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A001. Expression Pattern of CD244, a Novel SLAM Protein
and Its Clinical Utility in the Diagnosis of Acute Leukemia
A. Anilkumar1,2, S. Rajpal1,2, G. Chatterjee1,2, N. Shah1,2, K.
Girase1,2, S. Ghogale1,2, N. Deshpande1,2, Y. Badrinath1,2, H.
Sriram1,2, N. Patkar1,2, S. Gujral1,2,3, P. G. Subramanian1,2, P.
Tembhare*1,2
1Advanced Centre for Treatment, Research and Education in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai,
Maharashtra, India.
2Homi Bhabha National Institute, BARC Training School Complex,
Anushaktinagar, Mumbai, Maharashtra, India
3Tata Memorial Hospital, Parel East, Mumbai, Maharashtra, India

Correspondence to: docprt@gmail.com

Background: CD244, a member of the signaling lym-
phocyte-activation molecule (SLAM), is expressed on all
Natural Killer cells, a subpopulation of T-cells, monocytes,
and basophils, as well as leukemic stem cells.With the advent
of immunotherapy, we aimed to assess the expression of
CD244 in patients with acute leukemias.

Materials andMethods: Flowcytometric immunophe-
notyping was performed to study the expression pattern of
CD244 on normal cells and leukemic blasts using 10- to 13-
color panel. The study included 50-B-Acute Lymphocytic
Leukemia, 50-TALL, 20-Myelodysplastic Syndromes Treat-
ment, and 91-Acute Myeloid Leukemia cases, along with
seven normal bone marrow controls. Analysis was done on
Kaluza v-2.1 Software.

Results: NK-cells and T-cells were taken as positive
controls with a median nMean Fluorescence Intensity of 8
(0.049–9.99) and 2 (0.32–7.75), respectively. Comparison of
AML and MDS blasts versus granulocytes and monocytes
revealed that CD244 can distinguish between AML blasts and
normal granulocytes (p<0.0001), monocytes (p<0.0001),
MDS blasts from granulocytes (p<0.0001), and monocytes
(p<0.0002), respectively. NK cells express CD244 and can be
distinguished from T-blasts which are negative for CD244
(p<0.0001). Note the nMFI of hematogones is of normal bone
marrow. The calculated median nMFI and range is given in
Table 1.

Conclusion: This is the first study to demonstrate
CD244-expression in acute leukemia and can be used as a
potential marker for Minimal Residual Disease monitoring in
AML, as it distinguishes MRD from granulocytes, monocytes

and T-lymphoblasts from NK cells in T-ALL which may serve
as a potential therapeutic target in patients with AML.

A002. An Efficient Diagnosis of Diffuse Parenchymal Lung
Disease fromSpirometry Exploring theNovel Role of FEF25–75
Debkanya Dey1, Mintu Paul2, Gourab Saha2, Sayoni Sengupta2,
Dipanjan Saha2, Rajat Banerjee1, Parthasarathi
Bhattacharyya*2
1Department of Biotechnology, University of Calcutta, Kolkata, West
Bengal, India
2Institute of Pulmocare and Research, Kolkata, West Bengal, India

Correspondence to: parthachest@yahoo.com

Background: The peripheral interstitial involvement
in diffuse parenchymal lung disease (DPLD) can affect the
small airways and, thus influence the FEF25–75 (forced expi-
ratory flow), amarker of small airway function in spirometry.

Table 1

CD244 AML blast Granulocytes Monocytes

Median nMFI 9 3 4

Range 0.23–48.42 0.0–9.46 0.23–10

CD244 B-ALL blast Hematogones
control

B cells

Median nMFI 0.026 0.158 0.138

Range 0.0–5.74 0.02–8.39 0.04–2.51

CD244 T-ALL blast T-cells NK cells

Median nMFI 0.41 2 8

Range 0.0–9.96 0.32–7.75 0.04–9.99

CD244 MDS blast Granulocytes Monocytes

Median nMFI 8 2 10

Range 1.35–9.71 0.27–6.24 3.69–10.55

Abbreviations: ALL, Acute Lymphocytic Leukemia; AML, Acute Myeloid
Leukemia; MDS, Myelodysplastic Syndromes Treatment; MFI, Mean
Fluorescence Intensity; NK, Natural Killer.

DOI https://doi.org/
10.1055/s-0042-1745918.
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Hereweevaluate the role of FEF25–75 for the diagnosis ofDPLD
that is otherwise diagnosed by high-resolution computerized
tomography of chest.

Materials and Methods: FVC (forced vital capacity),
FEF25–75, FEV1 (forced expiratory volume), and derived vari-
ables (FVC/FEF25–75) are used to differentiate DPLD from
normal, obstructive lung disease (OLD) populations. Using
different combinations of variables, receiver operating char-
acteristic curve and regression analysis are done to identify
the best possible combination to diagnose DPLD from
spirometry.

Results:We included 639 adult patients’ (normal¼64,
DPLD¼268, and OLD¼307 including asthma¼153 and
COPD¼154) spirometry data. FEF25–75 alone could differen-
tiate unmixed DPLD fromOLDwith sensitivity and specificity
of 86.9 and 85.1%, respectively. The derived variables also
showed promising diagnostic accuracies. A regression equa-
tion using age, FVC, FEV1/FVC, and FVC/FEF25–75(%) is found to
have 79% diagnostic accuracy of DPLD on test population
(n¼639). The same equation showed 90 and 87% diagnostic
accuracy of DPLD in validation population of 427 mixed
patients from same center and 100 mixed patients from
different centers.

Conclusion: The inclusion of derived variables from
spirometry and the regression equation using age, FVC, FEV1/
FVC, FVC/FEF25–75 (%) appears rewarding in the diagnostic
exercise for DPLD. Hence, this spirometric approach needs
further validation from multiple centers to be included in
clinical practice.

A003. Identification of Profilin 2 in the Testis and Its
Interaction with HDAC6
Pratibha Verma1, Smita Yevate1, Priyanka Parte*1
1Department of Gamete Immunobiology, ICMR-National Institute for
Research in Reproductive Health, Mumbai, India

Correspondence to: partep@nirrh.res.in

Background: Previous reports have demonstrated the
involvement of HDAC6 in spermmotility. Presence of HDAC6
has been reported in germcells to get a snapshoton role the of
HDAC6 at specific stage of spermatogenesis, GC-1spg cells
were employed which represent cell type between type-B
spermatogonia and preleptotene spermatocytes.

Materials and Methods: Mouse HDAC6 was trans-
fected in GC-1spg cells, confirmed by real-time, western
blot analysis, and indirect immunofluorescence (IIF), its effect
on germ cell transcriptome was investigated by microarray
gene expression array. IIF and coimmunoprecipitation
experiments were performed for colocalization and protein
interaction.

Results: Many transcripts that were differentially
regulated, Profilin2 reportedpreviously as a neuronal specific
isoformwas observed as one of the genes highly upregulated
at the transcript level which was further confirmed by real-
time PCR, protein confirmed by IIF. Profilin2 colocalized with
HDAC6 both in GC-1 and sperm. On the sperm, presence of
profilin2 was detected throughout the flagella, its colocaliza-
tion with HDAC6 seen conspicuously in the mid piece region
of the flagella. Coimmunoprecipitation confirmed Profilin2
interaction with HDAC6. Docking studies using Z dock sug-
gested the interaction of eight residues of HDAC6 forming
hydrogen bonds with 6 residues of Profilin2.

Conclusion: Present study identified Profilin2 as a
novel interacting partner of HDAC6 and its presence in testis,
GC-1cells, and sperm for the first time. Based on our obser-
vations and literature, we propose that their interaction may

be integrated to regulate the actin cytoskeleton and possibly
involved in migration during spermatogenesis.

A004. Modulation of Cellular Aging in the Drosophila
Hematopoietic Organ Alters the Cell Lineage Trajectories
and Blood Cell Homeostasis
Kishalay Ghosh1, Rohan J. Khadilkar*1
1Stem cell and Tissue Homeostasis laboratory, CRI, TMC-ACTREC,
India

Correspondence to: rkhadilkar@actrec.gov.in

Background: Organismal aging is accompanied by a
progressive decline in cellular and molecular functioning
affecting organismal health and longevity. Stem cell aging
is a hallmark of aging that results in disruption of normal
functioning of organs. Our current study investigates the
effect of aging on the hematopoietic system usingDrosophila.

Materials and Methods: Using Gal4-UAS technology,
we have overexpressed Atg8 or FOXO transgenes to stall/
induce reverse aging in various cell populations of the Lymph
Gland (LG), larval hematopoietic organ. These geneticmodels
have been subjected to in vivo analysis using organ dissec-
tions and immunofluorescence analysis. Postacquisition
analysis has been done using ImageJ.

Results: Stalling aging by spatiallymodulating expres-
sion of autophagy protein, Atg8, and transcription factor,
FOXO in different cell compartments of LG has differential
effects on the niche cells, hematopoietic progenitors, and the
differentiated blood cells. Genetic manipulation of molecular
circuitry of aging in the fat-body systemically alters dynamics
of hematopoiesis in LG at many levels. Genetic modulation of
aging alters cell lineage trajectories leading to either an
increase or decrease in a given differentiated blood cell type.

Conclusion: Our data show that modulating cellular
aging leads to changes in cellular differentiation potential
thereby altering tissue homeostasis. Further studies will help
in understanding the mechanistic framework and signaling
that regulates cellular aging to maintain blood cell
homeostasis.

A005. Intersubunit Cross-Talk via PDZ Synergistically
Governs Allosteric Activation of Proapoptotic HtrA2
Aasna L. Parui1,2, Vandana Mishra3, Shubhankar Dutta1,
Prasenjit Bhaumik3, Kakoli Bose*1,2
1Advanced Centre for Treatment, Research and Education in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai,
Maharashtra, India
2Homi Bhabha National Institute, BARC Training School Complex,
Anushaktinagar, Mumbai, Maharashtra, India
3Department of Biosciences and Bioengineering, Indian Institute of
Technology Bombay, Powai, Mumbai, Maharashtra, India

Correspondence to: kbose@actrec.gov.in

Background: Mitochondrial serine protease, HtrA2, is
associated with various diseases including neurodegenera-
tive disorders and cancer. Despite availability of structural
details, the reports on HtrA2’s mechanistic regulation still
remain nonconcordant. The purpose of this study is to
identify the allosteric modes of communication adopted by
HtrA2 under different activation scenarios.

Materials and Methods: We generated heterotrimeric
HtrA2 variants differing in the number of protein-protein
interaction domain, PDZ and/or active-site mutations via a
protomer-mixing strategy. Various structure-guided bio-
physical studies such as enzyme kinetics, MD simulations,

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 4/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.
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single-molecule photobleaching, and X-ray diffraction stud-
ies were adopted to demonstrate differences in various
conformational modes of these ensembles.

Results: Sequential deletion of PDZs from the trimeric
ensemble significantly affected the total residual activity of
each HtrA2 variant in a way that proffered a hypothesis
advocating intermolecular allosteric crosstalk via PDZ
domains in trimeric HtrA2. The single-molecule photo-
bleaching studies established the existence of stepwise bind-
ing of substrate molecule to each subunit of the trimer, while
enzymatic studies with active-site variants affirmed the role
of transmediated allosteric communication within the pyra-
midal protease ensemble. Furthermore, structural and
computational snapshots affirmed the role of PDZs in sec-
ondary structural element formation and coordinated reor-
ganization of the N-terminal region and regulatory loops of
the protease.

Conclusion: This study unequivocally describes differ-
ent activation mechanisms of HtrA2 at the atomic level using
a unique retrospective approach through dissecting and
rebuilding protein structure. Apart from providing cues for
devising structure-guided therapeutic strategies, it estab-
lishes a working model of complex allosteric regulation
through a multifaceted transmediated cooperatively shared
energy landscape.

A006. The Differential Interplay of the Notch-3/Jag-1 Axis
Modulates Disease Progression in Epithelial Ovarian Cancer
Souvik Mukherjee1,2, Asmita Sakpal1, Megha Mehrotra1,2,
Pritha Ray*1,2
1Imaging Cell Signalling and Therapeutics Lab, Advanced Centre for
Training Research and Education in Cancer, Mumbai, Maharashtra,
India
2Homi Bhabha National Institute, Mumbai, Maharashtra, India

Correspondence to: pray@actrec.gov.in

Background: A classical way of cell-to-cell communi-
cation is through receptor-ligand interaction, forming the
basis of notch signaling. Epithelial Ovarian Cancer displays a
heterotypic/homotypic-interplay between tumor-mesotheli-
al/tumor-tumor cells, conniving its propensity of peritoneal
metastasis. This warrants investigating differential notch-3
activation in the tumor through heterogenous mesothelial/
cancer cell–mediated jagged-1 induction affecting cellular
characteristics.

Materials and Methods: We developed a coculture-
based model, NIH3T3 differentially overexpressing jagged1
and SKOV3-expressing notch-3-sensor (10XCSL-driven fire-
fly-luciferase; SCFT) and employed bioluminescence-imaging
for monitoring notch-3 activity. We performed assays like
CFSE, MTT, Matrigel invasion to study the cellular functions
and transcriptional profiling of SCFT postdifferent cocultures
by RT-PCR array to identify notch-3 effector candidates.

Results: We showed that incremental membranous-
jagged-1 expression in NIH3T3 leads to proportional notch-3
activation in SCFT upon coculturing as reflected by the
luciferase signal. We corroborated these observations in
SCFT by cocultures with High Grade Serous Ovarian Cancer-
patients’ ascitic-mesothelial cell and jagged-1-expressing
EOC cell lines (A2780, OVCAR-3, and OAW42). NIH3T3J1-highest

and OVCAR3-cocultured SCFT showed proliferation index (48
h) 10.56 and 3.03 compared to SCFT. The resistance index
(cisplatin) of SCFT cocultured with NIH3T3J1-highest and
OVCAR-3 were 2.71 and 2.53, respectively. SCFT invaded
two-fold higher after NIH3T3J1-highest coincubation. Five
genes (CDKN1A, VEGFA, TNFSF10, SERPINA3, and FOXC1)
showed significant fold-regulation across coculture condi-

tions, and we assessed two genes with fold changemax

(CDKN1A and VEGFA) for their roles.
Conclusion: We had developed a robust, sensitive,

real-time coculture-based notch-3 reporter sensor. Further,
we found that differential notch-3 activation affected several
critical phenotypes like proliferation, invasiveness, and che-
moresistance proportionately. Two putative critical regula-
tors of notch-3-mediated effects, CDKN1A, and VEGFA, were
identified, impacting the overall disease progression.

A007. Novel CDK-7 Inhibitor Suppresses Transcription of
Oncogenes and Enhances Venetoclax-Mediated Apoptosis
in Acute Myeloid Leukemia
Tarang Gaur1, Syed K. Hasan*1
1ACTREC, Tata Memorial Centre, Mumbai, Maharashtra, India

Correspondence to: shasan@actrec.gov.in

Background:Acutemyeloid leukemia (AML) remains a
highly fatal disease. Based on the available evidence of
deregulated pathways of proliferation and apoptosis in
AML, we hypothesize that pharmacological modulation of
AML blasts by inhibitors of BCL-2 (Venetoclax) and novel
CDK7 inhibitor (CRI-256) will be potently synergistic for the
treatment of AML.

Materials and Methods: AML cell lines and primary
blasts from 50 AML patients were used for antiproliferation
assays. Cell proliferation and apoptosis was assessed using
flow cytometry and western blotting. CDK7 CRISPR knockout
was performed using pSp-Cas9-PURO-CDK7 vector. NOD/
SCID mouse models of AML were used to evaluate antileuke-
mic activity of CRI-256.

Results: Novel CDK7 inhibitor (CRI-256) downregu-
lated proliferation in leukemic cell lines and in primary AML
blast. CRI-256 inhibited the phosphorylation of RNA pol-II
leading to decrease in transcription of oncogenes that plays
major role inAMLproliferation.RNAsequencingdataprovided
further evidence that expression of genes involved in high cell
proliferation was downregulated after treatment. Cell cycle
arrest as well as induction of apoptosis was detected in dose
dependentmanner. Significant tumor reductionwas observed
in AML xenografts after 2 weeks of CRI-256. The antiprolifer-
ative data derived from AML cell lines treated with CRI-256
and Venetoclax has shown significant synergism.

Conclusion: The data indicated that targeted therapy
by novel CDK7 inhibitor induce apoptosis, decrease cell
proliferation, and has greater antileukemic activity compared
to standard of care in AML.

A008. Multimodal Approach to Characterize Missense
Mutation Identified in h-BRCA2
Mudassar A. Khan1,2, M. Q. Siddiqui1,4, Ekaterina Kuligina3,
Ashok K. Varma*1,2
1Advanced Centre for Treatment, Research and Education in Cancer,
Kharghar, Navi Mumbai, Maharashtra, India
2Homi Bhabha National Institute, Training School Complex,
Anushaktinagar, Mumbai, India
3N.N. Petrov Institute of Oncology, Laboratory of Molecular
Oncology, RU-197758, Pesochny-2, St.-Petersburg, Russia
4Alberta RNA Research and Training Institute, Department of
Chemistry and Biochemistry, University of Lethbridge, 4401
University Drive, Lethbridge, Canada

Correspondence to: avarma@actrec.gov.in

Background: BRCA2 protein plays an essential role in
homologous recombination. Germ-line mutations in BRCA2
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confer an increased risk of breast cancer. Many missense
mutations have been identified in BRCA2; however, most of
themare classified as variants of “Uncertain Significance” due
to a lack of structural, functional, and clinical studies.

Materials and Methods: Here, multidisciplinary in
silico, in vitro and biophysical approaches havebeen explored
to characterize an unclassified missense mutation, BRCA2
Arg2502Cys, identified from a case-control study. Wild-type
and mutant proteins were overexpressed and purified using
bacterial expression system. Comparative secondary and
tertiary studies were performed using circular dichroism
and fluorescence spectroscopy.

Results: Circular-dichroism and Fluorescence spec-
troscopy showed that the Arg2502Cys mutation in hBRCA2
(residues 2350-2545) decreases the α-helical/β-sheet pro-
pensity of the wild-type protein and perturb the tertiary
structure conformation. In molecular dynamics simulation
studies, the mutation perturbs the structural integrity and
conformational dynamics by altering the intramolecular H-
bonds, overall compactness and stability of the hydrophobic
core. Principal component analysis indicated that
Arg2502Cys mutant exhibits comparatively large conforma-
tional transitions and periodic fluctuation conformers
throughout the 250ns trajectories.

Conclusion: Therefore, to our conclusion, BRCA2
Arg2502Cys mutation perturbed the structural integrity
and conformational dynamics of BRCA2 which in turn may
affect the function of the protein and could result in cancer
predisposition.

A009. Localized Delivery of Gemcitabine Using Chitosan–
Poly Vinyl Alcohol Film Inhibits Pancreatic Tumor Growth in
Preclinical Settings
Arijit Mal1, Archana Kumari1, Snehal K. Valvi2, Abhijit De2,
Rajdip Bandyopadhyaya*1
1Colloids and Nanomaterials group, Chemical Engineering
Department, Indian Institute of Technology, Bombay, Powai,
Mumbai, India
2Molecular Functional Imaging Lab, ACTREC, TMC, Kharghar, Navi
Mumbai, India

Correspondence to: rajdip@che.iitb.ac.in

Background:Gemcitabine (GEM) is used for treatment
of pancreatic cancer (PC) patients. However, the limiting step
in GEM dosage is its low plasma half-life, nonspecificity, and
high cytotoxicity. To overcome these limitations, we have
developed GEM loaded chitosan–poly vinyl alcohol (CP-GEM)
based biodegradable film for localized and sustained release
of GEM for PC management.

Materials and Methods: The CP-GEM was synthesized
using solvent-casting method. The cell viability assays was
carried in both 2D and 3D PC-cell culture with different
dosages of GEM for 6 hours (mimicking the clinical scenario),
5 days, and equivalent amount CP-GEM for 5 days. Preclinical
antitumor efficacy study was carried out in subcutaneous PC
model.

Results: The GEM gets released in small dose over a
period of 2weeks. It was observed that CP-GEMhas enhanced
cell killing capability in both 2D- and 3D-cell cultures.
Intriguingly, GEM resistant PC cells developed, on treatment
of free GEM for 6 hours and 5 days, whereas no such
development was observed on treatment with CP-GEM
even after 5 days from end of the treatment. CP-GEM also
inhibited cell proliferation and lead to DNA double strand
break. Further, we observed that CP-GEM inhibited tumor
growth in mice indicating the antitumor capability of the
GEM when loaded in the film.

Conclusion: Thus, continuous and sustained release of
GEMnotonly killed PC cells but also inhibited development of
chemoresistance. The CP-GEM further inhibited tumor
growth in mice. In future CP-GEM should be investigated
for antitumor efficacy in orthotopic PC model.

A010. Reoxygenation Postacute Hypoxia Imparts Survival
Advantage to Parental and Therapy-Resistant Breast Cancer
Cells
Sukanya 1,2, Sanjay Gupta*1,2
1Epigenetics and Chromatin Biology Group, Gupta Laboratory,
Cancer Research Institute, Advanced Centre for Treatment, Research
and Education in Cancer, Tata Memorial Centre, Kharghar, Navi
Mumbai, India
2Homi Bhabha National Institute, Training School Complex,
Anushakti Nagar, Mumbai, MH, India

Correspondence to: sgupta@actrec.gov.in

Background: In solid tumors, hypoxia due to insuffi-
cient blood supply associates with failure of anticancer
treatment strategies. Intermittent reoxygenation of hypoxic
cells is a clinically relevant condition potentially affecting
biological outcomes. This study highlights the biological
effect of hypoxia reoxygenation on parental and therapy-
resistant breast cancer cells for better therapeutic targeting.

Materials and Methods: Parental and radioresistant
breast cancer cells were exposed to hypoxia and/or reoxy-
genation for deciphering the cellular andmolecular alteration
compared to untreated cells. The comparative studies were
carried out in cancer cells using the Raman spectroscopy,
electron microscopy, western blotting, confocal microscopy,
and other functional assays.

Results: In response to hypoxia and reoxygenation, the
parental and radioresistant cells showed mitochondrial fu-
sion, fission, and swelling with distinct spectral peaks of
cytochrome-c at 750 and 1,585/cm compared to untreated
cells. Incoherence, the increased levels of total andmitochon-
drial Reactive Oxygen Species with enhanced γH2AX foci
formation and decreased pATR levels were also observed in
hypoxia reoxygenation exposed parental and radioresistant
cells compared to the untreated cell population. The mito-
chondrial structural and functional proteins also showed
altered levels in parallel with changes in mitochondrial
structural changes. These cells showed increased survival
and migratory potential, possibly due to increased pAKT
and pERK1/2 levels.

Conclusion: Differential mitochondrial alterations,
ROS signaling, and increased levels of antioxidant enzymes
play an essential role in cell proliferation and survival of
parental and radioresistant cells under hypoxia and reoxy-
genation. Therefore, the targeted interruption of the mito-
chondria-to-cell redox pathway is potentially a promising
target for future therapy.

A011. Withaferin-A Prevents the Onset of Acute Graft
versus Host Disease by Inhibiting JAK2-STAT3 Signaling
Pathway
Saurabh K. Gupta1,3, Dievya Gohil1,3, Navin Khattry2,3, Vikram
Gota*1,3
1Department of Clinical Pharmacology, ACTREC, Tata Memorial
Centre, Kharghar, Navi Mumbai, Maharashtra, India
2Department of Medical Oncology, Tata Memorial Centre, Kharghar,
Navi Mumbai, Maharashtra, India
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Background: Acute graft versus host disease (aGvHD)
is a major complication of allogenic bone marrow transplan-
tation (alloBMT).Withaferin-A (WA) as an anti-inflammatory
and immunomodulatory agentmayhave clinical utility either
as a single agent or in combination for the prevention of
aGvHD.

Material and Methods: Recipient BALB/c (H-2Kd) mice
were given 6.5 Gy of total body radiation. Irradiated BALB/c
mice were transplanted with 5�106 bone marrow cells and
15�106 spleen cells from donor C57BL/6 (H-2Kb) mice.
Further, efficacy of WA was evaluated and compared with
standard prophylactic regimen of cyclosporine and metho-
trexate (CSAþMTX).

Results: Oral administration of WA significantly de-
creased the clinical severity score of aGvHDby7.5 pointswith
respect to control (9.5 vs. 2.0). Mortality associated with
aGvHD was also significantly reduced compared to the con-
trol (HR¼0.07 (0.01–0.35); p¼0.013). Furthermore,WA arm
had better overall survival compared with standard prophy-
lactic regimen of CSAþMTX (HR¼0.19 [0.03–1.13],
p¼0.09), although the effect was not statistically significant.
In vitro WA treatment to splenic lymphocytes resulted in
marked decrease in pJAK2 and pSTAT3 levels.

Conclusion: Oral administration of WA prevents
aGvHD by inhibiting JAK2-STAT3 signaling. WA as a single
agent demonstrated comparable efficacy as CSAþMTX. The
efficacy of WA for the prophylaxis of aGvHD should be tested
in prospective clinical trials either alone or in combination
with standard regimen.

A012. Serum Raman Spectroscopy Study in DMBA-Induced
Oral Carcinogenesis—Hamster Buccal Pouch Model
Priyanka A. Jadhav1, C. M. Krishna*1
1ACTREC, Tata Memorial Centre, Kharghar, Navi Mumbai,
Maharashtra, India

Correspondence to: mchilakapati@actrec.gov.in, pit-
tu1043@gmail.com

Background: Oral cancer presents with poor 5-year
survival rates owing to delayed clinical detection. Raman
spectroscopy has demonstrated stratification of healthy,
inflammatory, premalignant, and oral cancer conditions,
proving potential in early diagnosis. This study aims to
evaluate if the Serum Raman Spectroscopy (SRS) can probe
the sequential biochemical changes occurring during oral
carcinogenesis.

Materials andMethods: The serum collected across 14
weeks from DMBA-induced oral carcinogenesis in hamster
buccal-pouch model was used to identify the sequential
biochemical changes. Sequential spectral variations were
observed in controls and carcinogen (DMBA) treated hamster
sera. The SerumRaman spectrawere subjected to PCA and PC-
LDA analysis, both week and group wise.

Results: The PCA scatter plots show distinct clustering
of spectra as the DMBA treatment progresses. In week-wise
analysis, it is evident that serum spectra from the DMBA
treated and physical injury group do not get misclassified as
untreated group spectra. However, the serum spectra of
untreated and physical injury controls showed misclassifica-
tion with spectra from the DMBA treated group at later
weeks. In group-wise analysis, the serum spectra from the
untreated control, and DMBA-treated groups showed classi-
fication in their respective weeks, suggesting SRS can detect
the age-related changes.

Conclusion: Detection of age-related changes demon-
strates sensitivity of the technique. The misclassifications
between the injury and DMBA group indicate mechanical

irritations/injuries as an etiological factor. While no spectral
classification of both above groups with untreated or vehicle
controls, it suggests SRS as a rapid and objective screening
adjunct in oral cancer diagnosis.

A013. Understanding the Histone Alteration during Drug
Tolerance Leading to Survival of the Cancer Cells and
Development of Drug Resistance
Anjali Singh1,2, Sanjay Gupta*1,2
1Epigenetics and Chromatin Biology Group, Gupta Laboratory,
Cancer Research Institute, Advanced Centre for Treatment, Research
and Education in Cancer, Tata Memorial Centre, Kharghar, Navi
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Background: Recent studies have shown heterogene-
ity within cancer results in the generation of reversible early
drug-tolerant persister (DTP) cells due to altered transcrip-
tion. Further, these cells lead to stable drug-resistant cells
(DRC). The present study focuses on differential histone
alteration in DTP and DRC for their potential therapeutic
importance.

Materials and Methods: The gastrointestinal cell lines
treatedwith cisplatinwere used to study sequential events in
DTP and DRC. The characterization was performed based on
phenotypic andmolecular changes, such as cell cycle, cellular
plasticity, apoptosis, and histone modifications in DTP, in
comparison to parental cell lines of DRC.

Results: The sequential treatment of AGS and Hep3B
cells with cisplatin leads to survival of 5 to 8% of the cell
population in the early stage, defined as DTP cells. The long-
term treatment leads to the development of DRC from the
DTP population. The survivingDTP cells were in the quiescent
state with significantly less cell death. Preliminary data have
shown increased expression of stem-cell markers CD44 and
CD133. Moreover, DTP cells showed an increased level of
heterochromatin markers, H3K9me3 and H3K27me3, with
increased incorporation of histone isoform, H3.2. The meth-
ylase, EHMT2, and demethylase, KDM3 of H3K9me3, showed
increased and decreased expression respectively.

Conclusion: The G0/G1 arrest and increased hetero-
chromatin marks in DTP cells provide an advantage for cell
survival. Therefore, potentially targeting the altered histone
modifiers required for histone modifications for the survival
of DTP cells with specific inhibitors will help to prevent the
development of drug-resistance cells.

A014. The Role of Lipocalin 2 (LCN2) in Regulating
Ferroptosis and Therapy Resistance
Rinki Doloi1,2, Nazia Chaudhary1,2, Sorab N. Dalal*1,2
1KS216, Advanced Centre for Treatment Research and Education in
Cancer (ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai,
India
2Homi Bhabha National Institute, Training School complex,
Anushakti Nagar, Mumbai, India

Correspondence to: sdalal@actrec.gov.in

Background: Increased expression of LCN2 leads to
chemoresistance and inhibiting LCN2 function results in
chemosensitivity, due to LCN2-mediated inhibition of iron-
dependent programmed cell death process called ferroptosis
and induction of autophagy. We aim to assess how LCN2
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stimulates ETS1 expression to inhibit ferroptosis and how
LCN2 promotes autophagy leading to chemoresistance.

