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ABSTRACT

Title: "EXPRESSION OF PROGRAMMED DEATH-LIGAND I(PD-L1) IN
TRIPLE NEGATIVE BREAST CARCINOMA-A CROSS-SECTIONAL

STUDY AT TERTIARY CARE HOSPITAL "

Background: Triple-negative breast cancer (TNBC) is an aggvessubtype lacking
ER, PR, and HER2 expression. Programmed deathdidafiPD-L1) plays a role in
immune evasion and is a potential therapeutic tafffee PD-1/PD-L1 axis allows
tumor cells to evade immune surveillance, makingLRDexpression a promising
biomarker for immunotherapy. However, variationsPiD-L1 detection methods and
scoring criteria impact its clinical interpretatfdn This study evaluates PD-L1
expression in TNBC using immunohistochemistry artd tcorrelation with

clinicopathological parameters.

Objectives To assess immunohistochemical expression of PIRINBC utilizing
immunohistochemical antibodies and to correlate PDéxpression with other

clinicopathological parameters.

Methods: A hospital based cross sectional study was cdedua the Department of
Pathology from January 2023 to December 2024 tratiated 50 operated cases of
breast carcinoma specimens received in the histoluaty laboratory at KLE's DR
PRABHAKAR KORE CHARITABLE HOSPITAL AND DR PRABHAKARKORE

HOSPITAL AND RESEARCH CENTER, BELAGAVI.
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Results PD-L1 positivity (CPS>10) was observed in 40% of cases. A significant
correlation was found with high tumor grade (p €01), perineural invasion (p =
0.001), and infiltrative margins (p = 0.007). Ngrsficant association was noted with
tumor laterality, quadrant involvement, lymphovdacuinvasion, or lymph node
metastasis. Younger patient®}Q years) exhibited higher PD-L1 positivity (71.43%

though not statistically significant (p = 0.061).
Conclusions PD-L1 expression is linked to aggressive tumatuees, supporting its
role as a prognostic biomarker and therapeuticetafgurther research is needed to

validate these findings and optimize immunotherstpgtegies for TNBC.

Key word: Triple-negative breast cancer, PD-L1, Progndsticnarker.
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INTRODUCTION

Breast cancer is one of the most mom cancers in women and is
responsible for a large proportion of cancer matpidnd mortality worldwide!l.
Rather than being one disease, it is a heterogengmup of neoplasms that are
subdivided into different subtypes with distinct lewular characteristics and clinical
behaviord?. Rapid progress in genomic and molecular technetoas clarified the
classification of breast tumors and has improveetigtions of disease course and
better matching of patients to targeted therapiedwithin these categories, triple-
negative breast cancer (TNBC) is specifically nlgdiecause it lacks the expression
of the estrogen receptor and progesterone receptwd amplification or
overexpression of human epidermal growth factoepear 2 (HER2)“. Although
TNBC accounts for about 10-20% of all breast cascéris associated with a
disproportionately high fraction of breast cancesegiated deaths, primarily because
of its aggressive progression and limited scopeffefctive targeted treatmerits In
addition, TNBC frequently demonstrates a propenfgityearly recurrence and tends
to metastasize to organs such as the lungs anu®rai

The treatment of TNBC is challenging because itdagpecific hormonal and
HER?2 targets, making the adoption of establishedoemne therapies or HER2-
directed agents impossibfé. Thus, chemotherapy remains the first systemicathe
for this subtype, but again, the response variesuse TNBC itself is molecularly
heterogeneou$l. Large-scale gene expression analyses have shailiiple distinct
subgroups within TNBC, characterized by differeiginaling pathways and cellular
features, with opportunity for novel interventiotargeted to specific molecular

drivers®l. However, the prognosis remains poorer for TNB@ntfor other types of
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breast cancer, encouraging further work to identifgre accurate biomarkers and
targeted approaché§l,

In the past decade, studies have increasingly esigdth the role of the
immune system in mediating TNBC progression analttnent responsé®l. Tumors
infiltrated with higher levels of immune cells, loding tumor-infiltrating
lymphocytes (TILs), often have a better responsehemotherapy and increased
survival in patients??. This observation has generated interest in méating
tumor—immune interactions to enhance the body'suralatanti-tumor defense
mechanisms'®. Among numerous immunoregulatory pathways, thelPiReeptor
and its ligand, PD-L1, is particularly unique doetheir capability to inhibit immune
surveillance and confer the ability to evade deston in tumor cell$4],

The PD-1/PD-L1 axis is a key checkpoint that manmgammune balance
under normal conditions, preventing autoimmunitydeyvnregulating overly active T
cells 3. PD-1, located on activated T cells and other imengells, interacts with
PD-L1, which can be expressed by both immune anttcells™®. When bound,
this interaction dampens T-cell proliferation affi@etiveness, thereby helping tumors
avoid immunologic attack”). TNBC appears more likely than some other breast
cancer subtypes to exploit this pathway, making LRDan appealing target for
therapeutic interventiof®l,

Clinical trials testing antibodies that block PDet PD-L1 in TNBC have
produced promising results, especially for indiatuwith advanced disease, and
have demonstrated prolonged remissions in certases when combined with
chemotherap{®. However, many patients do not enjoy sustaineefitsrfrom these
therapies, highlighting the need for accurate bikers that can identify likely

responders. Although PD-L1 expression has been ieegimas such a biomarker
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through immunohistochemical (IHC) assays, resultaryyv partly due to
inconsistencies in detection methods, scoring raaiteand threshold definitions for
positivity 2%, Furthermore, the precise location of PD-L1—whetbre tumor cells or
on infiltrating immune cells—can differentially imence prognosis and therapeutic
response.

Standardizing PD-L1 testing remains complicatesl,studies often utilize
different staining antibodies and cut-off pointshigh can yield conflicting
interpretations of PD-L1 statd&!. Hence, more uniform analytical approaches are
needed before PD-L1 testing can reliably infornatimeent decisions. Additionally,
some TNBCs display complex immune landscapes imvglv multiple
immunosuppressive pathways; thus, PD-L1 alone nwyfully predict a tumor’s
sensitivity to checkpoint inhibition. The searchr fonproved markers includes
assessing tumor mutational burden, identifying #jgeagyene signatures, and
analyzing the presence and function of TILs inttireor microenvironment.

TNBC tumors frequently possess high genomic inBtgabipotentially
producing a larger array of tumor-specific antigémat could elicit robust immune
responses. Yet, if a tumor also expresses high PDelels, it may override this
immune activity by inactivating T cell#l. Unraveling the relationship between these
factors could shed light on why some patients destnate lasting remissions with
immunotherapy while others show limited or no bén&urther insights might arise
from combined treatment regimens that incorporateniine checkpoint inhibitors
with other modalities, such as Poly (ADP-ribose)ypwerase inhibitors or anti-
angiogenic agents, with the hope of magnifying imevnediated tumor clearance.

In a tertiary care setting, patients generally @nésvith more advanced or

complex disease. Investigating PD-L1 expressioPNBC at such a center provides a
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useful perspective on its real-world prevalence whdther it correlates with clinical
or pathological characteristics like grade, lympdd@ status, or overall stadé.
Better understanding these relationships may advtre clinical utility of PD-L1 as
both a prognostic and predictive tool, guiding ititegration of immunotherapies into
more personalized management algorithms.

Although certain studies propose that high PD-Llpregsion may be
indicative of a more immunoactive microenvironmgrat could respond favorably to
checkpoint blockade, other findings link PD-L1 omepression to heightened tumor
aggressiveness and decreased survival. Reconditiage discrepancies requires
standardized IHC protocols and deeper immunologadfiling to gauge the
intricacies of tumor—host interactions. Future aeske may examine additional
immune checkpoint pathways and analyze the intgrplaf various
immunosuppressive cell populations, ultimately agnto refine immunotherapy for
TNBC 124,

This current cross-sectional evaluation of PD-Lpregsion in TNBC could
help clarify how commonly PD-L1 upregulation occurghis subtype, and whether it
can be tied to specific histopathological or clalideatures. This study aims to
provide evidence that can help in the refinementhefrapy choices in TNBC by
characterizing PD-L1 levels in tumor cells and sunding stroma correlating them
with patient demographics and disease parameteith. A& ever-widening pool of
immunotherapeutic options and combination appraadieng the new standard of
care, a deeper understanding of PD-L1's signifieamitl be important in optimizing

patient outcome°],
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Finally, TNBC remains a challenging cancer in oonggl as it has a high
metastatic potential and only a narrow range obatife treatment modalities.
Identifying PD-L1 as an important axis of immuneagge for cancer cells underscores
the more general role that immunological respomsag play in molding its course.
By systematically evaluating the expression of PD-and its link to disease
characteristics, clinicians will have a better gation of patients likely to benefit
from checkpoint inhibitors. This would thereforery clinicians much closer to a

future in which TNBC is treated according to thefpe of each patient's tumor.
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AIMSAND OBJECTIVES

1. Primary Objective:

o To study immunohistochemical expression of PDL1 in triple negative

breast cancer.

2. Secondary Objectives:

o Corrdate PD-L1 expression with standard clinicopathological

parameters (e.g., tumor grade, stage).
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Review Of Literature

REVIEW OF LITERATURE

The female breast is a multifaceted organ composetandular, fibrous, and
fatty tissues. While its primary task is milk pration, it also fulfils significant roles
in immune surveillance and hormonal regulation.
1.Embryological Development

The mammary glands develop from milk lines (mamnrigiges) appearing
between the fourth and sixth weeks of embryonie. [[fhese lines stretch from the
axilla to the inguinal region, with most of the@nigth regressing to leave only the
chest region, which forms the definitive breast both genders. Primary bud
formationoccurs around the sixth week by epithelial budswgmto the underlying
mesenchyme, forming approximately 15-20 lobularsbtitht will evolve into the
lactiferous ducts. Mesenchymal interaction followsmary bud formation by
surrounding mesenchyme differentiates into conwmectissue, adipose tissue, and
supportive fibrous tissue. During this process,pl@pformation begins with the
mammary area initially appearing as a shallow degpo@ known as the mammary pit.
Later in fetal or neonatal life, this pit elevatesform the nipple-areola complex,
contributing to the final structural developmentloé mammary gland. Disruptions in

this process can lead to uncommon congenital V@nigi£®! -

A
Mammary ridge

Epidermis

Mesenchyme

Nipple
Epidermis
Mesenchyme

Lactiferous duct

(Figure 1: Embryologic Development of the BreasurSe: Tripathy S, Singh S, Das
SK. Potential of breastmilk in stem cell researChll Tissue Bank.)
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2. Anatomy of the Breast

Positioned on the anterior chest wall over the gratis major muscle, each
breast typically extends from the lateral margirthed sternum to approximately the
mid-axillary line. In the vertical plane, it spafrem the second to the sixth rib. A
section of breast tissue called the axillary thiEpence projects into the axilla and is
clinically significant in surgical and oncologicasessments. The external features of
the breast include the nipple and the areola. Tipelenis generally located near the
fourth intercostal space in a non-ptotic breast sexdes as the opening site for the
lactiferous ductsSurrounding the nipple is the areola, a pigmentegion that
contains Montgomery’s glands—modified sebaceousdglahat secrete lubricating
substances, particularly during lactation, to btthe nipple and maintain skin

integrity?71-

—— Lobe of mammary gland

Suspensory ligaments of breast
Serratus anterior muscle

—— Arecla

—— Adipose tissue

Nipple

—— Lactiferous duct

—— External abdominal oblique muscle

Intercostal muscles —5

Lateral mammary branches e —
of lateral thoracic artery

Lateral thoracic vein ———

Pectoral fascia -

Pectoralis major muscle ————

Pectoralis minor muscle S

Posterior intercostal vein

Lateral mammary branches of
posterior intercostal artery

Ribs

MEN
HUB

(Figure 2: Structure of the Female Breast. Soui¢enhub)
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The structural composition of the breast consistshee key components:
glandular tissue, fibrous tissue, and adipose dissthe glandular tissue, or
parenchyma, is organized into 15-20 lobes, eaevhath drains through a lactiferous
duct that opens onto the nippldese lobes are further subdivided into lobulesreh
milk production occurs. The fibrous tissue, or supipe stroma, includes Cooper’'s
ligaments, which extend between the skin and daegpid, playing a crucial role in
maintaining the shape and structural integrity lbé tbreast. Surrounding these
elements is adipose tissue, which fills the sparesind the glandular components

and largely determines the size and contour obtbast®!

