodes with MDI
(35.1%, n¼13) were found to require PICU care more fre-
quently than those without (1.9%, n¼1) microbiological
diagnosis (p<0.0001). In particular, gram-negative sepsis
(61.5%, n¼8) had a significantly higher requirement of PICU
care than gram-positive (16.7%, n¼3) sepsis (p¼0.01).

Outcome
The median duration of hospital stay was 5.5 days (range: 3–
45 days). Episodes with gram-negative sepsis had a substan-
tially prolonged (mean-rank of 20.73 days) hospital course

Fig. 4 Clustered column graph depicting spectrum of microbiologically documented infections in sites other than blood.

Fig. 5 Clustered column graph depicting the sensitivity pattern of gram positive bacteria.
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than gram-positive (mean-rank of 12.58 days) sepsis
(p¼0.013). Episodes with AFI-NOS had shorter duration of
hospital stay than MDIs (p¼0.001). Three children (3.33%)
succumbed to the illness during their hospital stay. All three
children had MDIs: two had gram-negative sepsis and one
had dengue.

Discussion

The significance of infectious complications in febrile neu-
tropenia cannot be overstated, as they contribute substan-
tially to morbidity and mortality. A comprehensive
understanding of the local patterns of febrile illness is crucial
for effective management.

In our study, the majority (71.1%) of febrile neutropenia
episodes occurred in children younger than 5 years. Both
males and females were affected in nearly equal proportions.
Eighty-eight percent of cases were associated with an un-
derlying hematological malignancy, a proportion consistent
with findings reported by Babu et al7 and Soumya and Ajit
Kumar.8 This alignment may be attributed to the elevated
prevalence of hematological malignancies in the pediatric
population, necessitating more intensive therapeutic inter-
ventions and consequently heightening susceptibility to
serious infections. Notably, a significant number of febrile
neutropenia episodes occurred during the inductionphase of
chemotherapy, underscoring the vulnerability of patients
during this particular treatment stage.2,9

The primary imperative is tometiculously gather a focused
patient history and promptly initiate appropriate antibiotics
following blood culture collection. Our findings revealed that
17.7% of cases were clinically documented episodes, aligning
with reported ranges of 20 to 40% in other studies.10 This
variance may be attributed to the extent of evaluation and
stringent antimicrobial prophylaxis protocols. Remarkably,

41% of our cases fell under the category of AFI-NOS. This
proportion is similar to that observed by Hakim et al, who
reported almost half of febrile neutropenia episodes as AFI-
NOS, even with the use of comprehensive diagnostic tools.10

Intriguingly, all AFI-NOS episodes in our study exhibited an
indolent clinical course, a trend consistent with findings in
the broader literature.2,10 Furthermore, AFI-NOS cases were
associatedwith a significantly shorter durationof neutropenia
compared tobothmicrobiologicallyandclinicallydocumented
infections.

Bacteremia (56.7%) was the most common cause of MDI.
Blood culture positivity rate in our study was 23.3%, while
other studies showed a rate of bacteremia ranging from 10 to
30%.8,10–12

The practice of obtaining dual cultures confers several
advantages, including the identification of true bacteremia,
the exclusion of potential contaminants, and the prevention
of unwarranted central line removal. Notably, a study
revealed that 97% of health care professionals would opt
for peripheral blood cultures if there was a risk of missing
true bacteremia exceeding 10%.13 In the study conducted by
Handrup et al, 17% confirmed bloodstream infections were
diagnosed through cultures from peripheral veins, despite
simultaneouslyobtaining blood cultures from central venous
lines yielding negative results.6 Our study aligns with these
findings, demonstrating that 14.3% of confirmed bacteremia
episodes were identified based on peripheral blood culture
positivity. These consistent outcomes underscore the critical
importance of acquiring paired cultures in clinical practice,
reinforcing the value of this approach in accurately diagnos-
ing bloodstream infections while avoiding unnecessary
interventions such as central line removal.

The presence of an indwelling central venous access poses
an increased risk of infections. The CRBSI rate was 13.33%,
with CONS being the predominant bacterial pathogen

Fig. 6 Clustered column graph depicting the sensitivity pattern of gram negative bacteria.
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isolated, followed by gram-negative organisms, S. aureus and
Candida spp. Our finding was consistent with the studies
done by Demirel et al.14

IFD is an important contributor to morbidity andmortality
in pediatric febrile neutropenia episodes. IFD was considered
in individualsexperiencingprolonged feverbeyond4 to5days,
exhibiting poor response to antibiotics, and concurrent severe
neutropenia. In our study, fungal infectionwas suspected in14
(16.6%) episodes; however, only 3 (3.3%)) were proven.

Viral infections were identified in 16% of microbiological-
ly documented cases, with a consideration of viral etiology
grounded in the local epidemiological patterns of viral
epidemics. Notably, the range of 5 to 25% in viral serology
positivity documented in other studies underscores the
potential influence of diagnostic test availability in different
settings.10,15 The variability observed across studies may be
attributed to the diverse capacities for diagnostic testing in
distinct health care setups.

During the influenza epidemic, of thefive suspected cases
tested by PCR, one was found to be positive. Children were
started on empirical oseltamivir with barrier precautions
and contact prophylaxis.

As our state is an endemic area for dengue virus, high
suspicion for dengue fever was maintained. Dengue fever
was suspected in children who presented with fever and
nonspecific complaints of vomiting, abdomen pain, and
myalgia. We had two confirmed cases of dengue.

The respiratory tract continues to be the most common
site of infection. Chest X-ray imaging was selectively per-
formed in children exhibiting symptoms of respiratory tract
involvement. A study demonstrated low yield of routine
chest X-rays, conducted at the time of admission for febrile
children with chemotherapy-induced neutropenia who
lacked respiratory symptoms.16 Our investigation identified
significant findings in 14.4% of cases. Predominantly, these
findings included peribronchial infiltrates, followed by acute
respiratory distress syndrome (ARDS), lobar consolidation,
bronchiectasis, and hyperinflation. Remarkably, 9 (75%) of
cases with notable chest X-ray findings were associatedwith
MDIs, whereas 3 (25%) cases were clinically documented
infections. This underscores the utility of targeted chest X-
ray imaging in identifying specific respiratory complications
during episodes of febrile neutropenia.

The bacterial spectrum is undergoing a reported shift
from gram-negative organisms to gram-positive organisms,
attributed to factors such as aggressive empirical gram-
negative antibacterial therapy and the use of implantable
devices.10,11 In our study, gram-positive organisms were
more prevalent (61.9%) than gram-negative organisms
(38.1%). Notably, CONS emerged as the predominant isolate
among gram-positive organisms (30.7%), followed by Strep-
tococcus spp. Although CONS is often considered a skin
contaminant, dismissing its growth in children with neutro-
penia would be precarious. Consequently, we opted for
treatment wherever deemed prudent. Consistent with our
findings, studies by Hakim et al,10 Kamana et al,11 and
Soumya and Ajit Kumar8 also highlighted a shifting trend
toward gram-positive sepsis.

Examining our gram-positive profile, we found that 71%
were resistant to penicillin, 50% were resistant to cloxacil-
lin, and 28% were resistant to clindamycin. However, all
isolates demonstrated sensitivity to vancomycin, teicopla-
nin, linezolid, and levofloxacin. Turning attention to gram-
negative organisms, 60% exhibited resistance to third-gen-
eration cephalosporins, 50% to fluoroquinolones, and 33% to
piperacillin-tazobactam and meropenem. The resistance
pattern was notably more extensive and concerning among
gram-negative pathogens, as depicted in graphs 3 and 4.
These findings underscore the urgent need for robust
antibiotic stewardship to mitigate the emergence of MDR
pathogens.

The goal of initial empirical antibiotic therapy is to
prevent serious morbidity and mortality, till the culture
sensitivity is available. Although gram-positive organisms
were common, gram-negative bacteremia were associated
with greater morbidity (16.7 vs. 61.5%) and had a higher
probability of being resistant. In our study, piperacillin-
tazobactam and amikacinwere used as empirical antibiotics,
based on the local epidemiological trend. A systematic
review by Lehrnbecher et al of randomized trials on compar-
ison between monotherapy and aminoglycoside-containing
combination regimens for febrile neutropenia found that the
effects were similar.17 We initiated empirical antifungal
therapy beyond day 4 of febrile neutropenia and did not
notice any higher incidence of IFD than other contemporary
studies.18

In children with acute AFI-NOS, antibiotics were given
until the preliminary cultures were negative and had been
afebrile for 24 hours. In children with clinically documented
bacterial infection, antibiotics were continued until the
bacteria were completely eradicated. Bone marrow recovery
is of paramount importance in eradication of infection.
Several studies have shown that the risk of recurrent fever
is low in patients with definitive marrow recovery.17,19

Prophylactic use of G-CSF has been shown to reduce the
incidence of neutropenic fever in a variety of studies and
meta-analysis reports.20 In our practice, we do not consider
prophylactic G-CSF in hematological malignancies.

In our study, we found poorer outcomes (morbidity and
mortality) among gram-negative septicemia, likely because
of increasing rates of antibiotic resistance. Mortality was
3.33% in our study, whereas other pediatric febrile neutro-
penia studies report mortality rates ranging from 0.5 to
6.6%.10,21

Conclusion

Febrile neutropenia, predominantly encountered in hema-
tological malignancies and during intensive chemotherapy
phases, poses diagnostic challenges often due to a lack of
inflammatory response despite harboring potentially serious
pathogens. Employing paired cultures aids in identifying
true bacteremia. The chemo-port carries prime importance
in the management of high-risk malignancies, and protocol-
based management of CRBSI is necessary as it can limit the
number of chemo-port removals.
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The respiratory tract remains the predominant focus, and
chest X-ray imaging proves highly beneficial when clinical
features suggest respiratory tract infection. Despite the rise
in gram-positive organisms, gram-negative organisms still
account for significant morbidity. Therefore, early initiation
of empirical antibiotics with antipseudomonal and extend-
ed-spectrum beta-lactamases (ESBL) coverage, along with
optimal gram-positive coverage, is crucial. Aggressive evalu-
ation and treatment of suspected fungal infections in chil-
dren are essential. Prolonged neutropenia lasting beyond
96hours, with persistent fever, necessitates empirical anti-
fungal therapy in high-risk individuals. Moreover, if access to
IFD workup is readily available, preemptive antifungal ther-
apy can be considered in low-risk individuals. Additionally,
viral infection workup in relevant clinical settings signifi-
cantly reduces unnecessary antibiotic use. Notably, infec-
tion-related mortality was as low as 3.3% in our study,
underscoring the efficacy of an organized and protocol-
based approach in managing this fatal complication.