Materials and Methods: All the protocols have been
described previously in Chaudhary et al. shRNA was cloned
into pLKO.1-TRC cloning vector (a gift from David Root) to
generate stable LCN2 knockdown in DLD1 cells to confirm the
observation obtained with the LCN2 antibody (3D12B2).

Results: LCN2 overexpressing cells showed increased
levels of ETS1, xCT, and GPX4, while LCN2 knockdown cells
showed decreased levels, confirming the results obtained by
treatment with LCN2 antibody, and consistent with the
observation that LCN2 promotes resistance to 5-FU by inhib-
iting ferroptosis. Further, LCN2 overexpressing cells showed
increased LC3II levels and increased LC3 foci, suggesting LCN2
promotes autophagy in response to therapy. Also, activated
EGFR expression is decreased in LCN2 knockdown cells
suggesting that the increase in ETS1 levels observed upon
LCN2 expression is probably due to increased activityof EGFR.

Conclusion: LCN2 inhibits ferroptosis by increasing
ETS1 expression and promotes autophagy. By inducing
autophagy, it probably increases the recycling of EGFR,
such that activation of EGFR signaling increases expression
of ETS1 which inhibits ferroptosis to promote
chemoresistance.

A015. Autophagy Inhibition Invoke Resistance to Arsenic
Trioxide Induced Apoptosis in Acute Promyelocytic
Leukemia
Deepshikha Dutta1,2, Bhausaheb Bagal3, Hasmukh Jain3,
Syed K. Hasan*1,2
1Hasan Lab, Advanced Centre for Treatment, Research and Education
in Cancer, Navi Mumbai, India
2Homi Bhabha National Institute, Training School Complex,
Anushakti Nagar, Mumbai, India
3Department of Medical Oncology, Tata Memorial Hospital Mumbai,
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Background: Despite significant advances in the man-
agement of acute promyelocytic leukemia (APL), 10 to 20% of
de novo and 30 to 50% of relapsed patients show resistance
toward arsenic trioxide (ATO) therapy. To investigate factors
contributing ATO resistance using ATO sensitive and resistant
APL cell model system, we examined the role of autophagy in
ATO resistance.

Materials and Methods: PML-RARA positive ATO sen-
sitive and resistant NB4 cell lines (NB4S and NB4R) and ATO
(INTAS pharmaceuticals). IC50 by CTG assay and synergy
calculation using Calcusyn. Apoptosis assays by flow cytom-
etry. The qRT-PCR and western blots for transcripts and
protein levels were studied.

Results: The IC50 of ATO was found to be 3.8 times
higher in NB4R compared to NB4S cells (0.72µMvs2.77µM).
Flow cytometry data showed higher rate of apoptosis in
sensitive than resistant cells (50 vs. 18% at 4µMATO). The
protein levels of autophagy markers (p62, LC3-I/II) in NB4R

remained unchanged at higher ATO concentrations. Levels of
p62 were decreased 90% in dose dependent manner in NB4S

cells. Conversion of LC3 I to II on ATO treatment was found
abysmal in NB4R cells suggesting autophagy inhibition. In-
terestingly, 3µMATO eradicated PML-RARA protein in NB4S

cells but failed to conduct in NB4R cells suggesting that
degradation of PML-RARA in ATO sensitive cells is mediated
through autophagy.

Conclusion: Preliminary data highlight the role of
autophagy inhibition in resistance to ATO induced apoptosis
leading to reduced degradation of PML-RARA.

A016. Structural and Molecular Dynamics Studies of
Mutations Identified in Functional Domains of Ribosomal
Protein S6 Kinase A1
Vaishnvee A. Chikhale1,2, Ashok K. Varma*1,2
1Advanced Centre for Treatment, Research and Education in cancer,
Kharghar, Navi Mumbai, Maharashtra, India
2Homi Bhabha National Institute, Training School Complex,
Anushaktinagar, Mumbai, Maharashtra, India
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Background: Ribosomal protein S6 kinase (RSK) is one
of the effector kinases of RAS-MAPK pathway. Cancer associ-
ated mutations identified in the different domains of RSK1
have not been well studied for their structure and dynamics.
Current work focuses on structure and functional studies of
the mutations in RSK1-CTKD.

Methods: Mutations were retrieved from cBioPortal
and characterized for pathogenicity by in-silico prediction
tools (PROVEAN, PhD-SNP, pMut, and PANTHER). Evolution-
ary conservation was assessed by the ConSurf. Effect of
mutation on protein stability was then determined with
iStable tool. Molecular dynamics simulation was used to
investigate the structural changes induced by the mutations.

Results: A total of 140 retrieved nsSNPswere screened
for pathogenicity and 10 nsSNPs were identified in highly
conserved regions andwere categorized as deleterious. These
mutations were located at functionally important region and
ERK1/2 interaction interface. The molecular dynamics simu-
lation analysis revealed major structural alterations in 6
nsSNPs (R434P, T701M, A704T, S720C, R725W, and S732F).
Principal component analysis uncovered few eigenvectors
deciphered to be principal components and that can be
corelated with their collective motion. The Gibbs free energy
landscape of PC1 and PC2 of R725W, S732F, and S720C were
observed to have higher conformational stability than wild
type.

Conclusion: This study unveils that highly pathogenic
mutation affects the stability and dynamics of RSK1-CTKD.

A017. Multiplexed STAT3-PhosphoBRET Sensor for Ready
Distinction between Canonical versus Noncanonical PTM
Mediated Pathway Activation in Cancer Cell
Mansi Joshi1,2, Abhijit De*1,2
1Molecular functional imaging lab. ACTREC, Tata Memorial Centre,
Navi Mumbai, India
2Department of Life Science, Homi Bhabha National Institute (HBNI),
Mumbai, India

*Correspondence to: ade@actrec.gov.in

Background: STAT3 is an intracellular signaling pro-
tein which gets activated via phosphor-PTMs marks at Y705
(canonical) and S727 (noncanonical activation). Considering
the complexity of STAT3 activation and signaling in various
cancer contexts, we aim to develop a multiplexed, color-
coded STAT3-phosphoBRET sensor to detect canonical or
noncanonical PTM within a cancer cell population in live
culture.

Methods: Fusion constructs of Nluc-STAT3, Turbo-
STAT3, and mOrange-STAT3 were synthesized in N-terminus
of STAT3 by PCR based cloningmethod.Mutant STAT3 (Y705F
and S727A) constructs were developed using SDM. Plasmid
DNAswere cotransfected inHT1080 andMCF7 cell lines using
Lipofectamine 2000 protocol. Protein expression was mea-
sured by western blot and immunofluorescence. BRET imag-
ing was done using IVIS spectrum.
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Results: Expression of Nluc-STAT3, Turbo-STAT3, and
mOr-STAT3 was detected in transiently transfected cells.
STAT3 activation and dimerization was observed with an
increase in BRET signal using multicolor based STAT3-BRET
pairs, Nluc-STAT3-Turbo-STAT3, and Nluc-STAT3-mOr-STAT3
with different WT and mutant constructs post-EGF stimula-
tion and drug treatment, including static and niclosamide.
Time-dependent STAT3 phosphorylation with EGF or drug
treatment was also confirmed with western blotting and
survival assays.

Conclusion:While BRET has proved to be a useful live-
cell assay for measuring protein dimerization, this study, for
the first time, shows spectral multiplexing-based distinction
and screening possibility of STAT3 activation in live-cell
formats. Notably, this multiplexed STAT3 sensor can be
used to screen potential drug molecules against complex
STAT3 signaling.

A018. Noninvasive Imaging-Guided In Vivo Estimation of
Photothermal Therapy Using Cancer-Targeted Gold-Solid-
Lipid Nanomaterial
Chetna Patnaik1,2, Suditi Neekhra3, Shreya Dalvi1, Sabyasachi
Chakrabarty3, B. Pradeep K. Reddy3, Rohit Srivastava3, Abhijit
De*1,2
1Molecular Functional Imaging Lab, ACTREC, Tata Memorial Centre,
Kharghar, Navi Mumbai, India
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Background: Photothermal therapy (PTT) is a promis-
ing cancer treatment modality which employs near-infrared
laser on gold-nanomaterials for localized heat-mediated tu-
mor ablation. We estimate PTT effect of a novel CSC-targeted
photothermal agent, that is, hyaluronic acid (HA)-tagged
gold-solid-lipid nanoparticle (Au-SLN) on breast cancer
(BC) cells and xenograft tumors.

Methods: Au-SLN was surface functionalized with HA
and characterized. In vitro uptake and biocompatibility of
HA-Au-SLN over Au-SLN were done. To evaluate PTT efficacy
in vivo, 4T1-FL2 BC orthotopic NOD-SCID mice were given
PTT (750 nm NIR-laser, 650 mW, and 4 minutes) after intra-
tumoral Au-SLN injection. Tumor regression was quantitated
by 2D-BLI and DLIT of IVIS-spectrum.

Results: HA-Au-SLN showed no shift in NIR absor-
bance efficiency. HA coating was confirmed by FTIR and TEM.
In vitro studies showed significant cell death (>75%,
p<0.0001) within 2 minutes of PTT across BC cell lines.
Enhanced uptake of HA-Au-SLN over Au-SLN was observed
inMDA-MB-231 cell line. HA-Au-SLN showed higher biocom-
patibility over Au-SLNat concentrations beyond 100 µg/mL in
L929 cell line. In concordance to planar imaging estimation,
volumetric assessment by DLIT simulation signified a 104-
fold dip in source signal upon photothermal insult, leading to
complete regression in primary tumor.

Conclusion: This is the first report of an actively
targeted gold nanomaterial for PTT showing excellent antitu-
mor efficacy bringing this therapy closer for clinical
application.

A019. BEND4, a Novel Prognostic Marker for Adverse AML
Archisman Banerjee#1,2, Saket V. Mishra#1,2, Sameer
Salunkhe1,2, Pratik Chandrani*3,4, Shilpee Dutt*1,2
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*Correspondence to: Dr. Shilpee Dutt (sdutt@actrec.
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Background: Cytogenetic and molecular abnormali-
ties–based prognostication in acute myeloid leukemia (AML)
is useful for managing the heterogeneous disease. Most of
these abnormalities are eithermutation or gene fusion based.
Unfortunately, gene expression–based biomarkers, which are
easy to assess in clinical settings, are understudied due to lack
of availability of paired normal tissue.

Materials and Methods: Raw transcriptome data of
n¼1,775 patient’s (six independent datasets) available in
public domain were processed and independently analyzed
for Z-score–based statistic, differential gene expression, bi-
variate, multivariate, and survival analyses using R software.
The qRT-PCR and IHC-IF were used to validate the identified
gene in two independent cohorts of patient samples.

Results: In an independent analysis of each transcrip-
tomedataset, BEND4was identified as the only commongene
with high expression in adverse cytogenetic and in relapsed
AML patients, leading to poor survival. These findings were
further validated in our sample cohort of 31 de novo adult
AML samples and 6 paired AML relapse patients. Bivariate
analysis shows association of BEND4 expression with known
AML cytogenetic risk factors like blast count, FLT3-ITD, and
NPM1 mutation. Importantly, multivariable analyses, adjust-
ed for those cytogenetic risk factors, as a time-dependent
variable, confirmed the independent association of high
BEND4 expression with a higher hazard ratio.

Conclusion: We identified significant association of
BEND4 high expression in AML patients of adverse prognosis
with 81% sensitivity and 91% specificity. Thus, we demon-
strate that BEND4 can be a novel poor prognostic marker for
AML and provide rationale for further investigation of its
biological function.

#These authors contributed equally to this work

A020. SFRP1 in Regulation of Skin Cancer and Cancer Stem
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Background: Wnt-signaling involved in regulation of
different cancer and cancer stem cells (CSCs). SFRP1, a Wnt-
inhibitor, is downregulated in various human cancers; earlier
study observed inverse correlation between SFRP1 and SOX2
in human oral and breast cancers. However, role of SFRP1 and
molecular mechanism involved in skin tumor and CSC regu-
lation remains unexplored.

Methods: We used the cutaneous skin squamous cell
carcinoma cell line (A-3886). Flow cytometry was performed
to isolate CSCs by using CD133þ, while CD133� as non-CSCs
control. Expression profiles was performed usingmicroarray.
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Further, the differentially expressed genes were validated by
RT-PCR and protein expression was checked by western blot.

Results:We observed 6 to 8% of CSCs population from
A-3886 cells. CSCs population was checked by IFA using the
CD133 marker, sphere formation and in vivo tumorigenesis
assay. Expression profiling of CSCs showed upregulation of
genes involved in EMT (Vimentin, TWIST1), stemness marker
SOX2, and noncanonical Wnt signaling that suggest an en-
hanced tumorigenic potential of CSCs. We observed the
upregulation in protein expression of noncanonical Wnt
signaling cascade (Rac1-Dvl2-JNK-c-JUN-SOX2).We observed
the interaction of c-JUN and SOX2 by coimmunoprecipitation
and ChIP-qPCR in the absence of SFRP1. Further, we found
that knockdown of JNK1 decreases the SOX2 levels and
tumorigenic potential.

Conclusion: Our data revealed the role of SFRP1 and
molecular mechanism behind the skin CSCs regulation
through non canonical Wnt signaling cascade (Rac1-Dvl2-
JNK), and interaction between c-JUN and SOX2, thereby
resulting in an increased tumorigenic potential of CSCs.

A021. Investigating theMolecular Association Between p53
and HER2 Expression in Gastric Cancer
Priti S. Shenoy1,2, Munita Bal2,3, Anant Ramaswamy2,3, Sudeep
Gupta2,3, Pritha Ray*1,2
1Imaging Cell Signalling & Therapeutics Lab, Advanced Centre for
Treatment, Research and Education in Cancer, TMC, Navi Mumbai,
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2Homi Bhabha National Institute, Anushakti Nagar, Mumbai, India
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Background: Gastric cancer (GC), the fifth most com-
mon cancer worldwide shows frequent p53 mutations and
around 20% cases exhibit HER2 overexpression. In multiple
cancers, mutant p53 regulates HER2 signaling. We aim to
investigate the association and molecular relation between
p53 and HER2 in GC cell lines and Indian patients.

Materials and Methods: Immunohistochemistry is
performed for p53 and HER2 in paired (chemonaïve and
NACT) patient tumor blocks. Role of wild type p53 in regu-
latingHER2 expressionwas studied by ChiP assay in AGS cells.
Isogenic cellular model systems expressing mutant andwild-
type p53 in p53 null KATO-III cell line are under construction.

Results: In a small cohort of GC patients (n¼19), 8
among 19 patients possess mutant p53 and the rest harbor
wild type p53. Intriguingly, 3 of 19 cases showed intense
HER2membrane staining and all of them harbor mutant p53.
In AGS cell line, platinum treatment led to enhanced p53 and
decreased HER2 expression at protein, as well as mRNA level.
Using JASPAR software, three p53 binding sites were identi-
fied on HER2 promoter (score >80%). ChiP assay revealed
increased p53 binding to at sites 2 and 3 on the HER2
promoter upon platinum treatment in AGS cell line.

Conclusion: This preliminary study suggests that wild
type/mutant p53 might transcriptionally regulate HER2 ex-
pression in GC cell lines and tumor tissues. Detail molecular
mechanism and identification of specific p53 mutations are
currently under investigation.

A022. Mitochondrial Targeted Curcumin Inhibits
Glutathione Reductase and Modulates Mitochondrial
Redox: A Potential Novel Strategy for the Treatment of
Resistant NSCLC
Girish Ch. Panigrahi1,2, Khushboo Gandhi1,2, Saurabh K.
Gupta1,2, Deepak Sharma2,3, Vikram Gota*1,2

1Department of clinical pharmacology, ACTREC, Navi Mumbai, India
2HomiBhabha National Institute, Anushakti Nagar, Mumbai, India
3Radiation Biology & Health Sciences Division, Modular Laboratories,
Bhabha Atomic Research Centre, Trombay, Mumbai, India

Correspondence to: vikramgota@gmail.com

Background: The dedicated thioredoxin and glutathi-
one redox systems are the central antioxidant defense mech-
anisms by which mitochondria neutralize the excess ROS. In
cancer, these antioxidant systems get upregulated to cope
with oxidative stress insult caused due to dysfunctional
mitochondria. These upregulated antioxidant systems lead
to drug resistance in lung cancer.

Materials and Methods: The cytotoxicity of mitocur-
cuminin A549 cells at different time points and its IC50 was
calculated by MTT assay. Cell-free and cell-based glutathione
reductase (GR) inhibition was studied by DTNB reduction
assay. Autodockvina and LigPlot tools were used for molecu-
lar docking and ligand interaction studies.

Results:Mitocurcumin exhibited cytotoxicity on A549
cells with IC50 of 7.91, 5.37, and 3.37 μM at 24, 48, and 72
hours, respectively. It inhibited recombinant GR in cell-free
system with IC50 of 1.27 μM and mitochondrial GR in A549
cells. GR inhibition was independent of NADPH which serves
as the cofactor in enzyme catalysis and showedmixed-II-type
inhibition where Km and Vmax both decreased. The inhibi-
tion of GR-affected mitochondrial and cellular GSH pool by
increasing bothmitochondrial and cellular ROS in a dose- and
time-dependent manner. In silico-docking studies revealed
that mitocurcumin binds to the site other than active site of
GR.

Conclusion: Mitocurcumin affects proliferation of
A549 cells in dose- and time-dependent manner. It inhibits
GR in cell-free system and in A549 cells which in turn
modulates mitochondrial redox leading to ROS dependent
apoptosis in A549 cells.

A023. Isolation and Characterization of Circulating PLAPþ

Serum Exosomes Across Pregnancy
Aishwarya Rao1, Uma Shinde1, Vandana Bansal1, Dhanjit K.
Das1, Nafisa H. Balasinor1, Taruna Madan*1
1ICMR-National Institute for Research in Reproductive Health, J. M.
Street, Parel, Mumbai, Maharashtra, India

Correspondence to: taruna_m@hotmail.com

Background: Exosomes are cellular vesicles (30–100
nm) of endosomal origin released in extracellular space and
bodyfluids. During pregnancy, exosomes are produced by the
syncytiotrophoblast and released into the maternal blood
circulation. The characterization of these exosomes in mater-
nal blood during pregnancy may represent a clinically useful,
noninvasive test for placental physiology.

Materials and Methods: The isolated exosomes were
characterized in terms of their shape using TEM, exosomal
size using DLS method, and expression of placental enriched
markers, PLAP, and Cullin-7 by western blot. The DNA meth-
ylation status of LINE-1 promoter by pyrosequencing and
miRNA expression including C19MC cluster were assessed.

Results: The ratio of PLAP-specific exosomes to serum
exosomes in pregnant women (third trimester) was 74%
(�8.37) and 39% (�26.84) in nonpregnant women. The C19
miRNA cluster miRNAs (miR 515-5p-519e and miR-520f)
along with miR-133-3p, miR210-3p and miR-223-3p were
found to be present in PLAP-specific exosomes. LINE-1 pro-
moter methylation pattern in DNA derived from PLAP-specif-
ic exosomes corroborated with previous studies on LINE-1
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methylation in placental tissue. Exosomal marker CD63, and
placentalmarkers PLAP and Cullin-7were present in the total
protein lysate of PLAP-specific exosomes.

Conclusion: Thesefindings suggest that the circulating
PLAPþ exosomes may be a noninvasive tool to determine
placental health during pregnancy.

A024. Role of GATA3-Expression in the T-Cell Lineage
Assignment for the Diagnosis and Classification of Acute
Leukemia
J. Ranade1,2, S. Rajpal1,2, G. Chatterjee1,2, H. Sriram1,2, K.
Girase1,2, S. Ghogale1,2, N. Deshpande1,2, Y. Badrinath1,2, N. V.
Patkar1,2, S. Gujral1,2,3, P. G. Subramanian1,2, P. Tembhare*1,2
1Advanced Centre for Treatment, Research and Education in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai,
Maharashtra, India
2Homi Bhabha National Institute, BARC Training School Complex,
Anushaktinagar, Mumbai, Maharashtra, India
3Tata Memorial Hospital, Parel East, Mumbai, Maharashtra, India

Correspondence to: docprt@gmail.com

Background: GATA-binding protein 3 (GATA3) is the
transcription factor that regulates early T-cell differentiation.
Other markers of T-cells including CD7, CD5, and CD2 are
frequently aberrant and not lineage specific. Hence, we
evaluated the utility of GATA3 expression and studied its
utility as a T-lineage marker in the lineage-assignment of
acute leukemia.

Materials and Methods: Anti-GATA3 (PECF-594 and
clone-L50-823) antibody staining was standardized and
studied in the leukemic blasts along with CD7, CD5, sCD3,
CD34, CD45, and TdT using MFC. We also evaluated four
permeabilization reagents: FACS Lyse (BD Biosciences), Fix-
&-Perm (Invitrogen), Foxp3-fixation-kit (eBiosciences), and
true-nuclear transcription-factor staining buffer set
(Biolegend).

Results:GATA3 expressionwas studied in 60 T-ALL, 11
AML, and 7MPALwith T/myeloid patients. B-cells and normal
T-cells were taken as negative and positive controls with a
median nMFI of 0.13 (0.0–5.44) and 0.80 (0.0–25.0), respec-
tively. Median nMFI of GATA3 in T-ALL, AML, and MPAL
patients were 2.57 (0.0–8.04), 0.17 (0.00–5.23), and 2.02
(0.00–6.92), respectively. Taking a cut-off of 8.33, 71.66,
71.42, and 36.66% of T-ALL, MPAL, and AML, respectively,
were positive for GATA3. The sensitivity and specificity of
GATA3 for T-cell lineage is 71.67 and 72.73%, respectively.

Conclusion: This is a first-time standardized flow
cytometric assessment of GATA3 expression in the clinical
setting. FACS Lyse (BD Biosciences) was the best permeabi-
lization reagent. Flow cytometric GATA3 expression can give
confidence in assignment of T-lineage in the presence of dim
cCD3 in difficult cases of AL.

A025. Genetic Modulation of Molecular Circuitry Governing
Cellular Ageing in the Drosophila Intestinal Stem Cells
Alters Tissue Homeostasis
Saraswathi J. Pillai1, Rohan J. Khadilkar*1
1Stem cell and Tissue Homeostasis laboratory, TataMemorial Centre -
Advanced Centre for Treatment, Research and Education in Cancer
(TMC-ACTREC), India

Correspondence to: rkhadilkar@actrec.gov.in

Background: Ageing is the progressive physiological
decline of cellular and molecular functions. On the cellular
level, ageing drives genomic instability, chronic inflamma-
tion, altered protein turnover, and mitochondrial dysfunc-
tion. These result in the accumulation of derogatory effects,
causing age-related disorders. Here, we have investigated the
effects of ageing on intestinal tissue homeostasis.

Materials and Methods: To elucidate the cellular age-
ing phenomenon and to understand their effects on tissue
homeostasis using thorough in vivo analysis, we genetically
either accelerated or stalled ageing in the Drosophila larval
midgut using the Gal4 -UAS–based technology. The gutswere
dissected, immunostained, and analyzed using confocal mi-
croscopy and Image J Software.

Results: Acceleration of ageing specifically in the
intestinal stem cells using inflammageing approach or via
production of reactive oxygen species results in an increased
DNA damage, apoptosis, and differential cellular prolifera-
tion. On the contrary, when ageing is stalled by overexpres-
sion of a key autophagy regulator, Atg8 in the intestinal stem
cells, there is decrease in DNA damage, cell differentiation,
and shows increased intestinal stem cell proliferation.

Conclusion: Given, the considerable conservation be-
tween Drosophila and mammalian intestinal pathophysiolo-
gy and signaling pathways, we aim to gain mechanistic
insights into the cellular andmolecular circuitry that governs
cellular ageing. Here we have shown that modulating ageing
in either direction will have differential impact on various
cellular parameters and organismal function.

A026. Utility of Flow Cytometry in Cytokine Profiling from
Human Plasma Samples
K. Dalvi1,2, H. Sriram1,2, T. Khanka1,2, S. Gujarathi1,2, K.
Girase1,2, S. Ghogale1,2, N. Deshpande1,2, B. Yajamanam1,2, G.
Chatterjee1,2, S. Rajpal1,2, N. Patkar1,2, S. Gujral1,2,3, P. G.
Subramanian1,2, P. Tembhare*1,2
1Advanced Centre for Treatment, Research and Education in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai,
Maharashtra, India
2Homi Bhabha National Institute, BARC Training School Complex,
Anushaktinagar, Mumbai, Maharashtra, India
3Tata Memorial Hospital, Parel East, Mumbai, Maharashtra, India
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Table 1

GATA3 B-cells negative
control

Normal T-cells
positive control

T ALL blast AML blast MPAL blast (T/myeloid)

Median nMFI 0.13 0.80 2.57 0.17 2.02

Range 0.0–5.44 0.0–25.0 0.0–8.04 0.0–5.23 0.0–6.92

Abbreviations: AML, Acute Myeloid Leukemia; GATA3, GATA binding factor 3; MFI, Mean Fluorescence Intensity; MPAL, Mixed Phenotype Acute
Leukemia.
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Background: Cytokines, biological molecules pivotal
in induction and regulation of immune responses and
emerged as focal point of biomarker research. Detection of
cytokines by flowcytometric multiplex bead–based assays
increases the clinical utility. In this study, we established the
normal range, evaluated changes in cytokine levels under
different pathological conditions in cancer setting.

Materials and Methods: Whole blood collected in K2-
EDTA vacutainer tubes. The tubes centrifuged at 1,000� g for
10 minutes for plasma separation. BD CBA-FLEX set assays
were procured for human selected cytokines. Cytokine assay
was performed using 50 µL plasma as per manufacturer’s
protocol. Samples were acquired on BD LSRFortessa Data
analysis was performed on FCAPArray v3.0.1.

Results: Normal range of cytokines was evaluated in
33 healthy samples. Cytokine profiling was performed in 323
plasma samples including, but not limited to, suspected
GVHD, sepsis, HLH diagnosis, and immunotherapy monitor-
ing. Lower limit of detection for IL-6 was 0.49, IL-8 1.04, IL-10
0.57, IFN-γ 0.79, MIP-1α 0.11, and GM-CSF 0.08 pg/mL. We
noticed elevation in levels of inflammatory cytokines under
the conditions evaluated (p<0.05). Our results indicate a
stark increase in IL-8 during sepsis (p<0.0001). Concordant
with literature, we observe a significant increase in IL-8 in
HLH (p¼0.02). Additionally, we have used these assays
monitoring response to novel-therapeutic agents like
blinatumomab.

Conclusion: Our study indicates that cytokines are
increased in disease-specific manner and can be used as
diagnostic/prognosticmarkers. Although our cohort included
only plasma samples, similar large-scale studies on other
clinical specimens might prove useful.

A027. Gcn5Regulates Blood Cell LineageDifferentiation and
Maintains Tissue Homeostasis in the Drosophila
Hematopoietic Organ, the Lymph Gland
Arjun A. R.1, Rohan J. Khadilkar*1
1Stem cell and Tissue Homeostasis laboratory, CRI, TMC-ACTREC,
India

Correspondence to: rkhadilkar@actrec.gov.in

Background: General-controlled nonrepressed 5
(GCN5) is the histone acetyl transferase (HAT) involved in
leukemic stem cell maintenance and overexpressed in acute
myeloid leukemia (AML). Here, we are employing the Dro-
sophila larval lymph gland (LG) to understand the physiolog-
ical function and regulation of Gcn5 during developmental
hematopoiesis which remains unexplored.

Materials and Methods: A multipronged genetic ap-
proach consisting of whole animal gcn5mutants, modulation
of expression using knockdown or overexpression of Gcn5 in
various cell populations of the LGwill be used. The genotypes
are then subjected to in-vivo analysis using organ micro-
dissections and immunofluorescence analysis using confocal
microscopy.

Results: Our results indicate that abrogation of Gcn5
expression by knockdown or overexpression in niche cells,
stem cells, or differentiated blood cells leads to deregulation
of hematopoiesis resulting in a leukemia-like scenario. Spe-
cifically, there is an alteration in the number of niche cells and
the number of differentiated blood cell types.

Conclusion: Gcn5 regulates blood cell homeostasis in
the Drosophila LG. Our study will help in understanding the
mechanistic role of Gcn5 during hematopoiesis thereby
gaining insights into the biology of AML.

