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SYNOPSIS

Background: Cervical cancer is the fourth most frequent cancer in women globally and the

. . 1
second most common cancer in India. M

The co-regulatory molecule programmed death-
ligand-1 (PD-L1), which is expressed on cancer cells and immune cells, reduces local
tumor immunity, allowing tumor cells to proliferate and metastasis. Mismatch repair
deficiency has been linked to a variety of cancers which has been shown to influence

response to anti-PD-L1 targeted therapy.

Objectives: To assess mismatch repair (MMR) status and programmed cell death-ligand 1
(PD-L1) expression in squamous cell carcinomas of the cervix and their correlation with

clinicopathologic parameters.

Materials and methods: Expression of PD-L.1 and mismatch repair status (MSH2, MSH6,
MLHI1 and PMS2) was assessed by immunohistochemistry on 50 cases of SCCs of the

cervix.

Results: PD-L1 expression was seen in 80% of tumors cells (40 out of 50 cases) and 42 out
of 50 cases (84%) showed PD-L1 expression in tumor-infiltrating lymphocytes (TILs). 40
out of 50 cases (80%) had a combined positive score > 1 (PD-L1 positive cases) whereas 10
out of 50 cases (20%) had a score of <1 (PD-L1 negative cases). Out of 50 cases, 47 cases
(94%) showed retained MMR proteins (MMR stable) while 3 cases (6%) showed MMR
deficiency. A statistically significant association was noted between PD-L1 expression in the

tumor and the grade of the tumor (p=0.022).

Conclusion: This study underscores the need for evaluation of the mismatch repair status of
these malignancies as a routine practice, as it will provide valuable information for
management and prognostication of the patients. Among the SCCs of the cervix, 80% of the
cases showed PD-L1 expression in the tumor and 6% of the cases were mismatch repair
deficient. Our study found no significant connection between mismatch repair status and PD-
L1 expression in tumors, however, this could be due to the small sample size. Additional
studies with a larger sample size are needed to enable the selection of patients who are likely

to benefit from targeted therapy.
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INTRODUCTION

Cervical cancer is the fourth most frequent cancer in women globally and the second most
common cancer in India". Approximately 90% of cervical cancers occur in low and middle
income countries that lack systematic screening and immunization programs against the
Human Papilloma Virus (HPV).”” China and India together contributed more than a third of
the global cervical cancer burden.” The treatment for cervical cancer depends on disease

extent at diagnosis and locally available resources.

The rate of new cases of cervical cancer was 7.5 per 100,000 women per year. The death rate

was 2.2 per 100,000 women per year.”’

An important factor in the development of precancerous lesions such as LSIL, HSIL and
cervical cancer is the presence of high-risk HPVs. It is well known that cytologic cancer
screening has dramatically reduced cervical cancer mortality as well as vaccination against

high-risk oncogenic HPV is another important aspect of cervical cancer prevention.”

The studies on DNA repair genetics and immune checkpoint mechanism plays an important
role in suppressing tumor specific immune responses within the tumor microenvironment.”’
Recent studies have provided a breakthrough in the understanding of tumor pathology. The
immune checkpoint proteins programmed cell death 1 (PDCD-1/PD-1) and programmed cell
death-ligand 1 (CD274/PD-L1) are expressed on both tumor cells and immune cells, which

have been reported to suppress anti-tumor T cell-mediated immune responses."’

PD-1/PD-L1, including PD-1 in lymphocyte and PD-L1 in the tumor cell, dendritic
lymphocyte and placenta cell also called the tumor immune checkpoint, play critical roles in
human immune regulation pathways and preventing effective antitumor immunity.” PD-
1/PD-L1 represents an adaptive immune resistance mechanism by providing inhibitory

signals, such as T cell inactivation and inhibition."”

Immunotherapy options like PD-1/PD-L1 antibody drugs such as pembrolizumab have been
started for cervical cancer and therefore PD-1/PD-L1 antibody drugs are regarded as a
potential strategy for cervical cancer patients.®”® Recent clinical findings indicate that
deficient DNA mismatch repair ({IMMR) can improve the anticancer effects of the PD-1/PD-
L1 pathway, implying that dMMR may act as a prognostic predictor of PD-1/PD-L1 antibody

therapies."”



The DNA mismatch repair (MMR) system coded by MMR genes, has a series of specific
proteins. This system can keep DNA replication fidelity by maintaining genetic integrity and
stability and avoiding replication mutations."”" MMR consists of six core proteins, MSH2,
MLH1, MSH3, MSH6, PMSH1 and PMSH2. Deficient MMR (dMMR) is the condition when
MMR proteins are deficient. Another MMR subgroup is proficient MMR (pMMR), a
counterpart phenomenon in which the patient has normal and biologically normal MMR

expression. These functions were analyzed by polymerase chain reaction (PCR). ®

Higher PD-L1 in cancer cells can be observed when patients are under AMMR status, rather
than under pMMR status, suggesting that cervical cancer patients with dMMR may achieve
higher therapeutic effects with PD-1/PD-L1 antibody drugs.” For patients with microsatellite
instability (MSI)- dMMR metastatic colorectal cancer who are refractory to standard
chemotherapy combinations, PD-1 blockade has emerged as a highly successful therapeutic

target. (1Y

This is a study evaluating the expression of the DNA mismatch repair (MMR) and
programmed cell death-ligand 1 (PD-L1) in Human papillomavirus (HPV) associated and

HPYV independent squamous cell carcinoma of the cervix.
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REVIEW OF LITERATURE

Cervical cancer is the world's fourth most prevalent cancer in women."” The majority of
cervical cancers are invasive squamous cell carcinomas and are caused by high-risk
papillomaviruses such as HPV types 16, 18, 45, or 56 and types 6, 11, 42, 43 and 44 are
designated low-risk viral types. HPV infection and its neoplastic implications dominate
cervical epithelial pathology, which has long been thought to be crucial for the development

of cervical cancer.”