Learning Points

• Children undergoing cancer chemotherapy face height-
ened susceptibility to severe infections, which necessitate
prompt treatment to prevent rapid deterioration.

• Crucial aspects of managing febrile neutropenia include
identifying the focus of infection and determining the
causative pathogens.

• Forming amultidisciplinary team comprising oncologists,
infectious disease specialists, and microbiologists is cru-
cial for crafting institutional protocols to manage febrile
neutropenia, customized to local antibiogram data.

• Prompt and aggressive evaluation and treatment of febrile
neutropenia are critical for optimal outcomes in pediatric
cancer patients undergoing chemotherapy
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Introduction

Despite the progress brought about by the latest advances,
head and neck squamous cell carcinoma (HNSCC) has a high
relapse rate. The resultant demand for ongoing treatment has

a huge impact on the health system.1,2 The assessment of
head and neck cancer is done using clinical and radiological
methods. The identification of new biomarkers that can aid
the evaluation of HNSCC is an unmet need, particularly given
that relapses are common and aggressive.

Keywords

► molecular biomarker
► recurrence risk
► resistance
► cell-free DNA
► head and neck

tumors
► liquid biopsy
► mutations

Abstract Introduction Owing to the aggressive biology of head and neck squamous cell
carcinoma (HNSCC), new biomarkers that can facilitate the diagnosis and tracking
of tumour growth are the need of the hour. Liquid biopsy has emerged as an easier tool
than tissue biopsy tomonitor the emergence of treatment resistance or the recurrence
of disease at the molecular level.
Objectives Toassess the roleofcell-freeDNA (cfDNA) as abiomarker for relapsedHNSCC.
Materials andMethods This study is a Phase 2 interventional study (NCT: CTRI/2020/
02/023378) that assessed the response rates of a new triplet drug regimen in refractory
or relapsed HNSCC. Thirty-five patients underwent blood sampling before the com-
mencement of therapy and at 3 months of treatment. Isolation of cfDNA was done
using magnetic beads (molecular weight near 170 kb) for quantification.
Results Twenty-eight patients had comparable data at baseline and after 3 months
oftreatment. The mean cfDNA reading at baseline was 8.9 ng/μL (range: 2.6 -7.3 ng/μL)
of blood. The cfDNA concordance with clinical and radiological outcomes was 54.2%.
The patients who responded to therapy were compared over time with patients who
did not respond. Repeated measures testing found a significant difference (p 1?4
0.0035) in changes to the cfDNA levels of these two groups.
Conclusion This study posits the potential value of liquid biopsy in the treatment
ofrecurrent HNSCC. Our findings prove the clinical relevance as well as limitations
ofcfDNA, which warrant extrapolation in an upfront setting too.
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Liquid biopsy has expanded the range of biomarkers that
can be used to analyze disease status.3,4 Circulating tumor
DNA (ctDNA) (derived from cancer cells) has been identified
as a subset of the total circulating cell-free DNA (cfDNA) in
the bloodstream. While total cfDNA is formed under several
conditions, ranging from infection to trauma, ctDNA is
believed to be shed by tumor cells that are undergoing
apoptosis or necrosis.5,6 Recently, cfDNA and ctDNA have
been gaining popularity as novel blood biomarkers because
their quantification, kinetic analysis, andmolecular profiling
have been found to have predictive and prognostic
importance.7

The advent of liquid biopsy, a multimodal diagnostic
tool, has drastically altered existing perspectives on the
management of HNSCC.8 Nevertheless, prospective studies
identifying the role of liquid biopsy in HNSCC are limited.
Saliva, tumor tissue, and plasma have been utilized for this
purpose.9 Blood (plasma) is a preferable option for quanti-
fying cfDNA because it contains a higher concentration of
ctDNA, is more stable, and is less prone to contamination,
unlike saliva. It is simpler to collect and provides a more
accurate snapshot of ctDNA than tumor tissue, which
involves more invasive collection procedures. In this study,
we envisaged utilizing cfDNA as a biomarker using plasma
to identify responders or nonresponders and determined
the existence of a correlation with survival outcomes in
recurrent/metastatic HNSCC.

Materials and Methods

Study Design
Our study was a Phase II interventional study (NCT: CTRI/
2020/02/023378) that evaluated the response rates of a new
triplet regimen in relapsed/refractory head and neck cancer.
This single-arm study was conducted at our head and neck
cancer clinic at the All India Institute of Medical Sciences in
New Delhi, after institutional ethical committee approval
and Clinical Trials Registry—India registration were
granted. Participating patients underwent palliative che-
motherapy (every 28 days) as the intervention—EMF regi-
men: tablet erlotinib 150mg OD, and injection
methotrexate 40mg/m2 and injection 5-fluorouracil 500
mg/m2 given intravenously on days 1 and 8 of every 28-day
cycle. The primary objective was to assess the response
rates of the triplet regimen (EMF). The sample size was
calculated as per Simon’s two-step design for a Phase II
study. Assessments were done at 3-month intervals, using
contrast-enhanced computed tomography via Response
Evaluation Criteria in Solid Tumors 1.1 criteria. The
primary outcome was to assess the objective response
rate with the EMF regimen and has been described earlier
in the study by Baa et al.10 The secondary outcomes of the
study were to assess the utility of cfDNA and circulating
tumor cells (CTCs) as biomarkers, and correlation with
survival outcomes in HNSCC was evaluated as an explor-
atory analysis. Our data on CTCs in relapsed/metastatic
HNSCC has already been reported.11 Herein, we elaborate

the role of cfDNA as a predictive biomarker as a secondary
focus of our research.

Inclusion criteria were as follows:

1. Histopathological diagnosis of squamous cell carcinoma
of head and neck region.

2. Age>18 and � 70 years.
3. Eastern Cooperative Oncology Group performance status

0 to 2.
4. Recurrence of disease within 6 months after definitive or

on palliative therapy.
5. Previous exposure to platinum agents either as chemo-

therapy or part of concurrent chemoradiotherapy.
6. Recurrence after treatment with PDL1 inhibitors.
7. Adequate organ function including absolute neutrophil

count >1,000/mm3, platelets >100,000/mm3; normal
liver function test (serum bilirubin<2mg/dL, aspartate
transaminase <3X upper limit of normal [ULN], alanine
transaminase <3X ULN, alkaline phosphatase<3X ULN);
and renal function tests (glomerular filtration rate
>50mL/min).

8. Financial constraints for cetuximab, nivolumab, and
pembrolizumab.

9. Measurable disease.

Exclusion criteria were as follows:

1. Uncontrolled severe comorbidities.
2. HIV positivity, HBsAg, or HCV-related hepatitis.
3. Nasopharyngeal carcinoma/sinonasal carcinoma.

Quantification of Cell-Free DNA
Venous blood samples (2–3mL volume) were drawn under
aseptic precautions in a BD vacutainer (K2 EDTA 10.8mg) for
the extraction of plasma. Serial plasma was collected before
the initiation of therapy and again at 3 months. The sample
collected was allowed to stand for 30minutes, followed by
centrifugation at 2,000 rpm for 10minutes. Next, 1mL of
plasmawas extracted and stored at�80°C.We usedMaxwell
kit and Promega Maxwell station to quantify cfDNA levels.
The isolation of cfDNA was done using magnetic beads. The
prefilled cartridges and absence of preprocessing steps help
purify high-quality cfDNA in a simple three-step protocol.
The use of a magnetic particle mover, as opposed to a liquid
handler, offers advantages over other automated systems.
The risk of cross-contamination was minimal because no
liquid handling or splashing occurred during sample proc-
essing. The levels of cfDNA were directly measured on a
nanodrop reader. The representative gel after the isolation of
cfDNA using a magnetic bead yielded a molecular weight
near 170 kb (►Fig. 1).

Statistical Analysis
The software package IBM SPSS v.26 was used for data
analysis. Details of the baseline characteristicswere reported
earlier.10,11 The survival outcomes were assessed by Kaplan–
Meier curves, and a repeated measures test was used to
evaluate the difference in responses over time. The tools used
in this study are similar to the tools we incorporated when
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we reported our overall response rates and the role of CTCs as
biomarkers in relapsed/metastatic HNSCC.10,11

Ethical Approval
The study was conducted after approval was granted by the
Institute Ethics Committee for Postgraduate Research, All
India Institute ofMedical Sciences, NewDelhi (ref. no. IECPG-
IECPG-755/30.01.2020,OT-18/23.09.2020). All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
research committee and with the 1964 Declaration of Hel-
sinki and its later amendments or comparable ethical
standards.

Results

Analysis of cfDNA
The mean reading at baseline was 8.9�3.9 ng/µL for our
entire cohort of 35 patients. Comparable data at two time
points (0 and 3 months) were available only for 29 patients.
The concordance and discordance rates with responses were
54.2 and 25.7, respectively, while these rates were not
evaluable for 17.1% of the patients (►Table 1). The details
of the responses (partial response/stable disease/progressive
disease) achieved for each patient are presented in►Fig. 2. A
statistically significant difference (p¼0.035) in cfDNA levels
with time was seen in responders and nonresponders when
repeated measures time test was done. This finding corre-
sponds with what our data described for CTCs as a marker.11

The mean cfDNA readings declined for responders after
3months of therapy (9.8�4.5 ng/µL to 6.6�3.1 ng/µL), while
the nonresponders displayed an increase in their levels
(7.4�1.69 ng/µL to 8.5�2.1 ng/µL) (►Fig. 3, ►Table 2).

Survival analysis progression-free survival (PFS) and over-
all survival (OS) with baseline cfDNA levels (> 9 and<9)
were estimated (►Figs. 4 and 5; ►Table 2). The median PFS
was 6months (95% confidence interval [CI]: 5.2–6.7) and the
median OSwas 7months (95% CI: 5.6–8.9) in the cohort with

Table 1 The concordance/discordance in cfDNA levels in
response to palliative chemotherapy

Response: partial response/stable disease
No response: progressive disease

Parameter N (%)

Concordance 19 (54.2)

Discordance 9 (25.7)

Not evaluable 6 (17.1)

Abbreviation: cfDNA, cell-free DNA.