Table : Median and range (minimum–maximum) of cytokines evaluated in healthy and disease conditions

Sample IL-6 (pg/mL) IL-8 (pg/mL) IL-10 (pg/mL) IFN-γ (pg/mL) MIP-1α
(pg/mL)

GM-CSF
(pg/mL)

Normal 3.13
(1.24–5.70)

3.91
(3.13–5.67)

2.33
(1.36–4.09)

5.59
(1.63–7.84)

1.26
(0.36–2.36)

1.33
(0.77–2.37)

Sepsis 83.85
(16.28–1,322.74)

254.50
(16.72–2,355.95)

19.56
(5.38–162.36)

10.08
(0.00–13.53)

10.05
(1.75–54.31)

2.51
(0.00–12.22)

High-grade fever 50.84
(0–856.51)

84.17
(3.57–5,681.29)

12.08
(0.82–34.13)

4.41
(0–97.34)

7.61
(0–38.27)

2.53
(0–26.12)

HLH 54.49
(53.14–55.83)

251.4
(214.44–288.36)

12.62
(6.75–18.49)

2.71
(2.33–3.09)

2.43
(0.11–4.85)

2.28
(2–2.56)

Autoinflammatory
syndrome

65.43
(25.61–105.25)

48.66
(7.65–89.66)

14.69
(4.62–24.77)

92.29
(16.20–168.37)

14.60
(4.96–24.21)

4.81
(3.06–6.57)

Multiple myeloma 45.21
(11.85–856.51)

19.88
(16.72–263.04)

15.64
(3.13–34.80)

14.43
(4.12–26.32)

12.96
(9.92–54.31)

4.30
(2.10–6.74)

GVHD 345.40
(38.04–2085.48)

63.77
(23.45–176.12)

16.11
(6.77–163.20)

13.17
(2.1–71.97)

6.89
(2.36–13.42)

1.24
(0–6.10)

CMV infection 18.60
(7.53–29.68)

41.94
(6.12–77.76)

23.76
(13.39–34.13)

2.50
(2.40–2.60)

10.32
(6.82–13.82)

2.16
(2.13-2.20)

Abbreviations: CMV, Cytomegalovirus; GM-CSF, Granulocyte Monocyte Colony Stimulating Factor; GVHD, Graft-versus-host disease; HLH,
Hemophagocytic Lymphohistiocystosis; IFNγ, Interferonγ; IL-10, Interleukin-10; IL-6, Interleukin-6; IL-8, Interleukin-8; MIP1-α, Macrophage
Inflammatory Protein 1-alpha.
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A028. AMPing up the Search: A Structural and Functional
Repository of Antimicrobial Peptides (AMPs) for Biofilm
Studies (Biofilm-AMP), and a Case Studyof its Application to
Corynebacterium striatum, an Emerging Pathogen
Shreeya Mhade1, Stutee Panse2, Gandhar Tendulkar3, Rohit
Awate4, Yatindrapravanan Narasimhan5, Snehal Kadam6,
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Background: Antimicrobial peptides (AMPs) have
been recognized for their ability to target crucial biofilm
formation processes. Identifying potential AMP candidates
remains a significant challenge, necessitating preliminary in
silico studies prior to in vitro and in vivo studies.

Materials and Methods: We have developed biofilm-
AMP (B-AMP), a curated 3D structural repository of AMPs,
focusing on AMPs relevant to biofilm studies. To demonstrate
the user applicability of B-AMP, we use the sortase C biofilm
target of the emerging pathogen Corynebacterium striatum as
a case study.

Results: B-AMP contains predicted 3D structuralmod-
els of 5544 AMPs (from the DRAMP database) generatedwith
a suite of molecular modelling tools, with user friendly,
multioption search capabilities. AMPs are annotated to exist-
ing biofilm literature, consisting of over 10,000 publications,
enhancing the functional capabilities of B-AMP. For the case
study, 100 structural AMP models from B-AMP were
subjected to in silico protein-peptide molecular docking
against the catalytic site residues of the C. striatum sortase
C protein. We propose a preference scale based on docking
scores and interacting residues to select candidate AMPs for
further evaluation.

Conclusion: B-AMP (https://b-amp.karishmakaushi-
klab.com/) is a comprehensive structural and functional
repository of AMPs, serving as a starting point for future
studies on AMPs in biofilms. B-AMPwill be regularly updated
with AMP structures, interaction models with potential
biofilm targets, and annotations to biofilm literature.

A029. Study of FGFR-3 by FlowCytometry is Highly Sensitive
and Specific For Prediction of t(4;14) Translocation In
Multiple Myeloma.
J. Patil1,2, P. Singh1,2, T. Khanka1,2, H. Sriram1,2, S. Rajpal1,2, G.
Chatterjee1,2, D. Shetty1, S. Ghogale1,2, N. Deshpande1,2, B.
Yajamanam1,2, H. Jain1,2, B. Bagal1,2, N. Patkar1,2, M. Sengar1,2,
N. Khattry1,2, S. Gujral1,2,3, P. G. Subramanian1,2, P.
Tembhare1,2
1Advanced Centre for Treatment, Research and Education in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai,
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2Homi Bhabha National Institute (HBNI), BARC Training School
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Background: Multiple myeloma (MM) is a genetically
heterogenous plasma cell neoplasm comprising of varied
translocations. Translocation t(4;14) involving IgH-FGFR3
fusion is reported in 6% cases and is associated with poor
outcome. Flowcytometry is a sensitive and reliablemethod to
detect FGFR3 expression, hence predicting presence of t
(4;14) and helpful in risk stratification.

Methods: MM cases with more than 10% plasma cells
(PC) on bone marrow aspirate were included. FGFR3 expres-
sion was studied by FC using 13-color antibody panel. Data
were acquired on CytoFlex (Beckman Coulter) and analyzed
on Kaluza version 2.1 software. Cytogenetic analysis by FISH
was done to identify t(4;14) in all cases.

Results: Our cohort comprised of 140 cases of myelo-
ma. Median age of patients was 57 years (range: 17–79). Cut-
off of �15.8% FGFR3-positive plasma cells using ROC curve
analysis was used to define FGFR3 positivity. In our study,
FGFR3 was positive in 23 of 135 (17.03%). Cytogenetic results
were available in 115 and t(4;14) was positive in (10%)
patients. The sensitivity and specificity of FGFR3 expression
by FC for the prediction of t(4; 14) in MM by FISH was 90.9
and 85.6%, respectively.

Conclusion: We standardized and studied FGFR3 ex-
pression in multiple myeloma by FC. It is highly sensitive and
specific for detection of cases of MM with t(4;14) and
therefore useful in clinical staging. Hence, it should be used
as a reliable and alternate screening method in routine
practice.

A030. A Biomimetic, 4D Preclinical Platform to Evaluate
Novel Wound Biofilm Treatments
Radhika Dhekane1, Karishma Kaushik*1
1Department of Biotechnology, Savitribai Phule Pune University,
Pune, Maharashtra, India

Correspondence to: karishmaskaushik@gmail.com

Background: Evaluation of novel antibiofilm agents
against wound infections has relied on in vitro models which
fail to recapitulate the infection state, or scientifically and
ethically questionable animal models. Biomimetic preclinical
platforms that represent the wound infection state and
enable the evaluation of novel and combination antibiofilm
therapeutics are urgently needed.

Materials and Methods: We built a 3D host-cell scaf-
fold of fixed dermal fibroblasts and epidermal keratinocytes,
on which biofilms of Pseudomonas aeruginosa (PA) and
Staphylococcus aureus (SA) were grown in an in vitro wound
milieu2 (host matrix and biochemical factors). Biofilms were
characterized using confocal microscopy and the XTT assay
for antibiotic susceptibility.

Results: The recapitulated 4D platform supports the
development ofmono- andmixed-species PA and SA biofilms
over 24 hours, with characteristic features of biofilm struc-
ture and interspecies interactions. Notably, the thickness and
distribution of PA and SAbiofilm aggregates are influenced by
microenvironmental factors such as host cells and the IVWM.
Further, antibiotic tolerance of PA biofilms (to tobramycin) is
higher in the composite 4D platform compared to standard
laboratory media; SA biofilms (with vancomycin) did not
show a difference.

Conclusion: We have developed a 4D biomimetic
platform that recapitulates key features of wound biofilm
structure and antibiotic tolerance. It can serve as a high
throughput, selective, and precise approach to characterize
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novel and combination antibiofilm approaches, and thereby
fill a gap in the development of biofilm treatments.

A031. “Wound Infection on a Chip”: A Macrofluidic
Platform to Recapitulate the Dynamic Wound Infection
Microenvironment
Nijamuddin Shaikh1, Karishma Kaushik*1
1Department of Biotechnology, Savitribai Phule Pune University,
Pune, Maharashtra, India

Correspondence to: karishmaskaushik@gmail.com

Background: The wound infection state is a dynamic
microenvironment with intricate interplay across host ele-
ments, biofilms, chemical cues, and biophysical factors. Bio-
fluidic forces influence range of wound healing outcomes
including cell proliferation, migration, and communication.
However, the effects of biophysical forces in context of the
composite microenvironment, remains to be explored.

Materials and Methods: Using 3D printing, we have
developed a palm-sized “macrofluidic device” made of bio-
compatible polymer, polylactic acid, consisting of a transpar-
ent centrally placed chamber, with inlet and outlet channels
connected to an in-house developed peristaltic pump. Hu-
man epidermal keratinocytes and dermal fibroblasts are
seeded from the top portion of the chamber.

Results: The central chamber of the reconstituted
“wound infection on a chip” supports the proliferation of
HaCaTandHDFa cells, aloneand in coculture.Using the scratch
assay, to mimic wound injury, the cocultured “wound bed”
demonstrates robust host cell migration and wound closure.
These effects are currently being evaluated in presence of flow
and shear stress applied at various time intervals.

Conclusion: The next steps include leveraging the
“wound infection on a chip” system to study the effects of
biophysical forces on the formation and development bio-
films grown on host cells and dissect host-microbe interac-
tions, with the inclusion of a relevant wound chemicalmilieu.

A032. An In Vitro Breast Cancer Cellular Dormancy Model
Pulkit Datt1, Jinesh Maniar1, Sudeep Gupta*1
1Clinician Scientist Laboratory, Khanolkar Shodhika, Tata Memorial
Centre Advanced Centre for Treatment, Research and Education in
Cancer, Navi Mumbai, Maharashtra, India

Correspondence to: director@actrec.gov.in

Background: Cancer recurrence at distant sites is
common among breast cancer patients. Dormancy plays a
pivotal role in mediating these late recurrences. The process-
es involved in the regulation of quiescence in disseminated
tumor cells (DTCs) persist predominantly undiscovered. Iso-
lation and analysis of dormant DTCs from clinically disease-
free patients is exceptionally complicated.

Materials and Methods: We developed an in vitro
model that replicates dormant estrogen-positive (ERþ)
breast cancer cells in the bone marrow (BM), as they are
likely to remain dormant for an extended period. The BM
comprises basic fibroblast growth factor (FGF-2) and fibro-
nectin, providing a favorable microenvironment for the DTCs
to enter dormancy.

Results: MCF-7 cells were incubated at clonogenic
densities in the presence of FGF-2, on fibronectin-coated
dishes. FGF-2 treatment was given for 7 days, resulting in
the formation of dormant clones on fibronectin-coated
dishes. These treated cells were nonproliferating, had a large
cytoplasm tonucleus ratio, and adistinctlyflat appearance. In

addition, a high p38/ ERK ratio and a negative senescence
staining demonstrated that they were at a quiescent stage.
Conversely, MCF-7 cells incubated without FGF-2 form much
bigger colonies on fibronectin-coated and noncoated dishes.

Conclusion: Both FGF-2 and fibronectin have to be
present in the microenvironment of DTCs for them to enter a
state of dormancy. This assay functions as a tool to glean
information about the molecular mechanisms necessary for
the establishment and survival of dormant tumor cells.

A033. Prevalence and Susceptibility of Carbapenem
Resistance Gram-Negative Bacteria in an ICU Setup
Bidyutprava Rout1, Birasen Behera1, Subhasmita Bahinipati2,
Kundan K. Sahu3, Sarita Otta*1
1Department Of Microbiology, IMS & SUM Hospital, Siksha ‘O’
Anusandhan (Deemed to be) University, Bhubaneswar, Odisha, India
2School of Paramedics & Allied Health Science
3Siksha ‘O’ Anusandhan (Deemed to be) University, Bhubaneswar,
Odisha, India
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Background: With the increasing use of carbapenems
in clinical practice has led to emergence of carbapenem-
resistant Gram-negative bacilli which now poses a great
threat to human health. Carbapenem resistant Gram-nega-
tive bacilli are priority pathogens with limited options avail-
able for their treatment.

Materials and Methods: This is a prospective study
over a period of 5 months during which, of the samples
received from ICU, 59 samples grew Gram-negative bacilli for
which identification and susceptibility was performed by
Vitek-2 method. Carbapenem resistant Gram-negative bacilli
(CRGNB) were considered in the study. Intrinsic carbapenem
resistant bacilli, non-ICU samples were excluded from the
study.

Results:Of the 60 carbapenem resistant isolates, 23.7%
belonged to 41 to 50 years of age group followed closely by 51
to 60 (22.03%) and 61 to 70 (18.6%) years of age groups;males
outnumbering the females.Most of the isolateswere cultured
from Respiratory samples (sputum, tracheal aspirate, and
BAL). Klebsiella pneumoniae constituted the highest propor-
tion (36.7%) of CRGNB followed by Acinetobacter spp. (22%).
Tigecycline, colistin, and aminoglycosides were the most
useful antibiotics for CRGNB. Klebsiella spp. had the highest
resistance (75%) to tigecycline while Acinetobacter spp. had
the highest resistance to colistin.

Conclusion: CRGNB is on the rise in ICU set-up, Klebsi-
ella spp. dominating the scenario. The available options for
these bacilli are limited to tigecycline, colistin, and amino-
glycosides. Tigecycline is the most effective antibiotic for E.
coli and Acinetobacter spp. but colistin should be preferred for
Klebsiella spp.

A034. Scaffold Based Gene Delivery for Immunotherapeutic
Applications
Hiren Dandia1, Snehal Valvi2, Rahul Thorat2, Arvind Ingle2,
Abhijit De2, Shubhada Chiplunkar2, Prakriti Tayalia*1
1Indian Institute of Technology Bombay, Powai, Mumbai, India
2Advanced Centre for Treatment, Research and Education in Cancer,
India

Correspondence to: prakriti@iitb.ac.in

Background: Gene delivery is one of the major
achievements in the field of immunotherapy, but the cost
and complexity of manufacturing large numbers of
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genetically programmed cells remain a major hurdle. We
thereby illustrate a method to deliver genes to cells in native
microenvironment thus overcoming existing limitations.

Materials and Methods: Polyethylene glycol–based
scaffold implant was fabricated and carbamide chemistry
was used to conjugate poly-L-lysine and immobilize gene
carrying lentiviruses on the scaffold. This implant was char-
acterized for physical and biological properties. Further, GFP
and luciferase expressing lentiviruses were loaded in the
scaffold and efficiency of gene delivery was characterized.

Results: Characterization of scaffold showed a highly
interconnected macroporous structure in SEM, thereby re-
vealing a higher surface area for immobilization of lentivi-
ruses. The scaffold was also biocompatible and
hemocompatible. Further, conjugation of poly-L-lysine sig-
nificantly improved the immobilization of lentiviruses on the
scaffold. In vitro studies show efficient delivery of GFP gene
into HEK293T cells via the scaffold loaded with GFP express-
ing lentiviruses. Mice implanted with luciferase expressing
lentivirus loaded scaffold showed higher transduction effi-
ciency when compared to bolus lentivirus delivery.

Conclusion: Here, we demonstrate a practical, low-
cost, broadly applicable gene delivery strategy that can
genetically program cells without the requirement for ex
vivo manipulation of patient cells. Further, engineering tech-
niques can be used to attract and modify specific cells for
various disease settings.

A035. Prevalence of ESBL-Positive Gram-Negative Bacteria
in Community-Acquired UTI in a Tertiary Care Centre in the
Eastern Part of India
Birasen Behera1, Bidyutprava Rout1, Roshni Satapathy2, Purabi
Baral3, Rajashree Panigrahy*1
1Dept. Of Microbiology, IMS & SUM Hospital, Siksha ‘O’ Anusandhan
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Background: Urinary tract infections (UTIs) are one of
themost common infections in humans. The aim of the study
was to find the incidence of Gram-negative bacteria along
with its antibiotic sensitivity pattern in community-acquired
UTI and to determine the prevalence of extended spectrum
beta lactamase (ESBL) positivity among them.

Materials and Methods: A total of 515 urine samples
were tested and the causative bacteria were identified. ESBL
test was performed to identify the prevalence of ESBL-pro-
ducing isolates. Antibiotic susceptibility test was performed
for all the isolated bacteria.

Results: From a total of 515 samples, 65 (12.65%) were
positive for UTI. The rate of infection was higher in females
than males. Eschereria coli was the most frequently isolated
pathogen followed by Klebsiella pneumoniae and Pseudomo-
nas aeruginosa. Out of total positive, 43.08% were ESBL-
producing strains. The antibiotic susceptibility pattern
revealed that the isolates showed resistance to ciprofloxacin
and cefixime and sensitivity to gentamicin, ertapenem, and
nitrofurantoin.

Conclusion: Females have higher prevalence of UTI
than males. Mostly, females suffer from UTI in their repro-
ductive years, whereas males suffer in their old ages. UTI
treatments should be done properly, and antibiotic resistant
and sensitivity patterns should be considered to prevent
overuse and misuse of antibiotics.

A036. Investigating the Molecular Basis of c-FLIP/
Calmodulin Interaction for Modulating Apoptosis
Rucha Kulkarni1,2, Kakoli Bose*1,2
1Integrated Biophysics and Structural Biology Lab, Advanced Centre
for Treatment, Research and Education in Cancer (ACTREC), Tata
Memorial Centre, Mumbai, India
2Homi Bhabha National Institute, BARC Training School Complex,
Mumbai, India

Correspondence to: kbose@actrec.gov.in

Background: Overexpression of antiapoptotic protein
c-FLIP in cancer and its interference with DISC leads to
apoptosis evasion. Preventing c-FLIP recruitment to DISC is
difficult due to its structural similaritywith procaspase 8. The
c-FLIP needs to bind to calmodulin to access the DISC. Thus,
targeting c-FLIP/CaM interaction can be a good strategy.

Materials and Methods: The genes were cloned in
expression vectors. Proteins were purified using Ni-NTA
and amylose resins followed by circular dichroism and fluo-
rescence spectroscopy. Interactions were checked using pull-
down assays. Schrodinger software was used for in silico
experiments. Calmodulin Sepharose resin was used to check
interactions with mutant and wildtype c-FLIP.

Results: We confirmed the interaction between the
two proteins and also the critical amino acid residues of the
binding interface of CaM/c-FLIP using in silico methods,
protein engineering, and biochemical tools. The structural
conformation and thermal stability of the purified mutant
andwild type proteins was determined, and they were found
to be stable. Furthermore, using this information, we have
designed peptides that interfere with this binding. Crystal
trials for the c-FLIP DED domains showed microcrystal for-
mation in few buffer systems.

Conclusion: This array of information will be crucial
toward devising small molecules for therapeutic benefit after
appropriate testing and validation.

A037. Identification and Characterization of FDA-Approved
Drugs as Novel Binders of CLIC1
Aashna Saxena1,2, Mukund Sudharsan M.G.1,3, Rupesh
Chikhale4, Prasanna Venkatraman*1,3
1Protein Interaction Laboratory for Structural and Functional Biology,
Advanced Centre for Treatment, Research and Education in Cancer,
Mumbai, Maharashtra, India
2Birla Institute of Technology and Science, Pilani, Rajasthan, India
3Homi Bhabha National Institute, Mumbai, Maharashtra, India
4Division of Pharmacy and Optometry, School of Health Sciences,
Manchester Academic Health Sciences Centre, University of
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Correspondence to: vprasanna@actrec.gov.in

Background: CLIC1, a metamorphic ion channel, can
exist as a soluble monomer and on sensing oxidative stress
can dimerize and further oligomerize to form a functional ion
channel on themembrane. CLIC1 overexpression is associated
with poor prognosis and metastasis in GBM, colorectal
cancer, HNSCC, and HCC. Ion channels are promising thera-
peutic targets, but most of them have a normal physiological
function and targeting them have adverse side effects. Since
CLIC1 is known to preferentially localize on the membrane of
cancer cells, taking advantage of the existing CLIC1 structure
to repurpose FDA-approved drugs reduces the risk of adverse
side effects.

Materials and Methods: Potential inhibitors of CLIC1
were identified by docking of approximately 100 compounds
using two different algorithms, Glide and AutoDock Vina.
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Nano-differential scanning fluorimetry, limited proteolysis
followed by SDS-PAGE, and Microscale thermophoresis were
used to test interaction of the best fit compounds to CLIC1 in
vitro.

Results: All the drugs bound to CLIC1 but at varying
affinities as observed by their ability to protect CLIC1 from
proteolysis, MST, and nano-DSF. One of the compounds
(Ash1) bound with low μM affinity and was used to set up
cocrystals with CLIC1. Ash1 reduced ERK1/2 activation by
phosphorylation, decreasing the migratory potential. These
results provide an excellent opportunity to improvise the
leads obtained to find an alternate inhibitor of CLIC1 which is
already FDA approved.

Conclusion: Using a combination of in silico and in
vitro methods, we have identified a promising first-genera-
tion inhibitor of CLIC1 which can be optimized into a potent
inhibitor.

A038. Characterization of VRK2A-BclxL Interaction and
Implication in Apoptosis
Rashmi Puja1, Kakoli Bose*1
1Integrated Biophysics and Structural Biology Lab, ACTREC, Kharghar,
Navi Mumbai, India

Correspondence to: kbose@actrec.gov.in

Background: In intrinsic apoptotic pathway, there are
many regulatorymolecules that together formmitochondrial
membrane protein complexes. Recently, VRK2A has been
identified as one such regulator. It is a protein belonging to
vaccinia-related kinase (VRK) family, a Ser-Thr kinase family
that regulates several signal transduction pathways. Interest-
ingly, VRK2A has been found to be a component of the well-
established BAX-Bcl-xL complex; however, the exact role of
the former is yet to be delineated. It has been hypothesized
that at high VRK2A level; this ternary complex delays apo-
ptosis induction possibly by stabilizing the ternary complex.

Materials andMethods: Cellular localization of VRK2A
was analyzed through live cell imaging. Interaction between
VRK2A and Bcl-xL has been validated using biochemical and
cell biology probes. To identify the binding interface, as well
as the critical residues involved, this interaction in silico
studies, including molecular modeling and docking, were
done.

Results: For better understanding of this complex
formation and its significance in apoptotic pathway, charac-
terization of these interactions become imperative. There-
fore, we checked their expression levels in different cancer
cell lines and mitochondrial localization. We identified cru-
cial residues of both proteins involved in VRK2A and Bcl-xL
interaction.

Conclusion: With these leads, variants of both the
interacting partners are being generated to validate the
interacting residues and determine their biophysical param-
eters. These studies would further extended toward studying
the role of VRK2A in stabilization of Bcl-xL-Baxcomplex, so as
to devise ways to modulate the interactions with desired
characteristics for disease intervention.

A039. Unravelling the Epigenetics of Murine Testis–Specific
Histone Variants, TH2A, and TH2B in the Mature Caudal
Sperm
Isha Singh1, Priyanka Parte*1
1Department of Gamete Immunobiology, ICMR-National Institute for
Research in Reproductive Health, Parel, Mumbai, Maharashtra, India

Correspondence to: partep@nirrh.res.in

Background: Sperm-retained histones/variants are
one of the most significant epigenomic contribution of father
to embryo. Two such histone variants, TH2A and TH2B escape
spermiogenic nuclear remodeling and are retained in the
mature sperm. Importance of TH2A/TH2B in histone eviction
during spermiogenesis is acknowledged. However, their sig-
nificance postspermatogenesis is unknown.

Materials andMethods: Chromatin Immunoprecipita-
tion sequencing (ChIP-seq) analysis was done to understand
the epigenomics of the retained TH2B and TH2A, using
murine caudal sperm.

Results: Genomic distribution revealed 35% of TH2B
peaks within �5 kb of TSS whereas TH2A was mainly inter-
genic. TH2B was enriched at spindle assembly and meiosis-
specific genes, and embryo development was the most
significant term among TH2B-associated genes (TBAGs).
This is important as TH2A/TH2B DKO mice have defective
cohesin release. Also, TH2Awas enrichedwith mitochondrial
function genes. Presumably, TH2A is associated with mito-
chondrial DNA inserted in nuclear DNA. Also, there was 26%
evolutionary conservation between human and murine
TBAGs including genes crucial for embryogenesis. Most im-
portantly, heterogeneity in the epigenetic landscape of TH2A
and TH2B was seen.

Conclusion: Themurine TH2A/TH2B ChIP-seq analysis
has attributed novel functions to sperm retained TH2B re-
garding embryogenesis and spermatogenesis. Conservation
of TH2B-DNA linkage across two mammalian species high-
lights the significance of programmed histone retention for
embryogenesis. Also, TH2B/TH2A is relatively independent in
their epigenetic landscape. The TH2A-MtDNA link needs to be
explored.

A040. Expression Pattern of a NewMarker, Gl7 in Different
Stages of B-Cell Maturation and Its Utility in B-
Lymphoblastic Leukemia/Lymphoma Measurable Residual
Disease Assessment
S. S. Varghese1,2, H. Sriram1,2, G. Chatterjee1,2, K. Girase1,2, S.
Rajpal1,2, S. Ghogale1,2, N. Deshpande1,2, Y. Badrinath1,2, N. V.
Patkar1,2, S. Gujral1,2,3, P. G. Subramanian1,2, P. Tembhare*1,2
1Advanced Centre for Treatment, Research and Education in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai,
Maharashtra, India
2Homi Bhabha National Institute, BARC Training School Complex,
Anushaktinagar, Mumbai, Maharashtra, India
3Tata Memorial Hospital, Parel East, Mumbai, Maharashtra, India.
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Background: Increasing use of targeted therapies such
as anti-CD19 Blinatumomab/CAR-T-cells and anti-CD20 rit-
uximab obviates the need for additional B-cell maturation–
associatedmarkers to evaluate deviation fromnormal in bone
marrow (BM) in patients with B-lymphoblastic leukemia/
lymphoma (B-ALL) by multicolor flow cytometry (MFC). GL7,
a novel marker, has been studied for the same.

Materials andMethods: Expression of GL7was studied
on leukemic blasts in 65 B-ALL patients at baseline, 15 end of
induction (EOI¼D28-35) BMRD samples and on hematopoi-
etic cells including B-cell precursors (BCP) from five unin-
volved-staging BM samples using 16-color MFC. Expression
pattern of GL7 was determined as MFI and CV-IF on Kaluza-
v2.1.

Results: The proportion of various hematopoietic cells
expressing GL7 (MFI and CV-IF) are provided in Table 1. GL7
appeared at the late BCP2 stage of BCP2 and in a subset of
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BCP1. The brightest level of GL7 was observed in mature B-
cells. Among non-B-cells, a distinct proportion of T-cells and
neutrophils expressed GL7. Among B-ALL patients, a median
of 58.7% (0.07–99.6%) of leukemic B-blasts expressed GL7;
however, the expression level was dim to heterogeneous.
Among 15 BMRD EOI samples, six patients had detectable
MRD (median MRD¼0.024% [0.0006–9.7%]) and 8%(6.1–
34.6%) of residual B-blasts expressed GL7. Asynchronous
expression of GL7 was observed in two of six MRDþ patients.

Conclusion: GL7 appears in B-cell maturation in BM at
late BCP2 stage and is expressed in a proportion of B-ALL
patients. GL7 provides a highly useful additional marker for
the assessment of B-ALL MRD.

A041. An Improved Bioavailability of Total Lutein Oxidized
Products (LOPs) Extracted from Tagetes erecta Flower
Petals in C57BL/6 Mice
Nagashree S.1, Mukunda C. Kumar*2
1JSS Research Foundation, SJCE Technical Institution Campus,
Mysuru, India
2Postgraduate Dept. of Biochemistry, JSS College of Arts, Commerce
and Science, Ooty Road, Mysuru, India

Correspondence to: chethankumar.m@gmail.com

Background: The lutein extracted from shade dried
Tagetes erecta flower petal powder by simultaneous solvent
extraction and saponification, was exposed to sunlight
(31�2°C) for 10 days. The resultant lutein oxidized products
(LOP) exhibited significant inhibition of pancreatic lipase in
in-vitro assay with IC50 of 1.5953 μg/mL.

Materials andMethods: Bioavailability and absorption
kinetics of LOPs in comparison with lutein (parent molecule)
were analyzed onC57BL/6Jmice. Time course plasma kinetics
was studied by collecting blood plasma, liver, intestine and
eyes after first, second, third, sixth, and ninth hours of
incubation.

Results: Postprandial LOPs concentration in plasma
was maximum at second hour. The area under concentration
(AUC) and area under moment concentration (AUMC) of LOPs
were 1,139.418 and 17,750.69 pg/h2/mL, respectively, with a
half-life of 11.353 hours. The mean residence time (MRT) of
LOPs was 15.573 hours with a volume of distribution (Vd) of
2.874 and clearance (CL) of 0.175. The eyeshad 59.80 pg/mL at
ninth hour after pooling due to less concentration of LOPs in
single eye. Whereas, mean lutein concentration in plasma,

liver, intestine, and eye was significantly less in lutein in
comparison with LOPs.

Conclusion: Thus the above data suggest that LOPs
reach systemic circulation and target tissue unaltered and
enhance the absorption rate in comparison to the parental
compound lutein andwith further in vivo examinations, LOPs
can be developed as a potent nutraceutical with antiobesity
action.

A042. Pax5 Standardization for the B-Cell Lineage
Assignment in Acute Leukemia by Flowcytometry.
S. R. Pawar1,2, G. Chatterjee1,2, K. Girase1,2, P. Chavan1,2, D.
Jurani1,2, P. Korde1,2, S. Ghogale1,2, N. Deshpande1,2, Y.
Badrinath1,2, S. Rajpal1,2, N. V. Patkar1,2, S. Gujral1,2,3, P. G.
Subramanian1,2, P. Tembhare1,2
1Advanced Centre for Treatment, Research and Education in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai,
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Background: PAX5 (B-cell specific nuclear protein)
used in immunohistochemistry as B-lineage marker. In clini-
cal settings, its expression by MFC has not been reported. In
complicated cases, confident lineage assignment as per WHO
criteria requires multiple markers. PAX5 expression was
standardized by MFC, and its importance studied as a B-
lineage marker in acute leukemia.