The current WHO tumor classification varies from earlier editions in that it divides epithelial
tumors and their precursors based on their association (or lack thereof) with HPV infection. "
The distinction between HPV associated and HPV independent SCCs cannot be made
accurately based on morphological parameters alone; pl6 immunostaining or HPV testing is

required.

Since many HPV infections do not progress to morphologically identifiable lesions, the
presence of HPV DNA is necessary but not sufficient for the formation of squamous
intraepithelial lesions (SIL). Low grade squamous intraepithelial lesion (LSIL) develops when
HPV infection becomes productive in cells that have begun maturation, whereas High grade
squamous intraepithelial lesion (HSIL) is caused by virally driven clonal growth of cells
throughout the epithelium."> As there is no evidence of HPV independent precursor lesion,
all squamous intraepithelial lesions such as low grade intraepithelial lesions and high grade

intraepithelial lesions are classified into HPV related categories.'® "

Hypermethylation of CpG islands in the promoter regions of tumor suppressor genes is
common in HSIL but rare in LSIL. It appears to be important for malignant progression.
HSILs are thought to arise from a specialized type of squamocolumnar junctional cell that is
present between the transformation zone and the columnar epithelium and has a distinct

immunohistochemical signature. '®

Oncogenic proteins like E6, E7 which are produced by high risk HPV strains, inactivate
tumor suppressors, activate cyclins, prevent apoptosis and resist cellular senescence, resulting
in oncogenesis. The E6 protein interacts and degrades p53, as well as stimulates the

expression of telomerase reverse transcriptase (TERT). E7 binds to the RB protein and



displaces the E2F transcription factors normally sequestered by RB, promoting cell cycle

progression. E7 also inactivates the CDK inhibitors p21 and p27 resulting in oncogenesis.”

As the preinvasive lesion progresses into malignancy, the immune system also comes into
play. The PD-1/PD-L1 axis is a well-known immune check point system that has a
mechanism of immune evasion for cancer cells and hence inhibits the immune response in

numerous types of solid tumors.

MMR (mismatch repair) genes code for several particular proteins that make up the DNA
mismatch repair (MMR) mechanism. When MMR proteins are deficient or biologically
malfunctioning, the condition is described as deficient MMR (dMMR). Another MMR
subgroup is proficient MMR (pMMR), which is a counter-phenomenon in which the patient's
MMR expression is normal and biologically functional. By preserving genetic integrity and
stability, as well as preventing replication mutations, this mechanism can maintain DNA

replication fidelity.”

Effective treatment for patients with recurrent, persistent, or metastatic cervical cancer is
palliative therapy or chemotherapy. Inhibitors of programmed cell death-1/programmed cell
death-ligand 1 (PD-1/PD-L1) might be a novel option for improving these patients clinical

results.

Although the percentage of HPV independent SCCs in the cervix is very low, there is

currently no difference in treatment between HPV associated and HPV independent tumors.

However, the type of cervical SCCs (HPV associated or HPV independent) has to be

documented on the pathology report.'”

A morphological diagnosis without distinguishing between the two categories is an acceptable
option in cases where the facilities required to make this distinction are unavailable. There is
no evidence of HPV independent precursor lesion, squamous intraepithelial lesions being

grouped into a single HPV related category."

The world health organization categories of cervical neoplasm are as follows,""”



WHO C(lassification of tumors of the uterine cervix

Squamous epithelial tumors
Squamous metaplasia
Atrophy
Condyloma acuminatum
Low-grade squamous intraepithelial lesion
Cervical intraepithelial neoplasia, grade 1
High-grade squamous intraepithelial lesion
Cervical intraepithelial neoplasia, grade 2
Cervical intraepithelial neoplasia, grade 3
Squamous cell carcinoma, HPV-associated
Squamous cell carcinoma, HPV-independent

Squamous cell carcinoma NOS

Glandular tumors and precursors
Endocervical polyp
Mullerian papilloma
Nabothian cyst
Tunnel clusters
Microglandular hyperplasia
Lobular endocervical glandular hyperplasia
Diffuse laminar endocervical hyperplasia
Mesonephric remnants and hyperplasia
Arias-Stella reaction
Endocervicosis
Tuboendometrioid metaplasia
Ectopic prostate tissue
Adenocarcinoma in situ NOS
Adenocarcinoma in situ, HPV-associated
Adenocarcinoma in situ, HPV-independent
Adenocarcinoma NOS
Adenocarcinoma, HPV-associated

