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PREFACE

Breast cancer remains one of the most prevalent malignancies worldwide, with its incidence
steadily rising despite of advancements in early detection and therapeutic interventions. The
treatment modalities—including surgery, radiation, targeted therapy, hormone therapy and
immunotherapy—were integral to breast cancer management; however, chemotherapy
continued to be a cornerstone. The standard chemotherapeutic regimens (anthracycline-taxane)
and hormone therapy (tamoxifen) often face limitations due to inter-individual variability in
drug metabolism & transport, therapeutic response, and toxicity. Recent clinical trials were
exploring novel combinatorial approaches and precision oncology strategies to optimize
efficacy while minimizing adverse effects. Major obstacles in chemotherapy were
unpredictable drug metabolism, rapid efflux leading to suboptimal therapeutic outcomes and
severe toxicities. Body mass index (BMI) has emerged as a crucial risk factor influencing
chemotherapy outcomes, with high BMI being well-established as a predictor of poor
prognosis. However, the impact of low BMI has often been overlooked, despite its potential
association with altered drug pharmacokinetics, increased toxicity, and poorer clinical
outcomes. Cytochrome P450 (CYP) enzymes and ATP-binding cassette (ABC) transporters,
particularly their genetic polymorphisms, play a crucial role in modulating the
pharmacokinetics and pharmacodynamics of key chemotherapeutic agents. Understanding
these polymorphic variations holds promise for personalized medicine, allowing for tailored
treatment strategies based on genetic profiles. This study, aims to elucidate the clinical efficacy
of chemotherapy and polymorphisms of ABC and CYP gene variants, as well as the impact of
low BMI, with the goal of identifying potential clinical factors to improve breast cancer
management, enhance therapeutic precision, minimize adverse effects, and improve quality of
life, overall survival and treatment efficacy.

Standard chemotherapy (anthracycline-taxane-based) and adjuvant hormone therapy
(tamoxifen) is primarily metabolized and transported via CYP and ABC transporter genes,
facilitating drug metabolism, efflux, and intracellular retention. These processes ultimately
induce apoptosis through microtubule stabilization, DNA intercalation, binding with estrogen
receptors, etc. A comprehensive literature review indicates that polymorphisms in these genes
significantly alter drug metabolism and enhance rapid efflux, potentially leading to suboptimal
therapeutic responses and increased toxicity. Therefore, clinically relevant single nucleotide
polymorphisms (SNPs) in CYP2C9, CYP2C19, CYP3A4, CYP2D6, and ABCB1, ABCC2 were

ii



selected for analysis. Their impact was evaluated across BMI stratifications to assess
associations with chemotherapy efficacy, safety profiles, quality of life, and survival outcomes.

The methodology employed in this study encompassed clinical assessments, conducted at
multiple time intervals to monitor disease progression, treatment response, and adverse drug
reactions. Histopathological evaluation and immunohistochemistry (IHC) were performed to
characterize tumor subtypes, receptor status, and molecular markers, providing critical insights
into disease heterogeneity and therapeutic implications. Genotypic analysis was carried out
using PCR-RFLP. In addition, anthropometric assessments (BMI, MUAC, SFT), patients’
QoL, objective response rates, progression-free survival (PFS), and overall survival (OS),
proportional hazards regression models were employed to identify independent prognostic

factors influencing treatment outcomes.

The majority of patients in this study were diagnosed between the age 41 to 60, predominantly
from rural backgrounds, with limited access to basic education, unemployment, and lower
socio-economic status. Notably, a significant proportion of these patients lacked a family
history of cancer. A striking observation was the high prevalence of low BMI, affecting 53.38%
of the cohort. Most patients were diagnosed at stage 11 with grade Il tumors, with infiltrating
ductal carcinoma being the most frequently observed histological subtype. The objective
response rate (ORR) was achieved by 50.67% of patients. BMI stratification demonstrated a
statistically significant association with treatment response and estrogen receptor status of the
tumor (p<0.0001). QoL assessments revealed improvements across chemotherapy groups and
clinical response; however, patients with low BMI exhibited significantly poorer QoL
compared to those with normal BMI. Among chemotherapy regimens, the AC-T regimen
demonstrated superior clinical efficacy, with improved survival outcomes compared to FEC
and TAC regimens. Genetic analysis revealed that patients with low BMI and also carrying the
homozygous mutant AA variant in ABCC2 and CYP2C19 genes were more likely to be non-
responders to treatment. Survival analysis further indicated that patients with low BMI, the AA
genotype in ABCC2, and the GA genotype in CYP2C19 exhibited the lowest OS (p<0.05).
Additionally, PFS was significantly reduced in patients harboured the following genotypes in
ABCC2 (AA), ABCBL (CC), CYP2C9 (CT), CYP2C19 (AA), and CYP2D6 (AA) genes. Cox
proportional hazards regression identified several clinical and genetic parameters associated
with higher hazard ratios (HR>1; p<0.05), indicated an increased risk of mortality. These
included tumor expression of ER, patients’ menopausal status, patients received TAC and AC-

T regimens, and the presence of the CA genotype in ABCC2 and GA genotype in CYP2C19.

v



These findings underscore the individual and combine influence of BMI and pharmacogenetic
variations on treatment response, QoL and survival outcomes, in breast cancer patients. Even
though, this study need to be validated in larger sample with multi-center cohort. However, the
present study findings thereof have crucial impact on determining personalized therapeutic

strategy.

" Tanzemo. Michy
y
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CHAPTER 1
INTRODUCTION

Cancer is a multifactorial diseases characterized by uncontrolled proliferation of abnormal
cells, which can invade surrounding tissues and metastasize to distant sites (Brown et al., 2023).
Breast cancer (BC) remains a significant global health challenge, accounting for 46.8% of total
diagnosed cancer cases in women, with 2,296,840 new cases and 666,103 deaths reported in
2022 (Ferlay et al., 2024). In Asia, BC had the highest incidence (985,817) but was the second
leading cause of cancer-related deaths (315,309). However, as per the recent statistics data, in
India, BC recorded top position in terms of incidence (192,020) and mortality (98,337) among
women (Ferlay et al., 2024). The most common symptoms encountered by the BC patients
were palpable lump in the breast or armpit often painless, occasionally with a sensation of pain
(mastalgia) along with changes in nipples (discharge/ retraction sometimes serous or bloody)
and skin (as peau d’orange), localized erythema, breast asymmetry, and axillary
lymphadenopathy, indicating possible metastasis (Waks and Winer, 2019). This heterogeneous
disease, hence required systemic management includes chemotherapy, radiation, hormonal
therapy, targeted therapy, and immunotherapy, aimed at eradicating micro-metastatic disease,
preventing recurrence, and improving survival outcomes. The current standard of care for BC
involves a combination of surgical staging and the strategic administration of chemotherapy
played a pivotal role in reduce recurrence risk and enhance patient survival. Recent
advancements have introduced more effective agents in both preoperative (neo-adjuvant) and
postoperative (adjuvant) settings, enhancing treatment efficacy (Curigliano et al., 2023; Leclerc
et al., 2016). The optimization of chemotherapy regimens remains an active area of research
and clinical investigation. Currently, anthracycline-taxane-based agents were administered
sequentially to maximize therapeutic efficacy (Bonneterre et al., 2005; Von Minckwitz and
Loibl, 2015; Henderson et al., 2003). The primary recommended chemotherapy for the patients
were (1) FEC regimen: 5-fluorouracil 500 mg/m?2 i.v. at day 1, epirubicin 60 mg/m2 i.v. at day
1 and cyclophosphamide 500 mg/m2-i.v. dose at day 1; (Coombes et al., 1996), (2) TAC
regimen: docetaxel 75 mg/m2 i.v. at day 1; doxorubicin 50 mg/m2 iv. at day I;
cyclophosphamide 500 mg/m2 i.v. at day 1; (Martin et al., 2006) (3) AC-T regimen:
doxorubicin 50 mg/m2 i.v. at day 1; cyclophosphamide 500 mg/m2 i.v. at day 1 for four cycle
followed by paclitaxel 175 mg/m2 by IV infusion day 1 every 21 days for 4 cycles (Mamounas

et al., 2005), in tri-weekly manner for six cycles. Due to high toxicity and poor quality of life
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(QoL) outcome from FEC and TAC regimen, the clinician preferred sequential anthracycline-
taxane (AC-T) as a new standard of care (Shao et al., 2012; Jemal et al., 2011; Fujii et al.,
2015). In terms of surgery, the clinicians often prioritize mastectomy and breast-conserving
surgery as the primary surgical treatment options. Hormone receptor-positive (ER and PR-
positive) BC patients (Luminal A and B) exhibit a better prognosis compared to other subtypes,
as demonstrated by the ATLAS trial. The trial data showed that these patients, who received 5
years of tamoxifen followed by an additional 5 years of hormone therapy, experienced
improved outcomes (Davies et al., 2013). However, in low- to middle-income countries like
India, mastectomy is more commonly favored by clinicians due to various socio-economic and
healthcare system factors (Deepa et al., 2020). Despite of the improvement patients till faced
toxicity which affect their clinical outcome, QoL and survival. Anthropometric factors (height,
weight, and BMI) have been linked to an increased risk of BC (Lin et al., 1971; Li et al., 1997).
In the low socio-economic settings, the patients often faced low level of nutrition which
resulted in low BMI, an important anthropometric parameter often overlooked. Notably,
overweight and obesity have been definitively identified as risk factors, with a 1.2—1.4 times
higher risk in post-menopausal women (Renehan et al., 2008; Munsell et al., 2014) and a 0.8
times higher risk in pre-menopausal women (Munsell et al., 2014; Schoemaker et al., 2018).
However, nutritionally neglected patients were often missed, underscoring the importance of
promptly assessing BMI status. There is a critical need to better understand how underweight
conditions impact on QoL and treatment outcomes due to higher toxicity faced by standard
chemotherapy among BC patients. Despite this, there remained a significant gap in research on
the challenges faced by underweight BC patients with low BMI and poor nutritional status,

particularly in the context of the Indian healthcare system.

Single nucleotide polymorphisms (SNPs) are unique genetic alterations in cancer cells that can
disrupt certain drug transportation and metabolism pathways, leading to treatment resistance
and failure (Yang et al., 2022). These variations can affect the pharmacokinetics of
chemotherapeutic agents, potentially reducing their effectiveness or contributing to multidrug
resistance, thereby compromising therapeutic outcomes. Loss-of-function SNPs in transporter
(4BC) and metabolizer (CYP) genes may reduce drug efflux and substrate elimination rates,
leading to increased intracellular drug accumulation and potential cytotoxicity. In contrast,
gain-of-function of 4BC and CYP SNPs can enhance drug efflux or accelerate drug
metabolism, reducing intracellular drug concentrations and efficacy, contributing to treatment

failure (Loscocco et al., 2021). Polymorphisms in ABC and CYP genes have been extensively
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studied (Chang et al., 2009; Abdul Aziz et al., 2018; Gutierrez-Rubio et al., 2015; Shimada et
al., 2009; Chen et al., 2007; Mokhosoev et al., 2024), findings showed that such polymorphisms
lead to increased toxicity, drug resistance, and diminished efficiency. Clinical efficacy
influenced not only by pharmacogenetic factors but also by anthropometric parameters such as
BMI. Studies have demonstrated that high BMI correlates with treatment response and survival
outcomes (Chen et al., 2022; Raman et al., 2016; Singh et al., 2011; Usiskin et al., 2019).
Therefore, this study aims to assess the clinical efficacy of anthracycline-taxane chemotherapy
and polymorphisms of ABC and CYP gene variants, as well as the impact of low BMI, with the

goal of identifying potential clinical pathways to improve BC management.
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2.1 Statistics of breast cancer

Breast cancer stands as the most frequently diagnosed cancer worldwide, presenting an
enduring challenge to global public health. In 2024, BC accounted for approximately 11.5%
(2,296,840) of all cancer diagnoses, culminating in a troubling 2.29 million new cases. Within
India, it maintains its status as the most prevalent cancer, comprised 13.6% (192,020) of all
cancer diagnoses and the leading cause of cancer related death (98,337) among women (Ferlay
et al., 2024).

2.2 Risk factors

The risk of developing BC was influenced by various factors, including gender (women being
more susceptible), age (particularly between 41 to 60 years in India), genetic mutations
(BRCA1, BRCA2, PALB2, ATM, CHEK2, PTEN), and hormonal factors (early onset of
menstruation and late menopause), family history of BC (first-degree relatives), exposure to
radiation, reproductive aspects (nulliparity, late pregnancy, a lack of breast-feeding), prolonged
use of hormone replacement therapy and lifestyle factors (obesity and insufficient physical
activity) associated with a higher risk of BC (Figure 2.1) (“Breast Cancer Risk Factors and
Prevention Methods | American Cancer Society,” n.d.; Harbeck et al., 2019; National Cancer
Institute, 2021; Clarke et al., 2012).

Smoking and
alcohol
consumption
Family history
Gender of ovarian or
specificity breast cancer
o g e o
Late pregnancy, . 22
nulliparity, low breast
feeding history Low Physical
‘ ( ] activity
BRCA1/2,TP53
High PTENPALB2,
penetrance [ sTK11, COHI Breast Cancer Hensebredats
enes t
g Risk Factors ]
¢ e
[
|
I -
Aging, late Prolonged exposure to
menopause radiation and
and early >180SNPs hormone replacement
menarche therapy
Body mass Low
index penetrance
genes

Figure 2.1 Risk factors of breast cancer
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2.3 Signs & symptoms

Signs and symptoms of BC could differ, but frequently encompass the existence of a palpable
lump in the breast or armpit region. Additional symptoms may include persistent mastalgia,
tenderness, itching, burning sensation, nipple discharge, swelling, erythema, nipple retraction,
fungating breast, sometimes with foul smell and bleeding, etc. These changes could lead to
alterations in breast size, shape, or texture, such as dimpling or puckering of the skin, scaling
of nipples, etc. (“Breast Cancer Signs and Symptoms | Most Common Symptoms | American
Cancer Society,” n.d.; Harbeck et al., 2019; Mistry et al., 2024b). Early detection through
regular self-examinations, clinical screenings, and imaging techniques like mammography, is
crucial for timely diagnosis and effective management. Raising awareness about these
symptoms could help in prompt medical consultation and improve treatment outcomes and

overall prognosis.
2.4 Staging and grading

BC was subdivided in 4 stages-Stage I, II, III and IV. Whereas stage 0 considered as a non-
invasive stage (Amin et al., 2017). American Joint Committee on Cancer (AJCC) (8" edition)
in association with Union for International Cancer Control (UICC) published the TNM staging
system in 2017, reflected the latest advancements in BC staging (Amin et al., 2017; Brierley
J.D. et al., 2017). This system categorized cancer based on the size of the primary tumor (T),
presence of lymph node involvement (N), and presence of distant metastasis (M), providing a
comprehensive assessment of the extent of disease throughout the body (Table 2.1). However,
TNM staging was invaluable for predicting cancer recurrence, and estimation of prognosis, it
was primarily focused on disease spread and might have overlooked other important factors

such as comorbidities and treatment-related risks.
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Table 2.1 AJCC staging of breast cancer (Amin et al., 2017)

Stage Tumor (T) [Nodes (N) Metastasis (M) Additional Features
0 Tis NO MO Non-invasive
I IA- | T1 NO MO Tumor (<20 mm) in greatest dimension.
No lymph node or metastasis involvement.
IB TO Nlmi MO Micro-metastases approximately 200 cells,
Tl Nlmi MO (>0.2mm to <2mm) in lymph nodes.
II IIA | TO N1 MO No distant metastasis; nodes have tumor cells.
Tl N1 MO
T2 NO MO
B | T2 NOtt/ MO Tumor (2-5 cm), 4-9 axillary nodes.
N1* No metastasis but larger tumor or node spread.
T3 N1t/ MO it AJCC 8™ edition.
NO* *NCCN guidelines 2025.
ar | A | To N2 MO Tumor (>5 cm)
Tl N2 MO Larger tumor or extensive node involvement.
T2 N2 MO
T3 N1 MO
T3 N2 MO
B | T4 NO MO Tumor (invasion into chest wall/skin)
T4 N1 MO Includes inflammatory BC.
T4 N2 MO
HIC | Any T N3 MO Node (10+ nodes or clavicular nodes).
Extensive lymph node involvement.
v Any T AnyN | M1 Metastasis to distant organs like bones or
lungs.
T0: No evidence of primary Tumor, Tis: Tumor in situ; T1-T4: Tumor size increases as the number rises; TX:
Primary tumor cannot be assessed; NO: No regional lymph node involvement; NI-N3: Increasing node
involvement,; mi- Micro-metastases, NX- Regional Lymph Node cannot be assessed; M0: No distant metastasis,
M1 : Distant metastasis present;, MX- Distant metastasis cannot be assessed.

BC grading was a critical pathological assessment that evaluated the aggressiveness and

behavior of cancer cells which further helps to assess tumor's growth rate and potentiality of

spread, guide treatment decisions and predict patients’ clinical outcomes. It was involved in

examining the microscopic features of tumor cells, including their size, shape, and how closely

they resemble normal breast tissue. BC categorized into three histological grades (Amin et al.,

2017). Typically, BC was graded on a scale from 1 to 3, with higher grades indicated more

abnormality and severity of tumor characteristics (Table 2.2).
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Table 2.2 Histological grades of breast cancer

Grade Description Key Features SBR Score*

Grade I Well- Tumor cells look similar to normal breast cells, | 3-5
differentiated slow-growing, organized structure.

Grade 11 Moderately Tumor cells appear abnormal, faster-growing, | 6-7
differentiated moderate loss of organization.

Grade Il | Poorly Tumor cells look very abnormal, rapid growth, little | 8-9
differentiated to no organized structure.

GX Grade cannot be assessed.

Scarff-Bloom-Richardson (SBR) grading system; Nottingham Score: Tubule Formation: 1: >75% tubule

formation; 2: 10-75% tubule formation; 3: <10% tubule formation; Nuclear Pleomorphism: Variation in the

size and shape of the tumor cell nuclei; 1: Small, uniform nuclei resembling normal cells; 2: Moderately variable

nuclei; 3: Large, irregular nuclei; Mitotic Rate: Number of dividing cells in a given area of the tumor, 1: Low

mitotic activity;, 2: Moderate mitotic activity, 3: High mitotic activity; * Combine score.

2.4.1 Clinical significance of BC staging and grading

BC staging, a crucial process in diagnosis and management. It helps to determine the extent of
the disease, predict disease prognosis, treatment outcomes, survival, and helps in selecting
appropriate systemic therapies, monitor disease progression, standardized patient care, and also
aids in patient counselling. Similarly, grading is also a critical part of pathology that evaluates
degree of abnormality of the cancer cells. Grading system helps in predicting the invasiveness
of the tumor cells, determination of disease prognosis, decision in treatment approach, selection
of systemic therapies, helps to understand the risk of metastasis and recurrence (Rakha et al.,
2008).

2.5 Histological subtypes

Histological subtypes of BC were determined by examining tumor samples under a microscope
to identify the type of cells and tissue patterns involved. These subtypes helps to differentiate
between various forms of cancer, their behavior and response to treatment. This classification
was critical for understanding the prognosis and selecting appropriate treatment strategies
(Figure 2.2). Different subtypes exhibit distinct characteristics, influencing tumor behavior,
response to therapy, and overall patient outcomes (Table 2.3). For instance, hormone receptor-
positive subtypes, such as invasive ductal carcinoma and invasive lobular carcinoma, respond
well to hormone therapy, while HER2-positive cancers benefit from targeted treatments like
trastuzumab. In contrast, triple-negative breast cancer lacks hormone receptors and HER2
expression, made chemotherapy the primary treatment option. Understanding these subtypes
helps to predict tumor aggressiveness, recurrence risk, and survival rates, ultimately guiding

personalized treatment approaches and improve patient management.
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Table 2.3 Different histological subtypes of breast cancer (Gomes Do Nascimento and

Otoni, 2020)

g‘zgsg;cal Features

Invasive Ductal | Tumor cells are pleomorphic, with protruding nucleoli and numerous mitoses.
Carcinoma e Areas of necrosis and calcifications can be detected in more than half of the
(IDC) cases.

Invasive Lobular
Carcinoma (ILC)

The classic form of the ILC is characterized by the presence of small tumor
cells with little atypia, uniformly distributed throughout the stroma in a
concentric pattern.

Among pleomorphic ILC, tumor cells have a hyperchromatic and eccentric
nucleus, prominent mitoses and apocrine.

Histiocytic or signet ring cells can be observed and they are more likely to have
TP53 mutations.

Mucinous ¢ This special subtype, also known as colloid or mucinous carcinoma.
Carcinoma e It has abundant extracellular mucin surrounding small clusters of tumor cells
with various growth patterns and mild nuclear atypia and associated with a
favorable prognosis.
Metaplastic e These aggressive tumors often involve lymph nodes and are poorly
Carcinoma differentiated and heterogeneous.
e They contain ductal carcinoma cells mixed with squamous, spindle, or
mesenchymal elements like chondroid, bone, and epithelial cells.
Apocrine e This subtype, features at least 90% apocrine-differentiated tumor cells,
Carcinoma e It is typically high-grade with a poor prognosis, and affects a wide age range,
but is more common in postmenopausal women.
Cribriform o Microscopically, it features islands of uniform low-grade atypia cells, a
Carcinoma cribriform pattern in 90% of the tumor,
e It is often associated with DCIS without clear stromal invasion.
Tubular o This well-differentiated subtype, often linked to premalignant lesions, feature
Carcinoma prominent tubules (>90%) that are angled,

Oval or elongated in shape, with disorganized arrangement and open lumens
covered by a single epithelial layer, usually without necrosis or mitosis.

Neuroendocrine

Morphologically, it shows an infiltrative growth pattern with solid aggregates

Carcinoma of tumor cells in alveolar, trabecular, or rosette patterns, and peripheral
palisades.
o Neoplastic cells vary in size and generally have fine eosinophilic granular
cytoplasm.
Medullary o It is well-circumscribed with large pleomorphic tumor cells, a syncytial growth
Carcinoma pattern, frequent mitoses, and prominent lymphoplasmacytic infiltrate.

Spindle cell metaplasia and giant tumor cells are also common.
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Figure 2.2 Histological subtypes of breast tumor

a. Invasive Ductal Carcinoma (IDC), b. Invasive Lobular Carcinoma (ILC), c. Mucinous Carcinoma, d.
Metaplastic Carcinoma, e. Apocrine Carcinoma, f. Cribriform Carcinoma. g. Tubular Carcinoma, h.
Neuroendocrine Carcinoma, i. Medullary Carcinoma (Gomes Do Nascimento and Otoni, 2020)

2.6Molecular subtypes of BC

From a molecular perspective, intrinsic subtypes had been identified through global studies of
gene expression profiles. Currently, four molecular subgroups were widely recognized and well
established in clinical practice: Luminal A, Luminal B, HER2+, and triple negative breast
cancer (Nath et al., 2022; Mistry et al., 2024a). Their probable prognosis and expected response

to treatment was described below (Table 2.4).
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Table 2.4 Classification of molecular subtypes of BC and ongoing treatment options

(Gomes Do Nascimento and Otoni, 2020)

. Luminal B .
Molecular subtypes Luminal A HER2/neu- | HER2/neu + HER?2 Positive TNBC
ER+ ER+ ER+ ER- ER-

Biomarker PR+ PR- PR-/+ PR- PR-

tomarkers HER2- HER2- HER2+ HER2+ HER2-

Ki-67 low| Ki-67 high | Ki-67 low/high| Ki-67 high Ki-67 high
5f)q“e“°y of Cases| 4050 20-30 15-20 10-20
Histological Grade | Grade I Grade 11 Grade 111 Grade 111
Prognosis Good Intermediate Poor Poor
: Endocrine
Resp0n§e to Endocrine Endocrine Chemotherapy Target Therapy Chemothfargpy
Therapies Chemotherapy Chemotherapy [PARP Inhibitors
Target Therapy

2.7 Treatment approach of BC

The treatment approach for BC was highly individualized and typically involved a
multidisciplinary team of healthcare professionals, including oncologists, surgeons, radiation
therapist, and other specialists (Wang and Wu, 2023) (Figure 2.3). The primary treatment
modalities for BC included surgery, chemotherapy, radiation therapy sometimes hormone
therapy, targeted therapy, and immunotherapy also, which might be used alone or in
combination depending on the type and stage of the cancer, as well as the patient's overall
health and preferences (Burguin et al., 2021; Mutebi et al., 2020; Tong et al., 2018; Liu et al.,
2024). Surgical interventions, such as lumpectomy or mastectomy, were frequently employed
as primary treatment strategies to achieve tumor resection with clear margins. To mitigate the
risk of recurrence, adjuvant therapies—comprising chemotherapy and radiation therapy—were
often recommended to eliminate residual malignant cells. Targeted therapies, such as HER2-
directed agents, were designed to inhibit oncogenic pathways in tumors harboring specific
genetic alterations, while immunotherapy harnesses the host immune system to recognize and
eliminate malignant cells. With advancements in molecular profiling and genetic testing,
personalized treatment strategies were increasingly being implemented, enabling the
optimization of therapeutic regimens based on the unique molecular characteristics of an
individual’s tumor. For hormone receptor-positive BC, endocrine therapy plays a pivotal role
by targeting estrogen signaling pathways to suppress tumor progression. This approach
includes selective estrogen receptor modulators (SERMs), aromatase inhibitors, and selective
estrogen receptor degraders (SERDs), which are utilized across both early and advanced
disease stages to reduce recurrence and improve survival (Osborne and Schiff, 2011).

Tamoxifen, a SERM, is one of the most widely used drugs in endocrine therapy. It acts by

10
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competitively binding to estrogen receptors, preventing estrogen from stimulating tumor
growth. Tamoxifen is effective in premenopausal and postmenopausal women and is used in
both adjuvant and metastatic settings. Its benefit include reducing the risk of recurrence for
contralateral breast cancer, and improving overall survival. However, it is associated with some
side effects, including a higher risk of endometrial cancer and thromboembolic events (Jordan,
2003). Additionally, supportive care measures, including pain management, nutritional

support, and psychosocial support, play a vital role in optimizing patients’ clinical outcomes

and QoL throughout the treatment journey (Mistry et al., 2024a).
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Figure 2.3 Treatment strategies for breast cancer patients

2.8 Chemo-induced toxicity

Chemotherapy, while effective in treating cancer, however, often associated with significant
adverse effects that can impact patient outcomes and QoL. Anthracycline and taxane based
chemotherapies were main treatment options for BC and could induce significant toxicities.
Anthracyclines, like doxorubicin, often cause cardiotoxicity (Ewer and Ewer, 2010), leading
to long-term heart issues. They could also cause myelosuppression, resulting in reduced blood
cell counts and increased infection risk (Minotti et al., 2004). Taxanes, such as paclitaxel, were
known for causing neurotoxicity, presenting as peripheral neuropathy, along with
myelosuppression and hypersensitivity reactions (Cavaletti and Marmiroli, 2010; Cidon and
Ballesteros, 1995). Both drug classes could lead to gastrointestinal disturbances, alopecia, and

fatigue, impacting patients’ QoL during and after treatment (Fisusi and Akala, 2019).
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Additionally, toxicities such as fever, anemia, diarrhea, and constipation were also reported

among BC patients (Mistry et al., 2024c).
2.9 Quality of Life

QoL among cancer patients had been enormously studied throughout the last decade as it was
a primary endpoint of treatment outcome besides overall survival. QoL in BC patients was
profoundly influenced by various factors, including treatment modalities, psychological well-
being, socio-demographic characteristics, etc. A recent study highlighted that both positive and
negative psychological states significantly impact QoL in postoperative BC patients,
emphasizing the need for comprehensive mental health support during recovery (Zhao et al.,
2024). Additionally, research had been identified resilience as a mediating factor in QoL
outcomes, suggested that interventions aimed at enhancing resilience could improve overall
well-being in BC population (Faroughi et al., 2023). Furthermore, a systematic review and
meta-analysis underscored the importance of addressing global QoL issues in BC care,
advocating for personalized treatment plans that consider individual patients’ need to optimize

health-related QoL (Javan Biparva et al., 2023).

2.10 Role of BMI in QoLL

Anthropometric factors, including height, weight, and BMI, had been reported to be associated
with a higher risk of BC (Lin et al., 1971; Li et al., 1997). Significantly, overweight and obesity
definitively identified as risk factors for BC, with postmenopausal women facing a 1.2-1.4
times higher risk (Renehan et al., 2008; Munsell et al., 2014) and pre-menopausal women

experienced 0.8 times increased risk (Munsell et al., 2014; Schoemaker et al., 2018).

Heterogeneous Indian population often grapple with health issues stemmed from the risk
factors such as unhealthy diet/undernourishment, manifested in low BMI, with lower mid-
upper arm circumference (MUAC) and skin fold thickness (SFT). As patients battle therapeutic
side effects like toxicities, therapy failures, and swift illness development (Muscaritoli et al.,
2017), neglected nutrition exposes them to negative repercussions and a poor prognosis (Chen
et al., 2022). This nutritional deficiency significantly amplifies cancer mortality rates, with
malnourished patients facing a 2 to 5 times higher risk compared to the well-nourished
counterparts (Muscaritoli et al., 2017; Chen et al., 2022; Genet, 2020). Moreover, the treatment
side effects indirectly impact food consumption and nutrient absorption. As a result, the
detection of dietary inadequacies using conventional BMI-based screening approaches has

become more challenging (Basaran et al., 2011; Trédan et al., 2010). Besides BMI, the
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measurement of MUAC and SFT represented as another non-interventional approach for
evaluating nutritional status (Mistry et al., 2024c). The measurement of the supra-iliac skinfold
was pivotal for determining SFT which was widely employed caliper testing method to
ascertain a patient's body fat percentage. Although numerous studies have reported the impact
of obesity on QoL of BC patients (Leach et al., 2023; Shaikh et al., 2020; Dieli-Conwright et
al., 2018; Juan et al., 2018; Connor et al., 2013).

2.11 Role of BMI in treatment response

BMI also plays a critical role in modulating treatment response in BC patients. High BMI had
been associated with a poorer prognosis and reduced treatment efficacy, potentially due to
alterations in drug metabolism and distribution. Studies had demonstrated that obesity could
impact the pharmacokinetics of chemotherapy, leading to suboptimal drug dosing and
heightened toxicity risks (Connor et al., 2013; Dieli-Conwright et al., 2018; Connor et al.,
2013). Additionally, elevated BMI was linked to increase circulating levels of estrogen and
insulin, which might contribute to tumor progression and resistance to hormone therapies
(Barone et al., 2022; Gunter et al., 2009; Rubinstein et al., 2021). Conversely, patients with
normal BMI tend to exhibit better treatment responses and improved overall survival rates.
However, the impact of low BMI and poor nutritional status on chemotherapy outcomes
remains underexplored. A comprehensive understanding of treatment responses across
different BMI categories is essential for optimizing personalized therapeutic strategies and

enhancing clinical outcomes in BC management (Mistry et al., 2024c).

2.12 Development of adversity and delayed in chemotherapy response due

low BMI

Cancer patients experienced an average delay of 29.4 weeks in their treatment (Jassem et al.,
2014). The negative impacts were more pronounced in the patients who had a lower nutritional
status. Consequently, this had an adverse effect on the treatment outcomes. Patients who had a
lower BMI and insufficient nutritional status (MUAC and SFT) sometimes faced challenges in
completing their chemotherapy treatment beyond the 2™ or 3™ cycles. As a result, they
experienced delay in the administration of chemotherapy (Gangane et al., 2017; Chintamani et
al., 2011; Jassem et al., 2014; Mehrotra and Yadav, 2022), which negatively impacted the

overall response to treatment and long-term survival prospects.
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2.13 Treatment failure/ variations in individual drug response

Treatment failure in BC patients could arise from multiple factors, posing a substantial
challenge. One common cause is the development of resistance to conventional therapies such
as chemotherapy, hormonal therapy, or targeted therapies. Cancer cells might acquire genetic
mutations or undergo molecular changes that render them less responsive to treatment,
allowing the disease to progress. Additionally, incomplete eradication of tumor cells during
primary treatment could lead to recurrence or metastasis over time. Tumor heterogeneity,
defined as different cancer cell populations within the same tumor exhibit different
characteristics, further complicates treatment success (Polyak, 2011). Addressing these
complexities required a multifaceted approach involved personalized treatment strategies,
continuous monitoring of disease progression, and the advancement of novel therapeutic
interventions. Among these approaches, targeting microtubule dynamics and DNA integrity
remains central to chemotherapeutic efficacy. Taxane agents (docetaxel/paclitaxel) bind to [-
tubulin subunits within microtubules, stabilizing their structure and preventing
depolymerization. This disruption of microtubule dynamics inhibits mitotic progression,
leading to cell cycle arrest and apoptosis (Crown et al., 2004). Notably, docetaxel exhibits
approximately twice the potency of paclitaxel in inhibiting tubulin depolymerization. Similarly,
anthracycline (doxorubicin/epirubicin) intercalates into DNA, obstructing the function of
topoisomerase II and thereby hindering the relaxation of supercoiled DNA necessary for
replication and transcription. Additionally, doxorubicin generates free radicals, causing
oxidative damage to DNA and cellular membranes (van Rossum et al., 2018). Likewise,
alkylating agent, cyclophosphamide underwent metabolic activation to form phosphoramide
mustard, which creates inter strand DNA cross-links. These cross-links disrupt DNA replication
and transcription, ultimately triggering apoptosis in rapidly dividing cells (van Rossum et al.,
2018). However, pyrimidine analog SFluorouracil, metabolized into active nucleotides that
inhibit thymidylate synthase, leading to depletion of thymidine triphosphate and subsequent
disruption of DNA synthesis. Incorporation of its metabolites into RNA also interferes with

RNA processing and function (Anampa et al., 2015) (Figure 2.4).
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Figure 2.4 Mechanistic pathways of key chemotherapeutic agents

Illustration depicting the molecular mechanisms of action of key chemotherapeutic agents, including a. Taxanes
(docetaxel/paclitaxel), b. Anthracyclines (doxorubicin), c. Alkylating agents (cyclophosphamide), and d.
Antimetabolites (5-fluorouracil), highlighting their roles in disrupting cellular processes to induce apoptosis in
cancer cells.

Despite the efficacy of these chemotherapeutic agents, their success was often hindered by multidrug
resistance (MDR) mechanisms, including variations in transporter genes, could contribute to
treatment failure (Skinner et al., 2023). These transporter proteins, such as P-glycoprotein (P-
gp) encoded by the ABCBI gene, play crucial roles in pumping out anticancer drugs from
cancer cells, thereby reducing their effectiveness. Genetic variations in these transporter genes
could lead to overexpression or altered function of these proteins, resulted in decreased
intracellular drug concentrations and resistance to chemotherapy agents. This phenomenon
poses a significant challenge in the management of BC, as it limits the efficacy of commonly
used chemotherapeutic agents. Understanding the genetic basis of MDR and transporter gene
variations is essential for developing strategies to overcome treatment resistance and improve
outcomes for BC patients (Tulsyan et al., 2016). Research efforts focused on identifying novel
therapeutic targets and developing targeted therapies to circumvent MDR mechanisms offer
promise in addressing this aspect of treatment failure in BC (Robinson and Tiriveedhi, 2020).
The management of BC challenges might arise from genetic variations in metabolizer genes
that influence the metabolism and effectiveness of anticancer medications. Genetic
polymorphisms in genes the encode drug-metabolizing enzymes, including cytochrome P450
(CYP) enzymes, could modify the pharmacokinetics and bioavailability of chemotherapeutic
drugs often use in BC treatment (Khan et al., 2018) (Figure 2.5). Alterations in these
metabolizer genes could result in enhanced or diminished enzymatic activity, influence drug
activation, detoxification, or elimination. As a result, people with specific genetic variations

may encounter inadequate drug exposure, which could result in treatment failure or heightened
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toxicity (Hlavac et al., 2020). Comprehending the influence of metabolizer gene variants on
pharmacokinetics is crucial for individualized therapeutic strategies in BC. Pharmacogenomic
testing identifies patients susceptible to treatment failure due to hereditary variables, allowing
clinicians to customize therapy regimens and enhance therapeutic outcomes. Furthermore,
current research focused on clarifying the intricate relationship among genetic variation, drug
metabolism, and treatment response shows potential on enhancing the efficacy and safety of

BC (Lim et al., 2011; Mistry et al unpublished work).
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Figure 2.5 Overview of enzymatic biotransformation of xenobiotics (Esteves et al., 2021)

This figure illustrates the metabolism and elimination of xenobiotics such as drugs and pollutants in hepatocytes.
The process involves three phases: Phase I (oxidation) by CYP enzymes, generating oxidized metabolites, some
of which may be toxic, Phase Il (conjugation) by transferases, increasing polarity for detoxification or
bioactivation; and Phase Il (extrusion) via ABC and SLC transporters for clearance. The balance between
bioactivation and detoxification determines the toxic or therapeutic effects of xenobiotics.

2.14 Role of transporter and metabolizing genes in treatment failure

Pharmacogenomics was revolutionized by uncovering the intricate genetic blueprint behind
individual responses to drugs. This cutting-edge field delves into differential response to
treatment. By leveraging advancements in genomics, proteomics, transcriptomics, and
metabolomics, researchers were unraveling the genetic variations that dictate drug efficacy and
safety (Mizzi et al., 2016; Ahmed et al., 2016). Drug response was influenced not just by the
pharmacokinetics and pharmacodynamics, but also by genetic polymorphisms in drug-
metabolizing enzymes and transporter molecules. These variations, unique to each individual,
could profoundly impact how drugs were absorbed, distributed, metabolized, and eliminated,

paving the way for personalized treatment strategies. Genome sequencing and mutation
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analysis were crucial in pharmacogenomics. These allowed to analyze the genetic
characteristics of both patients and tumors. Such insights are vital, especially when it comes to
anti-cancer medications, as genetic differences could alter drug metabolism, transport,
retention, and even penetration into tumor tissues (Aboul-Soud et al., 2021). The diversified
human genome containing over 14 million SNPs and genetic variations that occur
approximately every 300—1000 nucleotides (Gorlov et al., 2008). These SNPs were key to
understanding why individuals respond differently to drugs, environmental factors, and
diseases. Numerous studies had shown that various factors cause medication response

differences and affect them directly or indirectly (Ingelman-Sundberg et al., 2018).

ATP-binding cassette (4BC) transporters play a crucial role in drug efflux, impacting drug
bioavailability and treatment efficacy. As key membrane transporters, ABC proteins, such as P-
glycoprotein (ABCBI), actively pump drugs out of the cells, reducing intracellular drug
concentrations (Tsukamoto et al., 2019). SNPs in ABC transporter genes could significantly
alter drug transport activity, leading to variable therapeutic responses. Loss-of-function SNPs
in ABC genes may reduce drug efflux, increasing intracellular drug accumulation and potential
toxicity. Conversely, gain-of-function SNPs enhance drug efflux, lowering intracellular drug
concentrations and contributing to treatment failure (Loscocco et al., 2021). These variations
could affect the pharmacokinetics of chemotherapeutic agents, rendering them less effective or

leading to multidrug resistance, ultimately compromising therapeutic outcomes.

Most CYPs, responsible for drug metabolism, were present in the liver and intestines. As the
cytochrome P450 (CYP) superfamily metabolizes 90% of clinically used medicines, toxins,
and carcinogens, its mutations have the greatest therapeutic impact (Song et al., 2021). In
pharmacology, CYP variations were categorized into two groups: loss-of-function variants and
gain-of-function variants (Zanger and Schwab, 2013). Loss-of-function variants decrease the
rate at which substances were eliminated from the body, resulting in higher plasma
concentrations. SNPs in CYP genes often impact splicing and expression, rather than
transcription or protein structure (Sadee et al., 2011). Conversely, gain-of-function variants
enhance the rate of substance clearance, leading to lower drug concentrations. Polymorphisms
of CYP genes could be caused by copy number variants (CNV) that increase the number of
functional gene copies or promoter variants and amino acid variants that accelerate substrate
breakdown (Johansson and Ingelman-Sundberg, 2008). These genetic variation affect
metabolism of important chemotherapeutic agents resulted in drug accumulation, increase

toxicity and treatment failure.
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2.14.1 Independent effect of ABC gene in treatment response

ATP-binding cassette (4BC) transporter genes play pivotal role in BC, significantly impacting
drug resistance and disease progression. These genes encode a large family of proteins that
harness the energy from ATP hydrolysis to transport diverse substrates across cellular
membranes (Gottesman et al., 2002). In BC, the overexpression of specific ABC transporter
genes, including ABCBI (MDR1), ABCCI (MRP1), ABCC2 (MRP2), and ABCG2 (BCRP), had
been strongly linked to multidrug resistance (MDR) (Sharom, 2008). These transporters act as
molecular gatekeepers, actively efflux chemotherapeutic agents out of cancer cells. This
reduces intracellular drug accumulation, rendering treatments such as doxorubicin, paclitaxel,
and other commonly used chemotherapeutics less effective (Robey et al., 2018) (Figure 2.6).
The role of ABC transporters in mediating drug resistance underscores the need for targeted
strategies to overcome MDR, ensuring improved therapeutic outcomes in BC patients.
Targeting ABC transporter-mediated drug resistance offers promising potential for enhancing
treatment outcomes and improving the prognosis of BC patients. Investigating the regulatory
mechanisms governing these transporters and developing inhibitors or alternative therapeutic
strategies to mitigate their effects remain active areas of research in combating BC (Muriithi et

al., 2020).

Genetic polymorphisms in drug transporters, significantly impact the ability of medications to
be eliminated from the body, thereby influencing their efficacy and toxicity. A key example
was, P-glycoprotein (P-gp), a transporter belong to the ABC family, which was responsible for
pumping xenobiotics and other foreign compounds out of cells (Wolking et al., 2015). The
ABCBI/MDR-1 gene encodes P-gp, and mutations in this gene could alter the efficiency of
various therapies, leading to resistance to certain chemotherapeutic regimens such as 5-

fluorouracil (5-Fu) (Hoffmeyer et al., 2000) (Figure 2.6).

There were three primary polymorphisms in the ABCBI/MDR-I gene that affect P-gp
functionality. The first involved a single nucleotide polymorphism (SNP) in exon 21, causing
the mutation of three amino acids and ultimately enhancing P-gp activity. The second occurs
in exon 26, reducing P-gp expression in the duodenum, thereby affecting drug absorption. The
third polymorphism, located in exon 12, does not directly influence P-gp expression but may
still impact drug transporter function (Kim et al., 2001). Each of these polymorphisms affects

the performance of chemotherapeutic drugs in distinct ways.
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Another crucial member of the 4ABC transporter family was BCRP (Breast Cancer Resistance
Protein). A SNP in exon 5 of the BCRP gene has been linked to reduced BCRP levels and
decreased drug clearance (Zhang et al., 2006; Bertholee et al., 2017). For instance,
bicalutamide, an anti-androgen used to treat prostate cancer, was expelled from cells via P-gp
and BCRP. SNPs in BCRP could lead to elevated plasma levels of bicalutamide, resulting in
increased chemotherapy toxicity (Bertholee et al., 2017).
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Figure 2.6 Schematic illustration of chemotherapeutic drug efflux modulated by ABC gene
polymorphism

The figure demonstrates the impact of ABC transporter gene polymorphisms on the intracellular retention and
efficacy of chemotherapeutic drugs. Key drugs such as doxorubicin, docetaxel/paclitaxel, and 5-fluorouracil
entered the cancer cells through influx mechanisms. However, polymorphisms in ABC transporters, including
ABCB1, ABCCL1, ABCC2, ABCC4, and ABCG2, enhance the rapid efflux of these drugs from the cell. This leads
to a reduced intracellular drug concentration, thereby diminishing their effects and resulting in poor therapeutic
efficacy. Such transporter-mediated drug resistance poses a significant challenge in cancer treatment, affecting
patient response to chemotherapy.

Tamoxifen and its active metabolite endoxifen, the substrates of P-glycoprotein (4BCBI),
which might limit their intracellular concentrations by maintaining sub-therapeutic levels
(Figure 2.7). At high doses, tamoxifen is used to treat brain metastases, where saturation of
blood-brain barrier drug transporters likely allows tamoxifen and its metabolites to penetrate
the brain effectively. Variations in ABC genes (C3435T, G2677T/A in ABCBI, C421A in
ABCG2, and C-24T in ABCC2) influence transporter expression or function, affecting
tamoxifen plasma levels, intracellular accumulation, therapeutic outcomes, and toxicity

(Sensorn et al., 2013; Kiyotani et al., 2010; Teft et al., 2011).
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Figure 2.7 Mechanism of tamoxifen in controlling breast cancer proliferation and its
impairment by ABC gene polymorphism-induced rapid efflux

In the first panel, tamoxifen acts as a selective estrogen receptor modulator (SERM), competing with estrogen to
bind estrogen receptors in breast cancer cells, thereby blocking estrogen-driven proliferation, angiogenesis, and
metastasis. In the second panel, tamoxifen underwent metabolism to form active metabolites such as 4-hydroxy-
tamoxifen and endoxifen, which were crucial for its therapeutic efficacy. However, polymorphisms in ABC
transporters (e.g., ABCB1 and ABCC2) lead to rapid efflux of tamoxifen and its metabolites from target cells,
reducing their intracellular concentration and potentially compromising therapeutic effectiveness.