Materials and Methods: We standardized Anti-PAX5
(PE, clone-REA140) antibody staining and studied in the
leukemic blasts using MFC. The permeabilization reagents
used for evaluation were FACS Lyse (BD), Fix-&-Perm (Invi-
trogen), Foxp3-fixation-kit (eBiosciences), and true nuclear
transcription-factor staining buffer-set (Biolegend).

Results: Best expression for anti-PAX5-antibody was
obtained with Foxp3-fixation-kit (titer¼5 µL). Our cohort
comprised of 21 Acute Myeloid Leukemia, 25 B-Acute Lym-
phocytic Leukemia, and 10 (Mixed Phenotype Acute Leuke-
mia and B/myeloid) patients. Normal B-cells and T-cells
served as positive and negative controls (Table 1). Median
nMean Fluorescence Intensity of PAX5 in B-ALL and AML

Table 1

Population Percentage of Expressing GL7
Median (range)

MFI of GL7þ proportion
Median (range)

CV of GL7þ proportion
Median (range)

B-cell precursor-1 (BCP1) 3.7 (1.1–3.8) 12.4 (9.5–13.1) 32.1.1 (11.7–41.4)

B-cell precursor-2 (BCP2) 51.6 (31.8–75.2) 24.6 (11.2–22.3) 51.6 (31.8–75.2)

Mature B 98.0 (95.1–99.3) 82.6 (61.6–84.3) 48.0 (41.1–54.4)

Plasma cells 47.1 (37.7–49.4) 16.1 (9.0–18.2) 68.2 (49.5–75.9)

T-cells 66.3 (39.3–87.1) 22.5 (15.3–43.8) 66.2 (64.6–77.9)

NK cells 19.7 (17.6–24.5) 13.7 (11.2–14.4) 51.6 (46.8–57.6)

Neutrophils 65.9 (64.4–92.0) 8.3 (7.4–8.3) 149.6 (141.7–176.7)

Plasmacytoid dendritic cells (PDC) 9.2 (7.7–15.2) 6.6 (4.2–7.1) 71.5 (22.5–97.7)

Leukemic B-blasts 58.7 (0.07–99.6) 14.1 (1.3–35.6) 127.7 (65.3–299.2)

Abbreviation: MFI, Mean Fluorescence Intensity.
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patientswere calculated (Table 1). AMLpatients did not show
PAX5 expression (nMFI<3) except one t(8;21) translocated
AML which showed aberrant CD19 expression. B-ALL cases
showed strong PAX5 expression (nMFI>7). PAX5 expression
was homogenous in B-ALLs with median (SD): 58.9 (41.7) as
compared to 101.5 (131.8) in AML. PAX expression was also
noted in two CD10-negative pro-B-ALLs and four B/Myeloid
MPAL patients.

Conclusion: We standardized and studied PAX5 ex-
pression by flow cytometry in clinical settings. Best
permeabilization reagent was Foxp3-fixation-kit (eBio-
science). PAX5 expression was highly specific for B-lineage
and therefore could be used in challenging and difficult cases
of acute leukemias for determination and confirmation of
B-cell lineage.

A043. Analysis of Circulating Tumor DNA to Detect EGFR
Mutations as a Diagnostic Tool for NSCLC Patients
Duhita Mirikar1, Nandini Banerjee1, Kumar Prabhash2, C. S.
Pramesh3, George Karimundackal3, Rajiv Kumar4, Amit Joshi2,
Vanita Noronha2, Swapnil Rane4, Ranjan Basak*1
1Translational Research Laboratory, ACTREC-Tata Memorial Centre,
Kharghar, Navi Mumbai, India
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Background: Somatic DNA mutations are highly tu-
mor specific which can be used as optimum diagnostic
markers. Noninvasive mutation detection by assessing circu-
lating tumor DNA (ctDNA) offers many advantages over
tumor biopsy.

Materials and Methods: ctDNA from plasma of 96
nonsmall cells lung cancer (NSCLC) patients were analyzed
for the presence of EGFR activating mutations using highly
sensitive BEAMing polymerase chain reaction (PCR). We
could identify mutations in ctDNA from 31 of 96 patients
(32%). McNemar’s test was done to determine the concor-
dance between BEAMing and qPCR done on original tumor
tissues.

Results: Our results showed high concordance with p-
value of 1.00 for all the exons (19, 20, and 21) between
BEAMing and qPCR-EMR. Similarly, BEAMing data when
compared with qPCR-EasyLine data showed p-value of 1.00
for exon 21 and p¼0.625 for exon 19. Exon 20 BEAMing
versus qPCR-EMR/qPCR-EasyLine were not estimable as all
caseswere negative in one of the comparativemethods. Since
the McNemar’s test, p-value is larger than the significance
level (α¼0.05), here the null hypothesis could not be rejected
which signifies our data were highly concordant between

BEAMing versus qPCR-EMR and BEAMing versus qPCR-Easy-
Line kit.

Conclusion: EGFRmutation detection by BEAMing PCR
showed high overall agreement and good correlation with
that in tumor biopsy with a detection sensitivity of 0.1%.
Thus, feasibility and practicality of ctDNA analysis is a reliable
technique and may translate into an alternative tool for anti-
EGFR treatment selection.

A044. Detrimental Impacts of Amygdalin Compound
against Honeybees Present in Pollen and Nectar of (clove)
Syzygium aromaticum (L.) Merr. and L.M. Perry and Pliny
the Elder
Naira Nayab1, Md. Anzer Alam*2
1Department of Botany, Jai Prakash University, Chhapra, Bihar, India
2Ganga Singh College, Jai Prakash University, Chhapra Bihar, India
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Background: Some plants containing cyanogenic glu-
coside. Honeybees may be affected when they collect the
nectar of CNglc-containing plants such as a clove. This study
aimed to understand the response of honeybees against
cyanogenic glucoside.

Materials and Methods: Almost 40 to 70 bees were
introduced to hording cages. Cages were kept in laboratory in
open conditions at temperature ranged from 17.5 to 25°C.
Relative Humidity ranged from about 18 to 37%. Mortality
rate of died bees was measured by counting on 1 to 8 days
following initial dosing on day 0. Ad libitumwas used for bees
feeding. Data were analyzed to providing the estimation of
the dose of CNglc. Analysis of controls to determine an LD50
provided a significant model but had 95% fiducial limits of
one to infinity.

Results: Table 1 shows the estimated duration of
exposure. At each experimental dose of amygdalin required
to kill 50% of the bees (LD 50) in days.

Conclusion: According to the results, it can be con-
cluded that doses which are similar to those found in pollen
and nectar of S. aromaticum are not havingmuch toxic effects
to kill honeybees, but extra doses of this toxic compounds
may be harmful for honey bees.

Table 1 Median nMFI of PAX5 expression

PAX5 Negative control (T-cells) Positive control (B-cells) B-ALL blast AML blast MPAL blast (B/myeloid)

Median nMFI 1.84 5.7 14.7 �0.62 12.44

Range 0.18–1.4 3.19–17.3 3.18–33.1 (�2.4)–10.8 2.0–65.3

Abbreviations: ALL, Acute Lymphocytic Leukemia; AML, Acute Myeloid Leukemia; MFI, Mean Fluorescence Intensity; MPAL, Mixed Phenotype Acute
Leukemia.
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A045. Bilateral Tubular Adenoma-Breast, A Case Report
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Background: Fibroadenoma is one of the most com-
mon benign neoplasm of breast in a young female; however,
tubular adenoma is a much rare benign breast neoplasm
occurring in youngwomen. These are clinically indistinguish-
able from other benign breast neoplasms and can be diag-
nosed only on the basis of histopathological examination.

Materials and Methods (Clinical Presentation): A 20-
years old female presented to our hospital with complaints of
lump in bothbreasts. On clinical examination, lumpswere felt
in upper-outer quadrants of both breasts below the nipple
and areola. USG findings were suggestive of bilateral fibroa-
denoma of the breast. Patient underwent lump excision
under the same provisional diagnosis of bilateral fibroade-
noma. Resected lumps were sent to our department for
histopathological examination.

Results (Histopathological Evaluation): Grossly, the
mass consisted of multiple irregular tissue bits which were
pinkish white in color. Microscopic examination of H&E-
stained sections revealed tightly packed proliferated tubules
lined by cuboidal epithelium having normochromatic nuclei
and scanty intervening stroma. Hence from the histopatho-
logical examination the final diagnosis was established as
bilateral tubular adenoma-breast, in a 20-year-old female.

Conclusion (and Why this Case Was Chosen): Tubular
adenoma is a rare benign epithelial neoplasm of breast seen
in young females, and it cannot be diagnosed on the basis of
clinical, cytological, or radiological examination and is often
labelled as fibroadenoma. Histopathology remains the gold-
standardmethod to diagnose this entity which is only seen in
handful of cases and bilateral involvement being even rare.

A046. Clinical Utility Cytoplasmic TRBC1 Expression in the
Diagnosis and Minimal Residual
N. DasGupta1,2, K. Girase1,2, H. Sriram1,2, S. Rajpal1,2, G.
Chatterjee1,2, S. Varma1,2, S. Ghogale1,2, N. Deshpande1,2, Y.
Badrinath1,2, N. V. Patkar1,2, S. Gujral1,2,3, P. G. Subramanian1,2,
P. Tembhare*1,2
1Advanced Centre for Treatment, Research and Education in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai,
Maharashtra, India
2Homi Bhabha National Institute, BARC Training School Complex,
Anushaktinagar, Mumbai, Maharashtra, India
3Tata Memorial Hospital, Parel East, Mumbai, Maharashtra, India

Correspondence to: docprt@gmail.com

Background: TRBC1 is a novel flow cytometry-based
T-cell colonialist marker. Recently, it is being studied in T-cell
Non-Hodgkin lymphoma. However, studies evaluating its
utility in the diagnosis, lineage-identification, and Minimal
Residual Disease studies in T-cell acute lymphoblastic leuke-
mia (T-ALL) are extremely rare.

Materials and Methods: Surface and cytoplasmic
TRBC1 (Clone-Jovi1, PE) expression was studied 20 T-ALL
patients at diagnosis and 4 T-ALL MRD samples, using 13c
antibody panel on DxFLEX Beckman Coulter flow cytometry.
Data analysiswas carried out on Kaluza Analysis 2.0 software.

Results: We studied cytoplasmic TRBC1 expression in
eight childhood T-ALL (median age¼6 years), 12 adult T-ALL
(median age¼25 years), and 4 T-ALL MRD samples. There
was clonal restriction of TRBC1 in the form of negative
expression in T-ALL (n¼7) and TMRD (n¼2). There was
clonal restriction of TRBC1 in the formof positive cytoplasmic
expression in TALL (pediatric n¼3 and adult n¼2). Clonal
TRBC1 expression was positive in >90% blast population.

Conclusion: Our study demonstrates that flow cyto-
metric immunophenotyping of surface and cytoplasmic
TRBC1 can aid in detection of abnormal blasts in T-ALL cases
and has a high potential in T-ALL MRD monitoring.

A047. Synthesis of Zinc Oxide Nanoparticles using
Aspergillus species Stain RR-1 and RR-2
Ranu Chourasia1, Regina S. Dass*1
1Department of Microbiology Pondicherry University, Pondicherry,
India

Correspondence to: reginadass.bbm@pondiuni.edu.in

Background: Myconanotechnology is the interface
between mycology and nanotechnology, new applied inter-
disciplinary science that may have considerable potential.
Purpose of this study is to synthesize zinc oxide (ZnO)
nanoparticles using Aspergillus nidulans.

Materials and Methods: Coriander seeds were taken
(presterilized) and sampled onpotato dextrose agar (PDA). The
desired A. nidulans strains were isolated followed by lacto-
phenol cotton blue (LCB) staining. Fungal strains were grown
aerobically inpotatodextrosebroth (PDB) and after processing
with ZnSO4 salt, ZnO nanoparticles were synthesized.

Results: ZnO nanoparticles producing fungal strains
RR-1 and RR-2 were isolated from the species. The fungal
strain is grown in the PDB containing 1 mM of ZnSO4 salt to
determine their metal resistance. The ZnO nanoparticles
were characterized by means of the UV-Vis spectroscopy
and scanning electron microscopy. The synthesized ZnO
nanoparticles showed an absorption, minimum and maxi-
mum at 340 and 520 nm, respectively.

Conclusion: ZnO nanoparticles which are synthesized
using A. nidulans strains can be produced at large scale and
used against many food-borne pathogens due to strong
antibacterial activity. This work has future implication in
the form of activity against cancer cells and gene induction to
produce large quantity of nanoparticles.

A048. Investigating the Role of Herbal Compounds in
Chemotherapy-Sensitive and -Resistant Gastric Cancer Cell
Lines
Shubhankar Dash1,3, Priti S. Shenoy1,2, Pritha Ray*1,2
1Imaging Cell Signalling & Therapeutics Lab, Advanced Centre for
Treatment, Research and Education in Cancer, TMC, Navi Mumbai,
India

Table 1

Dose of
amygdalin
(ppm)

Estimated time
(days) for 50 %
mortality

Lower (95)%
fiducial limit

Upper
(95)%
fiducial
limit

0a 16.1 14.2 19.4

2,250 4.6 3.0 6.3

4,500 2.7 1.7 3.6

9,000 2.3 2.1 2.4

18,000 1.9 1.7 2.0

36,000 1.8 1.5 2.0
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2Homi Bhabha National Institute, Anushakti Nagar, Mumbai, India
3Indian Institute of Science Education and Research Bhopal, India

Correspondence to: pray@actrec.gov.in

Background: Gastric Cancer is the third leading cause
of cancer-related deaths worldwide. The treatment regimen
consists of daily administration of capecitabine, increasing
the likelihood of developing chemoresistance. However, the
prognosis remains poor (5-year survival rate of <20%). So,
there is an unmet need to develop alternative therapeutic
strategies. This study aims to elucidate the role of herbal
extracts of Withania somnifera and Punica granatum as
potential therapeutics for their minimal side effects in che-
motherapy-sensitive and -resistant GC.

Materials andMethods:We are developing 5-FU resis-
tance model via pulse-treatment method in AGS cell line.
Punicawas dissolved in 30%DMSO.Withaniawas dissolved in
100% methanol. Cell viability assays and immunoblotting
were performed to determine the IC50 values for 5-FU and
herbal compounds to characterize autophagic flux and apo-
ptosis in AGS.

Results: The IC50 values for Withania, Punica, and 5-
FU are 2.5, 40 µg/mL, and 10 µM, respectively. Immunoblot-
ting analysis revealed that both Punica andWithania showed
a blockade in the autophagic flux in AGS-sensitive cells.
Punica increased PARP cleavage in a concentration-depen-
dentmanner indicating induction of apoptosis. In the chemo-
resistance model which is in progress, cells after six and nine
cycles of 5-FU treatment showed a two- and three-fold
increase in their resistance indices, respectively.

Conclusion:Weshow thatWithania and Punica impart
cell death in chemotherapy-sensitive cells primarily via an
apoptotic pathway. The mechanism of cell death in chemo-
therapy-resistant cells by these herbal compounds still
remains elusive which will be explored further in the study.

A049. Investigating the Effect of Silencing of ATG5 Gene in
Differentiation, Chemotherapy-Resistance and Stemness
Properties of Cancer Stem Cells of Epithelial Ovarian Cancer
Shritama Chakrabarty1,3, Pratham Phadte1,2, Pritha Ray*1,2
1Imaging Cell Signalling & Therapeutics Lab, Advanced Centre for
Treatment, Research and Education in Cancer, TMC, Navi Mumbai,
India
2Homi Bhabha National Institute, Anushakti Nagar, Mumbai, India
3Indian Institute of Science Education and Research Bhopal, India

Correspondence to: pray@actrec.gov.in

Background: Cancer stem cells (CSCs) are implicated
to be the prime cause for tumor relapse and chemotherapy
resistance in ovarian cancer, as they are quiescent and
intrinsically resistant to various chemotherapeutic drugs.
Autophagy, a vesicular lysosome-mediated degradation
mechanism maintains the homeostasis, stemness, and che-
motherapy-resistance properties of CSCs. A key protein called
ATG5 initiates the formation of the autophagosome mem-
brane and is responsible for the fusion of autophagosomes
with lysosome that marks the completion of autophagy flux.

Materials and Methods: In our study, we are knocking
down ATG5 in an indigenously developed late stage chemo-
therapy-resistant A2780 cells. Two shRNA cassettes with one
targeting 3′UTRofATG5 gene and the other targeting both the
3′UTR and the coding region of the gene were designed.

Results: Two shRNA constructs against ATG5 gene
were successfully cloned into pLL3.7-EGFP plasmid. Positive
clones were selected using the colony PCR technique and
further validated by Sanger’s sequencing. FACS-sorted GFP

positive cells from transiently transfected HEK293FT cells
showed a knock-down efficiency of 20 and 60% for shRNA1
and shRNA2, respectively. HEK293FT cells were transfected
with plasmid carrying shRNA2, PD, and VSVG for production
of lentiviral particles. Virus particles concentrated by ultra-
centrifugationwill be transduced in A2780LR cells to generate
stable ATG5 knockdown cells.

Conclusion: Successful cloning of shRNA1 and shRNA2
was achieved in pLL3.7 plasmid and 50 to 60% knock-down
efficiency was achieved in HEK293FT cells. Virus particles
have been constructed to transduce A2780LR cells to under-
stand the consequences of autophagy blockade on the CSC
phenotype with respect to stemness, proliferation, and che-
motherapy resistance.

A050. An In Silico Analysis to Elucidate the Role ofmiRNAs in
Hydroxyurea-Induced Fetal Hemoglobin in Sickle Cell
Disease Patients
S. S. Biswal1, R. G. Bodade2, A. G. Bodade*
1Department of Life Sciences, NIT Rourkela, Odisha, India
2Department of Microbiology, SP Pune University, Pune, India
3Department of Transfusion Medicine & Hemotherapy, AIIMS,
Mangalagiri, AP, India

Correspondence to: anandbodade5@rediffmail.com

Background: The most adaptive therapeutic form of
sickle cell disease (SCD) treatment has been the induction of
fetal hemoglobin (HbF) using hydroxyurea (HU). Since the
role of miRNAs in HU-induced HbF production in SCD
patients remains elusive, our study highlights the differen-
tially expressed miRNAs and their regulated mechanisms
through computational studies.

Materials andMethods: ThemiRNA expression profile
data set GEOD32025 andGEOD11060were obtained from the
GEO database. The data were statistically analyzed with R
software packages. The miRNA targets were identified, fol-
lowed by the revelation of gene ontology and pathway
enrichment analysis to highlight the involved cellular func-
tions and pathways.

Results: Out of the 50 DE miRNAs filtered, 32 were
downregulated, while the remaining ones were upregulated.
A total of around 29,000 genes were identified as targets for
the DE miRNAs. The gene set enrichment analysis was
performed on the identified targets which revealed 125
enriched biological functions. Subsequently, pathway enrich-
ment analysis divulged B-cell receptor signaling pathway, T-
cell receptor signaling pathway, B-cell receptor signaling
pathway, and MAPK signaling pathway. In GSE11060 dataset,
four enriched pathways were upregulated notably, that is,
axon guidance, renal cell carcinoma, pancreatic cancer, and
endocytosis.

Conclusion: miRNAs might be plausibly involved in
the HbF induction process following HU treatment. This
information enlightens about the hydroxyurea efficacy
mechanism while simultaneously pointing out novel targets
for effective treatment of sickle cell anemia. The latter can be
accomplished using recently developed genome editing and
therapy tools.

A051. Application of Zinc Oxide Nanoparticles as a Catalyst
in Dissipation Kinetics of Azoxystrobin 23 % SC in Different
Soils under Photocatalytic
S. Siva S. Prasad1, D. Easwaramoorthy1
1Department of Chemistry, B.S. Abdur Rahman Crescent Institute of
Science & Technology, Chennai, Tamil Nadu, India
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Background: The dissipation kinetics of azoxystrobin

23 % SC under direct sunlight using zinc oxide nanoparticles
as a catalyst. The nanoparticles are synthesized and charac-
terized by SEM, UV, and FT-IR. The experiment was con-
ducted by spiking into four different soils. The spiked sample
was kept under sunlight. The sampling occasions were col-
lected for four soils. The residues of azoxystrobin in different
soils were dissipation to below the detectable level by 72
hours. DT50 values calculated using the following formula
DT50¼ ln 2 / (k).

Materials and methods: Reference standard from Sig-
ma-Aldrich. The compoundwaspurchased from localmarket.
The UHPLC with PDA system used, the Xterra column was
used and column temperature at 30°C. The injected volume
was 10 µL. Mobile phase acetonitrile-to-water was 60:40 (%),

and the flow rate was 1.0 mL/min and wavelength was 240
nm.

Results: The initial concentration of azoxystrobin 23 %
SC in four soil samples were collected on 0th hours showed
initial concentration 0.499 and 0.998, 0.324, 0.714, 0.265,
0.611, 0.156, 0.486, 0.056, and 0.186 µg/g, respectively and
complete dissipation of residues of compound to below
detectable limit was observed in 72nd hour.

Conclusion: The photocatalytic degradation of resi-
dues of azoxystrobin 23 % SC clearly indicates that the
sunlight photolysis was influenced by the addition of zinc
oxide nanoparticles as a catalyst. In the presence of catalyst,
the compound persists very fast. The catalysis reaction
proceeded rapidly degrading the molecules very fast in
different soil samples.
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Introduction

Acute leukemia accounts for approximately one-third of all
childhood malignancies, of which 15 to 20% cases comprise
of acute myeloid leukemia (AML).1 The outcomes of child-
hood AML in high-income countries (HICs) have currently

surpassed 70% with an increased focus on targeted therapies
to further these outcomes and also simultaneously reduce
toxicity.2,3 Lower-middle-income countries (LMICs) contin-
ue to have suboptimal outcomes due to various socioeco-
nomic and disease-related factors.3 There is limited data on
childhood AML from India.4 As a result, there is limited

Keywords

► acute myeloid
leukemia

► India
► lower-middle-income

countries
► abandonment

Abstract Background Lower-middle-income countries face unique problems in the manage-
ment of pediatric acute myeloid leukemia (AML) due to which the outcomes have not
kept pace with developed nations. In India, data on childhood AML is sparsely available,
thus making a true assessment of disease trends difficult. The current systematic
review was undertaken to assess the outcomes of childhood AML from published
literature from India over a period of 10 years (2011–2021).
Materials and Methods A systematic search of MEDLINE, Google Scholar, and
SCOPUS was performed as per preferred reporting items for systematic reviews and
meta-analyses (PRISMA) statement from January 1, 2011 to December 31, 2021. In
addition, International Society of Pediatric Oncology (SIOP) conference abstracts were
also screened for relevant studies on AML from India. This study was registered in
PROSPERO (ID42021273218).
Results A total of 1,210 patients from 19 studies were included. Standard 3þ7 andMRC
AML based regimens were commonly adopted regimens for induction. Remission rates
varied between 56 and 95%. Overall treatment-related mortality across studies was 23.2%
(95% confidence interval [CI]: 10.3–35.9%). The mean incidence of treatment abandon-
ment was 19.3% ( 95% CI: 10.9–27.5%). Event-free survival and overall survival were in the
range of 28 to 55% and 15 to 66%, respectively. Hematopoietic stem cell transplantation
was performed only on a small subset of patients.
Conclusion Outcomes of pediatric AML in India continue to be suboptimal with high
treatment abandonment and toxic deaths. Ensuring uniform access to therapy and
supportive care along with a robust social support system would improve outcomes of
childhood AML in India.
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understanding of disease trends, which may ultimately
compromise patient care. A previous systematic review
from India, which included studies published between
1990 and 2010, highlighted several shortcomings of manag-
ing pediatric AML.5 The current systematic review was
undertaken to study the treatment strategies and outcomes
of pediatric AML in India. The review included studies
published between January 1, 2011 and December 31, 2021.

Materials and Methods

Protocol and Registration
This systematic review was registered on PROSPERO
(ID42021273218).

Eligibility Criteria

Inclusion Criteria

1. Studies reporting on pediatric AML in India.
2. Studies written in English.
3. Prospective, retrospective, and ambispective studies.

Exclusion Criteria

1. Studies on pediatric AML not from India.
2. Case reports, reviews, and books.

Settings
Therewere no restrictions on the type of setting inwhich the
studies were conducted.

Information Source
A systematic search of the MEDLINE, Google Scholar, and
SCOPUS database for published studies on pediatric AML
from India was conducted. In addition, SIOP conference
abstracts were also screened. The reference lists of the
included studies or relevant reviews were screened for other
eligible studies.

Time
Search of database was from January 1, 2011 till January 31,
2021. SIOP conference abstracts were screened from
year 2011 to 2020.

Literature Search
A comprehensive literature search was performed using text
words “Acute myeloid leukemia,” “AML,” “child�,” “India.”
Articles published in English alonewere reviewed. Literature
search was as per preferred reporting items for systematic
reviews and meta-analyses (PRISMA) statement. The full
search strategy is shown in supplementary material.

Study Selection
Two review authors (S.S and V.R.M.G) independently
screened the titles and abstracts yielded by the search
against the inclusion and exclusion criteria. Full reports for
all titles and abstracts were obtained if they appeared to
meet the inclusion criteria and in case of any uncertainty.
Review authors then screened the full text reports and

decided whether the inclusion criteria were met. If neces-
sary, additional information from study authors was sought
to resolve questions about eligibility and disagreement was
resolved through discussion. Reasons for excluding trials
were also recorded. None of the review authors were blinded
to the journal titles or to the study.

Data Collection Process
Data extraction from the included studies was performed
using standardized data collection forms. Two reviewers (S.S
and N.D) independently extracted the data to reduce the bias
and errors in data extraction and the studies in question
were jointly reviewed by the two investigators and the final
determination was reached by consensus.

Data Items
The information thatwas extracted fromeach study included
surname of the first author, year of study, median/mean age
with range, number of patients, chemotherapyadministered,
induction mortality, complete remission (CR) rate, duration
of follow-up, relapse, event-free survival (EFS), overall sur-
vival (OS), treatment-related mortality (TRM), treatment
abandonment, prognostic factors, and use of hematopoietic
stem cell transplant (HSCT).

Evaluation of Quality and Risk of Bias
Quality was assessed by two authors using the quality
assessment tool for observational cohort and cross-sectional
studies from the National Heart, Lung, and Blood Institute
(NHLBI) of the National Institutes of Health.6

Synthesis Method
All studies included were screened for the required data
items and results were tabulated using Microsoft Word
software. Categorical variables were expressed as the num-
ber of cases and percentages (%). Mean along with 95%
confidence interval (CI) was calculated to report the inci-
dence of TRM and abandonment rates. Statistical analyses
were done using the R software version 4.0.2.

Results

Literature Search
A total of 1,057 studies and 15 SIOP conference abstracts
were obtained after the initial search. Additionally, seven
other studies were added after citation searching. After
removing duplicates and screening the titles and abstracts
of the publications, full text of 60 studies were assessed of
which 19 were included for the systematic review. The
PRISMA flowchart is shown in ►Fig. 1.

Quality of Studies
The quality assessment tool for observational cohort and
cross-sectional studies from the National heart, Lung, and
Blood Institute of the National Institutes of Health was
adapted to assess the quality of included studies (
►Supplementary Table S1 ).7Overall, the quality of the study
was poor in 1 (5%) study, fair in 8 (42%) studies, and good in
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10 (53%) studies of the 19 studies included in the systematic
review.

Characteristics of the Studies
A total of 1,210 patients were included from the 19
studies.8–26 Three of the 19 studies also included patients
with acute promyelocytic leukemia (APML).19,21,22 Eight
studies were published before 2015, while the remaining
11 studies were published in or after 2015. The various
studies included patients between 1 and 19 years of age.
There was slight predominance of males across majority of
the studies. The salient features of the studies are summa-
rized in ►Table 1.

Data regarding induction chemotherapy were available
from 17 studies.8,9,11–23,25,26 Anthracycline-based regimens
were used for induction in all studies. 3þ7 regimen consisting
of daunorubicin (45–60mg/m2/day) and cytarabine (100–
200mg/m2/day) was the standard regimen used in nine
studies, while MRC AML based regimens that included an
additional third agent (etoposide) were used in seven studies.
In another study, patients were treated with AML-Berlin-
Frankfurt-Munich (BFM) 98 protocol in which idarubicin
was the anthracycline used. CR rate was available from 11
studies and varied between 56 and 95%, and overall there was
no major difference in CR rates between 3þ7 regimens (56–
78%) and MRC-based regimens (64–95%)7,9–11,13,14,16–18,20,22.
Six of the 17 studies used maintenance chemothera-
py.13,14,16,20,21,26 Six studies mentioned regarding HSCT (Ref-
erence: 8,9,16,17,22,25). A total of 20 patients underwent
HSCT in these studies, 15 in CR1 and another 5 in

CR2.8,9,16,17,22,25 Overall induction mortality (10 studies)
and TRM (9 studies) were 12% (95% CI: 6.4–17.8) and 23.2%
(95% CI: 10.3–35.9), respectively.7–9,12–20,22,24,25 Only three
studies had a TRM of less than 10%, while four other studies
had a high TRM over 20%.