Adenocarcinoma, HPV-independent, gastric type



Adenocarcinoma, HPV-independent, clear cell type
Adenocarcinoma, HPV-independent, mesonephric type
Adenocarcinoma, HPV-independent, NOS
Endometrioid adenocarcinoma NOS

Carcinosarcoma NOS

Adenosquamous carcinoma

Mucoepidermoid carcinoma

Adenoid basal carcinoma

Carcinoma, undifferentiated, NOS

Mixed epithelial and mesenchymal tumors
Adenomyoma NOS
Mesonephric-type adenomyoma
Endocervical-type adenomyoma

Adenosarcoma

Germ cell tumors
Germ cell tumor NOS
Mature teratoma NOS
Dermoid cyst NOS
Endodermal sinus tumor
Yolk sac tumor NOS

Choriocarcinoma NOS

TNM and FIGO classification of carcinomas of the uterine cervix (1)

TNM Categories FIGO Stage | Definition

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ (preinvasive carcinoma)

T1 I Tumor confined to the cervix

Tla IA Invasive carcinoma is diagnosed only by
microscopy. Stromal invasion with a maximal
depth of 5.0 mm measured from the base of the




epithelium and a horizontal spread of 7.0 mm or
less
Tlal IA1 Measured stromal invasion 3.0 mm or less in
depth and 7.0 mm or less in a horizontal spread
Tla2 IA2 Measured stromal invasion more than 3.0 mm and
not more than 5.0 mm with a horizontal spread of
7.0 mm or less
T1b IB Clinically visible lesion confined to the cervix or
microscopic lesion greater than T1a/IA2
T1bl IB2 Clinically visible lesion 4.0 cm or less in greatest
dimension
T1b2 IB1 Clinically visible lesion more than 4.0 cm in
greatest dimension
T2 II Tumor invades beyond uterus but not to the
pelvic wall or lower third of the vagina
T2a ITA Tumor without parametrial invasion
T2al ITA1 Clinically visible lesion 4.0 cm or less in
greatest dimension
T2a2 ITA2 Clinically visible lesion more than 4.0 cm in
greatest dimension
T2b I1B Tumor with parametrial invasion
T3 III Tumor involves the lower third of the
vagina, extends to the pelvic wall, or causes
hydronephrosis or non-functioning kidney
T3a IIIA A tumor involves the lower third of the vagina
T3b I11B Tumor extends to the pelvic wall or causes
hydronephrosis or non-functioning kidney
T4 IVA Tumor invades mucosa of the bladder or
rectum or extends beyond the true pelvis

Table 1: T — Definition of Primary Tumor




Regional Lymph Nodes

NX Regional lymph nodes cannot be assessed
No No regional lymph node metastasis
N1 Regional lymph node metastasis
Table 2: Definition of Regional Lymph Node (N)
M Distant Metastasis
Mo No distant metastasis
M1 Distant metastasis (includes inguinal lymph

nodes and intraperitoneal disease). It excludes
metastasis to the vagina, pelvic serosa and

adnexa.

Table 3: Definition of Distant Metastasis (M)

pTNM Pathological Classification

The pT and pN categories correspond to the T and N categories.

pNo Histological examination of a pelvic lymphadenectomy specimen will
ordinarily include 10 or more lymph nodes. If the lymph nodes are
negative, but the number ordinarily examined is not met, classify as pNo.

pM Distant Metastasis

pM1 Distant metastasis microscopically confirmed

Table 4: pTNM Pathological Classification

pMo and pMX are not valid categories

The TNM and FIGO staging is based on the size and extent of the tumor, whereas WHO

classification is based upon histomorphology along with the association of human

papillomavirus infection.(1)




Pathogenesis of Human Papillomavirus (HPV)

Human papillomavirus (HPV) infection and its neoplastic implications dominate cervical
epithelial pathology and HPV infection has generally been thought to be required for the
development of cervical cancer. ‘" It can lead to a variety of disease processes, including
genital warts, dysplastic lesions and invasive malignancies of the anus, penis, vulva, vagina,
cervix and oropharyngeal cancers. HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59
are carcinogenic in the uterine cervix, according to the International Agency for Research on

Cancer.'”

HPV is a 55-nm icosahedral, nonenveloped, 8000-base-pair, double-stranded DNA virus. An
early (E) gene area, a late (L) gene region and a noncoding section with regulatory elements
make up the HPV genome. Early in the development cycle, the E1, E2, E5, E6 and E7
proteins are expressed and are needed for viral replication and cellular transformation.
Malignant transformation is caused by the E6 and E7 proteins, which target the human cell-

cycle regulators p53 and Rb (retinoblastoma protein) degradation. ©

HPV targets basal keratinocytes after microtrauma resulting in exposure of these cells to the
virus and the virus completes the replication cycle in these cells. CD4+ T cell regulation is

particularly important in controlling HPV infections.