2.14.2 Combine role of BMI and ABC transporters

Both pharmacogenetic and anthropometric factors were anticipated to act as crucial regulators
of treatment, QoL and survival outcomes of BC patients. SNP in ABC genes, which facilitates
drug transport across cellular membranes were shown to be associated with tumor non-
responsiveness (Chang et al., 2009; Chaturvedi et al., 2013; Hlavac et al., 2020). SNPs within
these genes could disrupt their normal function, leading to altered drug disposition
(cytotoxicity), bioavailability, and resistance (Woo et al., 2003). Polymorphism in the ABCBI
gene particularly C1236T, G2677T/A, C3435T were extensively studied (Chang et al., 2009;
Tulsyan et al., 2014; Gutierrez-Rubio et al., 2015). While C58626A locus of ABCC?2 gene was
relatively less explored. BMI serves as a crucial anthropometric parameter influencing
variances in chemotherapy response in a wide range of cancers. Distinct BMI categories,
showed correlation with patient’s treatment response and survival outcomes (Singh et al., 2011;
Usiskin et al., 2019). The combined effect of BMI and ABC gene polymorphism remained
unexplored, highlighting lacunae that need to be addressed. Exploring the association of
pharmacogenetic and anthropometric factors, independently and in a combined fashion, with
the differential treatment outcomes of non-metastatic BC patients receiving anthracycline-
taxane regimen is urgently required. Correlating the genetic impact of ABC gene
polymorphisms and BMI with treatment response and survival outcome in BC patients need to

be addressed. (refer to Table 2.5)
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2.14.3 Independent effect of CYP gene in treatment response

Cytochrome P450 (CYP) genes play a significant role in BC through their involvement in drug
metabolism and hormone biosynthesis (Shimada et al., 2009). The CYP gene family encodes
enzymes that metabolize a wide range of substrates, including chemotherapeutic agents and
endogenous hormones like estrogens, which were critical in the pathogenesis and progression
of BC. Polymorphisms in CYP genes, such as CYP2D6, CYP2C9, CYP2C19, and CYP3A4,
could lead to variations in enzyme activity, influencing the efficacy and toxicity of BC
treatments. Understanding the impact of CYP polymorphisms was crucial for personalized
medicine approaches, enabling the optimization of treatment regimens based on an individual's

genetic makeup and improving clinical outcomes for BC patients.

CYP polymorphisms significantly influence the metabolism and therapeutic outcomes of
cyclophosphamide, docetaxel, paclitaxel, etc. Cyclophosphamide, a prodrug that require a
bioactivation by CYP enzymes to form its active metabolites (Figure 2.8). These metabolites,
including 4-hydroxycyclophosphamide, mediate its cytotoxic effects. CYP polymorphisms
significantly influence the drug's activation and detoxification, affecting efficacy and toxicity
CYP2C19, CYP3A44, CYP2C9 also contributes to the hydroxylation of cyclophosphamide
(Seredina et al., 2012).

Docetaxel and paclitaxel were primarily metabolized by CYP344 and CYP3A45 into active
metabolites (van Eijk et al., 2019). Variations in these enzymes affect drug clearance, which
could influence therapeutic outcomes and the risk of side effects. Polymorphisms such as
CYP3A44 (in the promoter region) result in reduced enzyme expression and activity (Mulder et
al., 2021). Decreased CYP3A44 activity slows docetaxel clearance, leading to higher plasma
concentrations and an increased risk of toxicity, such as neutropenia and peripheral neuropathy
(Pratt et al., 2023). Patients with reduced CYP344 or CYP3A45 activity were at higher risk of
severe side effects due to slower drug clearance (Frederiks et al., 2015) (Figure 2.8).
Genotyping for CYP344 and CYP3A5 polymorphisms could be guided for dose adjustments to

balance efficacy and minimize toxicity (Sim et al., 2018; Yin et al., 2017).
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Figure 2.8 Variants of CYP gene involved in the metabolism of paclitaxel, docetaxel, and
cyclophosphamide

The metabolic pathways of key chemotherapeutic agents highlighting the role of CYP344, CYP3A5, CYP2CS, and
CYP1B1 in the metabolism of paclitaxel and docetaxel. Genetic polymorphisms in these enzymes influence drug
metabolism, affecting therapeutic efficacy and toxicity. Cyclophosphamide metabolism is mediated by CYP2B6,
CYP3A44, CYP345, CYP2C9, CYP2A46, CYP2CS, and CYP2C19, leading to the formation of active cytotoxic
metabolites (aldophosphamide) or toxic byproducts (chloroacetaldehyde). Variations in CYP gene activity impact
drug activation, detoxification, and patient response to chemotherapy.

The therapeutic efficacy of tamoxifen largely depends on its metabolic activation to form more
potent anti-estrogenic metabolites, primarily endoxifen and 4-hydroxytamoxifen. This
biotransformation was predominantly mediated by cytochrome P450 (CYP) enzymes (Figure
2.9). For instance, polymorphisms in CYP2D6 affect the metabolism of tamoxifen, a commonly
used hormone therapy in estrogen receptor-positive BC, by altering its conversion to active
metabolites, thereby impacting therapeutic outcomes (Mokhosoev et al., 2024). Variations in
CYPIAI and CYPIBI, involved in estrogen metabolism, could also affect BC risk by
modifying the balance of estrogen metabolites, some of which were carcinogenic (Chen et al.,
2007). Personalized treatment approaches based on genotyping could enhance clinical
outcomes for patients underwent tamoxifen therapy. Polymorphisms in the CYP2D6 gene lead
to alteration in enzyme activity levels, categorizing individuals into different metabolizer
phenotypes: poor, intermediate, extensive and ultra-rapid metabolizer. Reduced CYP2D6

activity correlates with lower endoxifen levels, potentially compromising tamoxifen's
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effectiveness in preventing cancer recurrence (Abraham et al., 2010). While decreased
metabolism may reduce certain side effects, it could also lead to sub-therapeutic efficacy.
Conversely, increased metabolism in ultra-rapid metabolizers might elevate the risk of adverse
effects due to higher active metabolite levels. These enzymes were involved in the formation
of primary tamoxifen metabolites, such as N-desmethyl tamoxifen and 4-hydroxy tamoxifen.
Polymorphisms in these genes could influence tamoxifen metabolism, albeit to a lesser extent
than CYP2D6 (Sidibe et al., 2024). These enzymes participate in tamoxifen's metabolic
pathways, and genetic variations might affect drug clearance and efficacy (Boucenna et al.,

2022).
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Figure 2.9 CYP genes involved in the metabolism of tamoxifen
Tamoxifen underwent sequential metabolism primarily through CYP2D6 and CYP3A4, converting it into its active
metabolites, 4-hydroxytamoxifen and endoxifen, which exhibit higher anti-estrogenic potency. Additional enzymes
such as CYP2C9, CYP2C19, and CYP2B6 contribute to the metabolism, influencing drug clearance and
therapeutic efficacy. Genetic polymorphisms in these CYP genes can lead to inter-individual variability in
tamoxifen metabolism, potentially affecting treatment outcomes in breast cancer patients.

2.14.4 Combine role of BMI and CYP metabolizer genes

Cytochrome P450 (CYP) polymorphisms and BMI play a combined crucial role in influencing
BC outcomes and treatment responses. CYP enzymes, particularly those in the CYP2D6 family,
were instrumental in metabolizing various chemotherapeutic drugs and hormonal therapy drugs
like tamoxifen (Zembutsu et al., 2017; Jin et al., 2005). Polymorphisms in these enzymes could

lead to variations in drug metabolism, affecting therapeutic efficacy and toxicity profiles.
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Concurrently, BMI, a marker of body fat composition, was linked to BC prognosis, with higher
BMI often associated with poorer outcomes due to factors like altered hormone levels and
inflammation (Zangouri et al., 2025). However, the impact of low BMI in nutritionally
challenged patients remains underexplored. The interplay between CYP polymorphisms and
BMI variation, further complicate treatment outcomes, as both obesity and low BMI may
influence drug metabolism, distribution, and clearance (Kong et al., 2025). Understanding the
combined effects of genetic and physiological factors was crucial for optimizing personalized

treatment strategies and improving clinical outcomes in BC patients. (Table 2.5)

Table 2.5 Influence of genotype-based classification of polymorphic genes and their

clinical response across different BMI classes of BC patients

Transporter gene (4BC) Metabolizer gene (CYP)

wt/wt wt/mt mt/mt wt/wt wt/mt mt/mt Q
BMI E %
i 2
| E
=
<
Low CRs/PRs PRs/NRs NRs CRs/PRs PRs/NRs NRs E
<
Normal CRs CRs/PRs NRs CRs CRs/PRs NRs %
(¢

High CRs/PRs PRs NRs CRs/PRs PRs NRs

Note: CRs complete responders; PRs partial responders; NRs non responders; wt wild type; mt mutant type; Null
variants (mutant type) are represented by black circles; decreased-function (heterozygous) variants by gray
circles; and fully functional variants (wild type) by white circles; the dash line indicates a whole-gene deletion.

2.15 Research lacunae and rationale of the study

This review of the literature reveals that, no previous study has examined the impact of
transporter and metabolizer gene polymorphisms on clinical response and quality of life (QoL)
in non-metastatic BC patients, specifically from the low BMI group receiving standard
chemotherapy. This study highlights opportunities to improve clinical efficacy, safety, and QoL
by exploring the pharmacogenetic associations of ABC and CYP genes in nutritionally
neglected non-metastatic BC patients, particularly from a rural, socio-economic Indian context.
The findings of this study is expected to aid in designing safer and more effective dosing
regimens, reducing drug toxicity, and enhancing therapeutic efficacy and QoL in BC patients.
It is anticipated that combining genetic evaluation with nutritional assessment would enable
the development of optimized management strategies for BC, minimizing severe adverse drug

reactions.
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AIM & OBJECTIVES

Aim and objectives of work

This study aims to investigate the pharmacogenetic influence of metabolizer and transporter
gene polymorphisms on the clinical outcomes of BC patients (clinical efficacy, toxicity, QoL,
overall survival, etc.) from varying hormonal receptor profiles, with a particular focus on the
low BMI.

The aim of the work had been achieved through the following objectives:
Objective 1: Assessment the immunohistochemical expression of estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth factor receptor-2 (HER2/neu) in BC

patients.

Objective 2: Evaluation of the effects of the single nucleotide polymorphisms in ABCBI,
ABCC2 genes and their allele frequencies in response to the transport of tamoxifen and

anthracycline-taxane chemotherapy (FEC/TAC/AC-T) in ER and PR positive BC patients.

Objective 3: Determination of association among CYP2D6, CYP2C19, CYP2CY9, CYP3A44
genes and their allele frequencies with respect to tamoxifen and anthracycline-taxane

chemotherapy (FEC/TAC/AC-T) metabolism in ER and PR positive BC patients.

Objective 4: Assessment the clinical efficacy and quality of life in ER and PR positive BC
patients in response to tamoxifen adjuvant therapy and anthracycline-taxane chemotherapy

(FEC/TAC/AC-T).

Objective 5: Evaluation of the impact of low BMI on treatment response, quality of life, and
genetic predisposition to altered drug transport, metabolism and therapy outcomes among BC

patients.

Objective 6: Analysis of data for prediction and clinical management of breast cancer.
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MATERIALS & METHODS
4.1 Study design

This non-randomized, prospective study evaluated the pharmacogenetic impact of metabolizer
and transporter gene polymorphisms on the clinical efficacy of anthracycline-taxane based
chemotherapy and tamoxifen adjuvant therapy in BC patients from different hormonal receptor
profiles, with a particular focus on the low BMI group. This single-centered study included 148
(93% power) histopathologically confirmed breast carcinoma patients (AJCC stages I-III),
treated at the surgical outpatient department of CNCI, tertiary cancer hospital in Eastern India.
Surgical procedures, chemotherapy, and radiation therapy were took place at the Departments
of Surgical, Medical, and Radiation Oncology respectively. Subsequent follow-up and data
analysis occurred at the Department of Pathology and Cancer Screening. The study dataset
comprised of socio-demographics (Annexure-III), clinico-pathological, gynecological and
anthropometric parameters along with chemo-induced toxicity, QoL, survival outcome and

pharmacogenetic analysis of ABC and CYP polymorphisms (Figure 4.1).
4.2 Ethics & informed consent

This study adhered to the guidelines outlined in the Declaration of Helsinki and obtained
approval from the Institutional Ethical Committee [CNCI-IEC-DL-2020-6] (Annexure-I).
Prior to participation, all patients provided written informed consent in their preferred
language. For the illiterate patients, the study details were explained to them in their local
language, either Bengali or Hindi, to ensure their understanding before consenting.
Subsequently, a thumb impression was taken in the presence of a witness, a guardian, and the

responsible physician (Annexure-II).
4.3 Patients eligibility

4.3.1 Inclusion criteria
The breast cancer patients were selected based on the following inclusion criteria:

1. Female patients aged 18—80 years.

2. Histopathologically proven newly diagnosed breast cancer.
3. Chemotherapy and hormone therapy naive.
4

. Must not have received prior radiotherapy.
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5. Satisfactory bone marrow function, hepatic function, neurological function, kidney and
cardiac function.
6. Normal platelet count (>100,000/uL) along with blood coagulation parameters.

7. Not taking medicines likely to alter enzymes concerned.

Breast cancer patients

Inclusion Criteria el st Il et Exclusion Criteria
v AJCC Stage I-III v Metastatic disease
vFemale with Age v'Recurrence cases
(18-80) years v'Active infection
v Non-metastatic vH/O any severe
comorbidities etc.
Initially operable Initially inoperable
v 2
Early Breast Locally Advanced
Cancer Breast Cancer
lAdj‘“’mt T Chemotherapy Neo-adjuvant CT
Surgery (MBM/BCT) = 1. Concomitant Anthracycline- N + Hormone Therapy
Adpuvant radiation therapy T Taxane (TAC) B (Tamoxifen 20mg/day)
OR, 2*¢fine chemotherapy =+ 2. Sequential Anthracycline-Taxane |~ |
Adjuvant radiation (AC-T)
3. Only Anthracycline (FEC)
Y A 4 l l ¥y
Demographic and Collection of Follow up at Chemo- Anthropometric
clinico-pathological tissue and baseline, after 3%, [— induced Parameters Evaluated
data collection blood samples 62 and 12 month toxicity noted (BMI, MUAC, SFT)
l l Y '
[HC analysis Genotyping Analysis Radiological 1. Toxicity Ewvaluation 1. Low BMI Survival data
ER. PR, of ABC & CTP genes | |imaging PET-CT| | asper CTCAE v4 2. Normal BMI collection
Her2/neu by PCR-RFLP scan/ MRI/ 2. Blood profiling 3. Overweight-obese
Method Bilateral USG
R ‘ \‘ QoL Analysis
eSponse by FACT-B & FACIT-
evaluation as Sp-12 questionnaires
per RECIST v1 p- 9
| Statistical
Analysis

Figure 4.1 Schematic representation of study design

4.3.2 Exclusion criteria

1. Male BC patients.

2. Patients who had previously received a diagnosis of BC (recurrence cases), underwent
radiotherapy and chemotherapy, or undergone total mastectomy.

3. Infections like tuberculosis (TB), human immune-deficiency virus (HIV), or any other
autoimmune diseases and non-resolving active bacterial infections requiring parenteral
antibiotic treatment.

4. Drug hypersensitivity and uncontrolled diabetes, cardiac failure, myocardial infarction

in recent past, psychiatric illness and any other conditions.
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5. In addition, patients having WBC count<2500 mm?, neutrophil count <1500 mm? or

3 were also excluded.

platelet count <100 x 10> mm
6. Patients with a history of deep vein thrombosis (blood clots in veins) or pulmonary
embolism, elevated triglyceride levels, cataracts, stroke, clinically significant
proteinuria, were also excluded from the study.
7. Pregnant or breast- feeding women and women who were at risk of becoming pregnant

during the study period were not included.
4.4 Anthropometric measurements

Before chemotherapy administration, patients’ height, weight, and BMI were recorded
according to WHO standards: underweight/low BMI (<18.5 kg/m?), normal BMI (18.5 kg/m?
to 22.9 kg/m?), or overweight to obese (=23 kg/m?) (“Global Strategy on Diet, Physical Activity
and Health - 2004,” n.d.). Nutritional status was assessed through non-invasive methods,
measuring mid upper arm circumference (MUAC) and skinfold thickness (SFT). MUAC,
measured between the shoulder's tip and elbow midpoint (Jung et al., 2022), categorized
patients into upper (>26.5 cm), mid (23.5-26.5 cm) and lower (<23.5 cm) groups. SFT involved
skin folds, excluding muscle or fascia measured by clinician. This process repeated at least
twice to address experimenter bias, with the final score based on the average of repetitions

(Wells and Fewtrell, 2006).
4.5 Treatment procedure

4.5.1 Surgical approach and chemotherapy selection

Initially, operable patients underwent directly into adjuvant chemotherapy, with consideration
for either breast conserving therapy (BCT) or modified radical mastectomy (MRM). In
contrast, initially inoperable patients received neo-adjuvant chemotherapy. These patients were
advised one of three chemotherapeutic regimens administered tri-weekly for six cycles: 1. FEC
regimen (5-fluorouracil 500 mg/m? i.v. on day 1, epirubicin 60 mg/m? i.v. on day 1, and
cyclophosphamide 500mg/m? i.v. on day 1 (Coombes et al., 1996); 2. Concomitant TAC
regimen (Docetaxel 75mg/m* i.v. on day 1, Doxorubicin 50mg/m? i.v. on day 1, and
Cyclophosphamide 500mg/m? i.v. on day 1 (Martin et al., 2006); 3. Sequential AC followed by
Taxane regimen (Doxorubicin 50mg/m? i.v. on day 1, Cyclophosphamide 500mg/m?i.v. on day
1 for four cycles followed by Paclitaxel 175 mg/m? by IV infusion on day 1 every 21 days for

4 cycles) (Mamounas et al., 2005). The selection of the chemotherapy regimen was based on

28



Chapter 4 Materials & Methods

institutional guidelines and clinician discretion. Pre-medication was advised to mitigate

potential adverse events of chemotherapy, following the physician's recommendations.
4.5.2 Radiation therapy

Radiotherapy was tailored to patients based on tumor size and condition, typically administered
at a standard dose of 50 Gray (Gy) in 25 daily fractions over 5 per weeks. The dose could be
adjusted, allowing extended fractionation, such as 45 Gy in 25 daily fractions with additional
10 Gy boost doses in 5 fractions, or 50.4 Gy in 28 daily fractions (Provincial Health Services
Authority, 2022). Post-mastectomy patients received radiation therapy if they met criteria like
tumor size >5cm, any positive lymph nodes, or centrally located tumors with high-risk features.
Adjuvant radiation therapy was standard for mastectomy patients with inadequate lymph node

dissection and those underwent Breast Conserving Therapy (BCT).
4.5.3 Hormonal therapy

Pre-menopausal women were prescribed 20mg/day of tamoxifen for a duration of 5 years,
followed by an additional 5 years of hormone therapy tailored to their menopausal status, as
indicated by the ATLAS trial data (Davies et al., 2013). In the case of post-menopausal women,
the approach involved switch therapy, comprised 2 years of tamoxifen followed by an
Aromatase Inhibitor, as determined by the clinician's preference (Annexure-V). Patients with

Her2-positive status received trastuzumab as part of their treatment plan.
4.6 Clinical response evaluation and categorization

Tumor burden, disease recurrence, and progression were assessed at baseline, after the 3™ and
6" cycles of chemotherapy using a combination of radiological techniques (whole-body CT
scan, thorax imaging, breast MRI) and physical examinations following primary treatment
completion, as per the protocol. In addition to CT scans, bilateral breast and axilla
ultrasonography, bilateral diagnostic mammography, and thorax-abdomen CECT scans were
performed when indicated. FDG-PET scans were reserved for patients with a high likelihood
of micro-metastasis (Cardoso et al., 2020). Radiological and clinical examination were done to
detect recurrence in adjuvant chemotherapy. The response to neo-adjuvant chemotherapy was
categorized as complete responders (CRs), partial responders (PRs), and non-responders (NRs)
based on RECIST (Response Evaluation Criteria in Solid Tumors) criteria version 1

(Eisenhauer et al., 2009).
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e Complete Response (CR): Disappearance of all target lesions. Any pathological
lymph nodes (whether target or non-target) must have reduction in short axis to <10mm.

e Partial Response (PR): At least a 30% decrease in the sum of diameters of target
lesions, taking as reference the baseline sum diameters.

e Progressive Disease (PD): At least a 20% increase in the sum of diameters of target
lesions, taking as reference the smallest sum on study

e Stable Disease (SDi): Neither sufficient shrinkage to qualify for partial response nor
sufficient increase to qualify for PD, taking as reference the smallest sum diameters

while on study.

BC patients who exhibited either a complete or partial response were collectively categorized
under the Objective/Overall Response Rate (ORR) group. In contrast, patients with stable
disease, progressive disease, those receiving palliative care, and non-evaluable patients were

grouped together as non-responders (NRs).
4.7 Toxicity and symptom burden assessment

Toxicities linked with each chemotherapy regimen were evaluated utilizing standardized
toxicity grading systems, specifically the National Cancer Institute (NCI) Common

Terminology Criteria for Adverse Events (CTCAE v4) (Dueck et al., 2015).

The Edmonton Symptom Assessment System (ESAS) was used to evaluate symptom burden
in BC patients. Participants rated on the severity of ten common symptoms, including pain,
fatigue, nausea, anxiety, etc. on a numeric scale from 0 (none) to 10 (worst possible). The total

symptom distress score was calculated to assess overall burden (Bruera et al., 1991).
4.8 Quality of Life assessments

Patients underwent individual assessments at four crucial time points: baseline (before
chemotherapy), during the 3™ and 6 month of chemotherapy, and post-chemotherapy at the
12" month. Functional Assessment of Cancer Therapy - Breast (FACT-B) questionnaire
tailored for BC patients to measure their QoL and Spiritual well-being was evaluated using the
Functional Assessment of Chronic Illness Therapy - Spiritual Well-Being 12 (FACIT-Sp-12)
questionnaire (Brady et al., 1997). The questionnaire encompassed 49 questions across six
domains: spiritual, emotional, social, functional, physical well-being, and a specific set of

questions designed for BC patients under the 'additional concern' domain (4nnexure-IV).
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4.9 Clinical endpoint

* Progression-Free Survival (PFS): It was defined as the time from randomization until
first evidence of disease progression or death (Lebwohl et al., 2009).

* Overall Survival (OS): It was measured from the date of randomization/diagnosis till
death (Lebwohl et al., 2009).

* Disease-Free Survival (DFS): It was defined as the time from randomization until

evidence of disease recurrence (Kilickap et al., 2018).

Patients lost to follow-up, including those who did not returned for the last 6 months and
unreachable by phone, were considered events in survival analysis. All patients were tracked

for four years to determine OS.
e Hazard Risk evaluation

The hazard ratio was measured using the survival analysis to compare the rate of an event
occurred between two groups over time. Hazard ratio (HR) reports the difference: HR < 1
indicates a lower risk, while HR > 1 indicates a higher risk of the event compared to the control
group. A hazard ratio (HR) of 1 means there was no difference in risk between the two groups

being compared—the event occurs at the same rate in both groups.
4.10 Collections of blood and tissue samples

For genetic analysis, 5 ml venous blood samples were collected, from each recruited patients
in EDTA-coated vials to isolate genomic DNA from peripheral leukocytes. To minimize
discomfort, blood samples were collected either during pre-operative preparation or during
routine biochemical tests. Post-surgery, breast tumor samples (500mg-1g) were collected in 1X
PBS (phosphate buffered saline) and 10% NBF (neutral buffered formalin) for
histopathological analysis. Trained medical practitioners supervised the sample collection
(Figure 4.2).

Figure 4.2 Breast tumor during different times of surgical interventions
a. Breast tumor before surgery; b. Surgically resected Modified Radical Mastectomy (MRM) specimen; c.
Vacant chest-wall after removal of breast tumor
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4.11 Histopathological analysis

Breast carcinoma tissues were fixed in 10% formalin and then was dehydrated in graded
alcohol, acetone and xylene followed by paraffin embedding. After the paraftin blocks were
prepared 5 pm thin sections were cut in the microtome and pasted on poly-L-Lysine coated
slides. For histopathological analysis the slides were deparaffinized, rehydrated and then
stained with hematoxylin (5mins) and eosin (2mins). The color was developed under running
tap water. The slides were then cleared with alcohol, xylene and mounted with DPX (Fischer

et al., 2008).
4.12 Immunohistochemistry (IHC)

Formalin fixed tissues were used in preparation of paraffin block. FFPE (Formalin Fixed
Paraffin Embedded) tissue sections were used for immunohistochemical staining for ER, PR
and HER2/neu protein. Their expression was performed with commercially available IHC
Select- HRP/DAB Kit Millipore protocol. Deparaffinization was done by 4 Xylene changes,
graded alcohol (100% to 30%) and then distilled water. Then the slides were heated in 0.01M
citrate buffer, pH 6.0 in microwave oven for 10 minutes to retrieve antigen, followed by
endogenous peroxidase blocking with 3% hydrogen peroxidase in water for 10 minutes. Non-
specific binding was inhibited by applying blocking reagent provided in the kit for 5 mins and
slides were not completely washed down. Monoclonal antibodies against ER (1:100), PR
(1:100) and HER2/neu (1:150) was applied and kept at 4°C overnight in a humid chamber. The
next step was to apply secondary antibody followed by Streptavidin HRP (Horseradish
Peroxidase) sequentially and incubation for 10 minutes in each step. Then the chromogen DAB
(3,3’- Diaminobenzidine) was freshly prepared in a solution for application to the sections (10
mins in dark) and then counterstained with Meyer’s haematoxylin for 1 min. The slides were
then dehydrated with graded alcohol and xylene and mounted with DPX (McGrogan et al.,
2014; Stahl et al., 2017). Analysis of immunostaining was performed using a Zeiss microscope
and scored according to the system. The presence of nuclear or cytoplasmic
immunolocalization for each antibody, i.e., for ER, PR and HER2/neu was scored as: 3+,
strong. 2+, moderate; 1+, weak; For Her2/neu with a 2+ score considered as equivocal results
underwent the FISH test and a 1+ score, considered as negative Her2/neu status (Rhodes et al.,

2000).
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4.13 Molecular evaluation

4.13.1 Quantification of genomic DNA

The genomic DNA was isolated from collected blood samples using the phenol-chloroform
extraction method (Sambrook et al., 2012). The samples were loaded on a 1 % agarose gel. A
DNA digested with HindlIll used as a marker. DNA quantification was done to check the
concentration of extracted genomic DNA. The size and quantity of DNA fragments was

estimated by it.
4.13.2 Selection of transporter and metabolizing genes

PharmGKB, a NIH-funded resource accessible at https://www.pharmgkb.org/, is dedicated to
exploring the impact of human genetic variation on medication response. It collects, curates,
and shares information on clinically relevant gene-drug associations and genotype-phenotype
relationships. This included flagged SNPs like rs1128503, 152032582, rs1045642 in ABCBI;
15145008610 ABCC2; rs1799853, rs4917639 in CYP2CY; 1s4244285 in CYP2C19; rs2740574
in CYP344 and rs3892097, rs1065852 in CYP2D6 gene were sourced from the National Center
for Biotechnology Information (NCBI) SNP database (dbSNP) (Chang et al., 2009; Abdul Aziz
et al., 2018; Gutierrez-Rubio et al., 2015; Shimada et al., 2009; Chen et al., 2007; Mokhosoev
et al., 2024) (Figure 4.3).

Non-Metastatic BC patients Selection of SNPs on
(n=148) ABC & CYP gene:
PharmGKb. dbSNP
Clinical History:
AJCC stage I-I11 l l l
|crpsas || aBcBl | | crpaco || cypacis |[aBec2| [ cvpaps
DD AW DD
| Chemotherapy |—>| Blood samples | Chromosome 7q21/22 Chromosome 10q23/24 Chromosome 22q13
BML e IE NNNNE NN NN NEEUEEESIUNIN NN BN NN NEESNEUENS EEEE EEEESE
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by RECISTv.1 - A
1.Low(<18.5) || (CRs PRs,NRs) || Gcmotyping 4BC | 1] L] | |
2. High (>18.5) & CYP SNPs: Chromosome Coordinates

PCR-RFLP
\ Statistical /
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Figure 4.3 Selection of flagged SNPs in transporter and metabolizing genes
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4.13.3 PCR amplification

A reaction mixture of 25ul was prepared using the specified reagents and their respective
working concentrations. Polymerase Chain Reaction (PCR) reactions (25 pl) utilized 50-500
ng of DNA, including 2.5 pl of PCR reaction buffer, 1 pl of 2.5mM dNTPs, 10 pmol of
respective primers, and 0.3 U/ul of Taq polymerase (APS Lab, Pvt. Limited) (Table 4.1). The
amplification process occurred in a BIO-RAD C1000 Touch Thermal Cycler. GAPDH, being
a constitutive gene, was crucial for ensuring the optimization and suitability of the obtained

DNA for subsequent applications.

Table 4.1 Reagents required for PCR amplification

Reagents Working Concentration Total 25 pl reaction

dNTP mix 25mM 1.0 ul

Taq Buffer 1X 2.5 u
Forward primer 0.2 uM 0.25 ul
Reverse Primer 0.2 uM 0.25 ul
Taq polymerase 3 units /pl 0.25 ul
Distilled Water - 20.75 wl
Template DNA (50-500ng/ul) 1.0l

A negative control was established by including all the reagents in the PCR setup except for

the template DNA. The thermal profile for the PCR was configured as per the specifications

outlined in Table 4.2.

Table 4.2 Different steps of thermal cycler reaction

Steps Temperature Time
1.Initial denaturation 94°C 11 minutes
2.Denaturation 94°C 30 seconds
3.Annealing 50°-60°C 45 seconds
4 Extension 72°C 30 seconds
5.Final Extension 72°C 1 minutes

Steps 2 to 4 were repeated for 34 cycles. The PCR products were stored at 4°C for further use.
4.13.4 Genotyping of Transporter and Metabolizing genes

Genotyping of transporter genes (ABCBI and ABCC2) and metabolizing genes (CYP3A44,
CYP2C9, CYP2C19 and CYP2D6) was carried out through PCR coupled Restriction Fragment
Length Polymorphism (RFLP). This involved using specific forward and reverse primer

34



Chapter 4

Materials & Methods

sequences, relevant enzymes, and band patterns (Table 4.3). The genomic alterations analysis

(polymorphism) of the amplified products were custom-digested by restriction enzymes

selected from the NEBcutter tool (“NEBcutter 3.0,” n.d.), then electrophoresed on a 12%
Native Polyacrylamide Gel Electrophoresis (PAGE) and analyzed with a 50bp DNA ladder for

precise characterization and visualized under Chemi-doc. Identification and classification of

ABCBI, ABCC2, CYP2C9, CYP2C19, CYP3A44 and CYP2D6 genotypes were based on the

observed DNA fragments. Various cutting patterns post-digestion were outlined in Table 4.4.

Table 4.3 The transporter and metabolizer genes with their primer sequences, annealing

temperature and amplicon size

Sl Genes/ ) Annealing | Amplicon
] Primer Sequence .
No.| Accession No. Temperature | size (bp)
1. | ABCB1 Forward 5>’TGTGTCTGTGAATTGCCTTGA3’
55°C/45sec 181
(rs1128503) Reverse 5’CATCTCACCATCCCCTCTGT?3’
2. | ABCB1 Forward 5>’TGTTTTCAGCTGCTTGATGG3’
56°C/45sec 194
(rs1045642) Reverse 5’GCATGTATGTTGGCCTCCTT3’
3. | ABCB1 Forward 5>’ TGTTGTCTGGACAAGCACTGA3’
56°C/45sec 239
(rs2032582) Reverse 5’"GTCCAAGAACTGGCTTTGCT?3’
4. | ABCC2 Forward 5>CCGTATCAGGTTTGCCAGTT3’
54°C/45sec 191
(rs145008610) | Reverse 5’CCTCCCACCGCTAATATCCA3’
5. | CYP2C9 Forward S’ AATTTTGGGATGGGGAAGAG3’
55°C/45sec 213
(rs1799853) Reverse 5’CCGCTTCACATGAGCTAACA3Z’
6. | CYP2C9 Forward 5>’TGGGCACTTGGATTACTTTCA3’
53°C/45sec 199
(rs4917639) Reverse 5’TCACAGGGTCAGGAGTTTGA3’
7. | CYP2C19 Forward 5’ CAACCAGAGCTTGGCATATTG3’
54.5°C/45sec 210
(rs4244285) Reverse 5>TAAAGTCCCGAGGGTTGTTG3’
8. | CYP3A4 Forward 5°CTGGGTTTGGAAGGATGTGT3’
55°C/45sec 223
(rs2740574) Reverse 5’ TGTTACTGGGGAGTCCAAGG3’
9. | CYP2D6 Forward 5’ AAGAAGTCGCTGGAGCAGTG3’
54°C/45sec 188
(rs3892097) Reverse 5’CACGGCTTTGTCCAAGAGA3’
10. | CYP2D6 Forward 5>’TATGGGGCTAGAAGCACTGG3’
56°C/45sec 320
(rs1065852) Reverse 5’ACCTGGTCGAAGCAGTATGG3’
11. Forward 5°GACAGTCAGCCGCATCTTCT3’
GAPDH 56°C/45sec 196

Reverse 5’"GCGCCCAATACGACCAAATCY
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Table 4.4 Table shows different genes with their respective restriction enzymes along with

band patterns

SI. No.

Genes/ Accession No.

Restriction Enzymes

Expected patterns to be
observed after enzyme
digestion

ABCB1 (rs1128503)

Hpy188l

CC-181
CT-181, 120, 61

TT-120, 61

ABCBL (rs1045642)

Hpy188llI

CC-194
CT- 194, 162, 32

TT-162, 32

ABCBL1 (rs2032582)

BseYI

GG-239
GT/GA- 239, 194, 45

TT/AA/AT- 194, 45

ABCC2 (rs145008610)

Hpy188I

CC-191
CA-191, 139, 52
AA- 139, 52

CYP2C9 (rs1799853)

HpyCH4Il1

CC- 213;
CT-213,179, 34
TT-179, 34

CYP2C9 (rs4917639)

Hpy166lI

AA-199
AC-199, 154, 45
CC- 154, 45

CYP2C19 (rs4244285)

BstNI

GG- 210
GA- 210, 155, 55
AA- 155, 55

CYP3A4 (rs2740574)

Msel

AA-223
AG-223, 159, 64
GG-159, 64

CYP2D6 (rs1065852)

Smal

CC-188
CT-188, 133, 59
TT-133, 59

10.

CYP2D6 (rs3892097)

BstNI

GG- 302
GA-302, 160, 160
AA- 160, 160

4.14 Statistical Analysis

Descriptive statistics were utilized to assess the frequency, percentage, mean values, standard

deviations (SD), and standard error (SE) for patients' socio-demographic, clinico-pathological,

and gynecological characteristics, along with symptoms and chemotherapy-induced toxicities.

Cross-tabulations using the chi-square (y?) test examined the associations between clinico-

pathological characteristics across different BMI classes and the immunohistochemical (IHC)

expression of ER, PR, and HER2/neu. IHC scoring was validated through three independent

iterations for accuracy. A heat-map was generated based on the frequency distribution of
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clinico-pathological characteristics and their corresponding %* values. Differential treatment
responses within and between BMI groups were analyzed using the ¥? test, while proportion
comparisons were conducted using the Standard Normal Deviate (Z) test. Mean differences
between groups were assessed using an unpaired t-test. The ESAS was analyzed using both y?
tests and descriptive statistics (mean+SD). A two-way multivariate analysis of variance
(MANOVA) was performed to evaluate the effects of clinical response, chemotherapy mode,
and BMI group on QoL domains, considering time as a repeated measure and QoL domains vs.
groups as a fixed factor. Greenhouse-Geisser and Wilk’s Lambda significance values (p<0.05)

were used, with results reported as mean+SD.

Genotype frequency distribution among patients was analyzed using descriptive statistics,
while allele frequencies were determined using the Hardy-Weinberg equilibrium. Associations
between genetic models of transporter and metabolizer genotypes and chemotherapy response
groups—stratified by BMI classes—were evaluated by calculating Odds Ratios (OR) and 95%
Confidence Intervals (CI).

Kaplan-Meier survival analysis (log-rank test) was performed over a 48-month follow-up to
assess the impact of BMI classes, chemotherapy regimens, and genotype groups on survival
outcomes. Additionally, Cox regression analysis was conducted to estimate HR for death risk
factors, considering patient baseline characteristics and genotypes as potential confounders. All
statistical analyses were performed using IBM SPSS Statistics (Version 26.0; IBM
Corporation, Armonk, NY, USA) and GraphPad Prism (Version 5.0; GraphPad Software, Inc.,

now part of Dotmatics, California, USA) with p<0.05 considered statistically significant.
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5.1.1 Socio-demographic details of the patients

A total of 148 patients were enrolled in this prospective study. The predominant age group

among the participants was 41-60 years (60.81%), with the mean age recorded at (49.68 +

11.42) years. A notable portion of the participants (68.9%) did not have formal education, and

the majority originated from rural setup (70.9%) dispersed throughout diverse regions of the

state. Even though, majority of the patients impoverished low socio-economic status (Rs.2000-

5000/-; 67.58%) but most of the patients did not have any family history of cancer (85.81%).

The anthropometric parameters revealed that the mean body weight was (53.945+10.90) kg,
and the MUAC was (22.762+1.92) cm. Majority of patients had low BMI (53.38%), while

others had normal (38.51%) and only a few were classified as overweight or obese (8.11%).
Notably, individuals with a low BMI also exhibited low MUAC (<23.5 cm; 52.7%) and poor
SFT (11.45+6.4; 54.4%) (Table 5.1).

Table 5.1 Socio-demographic distribution of BC patients

Characteristics (n=148) Frequency (%)

Age 20-40 35 (23.64)

(Years) 41-60 90 (60.81)

61-80 23 (15.55)

Education _ Illiterate 102 (68.9)
Primary/Secondary School 46(31.1)

Housewife/ Unemployed 134(90.54)

. Self- employed/ Business/

Occupation Professional/Desk job 6(4.05)
Others 8(5.41)

<2000 24(16.21)

Monthly income of family Rs2000< Rs >5000/- 100(67.58)

(INR) Rs5000< Rs >10000/- 20(13.51)

>Rs10000/- 4(2.7)

Hindu 93(62.83)

Religion Muslim 53(35.82)
Others 2(1.35)

Setup Rural 105(70.9)
Urban 43(29.1)

Unmarried 4(2.7)

Marital Status Married 116(78.4)
Widowed 28(18.9)

. . No family history of cancer 127(85.81)

Family History of Cancer ™ 5qe 66 relat)i/ves Wi?t: cancer history 21(14.18)
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BMI Class Low BMI (<18.5) 79(53.38)
(kg/m?) Normal BMI (18.5-22.9) 57 (38.51)
Overweight to Obese class (>23) 12 (8.11)
Lower MUAC group (<23.5) 78 (52.70)
MUAC (cm) Mid MUAC group (23.5-26.5) 59 (39.86)
Upper MUAC group (>26.5) 11 (7.43)

n= Number of Patients; Bold lettering denotes highest percentage; BMI-Body Mass Index; MUAC- Mid Upper
Arm Circumference; INR-Indian Rupees.

5.1.2 Clinico-pathological and gynaecological aspects of BC patients

During the time of diagnosis, the most common initial symptoms reported by patients were a
palpable lump (98%), redness (50%), mastalgia (50%) and itching (48%), etc. (Figure 5.1).
The majority of diagnosed patients were at AJCC stage II (54.05%) with grade II tumors
(83.79%), primarily falling within the tumor size range between >2cm to <S5cm (50%; T2). A
high proportion had at least one positive lymph node metastasis (71.6%; N1), contributing to
an overall positive lymph node status (81.8%). The affected breast site distribution was
relatively equal. Infiltrating ductal carcinoma (IDC) was the most common histological subtype
(94.6%). Most patients had an ECOG score of 1 (82.8%), underwent modified radical
mastectomy (MRM, 88.51%), and received one of the following anthracycline-taxane based
chemotherapies (FEC/TAC/AC-T). Majority patients received adjuvant chemotherapy
(72.98%), whereas few underwent neo-adjuvant chemotherapy (27.02%). Treatment response
of the patients revealed a majority of the cohort was non-responders to the therapy (49.33%).
However, the gynaecological history of the patients showed high prevalence of early menarche
(<12 years; 72.7%) and menopause (<45 years; 36.4%). Additionally, the majority were post-
menopausal (56.75%) and had a well breast feeding history (66.89%) (Table 5.2).
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145
150
2]
5 120 -
S 90 M7 71
G
5 60
E 14 12
5 30 75 4 3
1
E R A A P T
& 5 & & @ & & &
%&@ A W &\Q% N QOO a&% ® @@6 <
¥ & & &
< < <
Clinical Symptoms

Figure 5.1 Frequency distribution of baseline symptoms
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Table 5.2 Clinico-pathological and gynaecological characteristics of BC patients

Characteristics(n=148) Frequency (%)
Stage | 20(13.51)
AJCC Stage Stage Il 80(54.05)
Stage 111 48(32.43)
Grade | 9(6.08)
Grade Grade Il 124(83.79)
Grade |11 15(10.13)
T1 (2cm) 2(1.4)
T2(>2cm to <S5cm) 74(50.0)
Size of tumor mass T3 (_T_icm) 31(209)
(pre-treatment) (Direct extension to the chest 34(23.0)
wall or skin)
TX 7(4.7)
NO 24(16.2)
Regional Lymph node N1 106(71.6)
metastasis N2 10(6.8)
N3 8(5.4)
Positive 121(81.8
Lymph Node Status Negative >7 ((18.2))
. Left 71(47.97)
Breast Site Right 77(52.03)
Tumor Histology IIEL)((:: 1480((59256)
Asymptomatic: Fully active
(Score 0) 20(13.52)
. Symptomatic: Restricted in
ECOG score at the time of physically strenuous activity 122(82.8)
d
study entry (Score 1)
Symptomatic: 50% IB bed
during the day (Score 2) 6(5.08)
Surgery + Radiotherapy + 21(14.18)
Chemotherapy
Chemotherapy 3(2.02)
. Chemotherapy + Surgery 54(36.49)
Treatment Modality Surgery + Chemotherapy 66(44.6)
Surgery + Chemotherapy +
Radiotherapy + Hormone 4(2.71)
therapy
BCS 2(1.35)
MRM 131(88.51)
Surgery Toilet Mastectomy 9(6.09)
Palliative Mastectomy 4(2.7)
No surgery 2(1.35)
FEC 33(22.30)
. TAC 50(33.78)
Treatment Regimen AC followed by Paclitaxel 65(43.92)
(AC-T)
. Yes 12(9.11)
Tamoxifen No 136(90.89)
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Therapy Adjuvant Chemotherapy 108(72.98)
Neo-adjuvant Chemotherapy 40(27.02)
Complete Responders 57(38.51)
Clinical Response* Partial Responders 18(12.16)
Non-responders 73(49.33)
Gynaecological History
Never had menses 3(2.5)
Age at menarche —
(Years) <=12 88(72.7)
>12 33(24)
Age at menopause <45 44(36.4)
(Years) >45 26(21.5)
Not attained 51(42.1)
Pre-menopausal 64(43.24)
Menopausal status Post-menopausal 84(56.75)
Well 99 (66.89)
Moderate 8 (5.40)
Breast Feeding History Poor 8 (5.40)
Never 6 (4.05)
Unknown 27 (18.24)
n= Number of Patients; Bold lettering denotes highest percentage; AJCC-American Joint Committee on
Cancer; IDC- Infiltrating Ductal Carcinoma; ILC- Infiltrating Lobular Carcinoma; ECOG-Eastern
Cooperative Oncology Group; BCS-Breast Conserving Surgery; MRM-Modified Radical Mastectomy; FEC-
5fluorouracil + Epirubicin + Cyclophosphamide; TAC- Docetaxel + Doxorubicin + Cyclophosphamide; AC-
T- Doxorubicin + Cyclophosphamide + Paclitaxel.

5.1.3 Stratification of clinico-pathological characteristics across BMI categories

A cohort of non-metastatic BC (n=148) were stratified by BMI classes. The low BMI (<18.5)
group exhibited the highest patients in the age range 41-60 (51.1%) and AJCC Stage II (54.3%)
with Grade II tumors (51.61%) were most prevalent, and IDC (52.1%) was the most frequent
histological subtype and mostly underwent MRM (52.67%). Similarly, in the normal BMI
group (18.5-22.9), the 41-60 age group remained predominant (45.55%), with AJCC Stage II
(39.5%) and Grade II tumors (41.1%) also being the most common, and IDC (40%) was again
the most prevalent histological subtype, underwent MRM (40.45%). However, no significant
association was observed between the BMI groups in terms of these clinico-pathological

parameters.

Based on treatment responses, patients in the low BMI group had the highest proportion of
NRs (83.56%), whereas the normal BMI group contained the majority of CRs (75.43%)
(p<0.0001). Correspondingly, the lower MUAC (<23.5 cm) group was predominant (83.33%)
in the low BMI category, while in the normal BMI, the mid MUAC (23.5-26.5) cm class was
the most prevalent (74.57%), and the MUAC groups also varied significantly across BMI
categories (p<0.0001) (Table 5.3).
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Table 5.3 Stratification of clinico-pathological characteristics among different BMI
classes

BMI Class (kg/m?)
Frequency (%)
Characteristics (n=148) Low (<18.5) Normal Overweight/
(n=79) (18.5-22.9) Obese (=23) |p-value*
(n=57) (n=12)
20-40 21 (60) 10 (28.6) 4(11.4)
Age (Years) 41-60 46 (51.1) 36 (45.55) 8 (3.33) 0.372
61-80 12 (52.17) 11 (39.13) -
Stage | 9 (45) 10 (50) 1(5)
AJCC Stage Stage 11 44 (54.3) 32 (39.5) 5(6.2) 0.491
Stage 111 26 (55.3) 15 (31.9) 6 (12.5)
1 7(77.8) 1(11.1) 1(11.1)
Grade 11 64 (51.61) 51 (41.1) 9(7.3) 0.424
111 8 (53.3) 5(33.3) 2(13.3)
Tumor IDC 73 (52.1) 56 (40) 11 (7.9) 0.297
histology ILC 6 (75) 1(12.5) 1(12.5) '
BCS 2 (100) - -
MRM 69 (52.67) 53 (40.45) 9(.87)
Surgery Toilet Mastectomy 5(55.56) 3(37.5) 1(12.5) -
Palliative Mastectomy 1(25) 2 (50) 1(25)
No surgery 2 (100) - -
FEC 18 (54.54) 12 (36.36) 3 (9.09)
Chemotherapy TAC 26 (52) 20 (40) 4 (8) 0.997
AC-T 35 (53.85) 25 (38.46) 5(7.69)
Treatment Comp.lete Responders| 10 (17.54) 43 (75.43) 4(7.01)
Response Partial Responders 8 (44.44) 4 (22.22) 6 (33.33) <0.00001
Non-Responders 61 (83.56) 10 (13.69) 2(2.73)
Lower group (<23.5) | 65 (83.33) 10 (12.82) 3(3.85)
MUAC (cm) |Mid group (23.5-26.5)| 9 (15.25) 44 (74.57) 6 (10.16) <0.0001
Upper group (>26.5) 5 (45.45) 3(27.27) 3(27.27)
n= Number of Patients Bold lettering denotes p value < 0.05 and highest percentage; *Pearson Chi-square.