Duration of follow-upwas available from seven studies and
the shortest and longest follow-up period was 7 and 31
months, respectively.11,12,14,16,22,26,27 Data pertaining to
event-free survival/disease-free survival (EFS/DFS) was avail-
able from 10 studies.8,11,12,14,17–20,23,26 The overall EFS/DFS
reported among these studies ranged between 28 and 52%.
Data forOSwas available from16 studies.8–11,13–21,23–25 Philip
et al reported an OS of 70% with a follow-up of 7 months.
Remaining 15 studies had OS ranging between 15 and 66%. In
general, the OS of studies that usedmaintenance therapy (19–
66%) was not different from those studies that did not offer
maintenance (15–55%). Prognostic factors could be deter-
mined from four studies.8,12,17,21 High-risk cytogenetics that
included -5/del 5q, -7/del 7q, complexcytogenetics (defined as
more than 3 structural and/or numerical abnormalities) were
cited to have negative impact on CR and relapse rate. Sharawat
et al highlighted the negative impact FMS-like tyrosine kinase
3 - internal tandem duplication (FLT3-ITD) mutations (DFS of
18% for FLT3-ITD-positive vs. 51% for FLT3-ITD-negative
patients).12 Kapoor and Yadav in their paper highlighted that
the negative impact of adverse cytogenetic/molecular can be
negated by HSCT in CR1.22 The mean incidence of treatment
abandonment that was available from 11 studies was 19.3%
(95% CI: 10.9–27.5).7–10,12,17,18,20–23 Six (55%) of these studies
reported an abandonment rate over 20%.

Fig. 1 Flow diagram of the systematic review according to preferred reporting items for systematic reviews and meta-analysis (PRISMA)
guidelines.
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Discussion

Treatment of AML in children continues to remain a chal-
lenge in LMICs. A previous systematic review published by
Kulkarni and Marwaha in the year 2010 summarized two
decades of experience of treating pediatric AML in India.5

Their review included 322 children between the year 1990
and 2010, which is much smaller than our current review
that included 1,200 children treated over a shorter duration
of 10 years. Also, a recent systematic reviewonpediatric AML
from LMICs acknowledged that maximum data was contrib-
uted from India.3 This is a step in the right direction
indicating that more Indian children with AML are being
treated and reported. But, the true incidence of childhood
AML in India is unknown. According to World Health Orga-
nization, the estimated number of new cases of leukemia
from India, in the 0 to 14 age group, for the year 2020 was
11,850 and considering that approximately 15% of these
patients have AML, the annual incidence of childhood AML
should be approximately 1,750.28 Thus, there continues to be
underreporting and underdiagnosis of pediatric AML in
India.

Treatment abandonment is amajor hurdle and is one of the
most common reasons for treatment failure in LMICs.29 In fact,
treatment abandonment is thought to contribute to at least a
third of the survival difference between HICs and LMICs.30

Though not systematically reported, the current review high-
lights an alarmingly high abandonment rates among children
with AML, with no major improvements in comparison to
previous reports.5 Perceived prognosis of the disease, cost of
treatment, and concerns of toxicity are fewof the contributing
factors to suchhighabandonment rates. Studies fromIndiaand
other LMICs have highlighted that a comprehensive support
group consisting of clinicians, as well as existing non-govern-
mental organizations and governmental organizations can
significantly reduce abandonment.31–33

TRM is the next biggest hurdle in the treatment of
pediatric AML in LMICs. The standard of care for pediatric
AML continues to be anthracycline-based induction fol-
lowed by three to four cycles of consolidation. Most of the
chemotherapy protocols for treating pediatric AML in India
have been adopted from HICs, but the lack of essential
supportive care and option of intensive care unit admission,
which are considered to be indispensable during intensive
AML treatment, have led to survival gap in comparison to
HICs. For example, Yadav et al highlighted a very high TRM
of 48% when treated with the UKAML12 protocol.9 On the
contrary, the original UKAML12 trial that used the same
protocol had a TRM of only 10%.34 Similar to previous
studies from India, the current review estimated a high
incidence of induction mortality (12%) and overall TRM
(23%), which is much higher compared with 5 to 10%
occurring in HICs.4,5,35–37 High rates of infection with
multidrug-resistant organisms, invasive fungal infections,
and poor nutritional status have led to poor tolerance and
subsequently a high TRM during intensive chemotherapy.
Uppuluri et al highlighted that early intervention by the
pediatric intensive care team and granulocyte transfusion

positively impacts survival.25 For patients in resource-lim-
ited settings with level two facilities, SIOP Pediatric Oncol-
ogy in Developing Countries (PODC) guidelines recommend
an alternative strategy, to begin treatment with inexpen-
sive, low-intensity oral chemotherapy followed by low-dose
or standard-dose induction to reduce TRM and abandon-
ment.38 For patients with baseline adverse host-related
factors, use of upfront low-dose oral chemotherapy as a
bridge to intensive chemotherapy has been shown to be safe
and reduce TRMs with comparable outcomes to those who
directly receive intensive chemotherapy.26 Another modifi-
able factor that contributes to TRM is malnutrition. The
reported incidence of malnutrition among Indian children
with leukemia is approximately 50%.27,39,40 Promoting rou-
tine nutritional assessment and ensuring availability of
nutritional supplements that are affordable and culturally
appropriate, such as ready-to-use therapeutic foods, must
be incorporated into the care of childhood leukemia in India.

Lack of uniform access and high cost contribute to low
rates of HSCT in India. In the current review, HSCT rate was
less than 2%. This remains a significant concern for a disease
like pediatric AML inwhich a third of the patients are thought
to be high risk and thus would qualify for HSCT in CR1. Also,
patients from LMICs do not have access tomany of the newer
therapies such as antibody drug conjugates and small mole-
cule inhibitors, which are currently available for AML. Incor-
porating a simple risk stratification, which will otherwise
identify the favorable risk group who can be cured by
chemotherapy alone, will be helpful, especially in the setting
of limited access to HSCT. Identifying certain high-risk
mutations such as FLT3 can be of therapeutic benefit in light
of access to targeted therapies such as tyrosine kinase
inhibitors.

The survival of pediatric AML in HICs has reached 70% and
is mostly attributed to advanced diagnostic techniques,
better supportive care, and improved salvage options includ-
ing HSCT. This has not been the scenario in India and other
LMICs where the OS ranges between 10 and 50%.3 Compared
with previous studies published in India, our current review
shows no major improvement in survival trends in the past
30 years.5 The lower survival rate in India can be attributed to
high TRMs, high treatment abandonments, and low salvage
rate after relapse. While the HICs continue to improve upon
the benchmark survival of 70% through refinement of molec-
ular risk stratification and increased efforts toward person-
alized targeted therapy approaches, the immediate steps in
LMICsmust address both socioeconomic and disease-related
challenges as discussed.

The current systematic review has certain limitations.
Of the 19 studies included, 9 studies were published only
in abstract format and 3 studies included APML patients
that are often analyzed as a separate subset. Certain
characteristics including baseline comorbidities, risk
stratification, and delay in diagnosis were not captured.
The median follow-up time was not mentioned in major-
ity of the studies and among those studies which men-
tioned it, three had a follow-up duration of less than
1 year.
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Conclusion

In conclusion, the treatment outcomes of pediatric AML in
India are substantially inferior compared with HICs. Lowering
TRM and abandonments is of utmost importance. A holistic
approachof includinga social support team, intensifiedpatient
counselling, ensuring uniform access to cancer therapy and
supportive care will go a long way in improving the outcomes
of pediatric AML in India. Collaboration and prospective mul-
ticenterstudiesmaynotonlyensurestandardofcare treatment
but also reduce abandonment rates. The Indian Pediatric
Oncology group (InPOG) initiative is a step in that direction.41
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Abstract Introduction Cytogenetic abnormalities are integral to the risk stratification of acute
lymphoblastic leukemia (ALL).
Objectives The present study aimed to highlight a rare, yet nonrandom cytogenetic
abnormality notably dicentric (9;12), which was observed in ALL patients who
presented to our institute. The study analyzed the frequency, clinicohematological
features, and treatment response of these patients.
Materials and Methods A single-group observational study was conducted from
April 2014 to April 2020. Cytogenetic analysis was done on bone marrow aspirate
samples of the patients referred to the cytogenetics laboratory with clinical diagnosis
of acute leukemia. Cytogenetic, clinical, and hematological data were collected from
respective departmental records, case files, and patients.
Results Dic(9;12) was identified in 1.2% of ALL (19 out of 1,544 patients). They showed
striking preponderance in teen and young adult males with characteristic precursor B cell
immunophenotype. Majority of these patients displayed favorable risk profiles such as low
total count,mild lymphadenopathyand splenomegaly,mild-to-moderateelevationof lactate
dehydrogenase, and good response to first induction chemotherapy. Rare coexistence of dic
(9;12) with well-established cytogenetic markers such as t(9;22) and t(1;19) was observed.
Conclusion Dic(9;12) is one of the most specific cytogenetic markers of precursor B
cell (pre-B) ALL. It defines a subgroup with favorable clinical and biological profile. We
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Introduction

TheWorld Health Organization (WHO) classification of B cell
acute lymphoblastic leukemia (ALL)/lymphoma (2017) is
refined by risk stratification model based on the recurrent
chromosomal abnormalities. High hyperdiploidy, t(12;21), t
(1;19), and t(9;22) are most commonly considered cyto-
genetic abnormalities in prognostication.1

Only 110 cases of dicentric (9;12) have been reported to
date since its first discovery in 1985 by Faderl et al,2 although
it was Carroll et al in 1987, who recognized this abnormality
as a recurrent finding in childhood ALL.3 There has been no
update until the last couple of years on this unique translo-
cation, which is possibly associated with good prognosis.
With this background, the present study aims to assess the
overall frequency of dic(9;12) in ALL and comprehensively
analyze the associated clinicohematological features.

Materials and Methods

This was a single-group retrospective observational study con-
ducted fromApril 2014 to April 2020. Nineteen patients having
dic(9;12) were retrieved from the cytogenetic records. Patients
of ALL were identified based on the information obtained from
cytogenetic registers (from 2014 to 2020) and departmental
records of medical and pediatric oncology. Clinical and hema-
tological parameters were obtained from the case files.

Cytogenetic Technique

Heparinized bonemarrowaspirates of the patientswere sent
to the cytogenetics laboratory. Dual cultures of 24-hour and
48-hour incubation were set up in RPMI-1640 medium
supplemented with 15% qualified, heat-inactivated fetal
bovine serum (GIBCO, Invitrogen, United States). This was
followed by mitotic arrest using Karyomax-Colcemid solu-
tion (0.10 μg/mL concentration) for 30minutes. Subsequent-
ly, cells were subjected to hypotonic treatment in potassium
chloride (0.075 M) at 37°C for 20 minutes and overnight
fixation in Carnoy’s fixative solution (3:1 concentration of
methanol and glacial acetic acid). Giemsa-Trypsin-Giemsa
banding was done on prepared slides, and chromosomal
analysis was done in accordance with the International
System for Chromosomal Nomenclature. Good quality meta-
phases were captured and analyzed using Olympus applied
spectral imaging software version 8.1.0.47741.

Statistical Methods

Python 3.7 software was used for statistical analysis. De-
scriptive statistical analysis (frequencies, mean, median, and
range) was done to analyze baseline parameters. Fisher’s

exact test was applied to find the association between
complex karyotype and risk stratification. Survival probabil-
ities were estimated by Kaplan–Meier method.

Ethics
The procedures were in accordance with the ethical stand-
ards of the responsible committee on human experimenta-
tion (institutional) andwith theHelsinki Declaration of 1964,
as revised in 2013. Ethics Committee Waiver was obtained
from Kidwai Memorial Institute of Oncology (dated 12–
04–2020, KMIO/DPT/106/2021). The informed consent was
waivered due to the retrospective nature of the study.

Results

Nineteen patients of dic(9;12) were identified among 1544
patients of ALL and 1214 patients of B cell ALL, accounting for
frequencies of 1.2 and 1.6%, respectively.

The median age of patients was 14 years (range: 1–57
years). Majority of patients (12 out of 19 patients; 63%) were
adolescents and young adults (10–23 years). Males were
more frequently affected than females (M:F = 4:1). Clinical
features and hematologic and biochemical parameters are
summarized in ►Tables 1 and 2 , respectively.

Bone marrow examination revealed blasts having L1/L2
morphology of French-American-British classification. Nor-
mal bone marrow elements were suppressed. Immunophe-
notypically, the blasts were positive for Tdt, CD34, CD10,
CD19, cCD79a, and human leukocyte antigen-DR and nega-
tive for T cell andmyeloidmarkers. CD20-positive expression
was noted in only six cases. Features were consistent with
the diagnosis of precursor B cell ALL.

Cytogenetic Studies
Hypodiploidy (modal number of chromosomes ranging from
44 to 45) was observed in 16 out of 19 patients (84%)
(►Table 3). Patients with 45 chromosomes were considered

Table 1 Clinical features of patients with dic(9;12) at diagnosis

Signs and symptoms Percentage of patients

Fever and fatigue 73–80

Others: cough,
neck swelling, epistaxis

6

Moderate pallor 21

Severe pallor 79

Lymphadenopathy 87

Hepatomegaly 64

Splenomegaly 76

Abbreviation: dic(9;12), dicentric (9;12).

suggest inclusion of dic(9;12) in cytogenetic risk stratification of precursor B cell ALL.
Long-term follow-up studies are recommended to establish the prognostic significance
of this cytogenetic subgroup, which may benefit from less intensive chemotherapy.
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near-diploid since it occurred as a result of unbalanced
translocation dic(9;12). ►Fig. 1 represents the novel trans-
location dic(9;12). Complex karyotype is defined as meta-
phases having at least three chromosomal abnormalities,
irrespective of their type. As per these criteria, 7 out of 19
patients (37%) in our study group had complex karyotype.
The additional structural abnormalities observed in our
study group included t(9;22), t(1;19), del(9p), del(7q), mark-
er chromosomes, and numerical abnormalities. ►Fig. 2

denotes coincidence of dic(9;12) and Philadelphia chromo-
some along with numerical abnormalities in a single meta-
phase. Although derivative chromosome 9 appeared cryptic
in the metaphase, fluorescent in situ hybridization con-
firmed bcr-abl translocation (►Fig. 3). Reverse transcriptase

Table 3 Cytogenetic findings of patients with dic(9;12) at diagnosis

Case number Age (y)/gender Karyotype Complex karyotype

1 6/male 45,XY,dic(9;12)(p11;p11–12)[8]/46,XY[4] No

2 10/female 48,XX,+8,dic(9;12)(p23;q13),del(9)(p21),+2mar Yes

3 12/male 45,XY,dic(9;12)(p11;p12) No

4 13/male 45,XY,del(7)(q31),dic(9;12)(p13;p13) Yes

5 14/male 45,XY,dic(9;12)(p11–13;p11) No

6 14/male 45,XY,dic(9;12)(p11;p11),t(1;19)(q23;p13) Yes

7 15/male 45,XY,dic(9;12)(p13;p13) No

8 15/female 44,XX,dic(9;12)(p13;p13),-17 No

9 17/male 45,XY,dic(9;12)(p13;p13) No

10 21/male 45,XY,dic(9;12)(p13;p13) No

11 23/male 45,XY,der(9)t(9;12)(p13;p13)t(9;22)(q34;q11.2) Yes

12 20/male 44,X,-Y,dic(9;12)(p13;p13) No

13 43/female 45,XX,dic(9;12)(p13;p13) No

14 01/male 45,XY,dic(9;12)(p11–12;p13) No

15 57/male 45,XY,-2,i(8)(q10),dic(9;12)(p11;p11),t(9;22)(q34;q11.2) Yes

16 19/female 46,XX,dic(9;12)(p13;p13),-10,+2mar Yes

17 11/female 46,XX,dic(9;12)(p13;q13),t(9;22)(q34;q11.2) Yes

18 8/male 45,XY,dic(9;12)(p13;p13) No

19 9/male 45,XY,dic(9;12)(p13;p13) No

Abbreviation: dic(9;12), dicentric (9;12).

Table 2 Clinical, biochemical, and hematological parameters
of patients with dic(9;12) at diagnosis

Parameters Median Range

Liver size on ultrasound 17 cm 13–20 cm

Spleen size on ultrasound 15.5 cm 10–20 cm

LDH 347 205–552

Hb (g/dl) 8 4–11

TC (n� 109/L) 3 1–113

ANC (n�109/L) 0.45 0.02–15.36

Platelets (n�109/L) 25.5 2–71

PBL blast (%) 40 22–70

BM blast (%) 80 50–90

Abbreviations: ANC, absolute neutrophil count; BM, bone marrow; dic
(9;12), dicentric (9;12); Hb, hemoglobin; LDH, lactate dehydrogenase;
PBL, peripheral blood; TC, total count.

Fig. 1 Metaphases of dic(9;12) abnormality identified in different
patients.

Fig. 2 Karyotype: 48,XX,+8,dic(9;12)(p13;p13),+17,+21,der(22)t
(9;22) (q34;q11.2). dic(9;12); dicentric dic(9;12).
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polymerase chain reaction showed major bcr-abl transcripts
in three patients harboring t(9;22).

Treatment and Follow-Up
Pediatric patients were treated according to the MCP-841
chemotherapeutic regimen until 2018 and Indian Childhood

Collaborative Leukemia Group ALL-14 protocol since 2019.
Adult patients were given chemotherapy according to BFM-
95 ALL regimen. A 23-year-old male of Ph-positive ALL with
dic(9;12) received R-Hyper-CVAD protocol along with ima-
tinib. Majority of patients belonged to standard and inter-
mediate-risk group (81%; 13 out of 16 patients) (►Table 4).
All patients achieved complete hematologic and cytogenetic
remission within 4 to 6 weeks of first induction chemother-
apy. Minimal residual disease status was evaluated for six
pediatric patients, who showed leukemic cell count <0.01%
in the bone marrow.

Out of 19 patients, 10 were selected for survival analysis
because other nine patients had still not completed treat-
ment. The median duration of follow-up was 36 months
(range: 7–51 months) (►Table 4). The overall survival was
estimated to be 67% for 3 years. The survival curve is depicted
in ►Fig. 4. A 15-year-old girl died of disease following
discontinuation of treatment for 19 months. Deaths of a
43-year-old female and a 57-year-old male were attributed
to their comorbid conditions.

Discussion

A dicentric chromosome is a single chromosome that has two
centromeres, causing genomic instability and evolution of the
disease in cancer.4 There is considerable heterogeneity in
breakpoints and the fusion gene partners in dicentric chromo-
somal rearrangements involvingchromosome9p.5Despite the

Fig. 3 Fluorescent in situ hybridization (dual color, dual fusion): Two
red-green, one green, and one red signals confirm bcr-abl
translocation.

Table 4 Risk stratification, duration of follow-up, and survival status of patients with dic(9;12)

Case number Risk stratification Duration of follow-up in months Survival status

1 Standard 36 Remission

2 Standard 51 Remission

3 Standard 7 On treatment

4 Standard 6 On treatment

5 Standard 37 Lost follow-up

6 Not available 36 Remission

7 Standard 40 Remission

8 High 19 Dead

9 Intermediate 12 On treatment

10 Intermediate 16 Lost follow-up

11 High 36 Remission

12 Intermediate 9 On treatment

13 Intermediate 7 Dead

14 Not available 9 On treatment

15 High 28 Dead

16 Intermediate 9 On treatment

17 Intermediate 8 On treatment

18 Not available 2 On treatment

19 Standard 2 On treatment

Abbreviation: dic(9;12), dicentric (9;12).
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heterogeneity, molecular investigations have shown 9p rear-
rangements including deletion or gene fusions resulted in
partial or complete deletion and under expression of PAX5
gene.5 The usual partner chromosomes are 7, 12, and 20.6

Dic(9;12)(p11–13;p11–13) is an unbalanced transloca-
tionwith partial loss of short arms of chromosomes 9 and 12.
This results in fusion of PAX5 gene on short arm of chromo-
some 9 with ETV6 gene on short arm of chromosome 12,
resulting in PAX5-ETV6 chimeric fusion protein.

Similar to earlier studies on dic(9;12),7–9 the peak inci-
dence was noted in teenage and young adult males in the
present study. This translocation is rarely encountered in
infants and the elderly. Only a single case of a 66-year-old
woman with dic(9;12) in pre-B-ALL has been reported so
far.9 Two patients in our study groupwere older adults (aged
43 and 57 years).

Marked elevation of lactate dehydrogenase (LDH) serves as
a surrogate for high leukemic blasts.10 The present study
showed marginal-to-moderate elevation of LDH and median
blast of 40% (►Table 2). Dicentric translocations are seemingly
most prevalent in leukemias of B cell lineage.11 Dic(9;12) is
predominantly a marker of precursor B cell ALL, though there
are anecdotal reports of this abnormality in chronic myeloge-

nous leukemia (CML)-blast crisis and T cell lymphoid malig-
nancies.3,8,9 All 19 patients in our study were diagnosed as
precursor B cell ALL.

UKCCG 1992 reported better prognosis in patients with
dic(9;12) than in patients with other translocations involv-
ing 9p and 12p. Patients with dic(9;12) possibly achieve
complete remission with a 5-year survival rate of more
than 95%, abrogating the need for bone marrow
transplantation.12,13

Mahmoud et al identified 15 cases of dic(9;12)supposed
to be dic(9;12)(p11;p12) in their study of 2,303 pediatric ALL
patients. On median follow-up of 57 months, all were in
remission.8 Behrendt et al reported 31 cases of leukemia
with dic(9;12)(p11–13;p11–12). Fourteen patients had pre-
B-ALL with clinical and hematologic profile similar to our
study group. Despite the presence of one or more adverse
prognostic factors, 94% of these patients remained in remis-
sion on 5-year follow-up.9 Illade et al reported a 14-year-old
male with t(9;12)(p13;p13), whowas in remission on 4-year
follow-up.14 In concordance with these studies, we observed
overall survival of 67% for 3 years (►Fig. 4). Considering the
death of two patients not directly related to the disease, the
3-year overall survival could be deduced as 90% in our study.

In general, low hypodiploidy having chromosomes <40
and complex karyotype is considered to be independent poor
prognostic factors in ALL.15,16 Majority of cases in our study
were near-diploid or diploid, which is not considered as a
poor prognostic factor. The relationship between presence or
absence of complex karyotype and risk stratificationwas not
statistically significant (Fisher’s exact test, p =
0.504;►Table 5). However, patientswith complex karyotype
also showed good initial treatment response.

Dic(9;12) and dic(7;9) frequently coexist with t(12;21)
(ETV6-RUNX1 fusion) and t(9;22)(BCR-ABL1 fusion), respec-
tively, which are considered to be important cooperating
genetic events.5 Bargetzi et al have reported dic(9;12) in-
volving derivative chromosome 9 of t(9;22) in patients with
CML-blast crisis.17

Conversely, three patients in our study showed dic(9;12)
and t(9;22) as coexisting abnormalities (►Fig. 3) and allwere
diagnosed as de novo precursor B-ALL. One of these patients
who aged 57 years and had comorbid conditions died at
28 months of treatment.

Table 5 Fisher’s exact test to find the association between dic(9;12) with or without complex karyotype and risk stratification

Risk stratification of patients against presence
and absence of complex karyotype

Standard Intermediate High Total

Dic(9;12) with complex karyotype 2 2 2 6

Percentage within risk stratification 29 33 67 38

Dic(9;12) without complex karyotype 5 4 1 10

Percentage within risk stratification 71 67 33 63

Total 7 6 3 16

p = 0.504

Abbreviation: dic(9;12), dicentric (9;12).

Fig. 4 Survival outcome analysis of patients with dic(9;12) by
Kaplan–Meier method. dic(9;12); dicentric dic(9;12).
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Conclusion

The current study showed that dic(9;12)(p13;p13) is a rare, yet
recurrent chromosomal abnormality, with an overall frequency
of 1.2% in ALL and 1.6% in B cell ALL. Based on thefindings of this
study and review of literature, we believe that patients with this
abnormality show standard risk profile with initial good re-
sponse to induction chemotherapy. Hence, we suggest incorpo-
rationofdic(9;12) in risk stratificationofprecursorBcellALL as it
represents a group with favorable risk profile and good initial
response to treatment. We observed rare concurrence of two
nonrandom translocations, dic(9;12) and t(9;22). Until the prog-
nostic impactofdic(9;12) iswellestablishedbylargerstudies, it is
better to consider t(9;22) over dic(9;12) in risk stratification of
such cases. The current study is limited by small sample size and
shortdurationof follow-up. Survival analysis couldbe confound-
ed by different treatment protocols used among pediatric and
adultpatients.Additional studiesarebeingsought toevaluate the
prognostic value of this unique cytogenetic aberration, which
may benefit from less intense chemotherapy.
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Abstract Introduction Psychosocial concerns especially fear of cancer recurrence (FCR) is less
commonly addressed among patients with multiple myeloma in India. Myeloma being
incurable, an understanding of this problem is essential for adequately addressing them.
Objectives To study the prevalence of FCR among patients with multiple myeloma and
determine the prevalence of somatic symptoms among patients with multiple myeloma.
Materials and Methods A cross-sectional study was performed at our institution
among patients with multiple myeloma who had been on treatment for 1 year or more.
The study was conducted between July 01 and July 31, 2015. At least 49 patients were
required to be recruited into this study to meet its first objective. Patients were
administered fear of cancer recurrence inventory (FCRI) questionnaire and Physical
Health Questionnaire-15 (PHQ-15) questionnaire.
Results Sixty-four patients participated in the study. The median age was 60 years (34–
80 years) andmajority were females (N¼38, 60%). ISS staging informationwas available in
53 (83%)patients.Of53, 24 (45%)were ISS stage3,12 (23%)were ISS stage2and remaining
stage 1. Themean total FCRI score in the study populationwas 27.95 (SD: 24.5). Moderate
tohigh levels of FCRwere seen in40% (N¼26).UsingPHQ-15, 54 (84%)patients hadmildor
lesser somatic symptom burden. Disease status of patients at the time of this study had a
significant statistical associationwith PHQ-15 scores (mean score in partial response (PR) or
more group 6.02 versus 8.00 in less than PR group, p¼0.02).
Conclusions Overall, FCR scores and somatic symptom severity were low among our
patients with multiple myeloma. However, a significant proportion had moderate to
high levels of FCR. Further studies involving larger numbers in a prospective manner
required to confirm our findings of fear of cancer recurrence among patients with
multiple myeloma.
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Introduction

Fear of cancer recurrence/relapse (FCR) is one of the most
distressing problems among cancer survivors.1 FCR is de-
fined as the fear or worry that the cancer will return or
progress in the same organ or in another part of the body.2,3

Higher FCR is associated with many problems such as higher
physical symptom burden, higher emotional distress, and
certain maladaptive behaviors such as alcohol use and lower
physical activity.4 Cancer patients with high FCR have higher
unmet supportive care needs and in fact FCR has been one of
the most important concerns among cancer patients and
survivors.5,6 FCR has been well studied among cancer sur-
vivors who had solid tumors and certain hematological
cancers.7–11

Multiplemyeloma survival has improved over time due to
advances in diagnosis, risk stratification, and treatment.12

However, myeloma is still incurable with patients experienc-
ing multiple relapses and eventually becoming treatment
refractory.13 Myeloma is associated with significant symp-
tom burden due to the nature of the illness and prolonged
treatment required.14 The presence of physical symptoms
may be considered as disease not getting controlled or as a
sign of reappearance of disease.15

There are limited studies exploring the fear of recurrence/
relapse among myeloma patients.13,16,17 With improvement
in survival of myeloma, patients are in a state of persistent
confrontation with likelihood of progression. In the studies
by Hulin et al and Kelly et al, the issue of FCR was studied in a
qualitativemanner.13,16 In the study by Xiaochun et al, it was
observed that 56.4% of patients with myeloma had a high
level of FCRusing the Fear of Progression Questionnaire short
form.17 Persistent and high FCR are debilitating. Early recog-
nition of FCR is essential as psychological interventions have
shown to alleviate FCR-related symptoms.18 Studies focusing
on FCR in myeloma are lacking from India and hence we
decided to undertake this study to assess the baseline
prevalence of FCR among patients with multiple myeloma
on treatment for 1 year or more and the prevalence of
somatic symptoms among them. It is important to have a
baseline assessment of the degree of FCR and somatic
symptom burdens in our population. This will help us guide
our intervention in the future to improve the patient well-
being.

Materials and Methods

This cross-sectional study was conducted at the hematology
outpatient department (OPD) at our center. All patients with
multiple myeloma fulfilling the inclusion criteria mentioned
below were recruited in to this study. The study was con-
ducted between July 01 and July 31, 2015. Approval was
obtained from the Institutional Review Board (IRB) before
the start of the study. A single interviewer who was a
qualified psychiatrist administered the fear of cancer recur-
rence inventory (FCRI) questionnaire and Patient Health
Questionnaire-15 (PHQ-15) to all patients who satisfied
inclusion criteria and came to OPD during the study period.