3. Histological Structure

The Terminal Duct Lobular Unit (TDLU) is the fundantal functional
component of the breast, consisting of terminakgland lobules. Terminal ducts are
small ducts that directly connect to the lobulekjcl are clusters of milk-secreting
glands.These lobules are lined by two distinct cell laydusninal epithelial cells,
responsible for milk production, and myoepithetialls, which contract to aid in milk
ejection. These cells are enclosed within a basemesmbrane and specialized

stromal tissue, forming the essential microenvirentrfor lactatiof°l.

Breast (low power):
The lobules and ducts are interspersed between
fibroadipose connective tissue.

o

Terminal "
duct-lobular
unit

Interlobular stroma

ACII’\I.IS% 3“3 %" 5
\
\ ""

*b.h.' !

Intralubular

*  stroma
»
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The epithelial and stromal components of the breastribute to both normal
function and pathological processes. Luminal epidheells, typically hormone-
sensitive, remain relatively inactive except durlagtation when they secrete milk.
Myoepithelial cells, situated between luminal cedlsd the basement membrane,
express smooth muscle actin (SMA) and facilitatek nejection.The stromal
framework consists of fibrous connective tissue amimune cells such as
lymphocytes, macrophages, and dendritic cells. raAfiens in the stromal
environment can influence tumor expansion and rtegtasprogression in breast

cancefr’,

4. Vascular Supply

The arterial supply of the breast is derived fromltiple sources, ensuring
adequate perfusion to different regions. The imtkethoracic (internal mammary)
artery primarily supplies the medial areas of theabt.The lateral thoracic artery,
branching from the axillary artery, provides blomdthe lateral portion and can be
particularly prominent in women. Additionally, thloracoacromial artergpectoral
branch), another branch of the axillary artery,tdbotes to the vascularization of the
upper aspect of the breast. The posterior inteaitasteries, typically from the second
to fourth intercostal spaces, give off small peaforg branches that further support

the breast’s blood suppt*
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___— Leftinternal jugular vein
e
— Left subclavian arter:
/ e Y
/ //

___— Leftsubclavian vein

NG i
~ - __— Leftbrachiocephalic vein
Cephalic vein
Axillary artery

b — Axillary vein
- Brachialveins
~——— Basilic vein
" Lateral thoracic vein
\ Lateral thoracic artery

Internal thoracic artery

Lateralmammary branches
of lateral thoracic artery

Internal thoracic vein

Perforating branches of
internal thoracic artery
Medial mammary branches
ofinternal thoracic artery

(Figure 4: Arterial and Venous Supply of the Bre&siurce: Kenhub)

Venous drainage of the breast follows pathwayslamio its arterial supply.
Superficial veins form a subcutaneous network gnaharily drains into the axillary
and internal thoracic veins. Meanwhile, deep veansompany the corresponding
arteries and eventually drain into the axillarybdavian, and internal thoracic veins.
A notable venous plexus exists within the breakictvcan create collateral channels,
playing a crucial role in the potential hematogen@pread of malignancies in
advanced breast can@ér
5. Lymphatic Drainage

Lymphatic drainage plays a crucial role in the adref breast cancer, with the
axillary lymph nodes serving as the primary site rfeetastasis. Understanding these
pathways is essential for procedures such as séhgmph node biopsy and axillary
dissection, as well as for assessing prognosisgadgh cancer patients. The majority of
lymphatic fluid from the breast is directed towatke axillary lymph nodes,

highlighting their clinical significance in diseagmgression and management.
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The lymphatic drainage of the breast follows sdv&ey pathways. The axillary
lymph nodes are the most significant group and @ategorized into pectoral
(anterior) nodes, which receive lymph from the rigtéreast; subscapular (posterior)
nodes along the subscapular vessels; humeralgllaterdes near the brachial vessels;
central nodes embedded within axillary adiposaiéisand apical nodes at the axillary
apex, which drain into the subclavian trunk. Adzhtlly, the internal mammary
(parasternal) lymph nodes run along the internatatic vessels, primarily draining
the medial portions of the breast. The posteridergostal nodes are involved in
draining deeper breast tissues. In advanced mal@gEs cross-communication
between the lymphatic networks of the opposite direm abdominal nodes can
facilitate metastatic spread, emphasizing the ingp@e of thorough evaluation in

breast cancer stagirid).

l Apical axillary
" Lymph nodes

] Central axillary
L lymph nades

[ Interpectoral axillary
L rmiph nodes

A E Subscapular exildary
lyrnph nodes

Anterior axillary
lymph nades

Parsrmammary
lymph nodes

Parasternal lymph
nodes

T o Submarmmary
ot E

(Figure 5: Lymphatic Drainage Pathway.Source:Kenhub
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6. Sentinel Lymph Node

The sentinel lymph node is the first node or grafpnodes receiving
lymphatic flow from a primary tumor. Its examinati¢sentinel lymph node biopsy) is
crucial for staging and treatment strategies. Aitp@s node suggests metastatic
involvement, while a negative node may obviate rieed for more extensive nodal

dissectioF**! .

artery second-tier
lymph node

sentinel
lymph node

primary
tumor lymph
channel

third-tier
lymph node

lsecor;\d-fizr

mph node
s third-tier
lymph node

(Figure 6: Sentinel Lymph Node Mapping. Source:.gmmjournals.org)

7. Innervation

The breast receives itensory innervation primarily from the anterior and
lateral cutaneous branches of the fourth to sixtilercostal nerves. These nerves
provide general sensation to the breast tissudy patrticularly dense innervation
around the nipple and areola. This specializedagnsetwork plays a crucial role in

the oxytocin-driven reflex, which is essential foilk ejection during lactatider..

Sympathetic innervation of the breast occurs via autonomic fibers thateiralong
blood vessels, regulating vascular tone and theotmmuscle of the nipple-areolar

complex. This innervation contributes to nipple cdian, a response triggered by
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various stimuli. Although the direct impact of syatipetic innervation on the breast’s
immune microenvironment remains unclear, sympatheiitivity can influence
vascular permeability and indirectly modulate immucell trafficking, potentially

affecting inflammatory and pathological processéhiw the breat>2®!

8. Historical Aspects of Breast Cancer

The understanding of breast cancer has evolvedifisamtly over time.
Traditionally, classifications were based on histbplogy and hormone receptor
status, forming the foundation of clinical decisimaking. However, a major
breakthrough came with molecular profiling studiestably by Perou et al., which
identified distinct intrinsic subtypes—Luminal Auminal B, HER2-enriched, Basal-
like, and Normal-like—redefining breast cancer atheterogeneous disease with
unique biological and therapeutic implicatiGAg®!
Several milestones have shaped breast cancer diagndreatment, and
immunohistochemistry. Molecular classification wasolutionized by Perou et al.’s
cDNA microarray profiling, which established gengeession signatures that
provide prognostic and predictive insights. Thid te targeted therapies, including
HER2 inhibitors for HER2-driven disease and, mageently, immune checkpoint
inhibitors for PD-L1-positive tumors. In immunoluishemistry (IHC), the
identification of PD-L1 as a biomarker has drivée development of standardized
IHC assays, though challenges persist in assayodapibility and clinical
interpretation. These advancements continue tameefireast cancer management,

guiding more personalized and effective treatmaategied>%4%
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9. Epidemiology of Breast Cancer

Breast cancer incidence varies worldwide, with TNB€counting for a
minority yet disproportionately lethal fraction ohsesIn a population-based study
from the California Cancer Registry, TNBC represen4.6% of breast cancer
diagnoses but was associated with younger agegehigtade, and poorer 5-year
survival compared to other subtyp@NBC has a higher incidence among African
American women and tends to present at later stagbe aggressive clinical
behaviour observed in these populations undersebesgrgency of improving early
detection and developing novel interventighé?
10. Risk Factorsfor Breast Cancer

Several factors contribute to the risk of develgpifriple-Negative Breast
Cancer (TNBC), including genetic, hormonal, lifdstyand environmental influences.
Genetic predisposition, particularly BRCA1/2 mutas, is strongly linked to TNBC,
with the basal-like subtypeas described by Perou et, dequently overlapping with
BRCA1-driven tumors. While hormonal risk factorscBuas prolonged estrogen
exposure are less relevant due to the lack of ER#RBtessionin TNBC, other
factors, including obesity and reproductive histargn still influence overall breast
cancer risk. Environmental exposurssich as occupational hazards and radiation
have also been identified as contributors to breaster development. Additionally,
epidemiological studies highlight that TNBC dispodjonately affects certain
demographic groups, including African American womand younger patients,
emphasizing the need for targeted screening stestég improve early detection and

intervention(43:44]
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11. Patterns of Spread in Breast Carcinoma

Breast cancer progression involves local invasigmphatic spread, and
hematogenous metastasis, with Triple-Negative Br€asicer (TNBC) exhibiting a
particularly aggressive pattern. Local invasionicgglly extends into adjacent tissues,
affecting the overlying skin or the underlying perelis major muscle, with TNBC
known for its rapid local expansiohymphatic metastasis frequently involves the
axillary lymph nodes, with spread to the apicalréinlavicular) nodes indicating a
poorer prognosis. Additionally, internal mammaryaich involvement may be
clinically silent, emphasizing the importance ofvadced imaging for accurate
staging. Hematogenous metastasis allows tumor telldisseminate through the
bloodstream, commonly targeting the bones, lurigsr,land brain. In TNBC, early
visceral metastasis is a concern, underscoringithent need for systemic therapies

to manage disease progression effectilféfif!

12. WHO Classification of Breast Cancer

The current WHO (5th edition, 2019) classificationntegrates
histopathological features witholecular insights. Standard subtypes include imreas
ductal carcinoma (no special type), lobular cancinpand other rarer histologié8.
Metaplastic breast carcinoma (MBC) is one such saf#ype. Jinkala et al. explored
MBC and found that 54% of cases expressed PD-Lhgesting possible

responsiveness to immunotherapies in this raragutessive subgrodfs.

13. Molecular Classification of Breast Cancer
Breast cancer taxonomy underwent a significantstamation with the work
of Perou et al.,, who identified intrinsic molecukubtypes, including Luminal A,

Luminal B, HER2-Enriched, and Basal-like categoﬁ@]s While Basal-like tumors
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frequently overlap with Triple-Negative Breast Can¢TNBC), they are not entirely
synonymous, as some TNBC cases may exhibit moletesgdures distinct from the
basal phenotyp&®l.

Expanding on this classification, Lehmann et atthier refined TNBC into six
distinct subtypes—Basal-like 1 (BL1), Basal-likgBL2), Imnmunomodulatory (IM),
Mesenchymal (M), Mesenchymal Stem-like (MSL), andrinal Androgen Receptor
(LAR)—each characterized by unique gene-expresspofiles and varying
therapeutic susceptibilitie8Y. This framework was later validated clinically by
Masuda et al., who demonstrated that these subgpdebit differential responses to
neoadjuvant chemotherapy, reinforcing the neegévsonalized treatment strategies
in TNBC managemerit?.

14. Overview of Triple-Negative Breast Cancer (TNBC)

TNBC lacks expression of oestrogen receptor (ER)gesterone receptor
(PR), and HER2, comprising 10-20% of all breastceandiagnosed®. It is
particularly aggressive and disproportionately e@feyounger and African American
women, often presenting at advanced st&jedoreover, it exhibits poor long-term
prognosis compared to other subtypes, emphasizieg urgent need for novel
therapeutic approach&s!