5.1.4 Treatment response distribution across BMI groups

After identifying a significant correlation between treatment responses and BMI categories,
further analysis was conducted to understand the individual effects within each BMI class.
Interestingly, the chemotherapy responses (CRs, PRs, and NRs) exhibited a highly significant
difference (y>= 75.39; Z-score= 6.17) within the low BMI (p=4.259¢"'%) and the normal BMI
group (p=2.2¢"1%). However, in the obese category, the difference was not statistically

significant (p=0.716) (Figure 5.2).
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Figure 5.2 Comparison of treatment responses in non-metastatic BC patients stratified with
respect to BMI
Note: Chi-square (y’=75.39) test showed that there was significant association between BMI and treatment
response (p<0.0001). Thus, LVEF was more or less equally distributed over the number of risk factors. NRs and
PRs were significantly higher that CRs among the patients with underweight (Low BMI) (Z=6.17,; p<0.0001).

5.2 Histopathological study of breast tumor tissue

5.2.1 Association of clinical parameters with ER, PR, and HER2/neu

The histological subtypes of the BC samples were confirmed using H&E staining, and the
molecular expression of ER, PR, and Her2/neu in the patient cohort was validated by IHC
which revealed (54.73%, 45.27%) were ER & PR positive, respectively, while (45.27% &
54.73%) were ER and PR negative. Furthermore, (34.46%) tested positive for Her2/neu with a
3+ score, and (12.16%) expressed +2 score with equivocal results underwent the FISH test for
further confirmation. Additionally, (53.38%) demonstrated a 1+ score, indicating a negative

Her2/neu status. (Figure 5.3).
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Figure 5.3 Hematoxylin-Eosin staining of breast tumor tissue and Immunohistochemistry of ER,
PR, HER2/neu

(a & b)- Infiltrating Ductal Carcinoma 10X & 20X; (¢ & d)- Nuclear expression of ER (+ve/-ve); (e & f)- Nuclear
expression of PR (+ve/-ve);( g & h)- Cytoplasmic expression of Her2/neu (+ve/-ve).

The association study of ER, PR, Her2 expression in breast tumor with clinical parameters

revealed that, the positive ER expression was predominant in CRs (64.9%), whereas negative
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expression of ER was higher among NRs (56.2%) (p=0.031). Likewise, BMI was also
significantly associated with ER expression, where normal BMI patients (50.6%) were
predominant in ER positive group, and low BMI patients (67.2%) were predominant in ER
negative group (p=0.004). However, no significant associations were observed for ER, PR, and
Her2/neu in any other clinical parameters: AJCC stage, tumor grade, size of tumor mass, lymph

node status, regional lymph node metastasis, menopausal status, etc. (p>0.05) (Table 5.4).

Table 5.4 Association between clinical parameters with expression of ER, PR and

HER2/neu

Clinical parameters ER PR HER2/neu
(n=148)

Expression pattern Positive Negative | Positive | Negative | Strong Equivocal | Weak

Frequency (%) (Score 3+) | (Score 2+) | (Score 1+)
81(54.73) |67(45.27) |67(45.27) [81(54.73) |51(34.46) |18(12.16) 79(53.38)

AJCC Stage
Stage I (n=20) 7(35) 13(65) 9(45) 11(55) 5(25) 3(15) 12(60)
Stage I (n=80) 47(58.75) [33(41.25) [35(43.7) |45(56.3) |33(41.3) 12(15) 35(43.7)
Stage III (n=48) 27(56.25) |21(43.75) |23(47.9) |25(52.1) |13(27.1) 4(8.3) 32(66.6)

-value 0.303 0.915 0.262
Tumor grade
Grade 1 (n=9) 3(33.3) 6(66.7) 3(33.3) 6(66.7) 2(22.2) 1(11.1) 6(66.7)
Grade 2 (n=124) 72(58.1) 52(41.9) 61(49.2) |63(50.8) |45(36.3) 16(12.9) 63(50.8)
Grade 3 (n=15) 6(40) 9(60) 3(20) 12(80) 4(26.7) 1(6.7) 10(66.7)
p-value 0.171 0.076 0.706
Size of tumor mass (pre-treatment)
T1 (n=2) 1(50) 1(50) - 2(100) - 1(50) 1(50)
T2(n=74) 41(55.4) 33(44.6) 35(47.3)  [39(52.7) [31(41.9) 10(13.5) 33(44.6)
T3(n=31) 15(48.4) 16(51.6) 13(41.9) [18(58.1) |11(35.5) 2(6.5) 18(58.1)
T4(n=34) 20(58.8) 14(41.2) 17(50) 17(50) 6(17.6) 3(8.8) 25(73.5)
TX(n=7) 4(57.1) 3(42.9) 2(28.6) 5(71.4) 3(42.9) 2(28.6) 2(28.6)
p-value 0.941 0.556 0.068
Lymph node status
Positive (n=121) 67(55.3) 54(44.7) 55(45.5) |66(54.5) |42(34.7) 17(14.1) 62(51.2)
Negative (n=27) 14(51.8) 13(48.2) 12(44.4) |15(55.6) |9(33.3) 1(3.7) 17(63)
p-value 0.577 0.776 0.232
Regional lymph node metastasis
NO(n=24) 11(45.8) 13(54.2) 10(41.7)  |4(58.3) 8(33.3) 1(4.2) 5(62.5)
N1(n=106) 56(52.8) 50(47.2) 48(45.2)  |8(54.8) 37(34.9) 16(15.1) 3(50)
N2(n=10) 8(80) 2(20) 5(50) (50) 5(50) 1(10) (40)
N3(n=8) 6(75) 2(25) 4(50) (50) 1(10) - (70)
p-value 0.268 0.973 0.204
Menopausal status
Pre-menopausal (n=64) 32(50) 32(50) 25(39.1) [39(60.9) [22(34.4) 9(14.1) 33(51.6)
Post-menopausal (n=84) 49(58.3) 35(41.7) 42(50) 42(50) 29(34.5) 9(10.7) 46(54.8)
p-value 3.313 0.185 0.817
Treatment response
CRs(n=57) 37(64.9) 20(35.1) 26(45.6) |31(54.4) |22(38.6) 5(8.8) 30(52.6)
PRs(n=18) 12(66.7) 6(33.3) 8(44.4) 10(55.6) |5(27.8) 2(11.1) 11(61.1)
NRs(n=73) 32(43.8) 41(56.2) 33(45.2) |40(54.8) |24(32.9) 11(15.1) 38(52.1)
p-value 0.031 0.996 0.761
BMI
Low (n=79) 34(42) 45(67.2) 33(49.3) 16(56.8) 25(49) 12(66.7) 42(53.2)
Normal (n=57) 41(50.6) 16(23.9) 31(46.3) |6(32.1) 20(39.2) 6(33.2) 31(39.2)
High (n=12) 6(7.4) 6(9) 3(4.5) (11.1) 6(11.8) - 6(7.6)
p-value 0.004 0.117 0.571
n= Number of Patients,; Bold lettering denotes p value <0.05 and highest percentage; Pearson Chi-square test; ER-Estrogen
receptor; PR-Progesterone Receptor; Her2- Human Epidermal Growth Factor Receptor-2; BCS-Breast Conserving Surgery;
MRM-Modified Radical Mastectomy.
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5.3 Common chemotherapy-induced toxicities among patients

The majority of patients experienced grade 1-2 toxicity anemia (13.51%), nausea (14.18%),
vomiting (10.81%), constipation (10.81%), mucositis (7.4%), etc., while a few patients
encountered grade 3-4 toxicity, such as anemia (1.35%), diarrhea (1.35%), and constipation
(1.35%). Notably, almost all patients experienced hair loss (alopecia; 79.72%), as a side effect
of the chemotherapy. Scalp cooling was done to reduce alopecia as per clinician discretion.

Adequate premedication with dexamethasone, 5-HT3 antagonist, NK1 receptor blocker, and

hydration was used to lessen the toxicity (Table 5.5).

Table 5.5 Grades of common toxicities experienced by the patients

SI. No. Adverse Effects (n=148) Grade 1-2 Grade 3-4
1. Alopecia (n=118) 118 (79.72%) -
2. Anemia (n=22) 20 (13.51%) 2 (1.35%)
3. Antharlgia (n=11) 11 (7.4%) -
4. Diarrhea (n=11) 9 (6.08%) 2 (1.35%)
5. Fever (n=21) 21 (14.18%) -
6. Mucositis (n=11) 11 (7.4%) -
7. Nausea (n=21) 21 (14.18%) -
8. Vomiting (n=16) 16 (10.81%) -
9. Constipation (n=18) 16 (10.81%) 2 (1.35%)

5.4 Assessment of symptoms burden by ESAS Scale

BC patients were commonly reported with major physical and psychological symptom burdens
such as pain, nausea, depression, anxiety, etc. which were assessed via ESAS questionnaire at
baseline and after 12 month. There was a notable variance observed in the mean difference of
the symptoms score after 12 month (p<0.05) (pain, fatigue, drowsiness, nausea, loss of
appetite, shortness of breath, depression, anxiety, well-being, etc.). Global Distress Score
(GDS), Physical Health Score (PHS), Psychological Symptom Score (PSS) also reduced
significantly (p<0.05) (Table 5.6).

Table 5.6 Comparison of ESAS mean score at baseline and post-chemotherapy

Symptoms ( n=148) Baseline 12" month
(Physical, Global and Psychological distress) Mean+SD Mean+SD p-value
Pain 1.09+1.874 0.2940.860
Fatigue 3.07+1.668 1.9341.605
Drowsiness 3.20£1.672 2.03+1.417
Nausea 0.28+0.813 0.14+0.408
Appetite 1.89+1.009 1.24+0.747
Shortness of breath 1.07+0.845 0.59+0.703
Depression 2.25+1.422 1.49+1.138 <0.05
Anxiety 1.62+1.045 0.81+0.821
Wellbeing 2.00£1.774 0.92+0.886
Constipation 0.31+0.858 0.00+0.000
GDS (Global Distress Score)* 14.00+£8.227 7.95+4.980
PHS (Physical Health Score)” 9.07+£5.391 5.2243.527
PSS (Psychological Symptom Score)® 3.22+2.336 1.96+1.625

* GDS includes the sum of core 9 symptoms (Except constipation); # PHS comprises the sum of pain, fatigue,
drowsiness, nausea, appetite, and shortness of breath; $ PSS referred sum of anxiety and depression; p<0.05 for all
symptoms at Baseline and 12" month difference using paired t-test.
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5.5 Quality of Life assessment

5.5.1 Impact of treatment response and therapy on the QoL in BC Patients

The two-way repeated-measures analysis of variance (ANOVA) examined the QoL scores

across various domains as assessed by the FACT-B and FACIT-Sp-12 questionnaires

categorized by treatment response (CRs, PRs, NRs) and mode of therapy (adjuvant, neo-

adjuvant). Notably, QoL scores demonstrated a statistically significant difference (p<0.05) in

the spiritual, social, emotional, and functional domains throughout the follow-up period in both

treatment response and therapy groups, as determined by Wilk’s Lambda and the Greenhouse-

Geisser test (p<0.05). However, the physical domain was not significantly correlated in any of

the group (p>0.05); but additional concern was significant in treatment response only (p<0.05)
(Table 5.7 & 5.8).

Table 5.7 QoL domains at various time intervals among treatment response group

QoL Domains Group Baseline | 3" Month | 6™ Month | 12" Month p-valuet
(n=148) (Within Group)
CRs (n=57)[31.27+£6.043]31.00+5.742 |31.65+6.196/33.40+7.054
Spiritual  |PRs (n=18) |24.87+3.357|25.3843.204 |24.50+£2.976|24.62+4.406 <0.0001
NRs (n=73)(23.67+6.241|24.73+6.017|20.87+5.854| 17.93+5.824
-value*
(Begveen group) <0.0001
CRs (n=57) [ 14.57+3.358|16.15+3.388 |17.49+3.832|17.85+3.748
Social PRs (n=18) |14.62+3.292|13.62+2.669 [14.25+3.240| 16.38+3.378 <0.0001
NRs (n=73)|13.87+3.642|12.27+3.369 |11.60+3.334|13.73+4.183
-value™*
(Begveen group) <0.0001
CRs (n=57) | 9.44+3.289 | 8.91+3.382 | 7.92+3.066 | 8.08+3.635
Emotional |PRs (n=18) |13.38+4.502|13.38+2.875(14.254+4.367| 14.62+5.208 0.015
NRs (n=73)|14.60+4.137|14.33+3.994|14.07+4.877|13.47+4.422
p-value*
(Between group) 0.013
CRs (n=57) [12.89+4.002 | 14.484+3.930 |15.01+3.577(15.79+3.786
Functional |PRs (n=18) |11.884+3.682|10.50+3.251{12.00+2.330|12.50+2.000 0.010
NRs (n=73)|11.60+3.888|10.40+2.823|12.33+3.109|12.13+£2.356
p-value*
(Between group) 0.004
CRs (n=57)[13.40+3.397|12.244+2.963 [11.05+2.913|10.1942.535
Physical PRs (n=18) [14.12+4.454|12.12+3.227 (11.12+3.182|10.62+3.777 0.915
NRs (n=73)|12.47+3.796| 11.20+3.028 |10.33+3.132| 9.20+3.121
p-value*
(Between group) 0.855
Additional CRs (n=57)| 8.842.225 | 8.893+2.46 | 8.42+2.41 | 7.894+2.68
Concern PRs (n=18) | 13.78+0.83 | 14.44+0.88 | 14.66+1.32 | 15.22+2.33 0.021
NRs (n=73)| 18.18+1.93 | 18.31+3.64 | 17.75+5.14 | 18.75+4.90
p-value™ 1, g

(Between group)

Complete Responders (CRs), Partial Responders (PRs) & Non-Responders (NRs); All values are expressed as
Mean+SD; * Multivariate analysis (Wilk’s Lambda), + Greenhouse-Geisser was significant (p<0.05).
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Table 5.8 QoL domains at various time intervals among adjuvant and neo-adjuvant

chemotherapy

group

QoL Domains

Group

Baseline

3" month

6™ Month

12" Month

p-valuet
(Within Group)

ACT (n=108)

31.20+6.187

31.01+£6.017

31.46+6.685

33.08+7.565

Spiritual

NACT (n=40)

26.97+6.018

27.36+4.980

25.82+6.292

25.82+8.361

0.004

p-value*
(Between group)

0.037

ACT (n=108)

14.51+£3.287

16.04+3.266

17.54+3.709

17.914+3.608

Social

NACT (n=40)

14.21+3.507

13.97+3.584

13.76+3.913

15.52+4.251

<0.0001

p-value*
(Between group)

<0.0001

Emotional

ACT (n=108)

9.61+3.306

9.04+3.374

8.03+£3.056

8.07+3.631

NACT (n=40)

12.79+4.768

12.42+4.352

12.48+4.976

12.334+4.998

0.015

p-value*
(Between group)

0.007

Functional

ACT (n=108)

12.93+4.008

14.50+£3.918

15.08+3.557

15.93+3.739

NACT (n=40)

11.734+3.494

11.3943.297

12.76+3.326

13.00+2.905

0.012

p-value*
(Between group)

0.004

ACT (n=108)

13.35+3.450

12.15+3.019

11.04+2.968

10.144+2.614

Physical

NACT (n=40)

13.09+3.503

11.73+2.886

10.61+£2.749

9.79+2.848

0.937

p-value*
(Between group)

0.968

Additional

ACT (n=108)

9.194£2.72

9.144+2.73

8.70+£2.75

8.22+3.19

Concern

NACT (n=40)

15.21£3.01

15.36+4.00

14.96+4.96

15.27+5.40

0.206

p-value*
(Between group)

0.249

Adjuvant Chemotherapy (ACT),; Neo-adjuvant chemotherapy (NACT),; All values are expressed as Mean+SD; *
Multivariate analysis (Wilk’s Lambda), +Greenhouse-Geisser was significant (p<0.05).

5.5.2 Impact of BMI on Quality of Life

BMI emerged as a significant factor in our study; hence, we analyzed the QoL of the patients

based on their BMI profile. ANOVA showed significant differences in QoL scores within the
functional (p=0.012; p=0.040) and social (p=0.043, p=0.015) domains. Similarly, the

emotional domain exhibited significant differences only within the group (Greenhouse-Geisser

test; p=0.025). No statistically significant differences (p>0.05) were detected at baseline in the

mean QoL domain scores, including physical, spiritual, and additional concerns, among diverse

BMI groups (Figure 5.4). Notably, the low BMI group showed a deterioration in scores,

indicated poor QoL, whereas the normal BMI patients exhibited an improvement in scores,

suggested betterment in QoL.
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Figure 5.4 Trends in overall QoL mean score of BMI groups among breast cancer patients;
a. Underweight/ Low BMI group, b. Normal BMI group, c. Overweight-Obese group

Note: Spiritual, physical and additional concern p>0.05; social, functional domain both the group p<0.05;
emotional domain within the group only p<0.05. Within group Multivariate analysis (Wilk’s Lambda). Between
group + Greenhouse-Geisser Mauchly’s sphericity.

5.6 Translational relevance of the SNPs

5.6.1 Genotyping of transporter (4BC) and metabolizer (CYP) genes

The genomic DNA was quantified by gel electrophoresis on 1% agarose (Figure 5.5. a).
GAPDH gene served as a positive reference for the PCR assays conducted for genotyping the
chosen SNPs (Figure 5.5. b). All SNPs were genotyped using the PCR-RFLP approach, as
illustrated in the subsequent figures: ABCC2 (Figure 5.5 ¢-d), ABCB1 (Figure 5.6), CYP2C9
& CYP2C19 (Figure 5.7), and CYP3A44 & CYP2D6 (Figure 5.8).
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a. b.

Quantization of Genomic DNA

M 1 2 3 4 5 6 7

Genomic
DNA

196bp

Lane: M- Marker (Lambda DNA
Hind Il digested ladder), 1-7
Genomic DNA Samples

Lane: M-100bp DNA ladder,
1-5 PCR Samples

191bp

Lane: M-50bp DNA ladder, UD-
Undigested PCR amplicon; 1-5 PCR
Samples

Lane: M-100bp DNA ladder,
1-7 PCR Samples

Figure 5.5 a. Quantization of genomic DNA using 1% Agarose gel; b. PCR of GAPDH gene on 2%
agarose; (¢ & d) PCR-RFLP of ABCC2 gene (rs145008610) on 2%agarose gel and 12% native
PAGE
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a. b.
M 1 2 3 4 5 M UD 1 2 3 4 5
181bp
181bp 120bp
61bp
Lane: M-100bp DNA ladder, 1-5 Lane: M-50bp DNA ladder, UD-
Samples Undigested PCR amplicon; 1-5 Samples
C. d.
M 1 2 3 4 5 6 M UD 1 2 3 4
194bp 194bp
162bp
32bp
Lane: M-100bp DNA ladder, 1-6 Lane: M-50bp DNA ladder, UD
Samples Undigested PCR amplicon; 1-5 Samples
c. f
M 1 2 3 4 5 6 7 M U 1 2 3 4 5
p— 239bp

Lane: M-100bp DNA ladder, 1-7 PCR

Lane: M-50bp DNA ladder, UD
Samples

Undigested PCR amplicon; 1-5 Samples

Figure 5.6 a. PCR-RFLP of ABCBI gene on 2% agarose gel and 12% native PAGE
(a & b) rs1128503, (c & d) rs1045642, (e & f) rs2032582
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a.

M 1 2 3 4 5 6

Lane M- 100bp DNA ladder, 1-6 Samples

213bp

Lane M- 100bp DNA ladder, 1-6 Samples

Lane: M-50bp DNA ladder, PCR
amplicon; 1-7 Samples

213bp

179bp

34bp

d.

199bp

Lane M- 100bp DNA ladder, 1-6 Samples

M 1 2 3 4 5 6 7

Lane: M-50bp DNA ladder, UD-
Undiaested PCR amplicon; 1-7 Samples

199bp

154bp

45bp

210bp

M1 2 3 4 5 6 7 8

Lane: M-50bp DNA ladder, UD-
Undigested PCR amplicon; 1-8
Samples

Figure 5.7 PCR-RFLP of CYP2C9 and CYP2C19 gene on 2% agarose gel and 12% native PAGE
(a & b) rs1799853 CYP2CY, (c & d) rs4917639 CYP2C9, (e & f) rs4244285 CYP2C19 gene
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a.

M 1 2 3 4 5 6

Lane M- 100 bp DNA ladder, 1-6 Samples

Lane M- 100 bp DNA ladder, 1-7 Samples

223bp

Lane: M-50bp DNA ladder, UD-Undigested
PCR amplicon 1-6 Samples

223bp

159bp

64bp

- 188bp

Lane M- 100 bp DNA ladder, 1-6 Samples

320bp

Lane: M-50bp DNA ladder, UD-Undigested
PCR amplicon; 1-5 Samples

Lane: M-50bp DNA ladder, UD-Undigested
PCR amplicon; 1-6 Samples

320bp

160bp

Figure 5.8 PCR-RFLP of CYP3A44 and CYP2D6 gene on 2% agarose gel and 12% native PAGE
(a & b) rs2740574 in CYP3A44, (c & d) rs1065852 in CYP2D6, (e & f) rs3892097 CYP2D6 gene
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The genotype and allele frequencies of the chosen SNPs along with their detailed chromosome
number, variant position, type, amino acid change, in the overall study population were
examined. The findings indicated the following genotypes represented the highest percentage:
CT (C1236T; 43.9%), CC (C3435T; 44.6%), GG (G2677T/A; 100%) in ABCBI gene; CA
(C58626A; 38.5%) in the ABCC2 gene; CC (C430T; 92.5%), AA (A32621C; 89.2%) in
CYP2C9; GG (G681A; 45.6%) in CYP2C19; AA (A392G; 79.1%) in CYPA4; and CC (C100T;
43.9%) in CYP2D69. This study identified ABCB1 (G2677T/A) as monomorphic; hence, this
SNP excluded from subsequent analysis. The minor allele frequency (MAF) of the SNPs were
as follows: T (C1236T; 0.44), (C3435T; 0.35) in ABCBI; A (C58626A; 0.47) in ABCC2; T
(C430T; 0.03), C (A32621C; 0.06) in CYP2C9; A (G681A; 0.38) in CYP2C19; A (A392G;
0.13) in CYPA4; and T (C100T; 0.38), A (G1846A; 0.43) in CYP2D6 gene. The genotype
distribution of all investigated SNPs conformed to Hardy-Weinberg Equilibrium (HWE;
p>0.05) (Table 5.9).

Table 5.9 Genotype and allelic frequency distribution of clinically relevant

polymorphisms in transporter genes and drug metabolizing enzymes

. . . Amino
anes/ Acces51.0n No./ |Chr. Val:li.lnt Variant acid Genotype Frequency Allele Frequency
(n=148) Variants No. | position Type (%)*
change
CcC 51(34.5) C T
(rs1128503)/ Synonymous
7 | 87550285 : G>G CT 65(43.9)
(C1236T) variant TT 32(21.6) 167 (0.56)|129 (0.44)
. CC 66(44.6) C T
(rs1045642)/ Missense I>1
ABCB1 7 | 87509329 . CT 62(41.9)
(C3435T) variant >M TT 20(13.5) 194 (0.65)(102 (0.35)
(rs2032582)/ 7 | 87531302 Missense S>A G"l(";/gA 148 SIOO) G A
(G2677T/A) variant S>T TT/AA/AT - 296 (1) -
. CcC 50(33.8) C A
(rs145008610)/ Missense
ABCC2 10 | 99836223 . L>M CA 57(38.5)
(C58626A) variant AA 41077) 157(0.53)|139(0.47)
(1s1799853) | |0 | 0404000 | Missense | RS gg ITZ 825')5) C T
(C4307) variant R>C - 285(0.97)| 11 (0.03)
CYP2C9 TT -
(rs4917639) 1 1) | 94965778 |Intronic variant| - ilé 11362((1809532)) > <
(A32621C) cC —— 1280 (0.94)| 16 (0.06)
Synonymous GG 66 (45.6) G A
(rs4244285)/ variant
CYP2C19 10 | 94781859 . P>P GA 50 (33.8
(G681A) (Splicing G389 15 (0.62)[114 (0.38)
defect) AA 32 (21.6)
AA 117 (79.1) A G
(rs2740574)/ 2kb upstream
CYP3A4 7 | 99784473 . - AG 23 (15.5)
(A392G) variant GG 8(54) 257 (0.87)| 39 (0.13)
(1s1065852) | ) | 413060y | Missense | P>S gg gg gg?; C T
(C100T) variant P>A - 182 (0.62)|114 (0.38)
CYP2D6 1T 3121)
(rs3892097)/ 2 | 42128945 Splice acceptor gg gg 82;; G A
(G1846A) variant AA 37 (25) 169 (0.57)|127 (0.43)
Chr- Chromosome; *Genotype frequency denoted as Frequency and percentage (%); *Allele frequency denoted as total allele
number & Frequency; Bold lettering denotes highest percentage.

54



Chapter 5

Results

5.6.2 Impact of BMI on clinico-pathological characteristics and treatment response

Before understanding the correlation of genetic polymorphism with BMI, we combined the

normal BMI and overweight/obese groups due to the limited number of patients (n=12) in the

obese category. The frequency distribution of clinico-pathological parameters was tested

among this low (<18.5) and high (>18.5) BMI group. The heat map analysis showed the low
BMI group had the highest proportion of NRs (83.56%), whereas the high BMI group

contained the majority of CRs (82.46%) (p<0.0001). Similarly, positive expression ER was

predominant in the high BMI group (58.03%), whereas negative estrogen receptors were

higher in low BMI patients (67.16%) (p=0.002) (Figure 5.9).

Age (Years)

Menopausal status

AJCC Stage

Grade

ER

PR

Her2/neu

Breast Site
Tumor Histology

Therapy

Clinical Response

Clinical Characterictics

20-40
41-60
61-80
Pre
Post

I
I
I
I
I

I
Positive
Negative
Positive
Negative
Strong
Equivocal
Weak
Left
Right
IDC

ILC
Adjuvant

Neo-adjuvant

CRs
PRs
NRs

Low

Low

Frequency
Moderate

p-value
>0.05

BMI

High

p-value

High

<0.0001

Figure 5.9 Heat map showing frequency distribution of clinico-pathological characteristics among

low and high BMI group
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The mean difference in BMI classes, analyzed using the unpaired t-test, showed significant
variation within the response groups: ORR (OR 5.77, 95% CI (3.868-7.672); p<0.0001) and
NRs (OR 10.00, 95% CI (8.524-11.475); p<0.0001). Additionally, the overall frequency
distribution differed significantly between the chemotherapy response groups (OR 16.097,
95% CI(7.126-36.359); p<0.0001) as determined by the Chi-square test (Table 5.10).

Table 5.10 Chemotherapy response in BC patients stratified by low and high BMI
groups

2
Chemotherapy BMI (Io(g/m ) Mean Difference (95% CI) (O)R
Response n (%) -value® (5%CI)
P <18.5 >18.5 p 1’ p-value’
ORR 18 (24) 57 (76) 5.77 (3.868-7.672) 16.097
(n=75) (17.53+0.73) | (23.304+4.01) <0.0001 % 126:36 359)
NRs 61 (83.56) 12 (16.44) 10.00 (8.524-11.475) ) <0 000'1
(n=73) (16.66+1.33) | (26.66+5.08) <0.0001 )
All values in numbers (%) and (MeantSD); OR-Odds Ratio;, ORR-Objective Response Rate; NRs- Non-
responders; ¥ Unpaired t-test;” Chi square-test; Bold lettering denotes p value < 0.05 and higher odds ratio.

5.6.3 Effect of ABC gene polymorphisms on chemotherapy response and BMI

As BMI significantly associated with treatment response groups, we conducted an association
test between BMI, response and genotype variations. ABC transporters were crucial in
chemotherapy transport by regulating drug efflux, influencing drug absorption, distribution,
resistance, and overall treatment efficacy. ABCBI genotype distribution across response and
BMI groups at both loci (C1236T and C3435T) revealed no significant associations in any
genetic model (p>0.05). However, the frequency of the reference allele ‘C’ was higher at both
loci of the ABCBI gene across treatment response groups (C1236T-OR 1.020, p=0.930;
C3435T-OR 0.870, p=0.572) and BMI categories (C1236T-OR 0.795, p=0.330; C3435T-OR
1.090, p=0.723).

In contrast, the ABCC2 gene polymorphism (C58626A) exhibited a strong independent
association across all three genetic models with both in treatment response: dominant model
(OR 2.954, p=0.003), recessive model (OR 5.723, p<0.0001), and codominant model ()’
20.219; p<0.0001) and in BMI: dominant model (OR 3.343, p=0.001), recessive model (OR
3.810, p=0.001), and codominant model (x> 15.711; p<0.0001). Interestingly, the allele
frequency distribution at this locus was unique where, the frequency of the ‘A’ allele was
notably higher among non-responders (NRs, 60.9%) compared to overall response rate group
(ORR, 33.3%). Similarly, the frequency of the ‘A’ allele was elevated in the low BMI group
(58.8%) compared to the high BMI group (33.3%) among the BC patient cohort (Treatment
response: OR 3.122, p<0.0001; BMI: OR 0.349, p<0.0001). (Table 5.11)
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Table 5.11 Distribution of ABC

genotypes

and

chemotherapeutic response and BMI using genetic models

its

independent effects

on

Models | Dominant Model | Recessive Model | Co-dominant Model | Allelic Association
ABCB1 (rs1128503) C1236T
OR
CCvs (CC+CT) OR Pearson OR
Factors | (CT+TT) | @37 | yo1r  |@5%cCn CCVSCTVSTT “) € 1 T Hgseucr)
n(%) C n(%) p-value n(%) p-value n(%) n(%) p-value
p-value
ORR | 24 | 51 | 0.802 | 61 14 | 1.426 | 24 | 37 14 | 1.896 | 85 65 | 1.020
Responsa W=7 G2) | (68) | (0.407- [8L.3)(18.7) (0.649- | 32) |(49.3){(18.7) 0388 (56.7)|(43.3)| (0.644-
NRs | 27 | 46 | 1.581) [ 55 | 18 | 3.315) [ 27 | 28 | 18 82 | 64 | 1.616)
(m=73)| 37) | (63) | 0.523 |(75.3)[(24.7)| 0.376 | (37) |(38.4)[(24.7) (56.1)|(43.8)] 0.930
<185| 27 | 52 | 0974 | 58 | 21 | 0524 | 27 | 31 | 21 | 2.777 | 85 73 | 0.795
Bvi (1=79)((34.2) (65.8)| (0.494- |(73.4)((26.6) (0.232- |(34.2) (39.2)((26.6)| 0.249 |(53.7)(46.2)| (0.501-
>18.5| 24 | 45 | 1921) | 58 | 11 | 1.184) | 24 | 34 | 11 82 56 | 1.261)
(n=69)|(34.8)|(65.2)| 0.938 ((84.1)|(15.9)] 0.117 |(34.8)|(49.3)[(15.9) (59.4)|(40.6)| 0.330
ABCBI1 (rs1045642) C3435T
OR
CCvs o (CC+CT) OR Pearson OR
Factors | (CT+TT) (9C51)/" vsTT  |95%c)| < Vsnii/To)"s T n&) n(IA)) (95%CI)
n(%) n(%) p-value p-value p-value
p-value
ORR | 32 | 43 | 0.854 | 64 11 0.818 32 | 32 11 | 0.298 | 96 54 | 0.870
ResponsC(n=75)(42.7)(57.3) (0.446- |(85.3)[(14.7)| (0.317- |(42.7)[(42.7)|(14.7)| 0.862 | (64) | (36) | (0.538-
NRs | 34 | 39 | 1.633) | 64 9 2.108) | 34 | 30 9 98 48 | 1.407)
(n=73)|(46.6)|(53.4)| 0.632 |(87.7)|(12.3)] 0.677 |(46.6)[(41.1)|(12.3) (67.2)|(32.8)| 0.572
<185| 36 | 43 | 1.088 | 69 | 10 | 1.168 | 36 | 33 10 | 0.143 | 105 | 53 | 1.090
(n=79)|(45.6)|(54.4)| (0.568- |(87.3)|(12.7)| (0.456- |(45.6)[(41.8)[(12.7)| 0.931 |(66.5)|(33.5)| (0.674-
BMI" 5185 30 | 39 | 2.085) | 59 | 10 | 3.003) | 30 | 29 | 10 89 | 49 | 1.763)
(n=69)|(43.5)|(56.5)| 0.798 |(85.5)|(14.5) 0.745 |(43.5)| (42) |(14.5) (64.4)|(35.6)| 0.723
ABCC2 (rs145008610) C58626A
OR
CC s o (CC+CA) OR Pearson OR
Factors | (CA+AA) (9c51¢ vsAA  |@5%cn)| ©© Vsan)VSAA 7 n&) n& ,(©5%C1)
n(%) n(%) p-value p-value p-value
p-value
ORR | 34 | 41 2954 | 66 9 5.723 34 | 32 9 120.219| 100 | 50 | 3.122
Responsel=731(45:3)(54.7) (1.442- | (88) | (12) | (2.481- |(45.3)|(42.7)| (12) |<0.0001|(66.7)|(33.3)| (1.941-
NRs | 16 | 57 | 6.051) | 41 32 113.204)| 16 | 25 32 57 89 | 5.022)
(n=73)[(21.9)|(78.1)| 0.003 |(56.2)((43.8)| <0.0001 |(21.9)((34.2)((43.8) (39.1)|(60.9)| <0.0001
<185| 17 | 62 | 3.343 | 48 | 31 | 3.810 17 | 31 | 31 |15.711| 65 93 | 0.349
Bvl [(n=79)|(21.5)((78.5) (1.636- |(60.8)(39.2)| (1.698- |(21.5)(39.2)(39.2)|<0.0001|(41.2)|(58.8) (0.217-
>18.5| 33 | 36 | 6.833) | 59 | 10 | 8550) | 33 | 26 | 10 92 46 | 0.562)
(n=69)|(47.8)|(52.2)| 0.001 |(85.5)|(14.5)| 0.001 |(47.8)|(37.7)|(14.5) (66.7)|(33.3)| <0.0001

ORR-Objective Response Rate; NRs- Non-responders; OR- Odds Ratio; Bold lettering denotes p value < 0.05
and higher odds ratio.

5.6.4 Combined effect of BMI and ABC gene polymorphisms on treatment response

To understand the combine effect of BMI and genetic polymorphism on chemotherapy
response, we stratified the treatment response groups among BMI classes. The ABCBI gene
locus (C3435T) showed no significant association with the combined effect of BMI and
treatment response (p>0.05). However, dominant model of C1236T locus showed significant
association for dominant model in both low BMI (OR 3.235, p=0.030) and high BMI (OR
0.065, p<0.001) and also in codominant model of high BMI group (p<0.0001). The potential
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role of the C1236T locus remained unclear until now but was clarified through survival analysis

later.

However, a distinct result was observed for the ABCC2 gene (C58626A). In the low BMI
group, a significant correlation with gene polymorphism was identified across all genetic
models: dominant model (OR 3.245, p=0.041), recessive model (OR 7.250, p=0.012), and
codominant model (¥*>=8.657, p=0.013). Conversely, in the high BMI group, no significant
association was observed across any genetic model (p>0.05) (Table 5.12). This indicate the
role of low BMI and abcc2 variation in the response. This highlights the potential role of low
BMI and 4ABCC?2 variation in treatment response.

Table 5.12 Combined effects of chemotherapeutic response and BMI on ABC gene
applying different genetic models

Models | Dominant Model | Recessive Model | Co-dominant Model
ABCBI1 (rs1128503) C1236T
CCvs OR (CC+CT) vs OR Pearson
BMI |[Response| (CT+TT) 95% CI) TT 95% CI) cc vsn%);l')vs T a
n(%) p-value n(%) p-value ° p-value
<18.5 ORR 10 8 3.235 14 4 1.352 10 4 4 5.505

(=79) | (n=18) | (55.6) | (44.4) | (1.093- | (77.8) | 22.2)| (0.390- [(55.6)|(22.2)|(22.2)| 0.082
NRs 17 | 44 9.576) 44 17 4.693) 17 | 27 | 17
m=61) | (279 | 72.)| 0030 | (72.1)| (279 | 0634 [(27.9)|(44.3)|(27.9)

>185 ORR | 14 | 43 0.065 47 10 0.427 14 | 33 | 10 | 15313
(n=69) | (n=57) | (24.6) | (75.4)| (0.013- | (82.5) | (17.5)| (0.049- |(24.6)|(57.9)|(17.5)|<0.0001
NRs 10 2 0.334) 11 1 3.697) 10 | 1 1

n=12) | (83.3)| (16.7) | <0.0001 | (91.7)| (8.3) 0.428 [(83.3)] (8.3) | (8.3)
ABCBL (rs1045642) C3435T

CCvs OR (CC+CT) vs OR Pearson
BMI |Response| (CT+TT) | (95% CI) TT ©s5% cry | CCVs Co/T vsTT |17
n(%) p-value n(%) p-value n(%) p-value
<18.5 ORR 7 11 0.702 15 3 0.648 7 8 3 0.564
(n=79) | (n=18) | (38.9) | (61.1) | (0.240- | (83.3) | (16.7) | (0.149- |(38.9)|(44.4)|(16.7)| 0.754
NRs 29 32 2.053) 54 7 2.815) 29 25 7
(n=61) | (47.5)|(52.5) | 0517 |(88.5)|(11.5)| 0561 [(47.5] (41) |(11.5)
>18.5 ORR 25 32 1.094 49 8 1.225 25 24 8 0.059
(n=69) | (n=57) | 43.9) | (56.1) | (0.310- | (86) | (14) | (0.226- [(43.9)|42.1)| (14) | 0.971
NRs 5 7 3.861) 10 2 6.653) 5 5 2
(m=12) | (41.7) | (583)| 0.889 |[(833)|(16.7)| 0814 [(41.7)|41.7)|(16.7)

ABCC2 (rs145008610) C58626A

CCvs OR (CC+H+CA) vs OR Pearson
BMI |Response| (CA+AA) | (95% CI) AA 5% cry | €C Vsn((:(ﬁ)"s AA 1T
n(%) p-value n(%) p-value ° p-value
<18.5 ORR 7 11 3.245 16 2 7.250 7 9 2 8.657

(n=79) | (=18) | (38.9) | (61.1) | (1.012- |(88.9) | (1L.1)| (1.533- [(38.9)] (50) [(11.1)| 0.013
NRs 10 51 10.406) | 32 29 34.278) 10 | 22 | 29
(m=61) | (16.4) | (83.6)| 0.041 | (52.5)|(47.5) | 0.012 |(16.4)|(36.1)|(47.5)

>185 ORR | 27 | 30 1111 50 7 0.420 27 | 23 | 7 | 1741
(n=69) | (n=57) | (47.4) | (52.6)| (0.320- | (87.7)|(12.3)| (0.091- |(47.4)|(40.4)|(12.3)| 0.419
NRs 6 6 3.860) 9 3 1.935) 6 3 | 3

(n=12) | (50) | (50) 0.868 (75) | (25 0.255 (50) | (25 | (25
BMI-Body Mass Index; OR- Odds Ratio; ORR-Objective Response Rate; NRs- Non-Responders; Bold lettering
denotes p value <0.05 and higher odds ratio.
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5.6.5 Effect of CYP gene polymorphisms on chemotherapy response and BMI

CYP enzymes play a crucial role in chemotherapy metabolism by influencing drug activation,
detoxification, efficacy, and toxicity through genetic polymorphisms. To investigate the
potential influence of CYP gene polymorphisms on chemotherapy response and BMI, we

conducted a comprehensive genetic association analysis.

Analysis of the CYP2C9 (C430T), CYP2C19 (G681A) genes exhibited a strong independent
association across treatment response and BMI. The genetic association of CYP2C9 (C430T)
gene with treatment response: dominant and codominant (OR 5.113, p=0.025) and in BMI:
dominant and codominant model (OR 0.232, p=0.049). Recessive model did not show any
difference as no patients showed homozygous recessive (TT) genotype in this locus. The
genetic association of CYP2CI19 (G681A) gene was significant with treatment response:
dominant model (OR 11.119, p<0.0001), recessive (OR 0.063, p<0.0001), and codominant (>
48.229, p<0.0001) and in BMI: dominant (OR 0.356, p=0.002), recessive (OR 5.515,
p<0.0001) and codominant model (x> 15.183, p=0.001). Moreover, the CYP344 (A392G) gene
exhibited a significant association with BMI: dominant model (OR 2.523, p=0.025), recessive
(OR 0.363, p=0.208), and codominant (x> 11.812, p=0.003); however, no significant
association was observed between this locus and treatment response (p>0.05). Other SNPs
(CYP2C9, G681A; CYP2D6, C100T) did not exhibit any association with these covariates.
Interestingly, allelic association analysis of the CYP2C19 gene revealed a higher frequency of
the ‘G’ allele in the ORR group, whereas the ‘A’ allele was more prevalent in the NRs group
(Table 5.13).
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Table 5.13 Distribution of CYP genotypes and its independent effects on
chemotherapeutic response and BMI using genetic models

Models | Dominant Model | Recessive Model | Co-dominant model | Allelic Association
CYP2C9 (rs1799853) C430T
OR OR Pearson OR
Factors CCvs (DC/T+TT) (95% CI) (CC+CI/) vs TT (95%CT) CCvs CO/T vsTT 7 (02/ 1—/ (95%CT)
n(%) p-value n(%) p-value n(%) p-value n(%e)|n(%) p-value
ORR 73 2 5.113 75 - - 73 2 - 5.020 | 148 | 2 4.861
Response =79 | 073) | @.7) | (1.069- | (100) (97.3)|2.7) 0.025 (98.7)(1.3)] (1.032-
PONSE™"NRs 64 9 | 24635 [ 73 N 64 | 9 | - 137 | 9 |22.897)
m=73) | ®7.7) | 12.3) | 0.025 | (100) (87.7)|(12.3) (93.8)(6.2)| 0.045
<18.5 70 9 0.232 79 - - 70 9 - 3862 | 149 9 0.024
BMI (n=79) | (88.6) | (11.4) | (0.048- | (100) (88.6)|(11.4) 0.049 |(94.3)(5.6)| (0.051-
>18.5 67 2 1.114) 69 - 67 2 - 136 | 2 1.146)
(n=69) | (97.1) | (2.9) | 0.049 | (100) (97.1)](2.9) (98.5)|(1.5)| 0.074
CYP2C9 (rs4917639) A32621C
OR OR Pearson OR
Factors AA Vs (10&/C+CC) ©95% CI) (AA+AE/) ¥ CC | gsor cop| AA VS Ao(/l vsCC ™00 'ﬁ} (0:/ (©95%CI)
n(%) p-value n(%) p-value n(%) p-value n(%)|n(%) p-value
ORR 69 6 1.825 75 - - 69 6 - 1.246 | 144 | 6 1.764
Responsel =75 | (92) (8) | (0.627- | (100) 92) | (8 0.264 | (96) | (4) | (0.624-
PONSE"NRs 63 10 | 5312 [ 73 - 63 [ 10 | - 136 | 10 | 4.987)
m=73) | 86.3) | (13.7) | 0.264 | (100) (86.3)|(13.7) (93.2)(6.8)| 0.28
<18.5 71 8 1.164 79 - - 71 8 - 0.082 | 150 8 1.153
BMI (n=79) | (89.9) | (10.1) | (0.412- | (100) (89.9)[(10.1) 0.774 (94.9) (5.1)| (0.421-
>18.5 61 8 3.286) 69 - 61 [ 8 | - 130 | 8 | 3.160)
(n=69) | (88.4) | (11.6) | 0.774 | (100) (88.4)|(11.6) (94.3)/(5.7)| 0.780
CYP2C19 (rs4244285) G681A
OR OR Pearson OR
Factors GG vs ($A+AA) (95% CI) (GG+G1:/) vs AA (95%CT) GG vs Gof\ vs AA 1 S—Z} ,ﬁ/ (95%CT)
n(%) p-value n(%) p-value n(%) p-value n(%)|n(%) p-value
ORR 53 22 11.119 72 3 15.818 | 53 19 3 |48.229( 125 | 25 7.807
Responsel =T | (707 | (29.3) | (5.103- | (96) | (4) | (4.548- [(70.7)(25.3) (4) |<0.0001|(83.3)|(16.7)| (4.535-
PONSENRs 13 60 | 24.228) | 44 20 55015 13 | 31 | 29 57 | 89 |13.438)
m=73) | (17.8) | (82.2) | <0.0001| (60.3) | (39.7) | <0.0001|(17.8)|(42.5)|(39.7) (39.1)|(61.9) <0.0001
<18.5 26 53 0.356 53 26 0.194 26 | 27 | 26 |15.183| 79 | 79 0.339
BMI (n=79) | (32.9) | (67.1) | (0.182- | (67.1) | (32.9) | (0.074- |(32.9)(34.2)/(32.9)| 0.001 | (50) | (50) | (0.207-
>18.5 40 29 0.695) 63 6 0.507) | 40 | 23 6 103 | 35 | 0.557)
(n=69) | (58) 42) | 0002 | 91.3) | (8.7) | 0.0008 | (58) |(33.3)(8.7) (74.6)|(25.4)| <0.0001
CYP3A4 (rs2740574) A392G
OR OR Pearson OR
Factors AA vs (1(5;/G+GG) (95% CI) (AA+A(;J/) vs GG (95%CT) AA Vs AS vs GG 1 ﬁ} (03/ (95%CT)
n(%) p-value n(%) p-value n(%) p-value n(%)|n(%) p-value
ORR 57 18 0.686 71 4 1.029 | 57 | 14 4 1.137 | 128 | 22 | 0.766
Responsel =73 (76) 24) | (0.308- | (94.7) | (5.3) | (0.247- | (76) [(18.7)| (5.3)| 0.566 |(85.3)|(14.7) (0.389-
P NRs 60 13 1.527) 69 4 4.278) | 60 9 4 129 | 17 | 1.511)
m=73) | (82.2) | (17.8) | 0.355 | (94.5) | (5.5) | 0.969 |(82.2)[(12.3)|(5.5) (88.3)[(11.7) 0.442
<18.5 68 11 2.523 73 6 0.363 68 5 6 |11.812] 141 | 17 | 1573
BMI (n=79) | 86.1) | (13.9) | (1.109- | (92.9) | (7.6) | (0.071- |(86.1)](6.3)|(7.6)| 0.003 |(89.3)(10.7)| (0.797-
>18.5 49 20 5.724) 67 2 1.862) | 49 18 2 116 | 22 | 3.101)
(n=69) | (79) 29) | 0025 | 97.1) | 2.9 | 0.208 | (71) |[26.1)](2.9) (84.1)|(15.9)| 0.191
ORR-Objective Response Rate; NRs- Non-responders, OR- Odds Ratio, Bold lettering denotes p value <0.05 and higher odds
ratio.