The viral oncogenes E6 and E7 interfere significantly with apoptosis and cell cycle control in
transforming HPV infection. It is known that the E6 protein produced by high-risk HPV types
16 and 18 can combine with the p53 protein and cause the same functional consequence as a
pS3 gene mutation. The E7 protein of HPV-16 is also shown to bind to the Rb protein
encoded by the retinoblastoma gene (Rbl). The interaction between E7 and Rbl is
responsible for the significant elevation of pl6 protein expression in high-risk human
papillomavirus (HR-HPV) infected lesions. The absence of block-type pl6 immunopositivity
in lesions infected with low-risk human papillomavirus (LR-HPV) types is explained by the
fact that LR-HPV E7 proteins do not trigger p16 overexpression."’ The p53 and Rb proteins
participate in the activity at the G1-S cell cycle checkpoint that normally causes cells with

DNA damage to undergo either cellular arrest at G1 or apoptosis.

The cellular tumor suppressor protein pl6INK4a (p16) has been identified as a biomarker for
transforming HPV infections."” Affected cells overexpress pl6 to compensate for the

irregular cell cycle activation; however, because E2F is produced via E7 rather than CDK4/6,



pl6 expression does not affect cell cycle activation. ) Literature shows that high T-cell
response to E2 protein is linked to a lack of cervical disease development in women with

HPV type 16 infection. ©

HPV-independent cervical carcinomas are often more aggressive than HPV-associated
carcinomas in other anatomical locations such as the oropharynx and the vulva, a feature that
is becoming clinically important. Persistent HPV infection is the most significant risk factor
for cervical cancer. Controlling the development of HPV infection is enhanced by a cell-

mediated immune response.

Screening tests such as Papanicolaou (Pap test), HPV DNA test and biopsy for
histopathologic and immunohistochemistry study can help detect cervical cancer and
precancerous cells and the latter is the gold standard for diagnosis. Since the introduction of
the Papanicolaou (Pap-test) cytological screening for cervical precancerous lesions in the

1940s, the incidence and death from cervical cancer have decreased significantly.

The introduction of human papillomavirus (HPV) DNA testing into clinical practice raised

hopes for improved primary screening, triage and post-treatment monitoring.

The discovery of HPV as an etiological factor in HPV related cancers opens up the possibility

of controlling these cancers by vaccines and other targeted therapies.

Programmed death -1/ Programmed death ligand- 1 (PD-1/PD-L1)

The T cell-based immune system has been developed to recognize and eliminate abnormal
cells, such as pathogen-infected cells and cancer cells. The binding of the T cell receptor
(TCR) on T cells to peptide-major histocompatibility complexes (MHC) on target cells results
in the detection of such aberrant cells. These checkpoint pathways play an important role in
preventing tissue damage and maintaining self-tolerance by controlling the amount and
functional activity of antigen-specific T lymphocytes.”” Among all immune checkpoints, the
PD-L1/PD-1 pathway has stood out because of its proven value as a therapeutic target in a

large number of malignancies.
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Overview of the PD-1/PD-L1 pathway
Programmed death ligand 1 (PD-L1)

Programmed death ligand 1 (PD-L1), otherwise known as B7-H1 or CD274, is the first
functionally characterized ligand of the coinhibitory programmed death receptor 1 (PD-
1). PD-L1 is encoded by the PDCDLI1 gene and is found on chromosome 9 in humans at
position p24.1.(23) The biological actions of PD-L1 are dependent on its ability to bind to PD-
1.

PD-L1 is usually expressed by macrophages, some activated T cells and B cells, dendritic
cells and some epithelial cells, particularly under inflammatory conditions and also expressed
by tumor cells as an “adaptive immune mechanism” to escape anti-tumor responses.”" By
binding to its receptors and activating proliferative and survival signaling pathways, PD-L1

acts as a pro-tumorogenic factor in cancer cells.

By negative selection of autoreactive lymphocytes and establishment of immunological
tolerance in secondary lymphoid organs, the PD-1/PD-L1 pathway plays a key role in central
and peripheral tolerance. In tumor-infiltrating lymphocytes, persistent up-regulation of PD-1
is very common. PD-L1 expresses on the surface of cervical tumor cells, APCs and TILs,
while the PD-1 positive cells were mostly identified as T cells in the stroma of cervical

tumors. (12)

PD-1/PD-L1 axis can be modulated by various signals in cancer cells. These are mainly
PI3K/AKT signaling pathway, MAPK signaling pathway, JAK-STAT signaling pathway,

WNT signaling pathway and Hedgehog signaling pathway.*®

PD-L1 has been researched in various cancers besides cervical cancer. For example, PD-L1
expression has been linked to local recruitment of PD-L1-positive CD8+ T cells in invasive

lobular and ductal breast cancer. ©

PD-L1 expression is common to 70% of epithelial ovarian cancer. It has an inverse
relationship with CD8+ T cells, which suppresses the antitumor cytotoxic response and is a

well-known prognostic factor in epithelial ovarian cancer.*”

In colorectal cancer, tumor expression of PD-L1 is infrequent (5%) and strongly associated
with PD-1-positive lymphocytic infiltrate and the mismatch-repair deficiency (MMR-d).*®

PD-L1 expression has been associated with poor clinical outcomes. PD-L.1 expression is
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regulated by several inflammatory cytokines and PD-1/PD-L1 binding can trigger active T-

cell death and interleukin-10 (IL-10) expression as a negative feedback mechanism.*”