15. The Immune Microenvironment of the Breast

Beyond lactation, the breast hosts an immune n&womprising resident
lymphocytes, macrophages, dendritic cells, andratheune cell$®®: These cells are
pivotal for protection against infections, regutatiof inflammation, and surveillance
for malignant transformatiort¥’

In breast carcinoma, the immune milieu can eitlogstrain tumor progression

or foster it, depending on local signaling pathwaps checkpoint mechanisri§!
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An essential regulatory system of the immune respas governed by the PD-1/PD-
L1 axis®% Cancer cells may upregulate PD-L1 to reduce T-aelivity, thereby
sidestepping immune-mediated destruct®n

- PD-1 Receptor: Found on T-cells, B-cells, and NKsc&'

« PD-L1 Ligand: Expressed by multiple cell types,liitng tumor cells and

tumor-infiltrating immune cell§?

When PD-L1 binds to PD-1 on T-cells, the T-cell'stimmor functions can be
inhibited, facilitating tumor survivaf®!
16. Significance of PD-L 1 in Oncology

Programmed death-ligand 1 (PD-L1) has emerged asueial immune
checkpoint molecule that enables tumors to evad# momune responsd® Its
expression has been documented across multipler ttypes, including TNBC, and
correlates with varied clinical outcomé¥:

The success of immune checkpoint inhibitors in othalignancies, such as
melanoma and non-small cell lung cancer (NSCLCyrsp interest in applying
similar strategies to breast cancer, particulaNyBT 66}

17. TNBC and Immune Microenvironment

TNBC often harbors a robust immune infiltrate. Ztpaat al. highlighted the
role of “tumor-educated” B cells expressing PD-LAddal AP/TGF$, which can
suppress T-cell activit§"

Tumor-Infiltrating Lymphocytes (TILs) play a crutiaole in the tumor
microenvironment of Triple-Negative Breast CancBNBC), with high TIL density
being associated with better prognosis and higla¢hgbogical complete response

(pPCR) rates following chemotherap§® Studies, including Park et al., have
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demonstrated that patients exhibiting both high Tékels and PD-L1 positivity
experience significantly improved 5-year disease-Burvival®®
18. PD-L 1 Expression in TNBC

PD-L1 expression in Triple-Negative Breast CancENEC) varies across
tumor and immune cells, influencing both prognaasisl therapeutic strategi&8t
Studies, including Kim et al., have reported thapraximately 46% of TNBC cases
exhibit PD-L1 positivity, a significantly higher teacompared to other breast cancer
subtypes (~229%y*!

Clinicopathological correlations indicate that PIHpositive TNBC is often
high-grade and characterized by a dense immur&andi, suggesting an active tumor
immune microenvironment’? However, the prognostic significance of PD-L1
expression remains inconsistent across stlites

Additionally, PD-L1 localization differs among TNBCases, with some
tumors displaying PD-L1 predominantly on tumor gellhile others show expression
mainly on infiltrating immune cell§* This distinction is clinically relevant, as it
influences eligibility for PD-L1-targeting immunatfapies and highlights the
necessity for standardized scoring systems to guédément decisions effectively!

19. Reporting Methodology of PD-L1in TNBC
Two clinically approved assay§P142 CDx (Ventana) and 22C3 PharmDx
(Agilent), are routinely employed, each using disti scoring algorithms and
positivity threshold$™!
« SP142 CDx (Ventana) assay: Approved for atezolizutharapy and employs
the immune cell (IC) scoring algorithm, where PD+hdsitivity is defined as
>1% PD-L1-stained tumor-associated immune cells ime ttumor

microenvironment (TMEY 7!
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+ 22C3 PharmDx assay: Validated for pembrolizumabraghe uses the
combined positive score (CPS) algorithm, with aeshold of CP$10 for

PD-L1 positivity["8!

SP142 ‘ S ¥ SP142 ’ SP142
I
| »

22¢3 | 223 | | 22c3 |

(Figure 7: PD-L1 status using two PD-L1 tests. SeuStudy conducted by Adelina

Baltan, Simona Costache, Abeer M Shaaban* Corradorigo*)

The SP142(Ventana) assay evaluates PD-L1 expressiormune cells only,
excluding tumour cells from scoring. The percentafjédumour-associated immune
cells staining positive for PD-L1 within the tumoarea (excluding necrosis) is
calculated. All immune cells, including lymphocytesnacrophages, and
multinucleated giant cells, are considered, wherspmdle cells (fibroblasts,

endothelial cells) and nuclear staining are exallide
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Interpretation criteria: Immune Cell Scoring (IC) for SP142:

| <0.1% | osw % 0.9%

| 1.0% C1.0% 11% |
15% || % | 5.0%

(Figure 8: Varying amounts of IC staining. Sourcéudy conducted by Adelina

Baltan, Simona Costache, Abeer M Shaaban* Corradgrigjo*)”

« 1CO0: <1% PD-L1+ ICs (Negative)

« IC1: 1-5% PD-L1+ ICs

« 1C2: 5-10% PD-L1+ ICs

« 1C3: >10% PD-L1+ ICs (Strongly Positive)

+  Cut off for positivity:>1% PD-L1-positive immune cells.

The 22C3 PharmDx assay, in contrast, includes hettour cells and immune
cells in its assessment. CPS is defined as theo$iD-L1-positive tumour cells and
immune cells (lymphocytes, macrophages, and mulkated giant cells), divided by

the total number of viable tumour cells, multiplieg 100. Only membranous staining
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of tumour cells is counted, whereas both membraramas cytoplasmic staining of

immune cells are accepté&d

PD-L1-positive tumor cells + immune cells x 100

CPS =

Total viable tumor cells
Positive if CPS >10.

CPS<1 CPS 2 CPS5

b
CPS 10 CPS 15 e . CPS 20

CPS 25 ‘ i CPS 40 CPS 90

(Figure 9: Varying amounts of CPS staining. Source: Study gotedl by Adelina
Baltan, Simona Costache, Abeer M Shaaban* Corradorigjo*)
Interpretation criteria: Tumour Cell & IC Scoring (CPS) for 22C3:

« CPS<1: Negative

« CPS1-9: Low Expression

« CPS>10: Positive

Given the discordance between assays, studies hadécated that
SP142(Ventana) underestimates PD-L1 positivity canegh to 22C3. Consequently,

cases that are SP142-negative but 22C3-positive nwy derive benefit from
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atezolizumab therapy. Thus, selection of assayerip on the targeted immune

checkpoint inhibitdfé

20. Molecular Mechanisms Regulating PD-L 1 Expression

Genetic and epigenetic factors play a crucial riolePD-L1 regulation in
Triple-Negative Breast Cancer (TNBC), influencingmor immune evasion and
treatment responses. Studies have shown that isiteioc knockout of PD-L1 can
significantly enhance T-cell responses, restorinmmmune-mediated tumor
suppression.

CMTMBG6, a recently identified regulator of PD-L1 silty, has been found to
prolong PD-L1 expression on tumor cells, with itg@xpression correlating with
worse clinical outcomes. Additionally, signalingtipaays, such as PI3K/AKT and
JAK/STAT, contribute to PD-L1 regulation.

Research by Shi et al. demonstrated that STAT3/igctpromotes PD-L1
upregulation, while CMTM6 knockdown reduces STATgnsling, leading to a
decrease in cell-surface PD-L1 and enhanced Tgeliferation. These findings
highlight potential therapeutic targets for modu@timmune checkpoint activity in
TNBC "9
21. Prognostic and Predictive Value of PD-L1in TNBC

PD-L1 expression in Triple-Negative Breast Canc@NEC) has been
extensively studied as a predictive biomarker fomunotherapy response. Multiple
investigators have suggested that high PD-L1 lewdten correlate with active
immune infiltration and improved responses in eathge TNBC.

Additionally, PD-L1 positivity has been linked toetiter outcomes with

immune checkpoint inhibitors, reinforcing its ctai relevance. However, the
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predictive role of PD-L1 is complex, as its expressan overlap with other immune
checkpoints or be influenced by molecular featunésthe tumor. Despite these
complexities, PD-L1 assessment is becoming an eakésol for identifying TNBC
patients most likely to benefit from immunotherapiding in personalized treatment
strategie$!

22. Therapeutic Implications

PD-L1 inhibitors, such as Atezolizumab and Pembustiab, have emerged as
promising therapeutic options for Triple-Negativee&st Cancer (TNBC), particularly
in advanced or metastatic cases.

Checkpoint blockade targeting PD-L1, when combimeth chemotherapy,
has demonstrated improved clinical outcomes, drgwimom early successes in
melanoma, non-small cell lung cancer (NSCLC), arddder cancer. Beyond
monotherapy, combination strategies are being elgtexplored to enhance efficacy.

« PARP inhibitors, when paired with PD-L1 blockadeaymsynergize by
increasing tumor immunogenicity, making cancerscetiore susceptible to

immune attack.

- Dual checkpoint blockade, involving anti-PD-L1 amadti-CTLA4 agents, has
shown stronger T-cell activation compared to moehy, though at the cost

of higher toxicity.

Ongoing clinical trials continue to refine thesepagaches, aiming to optimize
patient selection and therapeutic benefit in TNBE
23. Regional and Global Studies
Several key studies from indexed journals haverdmrned to the understanding of
PD-L1 expression in Triple-Negative Breast Canc@NEC) across diverse

populations.
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- Bauer et al. utilized the California Cancer Registo highlight TNBC’s
distinct epidemiologic profile, emphasizing its &ggpive nature and

demographic disparities.

« In Asian cohorts, Kim et al. reported higher PD4hdsitivity among TNBC
patients, suggesting potential regional or genatituences on immune

checkpoint expression.

- Meanwhile, research on emerging regions, includinglies on metaplastic
breast carcinoma (MBC) and other rare subtypesenscdres the global effort

to clarify PD-L1's role in heterogeneous tumor plagions.

Population-based comparisons suggest that var&aioiPD-L1 prevalence may
stem from genetic factors, intrinsic tumor biology; assay-related differences.
Further multi-center investigations are needed dtieb define these disparities and
refine global treatment guidelines for PD-L1-taegktherapies in TNBE?,

24. Challenges and Future Directions
Diagnostic Limitations & Emerging Therapies

Subjective IHC interpretation, variable scoring aft¢g, and tumor
heterogeneity hinder the universal implementatibiPD-L1 as a biomarker. Novel
markers like CMTM6, proptosis-related genes, or @timposition may augment PD-
L1-based stratificatiol§®!
Prospects for Personalized Treatment

Future research will likely expand combination meghs, personalize
treatment based on molecular subtype or immunegigs, and investigate epigenetic

modifications.
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Validating predictive models that integrate clini¢actors, biomarkers, and
lab data is a key step toward precision oncol&ty

This literature review underscores the complexity NBC, highlighting PD-
L1's pivotal role in immune evasion and potentialue as a therapeutic target.

Significant variability in PD-L1 expression, scayimmethods, and clinical
outcomes across diverse cohorts emphasizes the foeestandardized diagnostic
protocols and well-designed clinical trials.

Ultimately, leveraging immunotherapy in TNBC may pirave survival,
especially when combined with other targeted irgetions, but more uniform

methodologies and robust, multi-institutional reshare needel@
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MATERIALSAND METHODS

Study Design and Settings

This hospital-based cross-sectional study wasethout in the Department of
Pathology at KLE's Dr. Prabhakar Kore Charitablespital and Dr. Prabhakar Kore
Hospital and Research Center, Belagavi. The stuahog extended from January
2023 to December 2024.
Ethical Consideration

Ethical clearance was obtained from the INMC lastihal Ethics Committee
prior to commencement of the study. (Ref No. MDQVIINEC/136)
Sample Size and Sampling Technique

A sample size of 30 cases was initially calculatsthg MedCalc software,
considering an alphax) of 0.05 and betaBj of 0.20 to ensure statistical validity.
However, during the study period, tatal of 50 consecutive cases that met the
inclusion criteria were enrolled, enhancing thedgts statistical power aneliability
of the findings.