5.6.4 Combined effect of BMI and CYP metabolizer gene polymorphisms on treatment

response

The individual loci exhibited significant associations with specific covariates, their
significance was lost when analyzed combination manner across all loci (CYP2C9, CYP3A4,
CYP2D6, etc.), except for CYP2C19, which retained its association in the collective analysis
also. A significant correlation between CYP2C19 polymorphism and chemotherapy response
was observed across all genetic models. The low BMI group demonstrated a significantly

reduced odds ratio, whereas the high BMI group showed an opposite trend. Low BMI:
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dominant (OR 9.6, p<0.0001), recessive (OR 1.473, p=0.001), and codominant model
(x*=18.897, p<0.0001) and High BMI: dominant (OR 0.298, p<0.0001), recessive (OR 0.167,
p=0.027), and codominant model (¥*=20.428, p<0.0001). (Table 5.14). These findings suggest
that BMI plays a crucial role in modulating the genetic influence of CYP2C19 on chemotherapy

response.

Table 5.14 Combined effects of chemotherapeutic response and BMI on CYP gene
applying different genetic models

Models | Dominant Model | Recessive Model | Co-dominant Model
CYP2C9 (rs1799853) C430T
OR OR OR
BMI |Response CCvs (OCT+TT) (95% CI) (CC+C1°") vs TT 95%CI) CCvs CE)T vsTT 95%CT)
n(%) p-value n(%) p-value n(%) p-value
<185 ORR 17 1 2.566 18 - - 17 1 - 2.566
(n=79) n=18) | (944) | (5.6) (0.299- | (100) %94.4) | (5.6) (0.299-
NRs 53 8 22.017) 61 - 53 8 - 22.017)
(n=61) | (86.9) | (13.1) 0.375 (100) 86.9) | (13.1) 0.375
>18.5 ORR 56 1 5.091 57 - - 56 1 - 5.091
(n=69) n=57) | (98.2) | (1.8) (0.296- | (100) 98.2) | (1.8) (0.296-
NRs 11 1 87.675) 12 - 11 1 - 87.675)
m=12) | 91.7) | (8.3) 0.217 (100) 91.7) | 8.3) 0.217
CYP2C9 (rs4917639) A32621C
OR OR OR
BMI | Response | AA VS (zj/c+CC) 95% CT) (AA+A(E/) ¥ CC| gsunc AA Vs AOS vs CC (95%CI)
n(%) p-value n(%) p-value n() p-value
<185 ORR 13 - 1.151 18 R - 18 - - 1.151
(n=79) (n=18) | (100) (1.044- | (100) (100) (1.044-
NRs 53 8 1.269) 61 R 53 8 - 1.269)
(n=61) | (86.9) | (13.1) 0.015 (100) (86.9) | (13.1) 0.015
>18.5 ORR 51 6 1.70 57 - - 51 6 - 1.70
(n=69) m=57) | (89.5) | (10.5) | (0.299- | (100) (89.5) | (10.5) (0.299-
NRs 10 2 9.666) 12 - 10 2 - 9.666)
m=12) | (83.3) | (16.7) 0.546 (100) (83.3) | (6.7 0.546
CYP2C19 (rs4244285) G681A
OR (GG+GA) vs OR 2
BMI | Response GG vs ($A+AA) (95% CI) AA (95%CT) GG vs G:)/A vs AA Pearstl)n X
n(%) p-value n(%) p-value n(%) p-value
<18.5 ORR 13 5 9.60 18 - 1.473 13 5 - 18.897
(n=79) m=18) | (72.2) | (27.8) | (2.892- | (100) (1.404-2.164)| (72.2) | (27.8) <0.0001
NRs 13 48 31.864) 35 26 0.001 13 22 26
(n=61) | (21.3) | (78.7) | <0.0001 | (57.4) | (42.6) (21.3) | (36.1) | (42.6)
>18.5 ORR 40 17 0.298 54 3 0.167 40 14 3 20.428
(n=69) (n=57) | (70.2) | (29.8) | (0.200- | (94.7) | (5.3) [(0.029-0.958)| (70.2) | (24.6) | (5.3) | <0.0001
NRs - 12 0.444) 9 3 0.027 - 9 3
(n=12) (100) | <0.0001 (75) (25) (75) (25)
CYP3A4 (rs2740574) A392G
OR (AA+AG) vs OR )
BMI | Response AA vs (1:G+GG) (95% CI) GG 95%C) AA vs A‘SE vs GG Pearstl)n x
n(%) p-value n(%) p-value n(%) p-value
<18.5 ORR 16 2 1.385 16 2 0.561 16 i 2 1.876
(n=79) (n=18) | (88.9) | (11.1) | (0.271- | (88.9) | (11.1) © 094_3 348) (88.9) (1.1 | 0.391
NRs 52 9 7.077) 57 4 ’ 0 52'2 52 5 4
(n=61) | (85.2) | (14.8) 0.695 (93.4) | (6.6) ' (85.2) | (8.2) | (6.6)
>18.5 ORR 41 16 1.281 55 2 0.965 41 14 2 0.752
(1=69) | (n=57) | (719) | @8.1) | (0338 | 965) | B:5) | o754 TLO) | @46) | B5) | 0.687
NRs 8 4 4854) [ 12 =1 050 8 4 ]
m=12) | (66.7) | 333) | 0.715 | (100 ' 66.7) | (33.3)
BMI-Body Mass Index; ORR-Objective Response Rate; NRs- Non-Responders; OR- Odds Ratio,; Bold lettering denotes p value<0.05 and
higher odds ratio.
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5.7 Survival Analysis

Kaplan-Meier survival analysis is a non-parametric statistical method used to estimate survival
probabilities over time and compare survival distributions between different patient groups.
Among the entire study cohort, 19 patients (12.8%) were died, while 129 patients (87.2%) were
survived up to 48months follow up. Kaplan-Meier (KM) analysis after 48 months revealed that
the patient population did not achieve median overall survival time (mean OS 42.97+£1.076
months; p=0.065) (Figure 5.10). Low BMI group demonstrated the shortest predicted OS time
of 22 months (log rank p<0.0001) (Figure 5.11).

Overall Survival
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2
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5 60
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g 401 Log rank p=0.065
& 204 Mean OS (42.97+1.076) months
c 1 T T T 1
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Figure 5.10 Overall survival in the entire patient cohort

Overall Survival in BMI groups
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Figure 5.11 Overall survival among BMI classes
5.7.1 Progression-Free, Overall, and Disease-Free Survival across different treatment

regimens (FEC, TAC, AC-T)

The entire cohort received sequential and concomitant anthracycline-taxane (AC-T/TAC) and
FEC chemotherapy. Their differential survival outcomes were tested among treatment regimen
groups. The PFS by KM analysis showed that the estimated mean (+ S.E.) survival times were
similar across regimens: FEC (43.806 + 1.934 months), TAC (43.986 + 1.523 months), and
AC-T (43.427 £ 2.152 months) (p=0.830). In contrast, PFS for the neo-adjuvant chemotherapy
(NACT) group significantly correlated with survival (p<0.0001), with a median PFS of 40 +
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6.401 months. OS data revealed mean survival times of (40 + 2.818), (43.5 £ 1.516) and (43.6
+ 2.077) months for FEC, TAC, and AC-T regimen respectively (p=0.703). Similarly, KM
analysis for DFS showed mean survival times of (37 £+ 3.579) months for FEC, (38 + 2.010)
months for TAC, and (39 £+ 2.432) months for AC-T (p=0.534). Although, a significant
relationship was found between treatment response and DFS (p<0.0001) (Figure 5.12).

a. Progression Free Survival (FEC/TAC/AC-T)
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o 204 - TAC 43.986+1.523 months (95% Cl 41.002-46.970)
i AC-T 43.42712.152 months (95% Cl 39.210-47.644)
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Figure 5.12 Kaplan- Meier survival analysis of different treatment regimen (FEC/TAC/AC-T)

a.  Progression Free Survival; b. Overall Survival; c. Disease Free Survival.
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5.7.2 Impact of ABC gene polymorphism on survival outcome

Kaplan-Meier was conducted to assess the independent effects of transporter genotype on
survival outcome. PFS and OS across different SNPs were illustrated in Figure 5.13. A
significant difference in PFS among the different genotypes was observed at the 4BCBI
(C1236T) and ABCC2 (C58626A) loci (p<0.05), where significantly lower PFS time was
found in the CC (45 months) and AA (39 months) genotypes at the ABCBI (C1236T) and
ABCC2 (C58626A) loci, respectively (Figure 5.13 a-c). Highest number of patients reported
with disease progression in ABCC2 gene showing CC genotype (38.1%). However, OS data
revealed a significant difference only at the ABCC?2 gene, where the AA genotype exhibited
the shortest OS time (39 months; p=0.032). No significant differences were observed for the
other loci (p>0.05) in transporter gene. (Figure 5.13 d-f). The highest percentage of death was
observed in AA genotype of ABCC?2 loci (21.7%).

a. ABCB1(C1236T) b. ABCB1(C3435T) C. ABCC2 (C58626A)

107 " llf. o CC 1001 4 ll 1 0 e CC 1001 "r{l ki CC
§ 80 = - CT E 80 . = CT § 80 "iﬁ—hﬁt—‘_—hum-‘- CA
E T B E wheTT E L T = A
B 3 ¥ L B |
o o
o ] G i
o 20 Log-rank p<0.0001 e 201 Log-rank p=0.914 & 20 Log-rank p=0.005

) 20 4 80 ) 20 @ 60 ) 20 4 80
Time (Months) Time (Months) Time (Months)
d. ABCB1(C1236T) e. ABCB1(C3435T) f. ABCC2 (C58626A)
100- L 100 = 100 =
= [T : & - : cc i iy - CC
5 804 L, =~ CT 5 804 i CT & 80 L =~ CA
; e TT E - TT E [ - AA
\=. Is 604 ‘5 — a
o ] w
t ! € t
[ o [
o 2 g
o o o
o 201 Log-rank p=0.6913 & 20 Log-rank p=0.645 o 204 Log-rank p=0.009
vO 2‘0 4‘0 6‘0 “0 2‘0 4‘0 6‘0 VO 2’0 4‘0 S‘O
Time (Months) Time (Months) Time (Months)

Figure 5.13 Kaplan-Meier survival curves illustrating the impact of ABC transporter gene
polymorphisms in BC patients

(a-c) Progression Free Survival, (d-f) Overall Survival

5.7.3 Impact of CYP gene polymorphism of survival outcome

Kaplan-Meier survival was performed to assess PFS and OS in relation to CYP polymorphism.
A statistically significant association with PFS was observed for the CYP2C9 (C430T),
CYP2C19 (A392QG), and CYP2D6 (G1846A) polymorphisms (p<0.05). Specifically, patients
harbored the CT genotype at CYP2C9 (C430T; 27months), AA genotype at CYP2C19 (G681A;
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32 months) and AA genotype at CYP2D6 (G1846A; 14 months) exhibited a markedly reduced
PFS. In contrast, no significant correlation was identified in other CYP loci analyzed
(Figure 5.14 a—f).

Likewise, OS analysis across different CYP genotypic groups revealed a statistically significant
association at a single locus (p<0.039), where the shortest OS duration (39 months) was
observed in heterozygous (AG) carriers of CYP2C19 (G1846A). All other loci showed no
significant correlation with OS (p>0.05) (Figure 5.14 g-1).
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Figure 5.14 Kaplan-Meier survival curves depicting the association between CYP polymorphisms
in BC patients

(a-f) Progression Free Survival and (g-1) Overall Survival
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5.8 Cox-regression Analysis

Cox regression analysis is a semi-parametric statistical method used to assess the impact of
multiple covariates on survival time, estimating hazard ratios while accounting for censored

data.
5.8.1 Hazard Risk analysis of clinical parameters

Cox regression analyses on the baseline risk factors revealed that the TAC regimen (HR 1.585;
95% CI 0.441-5.694) and the AC-T regimen (HR 1.077; 95% CI 0.320-3.626) had a higher
hazard ratio for overall survival (p>0.05). However, HR for ER expression (HR 1.447; 95%
CI10.545-3.841), menopausal status (HR 1.300; 95% CI 0.400-4.228) and menopausal age (HR
1.090; 95% CI 0.715-1.662) associated with significant predictive value for poor survival
(HR>1) (Figure 5.15). Hence, this factors might contribute to an increased hazard risk for poor

survival.

Hazard Ratio (95% CI)

Age 0.987 (0.937-1.039)
BMI 0.945 (0.409-2.187)
4

ER 1.447 (0.545-3.841)

PR —— 0.390 (0.108-1.407)

Herd — 0.403 (0.108-1.511)

Hormonal Status 1.300 (0.400-4.228)
Age at Menarche * 0.289 (0.0184.648)

Age at Menopause 1.090 (0.715-1.662)
Site 0.852 (0.238-3.408)

TAC * 1.585 (0.441-5.694)

ACT ? 1.077 (0.320-3.626)

3¢ De.21..0..0 2 3 @& 5§
Hazard Ratio

Figure 5.15 Survival hazard ratio of baseline risk factors
5.8.2 Hazard Risk analysis of ABC gene polymorphism

Cox regression analysis for all SNPs indicated a lower risk of mortality (HR<1), except for the
homozygous TT genotype at the CI1236T locus, which showed an increased hazard
independently without BMI addition (HR=1.818). However, this association was not
statistically significant (p>0.05). When genotypes were analyzed in combination with BMI,
the CT and TT genotypes of the C1236T SNP and the AA genotype of the C58626A SNP were
associated with an increased risk of death (HR>1). In contrast, the CT genotype of the C3435T
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SNP, when combined with BMI, was significantly associated with a reduced risk of mortality

(HR<1, p<0.05), suggesting a potential protective effect on survival.

The impact of genotype on OS was assessed using univariate analysis, both before and after
incorporating BMI as a covariate. Univariate analysis for ABCB1 genotypes across both SNPs
(C1236T and C3435T) ranged between 42—45 months, whereas for ABCC2 (C58626A), the
OS range was slightly lower, at 39—45 months. However, when genotypes were analyzed in
combination with BMI, the following genotypes were associated with relatively lower survival:
the CT genotype for the C1236T SNP (21 months; p<0.0001), the TT genotype for the C3435T
SNP (22 months; p<0.0001), and the AA genotype of the C58626A SNP (22 months; p=0.003)
(Table 5.15).

Table 5.15 Univariate and multivariate analysis of overall survival across 4ABC genotypic

groups stratified by pre- and post-BMI covariate in breast cancer patients

Kaplan-l\fleler Survival Cox Regression Survival (Multivariate)
(Univariate)
Genotype Groups Mean Hazard
oS 95% CI1 | p-value Risk 95% CI p-value
CC 45.05 |(42.26-47.84) ref ref ref
CT 42.17 | (39.10-45.24) | 0.235 0.748 (0.166-3.366) 0.706
ABCBI ™35 173401 | (40.82-47.20) 1.818 (0.512-6.46) 0.355
(C1236T)
CT&BMI| 21.00 - <0.0001 1.745 (0.385-7.901) 0.47
TT&BMI| 40.00 - ) 2.507 (0.70-8.948) 0.157
CC 45.11 | (42.96-47.26) ref ref ref
ABCB1 CT 42.98 | (39.93-46.03) | 0.691 0.603 (0.156-2.334) 0.464
(C3435T) TT 42.30 | (36.35-48.24) 0.856 (0.232-3.164) 0.816
CT&BMI | 43.00 - <0.0001 0.134 (0.023-0.774) 0.025
TT&BMI| 22.00 - ) 0.179 (0.032-1.011) 0.051
CC 45.73 | (43.26-48.20) ref ref ref
ABCC2 CA 45.47 | (43.39-47.56) | 0.032 0.258 (0.071-0.938) 0.04
(C58626A) AA 39.75 | (35.26-44.24) 0.369 (0.133-1.019) 0.054
CA&BMI| 43.00 - 0.003 0.689 (0.168-2.811) 0.604
AA&BMI| 22.00 - ) 1.963 (0.766-5.031) 0.16
Bold lettering denotes p value<0.05 and HR> 1.

5.8.3 Hazard Risk analysis of CYP gene polymorphism

Multivariate analysis for CYP gene across CT (C430T), AC (A32621C), GA & AA (G681A),
CT & TT (C100T) and GA & AA (G1846A) genotypes exhibited elevated hazard ratios with
respect to OS. However, only the GA (G681A) genotype showed a statistically significant
association among all genotypes (p=0.039). Furthermore, when genotypes were analyzed in

combination with BMI, a higher hazard ratio was observed for the following genotypes: GA
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and AA (G681A), AG (A392G), CT (C100T) and GA (G1846A), although this association was
not statistically significant (p>0.05) (Table 5.16).

Table 5.16 Univariate and multivariate analysis of overall survival across CYP genotypic

groups stratified by pre- and post-BMI covariate in breast cancer patients

Kaplan-Meier Survival Cox Regression Survival
(Univariate) Multivariate
Genotype Groups o T 95% i/ p- | Hazard ( . )
OS |"Percentile75% | value | Risk 95% CL | p-value
CC 43.21 (41.07-45.35) ref ref ref
CYP2C9 CT 38.08 (27.76-48.40) | 0.384 1.480 (0.32-6.80) 0.615
(C430T) 1T - R - - —
CT&BMI 22.00 +3.260" 0.895 (0.19-4.20) 0.888
TT&BMI - - ) - - -
AA 43.13 (40.92-45.34) ref ref ref
CYP2C9 |AC 41.02 (34.15-47.90) | 0.530 1.108 (0.30-4.01) 0.876
(A32621C) |CC - - - - -
AC&BMI 22.00 +5.884" 0.547 0.929 (0.28-4.14) 0.923
CC&BMI - - ' - - -
GG 45.66 (43.47-47.85) ref ref ref
CYP2C19 GA 39.79 (35.50-44.08) | 0.039 3.786 (1.13-12.64) 0.031
(G681A) AA 40.97 (35.57-45.82) 1.838 (0.64-0.07) 0.253
GA & BMI| 22.00 +4.724" 0.241 2.717 (0.77-9.49) 0.117
AA & BMI| 22.00 +7.805" ' 1.140 (0.40-3.19) 0.803
CYP344 |AA 42.75 (40.37-45.12) ref ref ref
(A392G) |AG 44.18 (39.14-49.23) | 0.872 0.861 (0.19-3.84) 0.844
GG 42.85 (33.52-52.18) 0.645 (0.73-5.70) 0.693
AG & BMI| 22.00 +4.708" 0.938 1.039 (0.21-5.05) 0.962
GG & BMI| 22.00 - ' 0.659 (0.73-5.91) 0.710
CC 42.79 (39.26-46.31) ref ref ref
CYP2D6 CT 43.16 (39.87-46.53) | 0.989 1.055 (0.37-2.99) 0.919
(C100T) TT 40.43 (36.26-44.60) 1.092 (0.35-3.39) 0.879
CT&BMI 22.00 +5.385" 0.928 1.107 (0.34-3.59) 0.866
TT&BMI 22.00 +10.404" ' 0.815 (0.25-2.56) 0.726
GG 44.49 (42.08-46.91) ref ref ref
CYP2D6 GA 38.66 (35.10-42.21) | 0.396 1.852 [(0.725-4.729)| 0.198
(G1846A) AA 17.00 (17.00-17.00) 0.743 |(0.087-6.308)| 0.785
GA&BMI 20.00 +4.055" 0.230 2.146 |(0.837-5.504)| 0.112
AA&BMI 17.00 - ' 0.672 |(0.080-5.632)| 0.714
Bold lettering denotes p value<0.05 and HR>1; "Genotype with BMI stratification does not showed 95% CI,
hence all values are expressed as +standard error at percentiles (75%).
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BC remains one of the most prevalent malignancies worldwide, exhibited diverse clinical
presentations and treatment responses. The heterogeneity in therapeutic outcomes among BC
patients influenced by multiple factors, including demographic characteristics, clinical
attributes, and genetic variability. The management of BC primarily relied on surgery,
chemotherapy, and radiation therapy. While anthracycline-taxane-based chemotherapy was
well established as a first-line treatment option, most of the safety-efficacy data for these
regimens reported from high-income countries, leaving gaps in understanding their impact in
low- and middle-income countries. Previously, FEC (5-fluorouracil, epirubicin,
cyclophosphamide) and TAC (docetaxel, doxorubicin, cyclophosphamide) regimens were
commonly used in BC management. However, due to poor survival outcomes and high toxicity,
clinicians have adopted sequential AC-T (doxorubicin, cyclophosphamide followed by taxane)
chemotherapy. While Indian studies have described the symptoms and treatment outcomes for
recurrent BC and survival post-chemotherapy, the clinical presentation and outcomes of the
sequential AC-T regimen as a front-line treatment remain inadequately documented.
Furthermore, hormone receptor-positive BC often develop resistance to endocrine therapies

such as tamoxifen and aromatase inhibitors, limiting their long-term efficacy.

This study presented a comprehensive analysis of the clinical efficacy, safety profile, toxicity
outcome, QoL metrics, and survival distributions of eastern Indian BC patients received
concomitant and sequential anthracycline-taxane chemotherapeutic regimens, along with the
impact of genetic polymorphisms in chemotherapy related transporters and metabolizing
enzymes. Thus, this study might contributed to the shift toward personalized or precision
medicine underscores the importance of tailoring treatments based on the genetic and

molecular profile of an individual’s cancer.

In the present study, BC patients predominantly belonged to the 41-60 age group. This finding
aligns with another Indian study where the 41-50 age group was mostly affected (Chopra et
al., 2014). Majority of the patients were from rural backgrounds, had low socioeconomic status,
and lacked formal education. Interestingly, these patients also exhibited nutritional neglect, as
indicated by anthropometric parameters such as low BMI, MUAC, and SFT. Previous studies
on body mass of BC patients was primarily discussed about the high BMI group, as obesity

was well-established independent risk factors for the development of BC (Tzenios et al., 2024;
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Cao et al., 2024; Chan et al., 2014). However, women in low socio-economic countries, who
often suffer from poor nutrition, were also at risk of developing BC. Our study was the first to
identify low BMI as an independent risk factor for poor clinical outcomes. This factor not
extensively studied worldwide and should not be overlooked. Low BMI patients, characterized
by inadequate nutritional status as indicated by low MUAC and SFT, often struggle to complete
chemotherapy beyond the 2™ or 3™ cycle. This results in delays in chemotherapy administration
(Gangane et al., 2017; Chintamani et al., 2011; Jassem et al., 2014) (Mehrotra and Yadav,

2022), ultimately compromised the treatment response and long-term survival outcomes.

In the present study, the majority of patients presented with commonly reported symptoms such
as a palpable breast lump, mastalgia (breast pain), redness, and itching. Other Indian studies
have also identified breast and armpit lumps accompanied by pain as the most frequently
observed symptoms (Prusty et al., 2020). Likewise, another study from the USA by Galipeau
and colleagues reported breast lumps and pain as the most detectable symptoms (Galipeau et

al., 2019).

Considerable number of the patients were diagnosed at stages [1-11I (52.89%, 38.01%) with T2
and N1 being the predominant tumor sizes although it was reported that, 70% BC was
diagnosed at early stage (I-II) in high-income countries while <50% early BC was diagnosed
in lower-middle income countries (Anderson et al., 2021). Other South Asian studies also
suggested that the patients were diagnosed in stage III (Chaturvedi et al., 2013; Sathishkumar
et al., 2022). However, the affected breast site was nearly equal in our study while past studies
leaned toward left breast’s higher cancer susceptibility (Amer, 2014). IDC was the most
common histological subtype in the present study. Other studies also reported IDC as a most

common BC subtype (Zeliha et al., 2020; Tulsyan et al., 2014).

Considering the importance of different BMI categories, as discussed above, crucial clinico-
pathological parameters were stratified based on the varying BMI groups. No significant
correlation were noticed in clinico-pathological parameters in terms of BMlI-based
stratification; however, chemotherapy non-responders were significantly higher in the low BMI
group, whereas complete responders were more prevalent in the normal BMI group.
Additionally, the low BMI group had a higher proportion of low MUAC, while the high BMI
group had a greater percentage of mid-range MUAC. The chemotherapy response across

different BMI groups showed a significant distribution.
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The expression of breast tumor biomarkers ER, PR, HER2/neu varied among the patients and
influence the treatment decisions and prognosis. A study conducted at a tertiary care center in
Patna reported that 46.29% of cases were ER-positive, 31.48% were PR-positive, and 37.5%
exhibited HER2 overexpression. Additionally, TNBC characterized by the absence of ER, PR,
and HER2 expression, constituted 30% of the cases (Sinha et al., 2018). This result was nearly
similar to our study and the association of these biomarkers with clinical parameters revealed,
ER status had a significant association with both treatment response and BMI groups. Patients
with positive ER status exhibited a complete response to chemotherapy, whereas those with
negative ER status showed poorer responses. Interestingly, low BMI patients predominantly
expressed positive ER status, while normal BMI patients had a higher prevalence of ER-
negative tumors. Different observations were reported by Onitilo et al., who found a significant
association between ER status and clinical parameters such as age, tumor stage, grade, size,
and lymph node involvement (Onitilo et al., 2009). Additionally, a study by Hai-long Chen et
al reported a better response to neo-adjuvant chemotherapy among patients with low ER-
positive tumors (Chen et al., 2023). Present study findings suggested that ER expression of
breast tumor might be crucial in predicting treatment response in association with BMI profile

of the patients.

Although standard anthracycline-taxane chemotherapy was the first line treatment option for
BC patients, however it was associated with significant toxicities, including cardiotoxicity
from anthracyclines and neuropathy from taxanes. During chemotherapy, BC patients in our
study experienced toxicities such as alopecia, anemia, nausea, and vomiting, but the frequency
was relatively low, possibly due to the pre-medications prescribed by clinicians. Hatam et al.
reported, chemotherapy-induced toxicity (such as amenorrhea, anaemia, nail discoloration,
febrile neutropenia, hyperpigmentation, neurologic toxicity, and edema), the TAC arm
exhibited higher toxicity compared to the FAC arm (Hatam et al., 2011). As per the USON9735
trial, four cycles of TC were superior to AC in BC patients (Batra et al., 2020). The majority of
these patients had hormone receptor-positive (71.2%), and three-fourths had grade III tumours,
with a remarkable OS rate of 95.5%. Ferreira et al. studied a prospective Phase II trial of
neoadjuvant treatment of Stage IIB/III TNBC with cyclophosphamide, doxorubicin, and
cisplatin; where they reported very few grade >3 toxicity such as nausea (16.3%), vomiting
(14.0%), and neutropenia (9.3%) (Ferreira et al., 2018). In this study, Grade 2-3 toxicity was
detected in a limited patient subset, potentially linked to the administration of standard pre-

medication. This might be attributed to the preventive measures provided to the patients, which
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likely contributed to the enhanced well-being among the survival group. The anthracycline-
taxane chemotherapy-induced toxicities were relatively low, which suggests that effective
supportive care could significantly enhance patient tolerance and overall well-being during

treatment.

At the time of diagnosis, patients often experienced significant physical burdens from the tumor
and severe psychological distress. In the present study, symptom burden during chemotherapy
was assessed using the ESAS scale, which showed a significant reduction. Similarly, Gabriel
Lopez et al. reported an improvement in psychosocial symptoms among patients who returned
for scheduled follow-ups; however, the decline in symptom scores was not clinically significant
(Lopez et al., 2017). Different results was observed by other researchers where symptom
burden was increased and fatigue, anxiety depression was indicated as a predictor of poor QoL

(Hamer et al., 2017; Chow et al., 2019).

Chemotherapy-induced toxicity and symptom burden played a vital role in shaping patients’
QoL outcomes as well as clinical efficacy (Hatam et al., 2011). In the present study, QoL
responses were assessed based on treatment strategy, chemotherapy response, and patients’
BMI status. The QoL assessment demonstrated significant improvements in QoL mean scores
across different domains (social, functional, spiritual, and emotional, etc.) concerning treatment
strategy and chemotherapy response. These findings highlight the positive impact of treatment
strategy and chemotherapy response on overall QoL, emphasizing the need for a
comprehensive approach to patient care that addresses both physical and psychosocial well-
being. QoL was also assessed in relation to BMI to evaluate its influence on patients' well-
being, as nutritional status plays a critical role in treatment tolerance, overall health, and
recovery outcomes. However, low BMI patients experienced poorer QoL scores compared to

normal and high BMI patients.

The physical well-being of BC patients significantly affects their QoL and was closely linked
to nutritional status. Higher physical scores on the FACT-B questionnaire indicated poor QoL,
with underweight patients (<18 kg/m?) showed increased physical scores during and after
chemotherapy due to treatment-related toxicities. Poor physical functioning was associated
with symptoms like pain, diarrhea, vomiting, nausea, and constipation, leading to delayed
chemotherapy and negatively impacting treatment outcomes and overall survival (OS)
(Gangane et al., 2017; Chintamani et al., 2011; Jassem et al., 2014; Mehrotra and Yadav, 2022).
Notably, BC patients experienced an average treatment delay of 29.4 weeks (Jassem et al.,

2014). Our analysis highlighted that patients with low BMI and poor nutritional markers
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(MUAC, SFT) faced difficulties completing chemotherapy beyond the second or third cycles.
Both low BMI and obese patients reported significantly lower functional scores compared to
normal BMI patients, reflecting reduced work capacity, sleep quality, and overall functioning.
Rural women (70.9%), often experiencing nutritional neglect, were particularly vulnerable.
Financial constraints further exacerbated these issues, with 67.58% of patients from low socio-
economic backgrounds (monthly income <5000 INR), limiting access to proper nutrition
(Bellanger et al., 2020). Underweight patients had the lowest social support scores, heavily
relying on family for emotional and financial support during treatment. Emotionally, patients
with lower BMI experienced higher distress due to body image concerns (e.g., chemotherapy-
induced alopecia in 79.33% and mastectomy in 88.4% of low-income patients). Higher
emotional scores indicated poorer QoL, influenced by factors like BMI, income, and treatment

type (Fox et al., 2020).

Spiritual well-being, vital in the Indian context, declined significantly in low BMI patients
compared to those with normal BMI. Devotional practices provided emotional resilience,
though fear of social stigma, especially in rural areas, hindered early diagnosis and treatment-
seeking behaviors (Forouzi et al., 2017; Jafari et al., 2013). Concerns about family reputation,
marriage prospects, and misconceptions linking cancer to immoral behavior were common
barriers. Addressing nutritional support, emotional well-being, and social stigma was crucial

for improving BC outcomes in India.

FACT-B and FACIT-Sp 12 questionnaires were used to evaluate the QoL among the concerned
cohort had been proved as helpful tool for evaluating QoL in Indian BC patients, with multiple
studies confirmed its relevance, validity, and reliability in the Indian setting (Pandey et al.,
2002; (Kaur et al., 2023; Amarsheda and Bhise, 2021; Bichoo et al., 2021; Deepa et al., 2020;
Paswan et al., 2015; Gandhi et al., 2020). Hence, BMI might be considered an important
parameter for evaluating QoL among BC patients. In low- and middle-income countries, where
patients often suffer from nutritional deficiencies, we recommend including dietary assessment
questions in the additional concern domain of the FACT-B questionnaire to better address the

impact of nutrition/ BMI factors on treatment outcomes and QoL.

Following clinical evaluation, a pharmacogenetic analysis was conducted to identify genetic
determinants influencing treatment response. SNPs from ABCBI, ABCC2, CYP2D6, CYP3A4,
CYP2C9, and CYP2C19 were selected from the dbSNP database based on their functional

significance in drug metabolism and transport. These genes play a crucial role in modulating
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the pharmacokinetics of chemotherapeutic agents, potentially impacting drug efficacy, toxicity,

and overall treatment outcomes in BC patients.

In the Indian heterogenenous population, the genotype frequency of transporter and
metabolizer genes exhibited notable variations among the patient population. In this study, the
most prevalent genotypes for the ABCBI gene were CT, CC, and GG at the C1236T, C3435T,
and G2677T/A loci, respectively. The allelic distribution among transporter genes also varied,
with C, C, and G alleles being more frequent at the aforementioned loci. While the genotype
distribution at the C1236T locus aligns with findings from other studies, different results were
observed for the C3435T and G2677T/A loci, as a study from North India reported CT, CT, and
GT as the most frequent genotypes at the C1236T, C3435T, and G2677T/A loci, respectively
(Chaturvedi et al., 2013). In contrast, a European study reported higher frequencies of CT, CT,
and GG genotypes ((Lévy et al., 2013), while a Bangladeshi study identified CC, CT, and TT
as the predominant genotypes at these loci (Parvin et al., 2021). For the ABCC2 gene, C58626A
locus exhibited CA genotype as highest frequency. This specific locus was not studied well
throughout the world, to the best of our knowledge this was the first time to report this locus
data. However other loci of this ABCC2 were extensively studied mentioned varied genotype

distribution (Cao et al., 2020; Zan et al., 2021; Hjorth et al., 2023).

The anthropometric factor BMI plays important role in chemotherapy response, survival
outcome, QoL among various cancers which needs to be addressed highlighting the need to
consider it while determining treatment strategies. ABC gene extensively studied to unveil its
implications in toxicity, treatment response, and survival outcomes (Choi et al., 2015). Despite
extensive investigation, a definitive correlation was not established. However, in this study, a
significant association in ABCC2 SNP across all the genetic models in both treatment response:
dominant (p=0.003), recessive (p<0.0001), and codominant (p<0.0001) and in BMI: dominant
(p=0.001), recessive (p=0.001), and codominant (p<0.0001). Odds ratio (>1) was also higher
in these models, indicated the odds of the events was higher towards the risk factors. Other
studies reported, certain SNPs in ABCBI gene was reported to be independently associated
with BC prognosis and treatment response (Hlavac et al., 2020; Chaturvedi et al., 2013; Chang
et al., 2009; Lévy et al., 2013). Furthermore, a higher abundance of the ‘A’ allele was detected
among NRs (60.9%) compared to ORR (33.3%), indicated a higher correlation for tumor non-
responsiveness among the ‘A’ allele carried patients (OR 3.122, p<0.0001). Likewise, ‘A’ allele
was also higher in low BMI patients (58.8%) compare to higher BMI group (33.3%). Although,

no significant association was observed for ABCBI SNPs. The combine impact of BMI and

74



Chapter 6 Discussion

response revealed, the recessive model (CC+CA vs AA) exhibited the association at 7.25-fold
(p=0.012) where as dominant model (CC vs CA+AA) denoted 3.245 fold (p=0.041). Moreover,
codominant model (CC vs CA vs AA) showed low BMI patients carrying of AA genotype more
prone to treatment non-responsiveness (p=0.013). These findings suggest that low BMI
independently and jointly with 58626AA genotype exhibited a worst treatment response
compared to higher BMI group (>18.5).

The cytochrome P450 (CYP) superfamily was responsible for the metabolism of approximately
60—70% of chemotherapeutic drugs, involving key enzymes such as CYPIA2, CYPIBI,
CYP2B6, CYP2CY9, CYP2C19, CYP3A44, and CYP3AS5. Several pharmacogenetic studies have
highlighted the impact of polymorphic variants in metabolizer genes, where variant alleles
contribute to differences in drug efficacy, toxicity and overall poor clinical outcome

(Rodriguez-Antona and Ingelman-Sundberg, 2006).

In the present study, specific SNPs within the CYP superfamily, focusing on CYP2CY,
CYP2C19, CYP3A44, and CYP2D6 were analyzed. The metabolizer genes also exhibited varied
genotype frequency, CC, AA, GG, AA, CC, GG were in higher percentage among the following
loci C430T, A32621C (CYP2C9), G681A (CYP2C19), A392G (CYP3A44), C100T, G1846A
(CYP2D6) respectively. The allelic distribution in metabolizer gene also showed varied
distribution C, A, G, A, C, G were higher frequency in the aforementioned loci the minor alleles
were T, C, A, G, T, A, accordingly. A Russian study demonstrated similar result where, CC,
GG, GG genotypes were higher in percentage in C430T, G681A, A392G loci respectively
(Seredina et al., 2012). Rafat Swiechowski reported AG as a common genotype whereas Kus
et al reported GG as most common among Turkish population in A392G gene (Swiechowski

etal., 2021; Kus et al., 2016).

In the present study, the number of BC patients who received tamoxifen therapy was limited
(n=12) and restricted the ability to establish a robust correlation between tamoxifen metabolism
and CYP2D6 polymorphisms. The metabolizer variants CYP2D6*10 and CYP2D6*4 were
specifically involved in tamoxifen bioactivation but did not influence the metabolism of
chemotherapeutic agents. Due to the small sample size for tamoxifen receiving patients,
statistical power was insufficient to derive meaningful associations, and further analysis was

not pursued. Hence, these two SNPs were tested for their survival effect only.

CYP2C9 gene variants like CYP2C9*2 and CYP2C9*3 might alter drug clearance, impacted

patients’ response and survival outcomes (Seredina et al., 2012; Mwinyi et al., 2014). In this
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study, CYP2CI19 gene, both loci—C430T and A32621C—did not exhibit the homozygous
mutant genotypes (TT and CC, respectively) in this cohort. Consequently, the genetic
association analyses for these loci yielded similar results under both dominant and codominant
models. Interestingly, the C430T locus demonstrated a significant association with
chemotherapy response, showing a 5-fold increased risk for poor chemo-response in both
dominant and codominant models (p<@.05). An Indian study showed the association of
(681G>A) SNP of Adriamycin based chemotherapy induced (Gudur et al., 2024). However,
present study exhibited a significantly lower risk was observed in relation to BMI groups
(p<0.05). In contrast, the A32621C locus displayed a non-significant association, with an
increased risk of 1.8-fold to chemo-response and 1.1-fold for BMI across dominant genetic
models (p>0.05). The combined effect of the treatment response stratified by BMI at the C430T
and A32621C loci exhibited similar outcomes. The C430T locus showed an increased risk, with
a 2.5-fold and 5.0-fold higher risk in the dominant and codominant models, respectively. The
A32621C locus demonstrated a 1.1-fold and 1.7-fold higher risk to non-responsiveness towards
chemotherapy. However, the associations were not statistically significant (p>0.05). Hence,
these two loci (C430T & A32621C) of CYP2CY9 gene did not have any significant role for
predicting chemotherapy response. Moreover, the allelic association exhibited higher
frequency of wild type allele C and A in the loci C430T & A32621C of CYP2C9 respectively
(»>0.05). A study conducted among Russian BC patients, showed an association of
CYP2C9*2 polymorphism with resistance to fluorouracil, cyclophosphamide and Adriamycin
based chemotherapy in a neo-adjuvant setting (Seredina et al., 2012). The findings of our study,
suggested that the CYP2C9 polymorphisms might not play a major role in predicting
chemotherapy response in Indian heterogeneous population, though further studies with larger

cohorts were needed to validate these results.

Among the selected CYP genes, CYP2C19 exhibits the highest enzymatic activity. The
CYP2C19*2 and CYP2CI9*3 variants were the most commonly studied polymorphisms
(Beelen et al., 2013; Helsby et al., 2021). Several studies have reported the associations
between CYP2CI19 polymorphisms and therapeutic outcomes in response to various
chemotherapy drugs (Seredina et al., 2012; Gudur et al., 2024). In this study, we investigated
the GO681A locus, which showed a significant correlation with treatment response,
demonstrating an 11.1-fold and 15.8-fold higher risk to poor chemotherapy response (p<0.05).
Interestingly, in the BMI analysis, a significantly lower risk was observed across all genetic

models (p<0.05). Moreover, the frequency of the vaiant allele (A) was significantly higher in
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NRs, while the wild type allele (G) was more prevalent in the ORR group (p<0.0001). Hence,
our study demonstrate that, variant “A” allele might be associated with poor chemotherapy
response of BC patients in the Eastern Indian cohort. Another Indian study identified the
G681A variant as a significant biomarker associated with poor outcomes in BC patients
undergoing adjuvant therapy (Kalra et al., 2018). A study from UK Research group reported
the influence of pharmacogenetics on chemotherapy response highlighted the role of the
CYP2C19%*2 (G681A) splice variant in affecting treatment efficacy and toxicity in breast cancer
patients (Bray et al., 2010). In our study, the combined impact of BMI and treatment response
at this locus revealed a significantly higher risk to worst response in the low BMI group across
all models and a lower risk in the high BMI group (p<0.05). Amongst all dominant model in
low group showed highest risk 9.6-fold (p<0.05). Notably, in the codominant model, the
homozygous mutant AA genotype was more frequent among NRs with low BMI, whereas the
homozygous dominant GG genotype was predominant in the ORR group with high BMI
(p<0.05). A meta-analysis examined the effect of BMI on pathological complete response
(pCR) rates following neoadjuvant chemotherapy in operable breast cancer. The study found
that increased BMI was associated with lower pCR rates, suggesting that BMI influences
chemotherapy efficacy (Wang et al., 2021). Hence, in this study, BC patients suffer from low
BMI and tends to carry homozygous recessive genotype AA to exhibit poor chemotherapy
response. However, the homozygous wild type genotype GG carrying patients with high BMI
(=18.5) might exhibit complete to partial response in this cohort.

The metabolic activity of CYP344*IB was variable. Some studies have reported that
polymorphisms at this locus were associated with increased promoter activity, potentially
leading to enhanced CYP3A44 expression and accelerated drug metabolism. This might result
in reduced drug efficacy due to lower plasma drug concentrations. Few studies identified
variant allele G carrying individual exhibited poor response (Keshava et al., 2004; Kuehl et al.,
2001). Our study showed reference allele A at higher frequency. Only the recessive model
showed 1.0 fold higher risk among treatment response group (p>0.05). But, BMI group showed
2.5 fold higher risk in dominant model (p=0.025). When combine effect was tested for BMI
and treatment response, there was no strong association observed (p>0.05). The allelic
distribution denoted that, the wild type allele A was higher in both response and BMI subgroups
(»>0.05). These findings suggest that while the CYP344*IB polymorphism might not be
strongly associated with treatment response considering their combined effect, indicate the

need for further studies to clarify its clinical significance.
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The present study exhibited OS time of 48 months when BMI added as a covariate the lowest
OS was observed in low BMI group (41.93 months). However, others studies suggested obesity
was associated with poor survival outcome. Patients received different chemotherapy was also
compared for differential survival outcome, where TAC regimen exhibited lowest survival time
followed by FEC and AC-T. The results of our study are consistent with previous findings from
the NASBP B-30 trial, which compared TAC, AT, and AC-T regimens. The NASBP B-30 trial
demonstrated that AC-T had a significant advantage over TAC in terms of DFS (HR = 0.83;
p=0.006), but not in OS (HR=0.86; p=0.086) for both ER-positive and ER-negative tumors.
(Swain et al., 2009) However, when AC-T was compared with AT, a significant improvement
in OS (HR=0.83; p=0.034) was observed. Batra et al. conducted the USON9735 trial in 2020
and reported that four cycles of TC were superior to AC in BC patients, especially those with
hormone receptor-positive tumors (71.2%) and Grade III tumors (75%), with a 95.5% OS rate
(Batra et al., 2020). This study also supports this observation, DFS AC-T regimen exhibited a
slight advantage over concomitant anthracycline-taxane (TAC) and anthracycline alone (FEC).
Mean DFS times were: FEC 37 months, TAC 38 months, and AC-T 39 months with non-
significant (p=0.534) association. OS was significantly associated with higher tumor grade
(p=0.008) and poor chemotherapy response (p=0.001) indicating its prognostic value in
predicting survival outcomes. Remarkably, the FEC regimen exhibited the worst OS, whereas
patients undergoing either sequential (AC-T) or concomitant (TAC) anthracycline-taxane
therapies demonstrated similar OS results. The mean OS was 40 months for FEC, 43.5 months
for TAC, and 43.6 months for AC-T. This suggested that FEC as least favorable prognosis,
there was no significant distinction in OS between patients receiving anthracycline and taxane
therapies in either sequential or concomitant administration. Concluding that the survival
distributions were not equal among the different treatment regimen groups. Mackey et al., in
BCIRG-005 randomized trial studied the differential outcome of AC-T versus TAC as a
sequential to concurrent combination in node positive and non-metastatic BC patients. The
result of this trial, revealed that, in terms of OS, TAC (OS 78.0%) arm was not superior over
AC-T (OS 79.9%) arm (p=0.506) (Mackey et al., 2016). In a similar study by van Rossum et
al. in 2020, the comparison between adjuvant, dose-dense anthracycline-taxane (ddAC) and
TAC among high risk BC where no significant difference was observed on RFS and OS after
6 cycles with 7 years’ median follow-up (van Rossum et al., 2018). DFS analysis in this study
showed, suggests that the achievement of disease-free status was notably shorter for NRs
compared to the overall population across different treatment regimens. AC-T regimen

exhibited a slight advantage over the others. Although a significant relationship was found
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between treatment response and DFS (p<0.0001), patients who did not respond to
chemotherapy (NRs group) experienced a median DFS only at 6 = 2.449 months.