According to recent clinical observations, deficient DNA mismatch repair (AIMMR) is capable
of improving antitumor effects of the PD-1/PD-L1 pathway, suggesting that PD-L1
expression is higher in, deficient DNA mismatch repair (AIMMR) patients than in proficient
MMR (pMMR) patients, suggesting that PD-1/PD-L1 antibody therapies may be effective in
dMMR cervical cancer patients and may act as a prognostic indicator of PD-1/PD-L1
antibody drugs. @ Anti-PD-1 checkpoint inhibitor immunotherapy has enhanced tumor
response and survival. Pembrolizumab was demonstrated in phase Ib KEYNOTE-012 and
single-arm phase II KEYNOTE-055 studies to have an 18% response rate and a median

overall survival of 6 to 8 months in treated, recurrent and metastatic patients.ao)

Programmed cell death protein 1 (PD-1)

PD-1, also known as CD279, was identified in 1992 in IL-3-deprived LyD9 (murine
hematopoietic progenitor) and 2B4-11 (murine T-cell hybridoma) cell lines.®” PD-1 is a 55-
kDa transmembrane protein of 288 amino acids that includes an extracellular N-terminal

domain (IgV-Like), a membrane-permeating region and a cytoplasmic tail with two tyrosine

bases at the N and C end.

PD-1 is an inhibitor of both adaptive and innate immune responses and is found on activated
T, NK and B lymphocytes, macrophages, dendritic cells (DCs) and monocytes. It is

overexpressed in tumor-specific T cells.””

Transcription factors such as a nuclear factor of activated T cells, NOTCH, Fork head box
protein (FOX) Oland interferon (IFN) regulatory factor 9 (IRF9) may be involved in PD-1

transcription. ¥

PD-1 is produced in exhausted T cells (CD8) during persistent infections and the FOXO1
transcription factor attaches to the PD-1 promoter to boost its expression. Leakage from
cancer cells increases the expression of the c-FOS component, which increases the expression

of PD-1. So PD-1 plays two opposing roles, as it can be both beneficial as well as harmful.*®
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The Mismatch Repair Status

Microsatellites are short, tandemly repeated (usually 10-60 times) sequences of
mononucleotide, dinucleotide, or higher-order nucleotide repeats. These sites are prone to
DNA replication errors. It is estimated that the replicative DNA polymerases make errors
approximately once for every 10* and 10° nucleotides that they polymerize. © Thus, each time
a cell divides, polymerase errors occur, which must be corrected through the combined
actions of proofreading activity of polymerase enzyme. However, some errors always escape

proofreading, which is effectively corrected through the mismatch repair (MMR) system.

MLHI, MutS protein homolog 2 (MSH2), MutS homolog 6 (MSH6) and PMS1 homolog 2
(PMS2) are the main proteins involved in this MMR system. These interact as heterodimers:
MSH?2 couples with either MSH6 or MSH3 and MLH1 couples with PMS2 or MLH3. MSH2
and MSH6 proteins create a heterodimeric complex (mutS) that aids in the recognition of
mismatched nucleotides and thereby initiates DNA repair. When it binds to the mismatched
nucleotides, it undergoes an ATP-dependent conformational shift, which recruits mutL, a

heterodimeric MLH1 and PMS2 complex.

The repair complexes make sure that the newly synthesized strand of DNA is the one that has
to be repaired. Microsatellite instability is a trait that occurs when the MMR system develops
a functional error or defect (MSI). Patients with a defect in any of these components or, in a
gene upstream of MSH2 that encodes the epithelial cell adhesion molecule (EPCAM), will
develop a “mutator phenotype” with numerous frameshift mutations. This results in the
microsatellite instability-high (MSI-H) phenotype, closely related to carcinogenicity of

hereditary and sporadic tumors.

Various methods are available for identifying MMR proteins. Immunohistochemistry analysis
of MMR proteins (MLH1, MSH2, MSH6and PMS?2) is commonly used as an alternative to
MSI to detect MMR deficiency in clinical practice. The absence of PMS2 expression alone
indicates a defect in the PMS2 gene. However, the loss of both PMS2 and MLHI1 suggests
that the defect is in MLH1, as MLHI1 is responsible for PMS?2 stability. MSH6 and MSH?2 are
in a comparable situation, with loss of MSH6 exclusively indicating defective MSH6,

whereas lack of expression of both proteins indicates the issue is inside MSH2.%”)

Feng et al conducted a study in 2018 had collected sixty-six patient samples of squamous cell
carcinoma and data of their clinical characteristics were gathered. Based on these samples, the

expression levels of MLHI, MSH2 and PD-L1 in cancer cells were tested by
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immunohistochemical assay (IHC). According to the expression of MLHI1, MSH2 and the
MSI test, all 66 cases were divided into deficient DNA mismatch repair (AIMMR) or proficient
DNA mismatch repair (pMMR) groups. In this study, results show 25.8% were associated
with deficient MMR. PD-L1 in cancer cells, PD-L1 in tumor-infiltrating cell (TILs) and PD-1
in TILs took up 59.1%, 47.0% and 60.6%, respectively. When compared to pMMR patients,
dMMR patients have higher PD-L1 expression, suggesting that PD-1/PD-L1 antibody
therapies could be beneficial in dIMMR cervical cancer patients. Furthermore, AIMMR may be
a molecular detection target for clinical use of PD-1/PD-L1 antibody therapies in patients with

reproductive age groups."”