1. Inclusion Criteria

o Immunohistochemically confirmed triple-negative dse carcinoma

(TNBC).
2. Exclusion Criteria
o Inadequate biopsy specimens.
o Improperly fixed tissue samples.

o Cases in which estrogen receptor (ER), progestereceptor (PR),

and HER2 status were not evaluated.
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Data Collection

All patients who presented with breast carcinomeé @msented to participate
were included. Detailed clinical information—inclad hormone receptor status and
relevant demographic data—was retrieved from thelitéé Records Department
(MRD).

Operated breast carcinoma specimens were receivedthé KLE's
histopathology laboratory. Each specimen was gtbsaecording to standard
pathological protocols, and findings such as tusizne, consistency, and the presence
or absence of necrosis were noted. Representasiseet sections were taken for
histopathological examination. Hematoxylin and po@H&E)-stained slides were
analyzed under a light microscope to determineolugical type and grade of the
tumor based on established classification critéxig., WHO classification for breast

tumors).

Histopathological Evaluation
« Gross Examination: Specimens were inspected for tumor size, shape, cu
surface appearance, and any additional patholegiuifes. The grossing notes

were recorded meticulously.

« Microscopic Examination: H&E-stained slides were evaluated to confirm the
diagnosis of breast carcinoma. Tumor grade, lympbowlar invasion, and
other histopathological parameters were noted. @mge cases confirmed as
triple-negative (ER-negative, PR-negative, HERZ2atieg on

immunohistochemistry) were included in the study.
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PD-L 1 Immunohistochemical Analysis

Paraffin-embedded tissue blocks from confirmed TNi&Ges were sectioned
at 3—4 pm thickness and mounted on coated gladessliThe sections were then
deparaffinized in xylene and rehydrated througligdsalcohols.
1. Antigen Retrieval: Antigen retrieval was performed using an E.D.T1&fér in a

pressure cooker as per the protocol recommendéuegntibody manufacturer.

2. Blocking Endogenous Peroxidase: Endogenous peroxidase activity was quenched
by incubating the sections in 3% hydrogen peroXatel0-15 minutes at room

temperature.

3. Primary Antibody Incubation: The sections were incubated with a primary
monoclonal anti-PD-L1 antibody (clone: AN921-2M Réb Monoclonal

Antibody-Ready to use) for the duration of 1 hour.

4. Secondary Antibody and Detection: Following thorough washing, a secondary
antibody (Goat Anti-Rabbit 1gG) was applied. Thelocimnetric detection was
carried out using a substrate-chromogen solutiohBB-3,3’-diaminobenzidine)

to visualize the antigen-antibody reaction.

5. Counterstaining and Mounting: The sections were counterstained with

hematoxylin, dehydrated, and mounted with a coiersl|

6. Interpretation of PD-L1 Staining: PD-L1 expression in triple-negative breast
carcinoma (TNBC) was evaluated using immunohistotsiy (IHC) on formalin-
fixed paraffin-embedded (FFPE) tissue. We used GoaibPositivity Score (CPS)
method for interpretation of PD-L1 positivity. Usé on-slide controls, such as

tonsillar tissue, is used to monitor staining cetesicy®°!
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Statistical Analysis

All data obtained—clinical, histopathological, amdmunohistochemical—
were coded and entered into a Microsoft Excel sjmieeet. Statistical analysis was
performed using the Statistical Package for theigb&ciences (SPSS) version 27.
Descriptive statistics were expressed as frequeramel percentages for categorical
variables. Associations between PD-L1 expressiah \arious clinicopathological
parameters were evaluated using the chi-square fegp-value of <0.05 was
considered statistically significanThis systematic approach to data collection,
histopathological evaluation, and immunohistoch@mni@assessment ensured a
comprehensive analysis of PD-L1 expression amongdNMases within the study

period.
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RESULTS

In this cross-sectional study total 50 cases of TNBvhich met inclusion
criteria were evaluated for immunohistochemical regpion of PD-L1 along with
standard clinicopathological parameters (e.g., tugnade, stage).

The age of the youngest patient was 33 years wheldast was 73years. The
Mean age * Standard Deviation (SD) was 52.06 + 9&€8s. Tumor laterality was
more common in the left breast [29 cases (58%)h tthee right breast [21 cases
(42%)]. 30 cases (60%) had lump duration of 13—-2htims, while 20 cases (40%)
had lump duration of 1-12 months (Mean: 13.24 # éfonths). The upper outer
guadrant was the most commonly involved [23 ca46%0]], followed by the central
[10 cases (20%)]. Invasive ductal carcinoma (ID@swhe predominant histological
type, accounting for 98% of cases, while papillaepplasm was observed in 2% of
cases. In TNBC patients, Grade lll was the most mom Modified Bloom-
Richardson grade [25 cases (50%)], followed by @&rdd [16 cases (32%)].
Lymphovascular invasion was present in 38 case%o),/@erineural invasion was
observed in 16 cases (32%), lymph node metastamssprnesent in 23 cases (46%),
distant organ metastasis was rare, occurring iry dnlcase (2%). Regarding
lymphocytic response, 26 cases (52%) had a loworesp while 24 cases (48%) had
a moderate response. Infiltrating margins weredefined in 41 cases (82%).
T3NOMO was the most frequently encountered tumagestwith a mean tumor size of
4.3cms. Positive PD-L1 expression (CPI®) was observed in 20 cases (40%) out of

50 TNBC casesThe frequency of various parameters are given biera to 10.
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Table 1: Frequency Distribution of Agein TNBC patients

Age groups No of patients Frequency (%) of patients
<=40yrs 7 14.00
41-50yrs 15 30.00
51-60yrs 17 34.00
>=61yrs 11 22.00

Total 50 100.00
Mean 52.06
SD 9.93

Table 2: Frequency Distribution of Tumor Laterality in TNBC Patients

Sides No of patients Frequency % of patients
Left 29 58.00

Right 21 42.00

Total 50 100.00

Table 3: Frequency Distribution of Lump Duration in TNBC Patients

Duration of lump

No of patients

Frequency % of patients

1-12months 20 40.00
13-24months 30 60.00
Total 50 100.00
Mean 13.24
SD 6.07
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Table 4: Frequency Distribution of Quadrant Involvement in TNBC Patients

Quadrant involved No of patients Frequency % of patients
Lower Outer 5 10.00
Lower Inner 8 16.00
Central 10 20.00
Upper Outer 23 46.00
Upper Inner 4 8.00
Total 50 100.00

Table 5: Frequency Distribution of TNBC Patients by Histological Type

Histological type

No of patients

Frequency % of patients

Invasive Ductal Carcinom 49 98
Papillary Neoplasm 1 2.00
Total 50 100.00

Table 6: Frequency Distribution of TNBC Patients by Modified Bloom-

Richardson Grade

Modified Bloom Richardson grade | No of patients | Frequency % of patients
Grade | 9 18.00
Grade 16 32.00
Grade IlI 25 50.00
Total 50 100.00
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Table 7: Frequency Distribution of TNBC Patients by L ymphovascular Invasion,

Perineural Invasion, Lymph Node M etastasis, and Distant Organ Metastasis

No of patients

Frequency % of patients

Lymphyvascular invasion

Absent 12 24.00
Present 38 76.00
Perineural Invasion
Absent 34 68.00
Present 16 32.00
Lymph Node Metastasis
Absent 27 54.00
Present 23 46.00
Distant Organ Metastasis
Absent 49 98.00
Present 1 2.00
Total 50 100.00

Table 8: Frequency Distribution of TNBC Patients by Lymphocytic Response

and Infiltrating Margins

No of patients

Frequency % of patients

Lymphocytic Response

Low 26 52.00
Moderate 24 48.00
Infilterating margins
lll-defined 41 82.00
Well-defined 9 18.00
Total 50 100.00
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Table9: TNM Classification-wise Frequency Distribution of TNBC Patients

TNM Classification

No of patients

Frequency % of patients

T stage
T1 7 14.00
T2 11 22.00
T3 20 40.00
T4 12 24.00
N stage
NO 27 54.00
N1 7 14.00
N 2 16 32.00
M stage
MO 49 98
M1 1 2
Total 50 100.00

Table 10: Frequency Distribution of TNBC Patients Based on PD-L 1 Expression

(CPS Score)

PDL 1 Expression-CPS

No of patients

Frequency % of patients

Negative [CPS: 1-9] 30 60.00
Positive [CPS>=10] 20 40.00
Total 50 100.00
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Figure 10: Frequency Distribution of Agein TNBC patients
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Figure 11: Frequency Distribution of Tumor Laterality in TNBC Patients
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Figure 12: Frequency Distribution of Lump Duration in TNBC Patients

Lump Duration Distribution in TNBC Patients
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Figure 13: Frequency Distribution of Quadrant Involvement in TNBC Patients
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Figure 14: Frequency Distribution of TNBC Patients by Histological Type

Histological Type Distribution in TNBC Patients
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Figure 15: Frequency Distribution of TNBC Patients by Modified Bloom-

Richardson Grade
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Figure 16: Frequency Distribution of TNBC Patients by Lymphovascular

Invasion, Perineural Invasion, Lymph Node Metastasis, and Distant Organ

M etastasis
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Figure 17: Frequency Distribution of TNBC Patients by Lymphocytic Response

and Infiltrating Margins
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Figure 18: TNM Stage-wise Frequency Distribution of TNBC Patients
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Figure 19: Frequency Distribution of TNBC Patients Based on PD-L1

Expression (CPS Score)
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Table 11: Association between PDL1 expression with determinants including

Age, side, size of lump, duration of lump & quadrant

Chi-
PDL1 expression p-value
Profile square
Negative % Positive % Tota‘l
Agegroups
<=40yrs 2 28.57 5 71.43 7 7.3600 0.06/10
41-50yrs 11 73.33 4 26.67 15
51-60yrs 8 47.06 9 52.94 17
>=61yrs 9 81.82 2 18.18 11
Sides
Left 18 62.07 11 37.93 29 0.1230 0.7260
Right 12 57.14 9 42.86 21
Duration of
lump
1-12months 9 45.00 11 55.00 2( 3.1250 0.0770
13-24months 21 70.00 9 30.0( 3(
Quadrant
involved
Lower Outer 3 60.00 2 40.00 5 0.1950  0.9960
Lower Inner 5 62.50 3 37.50 8
Central 6 60.00 4 40.00 10
Upper Outer 14 60.87 9 39.13 23
Upper Inner 2 50.00 2 50.00 4
Total 30 60.00 20 40.00 50

Page 4

1



Results

Table 11 represents the association between PDxpfession and various
clinicopathological determinants, including agentu laterality, lump duration, and
guadrant involvement. Among different age groupB;LR positivity was highest
(71.43%) in patients40 years, while the lowest positivity (18.18%) vediserved in
patients>61 years. Although the Chi-square tegt £ 7.36, p = 0.061) suggests a
borderline association, it does not reach stasistgignificance. Similarly, lump
duration showed a trend, where PD-L1 positivity Wegher (55.00%) in patients with
a lump duration of 1-12 months compared to 30.00%@se with a duration of 13-24
months ¢2 = 3.125, p = 0.077). However, tumor laterality=®.726) and quadrant
involvement (p = 0.996) did not show a significarrrelation with PD-L1
expression. Overall, while age and lump duratiohilgted a potential trend toward
PD-L1 positivity, no determinant showed a stroragistically significant association
(p > 0.05) in this study.