Fig. 1 Representation of gel electrophoresis of cfDNA. Arrow indi-
cating cfDNAwith a molecular weight of 170 kb. cfDNA, cell-free DNA.

Fig. 2 Bar graph showing cfDNA levels at 0 (gray) and 3 (green) months. The response for each patient is labeled (PR/SD/PD); red arrows indicate
discordance. cfDNA, cell-free DNA; PD, progressive disease; PR, partial response; SD, stable disease.
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baseline cfDNA>9,while it was 5months (95% CI: 2.7–7) and
9 months (95% CI: 7.6–10.3), respectively, in the cohort with
baseline cfDNA levels<9 (►Table 2).

The patients presented with a high volume of disease,
characterized by swelling and ulceration (79%), followed by
significant lymphnode enlargement (17%). The differences in
baseline cfDNA levels based on the site of origin were
compared. The mean reading was higher for the tumors
arising from the oral cavity (buccal mucosa predominantly)
amounting to 9.39�4.87 ng/µL (►Fig. 6,►Table 3). Also, the
exposure to radiotherapy as part of the concurrent chemo-
radiotherapy protocol was associated with lower cfDNA
levels (7.59�2.84 ng/µL) when compared with those who
did not (11.61�5.1 ng/µL) (►Table 4).

Discussion

Precision medicine has revolutionized the management of
oncology. Liquid biopsy based on cfDNA analysis is one
promising tool that is being explored in the treatment of
many solid tumors.3 Surani and Poterlowicz described the
release of cfDNA in the system. Contributing factors are
physiological mechanisms, such as apoptosis, necrosis, ac-
tive secretion, and other events induced by microenviron-
mental stress and treatment pressure.12 cfDNA is a
combination of noncancer cell DNA from normal cells and
ctDNA from cancer cells. The median cfDNA levels are higher
in patients with malignancies than in healthy individuals.3

The mean cfDNA quantified in our cohort using the
Maxwell kit (with magnetic beads) at baseline was
8.9�3.9 ng/µL. Lin et al (2018) studied cfDNA levels using
quantitative spectrometry in 121 patients with HNSCC. The
average size reported in their study was �150 to 200bp.13

However, our study demonstrated higher cfDNA levels,
probably because of the heavy burden of disease, extensive
locoregional involvement, and participating patients being
in a relapsed metastatic setting. Verma et al also reported
high cfDNA levels in HNSCC patients undergoing

Fig. 3 Repeated measures test showing difference in cfDNA levels
with time in the patients who had a response (red) versus no response
(blue). The difference was statistically significant (p¼ 0.035). cfDNA,
cell-free DNA; CI, confidence interval.

Table 2 PFS and OS correlation with baseline cfDNA

cfDNA at baseline Median PFS, mo (range) Median OS, mo (range)

>9 6 (5.2–6.7) p¼0.61 7 (5.6–8.9) p¼ 0.98

<9 5 (2.9–7) 9 (7.6–10.3)

Abbreviations: cfDNA, cell-free DNA; OS, overall survival; PFS, progression-free survival.

Fig. 4 Survival outcome—progression-free survival (PFS) with base-
line median cell-free DNA.

Fig. 5 Survival outcome—overall survival (OS) with baseline median
cell-free DNA.

Table 3 Differences in baseline cfDNA levels based on the site

Location Mean� SD (ng/µL)

Oral cavity 9.39� 4.87

Oropharynx 7.75� 1.89

Others (hypopharynx/larynx) 8.53� 3.7

Abbreviations: cfDNA, cell-free DNA; SD, standard deviation.
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chemoradiation, which correlated with a higher nodal bur-
den.14 This study compared the cfDNA level of patients with
controls, which was lacking in our study. Verma et al used a
β-globin assay to quantify the levels, while our estimation
was done directly via the nanodrop technique. Another study
prospectively analyzed plasma cfDNA as an early biomarker
in patients undergoing radiotherapy, which showed that
posttreatment higher levels were associated with early
relapses.15 However, we attempted the estimation prospec-
tively, in a palliative setting where patients had platinum--
resistant/refractory disease and the differences in cfDNA
levels based on exposure to radiotherapy were revealed.
The patients unexposed to radiation had a higher baseline
cfDNA level compared with those receiving radiation as a
part of definitive or palliative chemoradiotherapy.

Another study, by Mazurek et al, used TaqMan-based TERT
amplification to quantify the cfDNA levels of 200 HNSCC
patients.16 The anatomical site (oropharyngeal vs. others)
and lymphnodal burden (N2–N3vs.N0–N1)were significantly
associated with higher cfDNA levels (p¼0.011).16 Our study
supports this finding, as the mean baseline values are on the
higher side. Also, the levelsweremoreelevated inpatientswith
tumors arising in the oral cavity, especially buccalmucosa. This
concurs with the results seen in the study by Brandt et al.9

The concordance and discordance rates with clinical and
imaging-based responses were 55.8 and 26.4%, respectively,
while they could not be assessed for 14.7% of the patients.
Using the repeated measures test, a statistically significant

difference (p¼0.035) in cfDNA levels was found with time
between responders (decline in mean baseline cfDNA levels
from 9.8�4.5 to 6.6�3.1 at 3 months) and nonresponders
(rise in mean baseline cfDNA levels from 7.4�1.69 to
8.5�2.1 at 3 months) (►Fig. 3, ►Table 2).

Limitations of the Study

In this study, we have attempted to see the differences in the
cfDNA levels of responders and nonresponders. This focuswas
lacking inpreviousstudies.Ashasbeen reported,highercfDNA
levels are associated with a poor prognosis.13,14,16 However,
we did not observe any significant differences in the PFS and
the OS based on a comparison of baseline cfDNA levels (> 9
or<9). The reason may be that the crude method of cfDNA
estimation leads to discordant results. The small sample size
might also be a factor. Utilizing the housekeeping genes for
quantificationwould addmore robustdata. Another point that
must be considered is that raised cfDNA levels are also
observed in infective and inflammatory conditions.13,14,16–18

Therefore, the presence of comorbidities must be taken into
account when interpreting the quantification of total cfDNA.
Hence, the positive predictive value of cfDNA is limited by the
confounding factors of poor oral hygiene, and infection that
were commonly observed in our HNSCC patients.

Furthermore, as this was a single-arm study with fewer
patients and no controls, there were limited data to analyze
and compare. It was an exploratory analysis, as a part of our
translational effort in HNSCC, and was not powered enough
to establish definite conclusions and correlations. Currently,
liquid biopsy is a difficult technique to access for themajority
of our population. The financial constraints also pose a
challenge to adequately explore this new tool.

Conclusion

This study explores cfDNA as a predictive biomarker in the
treatment of HNSCC. The heavy burden on health systems of

Table 4 Differences inbaseline cfDNA levels basedonexposure to
radiation

Radiation (CTRT) Mean� SD (ng/µL)

Yes 7.59� 2.84

No 11.61� 5.1

Abbreviations: cfDNA, cell-free DNA; CTRT, combined chemoradio-
therapy; SD, standard deviation.

Fig. 6 Figure showing common sites involved.

Indian Journal of Medical and Paediatric Oncology Vol. 46 No. 1/2025 © 2024. The Author(s).

Role of Cell-Free DNA in Relapsed Head and Neck Cancer Baa et al. 91



recurrent/metastatic HNSCC, with its aggressive biology and
poor response rates, makes its management challenging. The
identification of new biomarkers is therefore an urgent need.
Our findings could be extrapolated to upfront settings to
predict treatment response and detect early relapses. The
incorporation of biomarkers such as cfDNA could provide
invaluable support to the existing tools used in the treatment
of such complicated diseases with high recurrence rates.
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Case Summary

A 46-year-old woman presented to the surgical outpatient
department with a 10-year history of scalp swelling in the
occipital region. The swelling was initially small in size,
which gradually increased to attain the size of a pebble
(►Fig. 1). There was no history of trauma preceding the
onset of swelling. The patient did not complain of any pain,
itching, or discoloration. On examination, the skin overly-
ing the swelling was normal. The swelling was freely
mobile in all directions and was not adherent to overlying
skin or underlying structures. The consistency was soft to
firm on palpation. The patient underwent surgical exci-
sion, and the specimen was sent for histopathological
examination.

Differential Diagnosis

The differential diagnoses considered on clinical examination
in this casewere lipoma, epidermoid cyst, and sebaceous cyst.

Histopathological Workup

Gross Examination
A partially skin-covered globular tissue mass measuring
2.0�1.4�0.8 cm was observed. It had a well-demarcated
solid cystic swelling with a glossy white cyst wall (►Fig. 2).
The cut surface showed a firmwhitish ovoid area measuring
1�0.6�0.6 cm with other cystic area filled with yellowish
material (►Fig. 3).

Microscopy
The cyst wall was lined by a keratinized stratified squa-
mous epithelium with the absence of a granular cell layer.
Variable sized lobules of squamous epithelium were noted

Fig. 1 Swelling in occipital region of the scalp. The overlying skin
appears normal.
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undergoing abrupt change into eosinophilic amorphous
keratin. The proliferating epithelium showed pushing
borders. The cyst cavity contained abundant keratin,
cholesterol clefts, and areas of calcification. No granuloma
or giant cells were present. No dysplasia existed (►Figs.

4–7).

Diagnosis and Discussion

The low-power histomorphology of the lesion may mimic
the appearance of a squamous cell carcinoma. However, the
important differentiating points that need to be considered
here are pilar-type keratinization, absence of a granular
layer, presence of a well-defined capsule, and the presence
of the proliferating part only within the capsule, which
support the diagnosis of a proliferating pilar tumor.

This tumor was first described by E.W. Jones who
referred to it as a proliferating epidermoid cyst, which

Fig. 2 Excision biopsy of the scalp lesion. The outer surface is glossy
white in appearance.

Fig. 3 The cut surface of the solid cystic lesion, which showed a firm
whitish ovoid solid area with other cystic area filled with yellowish
material.

Fig. 4 Cystic cavity lined by keratinized stratified squamous epithe-
lium with the absence of the granular layer. Cholesterol clefts are also
evident (hematoxylin and eosin, �40).

Fig. 5 Similar findings as in Fig. 4 but at a higher magnification. The
keratin-filled cavity is better appreciable at this magnification (he-
matoxylin and eosin, �100).