The interview was conducted in the regional language, i.e.,
Malayalam. All patientswere aware of the diagnosis. Patients
were told about the prognosis by the treating doctor if they
explicitly asked for such information. Responsible caregivers
of patients were appraised about the prognosis. Socioeco-
nomic status assessment was done using modified Kup-
puswamy’s scale.19

Inclusion Criteria

1. Patients with multiple myeloma on treatment for 1 year
or more from the date of their diagnosis.

2. Patients who give informed consent to participate in the
study.

3. Age 18 years and above.

Exclusion Criteria

1. Patients who were not willing to participate in the study
or unwilling to provide informed consent.

2. Patients who were diagnosed with and on treatment for
any psychiatric illness.

Fear of Cancer Recurrence Inventory
FCRI is amultidimensional questionnaire. Seven components
of fear of cancer recurrence (FCR) along a continuum of
severity are evaluated using this questionnaire. There are
42 items and key domains evaluated include triggers, sever-
ity, psychological distress, functioning impairments, insight,
reassurance, and coping strategies. Each item is rated on a
Likert scale ranging from 0 to 4. Score is obtained for each
subscale and for the total scale by summing the items. A
higher score indicates higher levels of FCR. Score ranges from
0 to 168.2,6 If FCR mean scores are below the mid-points of
these scales, it indicates low-to-moderate levels of FCR.6 For
the purpose of this study, patients were classified as having
low FCR if they had FCR scores below the mean score,
moderate if observed scores were between mean and 84
(midpoint of the total FCR score), and high if they had
observed scores above 84.

PHQ-15
PHQ-15 is a somatic symptom subscale that was derived
from the full patient health questionnaire (PHQ). It deals
with the assessment of severity of 15 somatic symptoms
commonly reported in outpatient settings. PHQ-15 score is a
continuousmeasure. However, using cut offs of 5, 10, and 15,
the PHQ-15 score can be demarcated into four classes. These
are minimal, mild, moderate, and high. Scoring is done by
asking patients how often they are bothered due to each
symptom in the past 7 days. If a patient is not at all bothered
due to the symptoms, it will be scored as “0,” 1 if bothered a
little; and 2 if bothered a lot. Range of PHQ-15 score is 0 to
30.20

Sample Size Calculation
Sample size was calculated using the formula of 4pq/d2

where p is the expected prevalence, q is 100-p, and d is
the precision level. The prevalence of FCRwas expected to be
67.10 Assuming 20% as relative precision, sample size¼4

Indian Journal of Medical and Paediatric Oncology Vol. 43 No. 4/2022 © 2022. Indian Society of Medical and Paediatric Oncology. All rights reserved.

Fear of Cancer Recurrence among Multiple Myeloma Patients Shenoy et al.356



�67� (100–67)/13.4�13.4¼49. Thus, at least 49 patients
were required for this study.

Statistical Analysis
The datawere tabulated electronically inMicrosoft Excel and
analyzed using the software IBM SPSS 20.0 version (IBM
Corp. Released 2011. IBM SPSS Statistics for Windows, Ver-
sion 20.0. Armonk, NY: IBM Corp). The demographic details
of the participants are expressed in frequency and percent-
age. The associations between scores of FCR, PHQ, and other
continuous demographic variables were examined by Pear-
son’s correlation analysis if they were normally distributed,
or Spearman’s correlation if they were not. Independent
samples t-test was used for comparison of means of FCR
and PHQwith gender and response to treatment. For analysis
in this study, response to treatment was divided into two
groups, i.e., patients who had partial response or more and
patients who had less than partial response (PR or more vs.
less than PR). The response defined as one documented just
before recruitment into this study. One-way analyses of
variance (ANOVAs) were conducted to compare FCR and
PHQ scores with socioeconomic class.

Results

A total of 64 patients participated in this study. The median
age was 60 years (range: 34–80 years). More than half of
patients were females (N¼38, 60%). The majority of partici-
pating patientsweremarried (N¼53, 82%).Most of the study
participants (N¼57, 89%) had education of primary school
level or more. A significant number of participants were
either unemployed (22, 34%) or were unskilled laborers (18,
28%). Forty-seven (73%) patients were from upper lower
socioeconomic status. Other demographic details are men-
tioned in ►Table 1. Complete ISS staging information was
available in 53 (83%). Of these 53 cases, 24 (45%) were ISS
stage 3, 12 (23%) were ISS stage 2, and remaining stage 1.
First-line treatment received by these patients is listed
in ►Table 1. The majority received melphalan prednisolone
thalidomide (MPT) (25, 39%) followed by lenalidomide dexa-
methasone (20, 31%). Three (5%) patients had undergone
autologous stem cell transplant. After first-line treatment,
responses observed were very good partial response (VGPR)
in 44 (69%) patients, 16 (25%) had partial response (PR), and 4
(6%) had stable disease. At the time of this study, 15 (23%) had
complete remission, 25 (39%) had VGPR, 11 (17%) had PR, 2
(3%) had stable disease, and 7 (11%) had progressive disease.
Data were missing in 4 (6%). The mean duration from
diagnosis to enrolment into this study was 28 months.

Fear of Cancer Recurrence
The mean total FCRI score in the study population was 27.95
(SD: 24.5). Themean scorewasnumerically higher in females
comparedwithmales (29.42 vs. 25.81, p¼0.56). Moderate to
high levels of FCRwere seen in 40% (N¼26). One patient (2%)
had FCR score more than the mid-point of this scale, indicat-
ing high levels of FCR. Therewas no correlation between total
FCRI scores and age (r¼�0.192, p¼0.130) or with duration

of disease (r¼�0.072, p¼0.57). There was no significant
difference in themean total FCRI score between patientswho
had partial response or more compared with those who had
less than partial response at the time of this study (mean

Table 1 Patient Characteristics

Parameter N (%)

Median age (in years) 60 (range 34–80)

Gender Male 26 (40)

Female 38 (60)

Marital status Married 53 (80)

Single 11 (20)

Educational
status

Illiterate 7 (11)

Primary school 17 (27)

Middle school 26 (41)

High school 11 (17)

Intermediate/
diploma

2 (3)

Graduate 1 (1)

Professional degree 0 (0)

Occupational
status

Unemployed 22 (34)

Unskilled 18 (28)

Semiskilled 8 (12)

Skilled 12 (19)

Clerical/shop/farm 1 (2)

Semi-profession 2 (3)

Professional 1 (2)

Socioeconomic
class

Lower 4 (6)

Upper lower 47 (73)

Lower middle 12 (19)

Upper middle 0 (0)

Upper class 1 (2)

ISS stage� Stage 1 17 (32)

Stage 2 12 (23)

Stage 3 24 (45)

First-line
treatment

MPT 25 (39)

Lenalidomide-
dexamethasone

20 (31)

CyBorD 10 (16)

Thalidomide
dexamethasone

9 (14)

Treatment
response
to first line

VGPR or better 44 (69)

Partial response 16 (25)

Stable disease 4 (6)

Abbreviations: CyBorD, cyclophosphamide bortezomib dexametha-
sone; MPT, melphalan prednisolone thalidomide; VGPR, very good
partial response.
�International Staging system (ISS) details were available only in 53
patients.
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score in PR or more group 29.37 vs. 22.67 in less than PR
group, p¼0.47) or among socioeconomic groups (p¼0.289).

PHQ-15
Somatic symptom severity assessed by PHQ-15 revealed that
the majority (84%, N¼54) had mild or lower somatic symp-
tom burden. Frequency of patients in each class based on
somatic symptom severity scale is listed in ►Table 2. There
was a significant difference in mean PHQ-15 scores between
patients who had partial response or more compared with
those who had less than partial response at the time of this
study (mean score in PR or more group 6.02 vs. 8.00 in less
than PR group p¼0.02). There was no significant statistical
difference in means of PHQ-15 between either gender
(p¼0.56) or different socioeconomic groups (p¼0.39). There
was no significant correlation of total PHQ-15 score with the
duration of disease (r¼0.05, p¼0.65) or with FCRI total
scores (r¼0.140, p¼0.27). Symptoms reported by patients
to cause a little or a lot of bother in more than half of study
subjects were feeling tired, nausea or indigestion, and pain in
arms, legs, or joints.

Discussion

We studied FCR among myeloma patients on treatment for a
year or more utilizing FCRI, which is a multidimensional tool
with 42 items. We observed a mean FCRI score of 27.95
among our study participants. There are no studies assessing
FCR among Indian patients withmultiple myeloma using the
FCRI tool. In our study, the mean total FCRI score observed
was lower compared with other solid tumors in which the
fear of recurrence has been studied using this tool.2 The
mean FCRI score has been reported as 39 among prostate
cancer patients, 60 among breast cancer survivors, and 58
among colorectal cancer survivors and lung cancer survivors
respectively.2 LowFCRI scoresmayhave been due tomultiple
factors. One reason could be that the majority of subjects in
our study had disease under control and had lower symptom
burden. Lower symptomburden and the thought that disease
is under control would have led to lower FCR scores.4,15 In
India, patients may be aware of the diagnosis of cancer.
However, they may not be fully aware of their prognosis.21

In our society, a responsible familymember, mostly a male is
the decisionmaker on cancer management. Patients are kept
in the dark especially about their prognosis. This is because
relatives fear that a complete information regarding cancer
to the patient may negatively impact a patient’s physical and

mental health.21 Hence, the responsible caregiver comes to
an understanding with treating oncologists and chooses in
majority to conceal a lot of information regarding the
patient’s cancer.21 Patient’s lack of knowledge about prog-
nosis of disease may be another reason for lower mean FCRI
scores. A thorough knowledge can induce FCR.22 However,
we have not specifically looked into what extent patients
themselves were aware of their disease prognosis. Across
different cancer sites and with different assessment strate-
gies, on an average, 49% of cancer survivors reported to have
moderate to high levels of FCR.6 In our study, we observed
that 40% of patients had moderate to high levels of FCR and
this is similar to what has been observed in lymphoma
survivors.9 However, tools used to assess FCR differ. It has
been seen in some studies that patients are less apprehensive
about recurrence or disease progression when they undergo
frequent checkups including blood tests or when they are on
some form of treatment.23Myeloma patients are continually
on one or other forms of treatment and they undergo
periodic blood testing as well. It is notable that the mean
duration from diagnosis to enrollment into this study was
around 28 months. Thus, patients would have developed a
sense of understanding about the chronicity of their disease.
This may also have contributed in some to the development
of a sense of coherence and possibly altering their perception
about the disease.11,24 Themajority of patients at the time of
this study had disease in remission and this could be the
reason for lower symptomburden.Most of the study subjects
reported feeling tiredness, nausea, or indigestion and pain in
arms, legs, or joints. These are common symptoms reported
by myeloma patients on treatment.14,25 These might be due
to disease or due to drugs such as steroids used to treat these
patients. Pain is one of the main somatic symptoms a
myeloma patient would complain of because of involvement
of the skeletal system by the disease process. There was a
significant difference in the mean PHQ-15 scores between
patients who had partial response or more compared with
those who had less than partial response at the time of this
study. Patients with progressive or non-responding disease
have higher symptom burden.26 A large majority of patients
(84%) had mild or lower somatic symptom burden. This
means that 16% had moderate-to-high symptom burden.
This is lower than that reported in a population based data
among transplant ineligible patients.27 In this study from
Canada, symptom burdenwas assessed among patients with
myeloma within an year of their diagnosis. In our study,
patients enrolled had been diagnosed with multiple myelo-
ma for a year ormore. The lower symptomburden seen in our
studywaspossibly due to greater proportion of patientswith
partial response or better. In the study by Mian et al, the
symptom burden was observed to steadily decrease over
time.27 Their study did not capture symptom burden in
specific lines of treatment and other myeloma-related var-
iables such as stage and response. Also, this study used a
different tool—Edmonton symptom assessment scale (ESAS)
tomeasure symptomburden amongmyeloma patients. ESAS
is a validated tool for general cancer symptoms.27 Females
had a higher symptom burden in their study.27 However, we

Table 2 PHQ-15 Somatic Symptom Severity Scale

Levels of somatic symptom severity Number (%)

Minimal (0–4) 25 (39)

Low (5–9) 29 (45)

Moderate (10–14) 10 (16)

High (15–30) 0 (0)

Abbreviation: PHQ-15, Patient Health Questionnaire-15.
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did not observe any difference in symptom burden based on
gender.

There are a few strengths to our study. This is one of the
few studies looking into fear of cancer recurrence among
myeloma patients. In the study from the Chinese group, FCR
was assessed among myeloma patients using the Fear of
Progression Questionnaire short form which contains 12
items.17Wehave used the FCRI tool which contains 42 items.
Longer multidimensional scales such as FCRI may be more
useful where FCR is the primary outcome of interest.28

Studies focusing on FCR in myeloma are lacking from India
and this study provides initial reports regarding FCR among
myeloma patients. There are no studies from India looking
into symptom burden among myeloma patients on treat-
ment. We provide here initial reports of symptom burden
among myeloma patients who are on treatment for a year or
more. However, this study is not without limitations. The
FCRI tool has 42 items and is extensive. Hence, a shorter tool
is recommended for administration on a day today basis in
the outpatient department. The PHQ-15 tool has not been
validated for use in cancers. Also, PHQ-15 tool does not
capture all symptoms specifically related to multiple myelo-
ma. It is important to have a baseline assessment of FCR
among patients with myeloma. This will help us to guide
psychosocial interventions to improve patient well-being.

Conclusions

This study has shown that patients with multiple myeloma
have overall lower fear of cancer recurrence compared with
solid tumors. One possible explanation for this may be related
to our cultural practice of non-disclosure of prognosis to the
patients. In our study, patients had lower physical symptom
burden especially in patients who had partial response or
better at the time of this study. However, a significant propor-
tion had moderate to high levels of fear of cancer recurrence.
Further studies involving larger numbers in a prospective
manner are required to confirm our findings about fear of
cancer recurrence among patients with multiple myeloma.
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Abstract Introduction Ovarian cancer is the third most common cancer among Indian women.
The data on the hereditary predisposition of these cancers and the clinical outcomes of
those with pathogenic mutations is meager in India.
Objective The aim of the current study was to analyze the germline-genetic profile,
clinicopathological characteristics, and outcomes of patients with ovarian cancer who
were referred for genetic counseling at our Institute.
Materials and Methods It was a cross-sectional observational study. Patients with
histological diagnosis of carcinoma ovary at our institute who were referred for genetic
counseling from July 2017 to June 2020 were included in the study. All patients
underwent pretest counseling. Most patients underwent multigene panel testing with
reflex multiplication ligation-dependent probe amplification for large genomic rear-
rangements, while some received testing for BRCA1 and BRCA2 only. The variants were
classified as pathogenic or benign based on American College of Medical Genetics
(ACMG) guidelines. Data regarding the demographic profile, clinical characteristics,
histopathological findings, family history, treatment received, and outcomes were
extracted from the medical record system files.
Results One hundred and one patients were referred to the genetic clinic and
underwent genetic counseling. All patients were advised for genetic testing; however,
only 72 (71%) underwent testing. A multigene panel testing was done in 51 (70%)
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Introduction

Ovarian cancer (OC) is the eighth most common cancer in
females (3.4% of all cancers) and leads to 4.4% of all cancer-
related mortality.1 Globally, there were 313,959 cases diag-
nosed with OC in 2020 and 207,252 deaths.1 In India, the
estimated incidence of OC in 2020 is 43,886 (6.7%) cases, and
mortality is 32,077 (7.8%).2 Though the prevalence is low, the
survival of advanced OCs is dismal (20–40%).3 The most
important risk factor for OC is a genetic predisposition,
that is, family history of breast or OC.4 More than 20% of
OCs are associated with a mutation in the tumor suppressor
genes, most important being BRCA1/2.5 The average cumula-
tive frequency of OC at 70 years is estimated to be 35 to 46%
for individuals with BRCA1 mutations and 13 to 23% for
BRCA2 mutation.6 Other genes implicated are ATM, CHEK2,
BRIP, RAD51C, RAD51D, and MUTYH genes.5

Families with thesemutations have a higher prevalence of
multiple malignancies. Preventive strategies like salpingo-
oophorectomy reduce the risk of OC by 96%.7 Detecting
mutation in the BRCA gene has therapeutic implications
and is immediately applicable to patients in the first line
as maintenance and in the recurrent setting where it has
shown improvements in progression-free survival.8,9 Iden-
tification of these pathogenic mutations is essential as this
may help us plan screening and preventive strategies in
families with identifiable mutations. The current literature
regarding mutation-positive OC in India is meager and is
often lumped with breast cancer data. The current study
aimed to analyze the genetic and clinicopathological profile
and outcomes of patients with OC from a tertiary care center
in India.

Methodology

Materials and Methods

Patients
In this cross-sectional observational study, patients with
histological diagnosis of carcinoma of the ovary, registered
in our cancer center, who were referred for genetic counsel-

ing between Jan 2017 andDec 2020were included. Amedical
oncologist did pretest counseling. Patients who did not give
informed consent were excluded. Most patients underwent
multigene panel testing with reflex multiplication ligation-
dependent probe amplification (MLPA) that detects gene
specific single or multiple exon deletions and duplications,
which may be missed by next-generation sequencing, while
some received testing for BRCA1 and BRCA2 only. Those with
a pathogenic/likely pathogenic (P/LP) mutation in any of the
predisposing genes were discussed in a multidisciplinary
tumor board for management and were offered post-test
counseling. The variants were classified as pathogenic or
benign based on American College of Medical Genetics
(ACMG) guidelines.10 Data regarding the demographic pro-
file, clinical characteristics, histopathological findings, fami-
ly history, treatment received, and outcomes were extracted
from the medical record system files. The primary outcome
was the frequency of PLAmutations identified in the sample.
The secondary outcomes included the comparison of re-
sponse rates, overall survival (OS), and disease-free survival
between the groups with and without a P/LP mutation.

Sample Preparation and Multigene Panel Design
Blood samples were collected from each patient (10mL), and
germline DNA extraction was done by kits following the
manufacturer’s instructions. Genomic DNA was enzymati-
cally fragmented. Regions of interest were selectively
enriched using customed capture probes targeted against
coding regions of the 104 genes (listed in supplementary
material), including ten bp of flanking intronic sequences for
the genes BRCA1 and BRCA2. In 21 patients, only two genes
(BRCA1 and BRCA2) were studied. The libraries underwent
next-generation sequencing to mean>80–100X coverage on
the Illumina sequencing platform. The sequences were
aligned to the human reference genome (GRCh37/hg19)
build I.D. Gene bank NM_007300.3 and NM _000059.3
were used as reference transcript sequences for BRCA1 and
BRCA2 genes, respectively. Gene annotation of the variants
was performed using the variant effect predictor (VEP)
program against Ensemble release 91 human gene model.

patients, and only BRCA1 and BRCA2 genes were tested in 21 (30%). Among the 72
patients who underwent a genetic test, the median age was 47 years (range, 28–82).
Themost common histopathology was serous (90%), while 85% were diagnosed having
stage 3 and 4 ovarian cancer. A pathogenic/likely pathogenic (P/LP) BRCA or non-BRCA
mutation was detected in 32 (44%) patients. Six patients (8%) had a variant of unknown
significance (VUS). Among P/LP mutations, 85% were in the BRCA gene (75% in BRCA1
and 10% in BRCA2), while 15% were in non-BRCA genemutations (RAD51, PALB2, MER11,
HMMR). Disease-free survival and overall survival were not different in mutation-
positive and mutation-negative cohorts.
Conclusions We report 44% P/LP mutations in this selected cohort of patients with
carcinoma ovaries. BRCA mutations constituted 85% of all the mutations, while 15% of
mutations were in non-BRCA genes.
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Mutations were annotated using databases: ClinVar, OMIM,
GWAS, HGMD, and SwissVar. Variants were filtered based on
allele frequency in 1000 Genome phase3, gnomAD, EVS,
dbSNP, 1000 Japanese Genome, and Indian database.

MLPA Testing
Reflex MLPA testing was done for patients who tested negative
on the multigene panel. Copy number change in 24 exons of
BRCA1and27exonsofBRCA2was identifiedbyhybridizingwith
MLPA-based assay. Each MLPA probe consisted of two hemip-
robes thatwerebound to anadjacent site of the target sequence.
Upon ligation and subsequent PCR amplification, each probe
generated an amplicon with a unique length. Copy number
differences of various exons between test and control DNA
samples were detected by analyzing the MLPA peak patterns.
The classification of variants was done as deleterious (class 5—
pathogenic or class 4—likely pathogenic), a variant of unknown
clinical significance (VUS, class 3), likely benign (class 2), and
benign (class 1) according to the ACMG guidelines.

Data regarding the demographic profile, clinical charac-
teristics, histopathological findings, family history, treat-
ment received, and outcomes were extracted from the
medical record system files.

Statistical Analysis
Categorical data were summarized using percentages. Nu-
merical data were summarized as the means and standard
deviations or medians and ranges. Chi-squared tests and
Fisher’s exact tests were used to examine the relationships
between qualitative variables. The survival analysis was
performed using the Kaplan–Meier method. A log-rank
test was used to compare the survival curves. All tests of
hypotheses were conducted at an α level of 0.05, with a 95%
confidence interval. The median duration of follow-up was
estimated using the reverse Kaplan–Meier method. Disease-
free survival) was defined as “the interval from histological
diagnosis to the date of first progression or last follow-up.”
OSwas defined as “the interval from histological diagnosis to
the date of death or last follow-up.” All analysis was done
using STATA software (ver13, Texas, United States)

Ethics
The procedures followedwere in accordancewith the ethical
standards of the responsible committee on human experi-
mentation and with the Helsinki Declaration of 1964, as
revised in 2013. Ethics Committee Approval was obtained
from the Institutional Ethics Committee vide letter no. IEC-
511/05.06.2020, RP-50/2020 dated 30.9.2020 (see supple-
mentary material).

Results

One hundred and one patients were referred to the genetic
clinic and underwent genetic counseling. All patients were
advised for genetic testing; however, only 72 of them (71%)
underwent testing. The various reasons for not undergoing
genetic testing were financial issues in 20 patients (20%),
deferral of testing due to COVID pandemic in 5 of them (5%),

and patient preference in 4 (5%). A multigene panel testing
was done in 51 (70%) patients, and only BRCA1 and BRCA2
genes were tested in 21 (30%).

Among the 72 patients who underwent a genetic test, the
median age was 47 years (range 28–82) (►Table 1). Hindu-
ism was the most common religion (89%), while four (5%)
patients were Muslims and two (3%) were Christians. Seven-
ty-three percent of these patients were literate. Seventy-four
percent of these patients were from Delhi, Chandigarh, and
Uttar Pradesh, while 18% were from eastern states (Bihar,
Orissa, West Bengal). Six patients were from western and
southern states (four from Rajasthan and two from Kerala).

Of all patients, 4 (5%) had recently been diagnosed with
malignancy, whereas 68 (95%) were referred after progres-
sion on the first line of therapy. Sixty-four (89%) patients had
OC, while 8 (11%) patients had both ovarian and breast
cancer. The most common histopathology was serous
(90%), while 85% were detected as stage 3 and 4 OCs.

Table 1 Baseline characteristics of the patients included in the
study

Baseline characteristics
(n¼ 72)

Median/mean� SD/
percentage

Age 45.5 years
(IQR: 41.5–55)
(Range, 28–82)

Ethnicity

Hindu 65 (90%)

Muslim 04 (5%)

Christian 02 (3%)

Buddhism 01 (2%)

Histology

Serous 68 (95%)

Mucinous 1 (1%)

Endometroid 2 (3%)

Clear cell 1 (1%)

Baseline stage

I 7 (10%)

II 4 (6%)

III 48 (68%)

IV 13 (16%)

Newly diagnosed cases 5 (5%)

Relapsed cases 95 (95%)

Family history

Yes 34 (34%)

No 38 (66%)

Family history of breast cancer 09 (26%)

Ovarian cancer 14 (41%)

Both breast and ovarian cancer 10 (29%)

Prostate cancer 01 (4%)

Abbreviations: IQR, interquartile range; SD, standard deviation.
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A family history of breast/ovarian cancer syndrome was
present in 34 (34%) cases (85% in first-degree relatives and
15% in second-degree relatives). Of these 34 patients, 9 of
them (26%) had a family history of breast cancer, 14 (41%)
patients had a history of OC, and 10 (29%) patients had a
family history of both breast and OC.

A mutation was identified among the patients who un-
derwent a genetic test in 38 (52%) patients. A P/LP BRCA or
non-BRCA mutation was detected in 32 (44%) patients. Six
patients (8%) had a VUS (►Table 2).

Mutations were more common in patients younger than
50 years (68%: n¼22). However, it was not significantly
different from those older than 50 years (p¼0.65). Notably,
among patients younger than 50 years andwho had a positive
family history, the detection rate of a mutation was 87%.

Among P/LP mutations, 85% were in the BRCA gene (75% in
BRCA1 and 10% in BRCA2), while 15% were non-BRCA gene
mutations (RAD51, PALB2, MER11, HMMR). The mutations in
BRCA1 gene spanned over exon 2 to exon 24 region with
maximum mutations present in exon 10 (►Table 3). The
Ashkenazi Jewish founder mutation (c.68_69delAG) was pres-
ent in two patients. The most common types of mutations in
patients were nonsense mutation in 10 (42%), followed by
frameshiftmutations in 8 of them (33%),missensemutation in
3 (13%), splice-site mutation in 2 (8%), and a large genomic
rearrangement in 1 patient (4%). In the BRCA2 gene, all were
frameshift mutations, while in non-BRCA genes, 80% were
nonsense, and 20% were frameshift mutations.

VUS was present in 10 patients, among which four
patients had both P/LP and VUS. Two patients had VUS in

BRCA2, and three patients had in ATM gene. One patient
each had VUS in FANCI, MLH1, ERCC2, CHECK2, and FANCM
genes.

Neoadjuvant chemotherapy was given in 50% of both
mutation-positive and mutation- negative cohorts. Eighteen
percent of mutation-positive patients achieved complete
remission (CR), while 76% had a partial response (PR) Among
mutation-negative, there were no CR, and 84% achieved PR
(►Table 4). None of the included patients received mainte-
nance PARP inhibitors during this period.

Table 2 Frequency distribution of mutations (n¼72)

Pathogenic/likely pathogenic (P/LP) 32 (44%)

Variant of unknown significance (VUS) 10 (14%)

Both P/LP and VUS 04 (6%)

Locus of P/LP mutations (n¼32) n (percentage)

BRCA 1 24 (75%)

BRCA 2 03 (10%)

MER11 01 (3%)

PALB2 01 (3%)

RAD51 02 (6%)

HMMR 01 (3%)

Abbreviations: BRCA, breast cancer gene; HMMR, hyaluronan-mediated
motility receptor; MER11, meiotic recombination 11 homolog; P/LP,
pathogenic/likely pathogenic; PALB2, partner and localizer of BRCA2;
RAD51, DNA repair protein RAD51; VUS, variant of uncertain significance.

Table 3 Comparison of the clinical characteristics of patients with and without a P/LP mutation

Patients characteristics Positive for P/LP mutation
(n¼32)

Negative for P/LP mutation
(n¼40)

p-Value

Age 47.5� 9 49.5� 12 0.77

Age group

<50 years 22 (68%) 24 (60%) 0.65

>50 years 10 (32%) 16 (40%)

Family history present (first
or second-degree having
breast/ovarian cancer)

25 (78%) 09 (22.5%) 0.001

First-degree relatives 24 (70%) 5 (15%)

Second-degree relatives 5 (15%) 02 (6%)

Personal history of breast cancer 05 (15%) 03 (8%) 0.31

NACT received 17 (48%) 19 (53%) 0.20

Response to NACT

CR 03 (18%) 0

PR 13 (76%) 16 (84%)

SD 01 (06%) 02 (10%)

PD 0 01 (05%)

DFS (median) 20.2 months 21.4 months 0.26

OS (median) 91.4 months 71.5 months 0.38

Abbreviations: CR, complete response; DFS, disease-free survival; NACT, neoadjuvant Chemotherapy; OS, overall survival; P/LP, pathogenic/likely
pathogenic; PD, progressive disease; PR, partial response; SD, stable disease.
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Table 4 The pathogenic/likely pathogenic mutations, their description, location, and corresponding protein changes

Gene Site Variant Protein change Type of mutation

BRCA
1

EXON
10

c.3607C> T p.Arg1203 Ter Nonsense

BRCA
1

EXON
10

c.1450G> T p.Gly484 Ter Nonsense

BRCA
1

EXON
10

c.1008delA p.Glu337LysfsTer4 Frameshift

BRCA
1

EXON
10

c.3147delC p.Ser1050ValfsTer12 Frameshift

BRCA
1

EXON
10

c.2769del p.Asn924IlefsTer76 Frameshift

BRCA
1

EXON
10

c.2338C> T p.Gln780Ter Nonsense

BRCA
1

EXON
10

c.2076_2080delTGACA p.His692GlnfsTer18 Frameshift

BRCA
1

EXON
10

c.3607C> T p.Arg1203 Ter Nonsense

BRCA
1

EXON
10

c.1953_1956delGAAA p.Lys653SerfsTer47 Frameshift

BRCA
1

EXON
11

c.4183 C> T p.Gln1395Ter Nonsense

BRCA
1

EXON
15

c.4738G>G/C p.Glu1580 Gln Missense

BRCA
1

EXON
15

c.4571 C> A p.Ser1524Ter� Nonsense

BRCA
1

EXON
15

c.4571 C> A p.Ser1524Ter� Nonsense

BRCA
1

EXON
15

c.4571 C> A p.Ser1524Ter� Nonsense

BRCA
1

EXON
15

c.4571 C> A p.Ser1524Ter� Nonsense

BRCA
1

EXON
16

c.4900_4901delinsGCC p.Ser1634AlafsTer9 Frameshift

BRCA
1

EXON 2 c.68_69 delAG p.Glu23ValfsTer17 Frameshift

BRCA
1

EXON 2 c.68_69 delAG p.Glu23ValfsTer17 Frameshift

BRCA
1

EXON 7 c.470_471 delCT p.Ser157Ter Nonsense

BRCA
1

EXON
24

c.5572 T>C p.Trp1858Arg Missense

BRCA
1

EXON
24

c.5572 T>C p.Trp1858Arg Missense

BRCA
1

INTRON
17

c.5137 þ1 G>A Splice site

BRCA INTRON c.4547þ1G>A Splice site

1 14

BRCA 1 LGR, EXON 1-
20

BRCA
2

EXON
11

c.3182del p.Lys1061SerfsTer16 Frameshift

c.4570_4573delTTTC p.Phe1524IlefsTer18 Frameshift

(Continued)
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Disease-free survival was not different in mutation-posi-
tive and mutation-negative arms. Although OS was numeri-
cally higher in themutation-positive arm (91 vs. 71months),
it was not statistically significant (►Fig. 1).