Z Chinn et al. conducted a study in 2018, with a sample size of sixty-five cases of cervical
and vulvar intraepithelial neoplasia and SCCs was diagnosed during 2014 to 2017 were
assessed for Indoleamine 2,3- dioxygenase (IDO) and PD-L1 expression. Using the combined
positive score (CPS) threshold of 1 to account for both tumoral and immune staining. This
study suggests that combination immunotherapy may have a function in a subset of cervical

and vulvar squamous cell carcinoma than intraepithelial lesions.®®

Chung et al conducted a study in 2019, on 98 patients who were positive for PD-L1 and
advanced cervical cancer were treated with single lined drug (pembrolizumab) from January
27, 2016, to August 18, 2016. They concluded that pembrolizumab has durable antitumor
activity and manageable safety in patients with advanced cervical cancer. Based on these
findings, the US Food and Drug Administration gave pembrolizumab accelerated approval for
patients with advanced PD-L1 positive cervical cancer who progressed during or after

chemotherapy. ¥

E K Enwere et al conducted a study that included 120 women with locally advanced cervical
cancer (International Federation of Gynecology and Obstetrics stages IB to IVA) between
1999 and 2008. They found that the combination of robust PD-L1 expression, extensive T-cell
infiltration, altered immune function from human papillomavirus effect and/or a high degree
of somatic mutations which indicate that cervical cancers may be excellent candidates for PD-

1/PD-L1 blocking immunotherapies.”®

W. Yang et al. studied 20 SCCs patients with or without metastasis. They performed
immunohistochemistry to detect PD-L1 expression in tumor cells and PD-1 expression in

tumor-related macrophages and tumor-infiltrating lymphocytes, along with P16INK4a

14



expression and interferon- levels in cervical tissues. According to their findings, an increase in
PD-L1 and PD-1 expression was associated with HPV positivity and overexpression of the
PD-1/PD-L1 pathway was linked to lower levels of the proinflammatory cytokine interferon-

and higher levels of P16INK4a.“”

Reddy et al. conducted a study in 2017, based on immunohistochemical staining for PD-L1
expression performed on a tissue microarray of 101 normal and neoplastic cervical tissues.
The expression of PD-L1 was graded using a scoring system that took into account the
percentage and degree of the positive score and concluded as significant expression of PD-L1
in 34.4% of cervical carcinomas and no expression of PD-L1 in benign cervical tissues. They
concluded that anti-PD-L1/PD-1 immunotherapies may have a role in the treatment of PD-L1-

positive cervical cancers. “?

This study aims to evaluate DNA mismatch repair status (MMR) and programmed cell death-
ligand 1 (PD-L1) expression in Human papillomavirus (HPV) associated and independent

squamous cell carcinomas of the cervix.
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AIM AND OBJECTIVES

Aim:

To study mismatch repair deficiency status and the expression of programmed cell death
ligand 1 (PD-L1) receptor status in histopathologically diagnosed cases of squamous cell

carcinoma of the cervix.

Objectives:
Primary objectives:

1. To study the expression of programmed cell death ligand 1 in squamous cell carcinoma of

the cervix
2. To study the mismatch repair deficiency in squamous cell carcinoma of the cervix
Secondary objective:

To study the relation between PD-L1 expression and mismatch repair deficiency if any.
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MATERIALS AND METHODS

Type of study

The study was an ambispective type of observational study.

Data collection

The study included small biopsy specimens of cervical carcinoma in the Department of
Pathology and Lab Medicine at AIIMS, Jodhpur from the year January 2018 to July 2021.

The study was started after receiving approval from the institutional review board.

All the slides diagnosed for squamous cell carcinomas cervix were reviewed, antibodies for
programmed cell death ligand 1 (PD-L1) and mismatch repair deficiency by MSH2, MLH1,

MSH6 and PMS2 were applied on the tumor containing representative section.

Duration of study

January 2018 to July 2021

Ethical clearance
The study was approved by the institutional ethics committee on 01/01/2020.
* Certificate No.: AIIMS/IEC/2019-20/949

Inclusion criteria:

50 biopsies of squamous cell carcinoma of the cervix received in the Department of Pathology

and Lab Medicine at AIIMS Jodhpur from January 2018 to 2021 were included in this study.

Exclusion criteria:
. Inadequate samples
. Any previous chemotherapy or radiotherapy given

Sample size calculation

17



We enrolled all patients with squamous cell carcinoma of the cervix coming to AIIMS
Jodhpur in the study from January 2018 to 2021. Data was entered in an excel sheet.

Considering the level of significance of 5%, the sample size determination is as follows.

Formula used for sample size determination:

n=7"xP(1-P)/d’

Where n = sample size

Z (statistic for a level of confidence of 95%) = 1.96
P = Prevalence

d (assumed) = Precision = 10%

Considering the references of Feng et al, the prevalence of squamous cell carcinoma of the

cervix is 59%. Substituting these values in the above equation and based on the study, the

. . - (66
sample size was 50 cases of squamous cells carcinomas of cervix.®”

Sample processing

After approval from the Institutional ethics committee, the study was started. Informed

consent was obtained from the patients.