Fig. 6 Variable sized lobules of squamous epithelium undergoing
abrupt change into eosinophilic amorphous keratin. The proliferating
epithelium shows pushing borders. The lesion is considered amimic of
squamous cell carcinoma (hematoxylin and eosin, �40).
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has also been called a proliferating pilar tumor.1 Other
terms that are used for the condition include proliferating
trichilemmal cyst, proliferating trichilemmal tumor,
and pilar tumor of the scalp.2 Although this has been
considered a benign mimic of squamous cell carcinoma,
there are few reports describing the malignant behavior of
these tumors.3,4 Most cases are noted in women in
the 43- to 66-year age range, with the most common
location being the scalp.5 The incendiary appearance of
this lesion may create a diagnostic dilemma, but a thor-
ough microscopic examination would lead to a definite
diagnosis.
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Introduction

In health care research, the importance of interdisciplinary
collaboration between psychologists, technologists, and health
care professionals cannot be overstated.1 Interdisciplinary re-
search holds transformative potential to facilitate a holistic
understanding of the factors that enable the implementation
of targeted interventions to mitigate risks and enhance patient
outcomes.2–4 It is a vital conduit for enriching research out-
comes, by integrating psychological insights as a leverage to
drivetechnological developments.5To improveourunderstand-
ingof theclinical relevanceof thesample, itwasnecessary for us
to comprehend the nuances of both disciplines.

Navigating the landscape of hospital-based field research
can pose an array of challenges ranging from issues with data
collection procedures to cooperation from health care profes-
sionalsor suspending theunderlying senseof suspicionrelated
to research.6–8 These challenges can arise due to various
factors, such as busy schedules, competing priorities, and
institutional bureaucracy.9 Obtaining necessary approvals
and permissions can be an exhausting process given the
multiple layers of review and coordination with hospital
administrators and ethics committees.10 More importantly,
engagingwithhealthcareprofessionals canbechallengingdue
to skepticism and perceived intrusion into clinical activities.11

Demanding schedules and diverse commitments affect the
availability and participation of health care professionals in
researchactivities.12 It is crucial to recognize andacknowledge
that this can impede the data collection process.

Drawing from personal experiences as field researchers,
theseobstacles underscore thenecessity for garnering support
for research initiatives.9 In such endeavors, the acquisition of
certain skills over time becomes imperative, namely effective
communication, adaptability, and technical proficiency.13 For

instance, when engaging with doctors, their primary focus
often revolved around understanding the technical aspects
andmechanisms behind the newdevice or interventionunder
investigation. Conversely, when communicating with nurses,
they were particularly interested in how the new device or
intervention could improve efficiency, and enhance patient
outcomes in day-to-day routines. Additionally, they also
highlighted that patient-related factors, such as comorbidities,
demographics, and clinical history, were considered in the
research design and implementation.2

For successful fieldwork, fostering rapport is a linchpin,
especially when collaborating with nurseswho play a pivotal
role in the health care ecosystem.14 Despite facing initial
skepticism, nurses became staunch allies, providing invalu-
able support and guidance throughout the research pro-
cess.15 They played a pivotal role in making the whole
process of interviewing patients less intimidating for the
patients and those collecting data from them, thereby en-
abling a smoother research process.16 Their intimate famil-
iarity with the daily realities of clinical practice, nuanced
understanding of patient needs and experiences, and hands-
on engagement with health care technologies render them
invaluable collaborators in the research process.17

Operating within multidisciplinary teams demands
adeptness in approaching several different individuals for
the successful accomplishment of research tasks.18 Tailoring
communication strategies to effectively engage with diverse
stakeholders and address their specific interests and con-
cerns also becomes important.1 It becomes crucial to adapt
language to suit the needs of the context, such as using
technical terms that focus on usability for tech teams and
emphasizing practical implications for clinicians.19 As we
moved further ahead in research by introducing the devel-
oped instrument into the field, there was a constant need for
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change in language and narrative with each stratum of the
population, for example, there was a considerable difference
in what constituted an idea of convenience, reliability, de-
pendability, and other related metrics to the personnel
developing the instrument from that of the health care
professionals who were to utilize this architecture in the
field practically.20 Therefore, it has become of great impor-
tance to map the changes of the instrument moving from an
experimental laboratory to a clinical one.13 Conversely,
challenges with patients and their caregivers can be based
on contextual comprehension, where we had to explain the
need and uses of the instrument.21 Given the diverse patient
sample across critical care, pediatric, and geriatric popula-
tions, technological integration, advocacy, and understand-
ing confidentiality were a few challenging areas.22 It was
important to have patience while empathizing with their
circumstances and requirements. A large number of people
expressed their emotions existentially, downplaying their
challenges in light of the more severe illness they were
facing. As psychologists, we bridge this gap, conveying the
needs of both groups to optimize patient outcomes.23

In our personal experience, data collection in a clinical
environment differs significantly from other settings due to
the constant prioritization of emergencies and critical
situations.24 Quoting back on the issue of scheduling inter-
views with health care professionals, it is only appropriate
that patient well-being is given precedence over other activ-
ities in a hospital setting.21 On the other hand, this also
implies that we as a research team are provided with
minimal time and resources to investigate the problem
under study. Working in a field also entails that one repeats
their observations over time—notice patterns, associate and
un-associate cause and effects, and observe the behavior of
the people involved in the study. Over time, we realize that
there is often more to observe than one would imagine
otherwise.25 It is through these consistent and continuous
observations that one can understand and analyze the var-
iables under study, thereby necessitating the need for psy-
chologists as the bridge between laboratory and field.26

Navigating through the complexities of hospital settings
and collaborating with a diverse range of healthcare profes-
sionals also helped foster skills of adaptability and teamwork.
It also instilled an understanding of professional conduct and
cultivated a stronger sense of work ethic, which applies to
every other workplace.14 Additionally, this experience honed
our skills in working with vulnerable populations and what
precautions one must be mindful of taking with such groups.

This article highlights the critical importance incorporat-
ing psychological perspectives into biomedical research and
its role in advancing the shared goal of enhancing patient
care within both biomedical and psychological disciplines. It
also focuses on the ground-level experiences of conducting
research in hospital environments, which present unique
challenges, such as difficulties in data collection and skepti-
cism from health care professionals for which researchers
must employ strong communication skills and adaptability
to address the diverse needs of different stakeholders. By
leveraging personal experiences, this study explores how

psychologists function as a conduit between laboratory
research and clinical practice. Their expertise in behavioral
analysis and patient interaction is instrumental in making
research findings more applicable and impactful in health
care settings highlighting how the contributions are crucial
for translating research into practical, patient-centered
interventions. The overarching objective of this perspective
study is to highlight the role of psychologists in bridging the
divide between laboratory-based research and real-world
clinical practice and shed light on the challenges inherent in
conducting such interdisciplinary research.
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Introduction

Xeroderma pigmentosum (XP) is a rare autosomal recessive
genetic condition characterized by photosensitivity, ocular
involvement, and neurological involvement.1 The failure of
DNA repair via the nucleotide excision repair pathway is the
source of these symptoms, which are induced by cellular
hypersensitivity to ultraviolet (UV) radiations.2 Patients
with XP have a 1,000-fold greater risk of cutaneous cancers
such as basal cell carcinoma (BCC), squamous cell carcinoma,
and malignant melanoma in sun-exposed areas.3

As previously stated, the prevalence of XP is quite high in
Japan (1: 40 000),4 although it is relatively low in the United
States (1:250,000).5 This genetic disorder has been docu-
mented across the border areas of Pakistan, Afghanistan, and
Northern India.6 According to a literature search, incidences
of XP were documented in Larkana, Sibbi, Karachi, Lahore,
and District Dir in Pakistan from 1993 to 2016.7,8 To discover
any common loss of heterozygosity in affected people,
single-nucleotide polymorphism genotyping was done
with Sanger sequencing on seven consanguineous families

with XP in the Baluchistan region.9More XP cases have lately
been reported in Pakistan’s Baluchistan Province in 2021.10

Here, we present our 5-year experience with XP patients
residing in this tropical region. We are reporting the clinical
data on XP patients from Sindh province, which has hot
humid weather with abundant sunlight for 8 of 12 months
during the year. This study aims to evaluate 09XP patients for
the development of skin tumors, with their distinct clinical
and histopathological features (►Table 1). The study was
approved by the institutional ethical committee and con-
ducted following the Declaration of Helsinki.

Methodology

Case Series

Case 1
A 5-year-old boy was a known case of XP, freckles, and
pigmentary skin changes that occurred gradually at the age
of approximately 2 months. His parents noticed an eruption
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► basal cell carcinoma
► squamous cell

carcinoma
► xeroderma
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► skin cancers

Abstract Xeroderma pigmentosum (XP) is a rare autosomal recessive genetic disease. This disease
predisposes patients to early-onset skin cancers, like squamous cell carcinoma and basal cell
carcinoma. This was a 5-year experience. Here, we report nine pediatric cases of XP in which
two patients had basal cell carcinoma and six patients had squamous cell carcinoma. We
have also reported one case in which both skin malignancies were present. The subjects
included seven boys and two girls, while seven subjects were from consanguineous
marriages, and the average age was 9.4 years. All the patients had ulcerative budding
tumor lesions on the face (eye, nose, chin, cheek, and forehead) and scalp. Squamous cell
carcinoma is a common cutaneous malignancy related to XP in our study. Prevention is
based on the early diagnosis of XP, skin photo-protection, screening and early treatment of
lesions, and genetic counseling.
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on his forehead; they went to a local hospital where a biopsy
showed squamous cell carcinoma. Theboyunderwent a scalp
lesion excisional biopsy, the ulcerated lesion measured
2.5 cm. The histopathological findings indicated squamous
cell carcinoma, tumor cell exhibited infiltrationwithmarked
dissociation, and features were consistent with squamous
cell carcinoma, acantholytic type (►Fig. 1A).

Case 2
A 6-year-old boy, the first offspring of consanguineous
marriage, and a resident of Naushahro Ferozebad, had skin
pigmentation at the age of 6 months. His three relatives also
have the same skin condition. They visited the local hospital
where the patient was diagnosed with XP. He had multiple
skin nodules for 2 years, a biopsy of the skin nodulewas done
in 2016 showing squamous cell carcinoma, and the boy had
one lesion operated on 9 months back. They came to our
hospital in 2017with an exuberant tumor at the lower eyelid
conjunctiva; excisional biopsy was done that showed squa-
mous cell carcinoma (►Fig. 1B).