Figure 20: Association between PDL1 expression with determinants including

Age, side, size of lump, duration of lump & quadrant

Association between PD-L1 Expression and Clinicopathological Determinants
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Reaults

Table 12: Association between PDL1 expression with determinants including

determinants histological type & modified bloom Richardson grade

PDL1 expression p-
Profile Chi-square
Negative % Positive % Total value

Histological type

Invasive Ductal

Carcinoma
Papillary Neoplasm 1 100.00 O 0.00 1
Modified bloom
Richardson grade
Grade 1 9 100 0 0 27.09 0.001
Grade 2 15 93.75 1 6.25 16
Grade 3 6 24 19 76 25
Total 30 60.00 20 40.0(¢ 50

Table 12 presents the distribution of PD-L1 expmssacross different
histological types and Modified Bloom RichardsonBR) grades in a cohort of 50
patients. For histological types, Invasive Ductahrénoma (IDC) shows a
distribution where 40.82% of the cases are PD-Lditme and 59.18% are PD-L1
negative, while Papillary Neoplasm shows 100% PDrkgativity. The chi-square
test {2 = 0.000, p = 1.000) indicates no statistically gigant association between
histological type and PD-L1 expression. In contremt MBR grades, Grade 1 tumors
are all PD-L1 negative (100%), Grade 2 tumors sB8W5% PD-L1 negativity with
6.25% positivity, and Grade 3 tumors exhibit a Higant shift towards PD-L1
positivity (76%). The chi-square test for MBR grgge= 27.09, p = 0.001) reveals a

statistically significant relationship between MBfrade and PD-L1 expression, with
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Results

higher tumor grades being associated with a higleecentage of PD-L1 positivity.
These findings suggest that PD-L1 expression irpogvalent in higher MBR grade
tumors, which could have implications for targetednunotherapies in breast cancer

treatment.

Figure 21: Association between PDL1 expression with determinants including

determinants histological type & maodified bloom Richardson grade
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Reaults

Table 13: Association between PDL 1 expressions and Tumour Characteristics

PDL1 expression Chi-
Negative % Positive % Total square p-value
Lymphy vascular
invasion
0 8 66.67 4 33.33 12 0.2920 0.5890
1 22 57.89 16 42.11 38
Perineural
invasion
Negative 26 76.47 8 23.53 34 12.0100 0.0010*
Positive 4 25.00 12 75.00 16
Lymph node
metastasis
Negative 17 62.96 10 37.04 27 0.2150 0.6430
Positive 13 56.52 10 43.48 23
Distant organ
metastasis
Negative 30 61.22 19 38.78 49 1.5310 0.21p60
Positive 0 0.00 1 100.00 1
Lymphocytic
response
Low 13 50.00 13 50.00 26 2.2570 0.1330
Moderate 17 70.83 7 29.17 24
Infilterating
margins
lll-defined 21 51.22 20 48.78 41 7.3170 0.0070*
Well-defined 9 100.00 0 0.00 9
Total 30 60.00 20 40.00 50
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Reaults

Table 13 represents the association between PD¢gession and key tumor
characteristics, including lymphovascular invasiparineural invasion, lymph node
metastasis, distant organ metastasis, lymphocgspanse, and infiltrating margins.
While PD-L1 positivity was slightly higher in patitss with lymphovascular invasion
(42.11%) compared to those without (33.33%), tlsisoaiation was not statistically
significant (p = 0.589). Similarly, PD-L1 positivitywas observed in 43.48% of
patients with lymph node metastasis and 37.04%add without, but this difference
was not significant (p = 0.643).

However, perineural invasion showed a highly sigarit association with
PD-L1 expression (p = 0.001), with 75.00% of permaéunvasion cases exhibiting
PD-L1 positivity, compared to only 23.53% in patgmvithout perineural invasion.
Likewise, infiltrating margins were significanthssociated with PD-L1 expression (p
= 0.007), as PD-L1 positivity was found in 48.78% tamors with ill-defined
margins, while all tumors with well-defined margi(00%) were PD-L1 negative.
Although PD-L1 positivity was more common in paterwith low lymphocytic
response (50.00%) than in those with moderate rsgp9.17%), this trend did not
reach statistical significance (p = 0.133).

Overall, the findings suggest that PD-L1 expresssosignificantly associated
with more aggressive tumor features, particuladyineural invasion and ill-defined

margins, while other tumor characteristics did stodw a strong statistical correlation.
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Results

Figure 22: Association between PDL 1 expressionsand Tumor Characteristics
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Figure 23: ROC for histological typein prediction of PDL1 expression
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Reaults

Table 14: Areaunder curve

Area

Std. Error

p-value

Asymptotic 95% Confidence Interval

Lower Bound

Upper Bound

0.6130

0.1160

0.3420

0.3850

0.8410

Table 14 presents the Area Under the Curve (AUC)hfstological type in

predicting PD-L1 expression, along with its stawdaarror, p-value, and 95%

confidence interval. The AUC value of 0.613 suggdhat histological type has a

weak predictive ability for PD-L1 expression, assibnly slightly better than random
chance (AUC = 0.5 indicates no discrimination). Btendard error of 0.116 reflects

variability in the AUC estimate, while the p-valud 0.342 indicates that the

predictive relationship is not statistically sigoént (p > 0.05). The 95% confidence
interval (0.385 — 0.841) suggests that while the AUC value could fall within this

range, its broad spread highlights uncertaintyhie model's discriminative power.

Overall, these findings indicate that histologitygde alone is not a strong predictor of

PD-L1 expression, and additional clinicopathologitactors may be needed to

improve predictive accuracy.

Figure 24: ROC for Modified Bloom Richardson grade in prediction of PDL1

expression
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Reaults

Table 15;: Areaunder curve

Asymptotic 95% Confidence Interval
Area Std. Error p-value
L ower Bound Upper Bound
0.6000 0.1170 0.4020 0.3700 0.8300

Table 15 presents the Area Under the Curve (AUC)Maodified Bloom-
Richardson (MBR) grade in predicting PD-L1 expressialong with its standard
error, p-value, and 95% confidence interval. TheCAtklue of 0.600 suggests that
MBR grade has a weak discriminative ability, periorg only slightly better than
random chance (AUC = 0.5 indicates no predictive gdwThe standard error of
0.117 reflects some variability in the AUC estimatehile the p-value of 0.402
indicates that the association between MBR gradd RD-L1 expression is not
statistically significant (p > 0.05). The 95% cat#nce interval (0.370 — 0.830)
highlights the uncertainty in the model’'s predietigtrength, with a broad range
suggesting that the true AUC value is highly vdea®verall, these findings indicate
that MBR grade alone is not a strong predictor DfLFL expression, and additional

clinicopathological factors may be needed to enbatscpredictive accuracy.
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Table 16: Summary of all numerical parameters

Summary | Age(Yrs) | Duration of Lump (months) | Tumor Size (mm) | Ki-67 %
Minimum 33.00 2.00 13.10 15.00
Maximum 73.00 24.00 104.40 29.0(
Range 40.00 22.00 91.30 14.00
Mean 52.06 13.24 43.95 20.67
Median 52.00 14.00 38.34 20.0(
Std.Dev. 9.93 6.07 24.19 4.08

The age distribution is fairly consistent, with mosttipats aroundb2 years

old. Lump duration varies wideJysuggesting differences in disease awareness or

progression ratesTumor sizes show high variabilityndicating a diverse tumor

burden among patient&i-67 expression remains relatively stable, withnaall range

of variability.

Photomicrograph 1: PD-L1 expression in TNBC, CPS <1: Negative (IHC stain




Results

Photomicrograph 2. PD-L1 expression in TNBC: Low expression

(IHC stain X100)

Photomicrograph 3: PD-L1 expresson in TNBC, CPS 80: Positive

(IHC stain X100)
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Discussion

DISCUSSION

This study aimed to evaluate the immunohistochengixpression of PD-L1
in triple-negative breast cancer (TNBC) cases arsg association with
clinicopathological parameters. Our findings cdnite to the growing body of
literature on the prognostic and potential theréipemplications of PD-L1 in TNBC.
PD-L 1 Expression and Clinicopathological Parameters

In our study, PD-L1 positivity (CPS10) was observed in 40% of TNBC
cases, a rate consistent with findings by Mittehdsr al., who reported PD-L1
expression in 38% of TNBC ca&8 and Adams et al. , who found PD-L1 positivity
in 41% of their coholt’l. Similarly, Schalper et al. observed a PD-L1 paisjt rate
ranging between 30-50% in different TNBC subty&sThese findings reinforce the
variability in PD-L1 expression and its potentialerin immune checkpoint blockade
therapies.

The age distribution of PD-L1-positive cases shoaddend toward younger
patients, with the highest positivity rate (71.43ivbYhose age&40 years. Although
the chi-square test did not reach statistical figanice (p = 0.061), our observations
align with findings by Sabatier et al., who repdrta higher prevalence of PD-L1
expression in younger TNBC patiefits Conversely, Beckers et al. found no
significant correlation between age and PD-L1 esgqimn, indicating the need for
larger studies to clarify this associaffSh

Tumor laterality and quadrant involvement did ndtow significant
associations with PD-L1 expression (p = 0.726 amd (0996, respectively). This is
consistent with the results of Ali et al.,, who fauthat tumor location does not

significantly influence PD-L1 expressidH.
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Discussion

Histological and Tumor Grading Associations

Histologically, invasive ductal carcinoma (IDC) wése predominant type
(98% of cases), which is in agreement with Liu let who found IDC in 95% of
TNBC case®?. While our study did not find a significant coagbn between
histological type and PD-L1 expression (p = 1.000udies by Vranic et al.and
Thomas et al. suggest that some histological selstyguch as metaplastic carcinoma,
exhibit higher PD-L1 expression than 1384

The Modified Bloom-Richardson (MBR) grade showed statistically
significant association with PD-L1 expression (0:#601), with Grade Il tumors
exhibiting the highest PD-L1 positivity (76%). Ofimdings are in line with those of
Cimino-Mathews et al., who reported that higherdgraumors demonstrate greater
PD-L1 expressidff!. Similarly, Schalper et al. found that PD-L1 pbsiy was
significantly higher in Grade IIl tumors comparedGrade | and Il, reinforcing the

link between tumor aggressiveness and immune av&io

Tumor Microenvironment and PD-L 1 Expression

Among tumor aggressiveness parameters, perinewasion (p = 0.001) and
infiltrating margins (p = 0.007) showed significamtssociations with PD-L1
expression. PD-L1 positivity was significantly heaghin tumors with perineural
invasion (75%) and ill-defined margins (48.78%)isTsupports the findings of Chen
et al., who demonstrated a strong correlation betw®D-L1 expression and
aggressive histopathological features in TNBCSimilarly, Schalper et al. noted that
tumors with high PD-L1 expression exhibit more isive characteristics and greater

immune cell infiltratiof?®!.
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Interestingly, lymphovascular invasion (p = 0.588 lymph node metastasis
(p = 0.643) did not show significant associationthwD-L1 expression. While some
studies, such as those by Sun et al. and Paré baaé suggested a link between PD-
L1 expression and metastatic potefiidf® others, like Adams et al., found no
significant correlatioli”l. The lack of statistical significance in our stutay be due
to the relatively small sample size.
Predictive Value of PD-L1 Expression

Receiver operating characteristic (ROC) curve aislfor histological type
(AUC = 0.613, p = 0.342) and MBR grade (AUC = 0.6pG= 0.402) indicated weak
predictive ability for PD-L1 expression. This isagreement with the study by Dieci
et al., who found that PD-L1 expression alone is aastrong predictor of clinical
outcomes in TNBC and should be used in conjunatiith other biomarkeF!,
Implicationsfor Immunotherapy

The observed PD-L1 positivity rate of 40% in TNB@&tipnts suggests that a
significant subset of patients may benefit from iam@a checkpoint inhibitors such as
anti-PD-1/PD-L1 therapies. Studies by Emens earadl Schmid et al. demonstrated
that PD-L1-positive TNBC patients show improvedp@sse rates to checkpoint
inhibitors like atezolizumab and pembrolizurit&'®! The strong association
between PD-L1 expression and high-grade tumorsdgitH) further supports the
potential of immunotherapy in aggressive TNBC cases

However, given that PD-L1 negativity was observed 60% of cases,
additional immune-related biomarkers such as tumotational burden (TMB) and
tumor-infiltrating lymphocytes (TILs) should be daped to identify responders to

immunotherapk©410°]
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Conclusion

CONCLUSION

This study provides valuable insights into the prevalence and clinical relevance of

PD-L1 expression in TNBC. The key findings include:

1.

PD-L1 positivity was observed in 40% of TNBC cases, with a trend toward

younger patients, similar to findings by Mittendorf et a. and Sabatier et al.