Grossing of cervical small biopsy specimen:
10% formalin-fixed cervical biopsy specimens were measured and processed.

Paraffin blocks were prepared using routine histopathological techniques. Thin sections (4-5
pum) were stained with routine Hematoxylin and Eosin (H&E). Light microscopy results and
histopathological gradings were recorded. The appropriate representative blocks were

subjected to immunohistochemistry (IHC).

18



1) Steps of block preparation and section cutting

After the representative sections were taken, tissue was processed as follows:

1. Dehydration was carried out by passing the sections through a series of ascending grades of

ethyl alcohol, from 50%, 70%, 95% to absolute alcohol.
2. The clearing was done by passing the tissue through two changes of xylene.
3. Impregnation was done in molten paraffin wax which had a melting point of 54 — 62°C.

4. Embedding: Embedding station (Leica EG 1150 H) was used through which a small
amount of liquid paraffin was layered into aluminum molds. Properly oriented tissues were
placed inside the molds, which were then filled with liquid paraffin 60 — 62°C and allowed to

cool and harden. The lower portion of the cassette with an identification number was used as

the final block.

5. Microtomy: Microtome (Leica-RM?2255) was used and thin ribbons (4-5 um) were cut and
floated in warm water (~56°C) for expansion of the curled sections. These sections were then

collected on frosted glass slides and kept for drying.

2) Staining of sections: (for H and E stain)

1. Deparaffinization — The glass slides containing the tissue sections were kept over the hot
plate at 60 °C for 10 minutes, followed by two changes in xylene (Xylene I & Xylene II), 10
minutes each.

2. Hydration — Through graded alcohol (100%, 95%, 70%, 50%) to water, 10 minutes

respectively.

3. Hematoxylin — The sections were kept in Harris’s Hematoxylin for 5 minutes.

4. Washing — The sections were washed well in water for 2 minutes.

5. Differentiation — Done in 1% acid alcohol (1% HCI in 70% alcohol) for 10 seconds.

6. Washing — Done under running tap water (usually for 15 — 20 minutes) until the sections

‘blue’.
7. Eosin — Stained in 1% Eosin Y for 10 seconds.

8. Washing — Done in running tap water for 2 minutes.
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9. Dehydration — Through graded alcohol (50%, 70%, 95%, 100%), 10 minutes each.

10. Clearing —Through xylene (Xylene II & Xylene I), 2 minutes each.

11. Mounting — The sections were mounted in DPX with a coverslip.

3) Immunohistochemistry

Antibodies used:

Primary antibody:

Ready to use.

For identifying programmed death-ligand status PD-L1 antibody was used.

- PD-L1 (Programmed death-ligand 1: Prediluted, Clone: CAL10, Company: Biocare
Medical)

For identifying mismatch repair status PMS-2, MLH-1, MSH-2 and MSH-6 were used

- PMS-2 (postmeiotic segregation 2, Preparation: Prediluted, Clone: A16-4, Company:
Biocare Medical)

- MSH-2 (mutS homologue 2, Mouse monoclonal antibody, Preparation: Ready to use, Clone:
DBM15.82, Company: Diagnostic BioSystems)

- MSH-6 (mutS homologue 6, Mouse monoclonal antibody, Preparation: Ready to use, Clone:
44, Company: Diagnostic BioSystems)

-MLH-1 (mutL. homologue 1, Mouse monoclonal antibody, Preparation: Ready to use, Clone:

G168-15, Company: Diagnostic BioSystems)

Secondary Antibody: Bond Polymer Refine Detection, Leica

- Peroxide block, 3-4%(v/v)

- Post Primary, Rabbit anti-mouse IgG in 10% (v/v) animal serum in tris-buffered saline

- Polymer, Anti-rabbit Poly-HRP-IgG containing 10% (v/v) animal serum in tris-buffered
saline

- DAB Part 1, in stabilizer solution

- DAB Part B <0.1% (V/V) Hydrogen peroxide in stabilizer solution

- DAB Part B <0.1% (V/V) Hydrogen peroxide in stabilizer solution

- Hematoxylin, 0.1%
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Steps of IHC staining:

A. Preparation of Buffer—Two types of buffers were used.

1. Wash Buffer

2. Antigen Retrieval Buffer (ARB)

Wash buffer preparation: 6 gm powdered TRIS buffer salt was dissolved into 1 liter of
distilled water and pH was set at 7.4.

ARB preparation: 6.05 gm TRIS salt and 0.744 gm EDTA salt were dissolved in 1 liter of
distilled water, pH was set at 9.0.

Note:
. To increase the pH, NaOH solution was added drop by drop and pH was titrated.
. To decrease the pH, HCI was added drop by drop and pH was titrated.