Effect of SNP among ABC and CYP gene also exhibited different PFS and OS in our study.
The CC (C1236T), TT (C3435T) and AA (C58626A) genotypes associated with lowest PFS.
Whereas TT (C1236T), AA (C58626A) associated with lower OS individually and when BMI
included as a covariate: CT (C1236T), the TT (C3435T), and the AA (C58626A) (p<0.05)
showed worst outcome. However, multivariate test showed increased risk (HR>1) to survival
typically when genotypes were analyzed in combination with BMI: CT and TT genotypes of
the C1236T SNP and the AA genotype of the C58626A SNP (p>0.05). Interestingly, for the
C3435T SNP, the CT genotypes combined with BMI were significantly associated with a
lowered hazard risk (HR<1; p<0.05), suggesting 87% reduction in risk of death; might have
protective role in survival, consistent with previous findings that link certain genetic variants
to improved clinical outcomes. To our knowledge, no studies documented these findings
regarding C58626A SNP prior to ours. However, other findings reported that, the C1236T
polymorphism has been linked to a poor response irrespective of BMI stratification (Chaturvedi
etal., 2013). Although, among triple-negative BC patients, TT genotypes of C3435T associated
with chemo-resistance (Lévy et al., 2013). Similar trends have been noted among Turkish

women, where 3435TT was identified as a potential risk factor (Zeliha et al., 2020).

In addition, the influence of metabolizer gene polymorphisms on overall survival was also
studied. Among the genotypes analyzed, CYP2C9, CYP3A44, and CYP2D6 did not demonstrate
any statistically significant association with survival outcomes consistent with previous
findings that suggested these polymorphisms might have limited impact on clinical outcomes
in certain cancers (Zanger and Schwab, 2013; Ingelman-Sundberg et al., 2007). However, for
CYP2C19, heterozygous individuals (GA) exhibited the shortest median survival time
(p=0.039), aligned with studies that indicate CYP2C19 polymorphisms could influence drug
metabolism and therapeutic response (Swen et al., 2011; Scott et al., 2013). Stratification based
on BMI revealed a uniform median survival of 22 months across all SNPs, with no significant
differences observed (p>0.05). These findings suggested that the survival data in this study
may be immature due to a limited follow-up period (van Schaik, 2008). Notably, all SNPs,
except for CYP3A44, were associated with an increased HR (>1). Furthermore, after BMI
stratification, the elevated HR (>1) persisted for CYP2C19 (GA, AA), CYP344 (AG), CYP2D6
(CT; C100T) and (GA; G1846A) genotypes (p>0.05) in continuation with previous reports
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linked these polymorphisms to altered drug metabolism and treatment efficacy (Rodriguez-

Antona and Ingelman-Sundberg, 2006).

This study was limited by inherent biases due to its small sample size and single-center design.
Increasing the sample size in future studies will enhance statistical robustness also helps to
identify the pharmacogenetic effect of the SNPs. Additionally, the short follow-up period may
have led to immature survival data. Future research should include larger, multi-center cohorts,
transethnic analyses, and cost-effectiveness evaluations, especially for low- to middle-income
countries. Nonetheless, these findings offer valuable insights for BC treatment strategies in the

Indian context.
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Over the past decades, breast cancer chemotherapy had been underwent significant
advancements, with ongoing research refined optimal treatment strategies. Currently,
anthracycline-taxane—based regimens were widely established as first-line therapy. However,
the majority of safety and efficacy data reported from high-income countries, created a research
gap regarding their impact in low- and middle-income settings, highlighting the need for
region-specific studies. Moreover, BMI assessment was a critical risk factor yet often
overlooked in BC management, particularly among patients with low BMI. This was especially
relevant in the heterogeneous Indian population, where rural patients’ QoL and treatment
outcome with low BMI remain understudied. Additionally, analyzing ABC and CYP gene
polymorphisms was essential for understanding drug resistance and metabolism affecting
clinical outcome, further emphasizing the need for comprehensive, personalized treatment
strategies. Therefore, it was utmost importance to study clinical relevance of this cohort with

an emphasis on pharmacogenetic effect.

1. The clinical efficacy of chemotherapeutic drugs revealed that, prognosis of the Indian
BC patients treated with anthracycline and taxane chemotherapy either sequentially or
concomitantly was better in terms of survival and efficacy. Although, the AC-T
regimen does not improve DFS and OS significantly; however, the observed trend
toward DFS (39 months) and OS (43 months) was improved along with reduced

toxicity.

2. A statistically significant disparity in the QoL domains- including social, functional,
and emotional well-being—was observed between low and normal BMI patients over
the 12-month follow-up period. Patients with lower BMI and compromised nutritional
status exhibited diminished QoL, suboptimal therapeutic response and reduced overall

survival (22 months).

3. ABC gene polymorphism revealed that low BMI factor, both independently and in
conjunction with the AA genotype in the ABCC2 gene, was associated with the worst
chemotherapy response and unfavorable survival outcomes. Furthermore, the presence
of the "A" allele at this locus was significantly linked to non-responders. This genotype
was also correlated with compromised PFS (40 months) and OS (39 months), along
with an elevated hazard ratio (HR>1), indicating a higher risk of adverse outcomes.
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4. Conversely, patients carrying the heterozygous CT and CA genotype at the C3435T
and C58626A loci in ABCB1 & ABCC2 gene respectively demonstrated a potential
protective effect, as exhibited a lower hazard ratio (HR<1), suggesting improved
treatment response and survival benefits (p<0.05). This finding implies that the
3435CT, 58626CA variants might be modulate drug transport efficiency, contributing

to better therapeutic outcomes.

5. CYP polymorphism revealed that low BMI patients carrying the homozygous recessive
genotype (AA) at the CYP2C19 gene in G681A locus exhibited the poorest
chemotherapy response, with the lowest PFS (38 months) and increased HR (>1).
However, patients with the heterozygous GA genotype demonstrated the shortest
overall survival duration, accompanied by an increased HR (>1), indicating an adverse
clinical outcomes. These findings underscore the critical influence of CYP2C19

polymorphisms on chemotherapy efficacy and survival in BC patients with low BMI.

6. The patients with low BMI and ER positive tumors exhibited a diminished response to
chemotherapy, potentially due to altered drug metabolism, hormonal influence, and
differences in adipose tissue composition affecting endocrine signaling.

Clinical efficacy of chemotherapeutic drugs among Indian heterogeneous population was very
similar with western world. AC-T regimen suggested as a preferred option in specific patient
cohorts as a first line chemotherapy showed better efficacy, safety profile and survival outcome
Indian BC cancer patients. BMI might act as a modulating factor in chemotherapy response,
reinforcing the need for nutritional assessment and intervention. Providing sufficient nutritional
support is essential, as it may help to improve QoL, reduce the negative effects of che-
motherapy, increase adherence to treatment, and boost long-term treatment outcomes. Hence it
is recommended to get guidance from a certified nutritionist prior to commencing any
treatment. Polymorphisms in transporter genes play a pivotal role in multidrug resistance, while
variations in metabolizer genes significantly impact drug efficacy. The loss- or gain-of-function
mutations in these genes critically influence overall treatment response, often leading to
reduced therapeutic effectiveness and poorer clinical outcomes. Hence, these genetic factors
may serve as predictive markers in chemotherapy response evaluation in relation to BMI.
Therefore, genetic counseling is recommended before initiating any treatment regimen to
optimize therapeutic outcomes. Moreover, BC tumor biomarker ER expression may have

significant implications to predict treatment response.
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ANNEXURE Il

Chittaranjan National Cancer Institute
37 S. P. Mukherjee Road, Kolkata -700026

Study on CYP2D6 and ABCB polymorphisms with respect to tamoxifen
adjuvant treatment in ER and PR breast cancer patients

PROPOSED FORMAT FOR INFORMED CONSENT FORM
(This form will be translated in local language after sanctioning of the project)
Subject Information Sheet

Introduction:

You are being invited to take part in a research study being conducted at Chittaranjan National
Cancer Institute, 37 S. P. Mukherjee Road, Kolkata-700026. Your participation in this study is
voluntary, which means you can decide whether or not you want to be in the study. If you don’t
want to be in the study, you will not be prevented from receiving any medical care or other

benefits that you are entitled to.

Before you agree to be in this study, it is important that you read the following information
completely and ask as many questions as necessary to the study doctor or nurse to be sure that
you understand what you will be asked to do. This subject information sheet provides you with

detailed information about the study.

Prior to being enrolled in the study, you will be required to personally sign and date
the Subject Information Sheet and Informed Consent Form provided at the end of

this document. A copy of the signed Informed Consent Form will be provided to you.

Ask your study doctor Dr. Neyaz Alam, Dr. Partha Nath Co-Supervisors of the project, if there
is anything that is not clear or if you would like more information. Take time to decide whether

or not you wish to take part.
What is the purpose of the study?

e Toassess the immunohistochemical expression of estrogen receptor (ER), progesterone
receptor (PR) and human epidermal growth factor receptor-2 (HER2/neu) in BC
patients.

e To evaluate the effects of the single nucleotide polymorphisms in ABCB1, ABCC2

genes and their allele frequencies in response to tamoxifen metabolisms and
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anthracycline-taxane chemotherapy (FEC/TAC/AC-T) transport and metabolism in ER
and PR positive BC patients.

e To determine the correlation among CYP2D6, CYP2C19, CYP2C9, CYP3A4 genes and
their allele frequencies with respect to tamoxifen metabolisms and anthracycline-taxane
chemotherapy (FEC/TAC/AC-T) transport and metabolism in ER and PR positive BC
patients.

e To assess the clinical efficacy and quality of life in ER and PR positive BC patients in
response to tamoxifen therapy and anthracycline-taxane chemotherapy (FEC/TAC/AC-
T).

e To evaluate the impact of low BMI on treatment response, quality of life, and genetic
predisposition to altered drug transport, metabolism and therapy outcomes among BC
patients.

e Analysis of data for prediction and clinical management of breast cancer.
What will be happen during the study?

Before you join this study, you will be assessed against a few criteria for selection as a study
participant. You will be considered for the study, if you fulfill these criteria. Once the study
doctor or the staff has answered all questions, you will be asked to read, sign and date this

consent form given. Below is a detailed description of what will happen to you during the study.
Study Procedure:

For this study, about 500mg - 1gm of tumor will be taken from the surgical specimen and 5ml
of blood will be taken from the respective patients after taking proper consent in patient consent
form. Following tests will be done in the samples: Histology, Immunohistochemistry with in-
vitro diagnostic (IVD) approved antibodies exclusively for patient service and Molecular

analysis.
Why should I participate in this study?

You have been chosen to participate in the study because of the following reasons: You have
been diagnosed with breast cancer and you will be given adjuvant therapy consisting of
Tamoxifen. This therapy has precipitated many adverse drug reactions. This study will focus
on the quality of life of the patients and reduce adverse effect of drug toxicity based on drug
response. This study may help in determining the judicious use the dose of tamoxifen to be
administered. Hence, genotyping may be an important tool in determining the effective dose

of tamoxifen in patients subjected to tamoxifen adjuvant therapy.
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How many other people like me will be participating in the study?
The total number of breast cancer patients who will be participating in the study will be 140.
What are the possible risks / discomforts?

There is no known risk / discomfort of the patients in taking 5ml blood. The tumor sample will

be taken from the surgical specimen after surgery of the tumor for therapy.
What are the potential benefits?

The aim of this study is to understand the molecular mechanism related to drug metabolism
generated by adverse drug reactions during the drug response treatment in breast cancer
patients. The knowledge that will accrue from this project will be helpful for improvement of
quality of life and reduce adverse effect of drug toxicity based on drug response. You may
benefit from satisfaction of participating in research study that may provide new information
about the disease which may help you or other patients in the future for treatment, predictive

and therapeutic measures of the disease.
Compensation: You will not be charged for any tests of the study.
If I take part what are my responsibilities?

Your primary responsibilities include visiting the hospital as per treatment schedule, follow
study staff instructions. You will not be allowed to take certain medications and treatments
while you are participant in this study. Please check with your doctor for drugs prohibited for
usage during the study. The usage of other chemotherapy agents that do not fall under standard
regimen also will not be permitted during the treatment period.

Will my taking part in the study be kept confidential?

Confidentiality of your medical records will be maintained to the extent permitted by law.
Authorized representatives of Indian Council of Medical Research, Govt. of India, independent
auditors and / or regulatory bodies and monitors will be able to have access to your original
medical records for the verification of clinical study procedures. No information will be

disclosed to anyone, other than may be required by law. Your identity will not be revealed.
What will happen to the results of the research study?

All information collected during the research study will be kept in a written report, where you
will not be mentioned by name, only your initials, date of birth and a study number individual

to you. Your confidentiality will be protected.
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Contact Details:

If you have any questions about this study or you experience a side effect, illness or injury that

you believe results from this study you may contact the following study doctors:

Dr. Neyaz Alam

MBBS, MS

Specialist Grade I, Associate Professor
Head, Department of Surgical Oncology

Dr. Partha Nath,
MBBS, Chief Medical Officer
Department Of Medical Oncology

Chittaranjan National Cancer Institute, Kolkata
37 S. P. Mukherjee Road, Kolkata 700 026
Telephone No.: 33-2476 5101/02/04, Extn. 345 and Extn.343
Fax: 91-33-2475-7606
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Informed Consent Form

Project Title: Study on CYP2D6 and ABCB polymorphisms with respect to tamoxifen

IL
III.
IV.

VL

VIL

adjuvant treatment in ER and PR receptor breast cancer patients
Name of the Participant: Tanuma Mistry Regd. No.-
Name of the Principal Investigator: Dr. Vilas D. Nasare Senior;
Scientific Officer Grade-I, Dept. of Pathology and Cancer Screening.

Name of the Institution: Chittaranjan National Cancer Institute; 37, P. Mukherjee Road,
Kolkata 700 026

Co-Investigator: Dr. Neyaz Alam, Dr. Partha Nath
Name of Institute: Chittaranjan National Cancer Institute, Kolkata
Documentation of the informed consent:

I~ have read the information in this

form (or it has been read to me). I was free to ask any questions and they have been
answered. [ am 18 years of age and exercising my free power of choice, hereby give my
consent to be included as a participant in the project entitled “Study on CYP2D6 and ABCB
polymorphisms with respect to tamoxifen adjuvant treatment in ER and PR receptor breast

cancer patients”.

I have read and understood this consent form and the information provided to me.

I have had the consent document explained to me.

[ have been explained the nature of the study.

My rights and responsibilities have been explained to me by the investigator.

I have informed the investigator of all the treatments I am taking or have been taken in
the past ------------------ months including any desi (alternative) treatments.

I hereby give permission to the investigator to release the information obtained from
me as result of participation in this study to the sponsors, regulatory authorities,
Government agencies and ethics committee. I understand that they may inspect my
original records.

My identity will be kept confidential if my data are publicly presented.

VIII. Ihave had my questions answered to my satisfaction.

IX.

I have decided to be in the research study.

I am aware that if 1 have any questions during this study, I should contact the Principal

Investigator/ Co-Investigators & Study Doctors of the project. By signing this consent form I

attest the information in this document.
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I will be given a copy of this consent document.

Participant’s (or legal representative if participant incompetent) signature / thumb impression:

Name and signature of impartial witness (required for illiterate patients):

Date: Time: Place:

Address and Contact number of the impartial witness:

Name and signature of the PI & Co-PI:
Name: Date:

Signature:
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ANNEXURE 111
Title of the project: Study on CYP2D6 and ABCB polymorphisms with respect to

tamoxifen adjuvant treatment in ER and PR receptor breast cancer patients.

Chittaranjan National Cancer Institute. 37, S.P. Mukherjee Road, Kolkata -700026

Demographic Information

1. ID Number

2. Date of registration (Day/Month/Year)

3. Name First Name Surname

4. Contact No/ Mobile no.

5. | Address

6. Setup 1-Urban; 2-Rural State

7. Occupation (Self) 1. Student; 2- Self-employed; 3. Labour or manual worker or
unskilled worker; 4 -Farmer; 5- professional; 6. Desk ( office) job

8. What is your age ?.............years

9. Gender ( )1- Male; 2- Female

10. | Marital Status ( )1- Married; 2 —Unmarried; 3 — divorced; 4- widowed

11. | If Employed,1- Self-employed ; 2- Laborer or manual worker; 3- professional; 4-
Family own business 5-Farmers; 6- Retired

12. | What is your religion? 1- Hindu; 2- Muslim; 3- Christian; 4- Buddhist; 5- Others

13. | Do you use tobacco 1-Yes; 2-No;

14. | If yes Duration of tobacco use

15. | If yes just occasional use ( ) If chronic Duration of tobacco use ---- Months-----

Years

16. | If you ever have taken any contraceptive pills?1- Yes () 2-No ()
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ANNEXURE IV
Quality of life

Please circle or mark one number per line to indicate your response as it applies to the
baseline, 3" month, 6™ month and 12% month of treatment.

Not at | A little | Some- | Quite | Very
SPIRITUAL WELL-BEING all bit what | a bit | much
1 |Do you feel peaceful? 0 1 2 3 4
2 |Do you feel that you have any reason for 0 1 2 3 4
living?
3 |Has your life been productive? 0 1 2 3 4
4 |Do You have trouble of feeling peace of 0 1 2 3 4
mind?
5 |Do you feel a sense of purpose in your life? 0 1 2 3 4
6 |Are you able to reach down deep into 0 | ) 3 4
Yourself for comfort?
7 |Do you feel a sense of harmony within 0 | ) 3 4
yourself?
8 |Does your life lack meaning and purpose? 0 1 2 3 4
9 |Do you find comfort in your faith or spiritual
) 0 1 2 3 4
beliefs?
10 |Do you find strength in your faith or spiritual
) 0 1 2 3 4
beliefs?
11 |Does your illness strengthen your faith or
.. . 0 1 2 3 4
spiritual beliefs?
12 |Do you think that whatever happens to your 0 ) ) 3 4
illness, your other things will be okay?

Reference:

https://www.facit.org/measures/facit-sp-12 FACITSp-12 breast cancer: For patients with
breast cancer
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Please circle or mark one number per line to indicate your response as it applies to the

baseline, 3" month, 6" month and 12" month of treatment.

Not at | A little | Some- | Quite | Very
all bit what | a bit | much

PHYSICAL WELL-BEING

1 |Do You feel or have a lack of energy? 0 2 3 4
2 |Do you have nausea? 0 2 3 4
3 |Do you have trouble meeting the needs of your
. X o 0 1 2 3 4
family because of your physical condition?
4 Do you have pain? 0 1 2 3 4
5 |Are you bothered with the side effects of 0 1 2 3 4
treatment?
6 |Do you feel ill? 0 1 2 3 4
7 |Are you forced to spend time in bed? 0 1 2 3 4
8 |Do you feel pain in certain parts of your body? 0 1 2 3 4
9 |Do you feel short of breath? 0 1 2 3 4
10 |Do you feel pain in bones? 0 1 2 3 4
11 Do you feel fatigued? 0 1 2 3 4
12 |Do you have mouth sores? 0 1 2 3 4
13 |Are you bothered about hair loss? 0 1 2 3 4

Not at | A little | Some- | Quite | Very

SOCIAL/FAMILY WELL-BEING all bit | what | abit | much

1 (Do you feel close to your friends? 0 1 2 3 4
2 |Are you getting emotional support from your
. 0 1 2 3 4
family?
3 |Do your friends support you? 0 1 2 3 4
4 |Has your family accepted your illness? 0 1 2 3 4
5 |Are you satisfied with family communication
. 0 1 2 3 4
about your illness?
6 |Do you feel, close to your partner (or the
. ) 0 1 2 3 4
person who is your main support)
Q1 |Regardless of your current level of sexual
activity, please answer the following question.
If you prefer not to answer it, please mark this
box |j and go to the next section.
7 |Are you satisfied with your sex life? 0 1 2 3 4
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Not at| A little | Some- | Quite | Very
EMOTIONAL WELL-BEING all bit | what | abit | much
1 (Do you feel sad? 0 1 2 3 4
2 |Are you satisfied with how you are coping with
. 0 1 2 3 4
your illness?
3 |Are you losing hope in the fight against your 0 1 2 3 4
illness?
4 Do you feel nervous? 0 1 2 3 4
5 |Do you worry about dying? 0 1 2 3 4
6 |Do you worry that your condition might get
0 1 2 3 4
worse?
Not at| A little | Some- | Quite | Very
FUNCTIONAL WELL-BEING all bit | what | abit | much
1 |Are you able to work (including work at home) | 0 1 2 3 4
2 |Is your work (include work at home) fulfilling? | 0 1 2 3 4
3 |Are you able to enjoy your life? 0 1 2 3 4
4 |Have you accepted your illness? 0 1 2 3 4
5 |Are you sleeping well? 0 1 2 3 4
6 |Are you enjoying the things that you usually do
0 1 2 3 4
for fun?
7 |Are you contented with the quality of your life
: 0 1 2 3 4
right now?

Please circle or mark one number per line to indicate your response as it applies to the
baseline, 3" month, 6™ month and 12% month of treatment.

Not | Alittle | Some- | Quite | Very
ADDITIONAL CONCERNS atall| bit | what | a bit | much
1 |I have been short of breath 0 1 2 3 4
2 |1 am self-conscious about the way I dress 0 1 2 3 4
3 |One or both of my arms are swollen or tender 0 1 2 3 4
4 |I feel sexually attractive 0 1 2 3 4
5 |I am bothered by hair loss 0 1 2 3 4
6 |I worry that other members of my family might
) 0 1 2 3 4
someday get the same illness I have
7 |1 worry about the effect of stress on my illness 0 1 2 3 4
8 |I am bothered by a change in weight 0 1 2 3 4
9 |I am able to feel like a woman 0 1 2 3 4
10 |I have certain parts of my body where I 0 1 2 3 4
experience pain

Reference:
http://www.facit.org/FACITOrg/Questionnaires FACT-breast cancer: For patients with breast
cancer
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ANNEXURE V

Tamoxifen treatment Symptoms

During treatment baseline, 3™ month, 6™ month and 12" month did you have any of the

following symptoms?

Symptoms

Did not
have

(If yes), how
often did you
have it?

(If Yes), how
severe was it
usually?

(If yes), how much did
it distress or bother

you

Rarely
Occasionally
Frequently
Almost Constantly

No AE
Mild

Life Threatening

Moderate
Death

Severe

Not at all
A little bit

Somewhat
Quite a bit
'Very much

Amenorrhea

Fluid retention

Hot flash

Nausea

Vaginal discharge

Vaginal
hemorrhage

Weight loss

Skin changes

Infection

Sepsis

Alopecia

Constipation

Cough

Diarrhoea

Edema

Menstrual disease

Oligomenorrhea

Ostalgia

Vomiting

Increased serum
aspartate
aminotransferase

Reference:

https://www.drugs.com/sfx/tamoxifen-side-effects.htm
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ABSTRACT

This study investigates the impact of Body Mass Index (BMI) on Quality of Life (QolL) and
treatment outcomes in breast cancer (BC) patients, particularly focusing on underweight
individuals with compromised nutritional status. A nonrandomized prospective study
comprising 121 newly diagnosed patients across various BMI categories utilized FACT-B &
FACIT-Sp-12 questionnaires. Follow-ups occurred at baseline, during (3rd and 6th), and after
(12th month) anthracycline-taxane chemotherapy, either sequentially or concomitantly.
Patients with low BMI (<18.5kg/m? 53.7%) exhibited significantly poorer QoL, marked by
compromised nutritional indicators (low MUAC and SFT). Repeated measures ANOVA identified
significant correlations between BMI groups in functional, social, and emotional QoL aspects
(p<0.05), with no notable differences in other domains. A Chi-square (x2) test underscored a
significant link between BMI and treatment response (p<0.0001), showing higher rates of
non-responders among underweight patients (p=4.259e~'4). The study advocates pretreatment
consultation with a dietitian as standard care for Indian BC patients, offering complimentary
nutritional support for improved QoL outcomes and treatment responses.

KEYWORDS

BMI; Breast cancer; Quality of
Life; Chemotherapy delay;
Chemotherapy response; Survival

Introduction Identification of nutritional deficiencies using tra-
ditional BMI-based screening methods became more
challenging (5, 6). In addition to BMI, the assessment
of MUAC and SFT served as an alternative
non-interventional method for evaluating nutritional
status. The measurement of the supra-iliac skinfold
was crucial in estimating SFT, which was a commonly
used caliper testing procedure to determine a patient’s

body fat percentage.

Breast cancer (BC) remains a substantial and per-
sistent obstacle to worldwide public health. In 2024,
BC accounted for nearly 11.6% of all diagnosed cancer
cases, resulting in a worrying 2.3 million new cases (1).

The rural Indian population frequently faces health
challenges related to insufficient nutrition, resulting
in low Body Mass Index (BMI), reduced Mid-Upper

Arm Circumference (MUAC), and thin Skin Fold
Thickness (SFT). Malnourished patients had a signifi-
cantly higher risk of cancer death, with a 2-5 times
greater risk compared to well-nourished individuals
(2-4). Patients who have therapeutic adverse effects
such as toxicities, therapy failures, and rapid disease
progression (2), faced the risk of unfavorable conse-
quences and a poor prognosis due to inadequate
nutrition (3).

An anthropometric factor, including height, weight,
and BMI, had been associated with a higher risk of
BC (7, 8). Significantly, being overweight and obese
were definitively identified as risk factors for BC, with
a 1.2-1.4 times greater risk in post-menopausal
women (9, 10) and a 0.8 times higher risk in
pre-menopausal women (10, 11). Although numerous
studies have reported the impact of obesity on QoL
in BC patients (12-16).
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Several researchers have proposed that incorporat-
ing nutritional assistance, such as the Mediterranean
diet, could be a viable therapeutic approach for BC
patients (17-22). However, it should be noted that
implementing this diet in poor socio-economic nations
is currently not feasible. Furthermore, research studies
have highlighted various aspects of QoL among Indian
BC patients. Their daily functioning and overall
well-being can be significantly affected by physical
symptoms such as pain, exhaustion, and side effects
from treatments (23-26).

Highlighting the critical need for promptly assessing
BMI status, especially with a strong focus on under-
standing how underweight conditions affect QoL and
treatment outcomes among the BC population, there
is a significant lack of research investigating the diffi-
culties experienced by underweight BC patients, who
have a low BMI and inadequate nutritional status. This
lack of understanding is especially evident in the Indian
healthcare system. To the best of our knowledge, there
is scant evidence accessible in the Indian scenario as
well as the global sector that directly explains the rela-
tion between low BMI and QoL domains that affect
the treatment response and survival outcome.

Materials and Methods
Study Design

A total of 152 patients initially participated, but finally
121 patients were recruited in this study, which was
conducted in collaboration with the Department of

Surgical Oncology, Medical Oncology and Pathology
& Cancer Screening, Chittaranjan National Cancer
Institute (CNCI) Kolkata in India, during the time
frame between August 2019 to October 2022. We
monitored these patients until August 2023 (Figure 1).

Inclusion and Exclusion Criteria

The study included 121 female volunteers who were
newly diagnosed with histologically verified invasive
breast carcinoma (AJCC Stages I-III) and were aged
18years or older. Patients with adequate bone marrow
function, platelet counts (>100,000/uL), blood coagulation
parameters, and hepatic and neurological compliances
were included in the study. All the registered patients
were initiated cytotoxic therapy at baseline, and they
were all enrolled within 3 weeks after being diagnosed.

Patients were excluded from the study (n=31)
based on the specified exclusion criteria. Patients
under the age of 18 and who had a prior diagnosis
and treatment of radiotherapy, chemotherapy and total
mastectomy were excluded. Pregnant or breast-feeding
women and those who were at risk of getting pregnant
during the study period were excluded. Patients with
a prior medical history venous or pulmonary blood
clots (deep vein thrombosis), liver disease, high tri-
glycerides, cataract history or stroke, acute hepatitis,
active infection, uncontrolled diabetes, or autoimmune
disease were also excluded from this study. Among
the 31 excluded patients, a few lost follow up due to
the following reasons. After receiving primary

Figure 1. Schematic representation of study cohort. BC: Breast Cancer; TAC: Taxane-Anthracycline-Cyclophosphamide; AC-T:
Anthracycline-Cyclophosphamide followed by Taxane; QoL: Quality of Life; FACT-B: Functional Assessment of Cancer Therapy—
Breast; BMI: Body Mass Index; MUAC: Mid-Upper Arm Circumference; SFT: Skin Fold Thickness; RECIST: Response Evaluation Criteria
In Solid Tumors; CRs: Complete Responders; PRs: Partial Responders; NRs: Non-Responders.



treatment management from this institute, they chose
to pursue treatment outside the primary facility, closer
to their localities, to access governmental health facil-
ities like Swasthya Sathi Yojana and the Health
Ministers Cancer Patient Fund (HMCPF). Additionally,
mortality due to various causes, including COVID-19,
heart failure, dengue, and other ailments, causes the
patients not to attend further appointments.

Treatment

During the initial phase of patient enrollment, the
concurrent administration of Antracycline-Taxane
(TAC) (n=75) was a commonly utilized chemother-
apeutic regimen. However, midway through the study
period, the NCCN guidelines began advocating for
the sequential administration of Antracycline-Taxane
(AC-T) (n=46) as the preferred approach for treating
BC patients. Chemotherapy was recommended to the
study population in the following manner- 1. TAC
regimen: comprised of Docetaxel 75 mg/m? i.v. at day
1; Doxorubicin 50 mg/m? i.v. at day 1; Cyclophosphamide
500 mg/m? i.v. at day 1 (27), repeated every 21 days.
2. AC-T regimen: Doxorubicin 50 mg/m? i.v. at day
1; Cyclophophamide 500 mg/m? i.v. at day 1 for four
cycles followed by Paclitaxel 175mg/m? by IV infusion
on day 1 every 21days for four cycles (28).

The choice of chemotherapy regimen was deter-
mined in accordance with institutional protocols and
at the discretion of clinicians. Patients were advised
to undergo pre-medications, including NK1 receptor
antagonists, H2 blockers/PPIs, dexamethasone, and
5HT3 antagonists, as deemed necessary by their phy-
sicians to alleviate potential adverse effects associated
with chemotherapy.

Radiotherapy was tailored to eligible patients, with
doses adjusted based on tumor size and conditions.
Typically, the standard radiotherapy regimen involved
50 Gray (Gy) over 25 daily fractions (5 fractions/
week) spanned over 5 week. However, flexibility
existed in the treatment approach, with variations
such as extended fractionation either 45Gy admin-
istered in 25 daily fractions with supplementary boost
doses of 10 Gy over 5 fractions or an alternative reg-
imen of 50.4 Gy given across 28 daily fractions (29).

Ethical Approval

The study was approved by the Institutional Ethical
Committee, CNCI, Kolkata [IEC Ref.
CNCI-IEC-DL-2020-6], adhering to the Declaration
of Helsinki. Written informed consent, provided in
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the patients’ preferred language (Bengali/Hindi), was
obtained from all participants.

Data collection
Anthropometric Measurements

Before the administration of chemotherapy, the height
and weight of each patient were recorded, and their
BMI was measured individually. Patients were cate-
gorized as per WHO standard into the following BMI
categories: underweight/low BMI class (<18.5kg/m?),
normal BMI class (18.5-22.9kg/m?), or overweight/
obese class (223 kg/m?) (30).

The evaluation of nutritional status was conducted
through an easy, rapid, and noninvasive procedure,
which included the measurement of MUAC and SFT.
We measured the MUAC at the midpoint between
the shoulder’s most prominent tip and the elbow (31).
The upper MUAC group was categorized as individ-
uals with a MUAC measurement exceeding 26.5cm,
whereas the lower group consisted of those with mea-
surements falling below 23.5cm. During SFT mea-
surements, the clinician securely holds a fold of the
patient’s skin between the thumb and index finger,
raising it to measure two components: the thickness
of the skin and that of the subcutaneous fat-excluding
any muscle or fascia (32). In order to overcome the
influence of experimenter bias, the process was iter-
ated a minimum of two times, and the final skinfold
score was determined based on the average of these
repetitions.

QoL Assessment

All the recruited patients (n=121) were assessed
exclusively during the chemotherapy treatment
period individually at four key time points: before
chemotherapy (baseline), during chemotherapy at
the 3rd and 6th months, and after completion of
chemotherapy at the 12" month. They were strati-
fied based on their response to chemotherapy and
their anthropometric characteristics (BMI). We ana-
lyzed the QoL of BC patients using the Functional
Assessment of Cancer Therapy - Breast (FACT-B)
questionnaire tailored for them, and spiritual
well-being was assessed by the Functional Assessment
of Chronic Illness Therapy-Spiritual Well-Being 12
(FACIT-Sp-12) questionnaire (33). This question-
naire was designed in six different domains, com-
prised of a total 49 questions in the following
sections: physical, functional, social, emotional and
spiritual well-being. A distinct set of questions was
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designed typically for BC patients under the ‘addi-
tional concern’ domain.

Clinical Response

Tumor assessment and monitoring occurred at base-
line, following the 3rd and 6th cycles of chemotherapy.
Chemotherapy response was evaluated using clinical,
radiological, and pathological data, and patients were
categorized as complete responders (CRs), partial
responders (PRs), or non-responders (NRs) in accor-
dance with RECIST criteria version 1. Patients demon-
strating stable or progressive disease were grouped as
non-responders (34). The pattern of treatment
response was evaluated after each cycle of chemother-
apy and before giving the next cycle. Radiological
assessments such as ultrasonography, computed
tomography scans were employed following four cycles
of chemotherapy. Pathological stages were determined
by expert histopathologists. Different grades of toxicity
in patients caused by chemotherapy were recorded in
Common Toxicity Criteria (CTC) (CTCAE v4) accord-
ing to the National Cancer Institute (NCI) (35).

Statistical Analysis

Descriptive statistical analyses were used to analyze
the frequency, mean value, and corresponding stan-
dard deviation (S.D.) of demographic and clinical
characteristics. Two-way repeated-measures analysis
of variance (ANOVA) was applied, taking time as a
repeated factor and QoL domains and BMI group as
fixed factors. We considered multivariate (Wilk’s
Lambda test) analysis and Greenhouse-Geisser signif-
icance values (p<0.05). A chi-square (x*) test was
performed to find the associations of treatment
responses among different BMI groups. Kaplan-Meier
survival analysis was monitored at 48 months to
understand the effect of BMI on survival outcomes.
All these statistical analyses were done using Statistical
Package for the Social Sciences (SPSS v.26.0), and
p<0.05 was taken to be statistically significant.

Results

A cohort of 121 individuals diagnosed with
non-metastatic BC had an average age of
49.2£11.66years, body weight was (53.945+10.90) kg,
and mean MUAC of (22.762+1.92) cm. When patients
were stratified by BMI, 53.7% of the entire sample
had a low BMI, while (38.8%) fell within the normal
BMI range. Only (7.4%) were classified as overweight

or obese. A substantial majority of the whole study
population (57.85%) were between the age group 41
to 60years. Within this age category, the low BMI
group exhibited the highest 51.4%. Patients with a
low BMI were primarily from families with a very
low socio-economic status (2000< INR <5000)
(48.78%), residing predominantly in rural areas
(51.8%), with a high proportion characterized as illit-
erate (53.6%) and unemployed/homemakers (52.3%).
Additionally, irrespective of BMI stratification, the
majority did not have a familial background of cancer.
However, stage III (56.5%) and grade II (54.9%)
tumors were most commonly observed during the
time of primary diagnosis. It was worth noting that
patients with a low BMI were also found to have poor
SFT (11.45+6.4; 54.4%) cm. Low BMI group showed
the majority number of NRs (90.2%), while normal
BMI group exhibited mostly CRs (82%). The
Chi-square (y*= 75.39; Z-score= 6.17) test underscored
a significant association between BMI and treatment
response (p<0.0001). The lower MUAC (<23.5) cm
group was predominated (81.69%) in low BMI cate-
gory, while in the normal BMI, the mid MUAC
(23.5-26.5) cm class was the most prevalent (72.34%)
and the MUAC groups also varied significantly across
BMI categories (p<0.0001) (Table 1). The chemother-
apy responses (CRs, PRs, and NRs) showed a highly
significant difference when compared within the group
(low BMI; p=4.259¢™'* and normal BMI; p=2.2¢7'¢).
However, in the obese category, the difference was
not significant (p=0.716) (Figure 2).

Two-way repeated-measures analysis of variance
(ANOVA) that examined the QoL scores across var-
ious domains as assessed by the FACT-B and
FACIT-Sp-12 questionnaires categorized by different
BMI groups. Notably, QoL scores demonstrated a sta-
tistically significant difference (p<0.05) in the func-
tional and social domains throughout the follow up
period (baseline, 3rd, 6th, and 12th months), as deter-
mined by Wilk’s Lambda and the Greenhouse-Geisser
test. Similarly, there was a significant difference
observed in the emotional domain within the group
(p=0.025) while other domains were not statistically
significant (p>0.05) (Table 2) and these QoL mean
scores were graphically represented in Figure 3 at 4
time points for all the six domains among the differ-
ent BMI groups. The majority of patients experienced
grade 1-2 toxicity, with alopecia (79.33%), anemia
(14.1%), and fever (14%) being the most commonly
seen side effects. However, a small number of patients
encountered grade 3-4 toxicity, including anemia
(1.6%), diarrhea (1.6%), and constipation (1.6%)
(Table 3). The Kaplan-Meier exhibited the lowest
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Table 1. Socio-demographic and clinical characteristics of breast cancer patients.

BMI class (kg/m?)
Frequency (%)

Characteristics (n=121) Low (<18.5) (n=65) Normal (18.5-22.9) (n=47) Overweight/Obese (>23) (n=9) p-value
Age (Years)
20-40 18 (58.1) 9 (29) 4(12.9) 0.405
41-60 36 (51.4) 29 (41.4) 5(7.1)
61-80 11 (55) 9 (45) -
Education
Illiterate 45 (53.6) 33 (39.3) 6 (7.1) 0.922
Primary/Secondary School 19 (52.8) 14 (38.9) 3 (8.3)
Graduate and above 1 (100) - -
Occupation
Homemaker/Unemployed 56 (52.3) 42 (39.3) 9 (8.4) 0.816
Self- employed/ Business 2 (66.7) 1 (33.3) -
Others 7 (63.6) 4 (36.4) -
Monthly income of family (INR)
<2000 12 (60) 6 (30) 2 (10) 0.228
2000< to <5000 40 (48.78) 37 (45.12) 5 (6.1)
5000< to <10000 12 (75) 3 (18.75) 1 (6.25)
>10000 1(33.33) 1(33.33) 1(33.33)
Religion
Hindu 43 (55.8) 30 (39) 4 (5.2) 0.727
Muslim 21 (50) 16 (38.1) 5(11.9)
Others 1 (50) 1 (50) -
Setup
Rural 44 (51.8) 34 (40) 7 (8.2) 0.761
Urban 21 (58.3) 13 (36.1) 2 (5.6)
Marital Status
Married 51 (53.7) 37 (38.9) 7 (7.4) 0.997
Widowed 14 (53.8) 10 (38.5) 2 (7.7)
Family History of Cancer
No family history of cancer 54 (51.9) 41 (39.4) 9 (8.7) 0.372
15t degree relatives with cancer history 11 (64.7) 6 (35.3) -
AJCC Stage
Stage | 4 (36.4) 7 (63.6) - 0.150
Stage Il 35 (54.7) 26 (40.6) 3 (4.7)
Stage Il 26 (56.5) 14 (30.4) 6 (13)
Grade
| 4 (66.7) 1(16.7) 1(16.7) 0.552
Il 56 (54.9) 39 (38.2) 7 (6.9)
1] 5 (38.5) 7 (53.8) 1(7.7)
Tumor histology
IDC 58 (52.3) 45 (40.5) 8 (7.2) 0.358
ILC 3 (75) - 1 (25)
DCIS 4 (66.7) 2 (33.3) -
ECOG score at the time of study entry
Fully active 11 (55) 9 (45) - 0.364
Restricted in physically strenuous activity 54 (53.5) 38 (37.6) 9 (8.9)
Surgery
BCS 3 (100) - - 0.648
MRM 57 (53.3) 42 (39.3) 8 (7.5)
Toilet Mastectomy 4 (50) 3 (37.5) 1(12.5)
Palliative Mastectomy 1 (33.3) 2 (66.7) -
Chemotherapy
TAC 39 (52) 32 (42.67) 4 (5.33) 0.363
AC-T 26 (56.52) 15 (32.61) 5(10.87)
Chemoradiotherapy
Yes 49 (59.76) 31 (37.8) 2 (2.44) 0.571
No 16 (49.02) 16 (49.02) 7 (17.95)
Treatment response
Complete responders 5 (10) 41 (82) 4 (8) <0.0001
Partial responders 5 (50) 2 (20) 3 (30)
Non-responders 55 (90.2) 4 (6.6) 2 (3.3)
MUAC (cm)
Lower MUAC group (<23.5) 58 (81.69) 13 (18.31) - <0.0001
Mid MUAC group (23.5-26.5) 7 (14.9) 34 (72.34) 6 (12.76)
Upper MUAC group (>26.5) - - 3 (100)
ER* (n=88)
Positive 24 (47.1) 22 (43.1) 5(9.8) 0.302
Negative 20 (54.1) 13 (35.1) 4 (10.8)
PR* (n=88)
Positive 20 (47.6) 19 (45.2) 3 (7.1) 0.199
Negative 24 (52.2) 16 (34.8) 6 (13)

(Continued)
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Table 1. Continued.

BMI class (kg/m?)
Frequency (%)

Characteristics (n=121) Low (<18.5) (n=65) Normal (18.5-22.9) (n=47) Overweight/Obese (=23) (n=9) p-value
Her2it (n=88)
Positive (Score 3+) 11 (45.8) 9 (37.5) 4 (16.7) 0.348
Equivocal (Score 2+) 2 (50) 2 (50) -
Negative (Score 1+) 31 (51.7) 24 (40) 5(8.3)

Note: n= Number of Patients; BMI-Body Mass Index; INR- Indian rupees; AJCC-American Joint Committee on Cancer; IDC-Infiltrating Ductal Carcinoma;
ILC-Infiltrating Lobular Carcinoma; DCIS-Ductal Carcinoma in-Situ; ECOG-Eastern Cooperative Oncology Group; BCS-Breast Conserving Surgery;
MRM-Modified Radical Mastectomy; TAC: Taxane-Anthracycline-Cyclophosphamide; AC-T: Anthracycline-Cyclophosphamide followed by Taxane; MUAC-Mid
upper arm circumference; *ER and PR positive, that is, >1% stained cells considered as positive. ttHer2/neu score 3+ is considered as positive, score
2+ on IHC considered as equivocal; 1+ score considered as Her2/neu negative; Bold lettering denotes p-value < 0.05 and highest percentage.

Table 2. Mean QoL domain scores in different BMI group at various time intervals.

After
Before chemotherapy During treatment Chemotherapy

QoL domains Group (BMI) Baseline 3rd month 6th Month 1 Year p-valuet (within group)
Physical Low (n=65) 10.06 +3.366 11.14+£2.917 11.85+2.850 13.22+2.487 0.191
(Scale 0-52) Normal (n=47) 12.72+3.354 11.77 £2.868 10.53+2.865 9.62+2.575

Obese (n=9) 15.78+2.587 13.89+2.848 11.44+2.068 11.78+3.308
p-value* (Between group) 0.083
Functional Low (n=65) 15.02+4.366 14.85+4.321 13.88+3.846 13.42+4.185 0.040
(Scale 0-28) Normal (n=47) 11.94+3.332 13.70+3.464 14.13+3.480 15.32+3.142

Obese (n=9) 14.22+3.358 13.11+£4.275 11.44+£3.018 11.56 £4.265
p-value* (Between group) 0.012
Social Low (n=65) 14.52+3.428 15.06£3.724 15.62+4.175 16.45+3.754 0.015
(Scale 0-28) Normal (n=47) 13.98+3.378 15.57+£3.275 17.11+£3.941 17.83+4.045

Obese (n=9) 14.44+3.358 15.22+3.528 16.22+3.346 17.56 +3.321
p-value* (Between group) 0.043
Emotional Low (n=65) 9.75+£4.013 9.91+3.924 10.62+4.234 10.85+4.202 0.025
(Scale 0-24) Normal (n=47) 9.38+3.193 8.53+£3.314 7.79+3.127 7.70+3.432

Obese (n=9) 11.67+5.874 11.11+£5.519 11.22+5.826 12.44+6.930
p-value* (Between group) 0.082
Spiritual Low (n=65) 29.12+6.419 29.11+5.794 28.91+7.249 29.55+9.287 0.075
(Scale 0-48) Normal (n=47) 30.23+£6.394 30.17+5.858 31.15+6.221 32.91+6.396

Obese (n=9) 31.00£5.612 32.11+£5.754 29.67+.557 31.44+7.844
p-value* (Between group) 0.114
Additional Concern Low (n=65) 12.54+4.217 12.77 £4.589 12.32+5.047 12.06+5.643 0.725
(Scale 0-40) Normal (n=47) 9.62+£3.254 9.49+3.329 8.77 +2.987 8.57+3.354

Obese (n=9) 12.33+£3.279 12,44 +£3.321 12.00+3.841 11.33+4.770
p-value* (Between group) 0.865

Note: All values are expressed as mean=SD; *Multivariate analysis (Wilk's Lambda); Greenhouse-Geisser; Mauchly’s sphericity was significant (p <0.05);
Bold lettering denotes p-value < 0.05.

Figure 2. Comparison of treatment responses in non-metastatic
BC patients stratified with respect to BMI. CRs: Complete
Responders; PRs: Partial Responders; NRs: Non-Responders;
BMI: Body Mass Index.

survival time (estimated 22months S.E 5.225 with
75%) in low BMI group and overall survival analysis
was significantly correlated with the BMI groups (log
rank p<0.0001) (Figure 4).

Discussion

Assessing the QoL had a significant impact within
the cancer-battling community. This study examines
the influence of BMI on the QoL and treatment out-
comes of BC patients, with a specific focus on indi-
viduals who are underweight and have poor
nutritional status.

In this study, BC patients were diagnosed mostly
among individuals aged 41-60years. Stage III and
Grade II tumors were most commonly detected. These
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Figure 3. Trends in overall QoL mean score of different BMI groups among breast cancer patients. A: Underweight/Low BMI group;
B: Normal BMI group; C: Overweight/Obese group; QoL: Quality of Life.

Figure 4. Overall survival among different BMI classes.

Table 3. Grades of common Side effects experienced by the
patients (n=121).