The patient was lost to follow-up, then again came in 2018
with three suspicious hypergranulating lesions on the scalp.
The histopathological findings were consistent with moder-
ately differentiated keratinizing squamous cell carcinoma.
Wide-margin excision of the scalp was done; the lesion was
completely excised. The immunohistochemical marker CK⅚

was positive in neoplastic cells.

Case 3
A 14-year-old male child, the first offspring of a consanguin-
eousmarriage, and a resident of Karachi, was a known case of
XP. He developed swelling in the right eye 1 year back that
gradually increased in size and become ulcerated for
3 months. The right orbital mass biopsy was done that
showed infiltrating neoplasm, and extensive surface ulcera-
tion was present with dense acute and chronic inflamma-
tion. The findings were consistent with moderately
differentiated keratinizing squamous cell carcinoma. His
surgery was done at another medical facility.

Case 4
An 11-year-old male child, a product of nonconsanguineous
marriage and resident of Karachi, was diagnosed to have XP;
he had multiple growths on his lip, eyelids, face, nasolabial,
and shoulder at different times since 2015, and all of them
were resected. He had a complaint of swelling in the eye for
2 months. Magnetic resonance imaging (MRI) orbit shows a
subcutaneous soft tissue lesion in the right eyelid. A com-
puted tomography (CT) scan showed a redemonstration of a
large mass lesion (3.4 cm) in the right orbital cavity with
significant involvement and distortion of the right globewith
possible involvement of the lacrimal gland. Multiple small
subcentimeter-sized bilateral levels I, II, and III cervical
lymph nodes are noted as detailed was seen. A biopsy of
the orbital mass was done and showed well-differentiated

Fig. 1 (A) Acantholytic type squamous cell carcinoma. (B) Squamous cell carcinoma. (C) Basal cell carcinoma. (D) Squamous cell carcinoma and
basal cell carcinoma.
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squamous cell carcinoma; disease was in poor prognosis and
patient was referred to dermatologist and plastic surgeons.

Case 5
A 10-year-old female child, the first offspring of a consan-
guineous marriage, and a resident of Mirpur Mathelo, Sindh,
presented with a history of dry scaly skin since the age of
2months, and swelling inside the right eye for 1 year. His one
brother and one sister have the same skin condition. The first
biopsy of the right eye conjunctival was done in March 2020
at a local hospital and reported moderate dysplasia with foci
suspicion of invasion. They diagnosed her with XP with the
suspicion of squamous cell carcinoma. She came to us in
November 2020 where a biopsy of her right eye conjunctival
lesionwas performed, and it revealed that conjunctival tissue
was lined by stratified squamous epithelium, and infiltration
of neoplasmwas seen in the deeper stroma. Adjacent stroma
had dense acute and chronic inflammation with dilated and
congested blood vessels. Immunohistochemical stain Ki-67
highlighted the increased proliferation in neoplastic cells.
She just came to us for a workup.

Case 6
A9-year-oldmale patient, resident of Larkana and the product
of a consanguineous marriage, was a known case of XP.
Physical examination of the face, eyes, lips, and neck demon-
strated hypopigmented and hyperpigmented macules, dry
skin, a blister on the face, and extreme sensitivity to sunlight.
His one brother died of a similar skin condition. According to
their parents, he developed swelling on the forehead 1 month
back; they went to the local hospital where he was given
multiple antibiotics but the swelling did not resolve. They
came to our hospital, andmultiple lesionswere observed from
the right side, left sideof the forehead, and left eye lateral to the
lateral canthus. The biopsy from the left forehead pigment
lesion showed BCC (►Fig. 1C). The biopsy from the lateral to
left eyebrow and lateral canthus showed a small fragment of
skin tissuewith extensive ulceration,marked cauteryartifacts,
and focal dysplastic squamous epithelium.

Case 7
A 13-year-old boy, a resident of Larkana and the product of a
consanguineous marriage, was a known case of XP. He came

Table 1 Cases summary

Age/Sex Consanguineous
marriage

Family
history

Manifestation Histopathological
findings

Treatment

Case 1 5 y/M – – Eruption on his forehead Squamous cell
carcinoma, acantholytic
type

Underwent a scalp lesion
excisional biopsy

Case 2 6 y/M Yes Yes Multiple skin nodules for
2 years

Keratinizing squamous
cell carcinoma

Wide-margin excision of
the scalp was done; the
lesion was completely
excised

Case 3 14 y/M Yes – Swelling in the right eye
that gradually increased
in size and becomes
ulcerated for 3 months

Keratinizing squamous
cell carcinoma

His surgery was done at
another medical facility

Case 4 11 y/M No – Swelling in the eye for
2 months; a biopsy of
the orbital mass was
done

Squamous cell
carcinoma

Patient has locally extensive
disease with
lymphadenopathy referred
for excision

Case 5 10 y/F Yes Yes Swelling inside the right
eye for 1 year; eye
conjunctival lesion was
done

Squamous cell
carcinoma

She just came to us for a
workup

Case 6 9 y/M Yes Yes Multiple lesions were
observed from the right
side, left side of the
forehead, and left eye
lateral to the lateral
canthus

Basal cell carcinoma Biopsy from the left
forehead pigment lesion
was done

Case 7 13 y/M Yes Yes Multiple ulcerating
lesions on his face

Basal cell carcinoma Wide margin excision was
done for a mass protruding
from the nostril

Case 8 10 y/M Yes – Fleshy outgrowth in the
left eye for 1 month

Squamous cell
carcinoma

Incisional biopsy of left
conjunctival mass

Case 9 7 y/F Yes – Red raised eroded nasal
lesions for the past
5 years progressively

Squamous cell
carcinomaþbasal cell
carcinoma

Wide-margin excision was
done
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with the complaint of pigmented lesions all over the body at
4months of age and ulceration on the nose for the last 1 year.
His one sibling died at the age of 9 from skin cancer. The
patient was under treatment at a local hospital sincebirth for
different multiple ulcerating lesions on his face that were
then grafted with the skin of his arm and leg as well. He had
been operated on for a mass protruding from the nostril
which was diagnosed as BCC.

The patient was referred to us for a similar lesion of the
face because of nonaffordability. On examination, the patient
was vitally stable and had eroding lesions at the tip of the
nose. Wide margin excision was done for 1.5 cm lesion at the
tip of the nose and full-thickness skin involvement. Dermal
upper lip of 1.2 cm was involved. Nose and lip lesions were
excised; both lesions showed BCC. The patient was on follow-
up and stable.

Case 8
A 10-year-old male child, resident of New Dero (Larkana) and
the product of a consanguineous marriage, referred to our
hospitalwith a known case of XP. He camewith the complaint
of fleshy outgrowth in the left eye for 1month.MRI neck plain
and contrastwere done that showed thickening of the anterior
aspect of the left globe notedwith abnormal signals 2.7 cm on
axial sections. Incisional biopsy of left conjunctival mass
(13.1.2022) revealed poorly differentiated squamous cell car-
cinoma. Immunohistochemical markers were performed
where CK5/6, p63, and p40 were positive in neoplastic cells.

Again biopsy was done in march 2022 of left orbital
exenteration; the tumor was seen in the conjunctiva that
extends to the sclera, and thefinding was consistent with the
poorly differentiated squamous cell carcinoma. Immunohis-
tochemicalmarkerswere performed showing that CK5/6 and
p40 were positive in neoplastic cells, while HMB-45 was
negative in neoplastic cells. The patient was in regular
follow-up with the dermatological team.

Case 9
A 7-year-old female, resident of Jamshoro, the product of
consanguineousmarriage, and a known case of XP, presented
with a complaint of red raised eroded nasal lesions for the
past 5 years which was progressively increasing. The radio-
logical test was performed: A brain CT showed mucosal
thickening at the left maxilla. A CT of the neck showed ill-
defined subcutaneous soft tissue thickening at the left cheek
and subcentimeter cervical lymph nodes were also seen.
Wide-margin excision was done on the right cheek lesion,
chin skin lesion, left eyebrow lesion, and left cheek lesion.
Multifocal BCC and squamous cell carcinomawere diagnosed
simultaneouslyon the right cheek lesion and chin skin lesion.
Widemargin excision on left eyebrow lesion showed nodular
BCC (►Fig. 1D).

Discussion

XP is an uncommon hereditary condition characterized by
high photosensitivity, which produces skin pigmentation

with an increased risk of developing skin cancer.11 Due to
consanguineous marriages, XP is significantly more fre-
quent in the Middle East.12 Consanguinity was discovered
in seven of our cases, which is consistent with examples
described in West Africa.1 The cutaneous malignancies
appeared at an average age of 9 years in our study, which
was in concordance with Kraemer et al, who reported an
average age of 8 years.12

Here, we reported nine cases of xeroderma pigmentosa, in
which three cases showed the severe photophobia as two
cases showed keratinizing squamous cell carcinoma and one
case repesented with extreme photosensitivity, with no
significant neurological abnormalities. The diagnosis was
done on the clinical and histopathological findings, while
in some cases immunophenotyping was also done. The
difficulty of diagnosis occurred in some cases. For example,
smaller biopsy with limited excision was done in cautery
artifact lesions close to the eye area.

In XP, the development of malignant skin tumors is a
leading cause of morbidity and mortality.13 A survey of the
literature found that there is no uniform distribution rate of
malignant tumors among XP patients.14–16 Even though BCC
is more prevalent in certain prior studies,17,18 we have only
reported two cases of BCC. A study by Baykal et al reported
six cases of BCC.11 While the most common malignant skin
tumor was reported to be squamous cell carcinoma in a
review article that included 830 published XP cases from
1874 to 198212 and in other several studies, they also
reported squamous cell carcinoma was the commonest19,20

which was in agreement with our study because we
reported six cases of squamous cell carcinoma. We also
reported one unusual case having both skin malignancies
(squamous cell carcinoma and BCC). Melanoma was
reported in many studies,11,13 but we did not find melano-
ma in our patients. We have reported all the lesions and
masses on the face (eye, nose, chin, cheek, and forehead)
and scalp in all patients. Five patients had lesion on eyes:
three (60%) had lesion on orbital region, one (20%) had
conjunctival growth, and one (20%) had a lesion on an
eyebrow. The conjunctival abnormality was also reported
by Mulimani et al.21

This study had some limitations, one of which is the small
number of patients. From our study, we inferred that early
detection, prevention, and regular follow-up with a derma-
tologist and ophthalmologist are essential for treating the
condition andminimizing its symptoms. The use of strict sun
protection such as special spectacles and sunscreen lotions
and avoidance of the sun are all key steps in preventing skin
cancer and enhancing the quality of life and life expectancy
of XP patients. The prognosis for XP is generally favorable in
the absence of neurological abnormalities and circumstances
when it is detected early.