[86.89]

Tumor grade (MBR Grade I11) showed a significant association with PD-L1
positivity (p = 0.001), consistent with the results of Cimino-Mathews et al. and

Schalper et al .19l

Perineural invasion (p = 0.001) and ill-defined tumor margins (p = 0.007) were
significantly associated with PD-L1 expression, in agreement with Chen et al.

and Schalper et al.[%7:%!-

No significant associations were found between PD-L1 expression and tumor
laterality, quadrant involvement, lymphovascular invasion, or lymph node

metastasis, supporting findings by Ali et al. (2018) and Adams et & .[%&7)

ROC analysis showed that histological type and MBR grade alone have weak
predictive value for PD-L1 expression, reinforcing the need for additional

biomarkerg/101-
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Clinical Implications and Future Directions

The findings reinforce the role of PD-L1 as a potential therapeutic target in
TNBC, particularly in high-grade and invasive tumors. Given the lack of strong
predictors for PD-L1 expression, future studies should explore molecular and genetic
profiling to identify additional determinants of PD-L1 positivity. Furthermore,
prospective clinical trials evaluating the efficacy of PD-L1 inhibitors in TNBC
subgroups with high PD-L1 expression are warranted.
This study contributes to the growing evidence on PD-L1 in TNBC but is limited by
its small sample size and cross-sectional design. Larger, multi-center studies with
molecular subtyping are needed to validate these findings and enhance personalized

treatment approachesin TNBC.
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Summary

SUMMARY

This study evaluated PD-L1 expression in triple-negative breast cancer
(TNBC) and its association with clinicopathological factors. PD-L1 positivity (CPS
>10) was observed in 40% of cases, with a trend toward younger patients and
significant associations with high tumor grade (MBR Grade I1, p = 0.001), perineural
invasion (p = 0.001), and ill-defined margins (p = 0.007). However, no significant
correlations were found with tumor laterality, quadrant involvement, lymphovascular
invasion, or lymph node metastasis. ROC analysis indicated weak predictive value for
PD-L 1 expression based on histological type and tumor grade. The findings highlight
PD-L1 as a potential therapeutic target in TNBC, particularly in aggressive cases, but
underscore the need for additional biomarkers and larger studies to refine patient

selection for immunotherapy.

Page 57



Bibliography

BIBLIOGRAPHY
. Surgical site infection event (SSI). National Hbeedtire Safety Network [Internet].

Accessed April 26, 2022. Available from:

https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscsscuinpdf

. Karlsen OE, Borgen P, Bragnes B, et al. Rifampimimimation therapy in
staphylococcal prosthetic joint infections: a ramilwed controlled trial. J Orthop

Surg Res. 2020;15(1):365. doi:10.1186/s13018-0B¥0L

. Dencker EE, Bonde A, Troelsen A, Varadarajan KMleSén M. Postoperative
complications: an observational study of trendthim United States from 2012 to

2018. BMC Surg. 2021;21(1):393. doi:10.1186/s128923-01392-z

. Seidelman JL. Surgical site infection (SSI) tremdscommunity hospitals from
2013 to 2018. Infect Control Hosp Epidemiol. Puiid online July 18, 2022.

doi:10.1017/ice.2022.135

. Allegranzi B, Zayed B, Bischoff P, Kubilay NZ, denpe S, de Vries F, et al.
New WHO recommendations on intraoperative and pestdive measures for
surgical site infection prevention: an evidenceedlaglobal perspective. Lancet

Infect Dis. 2016;16(12):e288-303.

. Ban KA, Minei JP, Laronga C, Harbrecht BG, Jensdi, Ery DE, et al.
American College of Surgeons and Surgical Infect®ociety: Surgical Site

Infection Guidelines, 2016 update. J Am Coll S@@17;224(1):59-74.

. Berrios-Torres Sl, Umscheid CA, Bratzler DW, LeasSBone EC, Kelz RR, et al.
Centers for Disease Control and Prevention guidefor the prevention of

surgical site infection, 2017. JAMA Surg. 2017;152(84-91.

Page 58



Bibliography

8. Yoshimatsu G, Kitano K, Hashimoto D, Okabe H, IrbgiChikamoto A, et al.
The effect of intraoperative re-draping on surgiciie infection rates in
gastrointestinal surgery: a prospective randomizedtrolled trial. Surg Infect

(Larchmt). 2018;19(4):396-402.

9. Scaottish Intercollegiate Guidelines Network (SIGMntibiotic prophylaxis in
surgery: a national clinical guideline. Edinburg&cottish Intercollegiate

Guidelines Network; 2008.

10.Andrews PJ, East CA, Jayaraj SM, et al. Prophydadi postoperative antibiotic
use in complex septorhinoplasty surgery: a prosgectandomized, single-blind
trial comparing efficacy. Arch Facial Plast Surg.008;8(2):84-7.

doi:10.1001/archfaci.8.2.84.

11.Andreasen JO, Jensen SS, Schwartz O, Hillerup Ysystematic review of
prophylactic antibiotics in the surgical treatmehimaxillofacial fractures. J Oral

Maxillofac Surg. 2006;64(11):1664-8. doi:10.1056fns.2006.02.032.

12.Mui LM, Ng CS, Wong SK, Lam YH, Fung TM, Fok KL, etl. Optimum
duration of prophylactic antibiotics in acute nogrHprated appendicitis. ANZ J

Surg. 2005;75(6):425-8. d0i:10.1111/j.1445-2197308397 .X.

13.Velmahos GC, Toutouzas KG, Sarkisyan G, et al. feetrauma is not an excuse
for prolonged antibiotic prophylaxis. Arch Surg.020137(5):537-41; discussion

541-2.

14.Smaill F, Hofmeyr GJ. Antibiotic prophylaxis for sa@rean section. Cochrane

Database Syst Rev. 2002;(3):CD000933.

Page 59



Bibliography

15.Song F, Glenny AM. Antimicrobial prophylaxis in ookctal surgery: a
systematic review of randomized controlled tri@s.J Surg. 1998;85(9):1232-41.

doi:10.1046/].1365-2168.1998.00883.x.

16.Zelenitsky SA, Ariano RE, Harding GK, Silverman REAntibiotic
pharmacodynamics in surgical prophylaxis: an assioci between intraoperative
antibiotic concentrations and efficacy. AntimicrolAgents Chemother.

2002;46(9):3026-30. doi:10.1128/AAC.46.9.3026-3@802.

17.De Jonge SW, Gans SL, Atema JJ, et al. Timing eoperative antibiotic
prophylaxis in 54,552 patients and the risk of gaigsite infection. Medicine

(Baltimore). 2017;96(29):€6903. doi:10.1097/MD.0000000006903.

18.Taylor EW. Intra-incisional antimicrobial prophylax J Hosp Infect.

1985;6(Suppl A):191-6.

19.Johnson B, Kirschner P, Miller S, et al. Local bittiic delivery in surgical site
infection prevention: an evolving strategy. Surfgat (Larchmt). 2021;22(3):227-

34. doi:10.1089/sur.2020.370.

20.Pravindhas A, Ramesh S, Kumar P. Comparison ofa-intrisional and
intravenous ceftriaxone prophylaxis in hernioplagigtients: a randomized

controlled trial. Asian J Surg. 2023;46(1):21-71:10.1016/j.asjsur.2023.02.012.

21.Balraj G, Singh T, Verma R, et al. Efficacy of mincisional cefotaxime in
surgical patients: a prospective study. Int J Sui2023;105:106917.

doi:10.1016/}.ijsu.2023.106917.

Page 60



Bibliography

22.Yao J, Zhang W, Li X, et al. The role of intra-isicinal antibiotics in preventing
surgical site infections: a systematic review andtaranalysis. J Antimicrob

Chemother. 2023;78(6):1523-33. doi:10.1093/jac/aisad

23.Patil AN, Deshpande KS, Shetty V. Intra-incisioaatibiotic prophylaxis: current
evidence and future directions. World J Surg. 202€):1356-64.

doi:10.1007/s00268-018-4451-7.

24.Badia JM, Casey AL, Petrosillo N, et al. Impactsafgical site infection: burden,
risk factors, and prevention strategies. J Hospecinf 2020;104(2):234-44.

doi:10.1016/}.jhin.2019.12.009.

25.Centers for Disease Control and Prevention (CD@jgiBal Site Infection Event
(SSI) [Internet]. Available from:
https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscsscuinpdf. Accessed August

24, 2023.

26.Kathju S, Nistico L, Tower |, Lasko LA, Stoodley Bacterial biofilms on
implanted suture material are a cause of surgittal iafection. Surg Infect

(Larchmt). 2014;15(5):592-600. doi:10.1089/sur.2Q08.

27.Meijs AP, Koek MBG, Vos MC, Geerlings SE, Vogely H@e Greeff SC. The
effect of body mass index on the risk of surgidé enfection. Infect Control

Hosp Epidemiol. 2019:40(9):991-6. doi:10.1017/i642.165.

28.Kaye KS, Anderson DJ, Sloane R, et al. The effécungical site infection on
older operative patients. J Am Geriatr Soc. 200Q;646-54. doi:10.1111/j.1532-

5415.2008.02053.x.

Page 61



Bibliography

29.Dumville JC, Gray TA, Walter CJ, et al. Dressings the prevention of surgical
site infection. Cochrane Database Syst Rev. 20{62ZD003091.

doi:10.1002/14651858.CD003091.pub4.

30.Walcott RD, Gontcharova V, Sun Y, Zischakau A, Do8#. Bacterial diversity
in surgical site infections: not just aerobic co@iymore. J Wound Care.

2009;18(8):317-23. doi:10.12968/jowc.2009.18.8.4863

31.0wens CD, Stoessel K. Surgical site infectionsdemiiology, microbiology and

prevention. J Hosp Infect. 2008;70(Suppl 2):3-10.
32.Cheadle WG. Risk factors for surgical site infeeticdurg Infect (Larchmit).
2006;7(Suppl 1):7-11.

33.Mangram AJ, Horan TC, Pearson ML, Silver LC, JaW®. Guidelines for
prevention of surgical site infection, 1999. InfeControl Hosp Epidemiol.

1999;20(4):247-78.

34.Rolston K, Mihu C, Tarrand J. Current microbiologl surgical site infections

associated with breast cancer surgery. Wounds.;2)B2-5.

35.Hidron Al, Edwards JR, Patel TC, et al. Antimicrabiesistant pathogens
associated with healthcare-associated infectiomsua summary of data reported

to the NHSN at the CDC. Infect Control Hosp Epideim2008;29(11):996-1011.

36.Reichman DE, Greenberg JA. Reducing surgical sitections: a review. Rev

Obstet Gynecol. 2009;2(4):212-21.

37.Bowler PG, Duerden BIl, Armstrong DG. Wound micrdbgy and associated

approaches to wound management. Clin Microbiol R601;14(2):244-69.

38.Nichols RL. Surgical wound infection. Am J Med. 1991(3B):54S-63S.

Page 62



Bibliography

39.Boucher HW, Corey GR. Epidemiology of methicilliesistant Staphylococcus

aureus. Clin Infect Dis. 2008;46(Suppl 5):S344-9.

40.Lilani SP, Jangale N, Chowdhary A, Daver GB. Suabkite infection in clean

and clean-contaminated cases. Indian J Med Mictabi®5;23(4):249-52.

41.Suchitra JB, Lakshmidevi N. Surgical site infecsorassessing risk factors,
outcomes, and antimicrobial sensitivity patternsfr Al Microbiol Res.

2009;3(4):175-9.

42.Ayliffe GAJ, Fraise AP, Geddes AM, Mitchell K. Caaot of Hospital Infection: A

Practical Handbook. 4th ed. London: Arnold; 20002 }9-38.

43.Ramesh A, Dharini R. Surgical site infections inteeching hospital: clinio-
microbiological and epidemiological profile. InBiol Med Res. 2012;3(3):2050-

3.