SI. No. Adverse Effects Grade 1-2 Grade 3-4
1. Alopecia (n=96) 96 (79.33%) -

2. Anemia (n=19) 17 (14.1%) 2 (1.6%)
3. Antharlgia (n=9) 9 (7.4%) -

4, Diarrhea (n=9) 7 (5.8%) 2(1.6%)

5. Fever (n=17) 17 (14%) -

6. Mucositis (n=9) 9 (7.4%) -

7. Nausea (n=17) 17 (14%) -

8. Vomiting (n=13) 13 (10.7%) -

9. Constipation (n=15) 13 (10.7%) 2(1.6%)

results were consistent with previous research con-
ducted in India (36, 37). Other South Asian studies
also suggested that the patients were diagnosed in stage
IIT (38, 39). The anthropometric factor, BMI was a
significant factor in assessing the effectiveness of che-
motherapy and the OS rates among the patients with
different types of cancer. Incorporating BMI into the
development of a treatment plan was of utmost impor-
tance. A majority of the study group, precisely 53.7%,
had a low BMI (<18.5), emphasizing the impact of
nutritional health on the efficacy of treatment.

The QoL of Indian BC patients was assessed using
the FACT-B multidimensional questionnaire. This
questionnaire had been proved as helpful tool for
evaluating QoL in Indian BC patients, with multiple
studies confirmed its relevance, validity, and reliability
in the Indian setting (40-46).

The physical well-being of BC patients significantly
affects their QoL, as it was closely linked to their nutri-
tional status. Greater physical scores on the FACT-B
questionnaire were indicative of a poor QoL. The
results of our study showed increasing trend in physical
score among patients who were underweight (<18kg/
m?) both during and after chemotherapy treatment.
The rise in physical well-being scores occurred as a
result of the unfavorable effects of treatment and the
toxicities caused by the drugs. There was a correlation
between higher levels of symptoms and worsen physical
well-being. A higher score signified a diminished
capacity to carry out physical tasks. Pain mostly
impacted the individual’s physical wellbeing. Most indi-
viduals reported with a drop in their QoL and income
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level as a result of reduced physical functioning. In
addition, adverse effects such as diarrhea, vomiting,
nausea, constipation had a direct impact on the patients’
QoL, resulted in inconsistent follow-up and delays in
chemotherapy (47-50). These factors, in turn, had a
negative effect on treatment outcomes and posed a risk
to the OS of the patients. BC patients experienced an
average delay of 29.4 weeks in their treatment (49).
The negative impacts were more pronounced in cancer
patients who had a lower nutritional status, as deter-
mined by our analysis. Therefore, the American Dietetic
Association advised that cancer patients should undergo
a standardized nutrition review. However, the adoption
of this practice in India was restricted.

The functional well-being questionnaire assessed
various aspects such as work capacity, sleep quality,
acceptance of sickness, and so on. These factors were
directly linked to the nutritional health of the patients.
Approximately, 70.2% of the participants in this study
were from rural areas. In Indian society, rural women
often experienced nutritional neglect, which resulted
in a lower nutritional status. Consequently, this had an
adverse effect on the treatment outcomes. Patients who
had a lower BMI and insufficient nutritional status
(MUAC and SFT) sometimes faced challenges in com-
pleting their chemotherapy treatment beyond the sec-
ond or third cycles. As a consequence, they experienced
delay in the administration of chemotherapy (47-50),
which negatively impacted the overall response to treat-
ment and long-term survival prospects. Both patients
with low BMI and obesity reported with a significant
decrease in their functional mean scores, suggested a
lower QoL in compare to the normal BMI group.

The cost-effectiveness of diet-related therapy has
posed challenges for families in providing nutritional
care to patients (51). Approximately 84.29% of the
patients at this specific regional hospital came from
low socio-economic backgrounds, with a monthly
income of <5000 INR. Consequently, a considerable
proportion of individual faced the challenges of insuf-
ficient nourishment. The underweight group exhibited
the lowest average social score in comparison to the
normal and obese categories. In India, a woman’s family
frequently offered crucial assistance during her struggle
against BC and her progression through the illness and
its therapy. Therefore, it was clear that Indian BC
patients relied heavily on their care-givers, husbands,
and relatives for both emotional and social support, as
well as for the financial costs associated with treatment.

The emotional well-being of a patient continued
to closely connected with their social and family life.
Greater emotional scores were associated with
decreased QoL. Patients were queried about their

apprehensions of mortality, anxiety, feelings of despair,
and fluctuating optimism in their struggle against
their sickness, within the realm of emotions. These
characteristics were influenced by anthropometric and
socio-demographic elements such as BMI, household
income, as well as treatment-related factors like che-
motherapy, surgery, and so on (52). Among the finan-
cially disadvantaged patients, the majority (88.4%)
underwent mastectomy, a surgical intervention to
remove the breast. Additionally, 79.33% experienced
chemotherapy-induced alopecia, a common adverse
effect characterized by hair loss, often resulting in
body image concerns. As a result, there was a rise in
emotional challenges, particularly among individuals
with lower BMI levels.

Devotional thoughts have a significant impact in
overall QoL (53, 54), specifically in the Indian cultural
context, especially when it comes to spiritual
well-being. This dimension encompasses various
aspects like mental serenity, sense of purpose, efficacy
in life, contentment, balance, spiritual beliefs, faith,
and inner strength derived from spirituality. Patients
with a low BMI had a notable decline in their spiritual
ratings in comparison to those with a normal BMI,
suggesting a downward trend (p>0.05). Conversely,
individuals with a normal BMI have a gradual increase
in their spiritual assessments.

BC is a disease that predominantly impacts women
as it is closely linked to female physiology. In certain
nations such as India, physicians tend to show a pref-
erence for mastectomy over Breast Conserving Therapy
(BCT) (44). Another factor deterring early care-seeking
was the fear of social stigma and seclusion. Women
worry not only about the threat of cancer and its
potential impact on their family’s reputation but also
the potential challenges, such as difficulties in their
daughter’s wedding. Moreover, there was a widespread
misconception associated with cancer, especially in
private body parts like the breast and genitals, with
"bad" and "immoral" behavior (55). This behavior was
more evident in rural India. Addressing this social
stigma was an urgent priority, as it not only hinders
early diagnosis but also affects women’s willingness
to seek treatment for BC symptoms (50).

A Kaplan-Meier survival analysis revealed a statisti-
cally significant (log rank p<0.0001) correlation among
different BMI groups. Due to relatively short follow-up
period, none of the groups achieved the median survival
time. However, the underweight category exhibited the
highest number of deaths events (18/65).

This study had a few limitations, including a small
sample size and a single-center distribution. To over-
come these limitations, we used standardized data



collection methods, performed rigorous statistical
analyses, and adjusted for confounding variables when
required. However, due to the limited follow-up time,
OS might not have matured sufficiently for a com-
prehensive assessment. Nevertheless, the format of the
present study and the findings thereof have a crucial
impact on determining the strategy of BC treatment
in the Indian scenario.

Conclusion

The QoL among cancer patients has been extensively
studied over the past decade. It was considered as a
crucial measure of therapeutic outcome, alongside
overall survival. Observations have shown that Indian
BC patients with a lower BMI and poorer nutritional
health were more likely to experience unfavorable
disease outcomes and a poor QoL. Hence, it is rec-
ommended to get guidance from a certified nutrition-
ist prior to commencing any treatment. Providing
sufficient nutritional assistance is essential, as it can
help improve QoL, reduce the negative effects of che-
motherapy, increase adherence to treatment, and boost
long-term treatment outcomes.

Acknowledgements

We would like to acknowledge the patients and their family
members for participating in this study. We would also like
to acknowledge Council of Scientific and Industrial Research
(CSIR)-Human Resource Development Group (HRDG) for
funding this study; Grant no. 09/030(0085)/2019-EMR-I
awarded to Tanuma Mistry.

Authors’ Contributions

Study concepts by TM, PN, VDN; Study Design by TM,
VDN; Data acquisition by TM, PN, NA, RP, SG, TC; Data
analysis and interception by TM, VDN; Statistical analysis
TM, SSM, VDN, Manuscript preparation TM, VDN;
Manuscript editing All authors; Manuscript review by All
authors.

Ethical Approval

The study protocol was reviewed and approved by
Institutional Ethical Committee and was conducted accord-
ing to Good Clinical Practice under the Declaration of
Helsinki [Reference id: CNCI-IEC-DL-2020-6].

Data Availability and Material

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

NUTRITION AND CANCER . 9

Disclosure Statement

No potential conflict of interest was reported by the authors.

Funding

This study has been funded by Council of Scientific and
Industrial Research (CSIR)- Human Resource Development
Group (HRDG), Government of India; Grant no.
09/030(0085)/2019-EMR-I awarded to Tanuma Mistry.

References

1. Ferlay J, Ervik M, Lam E Laversanne M, Colombet M,
Mery L, Pifieros M, Znaor A, Soerjomataram I, Bray F.
Gobal Cancer Observatory: cancer Today. Lyon, France:
International Agency for Research on Cancer 2024;
https://gco.iarc.who.int/today, accessed [27 Apr 2024].

2. Muscaritoli M, Lucia S, Farcomeni A, Lorusso YV,
Saracino V, Barone C, Plastino F, Gori S, Magarotto
R, Carteni G, et al. Prevalence of malnutrition in pa-
tients at first medical oncology visit: the PreMiO study.
Oncotarget [Internet]. 2017 [cited 2023 Sep
19];8(45):79884-96. 10.18632/oncotarget.20168

3. Chen L, Qi Y, Kong X, Su Z, Wang Z, Wang X, Du Y,
Fang Y, Li X, Wang J, et al. Nutritional risk index
predicts survival in patients with breast cancer treat-
ed with neoadjuvant chemotherapy. Front Nutr.
2022;8(January) 8:786742. 10.3389/fnut.2021.786742

4. Genet S. Assessment of malnutrition among female
breast cancer patients using biochemical markers. |
Oncol Res Treat. 2020;2020(2):148.

5. Basaran G, Turhal NS, Cabuk D, Yurt N, Yurtseven G,
Gumus M, Teomete M, Dane F, Yumuk PE Weight
gain after adjuvant chemotherapy in patients with ear-
ly breast cancer in Istanbul Turkey. Med Oncol. 2011;
[cited 2023 Sep 20] 28(2):409-15. https://link.springer.
com/article/10.1007/s12032-010-9463-x 10.1007/
§12032-010-9463-x

6. Trédan O, Bajard A, Meunier A, Roux P, Fiorletta I,
Gargi T, Bachelot T, Guastalla J-P, Lallemand Y, Faure
C, et al. Body weight change in women receiving ad-
juvant chemotherapy for breast cancer: a French pro-
spective study. Clin Nutr. 2010; [cited 2023 Sep 20]
29(2):187-91. http://www.clinicalnutritionjournal.com/
article/S0261561409001678/fulltext 10.1016/j.
cInu.2009.08.003

7. Lin TM, Chen KP, Macmahon B. Epidemiologic char-
acteristics of cancer of the breast in Taiwan. Cancer
[Internet]. 1971; [cited 2023 Sep 15] 27(6):1497-504.
https://acsjournals.onlinelibrary.wiley.com/doi/pdf/10.10
02/1097-0142(197106)27:6%3C1497::AID-CNCR282027
0634%3E3.0.CO;2-C 10.1002/1097-0142(197106)
27:6<1497::AID-CNCR2820270634>3.0.CO;2-C

8. Li CI, Malone KE, White E, Daling JR. Age when max-
imum height is reached as a risk factor for breast cancer
among young U.S. women. Epidemiology. 1997; [cited
2023 Sep 15] 8(5):559-65. https://pubmed.ncbi.nlm.nih.
gov/9270959/ 10.1097/00001648-199709000-00014

9. Renchan AG, Tyson M, Egger M, Heller RF, Zwahlen
M. Body-mass index and incidence of cancer: a sys-


https://gco.iarc.who.int/today,
https://doi.org/10.18632/oncotarget.20168
https://doi.org/10.3389/fnut.2021.786742
https://link.springer.com/article/10.1007/s12032-010-9463-x
https://link.springer.com/article/10.1007/s12032-010-9463-x
https://doi.org/10.1007/s12032-010-9463-x
https://doi.org/10.1007/s12032-010-9463-x
http://www.clinicalnutritionjournal.com/article/S0261561409001678/fulltext
http://www.clinicalnutritionjournal.com/article/S0261561409001678/fulltext
https://doi.org/10.1016/j.clnu.2009.08.003
https://doi.org/10.1016/j.clnu.2009.08.003
https://acsjournals.onlinelibrary.wiley.com/doi/pdf/10.1002/1097-0142(197106)27:6%3C1497::AID-CNCR2820270634%3E3.0.CO;2-C
https://acsjournals.onlinelibrary.wiley.com/doi/pdf/10.1002/1097-0142(197106)27:6%3C1497::AID-CNCR2820270634%3E3.0.CO;2-C
https://acsjournals.onlinelibrary.wiley.com/doi/pdf/10.1002/1097-0142(197106)27:6%3C1497::AID-CNCR2820270634%3E3.0.CO;2-C
https://doi.org/10.1002/1097-0142(197106)
https://doi.org/10.1002/1097-0142(197106)
https://pubmed.ncbi.nlm.nih.gov/9270959/
https://pubmed.ncbi.nlm.nih.gov/9270959/
https://doi.org/10.1097/00001648-199709000-00014

10 (&) T.MISTRYETAL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

tematic review and meta-analysis of prospective ob-
servational studies. Lancet. 2008; [cited 2023 Sep 12]
371(9612):569-78. http://www.thelancet.com/article/
S014067360860269X/fulltext 10.1016/
S0140-6736(08)60269-X

Munsell MF, Sprague BL, Berry DA, Chisholm G,
Trentham-Dietz A. Body mass index and breast cancer
risk according to postmenopausal estrogen-progestin
use and hormone receptor status. Epidemiol Rev. 2014;
[cited 2023 Sep 12] 36(1):114-36. 10.1093/epirev/mxt010
Schoemaker M]J, Nichols HB, Wright LB, Brook MN,
Jones ME, O’Brien KM, Adami H-O, Baglietto L,
Bernstein L, Bertrand KA, et al. Association of body
mass index and age with subsequent breast cancer risk
in premenopausal women. JAMA Oncol. 2018; [cited
2023 Sep 13] 4(11):el81771-e181771. https://
jamanetwork.com/journals/jamaoncology/
fullarticle/2685650 10.1001/jamaoncol.2018.1771
Leach M], Barber G, Monacella S, Jamieson P, Trinh T,
Vo N, Schmidt U, Byrne A, Ristevski E. Physical ac-
tivity, obesity, and quality of life among rural Australian
cancer survivors: a cross-sectional study. Support Care
Cancer. 2023 [cited 2023; Sep 12] 31(4):222. 10.1007/
s00520-023-07691-w.

Shaikh H, Bradhurst P, Ma LX, Tan SY, Egger SJ, Vardy
JL. Body weight management in overweight and obese
breast cancer survivors [Internet]. Cochrane Database
Syst Rev. 2020 [cited 2023 Sep 12];(12):1-44.
10.1002/14651858.CD012110.pub2

Dieli-Conwright CM, Courneya KS, Demark-Wahnefried
W, Sami N, Lee K, Sweeney FC, Stewart C, Buchanan
TA, Spicer D, Tripathy D, et al. Aerobic and resistance
exercise improves physical fitness, bone health, and
quality of life in overweight and obese breast cancer
survivors: a randomized controlled trial. Breast Cancer
Res. 2018; [cited 2024 Apr 2]20(1):124. https://pubmed.
ncbi.nlm.nih.gov/30340503/ 10.1186/s13058-018-1051-6
Juan X, Zheng T, Qinglong D, Jiwei W, Jinming Y.
Being slightly overweight is associated with a better
quality of life in breast cancer survivors. Sci Rep.
2018;8(1):3022.

Connor AE, Baumgartner RN, Boone SD, Pinkston CM,
Baumgartner KB. Obesity, ethnicity, and quality of life
among breast cancer survivors and women without
breast cancer: the long-term quality of life follow-up
study. Ann Epidemiol. 2013; 23(9):582-3. 10.1016/j.
annepidem.2013.06.017

Porciello G, Montagnese C, Crispo A, Grimaldi M, Libra
M, Vitale S, Palumbo E, Pica R, Calabrese I, Cubisino
S, et al. Mediterranean diet and quality of life in wom-
en treated for breast cancer: a baseline analysis of
DEDiCa multicentre trial. PLoS One [Internet]. 2020
[cited 2024 Apr 3];15(10):€0239803. 10.1371/journal.
pone.0239803

Montagnese C, Porciello G, Vitale S, Palumbo E, Crispo
A, Grimaldi M, Calabrese I, Pica R, Prete M, Falzone
L, et al. Quality of life in women diagnosed with
breast cancer after a 12-month treatment of lifestyle
modifications. Nutrients [Internet]. 2021; [cited 2024
Apr 313(1):1-15. 10.3390/nul13010136

BuY,Qul,Ji S, Zhou J, Xue M, Qu J, Sun H, Liu Y.
Dietary patterns and breast cancer risk, prognosis, and

20.

21.

22.

23.

24.

25.

26.

27.

28.

quality of life: a systematic review. Front Nutr. 2022
[cited 2024 Apr 3];9:1057057. 10.3389/fnut.2022.1057057
Vitale S, Palumbo E, Polesel ], Hebert JR, Shivappa N,
Montagnese C, Porciello G, Calabrese I, Luongo A,
Prete M, et al. One-year nutrition counselling in the
context of a Mediterranean diet reduced the dietary
inflammatory index in women with breast cancer: a
role for the dietary glycemic index. Food Funct. 2023;
[cited 2024 Apr 314(3):1560-72. https://pubmed.ncbi.
nlm.nih.gov/36655860/ 10.1039/d2f002198f

Barchitta M, Maugeri A, Magnano San Lio R, Quattrocchi
A, Degrassi F, Catalano F, Basile G, Agodi A. The
effects of diet and dietary interventions on the qual-
ity of life among breast cancer survivors: a
cross-sectional analysis and a systematic review of
experimental studies. Cancers (Basel). 2020; [cited
2024 Apr 312(2):322. 10.3390/cancers12020322
Mantzorou M, Tolia M, Poultsidi A, Vasios GK,
Papandreou D, Theocharis S, Kavantzas N, Troumbis
AY, Giaginis C. Adherence to Mediterranean diet and
nutritional status in women with breast cancer: what
is their impact on disease progression and recurrence-free
patients’ survival? Curr Oncol. 2022;[cited 2024 Apr 3]
29(10):7482-97. 10.3390/curroncol29100589

Prusty RK, Begum S, Patil A, Naik DD, Pimple S,
Mishra G. Knowledge of symptoms and risk factors
of breast cancer among women: a community based
study in a low socio-economic area of Mumbai, India.
BMC Womens Health [Internet]. 2020;20(1):106 [cited
2022 Dec 12]. 10.1186/s12905-020-00967-x.

Holzner B, Kemmler G, Greil R, Kopp M, Zeimet A,
Raderer M, Hejna M, Zéchbauer S, Krajnik G, Huber
H, et al. The impact of hemoglobin levels on fatigue
and quality of life in cancer patients. Ann Oncol.
2002;13(6):965-73. 10.1093/annonc/mdf122

Adamsen L, Quist M, Andersen C, Moller T, Herrstedt
J, Kronborg D, Baadsgaard MT, Vistisen K, Midtgaard
J, Christiansen B, et al. Effect of a multimodal high
intensity exercise intervention in cancer patients un-
dergoing chemotherapy: randomised controlled trial.
BM]J. 2009 [cited 2022 Dec 12];339(7726):b3410. https://
www.jstor.org/stable/25672957 10.1136/bmj.b3410

Kim CJ, Kang DH, Smith BA, Landers KA.
Cardiopulmonary responses and adherence to exercise
in women newly diagnosed with breast cancer under-
going adjuvant therapy. Cancer Nurs. 2006; [cited 2022
Dec 14] 29(2):156-65. https://pubmed.ncbi.nlm.nih.
gov/16565627/ 10.1097/00002820-200603000-00013
Martin M, Lluch A, Segui MA, Ruiz A, Ramos M,
Adrover E, Rodriguez-Lescure A, Grosse R, Calvo L,
Fernandez-Chacon C, et al. Toxicity and health-related
quality of life in breast cancer patients receiving adjuvant
docetaxel, doxorubicin, cyclophosphamide (TAC) or
5-fluorouracil, doxorubicin and cyclophosphamide (FAC):
impact of adding primary prophylactic granulocyte-colony
stimulating factor to the TAC regimen. Ann Oncol.
2006;17(8):1205-12. 10.1093/annonc/mdl135
Mamounas EP, Bryant ], Lembersky B, Fehrenbacher L,
Sedlacek SM, Fisher B, Wickerham DL, Yothers G,
Soran A, Wolmark N, et al. Paclitaxel after doxorubi-
cin plus cyclophosphamide as adjuvant chemotherapy
for node-positive breast cancer: results from NSABP


http://www.thelancet.com/article/S014067360860269X/fulltext
http://www.thelancet.com/article/S014067360860269X/fulltext
https://doi.org/10.1016/S0140-6736(08)60269-X
https://doi.org/10.1016/S0140-6736(08)60269-X
https://doi.org/10.1093/epirev/mxt010
https://jamanetwork.com/journals/jamaoncology/fullarticle/2685650
https://jamanetwork.com/journals/jamaoncology/fullarticle/2685650
https://jamanetwork.com/journals/jamaoncology/fullarticle/2685650
https://doi.org/10.1001/jamaoncol.2018.1771
https://doi.org/10.1007/s00520-023-07691-w
https://doi.org/10.1007/s00520-023-07691-w
https://doi.org/10.1002/14651858.CD012110.pub2
https://pubmed.ncbi.nlm.nih.gov/30340503/
https://pubmed.ncbi.nlm.nih.gov/30340503/
https://doi.org/10.1186/s13058-018-1051-6
https://doi.org/10.1016/j.annepidem.2013.06.017
https://doi.org/10.1016/j.annepidem.2013.06.017
https://doi.org/10.1371/journal.pone.0239803
https://doi.org/10.1371/journal.pone.0239803
https://doi.org/10.3390/nu13010136
https://doi.org/10.3389/fnut.2022.1057057
https://pubmed.ncbi.nlm.nih.gov/36655860/
https://pubmed.ncbi.nlm.nih.gov/36655860/
https://doi.org/10.1039/d2fo02198f
https://doi.org/10.3390/cancers12020322
https://doi.org/10.3390/curroncol29100589
https://doi.org/10.1186/s12905-020-00967-x
https://doi.org/10.1093/annonc/mdf122
https://www.jstor.org/stable/25672957
https://www.jstor.org/stable/25672957
https://doi.org/10.1136/bmj.b3410
https://pubmed.ncbi.nlm.nih.gov/16565627/
https://pubmed.ncbi.nlm.nih.gov/16565627/
https://doi.org/10.1097/00002820-200603000-00013
https://doi.org/10.1093/annonc/mdl135

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

B-28. J Clin Oncol. 2005;23(16):3686-96. 10.1200/
JC0O.2005.10.517

Provincial Health Services Authority. BC Cancer
[Internet]. 2022. [cited 2023 Jan 2]. http://www.
becancer.be.ca/.

Global Strategy on Diet, Physical Activity and Health
[Internet]. 2004. [cited 2023 Sep 21]. https://www.who.
int/publications/i/item/9241592222.

Jung EH, Hiratsuka Y, Suh S-Y, Won S-H, Choi S-E,
Kang B, Lee SW, Kim Y], Suh KJ, Kim J-W, et al.
Association between mid-upper arm circumference
and functional status in patients with advanced cancer.
Clin Nutr Open Sci [Internet]. 2022 [cited 2023 Sep
13];45:72-9. 10.1016/j.nutos.2022.08.002.

Wells JCK, Fewtrell MS. Measuring body composition
[Internet]. Arch Dis Child. 2006 [cited 2023 Oct
4];91(7):612-7. http://www. 10.1136/adc.2005.085522
Brady M]J, Cella DF, Mo F, Bonomi AE, Tulsky DS,
Lloyd SR, Deasy S, Cobleigh M, Shiomoto G. Reliability
and validity of the functional assessment of cancer
therapy-breast quality-of-life instrument. J Clin Oncol.
1997; 15(3):974-86. 10.1200/JC0.1997.15.3.974
Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH,
Sargent D, Ford R, Dancey ], Arbuck S, Gwyther S,
Mooney M, et al. New response evaluation criteria in
solid tumours: revised RECIST guideline (version 1.1).
Eur J Cancer. 2009;45(2):228-47. 10.1016/j.ejca.2008.10.026
Dueck AC, Mendoza TR, Mitchell SA, Reeve BB,
Castro KM, Rogak LJ, Atkinson TM, Bennett AV,
Denicoff AM, O’Mara AM, et al. Validity and reliabil-
ity of the us national cancer institute’s patient-reported
outcomes version of the common terminology criteria
for adverse events (PRO-CTCAE). JAMA Oncol.
2015;1(8):1051-9. Nov 1 10.1001/jamaoncol.2015.2639
Tulsyan S, Chaturvedi P, Singh AK, Agarwal G, Lal P,
Agrawal S, Mittal RD, Mittal B. Assessment of clinical
outcomes in breast cancer patients treated with tax-
anes: multi-analytical approach. Gene. 2014; 543(1):69—
75. 10.1016/j.gene.2014.04.004

Abdul Aziz AA, Md Salleh MS, Mohamad I, Bhavaraju
VMK, Yahya MM, Zakaria AD, Gan SH, Ankathil R.
Genotypes and haplotypes of ABCB1 contribute to
TAC chemotherapy response in Malaysian triple neg-
ative breast cancer patients. Meta Gene. 2018; 16:21-
7. 10.1016/j.mgene.2018.01.002

Chaturvedi P, Tulsyan S, Agarwal G, Lal P, Agarwal S,
Mittal RD, Mittal B. Influence of ABCBI genetic vari-
ants in breast cancer treatment outcomes. Cancer
Epidemiol. 2013; 37(5):754-61. 10.1016/j.
canep.2013.04.012

Sathishkumar K, Chaturvedi M, Das P, Stephen S,
Mathur P. Cancer incidence estimates for 2022 & pro-
jection for 2025: result from National Cancer Registry
Programme. India. Indian ] Med Res. 2022; [cited 2024
Mar 27] 156(4&5):598-607. 10.4103/ijmr.ijjmr_1821_22
Pandey M, Thomas BC, Ramdas K, Eremenco S, Nair
M. Quality of life in breast cancer patients: validation
of a FACT-B Malayalam version. Qual Life Res.
2002;11(2):87-90. https://sci-hub.se/https://pubmed.
ncbi.nlm.nih.gov/12018741/ 10.1023/a:1015083713014
Kaur N, Mahapatra PP, Chakraborty S. Prevalence, char-
acteristics, and correlates of fatigue in indian breast

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

NUTRITION AND CANCER . 11

cancer survivors: a cross-sectional study. South Asian
] Cancer. 2023; [cited 2024 Mar 27]12(1):55-61.
10.1055/5-0042-1749319.

Amarsheda SB, Bhise AR. Association of fatigue, qual-
ity of life and functional capacity in breast cancer
patients receiving adjuvant chemotherapy. Asian Pac
] Cancer Care. 2021; [cited 2024 Apr 3] 6(1):59-64.
https://www.waocp.com/journal/index.php/apjcc/article/
view/628 10.31557/apjcc.2021.6.1.59-64

Bichoo RA, Mishra A, Lal P, Gyan C, Agarwal G,
Agarwal A, Mishra SK. Quality of life (QoL) in post-
menopausal breast cancer patients receiving adjuvant
hormonal therapy. Indian J Surg. 2021; [cited 2024 Apr
3]83(S2):461-7. https://link.springer.com/article/10.1007/
§12262-021-02766-6 10.1007/s12262-021-02766-6
Deepa KV, Gadgil A, Lofgren J, Mehare S, Bhandarkar
P, Roy N. Is quality of life after mastectomy compa-
rable to that after breast conservation surgery? A
5-year follow up study from Mumbai, India. Qual Life
Res. 2020;[cited 2022 Dec 12]29(3):683-92. 10.1007/
s11136-019-02351-1.

Paswan SS, Kataria K, Parshad R, Srivastava A, Seenu
V, Mishra B. Feasibility of fast track discharge in
breast cancer patients undergoing definitive surgery
and impact on quality of life: a prospective study
from tertiary care center in India. J Surg Oncol. 2015;
[cited 2024 Apr 3]111(3):265-9. https://onlinelibrary.
wiley.com/doi/full/10.1002/js0.23817 10.1002/js0.23817
Gandhi A, Samuel SR, Vijaya Kumar K, Prakash Saxena
PU, Mithra P. Effect of a Pedometer-based Exercise
Program on Cancer Related Fatigue and Quality of
Life amongst Patients with Breast Cancer Receiving
Chemotherapy. Asian Pac ] Cancer Prev. 2020; [cited
2024 Apr 3]21(6):1813-8. https://pubmed.ncbi.nlm.nih.
gov/32592382/ 10.31557/APJCP.2020.21.6.1813
Gangane N, Manvatkar S, Ng N, Hurtig A-K, San
Sebastian M, Anshu. Prevalence and risk factors for
patient delay among women with breast cancer in
rural india. Asia Pac J Public Health. 2016 [cited 2023
Sep 12];28(1):72-82. Available from: https://pubmed.
ncbi.nlm.nih.gov/26658324/ 10.1177/1010539515620630
Chintamani, Tuteja A, Khandelwal R, Tandon M, Bamal
R, Jain §, Narayan N, Srinivas S, Kumar Y . Patient
and provider delays in breast cancer patients attend-
ing a tertiary care centre: a prospective study. JRSM
Short Rep. 2011 [cited 2023 Sep 12];2(10):76.https://
pubmed.ncbi.nlm.nih.gov/22046495/ 10.1258/
shorts.2011.011006

Jassem J, Ozmen V, Bacanu F, Drobniene M, Eglitis ],
Lakshmaiah KC, Kahan Z, Mardiak J, Pienkowski T,
Semiglazova T, et al. Delays in diagnosis and treatment
of breast cancer: a multinational analysis. Eur ] Public
Health. 2014; [cited 2023 Sep 12] 24(5):761-7. https://
europepmec.org/article/med/24029456 10.1093/eurpub/
cktl31

Mehrotra R, Yadav K. World Journal of Clinical
Oncology Breast cancer in India: present scenario and
the challenges ahead. World J Clin Oncol.
2022;13(3):209-18. 10.5306/wjco.v13.i3.209
Bellanger M, Barry K, Rana J, Regnaux JP.
Cost-effectiveness of lifestyle-related interventions for
the primary prevention of breast cancer: a rapid review


https://doi.org/10.1200/JCO.2005.10.517
https://doi.org/10.1200/JCO.2005.10.517
http://www.bccancer.bc.ca/
http://www.bccancer.bc.ca/
https://www.who.int/publications/i/item/9241592222
https://www.who.int/publications/i/item/9241592222
https://doi.org/10.1016/j.nutos.2022.08.002
http://www
https://doi.org/10.1136/adc.2005.085522
https://doi.org/10.1200/JCO.1997.15.3.974
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1001/jamaoncol.2015.2639
https://doi.org/10.1016/j.gene.2014.04.004
https://doi.org/10.1016/j.mgene.2018.01.002
https://doi.org/10.1016/j.canep.2013.04.012
https://doi.org/10.1016/j.canep.2013.04.012
https://doi.org/10.4103/ijmr.ijmr_1821_22
https://sci-hub.se/https://pubmed.ncbi.nlm.nih.gov/12018741/
https://sci-hub.se/https://pubmed.ncbi.nlm.nih.gov/12018741/
https://doi.org/10.1023/a:1015083713014
https://doi.org/10.1055/s-0042-1749319
https://www.waocp.com/journal/index.php/apjcc/article/view/628
https://www.waocp.com/journal/index.php/apjcc/article/view/628
https://doi.org/10.31557/apjcc.2021.6.1.59-64
https://link.springer.com/article/10.1007/s12262-021-02766-6
https://link.springer.com/article/10.1007/s12262-021-02766-6
https://doi.org/10.1007/s12262-021-02766-6
https://doi.org/10.1007/s11136-019-02351-1
https://doi.org/10.1007/s11136-019-02351-1
https://onlinelibrary.wiley.com/doi/full/10.1002/jso.23817
https://onlinelibrary.wiley.com/doi/full/10.1002/jso.23817
https://doi.org/10.1002/jso.23817
https://pubmed.ncbi.nlm.nih.gov/32592382/
https://pubmed.ncbi.nlm.nih.gov/32592382/
https://doi.org/10.31557/APJCP.2020.21.6.1813
https://pubmed.ncbi.nlm.nih.gov/26658324/
https://pubmed.ncbi.nlm.nih.gov/26658324/
https://doi.org/10.1177/1010539515620630
https://pubmed.ncbi.nlm.nih.gov/22046495/
https://pubmed.ncbi.nlm.nih.gov/22046495/
https://doi.org/10.1258/shorts.2011.011006
https://doi.org/10.1258/shorts.2011.011006
https://europepmc.org/article/med/24029456
https://europepmc.org/article/med/24029456
https://doi.org/10.1093/eurpub/ckt131
https://doi.org/10.1093/eurpub/ckt131
https://doi.org/10.5306/wjco.v13.i3.209

12 (&) T.MISTRYETAL.

52.

53.

[Internet]. Front Med (Lausanne). 2020; [cited 2023
Sep 12]. 6:325. https://pubmed.ncbi.nlm.nih.
gov/32117999/ 10.3389/fmed.2019.00325

Fox RS, Ancoli-Israel S, Roesch SC, Merz EL, Mills SD,
Wells KJ, Sadler GR, Malcarne VL. Sleep disturbance
and cancer-related fatigue symptom cluster in breast
cancer patients undergoing chemotherapy. Support
Care Cancer. 2020; Feb 1 [cited 2023 Sep 1228(2):845-
55. Available fromhttps://pubmed.ncbi.nlm.nih.
gov/31161437/ 10.1007/s00520-019-04834-w

Forouzi MA, Tirgari B, Safarizadeh MH, Jahani Y.
Spiritual needs and quality of life of patients with

54.

55.

cancer. Indian ] Palliat Care. 2017; [cited 2024 Apr
16] 23(4):437-44. 10.4103/IJPC.IJ)PC_53_17

Jafari N, Zamani A, Farajzadegan Z, Bahrami F, Emami
H, Loghmani A. The effect of spiritual therapy for
improving the quality of life of women with breast
cancer: A randomized controlled trial. Psychol Health
Med. 2013; [cited 2024 Apr 16] 18(1):56-69. https://
www.tandfonline.com/doi/abs/10.1080/13548506.2012.
679738 10.1080/13548506.2012.679738

Women and Cancer in India [Internet]. [cited 2023 Sep
13]. https://www.newsecuritybeat.org/2018/07/
women-cancer-india/.


https://pubmed.ncbi.nlm.nih.gov/32117999/
https://pubmed.ncbi.nlm.nih.gov/32117999/
https://doi.org/10.3389/fmed.2019.00325
https://pubmed.ncbi.nlm.nih.gov/31161437/
https://pubmed.ncbi.nlm.nih.gov/31161437/
https://doi.org/10.1007/s00520-019-04834-w
https://doi.org/10.4103/IJPC.IJPC_53_17
https://www.tandfonline.com/doi/abs/10.1080/13548506.2012.679738
https://www.tandfonline.com/doi/abs/10.1080/13548506.2012.679738
https://www.tandfonline.com/doi/abs/10.1080/13548506.2012.679738
https://doi.org/10.1080/13548506.2012.679738
https://www.newsecuritybeat.org/2018/07/women-cancer-india/
https://www.newsecuritybeat.org/2018/07/women-cancer-india/

Original Article

Four Year Clinical Outcomes: Evaluating the Efficacy of
Concomitant and Sequential Anthracycline-taxane Chemotherapy
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Background: Breast cancer (BC) continues to be one of the most significant challenges in global public health, contributing to approximately
11.6% of all cancer cases worldwide. While anthracycline-taxane-based regimens have been established as a first-line treatment option, the majority
of safety and efficacy data for these therapies originate from the high-income countries, leaving gaps in understanding their impact in low- and
middle-income settings. Objective: This study aims to report on clinical efficacy, toxicity, quality of life (QoL), and survival outcome of the
following chemotherapeutic regimens: Anthracycline only (5-fluorouracil-epirubicin—cyclophosphamide), concomitant Docetaxel + Doxorubicin +
Cyclophosphamide (TAC), and sequential Doxorubicin + Cyclophosphamide followed by Taxane (AC-T), among Indian BC patients in a high-volume
tertiary cancer center. Materials and Methods: This study was conducted among histopathologically diagnosed 121 BC patients who received
one of the aforementioned neo-adjuvant chemotherapies (NACTs) followed by surgery or surgery followed by adjuvant chemotherapy + adjuvant
radiation therapy + hormone therapy. Clinical data, including patient demographics, tumor characteristics, treatment response, toxicity, QoL, and
survival data, were collected and analyzed. Results: Stage II-1II (52.89%, 38.01%) with Grade II (84.3%) tumor was more frequently diagnosed.
NACT group was categorized: Complete (12.5%), partial (34.37%), and nonresponders (NRs) (53.13%). Few patients faced chemo-induced
high-grade toxicities alopecia (79.33%), anemia (1.6%), diarrhea (1.6%), and constipation (1.6%). QoL among BC patients noticed to be decreased
significantly (P < 0.05) with chemotherapy response during treatment but improved after the completion of chemotherapy (12 month). A significant
association was found between progression-free survival (PFS) in NACT and disease-free survival (DFS) in NRs group (P < 0.0001). Although
no significant difference was observed when three regimens were compared for PFS, overall survival, and DFS (P > 0.05). TAC regimen (hazard
ratio [HR] 1.585; 95% confidence interval [CI]: 0.441-5.694) and AC-T regimen (HR 1.077; 95% CI: 0.320-3.260) showed higher HRs (P > 0.05).
Conclusions: This study was robust and not significantly different in the subgroup. All three regimens showed varying tolerance with minimal
high-grade toxicity and comparable clinical efficacy and safety. While the AC-T regimen did not significantly improve survival; however, a positive
trend was observed, suggesting its potential as a preferred option for certain patient cohorts, aligning with findings from Western studies. These
results support the evidence-based optimization of chemotherapy regimens for BC management in the resource-limited settings.

Keywords: Breast cancer, clinical efficacy, concomitant/sequential anthracycline-taxane chemotherapy, survival outcome
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approaches, and other advanced treatments.* The certain
symptoms were often observed in BC patients at the time of
diagnosis, such as a breast lump, mastalgia, nipple discharge,
or retraction,” which had a significant impact on treatment
adherence, quality of life (QoL), and ultimately, clinical
outcomes.

The multidisciplinary treatment options for BC include
surgery, chemotherapy, radiation therapy, hormonal therapy,
immunotherapy, etc.’) Clinicians typically prioritized
mastectomy and breast-conserving surgery as the most preferred
surgical treatment procedures. In a low- to middle-income
country like India, mastectomy usually preferred by the
clinicians.t’ Over the past decades, chemotherapy-based
treatment options evolved enormously; chemotherapy played
crucial role in the risk reduction of recurrence and improved
survival rates among the patients. The optimal chemotherapy
regimen continued to evolve and determined the most effective
approach remained a topic of ongoing research and clinical
investigation. Now-a-days, anthracyclines taxanes-based
agents were sequentially administered to the patients.l’-!
Standard combinational chemotherapy showed better efficacy
and good overall survival (OS) with few drug-related
adversities such as anemia, neutropenia, fever, diarrhea,
constipation, alopecia, and arthralgia.l' These toxicities not
only affect patients’ QoL but also had the potential to impact
treatment efficacy, treatment duration, and overall clinical
outcomes.

The clinical efficacy of 5-fluorouracil-epirubicin—
cyclophosphamide (FEC) and docetaxel-doxorubicin—
cyclophosphamide (TAC) as the first-line chemotherapy in BC
was well established, but most of its safety and efficacy data
are from the high-income countries. Indian studies previously
described the symptoms and outcomes of treatment for
recurrent BC, survival after chemotherapy.l"'"'*) However, the
clinical presentation of AC-T (Doxorubicin—cyclophosphamide
followed by Paclitaxel) regimen and outcomes of front-line
treatment of BC were not well documented. Therefore, this
study aimed to present a comprehensive, 4-year interim
study on the clinical outcomes of three commonly used
chemotherapy regimens for BC: FEC, TAC, and AC-T.

MareriaLs AND METHODS
Study design

This prospective cohort study spanned 4 years with three
groups of regimens (FEC, TAC, and AC-T) among 121
histopathologically confirmed breast carcinomas (AJCC
stages [-1I1) included in the study (93% power), all of whom
sought treatment at the surgical outpatient department. This
single-center study was conducted at the exclusive regional
cancer hospital of Eastern India, taking into account the diverse
cancer landscape of the region.

The recruitment of patients occurred from August 2019 to August
2023 through nonrandomized sampling. Patients from varied
socioeconomic backgrounds and a wide geographic expanse

were included, ensuring a comprehensive representation.
Data were collected primarily from nonmetastatic cancers
without any local recurrence patient population to maintain the
homogeneity of the data. Eligible patients underwent surgical
procedures, chemotherapy, and radiotherapy at the department
of surgical oncology, medical oncology, and radiation
oncology, respectively. Subsequent patient follow-up and data
analysis were carried out at the department of pathology and
cancer screening.

Female patients aged 18—80 years who met the specific inclusion
criteria were recruited for this study. The inclusion criteria
encompassed patients underwent chemotherapy, radiotherapy,
or hormone therapy, without the use of medications likely to
influence enzyme activity, and with satisfactory bone marrow
function, hepatic function, neurologic function, platelet
count (>100,000/uL), and blood coagulation parameters.
Patients who had previously diagnosed with BC and underwent
radiotherapy, chemotherapy, or total mastectomy were
excluded from participation in this study. In addition, patients
with a history of deep-vein thrombosis (blood clots in veins)
or pulmonary embolism, liver disease, elevated triglyceride
levels, cataracts, stroke, acute hepatitis, active bacterial or
viral infection requiring parenteral antibiotic treatment,
uncontrolled diabetes, nonhealing wounds of significant
severity, clinically significant proteinuria, cardiovascular
complications, or autoimmune diseases were also excluded
from the study [Figure 1].

Ethics and informed consent

This study adhered to the guidelines outlined in the Declaration
of Helsinki and obtained approval from the Institutional
Ethical Committee (IEC Ref. CNCI-IEC-DL-2020-6). Before
participation, all patients provided written informed consent
in their preferred language.

Treatment

Initially, patients who were deemed operable underwent
adjuvant chemotherapy directly. Surgical resection, either
breast conserving therapy (BCT) or modified radical
mastectomy (MRM) was taken into consideration. In
contrast, initially inoperable patients received neo-adjuvant
chemotherapy (NACT). Patients were recommended one of the
following chemotherapeutic regimens in a tri-weekly manner
for six cycles: (1) FEC regimen: Comprised of 5-fluorouracil
500 mg/m? i.v. at day 1, epirubicin 60 mg/m? i.v. at day 1
and cyclophosphamide 500 mg/m?-i.v. dose at day 1;!'¥ (2)
TAC regimen: Comprised of docetaxel 75 mg/m? i.v. at
day 1; Doxorubicin 50 mg/m?i.v. at day 1; cyclophosphamide
500 mg/m? i.v. at day 1;!'” (3) AC-T regimen: doxorubicin 50
mg/m2 i.v. atday 1; cyclophosphamide 500 mg/m2 i.v. at day 1
for four cycle followed by paclitaxel 175 mg/m2 by IV infusion
day 1 every 21 days for 4 cycles.['" Decision of chemotherapy
regimen selection was made as per the institutional guidelines
and clinician discretion. Premedication was recommended to
the patients as per the physician to mitigate potential adverse
events of chemotherapy.
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Inclusion Criteria
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Figure 1: Schematic representation of study cohort. AJCC: American joint committee on cancer, CT: Chemotherapy, MRM: Modified radical mastectomy,
BCT: Breast conserving therapy, FEC- 5fluorouracil + Epirubicin + Cyclophosphamide, TAC- Docetaxel + Doxorubicin + Cyclophosphamide, AC-T-
Doxorubicin + Cyclophosphamide followed by Taxane, PET-CT: Positron emission tomography and computed tomography, MRI: Magnetic resonance
imaging, USG: Ultrasound sonography, CTCAE: Common terminology criteria for adverse events, RECIST: Response evaluation criteria in solid tumors,
FACT-B Functional assessment of cancer therapy-breast, FACIT Sp-12-Functional assessment of chronic illness therapy-spiritual well-being

Radiotherapy was administered to patients with varying doses
depending on the tumor size and condition. The standard
radiotherapy dose was 50 Gray (Gy) delivered in 25 daily
fractions (5 fractions/week) over a span of 5 weeks. However, the
radiotherapy regimen could be adjusted, considering extended
fractionation as either 45 Gy in 25 daily fractions with additional
boost doses of 10 Gy in 5 fractions or 50.4 Gy in 28 daily.['" For
postmastectomy patients, radiation therapy was recommended
on the basis of the following criteria: Tumor size >5 cm; presence
of any number of positive lymph node; centrally located tumor
with high-risk features. Mastectomy patients with inadequate
lymph node dissection and the patients under BCT all received
adjuvant radiation therapy as a standard of care.

Premenopausal women received 5 years of 20 mg/day
tamoxifen plus another 5 years of hormone therapy depending
on the menopausal status as per the ATLAS trial data.!'”
Regarding, postmenopausal women, the data for the collected
patients were on switch therapy, i.e., 2 years of tamoxifen
followed by aromatase inhibitor as preferred by the clinician.
Her 2-positive patients received trastuzumab.