Cascade testing was advised for the family members of
patients who were positive for the mutation. However, only
13 members from 8 different families underwent testing.
Four were BRCA1 positive. Though risk reducing salpingo-
oophorectomy was advised to the previvors, none of them
had undergone the preventive surgery. All are under radio-
logical surveillance.

Discussion

The current study is a cross-sectional analysis of selectively
referred OC patients. We report 44% PLP mutations in this

selected cohort of patients with carcinoma ovaries. BRCA
mutations constituted 85% of all the mutations, while 15% of
mutations were in non-BRCA genes. The prevalence of Ash-
kenazi Jewish foundermutationwas very scarce (2.1%) in our
cohort. The presence of BRCA mutation had no impact on
survival outcomes. There was poor uptake of cascade testing.

In one retrospective analysis of OC (n¼238), where
patients across India were selectively referred to the labora-
tory for multigene panel testing, 36% had pathogenic muta-
tions (84.9% in BRCA1/2 gene and 15.1% in non-BRCA gene).11

In another study of selectively referred patients with OC by
Mehta et al from north India (n¼74), where only BRCA
mutation testing was done, 41.5% of patients carried a
mutation.12 Both the above-mentioned studies with selec-
tive populations showed comparable mutation rates to our
study. However, Gupta et al, in a prospective study (n¼239)

Table 4 (Continued)

Gene Site Variant Protein change Type of mutation

BRCA
2

EXON
11

BRCA
2

EXON
11

c.5967 _5968 del p.Asp1990cysfsTer12 Frameshift

RAD51
D

EXON 5 c.423delA pAla142GlnfsTer14 Frameshift

RAD51
D

EXON 5 c.423delA pAla142GlnfsTer14 Frameshift

HMMR EXON
12

c.1327C> T p.Gln443Ter Nonsense

MER
11

EXON
10

c.1086del p.Val363TyrfsTer27 Frameshift

PALB2 Exon 5 c.2488delG p.Glu830SerfsTer21 Frameshift

This mutation was found in a single family with 4 members affected with ovarian cancer.

Fig. 1 Comparison of the (A) overall survival and (B) disease-free survival (DFS) of patients with and without a pathogenic/likely pathogenic
(P/LP) mutation in any of the predisposing genes.
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of unselected patients of carcinoma ovary from all across
India, reported BRCA mutations in 25.5% of patients, which
may be closer to true prevalence in the population.13

Reported literature from various ethnicity worldwide has
shown a slightly lower prevalence of BRCA and non-BRCA
mutations. In a prospective study of consecutive patients of
carcinoma ovary done by Eoh et al in Korea (n¼117), 32.5%
of patients with epithelial ovarian cancer had a pathogenic
mutation in BRCA and non-BRCA genes (79.5% mutation in
BRCA gene).14 In the Japanese nationwidemulticentric study
(n¼634), where OC patients were recruited prospectively,
28.5% of high-grade serous ovarian cancers had germline
BRCA mutations.15 Similarly, a retrospective study by Atas-
even et al in the German population (n¼545) showed 29.5%
P/LP mutations in hereditary cancer-predisposing genes.
Eighty-one percent of mutations were in the BRCA gene
alone.16 Walsh et al showed that in the American population
of prospectively selected OC (n¼360), 24% had germline
mutation,18% in BRCA1/2, and 6% in non-BRCA genes.5 In the
study done at Royal Marsden Hospital, London, where only
BRCA1 and BRCA2 were tested, the yield was 16%.17

The Ashkenazi Jewish founder mutation was present in
two patients in our study. In another study done in North
India, this mutation was found in only one patient.12 How-
ever, in the study by Singh et al, which had patients from
across India, this mutation was repeated 34 times.11 In
another study done exclusively in the South Indian popula-
tion, which included both breast and OC, the Ashkenazi
Jewish founder mutation was present in 10 out of 44
patients.18 The profile of BRCA1/2 mutation in South India
appears to be different from North India.

Patientswith pathogenicmutations had a better response
to platinum-based therapy. Eighteenpercent of patientswith
mutations achieved CR postneoadjuvant chemotherapy
compared with none in patients with no detectable muta-
tions. This may be explained due to increased platinum
sensitivity in BRCA deficient tumors. In BRCA deficient
tumors xenograft studies have shown differential gene ex-
pression and pathway modulation, which includes upregu-
lation of RAD 52 and ERCC1/RRM1 downregulation that
might be responsible for increased platinum sensitivity.19

However, we did not find any difference in the PFS or OS.
Some studies have reported longer PFS in BRCA mutated
patients,20 while others have shown no difference.21 The
heterogeneity in the outcome can be explained by other
prognostic factors such as stage, optimal cytoreduction, and
age.

Our study included multigene panel testing with reflex
MLPA, and results were correlated with clinical details. This
study reports the details exclusively from the North Indian
population, chiefly Delhi and adjoining states, and the real-
world challenges of access to testing, cascade testing, and
counseling. Our study is the first study that uses main-
streaming of the genetic testing of OC by clinicians in India.
Although no founder mutations were seen, there appears to
be a significant difference in North-South Indian popula-
tions concerning the prevalence of Ashkenazi Jewish
mutations.

Limitations

The patients in the study represent a highly selected popu-
lation. It included those who were referred by the clinicians
andwho could avail of the testing. This selectionmay have its
own biases. All patients could not undergo multigene panel
testing, and some underwent BRCA only testing.

Future Directions

This study and other contemporary studies point to the signifi-
cant burdenof a germlinemutation in carcinomaof theovary in
the Indian population. The oncology community in India has
accepted universal genetic testing for BRCA1/2 genes, and given
the scarcity of counselors, this is imperative that all oncologists
take part in mainstreaming the test. Locus-specific database
specific to the Indian population is the need of the hour.

Conclusion

OC is an aggressive disease, and it has got high genetic
predisposition. Knowing the deleterious mutations in vari-
ous genes can help the patients and their biological rela-
tives. This study reports various pathogenic and VUS
mutations in BRCA and non-BRCA genes in the North Indian
population. Forty-four percent of P/LP mutations were
found with a very low frequency of founder mutations
(2%). This study would help in building up the database
for the Indian population.
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Abstract Introduction Advanced cancer patients often require clinic or hospital follow-up for
their symptom control to maintain their quality of life. But it becomes difficult for the
patients to attend the same due to financial, commutation, and logistic issues.
Objective The aim of this study was to audit the telephonic calls of the service and
prospectively collected data to understand the quality of service provided to the
patients at follow-up.
Materials and Methods An ambispective observational study was conducted on the
advanced stage cancer patients referred to the palliative care department at Kolhapur
Cancer Center, Kolhapur, Maharashtra. We conducted an audit of the 523 telephonic
calls of our service—“PALLCARE Seva” from June 2020 to February 2021. Prospectively,
we assessed the quality of service based on 125 telephonic calls (n¼125) for this; we
designed a questionnaire consisting of 11 items on the 5-point Likert scale for
satisfaction by the patients or their caregivers at the follow-up. After a pilot study,
the final format of questionnaire was used to collect the data.
Results Of the 523 calls attended, we provided 30.11% patients with dosage change
ofmedications for their symptommanagement, 16.25% patients have liaised with local
general practitioners, and 14.34% of cases had to be referred for emergency manage-
ment to our hospitals. We provided 23.9% of them with emotional and bereavement
support and 6.21% with smartphone-based or video-assisted guidance to the patients
and caregivers.
Conclusions Liaison of general practitioners was possible in more than one-tenth of
cases. The core components of our service were politeness and caring attitude,
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Introduction

Within a short period, the pandemic of coronavirus disease
2019 (COVID-19) emerged to become a public health emer-
gency of international concern.1 As with other healthcare
services, routine oncological practices were also affected.2

Cancer patients per se have a higher risk of contracting
COVID-19 infection and are associated with a poorer prog-
nosis if contracted.3–6 Delay in cancer resection surgeries,
neoadjuvant therapy, radiation therapy, and palliative care
services had started affecting the quality of life of the cancer
patients.7,8 With the progression of the pandemic, an urgent
need for modification in the routine practice was required.
The government of India suggested telemedicine as themode
to provide equitable care to the patients.9 But, there were
some practical challenges like the lack of interaction be-
tween doctor and patient, accessibility issues, regional
effects, care delays, technical issues, and licensing issues
associated with it.10–13 Amid all these challenges, it was
important that patient-centered services had to be provided.
So, we started a telemedicine support service called “PALL-
CARE Seva” for our patients.

With regard to this pandemic situation, a quality pallia-
tive care service is the one that can maintain the continuum
of care throughout the illness trajectory of the cancer pa-
tient.14–16 Most advanced cancer patients prefer to be taken
care of and die at home with family members. Advanced
cancer patients often require clinic or hospital follow-up for
their symptom control to maintain their quality of life.17,18

But, it becomes difficult for the patients to attend the same
due to financial, and logistic issues.19–21 With this back-
ground, we conducted this study intending to audit the
telephonic calls of the service and prospectively collected
data to understand the quality of service provided to the
patients during the follow-up.

Materials and Methods

An ambispective observational study was conducted on the
advanced stage cancer patients referred to the palliative care
department at Kolhapur Cancer Center, Kolhapur, Mahara-
shtra. It was a retrospective audit of our service “PALLCARE
Seva.” PALLCARE Seva is a proactive telephonic follow-up and
consultation service. The patients who consulted the pallia-
tive care physician during the week (Monday to Friday) were
called on Saturday by trained personnel to inquire about the
improvement in symptoms, new symptoms, and any other
issues. This telephonic service line was kept open from 9 AM

to 6 PM on all days except for Sundays. This available line
served as an assistant to the patients if they needed any help.

A specialist palliative care physician supervised the whole
program. Those patients who needed care were requested to
involve their local physicians for any assistance. We also
provided telephonic guidance for local physicians. The main
motto was to provide “right care at the right time.” Primary
outcome measures were demographic distribution of our
calls and quality of service.

An audit of the telephonic calls is from June 2020 to
February 2021 was conducted. We noted age, gender, area of
residence, type of calls, the caller’s relationship with the
patient, and the site of cancer. In addition, we noted services
like dosage change, medication-related queries, emergency
referrals, emotional support, bereavement support, liaison
with general practitioners, and smartphone-assisted guid-
ance. Prospectively, we assessed the quality of service. For
evaluating the quality of service we provided, we designed a
questionnaire consisting of 11 items (Annexure 1). The items
were related to helpfulness, politeness and caring attitude,
handling doubts and information regarding the illness, patient
listening topersonnel, opportunity to sharepatient’s thoughts,
involvement in decisionmaking, explanation of care, explana-
tion about medication, and circumstances seeking emergency
help and its mode. The last two items were related to their
overall satisfaction level of the service and recommendationof
this service to other patients. All these questions were rated
based on the “5-point Likert scale” for satisfaction by the
patients or their caregivers at the follow-up. This question-
naire was designed by experts in palliative care and quality.
Originallywritten in English, this questionnairewas converted
to Marathi (local language) by a team of expert translators. It
was back-translated and tested on ten caregivers, and we did
final modifications.

Our study population consisted of advanced stage cancer
patients seeking palliative care and patients referred for pain
and symptom management by various departments within
the institute. Of the total 630 calls done throughout 8months,
we excluded 107. The main reasons for exclusion were
connection-related issues and nonreceiving of calls from
the recipient. Hence, the final sample size included in this
study consisted of 523 calls. Assuming the overall quality of
service to be good in 50% of the feedbacks, with 10% absolute
error and 95% confidence interval, we found the minimum
sample size to be 96. Considering the attrition rate of 30%, we
found the final sample size to be 124. But we collected 125
feedbacks about this service. For analysis, the 5-point Likert
scale was categorized into unsatisfactory, satisfactory, and
neutral. All the data collection and phone calls were done by
trainedpersonnel under the supervision of the palliative care
physicians.

helpfulness, handling doubts regarding the illness, and an opportunity to share
thoughts from the patients or caregivers. More than three-fourth of the callers have
rated their experience as satisfactory and would recommend this service to other
patients in need.
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To reduce the recall bias during the feedback, the interval
between the last call and follow-up was kept to a minimum.
Since the prospective feedback was collected from the care-
giver or the patient in random selection, the selection bias
was reduced to the minimum possible extent.

Statistical Analysis
The data was collected and compiled using Microsoft Excel.
The analysis was done using Epi info (Version 7.2; CDC,
Atlanta, Georgia, United States). The qualitative variables
were expressed in terms of frequencies and percentages.

Ethics
For the prospective quality feedback of the service, we took a
written informed consent form from the person who
responded (either the caregiver or the patient). We sought
permission of the ethical committee of Kolhapur Cancer
Center before the start of the study (ECR/523/ Inst/ MH/
2014/ RR-20).

We ensured the anonymity of the participants with their
due permission.

Results

We have included 523 telephonic calls in this study.
The majority of the callers were in the age group of 40 to

60 years and of the male gender. Since the center caters to
majority of rural areas of the district, 53.15% were from rural
areas. About 72.28% of the cases were outgoing calls. Head,
face, and neck cancers were the most common cancers
reported (►Table 1).

Of the 523 calls attended, we provided 30.11% of patients
(n¼157) with dosage change of medications for their symp-
tom management, 16.25% (n¼85) have liaised with local
general practitioners, and 14.34% (n¼75) of cases had to be
referred for emergency management to our hospitals We
provided 10.99% (n¼57) of them with emotional support.
We offered 12.91% (n¼68) of them with bereavement sup-
port, 11.95% (n¼62) with new medication for newly arising
symptoms or some interventionswere advised, andprovided
6.21% (n¼32) of these cases with smartphone-based or
video-assisted guidance (►Fig. 1).

Politeness and caring attitude (91.20%), helpfulness
(88.00%), handling doubts and information regarding the
illness (88.00%), and opportunity to share thoughts (88%)
were the most satisfying elements of our service and per-
sonnel (►Table 2).

About 77.60% (n¼97) of the patient’s or caregiver’s
feedback was satisfactory and up to the mark (►Fig. 2).

About 88.00% (n¼110) of the patients would recommend
the service to other patients who require similar type of
assistance (►Fig. 3).

Discussion

Telemedicine has become an essential component of the
present oncology care worldwide due to the effect of the
COVID-19 pandemic.11 This “no contact” approach had to be

Table 1 Demographic characteristics of the patients (n¼523)

Demographic
characteristics

Frequency Percentage

Age group

<20 16 3.05

21 to 40 105 20.00

40 to 60 212 40.53

>60 190 36.33

Gender

Female 203 38.88

Male 320 61.21

Relationship with the patient

Brother/sister 144 27.53

Parents 16 3.05

Children 129 24.67

Spouse 234 44.75

Area of residence

Rural 278 53.15

Urban 245 46.85

Type of call

Incoming 145 27.72

Outgoing 378 72.28

Site of cancer

Head, face and Neck 276 52.77

Thorax 42 8.03

Gastrointestinal 101 19.31

Genitourinary 62 11.85

Others 42 8.03

0 5 10 15 20 25 30 35

Dosage change

New medication /intervention added

Smart phone or video assisted
guidance

Family physician liaison

Bereavement support

Emotional support

Emergency referrals

30.11

11.95

6.21

16.25

12.91

10.99

14.34

Chart 1: Distribution based on the service 

provided (n=523)

Fig. 1 Distribution based on the service provided (n¼ 523).
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inculcated into the guidelines of routine practice in oncol-
ogical care to break the barrier of transmission of this
deadly infection.12 With this view, we decided to maintain
the quality of care for our advanced stage cancer patients to
the next level with the help of consultations and started the
same over the phone. The basic principles of a palliative
care support helpline are direct communication between
palliative care physicians with the family; staffing expan-
sion along with training; call line supporting clinicians,
families, and the patients; monitoring of call volume
throughout the week; and being an ideal choice for crisis
response. We started our service with these basic principles,
but, unfortunately, due to limited resources, we opened the
call line only during the outpatient consultation hours (2 PM

to 6 PM). Based on the interim audit of these calls (2
months), we decided to open this line from 9 AM to 6 PM

with adequate staff training and tele-help support for any
crisis.

Change of dosage of the medications for pain and other
symptom management was most commonly encountered
over these telephonic calls. The results of our study were
similar to a survey conducted by Adhikari et al.22 This study
unfolded their experience of telemedicine consultations of
their institution. Majority of the calls (63.62%) were related
to uncontrolled symptoms experienced by the patients.
Similar study findings have been reported by Jiang et al23

and Plummer and Allan.24 Due to the ongoing COVID-19
pandemic, patients could not visit in person for any minor
symptommanagement. So, this service helped the advanced
stage cancer patients in this regard.

In 16.25% of the cases, we could liaise with the family
physicians and handle the patient’s issues. These findings
were similar to the integrated model postulated by Atreya
et al25 in their study. Despite the pandemic situation, these
family physicians worked relentlessly to assist in caring for
these patients. Starting frommanagement of minor ailments

2.4

20

77.6

Chart 2: Overall sa�sfac�on about the service 
provided (n=125)

Unsa�sfactory

Neutral

Sa�sfactory

Fig. 2 Overall satisfaction about the service provided (n¼ 125) (%).

3.2
8.8

88

Chart 3: Recommenda�on assessment about the 
service provided (n=125)

Will not recommend

Neutral

Will recommend

Fig. 3 Recommendation assessment about the service provided
(n¼ 125) (%).

Table 2 Prospective feedback of the patient or caregiver about the service provided (n¼125)

Questions Unsatisfactory Neutral Satisfactory

Number % Number % Number %

1. Helpfulness 4 3.20 11 8.80 110 88.00

2. Politeness and caring attitude 3 2.40 8 6.40 114 91.20

3. Handling doubts and information regarding illness 5 4.00 10 8.00 110 88.00

4. Patient listening 6 4.80 12 9.60 107 85.60

5. Opportunity to share thoughts 6 4.80 9 7.20 110 88.00

6. Involvement in decision making process 6 4.80 11 8.80 108 86.40

7. Explanation of care 5 4.00 32 25.60 88 70.40

8. Explanation about medication 5 4.00 26 20.80 94 75.20

9. Explanation about circumstances seeking
help and its mode

4 3.20 14 11.20 107 85.60
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with injectable medication to terminal care of these patients
with appropriate help by the specialist palliative care physi-
cian over the phone. The family physicians were vigilant in
managing the symptoms, and in case of crisis, they did
emergency referrals to our institute for furthermanagement.
Emergency referral cases usually involved uncontrolled se-
vere pain despite providing essential medications. These
cases also suffer from spinal cord compression, intestinal
obstruction, abnormalities in levels of electrolytes, and con-
vulsions. It is imperative to integrate these family physicians
into the training of palliative care to strengthen this service
in the future. One of the crucial recommendations is the joint
statement of the Indian Association of Palliative Care and the
Academy of Family Physicians of India to integrate palliative
care at all levels of healthcare and liaise with general
practitioners and family physicians.26

Bereavement support is one of the crucial components of
palliative care service. In approximately 12.95% of cases, we
provided this support over thephone. In caseswith crises such
as death of patients causing grief in caregivers or a medical
condition hindering the caregiver’s health, we offered thebest
possible support through the specialists over the phone. A
retrospective studyconducted on the out-of-hoursphone calls
by Jiang et al23 reported that 17.8% cases mentioned distress
due to the death of the patient over telephonic support and
here bereavement support was provided. Emotional support
to the patients and their caregivers was provided by letting
them ventilate and express their concerns in 10.99% of cases.
Mandal 27described that their telephonic serviceprovidedhad
advantages of providing regular physical and emotional sup-
port, reducing problems regardingfinance and human resour-
ces, and thus improving their quality of life. Jiang et al23

reported that in 3.5% of their patients, they could provide
emotional support over the phone.

As a part of clinical governance, we took feedback from a
small sample (n¼125) of the patient or caregivers who
visited us during follow-ups. We found that politeness and
caring attitude (91.20%), helpfulness (88.00%), handling
doubts and information regarding the illness (88.00%), and
opportunity to share thoughts (88%) were the most satisfy-
ing elements of our service and service personnel. Further,
approximately 77.40% of the patients were satisfiedwith the
service provided, and 88% reported that they would recom-
mend it to other patients in need. Similar feedbacks were
taken by Adhikari et al22 in their study and found that more
than 70% of their patients were satisfactory about the tele-
health service provided. Compared with their research, we
used video consultations (6.12%) in a minor set of patients
due to logistic issues. Also, Plummer and Allan24 reported
that 66% of patients claimed to have a high satisfaction rate.

This study had some limitations. First, even though it was
a retrospective study, we took the necessary feedback
through follow-ups prospectively in our research. Due to
issues regarding logistics and loss of follow-up of the
patients, we could only obtain and analyze a subset of the
original sample size. The second limitation was that the
study design was of observational type. Feedback, complaint
redressal, and feedback mechanisms must be set as a quality

control check in such services. Future studies should target
integrating general practitioners and family physicians into
palliative care, education of informal caregivers about the
management ofminor ailments, etc. The cost-effectiveness of
such services has to be evaluated in the future.

Conclusion

Change in dosage and addition of new medication were the
most common issues handled over the phone. Liaison of
general practitioners was possible in more than one-tenth of
cases. We successfully provided both bereavement and emo-
tional support for the patients and their caregivers whenever
appropriate. We could also use newer technologies such as
video consultation and smartphone-based assistance for
patient care in a few cases. The core components of our
service were politeness and caring attitude, helpfulness,
handling doubts regarding the illness, and an opportunity
to share thoughts with the patients or caregivers. More than
three-fourth of the patients were satisfactory and would
recommend this service to other patients in need.
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‘PALLCARE Seva’-A pharos amidst the catastrophic COVID times: An cross sectional study
from rural oncology institute in Western Maharashtra Confidential

Audit: (To be filled by the in charge person of the calls)
Patient’s details:
Age:
Gender: Male/Female
Residence:
Phone number:
Type of calls: incoming/outgoing
Caller’s relationship with the patients:
Site of cancer:
Quality of service provided by us during telephonic consultation (Patient/ caregiver feedback)
Marathi version of the questions for feedback of the service:
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Congenital epulis is a benign tumor that occurs in newborns.
It was first described by Neumann in 1871; hence, it came to
be known as Neumann’s tumor. It is also known as granular
cell rhabdomyoma, congenital myoblastoma, or congenital
granular cell tumor.1 The female infant is usually affected but
has no familial tendency. It not only arises from alveolar
median ridge of the maxilla and mandible but can also
originate from tongue, palate, skin, etc. Therefore, the etiol-
ogy and cell of origin of this tumor are still not clear.1,2 It is
hypothesized that this tumor arises from several sources:
undifferentiated mesenchymal cells, odontogenic epithelial
cells, neuroendocrine progenitor cells, pericytes, histiocytes,
fibroblasts, or myofibroblast. The steroidal hormones were
believed to play a role but this was disproved due to the
absence of estrogen and progesterone receptors in the tumor
tissue.3

Anewborn female presentedwith a large protrudingmass
in the mouth causing difficulty in breathing and breastfeed-
ing (►Fig. 1). A probable diagnosis of congenital epulis was
made based on clinical examination. Surgical excision of the
mass was performed under general anesthesia (►Fig. 2).
Postoperative periodwas uneventful. The specimenwas sent
for histopathological examination. On gross examination, it
consists of single mass covered by gray-brown, firm mucosa
with the dimensions of 2.8�2�1 cm3 (►Fig. 3). The outer
surface was smooth. The cut section showed whitish and
hemorrhagic areas. The nearest resected margin was found
to be 0.8 cm.

Microscopy revealed large round-to-oval cells with
granular eosinophilic cytoplasm and small eccentric,
bland nuclei. There was presence of thin fibrovascular

network separating the cells. Necrosis and mitosis were
not evident. The overlying epithelium was thin and pseu-
doepitheliomatous hyperplasia was not evident (►Fig. 4).
All the resected margins were not involved by tumor. On
the basis of these findings, the final diagnosis of congenital
granular cell tumor was made. Immunohistochemistry
(IHC) was not performed as the microscopy findings
were characteristic.

It is a rare non-neoplastic soft tissue lesion. Prenatal
diagnosis can be done by ultrasonography mainly in the
last week of pregnancy.4 This can help in counseling the
parents about the possible complications and treatment of
the tumor mass. It should be removed postnatally if the size
of the mass is big as it can cause difficulty in breathing and
feeding.2,4

Surgical excision is the only treatment, though spontane-
ous regression has also been observed in a few cases. It does
not have malignant potential and recurrence rate.4

It presents as single polypoidal protruding mass covered
by smooth mucosal surface and firmly attached to the gum
by a broad base. The histopathology findings are character-
istic. On IHC, the cells are positive for vimentin and negative
for S-100 unlike in adults.1,5

It is important to diagnose it both prenatally and postna-
tally. This will help the oncologist involved in planning the
possible intervention and thereby decreasing the morbidity
andmortality. The parents can also understand the nature of
the mass by consulting the oncologist.
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Fig. 1 Pre operative image.

Fig. 2 Intra operative Image.

Fig. 3 Gross specimen.

Fig. 4 H&E 40X, showing large round to oval cells with granular
eosinophilic cytoplasm and small eccentric bland nuclei.
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As of 6th June 2021, 3:00 PM, there were 174,893,444
worldwide reported cases of the novel coronavirus disease
2019 (COVID-19), with 3,774,138 deaths attributed to this
pandemic.1,2 Infection fatality rate (IFR) i.e., the fraction of
deaths reported from all laboratory-confirmed cases for the
disease, for COVID-19 has thus far been estimated in a broad
range from0.5 to 1.0%.3,4 The IFR for any disease is influenced
by the accuracy of two metrics: the death reporting mecha-
nism and its attribution to the disease, and testing every
possible individual who may have contracted the disease.

Both COVID-19 death reporting and testing are contentious
issues, with many countries suspected to be underreporting
deaths because of errors of omission and/or commission.5 This
is because, in almost all countries, deaths outside the hospital
system are inaccurately reported. Many individuals who die
from COVID-19-like symptoms do not get a laboratory confir-
matory test. Moreover, asymptomatic individuals constitute a
largeproportionofCOVID-19cases,6accounting forasmuchas
40 to 45% of total SARS-CoV2 infections.7,8 Many countries
with low resources or with limited testing availability do not
even test mildly symptomatic individuals due to scarce avail-
abilityofRT-PCRtesting,9,10 leading toweakattributabledeath
reporting systems. Thus, estimating IFR accurately is extreme-
ly challenging.

So just how many people have died of COVID-19 is a
question with huge ramifications for public health policy-
making.11,12 Unfortunately, given the times we live in, this
is also a question fraught with political overtones, whose
answer depending on whom you ask, range from a benign

infection no deadlier than the common seasonal influenza
to the deadliest disease since the black plague. As always,
the truth lies somewhere in between. Recent newspaper
and magazine articles in The New York Times (NYT)13 and
The Economist14 estimating excess COVID-19 deaths for the
period March 2020 to May 2021 have received widespread
media coverage. However, both are deficient in scientific
rigor. The NYT analysis is a simple linear regression model
of varying ranges of COVID-19 mortality as extrapolated
from hypothesized rates of IFR, one conservative (496,000
excess deaths in India), and the other, an extreme (4.5
million excess deaths in India), with a mid-point spread
estimate (2.1 million excess deaths).15 The Economist anal-
ysis, in contrast, while using the same method as that of
NYT at its core, also uses certain assumptions to fit its
model, using a machine learning methodology,16 many of
which simply do not hold true in the real world. The
analysis suggests a point estimate spread of 7 million
(conservative scenario) to 13 million (worst case scenario)
excess COVID-19 deaths worldwide, 1 million of these from
India alone (worst case scenario).17

One underreported analysis that has received lesser cov-
erage but is perhaps one of the most credible, is by the
Institute for Health Metrics and Evaluation (IHME), at the
University of Washington.18 IHME has perfected and imple-
mented a long-standing methodology for measuring the
burden of diseases on a global scale since 1990 through its
Global Burden of Disease (GBD) study.19 The GBD estimates
worldwide deaths annually due to aging, communicable
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diseases, non-communicable diseases (including psychiatric
disorders), and accidental deaths (traffic, personal injuries,
occupational etc.). This is thus far the most comprehensive
modeling of all-cause mortality worldwide.

In its special COVID-19 mortality analysis, IHME has used
the data from its annual GBD modeling methodology from
the period ofMarch 1, 2020, toMay 13, 2021, to estimate and
predict the global burden of deaths specifically due to
COVID-19 during this period. Their methodology is broadly
as follows:

1) Using their GBD models, they first estimated the
expected all-cause mortality in the period March 1,

2020, to May 13, 2021, based on pre-pandemic deaths,
i.e., howmany people would have died in this period if
there was no COVID-19 pandemic.

2) They then collected the total deaths that were actually
reported by countries during this period from all-
cause mortality.

3) This was subtracted from the total expected deaths in
this period in the absence of the COVID-19 pandemic.

4) The excess mortality thus arrived at was further mod-
eled to identify variables including a lag in death
reporting, decrease in mortality due to COVID-19,
and increase in mortality directly and indirectly due
to COVID-19.