44.Nichols RL, Condon RE. Antibiotic preparation oétbolon: failure of commonly
used regimens. Surg Clin North Am. 1971;51(1):223-80i:10.1016/S0039-

6109(16)39343-4.

45.Sobottka I, Wegscheider K, Balzer L, Boger RH, HallO, Giersdorf I.
Microbiological analysis of a prospective, randoedz double-blind trial
comparing moxifloxacin and clindamycin in the treant of odontogenic

infiltrates and abscesses. Antimicrob Agents Chaero012;56(5):2562-9.

46. Singhal H, Kaur K, Zammit C. Wound infection. eMede. 2008.

47.Sorensen TI, Nielsen GG, Andersen PK, Teasdale T®énetic and
environmental influences on premature death intaadbptees. N Engl J Med.

1988;318(12):727-32.

Page 63



Bibliography

48.Hao WL, Lee YK. Microflora of the gastrointestirtahct: a review. Methods Mol

Biol. 2004;268:491-502.

49.Rubin LG. Bacterial colonization and infection riésig from multiplication of a

single organism. Clin Infect Dis. 1987;9(3):488-93.

50.0nderdonk AB, Bartlett JG. Microbial synergy in exinental intra-abdominal

abscess. Infect Immun. 1976;13(1):22-6.

51.Wilson J, Wloch C, Saei A, et al. Inter-hospitahgmarison of rates of surgical
site infection following caesarean section delivegyaluation of a multicentre
surveillance study. J Hosp Infect. 2013;84(1):44-51

doi:10.1016/j.jhin.2013.01.009.

52.European Centre for Disease Prevention and Comht prevalence survey of
healthcare-associated infections and antimicrobsd in European acute care

hospitals — protocol version 5.3. Stockholm: EC2G16.

53.Sandy-Hodgetts K, Leslie GD, Parsons R, et al. éen of postsurgical wound
dehiscence after abdominal surgery with NPWT: aticentre randomised
controlled trial protocol. J Wound Care. 2017;26{8lu 2):S23-6.

doi:10.12968/jowc.2017.26.Sup2.S23.

54.World Health Organization. Patient Safety. WHO g@liltes for safe surgery
2009: safe surgery saves lives [Internet]. 2009. ailable from:

https://tinyurl.com/rhsupup. Accessed NovemberZa1L,9.

55.National Institute for Health and Clinical Excelten (NICE). Surgical Site

Infection: Prevention and Treatment of Surgicak Sitfection. London: RCOG

Page 64



Bibliography

Press; 2017. Available from: https://tinyurl.comgp@875p. Accessed November

21, 2019.

56.Cohen J, Powderly WG, Opal SM, editors. InfectiBiseases. 4th ed. Volume 2.

Elsevier Health Sciences; 2017.

57.Burke JP. The effective period of preventive awfiloi action in experimental

incisions and dermal lesions. Surgery. 1961;50:8.61-

58.Gupta R, Sinnett D, Carpenter R. Antibiotic progxy$ for post-operative wound

infection in clean elective breast surgery. EuudySOncol. 2000;26(4):363-6.

59.Platt R, Zucker JR, Zaleznik DF. Perioperative laintic prophylaxis and wound
infection following breast surgery. J Antimicrob &hother. 1993;31(Suppl

B):43-8.

60.Woods RK, Dellinger EP. Current guidelines for hittiic prophylaxis of surgical

wounds. Am Fam Physician. 1998;57(11):2731-40.

61.Mangram AJ, Horan TC, Pearson ML. Guideline forvprgion of surgical site
infection, 1999. Hospital Infection Control PraescAdvisory Committee. Infect

Control Hosp Epidemiol. 1999;20(4):250-78.

62.Leaper JD. Surgical infection. In: Williams SN, Bubde KJC, O’'Connell RP,
editors. Bailey and Love’s Short Practice of Suyg@5th ed. London: Edward

Arnold; 2008. p. 32-48.

63.Burke JP. The effective period of preventive awfiloi action in experimental

incisions and dermal lesions. Surgery. 1961;50:8.61-

Page 65



Bibliography

64.Gupta R, Sinnett D, Carpenter R. Antibiotic progxy$ for post-operative wound

infection in clean elective breast surgery. EuutySOncol. 2000 Jun;26(4):363-6.

65.Platt R, Zucker JR, Zaleznik DF. Perioperative laintic prophylaxis and wound
infection following breast surgery. J Antimicrob €hother. 1993 Feb;31 Suppl

B:43-8.

66.Woods RK, Dellinger EP. Current guidelines for hittiic prophylaxis of surgical

wounds. Am Fam Physician. 1998 Jun;57(11):2731-40.

67.Mangram AJ, Horan TC, Pearson ML. Guideline forvprgion of surgical site
infection, 1999. Hospital Infection Control PraescAdvisory Committee. Infect

Control Hosp Epidemiol. 1999 Apr;20(4):250-78; qRi.

68.Leaper JD. Surgical Infection. In: Williams SN, Bubde KJC, O’Connell RP,
editors. Bailey and Love’s Short Practice of Suyg@5th ed. London: Edward

Arnold; 2008. p. 32-48.

69.Goodman LS, Gilman A. The pharmacological basihefapeutics. 10th ed. New

York: McGraw-Hill; 2001. p. 1164.

70.Schwartz Sl. Schwartz’s principles of surgery. 8th New York: McGraw-Hill;

2005. p. 226.

71.Keighley MRB, Burdon DW. Antimicrobial prophylaxi;n surgery. London:

Pitman; 1979.

72.Bohnen JMA, Solomkin JS, Dellinger EP, et al. Glies for clinical care: Anti-
infective agents for intra-abdominal infection. Ar§ical Infection Society policy

statement. Arch Surg. 1992;127(1):83.

Page 66



Bibliography

73.Kaiser AB. Antimicrobial prophylaxis in surgery. NEngl J Med.

1986;315(18):1121-7.

74.Jauber MG, Kunz S. Influence of antibiotic dosesidg interval, and duration of
therapy on outcome in experimental pneumococcal imgéis. Antimicrob

Agents Chemother. 1989;33(3):418-23.
75.The choice of antibacterial drugs. Med Lett DrugeiT 1999;41(1060):95-104.

76.Singh A, Salim M, Singh B,. A. A comparative study preoperative intra-
incisional infiltration of ceftriaxone vs. intraveuas ceftriaxone for prevention of
surgical site infections. Int Surg J. 2019 Apr 28&dd 2025 Mar 3];6(5):1686.

Available from: https://www.ijsurgery.com/index.pigy/article/view/4147

77.Patil AN, Uppin VM. Intra-incisional versus intraveus route of antibiotic
administration in preventing surgical site infeosoa randomized controlled trial.
Int Surg J. 2018 Mar 23 [cited 2025 Mar 3];5(4):843Available from:

http://wwwe.ijsurgery.com/index.php/isj/article/vié644

78.Lalla SC, Bonadurer GF, Murad HM, Brewer JD. Prdpbic antibiotics and
Postoperative Surgical Site Infections in cutaneswrgery: A systematic review
and meta-analysis. International Journal of Surd@@pgn. 2022 Oct [cited 2025

Mar 3];47:100556. Available from:
https://journals.lww.com/10.1016/}.ij50.2022.100556

79.Inderchand DrS, Kulkarni DrA. The comparative edfig of prophylactic
parenteral antibiotics with combined parenteral pretoperative intra-incisional

antibiotic administration in reducing surgical sitéection. Int J Surg Sci. 2021

Page 67



Bibliography

Jul 1 [cited 2025 Mar 3];5(3):86-9. Available from:

https://www.surgeryscience.com/archives/2021.v5.7312

80.Dogra B, Kalyan S, Rana KaranVS, Panchabhai S, &K, Priyadarshi S. A
study comparing preoperative intra-incisional apotib infiltration and
prophylactic intravenous antibiotic administratidar reducing surgical site
infection. Med J DY Patil Univ. 2013 [cited 2025 Ma3];6(4):405. Available

from: http://www.mjdrdypu.org/text.asp?2013/6/4/#0B83290

81.Narayana V, D R, Raja VOPK, Srija K, Gs MK. A presfive and comparative
study between preoperative intravenous prophylactitibiotic and intra-
incisional prophylactic antibiotic with ceftriaxone reduce surgical site infection.
[cited 2025 Mar 3]; Available from: https://www.efiroes.com/ejmaces-articles/a-
prospective-and-comparative-study-between-preoperaitravenous-

prophylactic-antibiotic-and-intraincisional-prophgtic-anti-110343.htm|

82.Yao J, Chen L, Liu X, Wang J, Zeng J, Cai Y. Metalgsis of efficacy of
perioperative oral antibiotics in intestinal susgewith surgical site infection.
Journal of Global Antimicrobial Resistance. 2023 Pated 2025 Mar 3];35:223—

36. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S2Z18523001650

83.Badia JM, Rubio Pérez I, Manuel A, Membrilla E, RiUiovar J, Mufioz-Casares
C, et al. Surgical site infection prevention measun general surgery: position
statement by the surgical infections division @& #panish association of surgery.
Cirugia Espafiola (English Edition). 2020 Apr [ci2@25 Mar 3];98(4):187-203.

Available from: https://linkinghub.elsevier.comhiet/e/pii/S2173507720300739

Page 68



Bibliography

84.Pravindhas A, Navaneetha K, Raja AA, Lakshmana &l RK. Preoperative

single dose intraincisional vs intravenous cefoia in preventing surgical site
infection post-hernioplasty conducted at a tertiagye centre at chengalpattu,
tamil nadu, india. JCDR. 2023 [cited 2025 Mar 3];vaflable from:
https://www.jcdr.net//article_fulltext.asp?issn=397
709x&year=2023&month=May&volume=17&issue=5&page=RF0

PF06&id=17732

85.Balraj G. A study comparing preoperative antibiatiiltration along the incision

site and prophylactic intravenous antibiotic adstir@tion for reducing surgical
site infection. Int J Acad Med Pharm. 2023 [cited22 Mar 3];5(6):46-51.
Available from: https://www.semanticscholar.org/pap-STUDY -
COMPARING-PREOPERATIVE-ANTIBIOTIC-ALONG-THE-

Balraj/b6483606130142d72954c967b126a7bc4a96f1f1

86.Karlatti S, Havannavar I. A comparative prospectsteidy of preoperative

antibiotic prophylaxis in the prevention of surdiste infections. Int Surg J. 2016

[cited 2025 Mar 9];141-5. Available from:

http://www.ijsurgery.com/index.phpl/isj/article/vi¢s24

87.Sophy JL, Devi L. Pre-Operative Intra-Incisional tidiotic Infiltration and

Prophylactic Intravenous Antibiotic Administratidor Reducing Surgical Site

Infection. Int J Acad Med Pharm. 2023;5(4):1024-8.

Page 69



Annexures

ANNEXURES |

PROFORMA
* NAME:

* AGE:

* BRIEF CLINICAL HISTORY
e DATE OF COLLECTION

e PAST HISTORY -

H/O Carcinoma Breast
H/O Carcinoma Endometrium
H/O Carcinoma Ovary
Others
* FAMILY HISTORY (Ca Breast) o Mother o Sister o Daugr

* WO MEDICAL ILLNESS

Diabetes Mellitus
Hypertension
Any Other
e LOCAL EXAMINATION (Breast)o Site o Side o Size o iBkchanges o

Axillary lymph node involvement o Nipple, AreolaQthers

JNVESTIGATIONS GROSS FINDINGS Size
Quadrant involved

Margins

Nipple and areola Skin involvement

H and E findings Histological type

Grade

Necrosis

Fibrosis

In situ component

Lympho-vascular involvement

Lymph node metastasis
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IHC -

0 HER2

0 PD-LI

OTHERS - Clinical Staging
Treatment advised

(Hormonal/Chemotherapy/Radiotherapy)
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ANNEXURES Il
Consent Form
"EXPRESSION OF PROGRAMMED DEATH - LIGAND I(PD-LI) I N TRIPLE

NEGATIVE BREAST CARCINOMA- A CROSS SECTIONAL STUDY AT
TERTIARY CARE HOSPITAL"

Introduction: Breast cancer is commonest cancebailyp The triple negative breast
carcinoma is one of the types of breast carcinorha. purpose of this study is to evaluate
expression of PD-LI in triple negative breast caoona.