Clinical response and categorization

The assessment of tumor burden, disease recurrence, and
progression was conducted at baseline and after the 3% and
6™ cycles of chemotherapy using a combination of radiological
imaging techniques (including whole-body computed
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tomography [CT] scan, thorax imaging, and breast magnetic
resonance imaging), along with physical examinations following
the completion of the primary treatment as per the protocol.
Apart from the CT scan, we also used bilateral ultrasound of
breast and axilla, bilateral diagnostic mammography along
with contrast-enhanced CT scan of the thorax and abdomen
whenever indicated. Fluorodeoxyglucose-positron emission
tomography scan was only done in patients with high chance
of micro-metastasis.!'*! Radiological and clinical examinations
were done to detect recurrence in adjuvant chemotherapy.
Clinical, radiological, and pathological assessments were used
to analyse the response of NACT and patients were categorized
into complete responders (CRs), partial responders (PRs),
and nonresponders (NRs) as per the response evaluation
criteria in solid tumours version 1, (RECIST v.1).I'! Patients
demonstrated stable disease, progressive disease, were grouped
as NRs.

Clinical endpoints and toxicity assessment

Toxicities associated with each chemotherapy regimen were
assessed using standardized toxicity grading systems, National
Cancer Institute (NCI) Common Terminology Criteria for
Adverse Events (CTCAE v4). Toxicity data, including
hematological, gastrointestinal, cardio, and neurotoxicity,
and other chemotherapy-related adverse events, were
collected at regular intervals during and after chemotherapy
administration.?%

Quality of life assessment and survival analysis

QoL was evaluated by the Functional Assessment of Cancer
Therapy-Breast (FACT-B) and Functional Assessment of
Chronic Illness Therapy-Spiritual Well-Being-12 (FACIT
Sp-12) questionnaires from baseline up to the 3%, 6" and
12" months of the treatment.!

Kaplan—-Meier (KM) survival analysis was employed to
estimate the progression-free survival (PFS), OS, and
disease-free survival (DFS) for each chemotherapy regimen,
and Cox proportional hazards models were used to assess
the association between baseline risk factors for potential
confounding variables.

Statistical analysis

Descriptive statistical analysis was performed to calculate the
means with corresponding standard deviations and standard
error. KM survival analysis was employed to estimate survival
time, and Cox proportional hazards models were used to assess
the association between the baseline risk factors for potential
confounding variables. IBM SPSS Statistics (Version 26.0;
IBM Corporation, Armonk, New York, USA.) was use to
analyze all the statistical data and P < 0.05 was taken to be
statistically significant.

ResuLts

Patient and treatment characteristics
One hundred and twenty-one BC patients were diagnosed with
an overall mean age at diagnosis 0f49.2 + 11.66 years and body

weight 53.945 + 10.90 kg. Predominance of patients (57.9%)
belonged to the age group of 41-60 years. A significant
proportion of patients had low literacy (69.4%) and came
from the rural backgrounds (70.2%). Very few patients
were reported with alcohol, smoking, and tobacco-related
consumption [Table 1].

The majority of patients were diagnosed with Stage 11 (52.89%)
and Stage I1I (38.01%) BC, with a predominance of moderately
differentiated Grade II tumors (84.3%). Tumor sizes ranging
from 2 to 5 cm was most commonly observed (42.1%), and
88.4% of patients showed positive lymph node metastasis.
Infiltrating ductal carcinoma (IDC) was the most common
histological tumor subtype, accounting for 90.9% of cases.
Adjuvant chemotherapy was provided to 73.6% of the patient
cohort, with NACT being administered to the remaining 26.4%
of patients. Within the patient population, 52.9% exhibited
estrogen receptor (ER) positivity, and 47.1% demonstrated
PR positivity. Among the patients, 31.4% tested positive for
Her2/neu with a 3+ score, while 14% received equivocal

Table 1: Sociodemographic distribution of breast cancer
patients

Characteristics (n=121) Frequency (%)
Age (years)

2040 31(25.6)

41-60 70 (57.87)

61-80 20 (16.53)
Education

Tlliterate 84 (69.4)

Primary/secondary school 36 (29.8)

Graduate and above 1(0.8)
Occupation

Student 1(0.8)

Homemaker/unemployed 107 (88.4)

Self-employed/business 3(2.5)

Professional/desk job 3(2.5)

Laborer 5(4.1)

Retired 2(1.7)
Religion

Hindu 77 (63.6)

Muslim 42 (34.7)

Others 2 (1.6)
Setup

Rural 85 (70.2)

Urban 36 (29.8)
Marital status

Unmarried 2 (1.7)

Married 95 (78.5)

Widowed 24 (19.8)
Family history of cancer

No family history of cancer 104 (86)

1* degree relatives with cancer history 17 (14)
History of addiction

Addictions (quid, tobacco, pan, alcohol, and bidi) 19 (15.7)

No addiction 104 (85.9)

Bold lettering denotes highest percentage. n: Number of patients
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results and were subsequently subjected to the FISH test. In
addition, 54.5% of patients demonstrated a 1+ score, indicated
as Her2/neu negative. The hormonal status analysis revealed
that the majority of patients were postmenopausal (57.9%)
and experienced early menarche at the age of 12 years or
younger (72.7%). The right breast was the most common site
of cancer occurrence (52.1%), and the majority of patients
underwent MRM (88.4%) [Table 2]. Surprisingly, a significant
proportion of patients had no history of addiction (85.9%).
The most prevalent initial symptoms reported by patients
were palpable lump (94.2%), mastalgia (22.3%), swelling
(8.2), etc. [Figure 2].

Adverse events and quality of life

Majority of patients experienced Grade 1-2 toxicity such as
alopecia (79.33%), anemia (14.1%), nausea (14%), vomiting
(10.7%), constipation (10.7%), mucositis (7.4%), etc., while
a few patients encountered Grade 3—4 adverse effects, such
as anemia (1.6%), diarrhea (1.6%), and constipation (1.6%).
Notably, almost all patients experienced hair loss (alopecia)
as a side effect of the chemotherapy. Scalp cooling was done
to reduce alopecia as per the clinician discretion. Adequate
premedication with dexamethasone, 5-HT, antagonist,
NK1 receptor blockers, hydration was used to lessen the
toxicity (date not shown).

FACT-B questionnaire implies significant improvement
(P < 0.05 both within and between the groups) in QoL with
chemotherapy arms (ACT/NACT) at the 12" month across
all four domains among spiritual (P = 0.004; P = 0.037)
social (P < 0.0001, P < 0.0001), emotional (P = 0.015,
P = 0.007), functional (P = 0.012, P = 0.004), except
physical well-being (P = 0.937, P = 0.968), and additional
concern (P =0.206, P=0.249) [Table 3]. Overall mean score
among the domains demonstrated moderate to good QoL at
the end of the study [Figure 3].

Survival outcome

Among the entire study cohort, 19 patients (15.7%) were
died, while 102 patients (84.3%) were censored. KM
survival analysis after 48 months revealed that the patient
population did not achieve any median survival values. The
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Figure 2: Baseline symptoms reported by the breast cancer patients

Table 2: Clinicopathological and gynecological
characteristics of breast cancer patients

Characteristics (n=121) Frequency (%)
AJCC stage
Stage [ 11(9.1)
Stage 11 64 (52.89)
Stage II1 46 (38.01)
Grade
Grade I 6(5)
Grade 11 102 (84.3)
Grade III 13 (10.7)
Size of tumor mass (pretreatment)
T1 (<2 cm) 3(2.48)
T2 (>2-<5 cm) 51 (42.15)
T3 (>5 cm) 27 (22.31)
T4 (direct extension to the chest wall or skin) 40 (33.06)
X 1(0.8)
Regional lymph node metastasis
NO 17 (14)
N1 85(70.2)
N2 16 (13.2)
N3 3(2.5)
Lymph node status
Positive 107 (88.4)
Negative 14 (11.6)
Site of cancer
Left 58 (47.9)
Right 63 (52.1)
Tumor histology
IDC 110 (90.9)
ILC 4(3.3)
DCIS 6(5)
Mucinous carcinoma 1(0.8)
ECOG score
Fully active 20 (16.5)
Restricted in physically strenuous activity 101 (83.5)
Treatment modality
Surgery + radiotherapy + chemotherapy 18 (14.86)
Chemotherapy 2 (1.66)
Chemotherapy + surgery 44 (36.36)
Surgery + chemotherapy 54 (44.62)
Surgery + chemotherapy + radiotherapy + 3(2.5)
hormone therapy
Surgery
BCS 1(0.8)
MRM 107 (88.4)
Toilet mastectomy 8(6.5)
Palliative mastectomy 3(2.5)
No surgery 2 (1.6)
Treatment regimen
FEC 33(27.27)
TAC 50 (41.32)
AC-T 38 (31.40)
Chemotherapy
Adjuvant 89 (73.6)
Neoadjuvant 32(26.4)
Contd...
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Table 2: Contd...

Characteristics (n=121) Frequency (%)
Clinical response (n=32) (NRs include, progressive
disease, stable disease, and incomplete response)*
CRs 4(12.5)
PRs 11 (34.37)
NRs 17 (53.13)
Gynecological history
Hormonal status
ER*
Positive 64 (52.9)
Negative 57 (47.1)
PR
Positive 57 (47.1)
Negative 64 (52.9)
Her2/neu"
Positive (score 3+) 38 (31.4)
Equivocal (score 2+) 17 (14)
Negative (score 1+) 66 (54.5)
Menopausal status
Premenopausal 51 (42.1)
Postmenopausal 70 (57.9)
Age at menarche
Never had menses 3(2.5)
<12 88 (72.7)
>12 29 (24)
Unknown 4(3.3)
Age at menopause
<45 44 (36.4)
>45 26 (21.5)
Not attained 51 (42.1)
Breastfeeding history
Well 99 (81.8)
Moderate 8(6.6)
Poor 8 (6.6)
Never 6(5)

n= Number of Patients; Bold lettering denotes highest percentage;
AJCC: American Joint Committee on Cancer, IDC: Infiltrating

Ductal Carcinoma, ILC: Infiltrating Lobular Carcinoma, DCIS:

Ductal Carcinoma In-Situ, ECOG: Eastern Cooperative Oncology
Group, BCS: Breast Conserving Surgery, MRM: Modified Radical
Mastectomy, FEC: Sfluorouracil + Epirubicin + Cyclophosphamide, TAC:
Docetaxel + Doxorubicin + Cyclophosphamide, AC-T: Doxorubicin

+ Cyclophosphamide followed by Taxane, ¥ Objective Response Rate
(ORR): 46.87%, CRs: Complete Responders, PRs: Partial Responders,
NRs: Non-Responders, ER-Estrogen receptor, PgR-Progesterone
Receptor, Her2/neu: Human Epidermal Growth Factor Receptor-2,
*Low ER positive i.e. >1% stained cells considered as positive, ttHer2/
neu score 3+ is considered as positive, score 2+ on IHC considered as
equivocal and recommended for FISH test, 1+ score considered as Her2/
neu negative, IHC: Immunohistochemistry

Log-rank (Mantel-Cox) test indicated no significant differences
in PFS, OS, or DFS patterns among the three regimens
[Figure 4]. For PFS, KM analysis showed that the estimated
mean (+ SE.) survival times were similar across regimens:
FEC (43.806 + 1.934 months), TAC (43.986 + 1.523 months),
and AC-T (43.427 + 2.152 months) (P = 0.830). In
contrast, PFS for the NACT group significantly correlated

35 4

30 %0t ot | ——Spiritual Well being

25 A —+—Physical Well being
20 —e—Social Well being
e §15 »—-—""‘"——_—d‘
8 o b +—Emotional Wellbeing
293 3
10 > 4 . .
—e—Functional Well being
S 4
—e—Additional Concerns
o T T T ]
0 6 12
Months

Figure 3: Trends in overall quality of life in breast cancer patients.
QoL: Quality of life

with survival (P < 0.0001), with a median PFS of
40 + 6.401 months. OS data revealed mean survival
times of (40 + 2.818), (43.5 £ 1.516) and (43.6 £+ 2.077)
months for FEC, TAC, and AC-T regimen, respectively.
Similarly, KM analysis for DFS showed mean survival
times of 37 + 3.579 months for FEC, 38 + 2.010 months
for TAC, and 39 + 2.432 months for AC-T (P = 0.534).
Although a significant relationship was found between
treatment response and DFS (P < 0.0001). The TAC
regimen (hazard ratio [HR] 1.585) and the AC-T regimen (HR
1.077) demonstrated a higher HR (P > 0.05). However,
HR for ER expression, hormonal status, and age at
menopause exhibited the significant predictive value for poor
survival (HR > 1) [Figure 5].

Discussion

This observational study aimed to evaluate the efficacy
of anthracycline, concomitant anthracycline-taxane, and
sequential anthracycline-taxane chemotherapy among Indian
BC patients over a 4-year period along with a brief interim
report on demographic characteristics, clinical attributes,
chemotherapy-induced toxicity, QoL, and survival distribution
from a high-volume tertiary cancer center.

Majority of the patients were diagnosed with Stages II-III
(52.89%, 38.01%); although it was reported that, 70% BC
was diagnosed at early Stage (I-1I) in high-income countries
while <50% early BC was diagnosed in lower-middle income
countries.?” A notable 69.4% of patients exhibited limited
literacy backgrounds, a critical parameter requiring attention in
the Indian context. Consequently, the majority of chemotherapy
treatments were administered on a daycare basis under
clinician supervision, with support from literate individuals
who followed postchemotherapy instructions from clinicians.
Thus, education played a pivotal role in addressing this factor
in Indian population. In this study, 46.87% of patients who
underwent NACT achieved an objective response rate (ORR).
Among the treatment regimens, AC-T demonstrated the highest
ORR (25%), surpassing FEC (9.3%) and TAC (12.5%). This
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Table 3: Quality of life domains at various time intervals among adjuvant and neo-adjuvant chemotherapy group

QoL domains Group Baseline 3 month 6™ month 12" month P (within group)

Spiritual ACT (n=89) 31.20+6.187 31.01+6.017 31.46+6.685 33.08+7.565 0.004
NACT (n=32) 26.97+6.018 27.36+£4.980 25.82+6.292 25.8248.361

P* (between group) 0.037

Social ACT (n=89) 14.51+3.287 16.04+3.266 17.54+3.709 17.91£3.608 <0.0001
NACT (n=32) 14.21+£3.507 13.97+£3.584 13.76+3.913 15.52+4.251

P* (between group) <0.0001

Emotional ACT (n=89) 9.61+3.306 9.04+3.374 8.03+3.056 8.07+3.631 0.015
NACT (n=32) 12.79+4.768 12.42+4.352 12.484+4.976 12.33+4.998

P* (between group) 0.007

Functional ACT (n=89) 12.93+4.008 14.50+3.918 15.08+3.557 15.93+3.739 0.012
NACT (n=32) 11.734£3.494 11.3943.297 12.76+3.326 13.004£2.905

P* (between group) 0.004

Physical ACT (n=89) 13.35+3.450 12.15+£3.019 11.044+2.968 10.14+2.614 0.937
NACT (n=32) 13.09+3.503 11.73+2.886 10.61£2.749 9.79+2.848

P* (between group) 0.968

Additional concern ACT (n=89) 9.19+2.72 9.14+2.73 8.70+2.75 8.22+3.19 0.206
NACT (n=32) 15.21£3.01 15.36+4.00 14.96+4.96 15.27+5.40

P* (between group) 0.249

*Multivariate analysis (Wilk’s Lambda), ‘Greenhouse-Geisser was significant (P<0.05). Bold lettering P<0.05. All values are expressed as mean+SD.
The mean scores of QoL domains were significant within-subject effect and between the groups, except physical and additional concern domain using the
multivariate analysis. ACT: Adjuvant chemotherapy, NACT: Adjuvant chemotherapy, QoL: Quality of life, SD: Standard deviation

highlights AC-T’s strong efficacy and substantial reduction
in tumor burden in the NACT group!®® site of breast is a
controversial parameters to discuss, while past studies leaned
toward left breast’s higher cancer susceptibility,? our research
suggests a near-equal incidence for left and right site. Although
there is no significant difference of risk for the site of cancer
occurrence (HR — 0.852; 95% confidence interval [CI],
0.238-3.408; P =0.801).

The results of our study are consistent with previous findings
from the NASBP B-30 trial, which compared TAC, AT,
and AC-T regimens. The NASBP B-30 trial demonstrated
that AC-T had a significant advantage over TAC in terms
of DFS (HR = 0.83; P = 0.006), but not in OS (HR = 0.86;
P =0.086) for both ER-positive and ER-negative tumors.!
However, when AC-T was compared with AT, a significant
improvement in OS (HR = 0.83; P = 0.034) was observed.
Batra et al. (2020)?% conducted the USON9735 trial in
2020 and reported that four cycles of TC were superior
to AC in BC patients, especially those with hormone
receptor-positive tumors (71.2%) and Grade I11 tumors (75%),
with a 95.5% OS rate. This interim study also supports
this observation, DFS AC-T regimen exhibited a slight
advantage over concomitant anthracycline-taxane (TAC)
and anthracycline alone (FEC). Mean DFS times were:
FEC 37 months, TAC 38 months, and AC-T 39 months with
nonsignificant (P = 0.534) association. OS was significantly
associated with higher tumor grade (P = 0.008) and poor
chemotherapy response (P = 0.001) indicating its prognostic
value in predicting survival outcomes. Remarkably, the FEC
regimen exhibited the worst OS, whereas patients undergoing
either sequential (AC-T) or concomitant (TAC) anthracycline

and taxane therapies demonstrated similar OS results. The
mean OS was 40 months (95% CI: 34.645-45.691) for
FEC, 43.5 months (95% CI: 40.578-46.520) for TAC, and
43.6 months (95% CI: 39.522-44.942) for AC-T. This suggests
that while FEC showed the least favorable prognosis, there
was no significant distinction in OS between patients receiving
anthracycline and taxane therapies in either sequential or
concomitant administration. Concluding that the survival
distributions were not equal among the different treatment
regimen groups. Mackey et al., in BCIRG-005 randomized
trial studied the differential outcome of AC-T versus TAC as
a sequential to concurrent combination in node positive and
nonmetastatic BC patients. The result of this trial, revealed that,
in terms of OS, TAC (OS 78.0%) arm was not superior over
AC-T (OS 79.9%) arm (P = 0.506).*” In a similar study by
van Rossum et al. in 2020, the comparison between adjuvant,
dose-dense anthracycline-taxane (ddAC) and TAC among high
risk BC where no significant difference was observed on RFS
and OS after 6 cycles with 7 years’ median follow-up.?* DFS
analysis in this study showed, suggests that the achievement
of disease-free status was notably shorter for NRs compared
to the overall population across different treatment regimens.
AC-T regimen exhibited a slight advantage over the others.
Although a significant relationship was found between
treatment response and DFS (P <0.0001), patients who did not
respond to chemotherapy (NRs group) experienced a median
DFS only at 6 + 2.449 months (95% CI: 1.199-10.801).

QoL stands as a crucial endpoint in oncology research. Several
anthropometric factors such as body mass index, skin fold
thickness, and mid-upper arm circumference had significant
impact on QoL of BC patient.””! Evaluating this factor not
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Hazard Ratio (95% CI)
Age —— 0.987 (0.937-1.039)
BMI ——— 0.945 (0.409-2.187)
ER * 1.447 (0.545-3.841)
PR — 0.390 (0.108-1.407)
Her2 — 0.403(0.108-1.511)
Hormonal Status 1.300 (0.400-4.228)
Age at Menarch: * 0.289 (0.018-4.648)
Age at Menopause —— 1.090 (0.715-1.662)
Site 0.852 (0.238-3.408)
TAC * 1.585 (0.441-5.694)
ACT 1.077 (0.320-3.626)
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Figure 5: Hazard ratio of several baseline factors. BMI: Body mass
index, Cl: Confidence interval, ER: Estrogen receptor, PgR: Progesterone
Receptor, TAC: Docetaxel + Doxorubicin + Cyclophosphamide, AC-T-
Doxorubicin + Cyclophosphamide followed by Taxane

only enhances treatment protocols but also plays a pivotal role
in advancing survival rates. Therefore, this study delved into
examining how chemotherapy influenced the QoL. Hatam et al.
reported that TAC group had significantly lower functional
status in various domains (physical, role, emotional, cognitive,
and social functioning) and global health status compared to
the FAC group.B” However, our observations were different
as we noticed QoL declined notably during chemotherapy
treatment (6" month), likely due to chemo-toxicity, but
improved after chemotherapy completion (12™ month),
possibly due to enhanced increased family/social support
spiritual faith, and reduced symptom distress.

Chemotherapy-induced toxicity played a vital role in shaping
patients’ QoL outcomes as well as clinical efficacy. Hatam et al.
(2011)B% reported, chemotherapy-induced toxicity (such as
amenorrhea, anaemia, nail discoloration, febrile neutropenia,
hyperpigmentation, neurologic toxicity, and edema), the TAC
arm exhibited higher toxicity compared to the FAC arm. Batra
et al. in 2020 (USON9735 trial), reported that four cycles
of TC were superior to AC in BC patients. The majority of
these patients had hormone receptor-positive (71.2%), and
three-fourths had grade III tumours, with a remarkable OS
rate of 95.5%.0% Ferreira et al. (2018) studied a prospective
Phase II trial of neoadjuvant treatment of Stage IIB/III
TNBC with cyclophosphamide, doxorubicin, and cisplatin;
where they reported very few grade >3 toxicity such as
nausea (16.3%), vomiting (14.0%), and neutropenia (9.3%).51
In our study, we detected Grade 2-3 toxicity in a limited patient
subset, potentially linked to the administration of standard
premedication. This may be attributed to the preventive
measures provided to the patients, which likely contributed to
the enhanced well-being among the survival group.

Potential limitations of the study included the inherent biases
associated with the small sample size and the single-center
nature of the study. Efforts were made to minimize these

limitations through standardized data collection procedures,
rigorous statistical analyses, and appropriate adjustment for
the confounding variables. Due to less follow-up time, OS
may not be matured enough. The findings of this research
underscore the need for molecular investigations to gain deeper
insights into treatment outcomes. Moreover, future research
could also focused on these results by conducting a dedicated
cost-effectiveness analysis, particularly addressing the
economic considerations for low-to-middle-income countries.

CoNCLUSIONS

Prognosis of the Indian BC patients treated with anthracycline
and taxane either sequentially or concomitantly was better in
terms of survival and efficacy with that of only anthracycline
receiving patients. Notably, the AC-T regimen does not
improve DFS and OS; however, the observed trend toward
DFS and OS was improved, suggesting its potential as a
preferred option in specific patient cohorts. However, only
anthracycline was least favorable among all. This, outcome
among Indian heterogeneous population was very similar
with western world. DFS was shorter among NR patients,
although this interim 4-year study on the clinical outcome
in BC patients facilitate evidence-based decision-making to
optimize long-term survival with better QoL as the primary
end-point of treatment.
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Abstract: Triple-negative breast cancer is characterized by high
lethality attributed to factors such as chemoresistance, transcriptomic,
and genomic heterogeneity, leading to a poor prognosis and limiting
available targeted treatment options. While the identification of
molecular targets remains pivotal for therapy involving chemo drugs,
the current challenge lies in the poor response rates, low survival rates,
and frequent relapses. Despite various clinical investigations exploring
molecular targeted therapies in conjunction with conventional chemo
treatment, the outcomes have been less than optimal. The critical need
for more effective therapies underscores the urgency to discover potent
novel treatments, including molecular and immune targets, as well as
emerging strategies. This review provides a comprehensive analysis of
conventional treatment approaches and explores emerging molecular
and immune-targeted therapeutics, elucidating their mechanisms to
address the existing obstacles for a more effective management of tri-
ple-negative breast cancer.

Key Words: triple-negative breast cancer (TNBC), chemoresistance,
genomic heterogeneity, poor prognosis, molecular targets, potent novel
treatments

(Am J Clin Oncol 2024;47:132-148)

B reast cancer (BC) is the most common ailment affecting
women worldwide and cumulates to about 11.7% of all
feasible cancer cases summing up to about 2.3 million new
cases as recorded in 2020.! Among all subtypes, triple-negative
breast cancer (TNBC) is the most aggressive with heightened
chemoresistance and lowered prognosis. TNBC is characterized
by immunohistochemically negative expression of estrogen
receptor, progesterone receptor, and human epidermal growth
factor receptor 2 (HER2/neu).? High recurrence rates, meta-
static nature, and complex molecular machinery with superior
chemoresistance make TNBC very hard to target, challenging
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treatment options that reduce therapeutic prognosis. Standard
treatments including neoadjuvant chemotherapy-like taxane and
anthracycline-based procedures along with post-neoadjuvant
chemotherapy are only effective to some extent.>~ Frequency of
the response rates declines to worsen the prognosis and ther-
apeutic approach, thereby affirming the constant ineffectivity of
present therapies due to heightened chemoresistance.’ Various
clinical investigations reveal a wide range of potential new
approaches, targets, and therapies in TNBC to render therapeutic
failure. Several approaches have surfaced as a conventional
strategy including poly (ADP-ribose) polymerase (PARP)
inhibition, receptor tyrosine kinase (RTK), AKT pathway tar-
geting, etc. to reduce the previous therapeutic failure and che-
moresistance. However, fluent paucity in TNBC therapeutics
forces the need for the identification of novel molecular targets.
Therefore, different studies are ongoing to focus on a few newly
emerging therapies by targeting reactive oxygen species (ROS),
RNA, and immune molecules along with their mode of delivery
(clustered regularly interspaced short palindromic repeats
[CRISPR] targeting) to shortcomings of the previous therapeutic
failure and bring plausible rendition to TNBC therapy. This
review highlights the novel targets and therapeutic approaches
involving them to overcome obstacles posed for developing a
target-specific treatment strategy that will enhance the overall
TNBC patient survival.

CONVENTIONAL MOLECULAR TARGETS

TNBC forms a subtype of BC that is heterogenous and
presents with complex molecular machinery that expresses
superior chemoresistance making TNBC very hard to target and
challenging treatment options that reduce therapeutic options.®
Conventional chemotherapy (anthracycline and taxane in mono
and combination and dose-dense therapy) forms the basic
effective mainstay of all therapeutic approach, which provides
somewhat sensitive outcomes in few cases, though high prev-
alent chemoresistance, fluctuated pathologic complete response
rates with lower survival rates, and hindered outcomes are
common in most cases.’ The only possible way to bring suit-
able therapy in this condition is to target the TNBC resistance
pathways and mechanisms that hinder suitable therapies.
Exploiting such signal cascades and possible resistance build-
up mechanisms through target identification and target-based
therapies have shown results and hence several clinical trials are
being conducted to make their possible modes of therapy in
TNBC.” One such emerging therapeutic is targeting RTK
receptors that include epidermal growth factor receptor
(EGFR), vascular endothelial growth factor receptor, and
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fibroblast growth factor receptor.® RTKs modulate important
factors like TNBC proliferation, survival metastases, and
angiogenesis, and several inhibitors such as cetuximab against
EGFR, bevacizumab against vascular endothelial growth factor,
and PD173074 against fibroblast growth factor receptor have
proven effective and progressing towards clinical trials.%'!
Another proven emerging therapy is PARP inhibitors that target
PARP1-based single-stranded DNA repair that leads to double-
stranded DNA breakage. The HR pathway through functional
BRCAI1/2 repairs such defects.!> PARP inhibitors in mono and
combination with chemo drugs has proven effective in TNBC
(both BRCA-mutated and wild-type) through united loss of
HR, PARP-mediated repair, and several inhibitors like olaparib,
talazoparib, and rucaparib are efficacious and under clinical
trials.’3!5  In addition, targeting non-RTKs as PI3K-
AKT-mTOR (PAM) pathway, SRC oncoprotein, and MEK
(a component of mitogen-activated protein specific kinase sig-
naling pathway) have proven effective against TNBC. Target-
ing TNBC through epigenetic modes and additionally through
immune-based targets have provided results and are under
clinical trial.” Table 1 shows all the emergent and approved
molecular targets and their related therapies.

Such mechanisms though efficacious to some point face
resistance and have provided unexpectedly low results in the
long term. The lack of predictive biomarkers and inefficient
patient group selection poses a hindrance to these therapies.’ In
addition, monotherapies including such therapies are not com-
pletely effective, though in combination they are efficacious but
present with low therapeutic value. Moreover, the presence of
an active cancer stem cell (CSC) niche, tumor microenviron-
ment (TME) modalities, and the presence of several other
cytokines, chemokines, leptin, and fatty acid also pose a ther-
apeutic blockade in this scenario.** Last, the mode of
delivery of several drugs, inhibitors, and therapeutic molecules
served as a shortcoming that led to low therapeutic efficacy and
chemoresistance enhancement.> Chemotherapy along with
radiation and excision-based approaches (presently applicable)
are only tumor site-specific giving rise to the present dominant
chemoresistance and targeted-therapeutic failure. The paucity
of TNBC therapeutics forces the need for the identification of
novel molecular targets along with the devising of additional
innovative therapies that will target tumorigenesis and bring
plausible rendition to TNBC therapy.>!5* Therefore, a few
novel approaches have been listed in the following sections that
surpass a few of the previous hindrances allowing possible
therapy. Some of these novel approaches have undergone
several clinical trials, while some are in a preclinical state.
Further investigation is required to make them clinically
acceptable but are not established for proper clinical application
(Fig. 1).

EMERGING THERAPIES

CRISPR-based Targeting

CRISPR and their associated Cas proteins (CRISPR/Cas)
seem to be the best-suited cancer therapy due to their specif-
icity, efficiency, and definite results against tumorigenic gene
knockout.®> Apart from gene knockout, CRISPR/Cas can be
used as an early detection technique using polymerase chain
reaction and circulating tumor DNA as a target, whereby par-
ticular genes containing nontarget DNA are removed via Cas9
and cpfl action and recognized at different PAM sequences
breaking TNBC heterogeneity.’®57 A suitable amount of
research shows that protein upregulation and downregulation a
enter the causal factors behind TNBC progression and

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

chemoresistance, whereby protein upregulation can be easily
targeted with CRISPR-mediated knockdown for a better ther-
apeutic approach.>® Upregulated protein classes may constitute
the EGFR family, heat shock proteins, transcription/translation
controlling proteins, and metabolic regulators.”® CRISPR-Cas
gene editing becomes specifically important in this scenario, as
it is useful for target-specific delivery, accurate precision, and
downregulation of suitable target proteins.

CRISPR-Cas knockout of UBRS E3-ubiquitin ligase (an
important regulator of metastatic growth and proliferation)
showed reduced growth and proliferation in TNBC.%%6! In
addition, targets like transforming growth factor f (TGFp)
(induces epithelial-mesenchymal transition and mesenchymal-
epithelial transition [EMT/MET] and superior proliferation) or
TOP2A (builds resistance to anthracyclines), and PARP3
(proliferator of TNBC) can be aimed by CRISPR-Cas-mediated
knockdown that can regulate growth and proliferation in
TNBC.3 Furthermore, mTORC2 (the main driver in TNBC
development) can be targeted to suppress TNBC. mTORC2
regulated by RICTOR overexpress AKT and activates RAC1
through the Rac-GEF Tiam 1 that affects the proliferation,
metastases, and chemotaxis in TNBC.5® mTORC? also forms a
basic link between glucose metabolization and EGFR-tyrosine
kinase inhibitor resistance.’ RICTOR resists apoptosis via AKT
activation (s473 phosphorylation) and its deletion has led to
lapatinib sensitivity and apoptosis in HER2-improved BC,
thereby asserting CRISPR-mediated gene editing as a
therapeutic.’32-% Table 2 shows other important CRISPR
targets in TNBC therapeutics.

CRISPR-Cas-mediated target knockout can be used against
chemoresistance with success. Drug resistance in TNBC can be
attributed to several proteins. P-glycoprotein class multidrug
resistance protein 1, CDC25A (regulator of AKT and ATR), and
oncogene moesin (enhances metastases and drug resistance) can
be targeted by this system.398% In addition, downregulation of
MALATTI in several investigations has reduced cancer pro-
gression and in the BT-549 TNBC model, CRISPR/Cas9-medi-
ated promoter targeting enhanced paclitaxel and doxorubicin
sensitivity’® CRISPR/Cas-mediated knockout of specific proteins
has also yielded success in TNBC therapeutics as observed in
several cell lines. TGFp-mediated growth through smad2/3 is
affluent in TNBC and TGFB-Smad3-TMEPAI axis poses a
serious threat that can be targeted with CRISPR/Cas9 system as a
possible therapeutic.”! Similarly, ceramide kinase is a novel
target in TNBC progression®! and CRISPR/Cas-mediated
ceramide kinase inhibition will lead to its suppression. Other
drivers like FOXM1 or tuftelin (TUFT1) can also be targeted
with this system to provide a plausible therapy against TNBC,
though further suitable CRISPR technique development is
required®’ CRISPR-based gene editing, though highly effica-
cious, faces problems in its delivery to the target cell and con-
secutive gene. Guo et al®’ encapsulated CRISPR-gRNA con-
jugated plasmids in a deformable tumor-targeting nanolipogel
constituting fat molecules and hydrogels that could penetrate the
TME efficiently tumor-targeting nanolipoge composes of both
zwitterionic and anionic lipids collectively termed ‘“non-
catanionic” and encapsulates CRISPR plasmids without any
electrostatic forces that negated cationic toxicity and enhanced
specificity through antibody—mediated targeting. Apart from the
nanodelivery of the CRISPR-Cas system, phages can also be
used in the delivery of CRISPR-gRNA-fused plasmids specifi-
cally to the tumor cells in the case of lung adenocarcinoma
investigated by Zhou et al’2 and can form a similar novel tactic in
TNBC cases. In conclusion, the CRISPR system provides a
unique way of specific targeting of any genes inducing knockout
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TABLE 1. Conventional Molecular Targets of Triple-negative Breast Cancer

Targeted Monotherapy/ Route of drug
SL no  molecule Drug Mode of mechanism combinational therapy Status of clinical trials  Phase administration  References
1 Akt Uprosertib Akt inhibitor Combination with trametinib ~ NCT01964924 Completed Phase II ~ Orally 16
(GSK2141795)
Ipatasertib (GDC- Combination with paclitaxel NCT02162719 Completed  Phase II ~ Orally 17
0068)
Capivasertib Combination with paclitaxel NCT02423603 Active, not Phase I Orally 18
(AZD5363) recruiting
2 PI3K Copanlisib (Aligopa) PI3K inhibitor Combination with eribulin NCT04345913 (Recruiting) Phase I/I Intravenous infusion 19
mesylate
Alpelisib (Pigray) Combination with fulvestrant ~ NCT05038735 (Recruiting) Phase III Orally 20
3 mTOR Everolimus (Afinitor) mTOR inhibitor Combination with carboplatin =~ NCT02531932 (Recruiting) Phase I Orally 21
Gedatolisib (PF- Combination with either NCTO01920061 Completed Phase I  Intravenous infusion 22
05212384) cisplatin or docetaxel or with
other antitumor agents
4 Androgen Enzalutamide Nonsteroidal androgen receptor inhibitor Enzalutamide in combination =~ NCT02457910 (Active, not Phase I/Il Orally 23
(Xtandi) (androgen antagonist) with taselisib recruiting)
Bicalutamide Monotherapy NCT03055312 Phase III  Orally 24
(Casodex®) (Terminated)
5 CYP17 Seviteronel (VT-464/ 1t is a nonsteroidal antiandrogen, an Monotherapy NCT02580448 (Completed) Phase I/Il Orally 25
INO-464) inhibitor of the enzyme CYP17A1
6 PD-1 Pembrolizumab Pembrolizumab is a PD-1 receptor Combination with NCT03036488 Approved  Phase III Intravenous infusion 26,27
(Keytruda®) blocker. It prevents the binding and chemotherapy by FDA on July 26, 2021
activation of PD-L1 and PD-L2, which Pembrolizumab is a highly
causes the activation of T-cell-mediated selective humanized
immune responses against tumor cells monoclonal IgG4
antibody
Camrelizumab An engineered anti-programmed death- ~ Combination with NCT04613674 (Recruiting) Phase III Intravenous infusion 28
ligand 1 (PD-1) antibody chemotherapy
7 PD-L1 Atezolizumab Atezolizumab is a humanized monoclonal Combination with paclitaxel NCT02425891 (Completed) Phase III Intravenous infusion 29
(MPDL3280A) antibody immune checkpoint inhibitor
that selectively binds to PD-L1 to stop
the interaction between PD-1 and B7
8 PARP Talazoparib PARP inhibitor Monotherapy/combination with NCT01945775 (Completed) Phase III Orally 30
(Talzenna) chemotherapy Approved by FDA on
October 16, 2018
Olaparib (Lynparza®) PARP inhibitor Combination with NCT02000622 (Active) Phase III  Orally 14
chemotherapy
Rucaparib PARP inhibitor Combination with NCT01074970 (Completed) Phase II ~ Orally 31
(Rubraca®) chemotherapy cisplatin
Niraparib (Zejula®)  PARP inhibitor Combination with NCT01905592 (Completed; Phase III  Orally 32
chemotherapy ended due to serious
adverse events)
Veliparib PARP inhibitor In combination with the NCT02163694 (Active, not Phase III  Orally 33

chemotherapeutic drug
paclitaxel, carboplatin

recruiting)
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10

11

12

13

14

15

16

17

18
19
20

21

EGFR

VEGF

WNT

Trop2

VEGF-TKIs

MEK
cMET

HSP90

JAK/STAT

TGFp
Notch
Hedgehog

Aurora

Cetuximab (Erbitux)

Bevacizumab
(Avastin)

LGK974 (WNT974)

Sacituzumab
govitecan
(Trodelvy)

Cabozantinib
(Cabometyx®)

Trametinib
Cabozantinib
(XL184)

Ganetespib
Onalespib

Ruxolitinib
TTI-101
Galunisertib
PF-03084014
Vismodegib

ENMD-2076
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Cetuximab is a monoclonal antibody
developed to inhibit the binding of
growth factors and the subsequent
activation of epidermal growth factor
receptor (EGFR)

Bevacizumab selectively binds with
circulating VEGF, thus inhibiting this
molecule from binding with its cell
surface receptors

Upon oral administration, WNT974 binds
to and inhibits PORCN in the
endoplasmic reticulum (ER), which
blocks post-translational acylation of
‘Wnt ligands and inhibits their secretion

Sacituzumab govitecan is an antibody-
drug conjugate targeting Trop-2
expressing cells and selectively
delivering SN-38, an active metabolite
of irinotecan

Cabozantinib inhibits the activity vascular
endothelial growth factor receptor
(VEGFR) thereby leading to reduced
tumor angiogenesis, motility and
invasiveness

MEK inhibitor

cMET inhibitor

HSP90 inhibitor
HSP90 inhibitor

JAK inhibitor
STAT-3 inhibitor
TGFp antagonist
Notch inhibitor

Hedgehog inhibitor

Aurora inhibitor

Monotherapy/combination with  NCT00463788 (Completed) Phase Il

chemotherapy

Combination with
chemotherapy

Monotherapy or in combination

with PDR001

Monotherapy

Cabozantinib in combination
with atezolizumab

Combination with
GSK2141795
Monotherapy

Monotherapy
Combination with paclitaxel

Combination with
chemotherapy

Monotherapy

Combination with paclitaxel

Combination with paclitaxel

In combination with
neoadjuvant chemotherapy
Monotherapy

NCT03577743 (Completed)

NCTO01351103 (Recruiting)

NCT02574455 (Completed)
Approved by FDA on April
7, 2021

NCT03170960 (Recruiting)

NCT01964924 (Completed)
NCT01738438 (Completed)

NCT01677455 (Completed)
NCTO02474173 (Active, not
recruiting)
NCT02876302 (Active, not
recruiting)
NCT03195699 (Recruiting)
NCT02672475 (Recruiting)
NCT01876251
(Terminated)
NCT02694224 (Unknown)

NCT01639248 (Completed)

Phase 11

Phase 1

Phase III

Phase 11

Phase 11

Phase 11

Phase 11
Phase 1

Phase 11
Phase 1
Phase T
Phase 1
Phase 11

Phase II

Intravenously
infusion

Intravenous infusion.

Orally

Intravenous infusion

Orally

Orally
Orally

Intravenous infusion
Intravenous infusion

Orally
Orally
Orally
Orally
Orally

Orally

34

35

36

38

39

40

41

43

44

46

47

48

FDA indicates Food and Drug Administration; TGF, transforming growth factor.
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FIGURE 1. Conventional molecular targets of triple-negative breast cancer shifting towards novel therapeutic strategies. A. Conventional
molecular targets include, a, Cross-talk between PI3K/Akt/mTOR and G-protein coupled receptors (GPCR) pathway regulated by extrac-
ellular molecules (ligands). b, Androgens mediating cell proliferation and migration. ¢, Mitogen-activated protein specific kinase (MAPK)
pathway. d, Vascular endothelial growth factor (VEGF)-mediated angiogenesis. e, WNT/-catenin pathway regulating tumor proliferation. f,

Poly-adenosine diphosphate-ribose polymerase (PARP) inhibitory pathway leads to cell death.

CRISPR, ROS, CAR-T, RNA therapy, Pyroptosis, Autophagy fullcglf:
efficiently. CRISPR-Cas system is affordable, takes preferably
less time, and shows off-target effects of gene knockout. Thus, it
can be conjugated with nano molecules that will enhance the
specificity and efficacy forming a strong suppression system
to oppose the ever-increasing TNBC chemoresistance and
aggressiveness.

Oxidative Stress Targeting

The oxidative condition in TNBC is diverse and depends on
the hypoxic status of the TME, the presence of oxidative stress
inducers (nitric oxide, hydrogen peroxide), and several organelles
that release and maintain the ROS level and modulates the overall
tumorigenic properties.”> Constant hypoxia induces high hypo-
xia-related genes and hypoxia-inducible factors that mediates
transcription of a large number of genes and protein that upre-
gulates tumor vascularization, extracellular matrix remodeling,
and the overall chemoresistance pattern.”*7® Unbalanced mito-
chondrial activity in the TME in hypoxic conditions further
triggers mitochondrial reactive oxygen species (mtROS) that
promote malignancy; with oncogenic signal (NF-«f3, NRF2, Wnt,
and EGFR) upregulation accentuated with hydrogen peroxide
presence.”’ Other organelles like tumorigenic lysosome, endo-
plasmic reticulum (ER), and macrophages present in the TME
also have roles in ROS upregulation,”®%0 which drives its
tumorigenic properties and chemoresistance. Therefore, hypoxic

136 | www.amiclinicaloncology.com

B. Novel therapeutic strategies includes

or organelle-produced ROS influences tumor progression and
overall chemoresistant properties; targeting such oxidative
imbalances will form a suitable mode of therapeutic in TNBC
therapy.

Oxidative targeting-based therapies have become popular,
varying from inhibition of organelles that produce ROS to
silencing several genes which upregulate oxidative stress. In
addition, antioxidative defense reduces excess oxidative stress
and inhibits ROS-induced molecular progression. Yang et al®!
reported that cystine transporters can be used as a potential bio-
marker to detect oxidative stress using '8F-5-fluoro aminosuberic
acid radiotracer in vivo (xenograft model) and in vitro of BC
models. Therefore, the estimation of oxidative stress in TME
becomes important for further targeted TNBC therapy and sev-
eral modes of therapies are under investigation. Techniques like
photodynamic therapies are becoming a major component to
target mitochondria and their associated ROS. BODIPY-Ir(IlI)
conjugate acts as a light-dependent ROS inducer-based mito-
chondrial destruction system that was highly effective in TNBC
cases, where it congregated inside mitochondrial walls and
induced apoptosis after irradiation.®? In addition, branched-chain
ketoacid dehydrogenase kinase (BCKDK) from BCAA catabolic
pathway can activate the RAS/RAF/MEK/ERK pathway and
modulate mitochondrial activity with tumor proliferation.>
BCKDK silencing is a powerful technique against oxidative

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. CRISPR Molecular Targets With Their Effects When Silenced in TNBC

SL. no. CRISPR targets Effect in TNBC after silencing References

1 Cripto-1 TGF signaling pathway receptor that mutates in TNBC and aids in Notch receptor 58,65
maturation

2 ctDNA Particular genes containing nontarget DNA can be removed via Cas9 and cpfl action 58
and further recognize at different PAM sequences and detection using PCR

3 UBRS5 E3-ubiquitin ligase CRISPR-Cas9 knockdown reduced growth and proliferation in TNBC 58

4 TGFp Inhibits EMT/MET and superior proliferation 58

5 PARP3 Knockdown by CRISPR-Cas9 prevents migration and proliferation 58

6 RICTOR/mTORC2 CRISPR-Cas9 knockdown inhibits mTORC?2 which is regulated by RICTOR and is 58
found to overexpress AKT and activate RAC1 through the Rac-GEF Tiam 1, which
further affects the proliferation, metastases, chemotaxis, glucose metabolism and
EGFR-TKI

7 Multidrug resistance protein 1 CRISPR-Cas9 targeting prevents regulation of AKT thereby suppressing the growth 66

(MDR1) and proliferation of TNBC

8 CDC25A CRISPR-Cas9 targeting prevents regulation of ATR thereby suppressing growth and 58
metastasis of TNBC

9 Moesin The oncogene is silenced to suppress metastases and drug resistance 58

10 MALATI1 CRISPR/Cas9-mediated promoter targeting enhanced paclitaxel and doxorubicin 58
sensitivity, and reduced cancer progression

11 Ceramide kinase (CERK) CRISPR/Cas9 knockdown may suppress cancer proliferation 51

12 FOXM1 Can be a plausible target 51

13 Tuftelin (TUFT1) Maybe a possible target 51

14 Lipocalin 2 (Lcn2) Novel CRISPR nanotherapeutic to effectively suppress TNBC tumor growth 67

15 Programmed cell death 1 (PD-1) To target cell death machinery to prevent the progression of cancer 58

16 CD19 CarT techniques to prevent growth, proliferation, and metastasis 58

17 TP63 Cas9 prevents migration and proliferation 58

18 TP73 Cas9 prevents growth and proliferation 58

19 TOP2A Knockdown using CRISPR-Cas9 increases sensitivity to anthracyclines 58

20 Proteasome deprivation of major The target for cancer therapy/drug resistance progression 58

cellular proteins

CRISPR indicates clustered regularly interspaced short palindromic repeats; PCR, polymerase chain reaction; TGF, transforming growth factor; TNBC, triple-negative

breast cancer.

stress management and has resulted in lowered mitochondrial
ETS and protein expression, ATP production, and downregulated
mitochondrial genes that dysregulated its function and upregu-
lated apoptotic pathways.*® Moreover, BCKDK silencing upre-
gulated sestrin2/Hi95 (SESN2 gene), an oxidative stress recovery
protein remodeled BCAA flux and reinstated doxorubicin
cytotoxicity.”® Furthermore, mitochondrial OXPHOS inhibitors
like novel IACS-10759 (in combination with palbociclib and
cabozantinib separately,®3 IM156 (phase I),%* and application of
Palmitoyl-CoA (Pal-CoA),%> a mitochondrial permeability tran-
sition pore inducer are effective in inhibiting mitochondrial
function and induce apoptosis, thereby reducing mtROS. Inhib-
ition of other ROS-inducing-organelles like lysosome, ER, and
tumor-associated macrophages are an option for reducing oxi-
dative stress in the TNBC TME. Several microtubule poisons like
colchicine, peloruside A, epothilones, and taxanes can act as
lysosome inhibitors,387 while colony-stimulating factor 1
receptor forms an important target in tumor-associated macro-
phages and can be inhibited by PLX397 (colony-stimulating
factor 1 receptor antagonist).®® The hypoxic environment prev-
alent in the TME also incites XBP1 activation, with further
supplementation from ER membrane—based UPR sensor IREla
kinase.3>%0 XBP1 further accentuates hypoxia-inducible factor
la and modulates transcription factor MYC and angiogenesis
factor VEFGA.3%! IRE1a kinase inhibition therefore can act to
inhibit ER-mediated stress reverting ER-structure-distension as
well as targeting XBP1 that links with hypoxia and overall oxi-
dative stress. Last, overall oxidative stress can be managed with
antioxidative defense though antioxidant-based procedures are
controversial as they are effective in selective cases. Synthetic
antioxidants N-acetyl cysteine along with glutamine and glycine

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

has provided plausible outcomes in TNBC cell lines.””-> There
are several other antioxidants like curcumin, epigallocatechin
gallate, selenium, and hydroxytyrosol along with several syn-
thetic antioxidants that have completed clinical trials and can be
used in therapy.®? Figure 2 represents oxidative-based targeting
in TNBC. Therefore, oxidative molecules damage DNA and alter
several signaling pathways acting as a morphogen that aids in
progression, metastasis, and chemoresistance upregulation and
targeting ROS-induced oxidative stress will pose as a brilliant
therapeutic against such.