Fig. 1 (A) Blue bar indicates absolute number of reported deaths due to COVID-19. Red bar represents the imputed excess deaths due to COVID-19 in the
studied time period. Red and blue bars together constitute cumulative deaths due to COVID-19 in the studied time period for that country (X-axis). (B) Blue
bar indicates reported deaths per 100,000 of the population (DP100K) due to COVID-19. Red bar represents the imputed deaths per 100,000 of the
population (DP100K) due to COVID-19 in the studied time period. Red and blue bars together constitute cumulative deaths per 100,000 of the population
(DP100K) due to COVID-19 in the studied time period for that country (X-axis). DP100K: Deaths per 100,000 population.
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Their final model thus was able to predict the following
different causes of mortality

1) all deaths directly on account of a laboratory-confirmed
COVID-19 infection

2) increase in mortality due to
i. life-saving health care (including disease screening)

being delayed or deferred during the pandemic.
ii. mental health disorders (depression) due to COVID-19

isolation/lockdowns, loss of earnings, and resulting
opioid use.

iii. excessive alcoholism.

3) reduction in mortality due to:
i. decreased mobility associated with social distancing

mandates
ii. reduced transmission of other viruses (influenza,

respiratory syncytial virus, and measles)
iii. individuals at immediate risk of dying from chronic

conditions, such as cardiovascular disease and
chronic respiratory disease, dying instead from
COVID-19.

The IHME reports the largest number of cumulative deaths
worldwide accounting for underreported deaths are from the
USA (912,345), India (736,811), Mexico (621,962), Brazil

(616,914), and Russia (607,589) (►Fig. 1A). This is not surpris-
ing because these countries have had the largest epidemics to
date. Interestingly, but not unexpectedly, some countries with
relatively smaller epidemics saw a large increase in the death
rate when accounting for unreported deaths, most of these in
South America, Central Asia, and Eastern Europe (►Fig. 1B).
We divided the excess death count for each country (as
estimated by the IHME), with the reported death counts for
that country. The excess death ratio thus arrived at revealed
that 12 countries had undercounted their deaths by at least as
much as their total reported deaths, 6 countries had under-
counted by close to half the total reported deaths, while 2
countries had undercounted by a low proportion (►Table 1).
The IHMEestimates the global COVID-19 death rate is 91.7 per
100,000. Vietnam has the lowest total COVID-19 death rate at
0.1 per 100,000, while a staggering 15 countries have total
COVID-19 death rates per 100,000 (DP100K) higher than 200
(►Table 1,►Fig. 1B). Thesefindings, besides shedding light on
the truehumancost associatedwith this pandemic, also reveal
an important detail: some countries have done exceedingly
well at preventing deaths, while for unknown reasons that we
can only speculate upon at this point of time, other countries
have been less nimble.12 Clearly, only data based public health
interventions will help formulate policies that can tackle this
pandemic to prevent further loss of life.

Table 1 Country-wise reported and excess deaths as per IHME estimates (columns 1–4) and estimated total deaths including per
100 thousand population as estimated by us based on data from the IHME analysis (columns 5–7)

Country Reported COVID-19
deaths

Excess
deaths

Total COVID-19
deaths

Reported COVID-19
deaths per 100K

Total COVID-19
deaths per 100K

Increase
in deaths
per 100K

Kazakhstan 5,810 78,643 84,453 31.39 456.16 424.77

Russia 111,909 495,680 607,589 77.52 420.85 343.33

Mexico 219,372 402,590 621,962 171.96 487.53 315.57

Romania 29,020 60,599 89,619 149.93 463 313.07

Peru 64,511 87,428 151,939 198.44 467.36 268.92

Poland 69,954 83,672 153,626 184.24 404.59 220.35

Ukraine 48,393 95,022 143,415 109.03 323.12 214.09

South Africa 54,746 106,758 161,504 93.49 275.81 182.32

Egypt 13,970 161,620 175,590 13.92 174.92 161

Iran 75,547 104,940 180,487 91.12 217.69 126.57

USA 578,555 333,790 912,345 176.27 277.96 101.69

Brazil 423,307 193,607 616,914 200.58 292.31 91.73

Italy 122,851 55,293 178,144 203.75 295.45 91.7

United Kingdom 150,815 59,261 210,076 225.66 314.33 88.67

Spain 85,822 38,627 124,449 182.31 264.36 82.05

Germany 84,807 38,170 122,977 102.02 147.93 45.91

France 106,874 27,526 134,400 159.38 200.42 41.04

India 248,016 488,795 736,811 18.16 53.93 35.77

Indonesia 47,150 71,646 118,796 17.43 43.9 26.47

Colombia 78,216 2,752 80,968 155.38 160.85 5.47
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
pediatricmalignancywithpeak incidence in childrenbetween
2 and 9 years of age.1 Recent revolution in next-generation
sequencing has uncoveredmany novel somaticmutations and
rearrangements in ALL cells, which have prognostic and
therapeutic implications.2,3 Similarly, it has led to recognition
of germline variants in the same genes (e.g., PAX5, ETV6, and
IKZF1) with somaticmutations commonly associatedwith ALL
(►Table 1).4,5Apart from increasing the riskofdevelopingALL,
germline variants may influence diagnostic testing, genetic
counseling, and response to antileukemic treatment. This
emphasizes importance of identification of new germline
variants, or association of inherited syndromes with ALL or

other malignancies. Down’s syndrome, Shwachman’s syn-
drome, Fanconi anemia, Bloom’s syndrome, neurofibromato-
sis, and ataxia telangiectasia are well-recognized conditions
associated with ALL.3 In this report, we describe novel associ-
ation of T-cell ALL (T-ALL) with tuberous sclerosis (TS), also
known as tuberous sclerosis complex (TSC). TSC is autosomal
dominant neurocutaneous syndrome characterized by forma-
tion of benign hamartoma in various tissues including brain,
heart, and kidneys. It is caused by mutations in tumor sup-
pressor gene, either TSC1 or TSC2.

Case Report

A 2-year-old girl presented with 2-week history of breath-
lessness, fever, and generalized swellings around neck and

Keywords

► acute lymphoblastic
leukemia

► neurocutaneous
syndromes

► tuberous sclerosis

Abstract Acute lymphoblastic leukemia (ALL) is themost common leukemia inchildren inwhich85%of
all cases are of B-cell ALL and approximately 15% cases are of T-cell ALL (T-ALL). Recent
revolution in next-generation sequencing has uncoveredmany novel somaticmutations and
rearrangements in ALL cells, which have prognostic and therapeutic implications, and it has
also led to recognition of germline variants in the same genes with somatic mutations
commonly associated with ALL. Apart from increasing the risk of developing ALL, germline
variantsmay influence diagnostic testing, genetic counseling, and response to antileukemic
treatment. This emphasizes importance of identification of new germline variants, or
association of inherited syndromes with ALL or other malignancies. Down’s syndrome,
Shwachman’s syndrome, Fanconi anemia, Bloom’s syndrome, neurofibromatosis, and ataxia
telangiectasia arewell-recognized conditions associatedwithALL. In this communication,we
report a rare association of T-ALL with tuberous sclerosis (TS). This is the first reported case,
showing association of T cell leukemia and TS with confirmatory genetic work-up.
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axilla. On examination, child had dysmorphic facies, micro-
cephaly, and found to have multiple hypomelanotic macules
(>3,>5mm in diameter) and shagreen patch (►Fig. 1),
fulfilling two major criteria for diagnosis of TSC. The clinical
diagnostic criteria for diagnosis of TSC is shown in ►Table 1.
She also had cervical lymph node enlargement andmoderate
hepatosplenomegaly.

On admission, laboratory investigations showed hemo-
globin of 8.5 g/dL, platelet count of 9,000 cells/mm3, and
white blood cells of 130,000 cells/mm3. Peripheral smear
revealed a normocytic hypochromic anemia with 94% lym-
phoblasts. Bone marrow aspiration morphology and flow-
cytometry studies showing T cell markers CD1a—0.1%, CD2—
93.1%, CD3 (cyto)—98.3%, CD3 (surface)—98.1%, CD4—0.4%,
CD5—86.3%, CD7—84%, CD8—47.9%, TCRab—0.1%, and TCRgd
—78.5% and precursormarkers showing CD34—23.8%, CD117
—38.5%, TdT—12.3, and CD99—15.5% confirmed the diagno-

sis of T-ALL. Karyotype of lymphoblast was normal and
fluorescence in situ hybridization for Philadelphia (Ph) chro-
mosome, t(12:21), and MLL rearrangement tested negative.
Chest radiograph revealed a mediastinal mass. Radiological
studies did not reveal presence of hamartomas anywhere in
the body.

Induction chemotherapy was started as per Indian Child-
hood Collaborative Leukemia protocol. Child showed good
response to treatment and achieved remission. At this point,
whole exome sequencing was carried out on peripheral
blood which revealed heterozygous exon 41
c.5226_5252delinsACT mutation in TSC2 gene on chromo-
some 16. The mutation is most likely germline mutation as
patient was in morphological remission at the time of
sampling. We could not do genetic testing on lymphoblasts
and on parental samples due to financial constraints. Unfor-
tunately, the child succumbed due to aspiration pneumonia
with septic shock during further chemotherapy while leuke-
mia was in remission.

Discussion

Neurocutaneous disorders, also described to as phacomato-
ses, are a group of congenital disorders with characteristic
central nervous system and cutaneous manifestations pre-
senting at different ages. These are rare diseases, with an
incidence below 1:2,000 individuals in the general popula-
tion. They include neurofibromatosis I and II, TSC, von
Hippel–Lindau’s disease, etc.6 Owing to their genetic abnor-
mality, they are highly susceptible to the development of
tumors both benign andmalignant.7 TSC is a neurocutaneous
genetic disorder with an autosomal dominant mode of
inheritance and variable expressivity. Clinically cutaneous
manifestations (hypopigmented macules, facial angiofi-
broma, shagreen patch) are most common; however, neuro-
logical (epilepsy, cognitive delay, autism) and renal
(angiomyolipoma, renal cell carcinoma) manifestations are
responsible for most of the morbidity and mortality associ-
ated with TSC.8 De novo genetic mutations in TSC1 and TSC2
are known to occur in 65% of the cases. It has general
prevalence of 1 in 6,000 to 10,000 newborns.9 As far as
genetic diagnostic criteria for TSC is concerned, the identifi-
cation of either a TSC1 or TSC2 pathogenic mutation in DNA
from normal tissue is sufficient to make a definite diagnosis
of TSC. A pathogenic mutation is defined as a mutation that
clearly inactivates the function of the TSC1 or TSC2 proteins
(e.g., out-of-frame indel or nonsense mutation), prevents
protein synthesis (e.g., large genomic deletion), or is a
missense mutation whose effect on protein function has
been established by functional assessment. Other TSC1 or
TSC2 variants whose effect on function is less certain do not
meet these criteria, and are not sufficient to make a definite
diagnosis of TSC. It has been postulated that 10 to 25% of TSC
patients have nomutation identified by conventional genetic
testing, and a normal result does not exclude TSC, or have any
effect on the use of clinical diagnostic criteria to diagnose
TSC. TSC1 gene, located on chromosome 9q34, and TSC2 gene,
located on chromosome 16p13.3, are tumor suppressor

Fig. 1 Hypopigmented macules and shagreen patch on the back of
patient.

Table 1 Clinical diagnostic criteria for TSC

Major features Minor features

Hypomelanotic macules
(�3, at least 5-mm diameter)

“Confetti” skin lesions

Angiofibromas (�3) or
fibrous cephalic plaque

Dental enamel pits (>3)

Ungual fibromas (�2) Intraoral fibromas (�2)

Shagreen patch Retinal achromic patch

Multiple retinal hamartomas Multiple renal cysts

Cortical dysplasiasa Nonrenal hamartomas

Subependymal nodules

Subependymal giant
cell astrocytoma

Cardiac rhabdomyoma

Lymphangioleiomyomatosisb

Angiomyolipomas (�2)b

Abbreviation: TSC, tuberous sclerosis complex.
Notes: Definite diagnosis: Two major features or one major feature with
�2 minor features. Possible diagnosis: Either one major feature or
�2 minor features.
a Includes tubers and cerebral white matter radial migration lines.
b A combination of the two major clinical features (lymphangioleiomyo-
matosis [LAM] and angiomyolipomas) without other features does not
meet criteria for a definite diagnosis.
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genes and encode for proteins called hamartin and tuberin,
respectively.10,11 These two proteins bind each other and
form a complex along with a third protein, TBC1D7 (tre2-
bub2-cdc161 domain family, member 7). They play a major
role in a key pathway in the cells regulating cellular homeo-
stasis. A protein kinase called mechanistic target of rapamy-
cin (mTOR) is involved in various cellular functions including
growth, proliferation, and survival. mTOR, in turn, is con-
trolled by Ras homolog enriched in brain (Rheb); when Rheb
is activated, protein synthesis is turned on via mTOR signal-
ing, and the cell grows. Both hamartin and tuberin are tumor
suppressors, which inhibit mTOR pathway by keeping Rheb
in an inactive state (►Fig. 2).12 Inactivation or alterations in
these proteins will cause disinhibition of Rheb, leading to
uncontrolled activity ofmTOR pathway. Thus, somaticmuta-
tions provide “second hit” in TSC patients leading to the
development of characteristic tumors such as subependymal
nodules, retinal hamartomas, angiomyolipomas, rhabdo-
myomas, intraoral fibromas, pancreatic neuroendocrine
tumors, etc.13 Patients with TSC1 mutation are more prone
for malignant tumor especially renal cell carcinoma com-
pared with those with TSC2 mutations or no mutation.14

Furthermore, mutations in several mTOR pathway com-
ponent genes are known to cause specific monogenic human
genetic diseases and this signaling cascade has been shown
to be of relevance for Alzheimer’s disease, type 2 diabetes,
obesity, and hypertrophy.15 Deregulation of these genes has
also been demonstrated to be associated with sporadic
bladder cancer, ovarian and gallbladder carcinoma, non-
small cell carcinoma of the lung, breast cancer, pancreatic

cancer, astrocytoma, xanthoastrocytoma, oral squamous cell
carcinoma, and endometrial cancer.16

As discussed earlier, the association of TSC with tumors is
well known, but hematopoietic malignancies are not com-
monly known to be associatedwith it. To our knowledge, this
is the first case of association between TSC and a T-ALL.
Occurrence of ALL in TSC by coincidence is less likely, as both
the disorders are very rare. Alternatively, it is conceivable
that there is causal relationship between TSC and T-ALL.
Possibly, somatic mutation in TSC1 or TSC2 genes in hemato-
poietic stem cells may provide second hit, with germline
mutation being first hit, to trigger leukemogenesis. Indeed,
PI3K–Akt–mTOR signaling pathway is frequently upregu-
lated in T-ALL and is associated with poor prognosis.17

Similarly, Chiang et al have demonstrated how common β-
chain-associated protein facilitates suppression of TSC2with
subsequent Rheb–mTORC1 activation in T-ALL cell line.18

Moreover, Xu et al found that hypermethylation of TSC2
promotors led to downregulation of expression of TSC2 in
acute leukemia blasts.19 This emphasizes role of hamartin
and tuberin and mTOR pathway in leukemogenesis and as
possible therapeutic targets. Indeed, preclinical studies have
shown promising results of activity of mTOR inhibitors in T-
ALL.20 Nonetheless, this needs further exploration with the
ultimate goal of its clinical application. We could not study
PI3K–Akt–mTOR signaling pathway functional studies in our
patient. However, we believe that our observation of this
novel and rare association of ALL is of relevance, particularly
to stimulate further research.

Conclusion

One should have a high index of suspension for malignancies
in cancer predisposing syndromes. We underline the rare
development of hematological malignancy in TSC.
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Introduction

The incidence of acute promyelocytic leukemia (APML) is
reported to be 0.32 cases per 100,000 population as per the
SEER database.1APML is classified as acutemyeloid leukemia
(AML) with recurrent genetic abnormalities, as per the WHO
(2008) and is a result of a balanced translocation t (15;17),
which leads to the formation of fusion oncoprotein PML-
RARA that leads to the arrest of normal myeloid differentia-
tion at a promyelocyte stage. With the discovery of all-trans
retinoic acid (ATRA) and arsenic trioxide as differentiating
agents, the prognosis of APML has improved drastically with
complete remission rates of>90%.2–4 However, such high
cure rates are achievable only with timely diagnosis and
vigorous management. The main presentation of APML

includes fever, generalized weakness, bleeding, and throm-
botic manifestations due to coagulopathy.5 Though available
literature has reported various cases of AML developing after
rheumatoid or psoriatic arthritis,6–8 arthritis as an initial
presentation in APML has never been reported to the best of
our knowledge.

Case Report

This study being a case report, a waiver off consent was
applied to the institutional ethics committee (IEC) and the
same was accepted by the IEC.

We report a case of 20-year-old male patient, laborer by
occupation, who consulted various physicians with com-
plains of fatigue and multiple joint pain, swelling, and

Keywords

► acute promyelocytic
leukemia

► arthritis
► musculoskeletal

Abstract Musculoskeletal manifestations as the sole presentation in acute leukemia is rare in
adults. Acute promyelocytic leukemia (APML) is a subtype of acute myeloid leukemia
(AML) with reported incidence of 10 to 15% of total AML cases. APML presenting as
polyarticular arthritis has never been reported in the literature. We present an
interesting case of 20-year-old male patient whomanifested with polyarticular arthritis
mainly of small joints as the initial presentation, followed by pancytopenia and
eventually was diagnosed as a case of APML on bone marrow morphology and
molecular analysis for PML-RARα transcript. He was successfully treated with all-
trans-retinoic acid (ATRA) and arsenic trioxide (ATO). Arthritis also resolved with
complete remission of APML. Arthritis in a case with pancytopenia should promptly
be evaluated prior to treatment with steroids and anti-metabolites. Arthritis can be a
presenting manifestation of APML and responds to prompt management of leukemia
as in other cases of leukemic arthritis.
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stiffness of joints for 1 month. He was evaluated and treated
with prescribed non-steroid anti-inflammatory drugs
(NSAIDs) by the general physician; however, due to the
persistence of his symptoms he was referred to immunology
department of our hospital. General physical examination
revealed pallor, no petechiae, ecchymosis, or lymphadenop-
athy. Musculoskeletal examination revealed right temporo-
mandibular joint pain with jaw and mouth opening of one
finger, right acromial tip enthesitis, dactylitis of left second
toe (►Fig. 1A), left extensor tenosynovitis (►Fig. 1B), cervical
spine local tenderness (C5-C8) present with restriction of
movement in flexion (50°), extension (30°) and lateral rota-
tion bilateral (30°). Systemic examination was with in nor-
mal limits.

The laboratory investigations at first visit to the physician
showed Hb-12.5 g/dL, total leucocyte count-4500/mm3, dif-
ferential leucocyte count-neutrophil-62%, lymphocytes-38%,
platelet count-120,000/µL, and peripheral blood smear-no
abnormal cells. Baseline investigations at our center are
documented in ►Table 1. Immunological work up showed
elevated erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP), anti-nuclear antibody profile, rheumatoid
factor, anti-citrullinated peptide antibody (ACPA), HLA-B27
were all negative. The X-ray of involved joints did not show

Fig. 1 (A and B) Arrow highlighting right thumb interphalangeal joint
arthritis and dactylitis of the left second toe. (C and D) Normal
hematopoietic elements are replaced by proliferation of more than
90% abnormal promyelocytes having high N:C ratio, irregular nucleus,
open chromatin, with 1–2 prominent nucleoli, moderate amount of
pale basophilic cytoplasm, with many of them showing multiple Auer
rods (“Faggot cells” arrow). Cytochemistry: These abnormal pro-
myelocytes are strongly positive for MPO.

Table 1 Laboratory profile of the patient

Parameters Investigations at our
center at presentation

Investigations post
consolidation chemotherapy

Hb (g/dL) 9.1 11.3

TLC (/mm3) 800 7200

DLC N5L20 N56L38E2M4

Platelet count (/µL) 76,000 2,26,000

S. uric acid (mg/dL) 4.2 NA

S. calcium (mg/dL) 9.1 NA

S. phosphate (mg/dL) 2.5 NA

PT/INR 15.4/1.34 NA

APTT (seconds) 26.7(Control-28.4) NA

Fibrinogen (mg/dL) 648 NA

ESR (mm/hr) Westergren method 140 18

Malarial parasite Negative NA

Dengue serology Negative NA

CRP (mg/dL) 13.3 0.5

ANA Negative Negative

ACPA Negative Negative

RF Negative Negative

HLA-B27 Negative Negative

Bone marrow examination Hypercellular marrow with 90%
abnormal promyelocytes (MPOþ ),
Faggot cellsþ

No abnormal promyelocytes noted

RT-PCR PML-RARα Positive for Bcr1 transcript Negative

Abbreviations: ACPA, anti-citrullinated peptide antibody; ANA, anti-nuclear antibody; APTT, activated partial thromboplastin time; CRP, C-reactive
protein; DLC, differential leucocyte count; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; INR, international normalized ratio; L, lymphocyte;
M, monocyte; N, neutrophil; NA, not available; PT, prothrombin time; RF, rheumatoid factor; TLC, total leucocyte count.
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anyabnormality (►Supplementaryfigs. S1–4). Ultrasound of
meta-tarso-phalangeal joint of the second left toe showed
minimal effusion, which was not amenable for aspiration.
Bone marrow and flow cytometry done at our center in view
of pancytopenia were diagnostic of APML-macro-granular
variant (►Fig. 1B, 1D). RT-PCR for PML-RARαwas positive for
Bcr1 transcript (Supplement fig. S5). Differentials of APML
with leukemic arthritis versus reactive arthritis versus hem-
orrhagic arthritis were thought of after the reports were
available. Hemorrhagic arthritis was ruled out due to normal
coagulation parameters, no evidence of bleeding elsewhere
and small joint involvement in this case contrary to typical
large weight-bearing joint arthritis in hemorrhagic arthritis.
The patient was labeled as APML, low risk (SANZ criteria),3

and was started on ATRA at 45mg/m2 per oral daily and ATO
at 0.15mg/kg/day IV infusion with close monitoring of
coagulation parameters, electrocardiography (ECG), and se-
rum electrolytes. In view of the limitation of activity due to
arthritis and no relief with tramadol, the patient was started
on low-dose prednisolone 10mgdaily but the symptoms and
signs persisted, dose of steroids was increased to 15mg and
then 20mg daily with some relief in symptoms. The patient
tolerated ATRA and ATOprotocolwellwith no adverse events
and no differentiation syndrome. Day 28 marrow showed
morphological remission. Musculoskeletal symptoms also
gradually subsided and steroid was tapered and was discon-
tinued by day 35 with complete resolution of musculoskele-
tal symptoms and signs. The patient continued consolidation
with ATRA and ATO as per the APL0406 protocol.4 Bone
marrow morphology and RT-PCR for PML-RARα from mar-
row aspirate sample, post consolidation was negative. At
16 months of follow-up, the patient continues to be in
remission without any recurrence of joint symptoms.

Discussion

Musculoskeletal presentation has been reported in many
malignancies.9 The most common presentations are myalgia,
arthralgia, arthritis, osteolytic bony lesions, and spontaneous
fractures.9 Leukemic arthritis is defined as joint pain and
swelling in a diagnosed case of leukemia when other causes
of arthritis have been excluded.10 It is reported to occur in
around 12 to 65% cases of acute leukemia in children, whereas
in adults the reported prevalence is between 4 and 13%.11,12 In
children, it is reported most in acute lymphoblastic leukemia,
while inadults apart fromacute leukemia, leukemic arthritis is
also reported in chronic myeloid leukemia, adult T cell leuke-
mia, and hairy cell leukemia.10,13 Pathogenic mechanisms for
this type of arthritis described in the literature include direct
infiltration of leukemic cells into synovial tissue, synovial
reaction to tissue infiltration, immune complex mediated
synovitis, and hemorrhage into the joint space due to throm-
bocytopenia. However, direct infiltrationof the synovial tissue
is the most common mechanism reported. It mostly presents
as asymmetric pauciarticular large joint arthritis presenting as
the initial manifestation in acute leukemia, while more sym-
metric and latepresentation in chronic leukemia.14,15 Involved
joints show typical signs of inflammation; erythema, swelling,

tenderness mimicking other rheumatic diseases and often
cause difficulty in diagnosis at initial presentation. Very few
case reports have described the presentation of tenosynovitis
or finger joint involvement as in our case.16,17 A few case
reportshave reported thedevelopmentofacutepromyelocytic
leukemia in patients on therapy for rheumatoid arthritis but
even after extensive literature search, arthritis as the present-
ing symptom of APML has not been reported. In their report,
Naithani et al18 described arsenic trioxide-induced acute flare
up of pre-existing rheumatoid arthritis. Akoz et al19 described
atypical presentation of retinoic acid syndrome mimicking
septic arthritis. Buyukkurt et al6 in their case reported the
development of acute promyelocytic leukemia in a patient
with gouty arthritis whowas on long-term colchicine therapy.
In our case, we kept the possibility of simultaneous presenta-
tion of both rheumatoid arthritis andAPML but negative auto-
immune work-up and temporal correlation of disappearance
of symptoms and signs of arthritis coinciding with remission
status of APML and no recurrence thereafter at 16 months of
follow-upmade the diagnosis of leukemic arthritis evident. In
some cases, complete blood count and peripheral smear
examination show non-specific findings such as anemia,
leukocytosis, or leukopenia, mandating the need of bone
marrow examination. Management involves managing the
primary disease, joint symptoms, and signs resolve with the
remission of disease.

The limitation of this case report is the inability to confirm
leukemic arthritis by histopathological diagnosis of the
synovial fluid as joint effusion was minimal and hence
inability to perform aspiration.

Patient’s Perspective

I had visited six to seven physicians prior to consulting this
hospital for pain in multiple joints and difficulty chewing
food, but there was no relief with various medications
given. After I consulted this hospital, my blood tests showed
decreased white blood counts for which I was investigated
further and then my medications were started; after
15 days, my joint pain and swelling reduced by 50% and
after 1 month of therapy, I felt completely normal. I contin-
ued therapy for another 6 months and now I am doing my
work like before.

Conclusion

Arthritis as a presenting feature of acute leukemia has been
well described; however, it has been seldom reported in
APML. A high index of suspicion and thorough investigations
are required prior to labeling it as rheumatic disorder and
initiating treatment with steroids and/or antimetabolites,
which may lead to the masking of the underlying etiology. It
is imperative to monitor complete blood count and periph-
eral smear repeatedly in case of doubt and negative serolog-
ical tests for immune disorders.

Consent
Informed consent was taken from the patient.
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Bevacizumab is a recombinant humanized monoclonal anti-
body against vascular endothelial growth factors (VEGF). It
blocks the angiogenic molecule VEGF, thereby inhibiting
tumor angiogenesis. It is approved for a range of solid cancers
such as ovarian cancer, colorectal cancer, glioblastoma mul-
tiforme, advanced non-squamous non-small cell lung cancer
(NSCLC), cervical cancer, renal cell carcinoma, andmetastatic
breast cancer.

This is in response to the study titled “Real-World Experi-
ence inToxicitywith Bevacizumab in Indian Cancer Patients.“
The authors Patil et al. (2021) conducted a retrospective
study on 41 patients with various cancers, who had received
bevacizumab with or without chemotherapy. In their study,
the incidence of arterial thrombus and hemorrhage was 2%
and 10% respectively, whereas the incidence of congestive
heart failure and subacute intestinal obstruction was found
in 5% of patients.1 The efficacy of the use of bevacizumabwas
not evaluated in this study.

Bevacizumab was first approved for metastatic colorectal
cancer in combinationwith chemotherapy. The pivotal clini-
cal trial for the drug in colorectal cancer in a first-line setting
was conducted byHurwitz et al (2004)2 and Saltz et al (2008)
3 and showed a modest clinical benefit ranging from 3 to
5 months. In the case of NSCLC, the study done by Sandler
et al4 showed an overall survival benefit of merely 2months;
however, the AVAiL study5 failed to show any benefit in
overall survival. For the remaining treatment applications of
bevacizumab: metastatic breast cancer, renal cell carcinoma,
and glioblastoma multiforme, various clinical trials have
failed to show a significant benefit in overall survival.

Thebenefit noted in progression-free survival has failed to
translate into any benefit in overall survival. In the setting of
ovarian cancers, GOG-0213was the only clinical trial to show

a benefit in overall survival, whereas other trials such as
AURELIA and OCEANS failed to do the same.6

Bevacizumab has a range of side effects such as hyperten-
sion, proteinuria, intestinal obstruction or perforation,
bleeding, thromboembolism, delayed wound healing post-
surgery, diarrhea, fatigue, and asthenia. Bevacizumab is also
contraindicated in pregnancy given post-marketing reports
of embryonal malformations. The other less-frequent side
effects include congestive heart failure, posterior reversible
encephalopathy, fistulae formation, hypersensitivity reac-
tions, osteonecrosis of the jaw, and increased rates of infec-
tions. The highest incidence of potentially serious GI
perforations ranged up to 9.2% in colon cancers. The risk of
hemorrhage has been reported up to 44.2 % in NSCLC.6 These
are fatal complications that can be potentially life-threaten-
ing in patients treated with bevacizumab.

Keeping in mind the various significant side effects and
minimal survival benefits, patients for bevacizumab should
be selected carefully by an oncologist after weighing both the
risks and benefits. It should not be recommended if the risk-
to-benefit ratio is moderate or high for a particular patient
upon examination and checking their medical history.
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