However, protection against sunlight and UV radiation is
crucial. If it is possible, a genetic counseling and prenatal
diagnosis are suggested. The authors recommend that more
research be done on the XP epidermal stem cell and DNA
repair.
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Introduction

Oral metronomic chemotherapy (OMCT) is often used in
patients with relapsed lymphomas. The toxicities of OMCT
are generally lower than those of intravenous chemotherapy,
making it a preferable option in patients with advanced
disease or poor general condition. However, prolonged use
of OMCT can lead to immunosuppression and result in
unusual infections.1 Here we describe a rare case of bilateral
cytomegalovirus (CMV) retinitis in a patient with relapsed
Non-Hodgkin Lymphoma on OMCT.

Case Report

In 2014, a 52-year-old gentlemanwith no comorbiditieswith
grade 1, stage IV follicular lymphoma achieved complete
response after six cycles of rituximab, cyclophosphamide,
doxorubicin, vincristine, prednisolone (R-CHOP) chemother-
apy. He relapsed in 2017, and lymph node biopsy was
suggestive of diffuse large B cell lymphoma. He was treated
with rituximab, cyclophosphamide, epirubicin, vincristine,
prednisolone (R-CEOP) as he was unwilling for high dose
chemotherapy or stem cell transplantation. After five cycles

Keywords

► case report
► lymphoma
► oral metronomic

chemotherapy
► cytomegalovirus
► retinitis

Abstract Cytomegalovirus (CMV) retinitis is one of the common complications in profoundly
immunosuppressed patients such as those with acquired immune deficiency syn-
drome. It has been rarely reported in patients with lymphoma on aggressive chemo-
therapy. We encountered a patient with bilateral CMV retinitis who developed this
vision-threatening complication while on low-dose palliative metronomic chemother-
apy with oral drugs (cyclophosphamide, procarbazine, etoposide, and prednisolone).
Though the infection resolved with treatment, there was residual vision loss. This case
is presented to sensitize clinicians to the possibility of unusual infections in patients on
long-term oral chemotherapies.
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of R-CEOP, he developed a persistent headache. The MRI
brain was within normal limits, but the cerebrospinal fluid
analysis showed lymphomatous involvement. He was un-
willing for any intensive treatment andwas started on OMCT
with the PEP-C regimen comprising of prednisolone 20mg
once daily for 14 days, etoposide 50mgonce daily for 28 days,
procarbazine 50mg once daily for 28 days, cyclophospha-
mide 50mg once daily for 28 days, and triple intrathecal
therapy comprising of inj. methotrexate 12mg, inj. cytara-
bine 30mg, and inj. hydrocortisone 15mg.2 His symptoms
improved significantly after two to three cycles of OMCT. CSF
cytology became negative for malignant cells after four
cycles of OMCT, and the contrast-enhanced CT scan of the
chest, abdomen, pelvis showed no evidence of systemic
disease.

In 2019, after 13 courses of PEP-C regimen, he presented
with acute onset, painless diminution of vision in both the
eyes—right eye (RE) more than the left eye (LE). Visual acuity
was hand movements in RE and 6/18 in LE. Fundus exami-
nation in both eyes revealed scattered whitish lesions on the
retina suggestive of retinitis, along with superficial retinal
hemorrhages and perivascular exudates involving the major
retinal vessels. The lesions involved the macular center in
the RE while the same was spared in the LE (►Fig. 1). There

was no associated vitritis. The differential diagnoses consid-
ered were intraocular lymphoma and CMV retinitis. The
vitreal aspirate was positive for CMV DNA (deoxyribonucleic
acid) PCR (polymerase chain reaction) and negative for
malignant cells on cytology. The peripheral blood CMV
DNA PCR was positive; however, there were no symptoms
of disseminated CMV infection. He had no chest or gastroin-
testinal symptoms; chest X-ray and LFTs were normal. Thus,
there was no evidence of systemic CMV infection. HIV
serology was negative. He was managed with intravitreal
ganciclovir (2mg/0.1mL, weekly once, six doses for each
eye) and intravenous ganciclovir (10mg/kg in two divided
doses daily for 1 month). This was followed by oral valgan-
ciclovir 900mg twice daily for 21 days and once daily for
2 months. Gradually, the retinal lesions resolved and man-
ifested healing. CMV DNA PCR of the blood or vitreal aspirate
was not repeated, and the disappearance of the retinal
vascular sheathing was taken as a marker of clinical im-
provement. The visual acuity in the RE improved to counting
fingers while the LE vision improved to 6/9. OMCT was
discontinued as the relapsed lymphoma had shown com-
plete clinical and radiologic response. The patient is cur-
rently on follow-up and is alive and well 2 years after the
event.

Fig. 1 Funduscopic images of both eyes at presentation. Fundus images showing (a) right eye: white retinitis lesions with retinal hemorrhages
and perivascular sheathing with involvement of the optic disk and the macula; (b) Left eye: white retinitis lesions with retinal hemorrhages and
perivascular sheathing with involvement of infero-temporal retinal quadrant and sparing of the center of the macula; (c) image of the right eye
after 2 months showing improvement in retinal hemorrhages and perivascular sheathing.
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Discussion

Our patient had relapsed lymphoma and was on chronic low
dose chemotherapy with potential for immune suppression.
There were two primary differential diagnoses. One was
lymphomatous involvement of the eye, considering the
earlier history of meningeal involvement. The second was
infectious retinitis, e.g., CMV, toxoplasmosis, candida, pneu-
mocystis, varicella-zoster, and herpes simplex infections.3

Intraocular lymphoma usually presents as chronic posterior
uveitis involving the vitreous (increased haze and cellular-
ity). Additionally, retinitis (perivascular yellowish-white
retinal infiltrates and intraretinal hemorrhages) and retinal
vasculitis (sheathing of blood vessels) may ensue.4 CMV
retinitis can closely mimic the retinal presentation of intra-
ocular lymphoma.5 CMV retinitis is seen in 5 to 20% of
patients undergoing solid organ transplantation and in 15

to 30% of those undergoing allogeneic hematopoietic stem
cell transplantation.6,7 It presents as focal, perivascular reti-
nal whitening with or without intraretinal hemorrhages and
progresses in centrifugal or “brushfire” pattern. It can prog-
ress to full-thickness retinal necrosis and retinal detach-
ment.6 In this patient, the diagnosis was established by
detecting CMV DNA PCR of the vitreal aspirate.

CMV serology cannot be used as the sole diagnostic
investigation as it can be positive in 80 to 90% of the general
population in India.8 The gold standard of diagnosis is the
isolation of the virus in culture—however, CMV culture is
challenging. It takes a long time and is falsely negative in 50%
of cases.9,10 On the contrary, DNA amplification techniques
(PCR) from blood or vitreal aspirate provide a timely diagno-
sis with high sensitivity and specificity.11.12 CMV retinitis is
vision-threatening, and treatment has to be instituted as
soon as the diagnosis is established. Intravitreal treatment is

Table 1 Case reports of cytomegalovirus retinitis in patients treated for lymphoma

Sl
no

Author (Ref) Lymphoma
subtype

Chemotherapy Diagnosis Treatment given for
CMV retinitis

Visual
outcome

1. Smith15 HL MP Inclusion body bearing
cells (post-mortem)

NR Patient died

2. Nasir and Jaffe16 HL MOPP-ABVD Vitreous biopsy and
CMV DNA PCR

IV gan f/b IV
foscarnet

Improved

3. Toy and
Knowlden17

HL (R) Chl-VPP Inclusion body bearing
cells (post-mortem)

Post mortem
diagnosis

Patient died

4. Tudesq et al18 HL (R) BV Vitreous humor aspi-
rate and CMV DNA PCR

IVtr and IV Gan f/b PO
Valgan

NR

5. Tyagi et al19 B-NHL R-CHOP Vitreous biopsy and
CMV DNA PCR

IVtr and IV Gan f/b PO
Valgan

Improved
left eye:
Total visual loss

6. Kang20 DLBCL R-CHOP Vitreous aspirate and
CMV DNA PCR

IVtr and IV Gan Improved

7. Kawai et al21 AITL CHOP Peripheral blood CMV
DNA PCR

IVtr and IV Gan Improved

8. Chawla et al22 NHL CHOP Vitreous biopsy and
CMV DNA PCR

Observation Stable disease

9. Akpek et al23 NHL NR Diagnostic vitrectomy
and CMV DNA PCR

IV gan Bilateral
visual loss

10. Vote et al24 PSPL Splenectomy,
CHOP

Vitreal aspirate and
CMV DNA PCR

IV gan f/b IV foscarnet Stable

11. Derzko et al25 DLBCL (R) Alemtuzumab,
Fludarabine

CMV DNA PCR of
vitreal fluid

IV gan and foscarnet Did not improve

12 Reddy et al26 NHL Various
chemotherapy

CMV DNA PCR of
vitreal fluid

IVtr, IV Gan and PO
Valgan

Improved

13 Current patient DLBCL PEP-C oral CMV DNA PCR of
vitreal aspirate

IVtr, IV Gan f/b PO
Valgan

Improved

Abbreviations: (R), relapsed disease; ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine; AITL, angioimmunoblastic T-cell lymphoma; BV,
brentuximab vedotin; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisolone; CVP, cyclophosphamide, vincristine, prednisolone; CVPP,
chlorambucil, vinblastine, procarbazine, prednisolone; DLBCL, diffuse large B cell lymphoma; DNA, deoxyribonucleic acid; FL, follicular lymphoma;
Gan, ganciclovir; HL, Hodgkin lymphoma; IV, intravenous; IVtr, intravitreal; MOPP/ABVD, mechlorethamine, vincristine, procarbazine, prednisolone,
doxorubicin, bleomycin, vinblastine, dacarbazine; MP, mechlorethamine, prednisolone; NHL, non-Hodgkin lymphoma; NR, not reported; PCR,
polymerase chain reaction; PO, peroral; PSPL, primary splenic plasmacytoid lymphoma; Valgan, valganciclovir; PEP-C, oral procarbazine, etoposide,
prednisolone, and cydophosphamide; CMV, Cytomegalovirus; DNA, Deoxyribonudeic acid.
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vital in vision-threatening disease (central lesions
<1,500 µm from the fovea or closer to the optic nerve
head). However, systemic anti-CMV treatment cannot be
avoided. One-third of the patients treated with intravitreal
therapy alone develop extraocular CMV disease and contra-
lateral retinitis.13 Hence, a combination of intravitreal plus
systemic therapy is preferred as was used in our patient.
When the disease is not immediately vision-threatening,
systemic therapy can be used (IV ganciclovir, IV foscarnet,
IV cidofovir, and oral valganciclovir) without intravitreal
treatment. Patients are to be monitored with indirect oph-
thalmoscopy weekly/once in 2 weeks while on induction
therapy and monthly till the completion of anti-CMV
treatment.14