RNA-based Targeting

RNA molecules regulate several gene expressions and
functions that are linked with tumor progression, metastasis,
immune escape, and drug resistance profile. RNA therapeutics
includes RNA and RNA-targeted molecules as a drug to expand
the range of treatment therapy in cancer which depends on the
specificity of cell proteins and their regulation in cell signaling
pathways that induce tumor cell proliferation, motility, and
survival.®* RNA therapeutics are becoming extremely popular
that aim at several proteins and their related pathways modulating
the “druggable” targets that optimize collective therapy.®> Dif-
ferent classes of RNA have emerged as therapeutics, including
small interference RNA (siRNA), microRNA (miRNA), mes-
senger RNA (mRNA), circular RNA, and piwi RNA.%697
Moreover, RNA therapy categories depend on the mechanisms
like inhibition of mRNA translation, the agents of RNA inter-
ference, the catalytic activity of RNA molecules, and RNAs
binding proteins with other molecular ligands®® (Fig. 3). Multiple
mechanisms are responsible for cellular defense mechanisms
against pharmacological RNA that induce an immunogenic
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FIGURE 2. Reactive oxygen species (ROS) induced oxidative stress regulating tumor proliferation in triple-negative breast cancer.
Tumorigenic hypoxia induces oxidative stress and generates ROS, hypoxia-inducible factors (HIFs) matrix metalloproteinases (MMPs).
ROS-HIF-MMP signaling elevates transcription of numerous genes and proteins that mediates tumor vascularization, chemoresistance,
triple-negative breast cancer proliferation and angiogenesis via PI3K/Akt, MAPK pathway, NF-xp, VEGF pathway. Endoplasmic reticulum
(ER) stress upregulated unfolded protein response (UPR) along with unbalanced mitochondrial activity in hypoxic condition which
combinedly induces cellular ROS generation which promote malignancy.

response or release cytokine. Furthermore, this mode of action
relies on the measures and structures of RNA molecules.”® RNA-
based therapeutics prevalent against TNBC mainly involve RNA
interference (RNAI) techniques that use gene-silencing methods
to target RNA-modulated pathways (siRNA and miRNA) and
RNA monotherapy, which delivers RNA-conjugated nano-
particles to target cells.'%° siRNA conjugation with nanoparticles
silences the target mRNA, while miRNA-based therapeutics can
be approached primarily as an inhibitor against endogenous
miRNAs (miRNAendo). Second, they are targeted and degraded
as a replacement strategy where artificial miRNAs are engaged to
copy miRNAendo-based mRNA degradation.'' This technique
utilizes both inhibition and augmentation functions that enhance
the overall gene-silencing efficacy. Targeted RNAi can be used to
silence all types of dysfunctional and deregulated mRNA in
TNBC that helps in progression, and drug-resistant properties
and further can be supplemented through synthetic RNA
production specific to each mRNA-protein product.'% Targeted
RNAI is even successful in inhibiting TNBC CSCs and several
RNAi-based therapeutics against CSC markers (CD24, CD44,
CD133, and ABCG2) are under investigation.lo2 In addition,
RNA-binding-protein (RBP) inhibition is also a plausible method
of RNA-based therapeutics. Furthermore, anti-miRNA-based
therapies are becoming popular, and quite recently, Yin et al, in
2019, used a heat/chemical stabilized 3-way junction motif as an

138 | www.amijclinicaloncology.com

RNA aptamer scaffold targeting CD133 (a TNBC CSC marker)
and delivered locked nucleic acid sequence targeting miRNA21
that inhibited its action, thereby downregulating TNBC migration
with PTEN and PDCD4 (tumor suppressor) upregulation.'%?
Although RNA molecules are very promising for the effective
treatment of TNBC application is extremely constrained due to
their stability, poor cell penetration ability, and cost of
production.'%3 Despite having various challenges, RNA targeting
might be a quite modern therapeutic for the successful treatment
of TNBC proliferation, chemoresistance, and aggressiveness.

IMMUNE-BASED TARGETING

Bispecific T-cell Redirecting Engagers (BiTEs)
BiTEs are bispecific antibodies that target 2 different
antigens by redirecting immune cells to cancer cells for the
delivery of drugs and blocking 2 pathways simultaneously for
the tumor.'% BiTEs are made up of 2 single-chain variable
fragments (scFv) with unique specificity. In these, one scFv
generally targets CD3 of the T-cell receptor and the other one
binds to targeted tumor antigen. These molecules can cross-link
with the cancer cells and cytotoxic cells without major histo-
compatibility complex restriction and act as a bridge to activate
T cells.'% The basic requirement for successful BiTEs therapy
is the proper identification of tumor-associated antigens that are

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. RNA molecules and their probable pathways as potential therapeutic targets in triple-negative breast cancer. a, Aptamers bind
the intra and extracellular proteins and small molecules to block enzymatic activity via protein-protein interaction, can be a potential
targeted drug delivery. b, Genomic transcription of ncRNAs (noncoding RNAs) and mRNAs (messenger RNAs), few translates into protein
directly targeted by RNA-based drugs. c, Riboswitch inhibits the mRNA translation (if the ligand is absent). d, Ribozymes hybridize and
degrade the target mRNA thus, inhibiting its expression. e, ASOs (antisense oligonucleotides) target intracellular mRNAs through
complementary base-pairing responsible for gene. f, gRNA (guide RNA)-mediated CRISPR-Cas9 used to alter or knockout the targeted
gene expression. g, MiRNA (microRNA)/siRNA (short mimics) inhibit the translation of target mRNAs. h, Exogenous mRNAs are intro-
duced into cells as vaccine/therapeutics to elicit an immune response. CRISPR/Cas indicates clustered regularly interspaced short pal-

indromic repeats and their associated Cas proteins. M

expressed on the surface of tumor cells. The BiTE antibody
transmitting T cells to kill tumor cells has shown favorable
clinical outcomes both in hematological malignancies as well as
solid tumors like TNBC.!%® However, many cases show
resistance to this therapy. Promising preclinical data on BiTE
therapy for TNBC is presently available and many pharma-
ceutical companies are funding the further development of
bispecific antibody treatment for TNBC.!%7 Current research
has suggested that the loss of antigen along with immunosup-
pressive factors, precisely inhibition of immune checkpoint
molecules, are the main cause of treatment failure. Thus, new
approaches for improved BiTE constructs to develop novel
BiTEs therapeutics with multiple targets are currently under
investigation through a series of preclinical and clinical trials.
Thus, a combination of BiTE antibody therapies and other
therapeutic approaches may lead to an exciting era of
immunotherapy.

Cancer Vaccines (CVs)

CVs involve immunotherapy that upregulates immune
cells against cancer-specific antigens that are normally absent in
nontumorigenic cells and target them specifically. In this
manner, a person can be immunized against cancer-specific
antigens and suppress cancer progression, destroy any cancer-
ous cells after chemotherapy and suppress tumorigenic growth

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

using his immunity. CV is mainly efficacious against BC and
poses as a suitable approach in TNBC, though further immu-
nogenic studies are required to make it a permanent solution. %8
Table 3 lists all the possible vaccine-based therapies
against TNBC.

Immune Checkpoint Inhibitor (ICI)

The complete activation of T cells depends on 2 signals, one
is a derivative of cross-talk between major histocompatibility
complex present on the surface of APC and T-cell receptor,
whereas, the second one is an antigen-independent molecule. The
T-cell activation is completely regulated by the costimulatory
known as immune checkpoints.!!* These checkpoints aim to
reduce the damage to normal tissue to prevent unwanted auto-
immunity. Cancer cells have the potential to generate ligands that
are capable to bind with coinhibitory receptor molecules. Thus,
the blockades of ICIs are capable to raise antitumor response.! !
The emergence of ICI become a therapeutic landscape for some
types of cancers. ICI therapy does not directly destroy the cancer
cells but induces the power to enhance the endogenous antitumor
activity within the immune system of patients.!1° It is one of the
most studied strategies of immunotherapy for the treatment of
various cancer. Immune inhibitors block the communication of
inhibitory signals through the activation of cytotoxic T lym-
phocytes which induce the antitumor effects.!'” Some ICIs
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Mode of delivery
allotypes and transported to the cell surface for CD8" T-cell recognition/

HLA-II pathway relies on lysosomal degradation of proteins by
occurring in the late endosome (with peptides 13-17 amino acids in length)

and transport of the HLA-II-peptide complexes to the cell surface for

recognition by CD4* T cells

I molecules based on their suitability to bind to the individual’s HLA
Adoptive T-cell transfer (ACT)

professional antigen-presenting cells (APCs), with peptide loading

treatment
Peptides (typically 8-12 amino acids in length) are loaded onto nascent HLA-

TMV-based vaccine immunotherapy in combination with anti-CTLA-4 mAb

Runx2 lentivirus transfection system

Target

Runt-associated transcription factor 2 (Runx2)
(IFNy)/HLA-I/HLA-II

B7-1 (CD80)/IL-12

Type of vaccine

Dendritic cells (DC)
Antigen-presenting cell (APC) and DC- Stem and central memory CD8* T cells,

Personalized peptide vaccination (PPV) Proinflammatory cytokine interferon-y

Anti-idiotypic antibody vaccine

TABLE 3. List of Possible Vaccine-based Therapies in Triple-negative Breast Cancer

SL no.
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denoted by their expression of CD62L, CCR7,

and P-catenin
Chimeric antigen receptor (CAR) T-cell B-cell maturation antigen/CD20/CD22/CD30/CD33/CD38/ Adoptive T-cell transfer (ACT)

based tumor vaccination

113

CD123/CD138

therapy (CAR T)

including anti—cytotoxic T-lymphocyte—associated antigen-4
(CTLA-4), anti—programmed cell death protein 1 (PD-1), and
programmed cell death ligand 1 (PD-L1) have demonstrated their
clinical importance in a certain type of tumors. In 2011, anti-
CTLA-4 monoclonal antibody (mAb) (ipilimumab) was
approved to treat melanoma, and thereafter, anti-PD-1 mAbs
(pembrolizumab, nivolumab, cemiplimab, etc.), as well as an
anti-PD-L-1 antibody (atezolizumab, avelumab, durvalumab,
etc.), are in use to treat locally advanced and/or metastatic
cancers.! %119 However, the overall response rate of the CTLA-
4, PD-1, and PD-L1 mAbs is low as most of the patients develop
acquired or primary resistance.'?® Due to this unsatisfactory
outcome of the present immune checkpoint therapy, extensive
studies are in progress to find out other novel ICIs targets. The
next-generation targeted checkpoints are lymphocyte activation
gene-3 (LAG-3), T-cell immunoglobulin and mucin-domain
containing-3 (TIM-3), T-cell immunoglobulin and ITIM domain
(TIGIT), V domain immunoglobulin suppressor of T-cell acti-
vation (VISTA), B7 homolog 3 protein (B7-H3), B-cell and
T-cell lymphocyte attenuator, and inducible T-cell costimulatory
may be the promising targets to treat solid tumors as well as
TNBC. In TNBC, there was no substantial advancement had
been seen for clinical management but now ICIs yield promising
results for the treatment of early-stage and advanced BC. How-
ever, alone these novel strategies are not efficient enough to treat
BC patients, but in combination with existing therapies provide a
potential effect.!?! Although, some of the explored immune
checkpoint modulators like anti-LAG-3, and anti-TIM-3 have
been chosen as novel therapeutic targets and several clinical trials
have been registered in ClinialTrial.gov also the number is
increasing exponentially, however, no drugs entered into clinical
practice to date.'?> Moreover, still some riddles need to be solved
like studying the outcome of the ligands of TIGIT, VISTA, and
B7-H3 for their therapeutic potential and more attempts to be
taken to design combinational immunotherapy that targets vari-
ous pathways to achieve the best possible effect to inhibit tumor
growth.!23

Chimeric Antigen Receptor T Cells (CAR T)

Although targeted therapy and immunotherapy have a great
impact on the treatment of hematological and solid tumor malig-
nancies, a large portion of patients develops resistance after receiving
the therapy. Adoptive cell therapy (ACT) may provide added
treatment options to those patients as ACT works based on an
autologous or allogeneic transfer of host cell vial viral, nonviral, and
plasmid vector to eliminate tumor cells.'?* CAR T-cell therapy is an
emerging form of adoptive antitumor treatment that can attack
specific cancer cells by targeting their surface antigen. Genetically
modified T-cell express a CAR known as CAR T cells. CAR is a
receptor protein that has been altered in T cells to target a specific
protein.'” CAR T cells of both CD4* and CD8* can be employed to
redirect the recognition of the target cell. However, it depends on the
efficient, safe, and stable condition of gene transfer.26 CAR T-cell
therapy has shown an extensive clinical response in hematological
malignancies, for example, lymphoma, leukemia, and multiple
myeloma. Now, the effectiveness of CAR T-cell therapy for solid
tumors is in consideration to treat other malignancies.'” Various
clinical trials are under process to treat different types of cancers. The
major remarkable success of CAR T-cell therapy was the Food and
Drug Administration (FDA) approval of Kymriah and Yescarta; 2
second-generation CAR T-cell products targeting CD19.'%8 After
this success, the quality of research on CAR T cells immunotherapy
focusing on solid tumors and TNBC has increased exponentially
over the last few years. The antitumor activity associated with targets
of tumor antigens and CAR T cells has been demonstrated in POC

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.



¥202/£2/20 U0 IXWHI6T1II6SEI98HIAIMOA
boamnalATdENNNZPZXEZAdude42yYdeDANZASMTAHAII.YIMZN8/A/0UNBOXDEXESOPORIAWNPYZHONZNBWdZZIoM9 v+16dS LA

NdIAYT0NGNTISTNALIBM TWABANZ82eDSBINB9IN Ag ABOjoouoedIulafwe/w o9 mm| s[eulnol;/:dny woly papeojumoq

American Journal of Clinical Oncology ¢ Volume 47, Number 3, March 2024

Emerging Futuristic Targeted Therapeutics

CSPG4

(2]
(o]

[n]

e

Linker
= ' o Uy

CD28

|L2%) IFN y' ‘

CD28

CD28

CD a Hinge

FIGURE 4. CAR T-cell-mediated therapeutic approach. CAR T-cell-mediated therapeutic approach. Second-generation and third-gen-
eration CAR engineered T cell interacting with surface tumor antigens. a, Chondroitin sulfate proteoglycan 4 (CSPG4). b, folate receptor
alpha (FRa). ¢, GD2. d, Integrin avp3. e, natural killer group 2, member D ligand (NKG2DL). f, TEM8. g, MUCT. h, EGFR to induce
cytokines-mediated tumor cell. CAR indicates chimeric antigen receptor; EGFR, epidermal growth factor receptor; IFN y, interferon-y;
TNBC, triple-negative breast cancer; TNF, tumor necrosis factor.

(Proof of concept) studies.'?® These antigens are classified as tumor-
specific, tumor-associated, and cancer germline. Developing effec-
tive CAR therapy for TNBC selection of appropriate cell surface
antigen is the preliminary step that may contribute to the
pathophysiology of cancer'*® (Fig. 4). The novel and promising
TNBC CAR T cells targets include AXL, EGFR, mesothelin, Mucin
1 (MUC1), c-Met, chondroitin sulfate proteoglycan 4 (CSPG4), Fc-
gamma receptors (FCyR), receptor tyrosine kinase-like orphan
receptor 1 (ROR1), folate receptor alpha (FRa), GD2, intracellular
adhesion molecule 1 (ICAM1), integrin ovfp3, natural killer group 2,
member D (NKG2D), stage-specific embryonic antigen-4, tumor
endothelial marker 8, and trophoblast cell-surface antigen 2
(Table 4). Despite having many positive aspects, CAR T-cell ther-
apy is associated with many obstacles including lack of targeted
antigen specificity and its heterogeneity, immunosuppressive TME,
improper expression of immune checkpoint molecules due to inef-
ficient intratumoral trafficking, and poor persistence. Thus, CAR T
therapy is one of the most sought-after therapeutic approaches since
it is one of the safest and most effective forms of ACT. It not only
specifically targets the TSA, but it can also recognize the poly-
morphs, and the absence of cell surface proteins present in normal
cells. This increases the chance of detection and diagnosis of cancer
since it may account for unique antigens resistant to other
techniques.

FUTURISTIC APPROACHES

Pyroptosis
Cellular death via inflammatory pathway-mediated pro-
grammed cell death, also known as pyroptosis is becoming

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

popular and a recent panel of researchers claims that pyroptosis
can act as a therapeutic in TNBC.!46 Chronic pyroptosis acts as a
tumor inducer, while acute pyroptosis leads to necrosis and
necrosis-mediated cell death (necroptosis), therefore, pyroptosis
mediation can act as both tumor mediator and tumor suppressor,
though the focus has been drawn on acute pyroptosis.'#”-148
Moreover, short-sparred pyroptosis can be used as a potent
therapeutic against cancer growth and suppress chemoresistance,
which becomes an arsenal in TNBC therapy. Several molecules
and drugs have been reported to induce acute pyroptosis, which is
becoming a therapeutic pillar in this scenario. TNBC
targeting via pyroptosis proceeds mainly through oxidative stress
induction, though several other pathway modulations are also
involved. Cadmium exposure to TNBC cells (MDA-MB-231)
produced cell cytotoxicity, reduced cell viability, and arrested
cell cycle at the S phase through cyclin 1A1/1D1 and CDK2
modulation along with enhanced LDL production and pyroptosis
induction (enhanced Bax and gasdermin E-mediated GSDME-
NT cleavage) that reduced cancer growth and proliferation.'#® In
another scenario, tetra arsenic hexoxide was used as a therapeutic
agent against TNBC, where it induced pyroptosis via reduced
phosphorylation of mitochondrial STAT3 that enhanced mtROS,
mediated mtROS-caspase-3-gasdermin-E pathway, and exhibited
all pyroptotic symptoms.'?° Other instances state that omega-3
docosahexaenoic acid, Spatholobus suberectus Dunn percolation
extract (SSP) also have antitumor properties and can induce
pyroptosis in TNBC.!?1-152 Investigation in age-old anticancer
drugs like cisplatin'>® has revealed that cisplatin too can induce
pyroptotic cell death, thereby curbing the chemoresistant nature
of TNBC and reducing its proliferation. Other drugs like
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TABLE 4. CAR T Targets and Their Preclinical Outputs in TNBC

Targets of CART
SI no. cell CAR CAR T cell Preclinical output in TNBC References
1 AXL Single-chain variable fragment (scFv) against AXL AXL-CAR T cell In TNBC cells, AXL-CAR T cells show in vitro cytotoxicity thus, 131
reducing tumor cell growth found in a xenograft mouse model of 132
TNBC
Genetically engineered IL7R with AXL-CAR T cells show enhanced
anti-TNBC activity in vitro but show increased survival in a xenograft
model of TNBC
2 EGFR Anti-EGFR single-chain variable fragment (scFv1/2) EGFR-specific CAR T  EGFR-CAR T cells initiate TNBC cell lysis in vitro which inhibits the 133
cell growth of TNBC tumors in vivo
3 Mesothelin Meso-binding single chain variable domain (SS1-scFV) Meso CAR T cell Disruption of PD-1 gene locus by CRISPR/Cas9 ribonucleoprotein- 134
mediated editing to enhance the antitumor activity of Mesothelin
targeted CAR T cells both in vitro and in vivo
4 tMUC1 scFv motif derived from TAB004 MUC28z CAR T cell tMUCI-CAR T cells promote cytotoxicity in TNBC cells both in vitro 135
and reduce TNBC tumor growth in-vivo
5 c-Met c-Met scFv mRNA-transfected mRNA-mediated c-Met-CAR T cells lysis of TNBC cells showed 136
c-Met-CAR T cell significant tumor shrinkage in a TNBC xenograft mouse model
6 CSPG4 Murine scFv fragments: 225.28S, TP41.2, 149.53 and  CSPG4-specific CAR T CSPG4-CAR T cells elicit cytolytic activity against TNBC cells in vitro 137
G71.1 (specific for CSPG4) cell
7 RORI1 2A2 and R12 scFv RORI-CAR T cell RORI-CAR T cells infiltrate TNBC cells and elicit antitumor activity 138
within in vitro 3D cultures
8 FRa MOV19 scFv FRa-specific CAR T cell FRa-CAR T cells induce the killing of TNBC cells in vitro and a TNBC 139
xenograft mouse model, which promotes tumor regression
9 GD2 scFv derived from the monoclonal antibody (mAb) GD2-CAR T cell GD2-CAR T cells initiate cytotoxicity of TNBC cells in vitro but prevent 140
ch14.18 (also known as dinutuximab beta), ie, anti- metastasis to lungs in a xenograft mouse model of TNBC
GD2 CARs
10 ICAM-1 ICAM-1 scFv ICAM-1-CAR T cell ICAM-1-CAR T cells facilitate in vitro killing of TNBC cells 141
11 Integrin o3 hLLM609 Integrin o,B3-CAR T cell Engineered Integrin o, f3-CAR T cells with an EGFR showed inhibition 142
of safety switch for growth of TNBC cell in vitro
12 NGD2DL NGD2D NKG2D-CAR T cell NKG2D-CAR T cells demonstrate prolonged persistence of TNBC cells 143
in vivo and demonstrate tumor regression in a mouse model of TNBC
13 TEMS L2 scFv TEMS-CAR T cell In a TNBC xenograft mouse model, TEM8-CAR T cells demonstrate 144
antitumor activity 145

TEMS-CAR T cells arbitrate on-tumor and off-target toxicity in an
in vivo model of TNBC

CAR indicates chimeric antigen receptor; CRISPR, clustered regularly interspaced short palindromic repeats; EGFR, epidermal growth factor receptor; ICAMI, intracellular adhesion molecule 1; NKG2D, natural killer group 2,
member D; PD-1, programmed cell death protein 1; ROR1, receptor tyrosine kinase—like orphan receptor 1; TNBC, triple-negative breast cancer.
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triclabendazole can induce pyroptosis via a novel caspase-3-
mediated pathway in BC,'3* but its relevance in TNBC needs
further investigations. Pyroptosis mediation is a relatively an old
topic but its application as a therapeutic in cancer and especially
TNBC is novel and has proven to be effective in multiple sce-
narios. Pyroptosis-mediated cellular death has deep implications
in most cancers, including TNBC and predominantly it can be
used to target and suppress cancer, taking GSDMD as a prog-
nostic marker. Until now, it is not clear how inflammasomes
modulate tumor progression, and a large number of the complex
in vivo molecular studies and clinical trials are required to make
pyroptosis viable therapeutics of the future.

Autophagy

Autophagy can be described as the degradation of the old
proteins and damaged/old cells or organelles by the phag-
osome-phagolysosome formation in normal cells while during
tumorigenesis autophagy has dual roles.!>> Normally, it facili-
tates tumor suppression via cell death but it can also aid in
cancer progression generally in highly progressed cancers,
thereby categorizing autophagy-targeted cancer treatment in the
controversial zone. Even though, several investigations have
shown that it can be used as a viable therapeutic option and
therefore pose as dependable therapy of the future. Cancer cells
mainly progress by autophagy deficiency induction and recent
advances reveal several novel bio-molecular targets and tech-
niques through which autophagic deficiency can be inhibited
resulting in successful cancer therapy via autophagy induction
in all BC and TNBC subsequently.'>3 Investigators like Wang
et al'®® have shown that autophagy can be used as a potential
therapeutic in TNBC and identified eukaryotic elongation factor
2 kinase as a paclitaxel resistance modulator of autophagy.
Novel autophagy biomarkers like LC3, ULKI (regulates auto-
phagosome formation), and VPS34 (diverse cellular processes
including autophagy) are some of the targets where target-
specific inhibitors can be used as a potential TNBC therapeutic
targeting autophagy.!>’ Recently, another novel compound
CD661 has shown efficacy against autophagy via lysosome
deacidification.!3® Furthermore, combinatorial therapy includ-
ing EGFR inhibition in a gefitinib-dependent manner induced
autophagy along with ROCK inhibition led to autophagic
vacuole accumulation that hampered autophagosome clearance
resulting from cytoskeletal modulation that led to apoptosis.'>
Last, Tenascin-C another marker in this scenario can be
inhibited with other immunogenic factors that reduce TNBC
progression.!® Autophagy acts as a cytoprotective survival
pathway targeting TNBC through autophagy induction is an
interesting technique for averting long-term tissue damage that
induces tumorigenesis. Therefore, induction or complete
restoration of autophagy can stop TNBC induction and spread,
although dysfunctional autophagic progression needs to be
diverted. Autophagy modulation and induction is a therapy of
potential that needs further investigation and is currently under
heavy scrutiny.

Adipogenesis

All cancers in general and TNBC specifically express EMT/
MET that provide the enhanced potential for metastatic progression
and upregulated drug resistance.'®'-16> During EMT/MET tran-
sitions, TN cells exhibit upregulated cellular plasticity and stem cell—
like properties, which can be used as a therapeutic approach in this
scenario.!93-165 [shay-Ronen et al report that cellular plasticity and
stem-like property expression mediated by EMT in BC cells can be
used to generate bona fide adipocytes (adipogenesis), through
transdifferentiation of mesenchymal, malign tumor cells.'% It is well

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

known that bona fide adipocytes are generally nonplastic and show
almost nil differentiative capabilities including growth arrest reduc-
ing further tumorigenic mutations, thereby becoming an effective
mode of BC therapeutics. Preadipocytes 3T3-L1 fibroblasts, when
treated with insulin with doses of dexamethasone along with rosi-
glitazone in presence of peroxisome proliferator-activated receptor y
(PPARY), preadipocytic 3T3-L1, upregulated and expressed PPARy
and C/EBPa, which are considered to be transcription factors reg-
ulating adipogenesis.'%3166-169 With the successive expression of
PPARy and C/EBPa, they showed morphological changes and
progressed with lipid droplet accumulation with the presence of
perilipin (adipocyte-specific protein) into bona fide adipocytes!6160
The same was tested in BC cells derived from 2 models: (i)
MTHECad from MMTV-Neu transgenic mouse carrying E-cadherin
(Floxed) that went into irreversible EMT when E-cadherin was
expressed via Cre recombinase system; (ii) Py2T cells from MMTV-
PyMT transgenic mouse underwent EMT/MET with TGFp addi-
tion/removal, respectively.!%170 When these systems expressing
EMT/MET conditions, were treated with bone morphogenetic pro-
tein 2, they showed transitions to adipocytes morphologically and
were most effective in combination with bone morphogenetic pro-
tein 2 and rosiglitazone.'%>!7! The adipocytic state was maintained
even after the removal of all the differentiation factors, which
becomes an attractive target.'6®> Hence, the same when introduced in
TNBC therapeutic can pose as a beautiful end-of-line therapy, in
light of high drug resistance and failure in TNBC therapeutics.
Recently, Ishay-Ronen et al'® used a patient-derived xenograft
model (x-3078) established as a nontreated primary TNBC clump to
test the long-term adipogenesis effect in a clinical situation based on
an experimental set-up. Combinational treatment with MEK inhib-
itor trametinib and rosiglitazone yielded reduced primary TNBC
clump size. Trametinib inhibited ERK phosphorylation and induced
adipogenesis differentiation with perilipin enhancement, while
rosiglitazone aided in combination.'5° Hence, adipogenesis in all BC
is possible and provides a sustained option in TNBC setups for
futuristic approaches. Furthermore, several model-based inves-
tigations are required to understand adipogenesis, and look into its
negative sides that will determine its effective role as a therapeutic in
TNBC patients.

CONCLUSIONS

TNBC remains the most complex disease when compared
with other subtypes due to negative expression of estrogen
receptor, progesterone receptor, and HER2/neu immunohis-
tochemically that builds high invasiveness with early recurrence
rate, and poor prognosis level. Conventional molecular target-
ing-based therapy remains widely suited for TNBC therapy,
though the high resistance patterns and unexpectedly low
therapeutic results from such therapies are persistent and pose a
problem. Interesting successful investigations have resulted in
new therapeutics, which are more precise and target-specific
molecular mechanisms that characterize TNBC. Therapeutic
techniques based on CRISPR-Cas gene editing, immuno-
therapies, and approaches targeting the tumor oxidative stress,
cell death mechanisms through pyroptosis and autophagy, and
complete tumor cell differentiation through adipogenesis are
novel and pose as formidable therapeutic that could overcome
the TNBC burden. Effective clinical trials, model optimization,
and in vivo testing models will present an important turnover
for these techniques. These insights will be helpful in future
research in combating TNBC progression and chemoresistance.
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between the HER2- versus the Basal- and Luminal-Type tumors. Statistically
significant differentially expressed genes were identified and further selected
based on coefficient of variation (CV) for the most stable genes. Functional
annotation and pathway analysis was performed using Gene Ontology and
Reactome Pathway Analysis followed by comparison of the new signature
with previously reported molecular subtyping signatures using Principal
Component Analysis (PCA).

Results: Our approach resulted in an expanded 29-gene HER2-Type
signature. The 29 genes had an exceptionally low CV of ~5% indicating that
they have a high stability. Among the 29 genes, 7 are from the HER2
amplicon and known to be upregulated in pathologically confirmed HER2+
tumors. Pathways associated with these genes include PI3 K and AKT
signaling, which have a key role in cancer development.

Similarly to the BP 80-gene assay, the expanded BP HER2 signature
could also better identify the molecularly HER2-Type versus non-HER2-
Type tumors, based on the higher percentage of variance captured by PCA,
than previously reported molecular subtyping signatures, while having an
excellent concordance (97%) with the original 80-gene BP.

Conclusions: The expanded 29-gene BluePrint HER2-Type signature
represents even more biological diversity within the HER2-Type tumors,
thereby capturing the modern definition of HER2+ tumors. Indeed, the 29
genes include known HER2 amplicon genes and other genes involved in
several oncogenic signaling pathways. Importantly, it is yet to be determined
whether improved recognition of the HER2-Type increases treatment
response prediction with HER2-targeted therapies, which is part of future
research.
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Background: The combinations of PARP inhibitor (PARPi) and platinum-
based drugs are gaining more interest as first line therapy for early-stage
breast cancer. The I-SPY2 trial (NCT01042379) qualified different DNA-
Damage-Repair (DDR) deficiency biomarkers that predict response to DNA
damage agents. Here we aimed to translate the I-SPY2 research findings to a
robust clinical grade platform signature to predict sensitivity to PARPi and
platinum-based chemotherapy.

Material and methods: For this study, 72 fresh frozen pre-treatment
biopsies from patients enrolled in the ISPY2 Veliparib+Carboplatin (VC) arm,
were analyzed with whole transcriptome microarray following standard
diagnostics at Agendia. All 72 patients had a High Risk MammaPrint® 70-
gene profile. Pathological complete response (pCR) was defined as no
residual invasive cancer in breast or nodes at the time of surgery. From the
total set, 27 patients had pCR (5 HR(hormonal receptor)+HER2- 22 Triple
Negative (TN)) and 45 had residual disease (RD) (28 HR+HER2- 17 TN).
Biomarker development was based on the identification of significantly
differentially expressed genes between pCR and RD groups, while balancing
the HR status as well as prior knowledge on the biological relevance of the
genes (i.e. genes relevant to DDR were prioritized). A leave-one-out cross-
validation was employed due to a limited sample size. The significance
criteria were based on the absolute value of the effect size (JES|>0.5).
Signature performance was evaluated on the RNAseq data from the
carboplatin arm (n = 122) of the BrighTNess trial (NCT01525966), using 8-
fold cross validation with support vector classifier.

Results: A set of 60 genes was selected after passing the significance
criteria. Large majority of the signature genes (>70%) are related to DDR
pathways among which homologous recombination repair, non-homologous
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end joining repair, Fanconi anemia and other conserved DDR genes. The
performance of the biomarker on the development set was 94% accuracy,
96% sensitivity and 93% specificity across all patients. Sensitivity and
specificity in the TN group were 95% and 94%, and in HR+HER2- 100% and
93%, respectively. Independent performance assessment using the
BrighTNess data set yielded an average of 67% accuracy (with standard
deviation 6 = 11%), 67% sensitivity (c = 10%) and 65% specificity (c = 11%).
Relatively large standard deviation pointed to heterogeneity within this
cohort.

Conclusion: In the ISPY2 VC arm, RePrint predicts pCR with high
accuracy, sensitivity and specificity. The performance on the BrighTNess
dataset indicates the potential DRD predictive value of RePrint on RNAseq
data. The signature includes genes from various DDR pathways indicating
that it may detect patients with DDR deficiency that could be candidate for
DNA damage response therapy.
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Background: Inter-individual differences in drug response are frequent
clinical challenge due to genetic variation. ATP-binding cassette (ABC)
transporters are crucial determinants of drug disposition and have been
studied extensively in response to chemotherapeutic regimen and tamoxifen
treatment. But no major findings were established till date in Indian scenario
that correlates the effect of drug in ABC polymorphism.

In our study we aim to investigate the impact of ABCB1 (rs1128503) and
ABCC2 (rs145008610) gene polymorphisms with reference to the clinical
characteristics and adverse drug reactions in hormone receptor positive
Breast Cancer (BC) patients who received tamoxifen adjuvant therapy.

Materials and Methods: In this monocentric, observational study, 121
patients were recruited with histologically proven hormone receptor positive
BC from surgical OPD of Chittaranjan National Cancer Institute, Kolkata.
Tamoxifen therapy (20 mg orally daily till 3 years) was given to the recruited
patients after first-line treatment with surgery followed by adjuvant/ neo
adjuvant chemotherapy with different regimens administered according to
NCCN guidelines. The dose was determined as per patient's BSAvalue. 5 ml
peripheral blood was withdrawn during the treatment to isolate genomic DNA
and polymorphism analysis of ABCB1 (167964T>C) and ABCC2
(58626T>C) gene was performed using PCR-RFLP method. PET-CT/
CECT/MRI reports were clinically correlated with genomic data to assess the
drug response and adverse drug effect among the attendees.

Results: Majority of the BC patients (n = 121) are diagnosed in stage Il
(52.9%), 41-60 (57.9%) age group are more prone to develop breast cancer.
Infiltrating Ductal Carcinoma (83.5%) found to be the most common
pathological subtype, maximally with grade Il tumor (58%); tumor size
range between >2cm-<5 cm were most prevalent. In this study, significantly
different in response categories among treatment group and significantly
unequal survival outcome were seen between responder, non-responder
and partial responder (long rank p = 0.225). Median overall survival was
achieved within 48 months. Overall response rate was 94.2%. ABCB1 and
ABCC2 gene polymorphism is non-significant with clinical parameters.
Furthermore, no statistical significance (p > 0.05) was found with adverse
events of Chemotherapeutic regimens and tamoxifen adjuvant therapy in
contrast to ABCB1 and ABCC2 gene polymorphism.

Conclusion: Our study interprets that, ABCB1 (rs1128503) & ABCC2
(145008610) gene polymorphism may not be a predictor of treatment
outcome of patients with respect to hormone positive breast cancer patients.
Moreover, transporter genes may not significantly associate with adverse
drug reaction thus no effect in overall survival. However, small sample size of
our study restricts the statistical power.
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patients received all planned cycles of chemotherapy before surgery. Overall patho-
logical complete response (pCR) was seen in 27.3% of patients (47/175). pCR rates
were significantly higher in the TNBC cohort compared to HR+ cohort (38.2% vs 15.6
%, P - 0.001). TNBC variant and higher histologic grade (Grade Ill) were associated
with significantly higher pCR rates. At a median follow-up of 30.8 months, 23.2% of
patients (40/172) developed relapse (26.9% in TNBC, 19.2 % in HR+). Patients who
achieved pCR had significantly lower chances of recurrence compared to those with
non-pCR to chemotherapy (12.7% vs 27.2%, P- 0.045).

Conclusions: Triple-negative breast cancer subtype and higher histologic grade are
associated with significantly higher pathological complete response to NACT.
Achieving complete pathological response is associated with lower risk of breast
cancer recurrence, and it is an important surrogate marker for recurrence-free and
overall survival.

Legal entity responsible for the study: The authors.
Funding: Has not received any funding.
Disclosure: All authors have declared no conflicts of interest.
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Background: Pathologic complete response (pCR) is often utilized as a surrogate
marker for overall survival in breast cancer. Significant differences in pCR rates are
reported in many studies depending on the biological tumor profile and molecular
classification. Based on our observations we hypothesize that few breast cancer pa-
tients are less likely to achieve pCR after neoadjuvant chemotherapy (NACT). The role
of demographic variables in predicting pCR is still not clear. The aim of this study was
to evaluate various demographic factors which could impact pCR rates.

Methods: A prospective analysis of 1246 patients with breast carcinoma who had
undergone neoadjuvant chemotherapy (NACT) followed by surgery was done from
June 2020 to December 2022. Demographic, surgical, and pathological data were
collected on completion of therapy. Categorical variables were analyzed using %2 or
Fisher’s exact test and continuous data were analyzed using t-tests. Multiple linear
regressions were used to study interactions between various demographic factors and
pCR. Statistical analysis was done using SPSS v25.

Results: A total of 1324 patients were offered NACT, of which 1246 (94.1%) who
underwent resection post-NACT were included in the analysis. Overall, 275 (22.1%)
patients had pCR. 39 (14.2%) in ER+/HER2- group, 131 (47.6%) in HER2+ group; and
105 (38.2%) in ER-/HER2- group had pCR. Univariate analysis showed significant as-
sociation between age <50 years, low body-mass index, and ability to achieve pCR.
However, women with obesity had higher odds of residual disease (OR = 0.191
[0.029-1.157]; p=0.076). The results were consistent even after controlling for con-
founding variables such as grade, receptor status, and clinical T and N stages.

Conclusions: Younger age can predict a pCR and is an independent prognostic factor
for locoregional recurrence in locally advanced breast cancer patients after NACT.
Obesity is a risk factor for failure to achieve PCR in women undergoing NACT. The
contrary was observed in non-obese patients as they had higher odds of achieving
PCR. Studies with larger groups are needed to validate this observation. Further
studies evaluating the role of BMI in drug resistance would be valuable.

Legal entity responsible for the study: The authors.
Funding: Has not received any funding.
Disclosure: The author has declared no conflicts of interest.
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Background: ABCB1 gene reported to affect chemo-induced toxicity through drug
disposition and efflux mechanisms. This study aims to evaluate the influence of ABCB1
(C1236T, G2677T/A, C3435T) polymorphisms on, chemotoxicity, and survival out-
comes in BC patients treated with anthracycline and taxane either sequentially or
concomitantly.
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Methods: 100 patients were included who received sequential or concomitant
anthracycline and taxane as per clinician discretion and underwent modified radical
mastectomy. Chemotoxicity grade was analyzed by CTCAE v.4. All patients received
standard premedication with 5HT3;, NK1 receptor antagonist, dexamethasone, H2
blocker/ PPI. SNP of ABCB1 (C1236T, G2677T/A, C3435T) gene was detected by PCR-
RFLP and sequencing.

Results: Patients mostly reported at Stage Ill (52.89%) with infiltrating ductal carci-
noma subtype (90.9%) who received sequential (50%) & concomitant (50%)
chemotherapy. Grade >2 chemo toxicity like neutropenic fever, significantly associ-
ated with C1236T SNP with odd ratio (OR) for TT genotypes was 2.00 (95% Cl: 0.125-
31.975, p=0.000), while in CT genotypes, it stood at 1.100 (95% Cl: 0.063-15.988; p =
0.035). Meanwhile, vomiting was significantly associated with C3435T for TT geno-
types, with an OR of 3.031 (95% Cl: 0.031-7.994, p=0.05). TT genotypes (C1236T)
were significantly associated with nausea (OR: 2.667; 95% Cl: 1.043-6.815; p = 0.04).
Alopecia was observed 88% patients. However, ABCB1 showed no significant (p =
0.416, Log-rank) correlation for overall survival. Although, no significant associations
were found for G2677T/A in terms of toxicity and survival.

Conclusions: The homozygous mutant TT genotypes (C1236T and C3435T) and het-
erozygous CT genotypes (C1236T) showed significant association to chemo-induced
toxicity (hematological toxicity, nausea, vomiting, alopecia) in patients underwent
anthracycline and taxane. Hence, these SNPs could serve as predictive markers to
mitigate chemotherapy’s adverse effects and optimize treatment to reduce the grade
of toxicity and improves patients quality of life.

Legal entity responsible for the study: V. D. Nasare.
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Background: Studies have shown disparities in management of older patients with
breast cancer, resulting in undertreatment. Older patients with co-morbidities pose a
challenge for cancer care providers who must balance the risk of death due to toxicity
from treatment versus the benefit of standard multimodality treatment. The aim of
the study was to evaluate whether the sequencing of chemotherapy and surgery
impact the ability to deliver both modalities of treatment.

Methods: A retrospective analysis of prospective data was evaluated between 2018
and 2022. We included patients >60 years of age with chronic comorbidities, with a
clinical stage T1c-3 and NO-3, HER2-positive or triple-negative invasive breast cancer
treated with chemotherapy alone, surgery alone, or both surgery and chemotherapy.
Kaplan-Meier curves were plotted to compare the survival outcomes. Statistical
analysis was done using SPSS v25.

Results: A total of 821 patients met the inclusion criteria, of whom 85.9% (N=705)
underwent surgery as the initial treatment. Among patients who received chemo-
therapy first (N=116), 73.3% (N=85) were able to complete subsequent surgery.
Factors associated with completion surgery after chemotherapy were younger age
and clinical node-negative status. Among patients treated with surgery first, only
36.3% (N=256) received adjuvant chemotherapy. Among patients who received both
modalities of treatment (N=341), women with more advanced stage tumors and
those diagnosed in recent years were more likely to receive neoadjuvant chemo-
therapy. With a median follow-up of 19.3 months, cNO patients who underwent both
surgery and chemotherapy had significantly better overall survival compared to pa-
tients who received single modality of treatment.

Conclusions: In older, triple-negative or HER2-positive breast cancer patients with
comorbidities, receipt of chemotherapy and surgery was associated with improved
survival. Neoadjuvant chemotherapy group were twice as likely to receive both
modalities of treatment than those undergoing surgery first. A multidisciplinary
approach to evaluate geriatric patients with comorbidities is essential to deliver
appropriate treatment and improve outcomes in this vulnerable population.
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Abstract: Sequential anthracycline-taxane chemotherapy remains the standard treatment for BC.
However, significant inter-individual variability in treatment response and toxicity
persists. Notably, there was a significant gap in research addressing the challenges
faced by patients with low BMI, whose transporter gene variations may influence
therapeutic outcomes. This study investigates combine effect of low BMI and possible
pharmacogenetic influence of ABC gene polymorphisms in treatment responses of BC
patients.

Nutritional parameter (BMI) was analysed prior to commencement of chemotherapy.
Clinical response was evaluated by radiological imaging and categorised as per
RECISTv.1 criteria. SNPs(C1236T, C3435T, C58626A) located in ABCB1 and ABCC2
gene were selected. 148 samples were analysed using PCR-RFLP. Appropriate
statistical methods were employed to perform the association analysis.
ABCC2(58626AA) was significantly associated with treatment non-responsiveness in
all genetic models namely dominant(OR:2.954;[1.442-6.051];p=0.003),
recessive(5.723[2.48-13.20];p<0.0001), codominant(2 21.219;p<0.0001). The
proportion of ORR and NRs were significantly different between low(<18.5) and
high(=18.5) BMI classes (16.097[7.12-36.35]; p<0.0001). Furthermore, when treatment
response was combined with BMI groups, significant associations were observed for
C58626A SNP across all genetic models for low BMI group: dominant (3.324[1.012-
10.406]; p=0.041), recessive (7.250[1.533-34.278];p=0.012) and codominant (
28.657;p=0.013). Both PFS(35.31 months;p=0.005) and OS(39.75 months;p=0.032)
were lowered among 58626AA genotype while the hazard risk of this genotype was
further increased in low BMI patients(HR:1.936). 3435CT genotypes in ABCB1 gene
showed 87% reduction in risk of death (HR 0.13;p=0.025).

Low BMI independently and jointly with 58626AA genotype of ABCC2 gene was
responsible for poor chemotherapy response and survival outcome among AC-T
regimen receiving BC patients. Together, this study underscores the importance of
genetic counselling and nutritional assessment for favourable treatment outcomes.
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