Explanation of procedure: During this study, youl we asked questions regarding history
and background and you are supposed to answereteob your knowledge. You will be
interviewed regarding your present, past, familstdry and your clinical manifestation. The
block will be taken from representative areas o€ice@ma. These blocks will be used to study
expression of PD-LI marker.

Withdrawal from participation in the study: Panpiation in this study in voluntary. You will
be free to decide whether to participate in thislgtor continue participation once enrolled. In
case you decide to withdraw your participation, yoe free to do so. However, please convey
the decision to the principal investigator.

Possible benefits from participating in the studgu will not get any benefits by participating
in this study.

Possible risks from participating in the study: fighare no risks involved in participating in
this study.

Privacy and confidentiality: The information colted from you will be coded, to prevent any
person to identify you. Your identity will never bevealed. The data collected from you will
be kept confidential and only processed or aggeebdata will be used for publication.

Financial incentives: You will not receive any pagmhfor participating in this study.
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Cost of investigations done during the course afdgtwill be paid by the principal
investigator.

Authorization for publication of aggregated dataesRIts obtained after processing of the
aggregated data will be published for scientificgmse and or presented to scientific groups.

However, your identity will never be revealed.

If you have any question or complaints with regargour right as study participant you may
contact Dr Harsha Hegde, Chairperson, Ethical catemof JINMC, 0831-2473777

Extension 4052.

Legal rights: By signing this consent form, we ao¢ waving any of your legal rights
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ANNEXURES I

Consent Statement

I am making a voluntary decision to participate tlee study "EXPRESSION OF
PROGRAMMED DEATH - LIGAND I(PD-LI) IN TRIPLE NEGATVE BREAST
CARCINOMA- A CROSS SECTIONAL STUDY AT TERTIARY CAREHOSPITAL".

My signature below indicates that | have decidedp#oticipate and | have read the
information provided above or the information paed above has been read to me in the
language that | understand best. | was given tiperdynity to ask questions and that they

have been answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURES IV
WHO (2019) Classification of Breast Tumors

Epithelial Tumors

« Ductal carcinoma in situ (DCIS)

« Lobular carcinoma in situ (LCIS)

« Invasive carcinoma (NST, No Special Type)
+ Invasive lobular carcinoma

« Tubular carcinoma

« Mucinous carcinoma

+  Cribriform carcinoma

« Medullary carcinoma

« Metaplastic carcinoma

Salivary Gland-type Tumors

« Adenoid cystic carcinoma
« Secretory carcinoma
« Mucoepidermoid carcinoma

Neuroendocrine Tumors

« Neuroendocrine tumor (NET)

« Neuroendocrine carcinoma (NEC)

« Small cell carcinoma

« Large cell neuroendocrine carcinoma

Fibroepithelial Tumors

« Fibroadenoma
« Phyllodes tumor (benign, borderline, malignant)

Mesenchymal Tumors

« Angiosarcoma
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« Liposarcoma
« Myofibroblastoma

Hematolymphoid Tumors

« Lymphoma

Tumors of the Nipple

- Paget disease

Molecular Classification

« Luminal A
+ Luminal B
« HER2-enriched

« Triple-negative/basal-like

Annexures
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ANNEXURES V
Nottingham Grading System: A Semi-Qualitative Methal for Assessing Histological

Grade in Invasive Breast Cancer

« Tubule Formation (Glandular Differentiation)

o The extent to which tumor cells form tubular sttues similar to normal breast
glands.

o Score 1: >75% tubule formation

o Score 2: 10-75% tubule formation

o Score 3: <10% tubule formation
« Nuclear Pleomorphism

o The degree of variation in the size and shaperobticell nuclei.

o Score 1: Small, uniform nuclei, minimal pleomorphis

o Score 2: Moderate nuclear enlargement and pleorssrph

o Score 3: Marked variation in nuclear size and she@eere pleomorphism
« Mitotic Count

o The number of mitotic figures (dividing cells) obsed in a defined area under
a high-power microscope field (usually 10 high-povields).

o Score 1: Low mitotic activity
o Score 2: Intermediate mitotic activity
o Score 3: High mitotic activity

Final Grading (Total Score = Sum of the Three Scos)
- Grade 1 (Well Differentiated): Total score of 3-5

« Grade 2 (Moderately Differentiated): Total score of 6—7

« Grade 3 (Poorly Differentiated): Total score of 8-9
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ANNEXURES VI

Methods of Measurement of Proliferation in Breast @ncer

Mitotic Index : Assessed histologically by counting mitotic figarin tumor cell populations.

Proportion of Cells in S Phase of the Cell CycleMeasured usinfow cytometry, which
evaluates the fraction of actively dividing cells.

Immunohistochemical Method Involves the detection of proteins sucha$7, which is
expressed by actively proliferating cells.

Proliferative Activity of Tumor Cells : Measured using thEhymidine Labeling Index

(TLID) , which assesses the incorporation of labeled tiyraiinto DNA during cell division.
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ANNEXURE VII
Scoring Criteria (College of American Pathologist§CAP]) by Immunohistochemistry

(IHC) for Estrogen Receptor (ER), Progesterone Regor (PR), and HER2

Estrogen Receptor (ER) Scoring Criteria

« Positive >10% of cancer cells have nuclear staining (atgnsity).
« Low Positive 1-10% of cancer cells have nuclear staining (atensity).

« Negative <1% or 0% of invasive cancer cells have nuclégingg (report on controls
in cases withx10% staining).

Progesterone Receptor (PR) Scoring Criteria

« Positive >1% of invasive cancer cells have nuclear stainfrany intensity.
« Low Positive: Optional reporting category.

« Negative <1% or 0% of invasive cancer cells have nucléingg (report on controls
in cases withk10% staining).

HER?2 Scoring Criteria

- Positive Circumferential membrane staining that is comgléettense, and present in
>10% of tumor cells.

- Equivocal: Weak-to-moderate complete membrane staining veden >10% of
tumor cells.

« Negative

o Incomplete membrane staining that is faint/baregcpptible and present in
>10% of tumor cells (1+).

o No staining observed or membrane staining thatdsmplete, faint/barely
perceptible, and ig10% of tumor cells (0).

In Situ Hybridization for HER2

Positive HER2/CEP17 rati@¢2.0and average HER2 copy numbr.0 signals/cell

+ Negative HER2/CEP17 ratiec2.0and average HER2 copy numbker.0 signals/cell
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ANNEXURE VIII

PD-L1 REPORTING FORMAT (CPS) IN TRIPLE-NEGATIVE BRE AST
CANCER (TNBC)

Patient Information

Patient Name:

Age/Sex:

Hospital/Clinic Name:

Sample Typel] Biopsy[d Surgical Resection

Date of Sample Collection:

Date of Report:

PD-L1 Testing Details
Test Method: Immunohistochemistry (IHC)

Antibody Used{1 22C30 SP2631 28-80 Other:

Scoring Method: Combined Positive Score (CPS)
Tumor Type: Triple-Negative Breast Cancer (TNBC)

PD-L1 CPS Calculation

PD-L1-positive tumor cells + immune cells x 100

CPS =

Total viable tumor cells
Positive if CPS >10.

PD-L1 Stained Tumor Cells:

PD-L1 Stained Immune Cells (Lymphocytes/Macrophgges
Total Viable Tumor Cells Counted:

Calculated CPS Score:

PD-L1 CPS Interpretation
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CPS PD-L1 Expression Clinical Significance

Score Status

CPS <1 Negative Not eligible for PD-1/PD-L1 inhibitors
CPS 1— Low Expression Consider immunotherapy in select cades
CPS Eligible for pembrolizumab (FDA-

10 Positive approved cutoff for TNBC)

Final PD-L1 Statusd Negative[d Low Expressioril Positive
CPS Score:
Eligibility for Immunotherapyf Yes[d No

Pathologist’s Certification

Pathologist Name:

Accredited Laboratory:

Signature:

Date:

This PD-L1 CPS report helps determine immunothesigybility (pembrolizumab) in
TNBC, with CPS>10 indicating PD-L1 positivity and suitability foreatment.
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ANNEXURE IX

pTNM Classification for Breast Cancer (AJCC 8th Edtion)

Tumor (T) — Primary Tumor
« pTO: No evidence of primary tumor
« pTis (DCIS/Lobular Carcinoma in Situ): Ductal camma in situ or lobular carcinoma
in situ
- pTis (Paget’s Disease): Paget's disease of thdenigphout underlying invasive
carcinoma
« pT1l: Tumor<20 mm
o pTla: >1 mm buk5 mm
o pTilb: >5 mm bukl0 mm
o pTic:>10 mm buk20 mm
«  pT2: Tumor >20 mm but50 mm
« pT3: Tumor >50 mm
« pT4: Tumor of any size with direct extension to thest wall and/or skin
o pT4a: Extension to the chest wall
o pT4b: Ulceration and/or ipsilateral satellite naziiin the skin
o pT4c: Both T4a and T4b features

o pT4d: Inflammatory carcinoma

Nodes (N) — Regional Lymph Node Involvement
« pNO: No regional lymph node metastasis
« pN1: Metastasis in 1-3 axillary lymph nodes oringg mammary nodes detected by
sentinel lymph node biopsy
o pN1mi: Micrometastases (0.2—2 mm)
o pN1la: Metastasis in 1-3 axillary lymph nodes (>2)mm
o PpN1b: Metastasis in internal mammary nodes
o pN1c: Combination of Nl1a and N1b
+  pN2:
o pN2a: Metastasis in 4—9 axillary lymph nodes
o PpN2b: Metastasis in clinically detected internalnmmaary nodes without

axillary involvement
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pN3:
o pN3a: Metastasis ir10 axillary nodes or infraclavicular nodes
o PpN3b: Metastasis in both axillary and internal maamymodes
o pN3c: Metastasis in supraclavicular lymph nodes

Metastasis (M) — Distant Metastasis

pMO: No clinical or radiographic evidence of distametastasis

cMO (i+): No evidence of distant metastasis bulaisa tumor cells in blood, bone
marrow, or non-regional lymph nodes

pM1: Distant metastasis confirmed by biopsy
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KEY TO MASTER CHART

S. No Serial Number
LI Lower Inner
Ul Upper Inner
LO Lower Outer
uo Upper Outer
DC Invasive Ductal

Carcinoma
P Present
Absent
Mo Moderate
Lo Low

Annexures
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ANNEXURE Xl

MASTER CHART
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40 324724 S1F Left T U0 oc P A P A Lo (s} 1573 N2 Mo S1x34 4 A 18
41 334/24 63 F Left 22 U0 I0oC P A P A Mo o < T2 N2 Mo 28x2s 2 A 15
42 2296/2. S5 F Right “4cC Ioc P A A A Lo [u] 30 T3 NO Mo S3x2zl 3 A 21
43 2819/24 S2 F Right 17 PLC P A P A Mo o <« T4 N1 Mo 25x5.2 3 A 20
44 3334/2. 38 F Left 13 Uo Ioc P P P A Lo (=} 0 T4 N1 M 23x5.¢ S A 13
45 4005/2¢ S3F Left 12C IoC A P A A Lo o ST3 NO M 36x2: 4 A 22
46 5544/24 43 F Right 3 U0 Ioc A A A A Mo w0 < T NO Mo 22x5¢€ 2 A 28
47 5312124 47 F Right 1B U IocC P P A A Lo [u] 15713 NO Mo 37x48 8 A 21
45 5365/24 S4 F Left 17 Uo Ioc P P A A Mo (=} 2T3 NO Mo 25x34 6 A 22
43 6218/24 63 F Left su Ioc 1] A A A A Mo o 80 T3 NO M 28x4r TA 22
50 203/25 S F Right 14 Ul Ioc ] P A A A Mo o < T4 NO Mo S4x3E€ 2 A 1

Page 85