Several cases of CMV retinitis in patients with lymphoma
have been described (►Table 1). Most cases developed in
patients on aggressive chemotherapy regimens, which are
more likely to produce myelosuppression and immune sup-
pression. Unfortunately, limited data are available regarding
risk of CMV relapse while salvaging further relapses. One of
the options is to continue chemotherapy with close moni-
toring of CMV DNA, as is done in the context of an allogeneic
transplant. The other option is to avoid immunosuppressive
regimens which are heavy on steroids. Our report is the first
one describing CMV retinitis during OMCT. The strength of
our study is that it highlights that CMV infection is a rare but
serious complication of a seemingly less intensive treatment
like oralmetronomic chemotherapy. Theweakness is that we
do not have information on the immune status of the patient,
like the CD4 counts or immune globulin levels.

Conclusion

Despite low doses, long-term use of cyclophosphamide and
prednisolone possibly induces a chronic immunodeficiency
state making the patients susceptible to rare infections. This
case is presented to alert clinicians about unusual but severe
infections in patients on OMCT.
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Introduction

Philadelphia (Ph) chromosome is less often found in B-cell
acute lymphoblastic leukemia (B-ALL) patients; however, it is
commonly (90–95%) present in chronic myeloid leukemia
(CML) patients.1,2 Ph chromosome can be detected in about
25% of adult ALL and only 2 to 4% of pediatric ALL.1,3 Presence
of double Ph chromosome is infrequent in ALL but reported
in some cases of CML during the blast crisis phase.4 When
compared to Ph chromosome-negative ALL, Ph chromosome-
positive ALL is typically associated with a more aggressive
disease thatmaybemore resistant to treatment and can have
a poorer prognosis compared to other types of pediatric

ALL.1,5 Currently, the mainstay of treatment is a tyrosine
kinase inhibitor plus intensive chemotherapy, followed by
hematopoietic stem cell transplant (HSCT) after the first
remission.6 We report a rare case of a 4-year-old girl diag-
nosed as a case of isoderivative Ph chromosome-positive B-
ALL. This chromosomal aberration is exceptionally rare in B-
ALL. The case is being reported to spread awareness about
significant additional cytogenetic findings in a case of B-ALL
with recurrent cytogenetic abnormalities. This patient also
revealed other poor clinical features like hyperleukocytosis
at the time of presentation and did not achieve postinduction
remission.

Keywords

► acute lymphoblastic
leukemia

► immunophenotyping
► Philadelphia

chromosome
► cytogenetic analysis
► measurable residual

disease

Abstract The Philadelphia chromosome is seen in5%of pediatric and25 to 50%of adult casesof acute
lymphoblastic leukemia (ALL). It is linked to aggressive illness with a dismal prognosis.
Additional chromosomal abnormalities are not prevalent with translocation 9;22; neverthe-
less, isochromosome derivative [ider(22)] with this translocation is rarely recorded in the
literature. This is the third instance of ider(22) in pediatric B-cell acute lymphoblastic
leukemia (B-ALL). Bone marrow chromosome analysis by G-banding showed 46,XX,t(9;22)
(q34;q11.2)[6]/46,XX,ider(22)(q10)t(9;22)(q34;q11.2)[14]. Fluorescence in situ hybridiza-
tion (FISH) analysis for BCR::ABL1 fusion showed 40% of interphase cells with two and 35%
with three fusion signals that were in concordance with the karyotype. The patient was
categorized as National Cancer Institute (NCI) high-risk (HR) and started with HR chemo-
therapy according to Children's Oncology Group (COG) protocol. Postinduction remission
assessmentbyflowcytometry showed2.6%measurable residualdisease. Thecasehighlights
significance of cytogenetic analysis despite availability of advanced techniques like FISH. The
prognostic significance of concurrent ider22(q10) with t(9;22) is yet to be explored.
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Case Report

A 4-year-old girl presented to emergency department of
pediatric oncology unit with a history of recurrent epistaxis
for 2months andwas severely anemic. There is no significant
history of any past illness and/or genetic disease in the
family. On general physical examination, she had lymphade-
nopathy and hepatosplenomegaly.

Differential Diagnosis, Investigations, and
Treatment

Complete blood count showed hyperleukocytosis with white
cell count of 153�109/L, anemia with hemoglobin of 7.5
gm/dL, and thrombocytopenia with a platelet count of
18�109/L. Blood film showed a leucoerythroblastic picture
with 84% blasts. Immunophenotyping performed on periph-
eral blood using 8-color flow cytometry (BD FACS Canto II)
revealed the following immunophenotypic profile:

• Positive for CD34, CD45, CD19, CD79a, CD20, CD10, CD66,
CD9 and CD58

• Negative for intra-cytoplasmic CD3, intra-cytoplasmic
MPO, CD13, CD33

On the basis of flowcytometry, the case was diagnosed as
B-ALL (►Fig. 1). Other laboratory investigations including
liver and kidney function tests were within normal range;
however, serum albumin was low (2.0 g/dL). The diagnostic
lumbar puncture for central nervous system (CNS) infiltra-
tion showed CNS1 status that is consistent with absence of

blasts. Bonemarrow specimenwas received for fluorescence
in situ hybridization (FISH) and cytogenetic analysis by G-
banding (►Fig. 2). Interphase FISH revealed atypical signal
pattern, comprised of three fusion signals that were further
evaluated by metaphase FISH (►Fig. 2B–D). FISH analysis of
the bone marrow for BCR::ABL1 dual color dual fusion probe
using Leica Biosystems automated cell imaging system (Cyto-
Vision) detected 70% of BCR::ABL1 fusion with 35% of those
cells harboring three fusion signals, indicating the presence
of extra Ph chromosome. Karyotype analysis revealed the
presence of an abnormal female chromosome complement
comprised of two related cell lines. The first cell line (stem
line) was seen in six cells with a Ph chromosome derived by a
balanced translocation between the long arms of chromo-
somes 9 and 22. The second cell line (side line) is seen in 14
cells with an isochromosome for the long arm of chromo-
some 22 resulting by t(9;22; ►Fig. 2A) These findings were
consistent with FISH results. Translocation (9;22) results in
the fusion of the ABL1 gene at 9q34 and the BCR gene at 22
q11.2 that is associated with poor prognosis in B-ALL. The
presence of ider(22) is very uncommon in pediatric B-ALL.
She was categorized as NCI high-risk and received modified
COG protocol along with Tyrosine kinase inhibitor (TKI).

Outcome and Follow-Up

Postinduction bone marrow aspirate on morphological re-
view showed remission; however, measurable residual dis-
ease assessment by flowcytometry showed 2.6% residual
disease. AHSCTwas not possible due to financial constraints;

Fig. 1 Flow cytometry showing positivity for Tdt, CD19, CD10, CD20, CD45, CD79a, CD66 (color code: red¼ blasts, blue¼ B-lymphocytes,
green ¼T-lymphocytes, yellow¼granulocytes).
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therefore, chemotherapy was adjusted accordingly. Current-
ly, she is on high-risk consolidation chemotherapy.

We have summarized the features of our study case and
other published cases in ►Table 1.

Discussion

Despite recent advancement in molecular techniques, sever-
al multicenter studies still emphasize significance of cyto-
genetic studies in determining prognosis of numerical and
structural aberrations in hematological neoplasms. Chromo-
some analysis at the G-band level is still the most important
investigation in B-ALL.7 FISH techniques are used to identify
specific structural aberrations that played a vital role in risk
stratification of B-ALL and have been implicated in all
treatment protocols.8 But FISH has its own limitations due
to targeted technique that does not help in identifying whole
genetic makeup of an individual.

Acute leukemia with BCR::ABL1 is currently classified as
high-risk subgroup that requires intensive chemotherapy to
achieve optimum response in terms of hematological remis-
sion. Few cases were reported with isochromosome 9 with
Phþ in pediatric ALL patients.9–12 However, the isochromo-
some of the long arm of derivative chromosome 22 from t

(9;22) with a deletion of 22p, ider(22)(q10)t(9;22) is very
rare. To thebest of our knowledge, this is the third case of ider
(22) in B-ALL; the first case was reported by Yamamoto et al
and the second case was of an adult woman with ider(22)
with Phþ B-ALL was reported by Meza-Espinoza et al.13,14

Yamamoto et al13 reported the first case of ider(22)
chromosome in acute leukemia similar to this case. U-type
sister chromatid exchange is the probable hypothesis behind
ider(22) chromosome formation. The ider(22) chromosome
is pathologically considered equivalent to the presence of
double Ph chromosome, which is the most frequent addi-
tional aberration in such cases, known to be one of the
main secondary chromosomal changes related to the clonal
evolution of cells with t(9;22).15

Concomitantly with clonal divergence, this patient was
presented with hyperleukocytosis that is also an established
poor prognostic factor. CNS infiltration was not observed in
this case but despite intensive chemotherapy along with
timely administration of TKI, she could not achieve post-
induction remission. Reported cases with ider(22) showed
frequent involvement of CNS by leukemic cells at the time of
diagnosis.14

These cases are evidence of clonal evolution in B-ALL and
warrant complete cytogenetic studies in all patients to

Fig. 2 (A) Karyotype, (B) met FISH with inverted 4'6-Diamidino-2-phenylindole (DAPI), and (C) interphase fluorescence in situ hybridization
(FISH), (D) met FISH.
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determine any high-risk factor. According to published liter-
ature, relapse is common in cases with additional cytogenet-
ic aberrations in B-ALL.13

Availability of complete diagnostic profile and timely
workup of this case played a significant role in themanagement
of this patient. Thefindingswere further verified bymetaphase
FISH in parallel. Tyrosine kinase inhibitor inhibitor was timely
addedtoherB-ALLprotocol.However,HSCTcouldnotbeoffered
as the said facility is not currently available in our unit and
they could not get it done privately due to financial con-
strain. Owing to the dismal outcome of chemotherapy in
these patients, HSCT is the treatment of choice. Polymerase
chain reaction is the recommended modality to monitor
molecular response in these patients that should be incor-
porated in such cases. Monitoring for genetic evolution and
molecular response are the future perspectives to impact
the outcome of these patients.

Conclusion

We highlight the significance of cytogenetic aberrations in
pediatric B-ALLpatients. Further studies areneeded toprovide
insight into this rare subgroup and understand the disease
course of these patients with newer therapeutic protocols.
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Introduction

Ayushman Bharat PradhanMantri Jan Arogya Yojana (PMJAY)
was launched by the Indian government to ensure health care
servicesworthRs. 500,000per family per year for thepoor and
vulnerable population (�50 million).1 According to GLOBO-
CAN-2020 estimates, nearly 1.3 million new cases of cancer
were diagnosed in India during the year 2020.2 Among all the
specialties covered by PMJAY, patientswith cancer receive the
greatest benefit. Nearly 700,000 chemotherapy procedures
have been performed under this scheme since 2018.3 Access
and adherence to cancer care services have improvedwith this
program, and will eventually lead to a reduction in cancer-
related deaths in India. Before every chemotherapy procedure,
patients go through a verification process of fingerprint recog-
nition and Aadhaar card verification to be eligible for PMJAY

benefits. Unfortunately, adermatoglyphia is anticipated to
occur in nearly 40% of certain subsets of patients with cancer,
causing them to lose their fingerprints after the start of
chemotherapy.4

We describe a series of patients who received chemother-
apy under the PMJAY for different malignancies and devel-
oped adermatoglyphia because of chemotherapy. Premature
loss of the fingerprint caused the failure of the verification
system to authenticate their procedures. Hence, they could
not get the benefit of chemotherapy treatment under the
PMJAY scheme, leading to disease progression. We noticed
that this condition also affects their ability to use their digital
gadgets such as smart phones that commonly require finger-
print verification to lock or unlock them. This can cause
additional distress as it affects their independence and daily
routines.

Keywords

► PMJAY
► fingerprints
► cancer
► chemotherapy
► Ayushman Bharat

Abstract Ayushman Bharat Pradhan Mantri Jan Arogya Yojana (PMJAY) is a game changer for the
Indian health care system, where patients with cancer are the major beneficiaries.
Some intrinsic procedural shortcomings are restricting the beneficiaries to utilize it
optimally. We report a case series of patients receiving chemotherapy who had
developed adermatoglyphia because of chemotherapeutic treatment. Therefore, these
patients became ineligible for getting the benefits of PMJAY, because of failure of the
biometric system to recognize their fingerprints. Hence, patient treatment could not
be completed. As a solution, we suggest that the alternatives to fingerprint recognition
like face recognition and iris scanning be incorporated into the biometric system to
ensure continuous benefit of PMJAY to such patients.
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Thus, Adermatoglyphia may not only deprive patients of
health insurancebenefits but also hinder their use of everyday
technology. In this case series, following ethical committee
waiver and patient consent, we describe the cases of four
patients whowere unable to receive chemotherapy under the
PMJAY scheme. This was because, due to their adermatogly-
phia, the fingerprint scanner was unable to authenticate their
identity before a chemotherapy procedure- a routine process
before admission under PMJAY- which leads to disease pro-
gression in the absence of treatment.

Case Report

Case 01
A 19-year-old man presented with a large mass in the left
cervical region and the left lung apex that involved the extra-
parenchymal lung tissue with an erosion of the C7, D1, and
D2 vertebrae and the scapula. Hewas diagnosedwith Ewing’s
sarcoma in August 2022. He was started on the VAC (vincris-
tine, doxorubicin, and cyclophosphamide) drug regimen. He
completed four cycles of chemotherapy and was responding
well. However, his PMJAY card registration eventually failed,

because the biometric system could not recognize his finger-
prints (►Fig. 1a). On examination, his fingerprints were not
elicitable due to chemotherapy, with other potential causes
being ruled out. Therefore, he could not be admitted for
further treatment. However, his treatment was eventually
resumed after a delay of 1 month. With crowdfunding and
nongovernmental organization (NGO) support, he was able
to complete 13 palliative chemotherapy cycles of VAC with-
out PMJAY support.

Case 02
A 27-year-old man presented with complaints of abdominal
pain and obstruction in November 2022. On evaluation, he
was diagnosed with adenocarcinoma of the right colon and
underwent laparotomy with right hemicolectomy. The post-
op histopathology was suggestive of adenocarcinoma of the
right colon (pT3N1M0). He was planned for adjuvant che-
motherapy (FOLFOX regimen). Nevertheless, after comple-
tion of five cycles, his PMJAY card registration failed because
hisfingerprints were not recognized by the biometric system
(►Fig. 1b). The remaining cycles were completed with NGO
support.

Fig. 1 Image displaying the loss of fingerprints (adermatoglyphia) after chemotherapy in (a) case 01, (b) case 02, (c) case 03, and (d) case 04.
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Case 03
A 49-year-oldwoman presentedwith complaints of bleeding
per rectum, diarrhea, and vomiting in December 2022. The
diagnostic workup was conclusive of metastatic adenocarci-
noma of the rectum (with nonregional lymph nodes). She
was planned to undergo palliative chemotherapy and was
started on mFOLFOX-4 regimen (modified 5-fluorourocil,
oxaliplatin, and leucovorin). She completed six cycles of
scheduled chemotherapy. Following this, her PMJAY card
was rendered nonfunctional because of her inability to
perform biometric registration (►Fig. 1c). After 3 months,
her disease progressed.

Case 04
A 55-year-old postmenopausal woman was diagnosed with
invasive ductal carcinoma of the right breast (cT3N1M0 and
ER/PR/Her2negative). She was started on neoadjuvant che-
motherapy with four cycles of epirubicin and cyclophospha-
mide (AC), followed by four cycles of paclitaxel. She
underwent modified radical mastectomy. The post-op histo-
pathology was suggestive of residual disease (ypT2N0M0).
She received adjuvant radiotherapy and was kept on cape-
citabine. After completing 3 months of capecitabine, her
PMJAY card registration failed because of nonrecognizable
fingerprints (►Fig. 1d). The recommended duration of her
treatment was 6 months to 1 year; nonetheless, she could
receive treatment for only 3 months, which increase the risk
of recurrence in her case.

Discussion

In the preceding month, 300 chemotherapy procedures (in-
cluding new cases and follow-up cases) were performed. Of
these, 70 were newly diagnosed patients, and 30 of the newly
diagnosed patients received 5-FU/Capecitabinebased therapy.
In this study, the cases of four patients have been presented,
detailing theircomplaintsandhistories todemonstratehowan
uncommon side effect of chemotherapy rendered them ineli-
gible for receiving insurance benefits. To avail of the PMJAY
scheme, patients must register using a biometric registration
system, which uses fingerprints for identification. However,
adermatoglyphia, caused by capecitabine, 5-fluorouracil, and
cyclophosphamide, led to treatment interruption as it pre-
cluded fingerprint verification. These conditions have been
reported in the past. Al-Ahwal reported a case from Saudi
Arabia that is comparable to this one, where the patient had
endured administrative delays due to the loss of their finger-
prints.5Azadehetal also reportedcasesofpatientswithcancer
undergoing chemotherapy who experienced similar adminis-
trative delays in Tehran.6 Children who are younger than
5 years suffering from curable cancers also become ineligible
for the PMJAY scheme due to incompletely developed finger-
prints. A report by van Doorn et al involving of 112 patients
showed that 70 and 46% patients receiving capecitabine or TKI
(tyrosine kinase inhibitors) developed hand-foot syndrome
(HFS) or hand-foot skin reaction (HFSR), respectively, but only
14and2% treatedwith capecitabine or TKI had a severequality
loss of fingerprints.7 The mechanism of HFS causing loss of

fingerprints isnotwell established, but theabove reports show
that loss of fingerprints may not be seen in all patients
receiving capecitabine or TKI irrespective of the grade of
HFS and should be considered as a secondary reaction inde-
pendent of HFS or HFSR.8

Available modalities for biometric evaluation include fin-
gerprint recognition, which is the most commonly utilized
method. Other recognition techniques9,10 are listed
in ►Table 1. One of the aforementioned alternatives in addi-
tion to fingerprint verification has been recommended to be
added to the PMJAY software. These alternatives will ensure
that those in need continue to benefit from the program. The
PMJAY scheme is a game changer in the Indian health care
system and a substantial proportion of the Indian population
has benefited from this scheme. Patients face multiple prob-
lems to obtain this card. After this, if they stop getting benefits
of this scheme because of chemotherapy-related toxicities or
complications, it understandably becomes bothersome for
patients and their families. The deprivation from treatment
not only increases their chance of disease recurrence but also
increases the demand for palliative and end-of-lifecare ser-
vices, which are sparsely available in India.11

The strength of using a fingerprint scanner is that it is a
liable and cheap source of unique identification and is easy to
use,whereasothermodalities are costlyandrequire trainingof
the staff for appropriate use. Looking at the growing Indian
population, implementation of such technologies seems chal-
lenging and may add to health care costs. Nevertheless,
successful implementation of DigiYatra in airports for quick
verification using face recognition of passengers exemplifies a
suitablefuturealternative inhealthcare. Thus,patients inneed
will never be deprived of the benefits from the PMJAY scheme.

Conclusion

The PMJAY scheme is addressing a relevant need in the Indian
health care system. However, some intrinsic procedural
issues tend to exclude some patients from getting its benefit.
The aforementioned problem statement is a real-world
problem. Furthermore, facial recognition and iris scanner
seem to be suitable alternatives to fingerprint verification.
Adding these identification alternatives for the PMJAY
scheme will ensure continuation of benefit from the
program.

Table 1 Various techniques used for biometrics verification

Sl. no. Technique

1 Face recognition

2 Iris recognition

3 Hand geometry

4 Voice recognition

5 Keystroke dynamics

6 Gait

7 Radiofrequency identification technology
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