B. Preparation of Poly-L-Lysine Solution (PLL Solution):

1 ml of PLL was diluted with 9 ml of distilled water (1 in 10 dilutions).
C. Slide Coating Procedure:

Step 1: Diluted PLL solution was taken in a clean container/Coplin jar
Step 2: Both sides of the glass slides were cleaned with tissue paper

Step 3: The clean slides were immersed in a PLL solution for 5 minutes

Step 4: After 5 minutes, the coated slides were removed and kept overnight for air drying. The
coated slides were kept at room temperature. Tissue sections of 4 p thickness were obtained
on the PLL coated slides.

Baking: The slides were kept at 60°C for 1 hour and then cooled to room temperature.

IHC staining procedure

Step 1: Deparaffinization — The slides were kept in Xylene 1 (10 minutes), followed by
Xylene II (10 minutes).

Step 2: Rehydration — The slides were kept in 100%, 70%and 50% alcohol for 5 minutes each
followed by running tap water for 5 minutes.

Step 3: Antigen retrieval — by pressure cooker method ©*. 200 ml of clean tap water was

taken in the empty pressure cooker and heated up to the steam formation. The slides were
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placed in a rack. 300 ml of ARB was put in the container and the rack with slides was placed
inside the container. Then the container containing the rack with slides, was placed inside the
pressure cooker and the lid was closed. After two whistles the pressure was released by lifting
the air vent and allowed to cool till it reached room temperature.

Step 4: Wash — Slides were washed in Wash Buffer (pH7.4) thrice at a 1-minute interval.

Step 5: Peroxide blocking — Blocking reagent was added to the sections and incubated for 10
minutes in the Humidity chamber at room temperature. This step prevents unwanted, non-
specific background staining.

Step 6: The peroxide was decanted and not washed with buffer.

Step 7: Primary antibody — PD-L1, MSH-2, MSH-6, MLH-1and PMS-2 was added to the
sections and incubated in the Humidity chamber for one hour.

Step 8: Wash — After that slides were washed in Wash Buffer (pH 7.4) thrice at a 1-minute
interval.

Step 9: Amplifier — Amplifier was added over the sections and incubated for 30 minutes in the
Humidity chamber at room temperature.

Step 10: Wash — The slides were washed in Wash Buffer (pH 7.4) thrice at a 1-minute
interval.

Step 11: HRP label — The HRP was added and incubated for 30 minutes in the Humidity
chamber at room temperature.

Step 12: Wash — The slides were washed in Wash Buffer (pH 7.4) thrice at a 1-minute
interval.

Step 13: DAB — The DAB chromogen was applied to the sections and incubated in the
Humidity chamber for 10 minutes, avoiding light exposure as much as possible.

Step 14: Wash — The sections were washed in distilled water twice at a 1-minute interval.

Step 15: Counterstain — Slides were counterstained using Harris Hematoxylin for 2-3 minutes.
Step 16: Wash — The slides were washed in running tap water for 5 minutes.

Step 17: Dehydration — was done in graded alcohol (50%, 70%, 95%, 100%), 1 minute each.
Step 18: Mounting — Slides are air-dried, mounted with DPX and examined under the

microscope.
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Interpretation of immunohistochemical stains:
Scoring
Programmed Death- Ligand 1 (PD-L1)

Expression of PD-L1 in the tumor was quantified manually and classified as positive when
staining (PD-L1: membranous) was present in >1% of tumor cells. Staining extent was further
characterized in the following subcategories:

1-5%, 6-10%, 11-25%, 26-50%and >50%. The 1% threshold for positivity was selected
based on data demonstrating clinical response to PD-L1 inhibition. Immune
microenvironment staining was scored positive, when >1% of peritumoral and intratumoral
immune cells showed reactivity. It was subdivided as 1-10%, 11-25%, 26-50% and >
50%.°%

Percentage (PD-L1 expression by CPS) Interpretation
<1% Negative
1-5% Positive
6-10% Positive
11-25% Positive
26-50% Positive
>50% Positive

Table 5: Interpretation of PD-L1 Immunohistochemistry (IHC)

Percentage (Tumor-infiltrating lymphocytes (TILs) | Interpretation
<1% Negative
1-10% Positive
11-25% Positive
26-50% Positive
>50% Positive

Table 6: Interpretation of Tumor-infiltrating lymphocytes (TILs)
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Combined positive score (CPS)

The combined positive score was determined manually and was based on the equation

described previously for gastric and gastroesophageal junction cancers.

CPS = [(number of PD-L1-positive tumor cells and mononuclear inflammatory cells)/(total

number of tumor cells)].

In the CPS system, immune cell scoring is based on PD-L1-positive lymphocytes and
macrophages (‘mononuclear inflammatory cells’) identified in association with a tumoral

immune response.

This includes both intratumoral immune cells and peritumoral immune stromal cells, but not

immune cells in stroma distant from the tumor. ¢®

Control of IHC

Mismatch Repair (MMR) panel
Positive control

¢ Nuclei of stromal cells

* Nuclei of lymphocytes

Interpretation of IHC
Positive: Any nuclear staining within the tumor cells

Negative: Complete absence of nuclear staining within the tumor cells with concurrent

internal control positive

When all four antibodies showed positive nuclear staining of the tumor cells, the cases were
classified as MMR proficient (pMMR) and when one or more antibodies showed no nuclear

staining of the tumor cells it was classified as MMR deficient (AIMMR). (43)
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A: H&E image, Block type positivity

&l

associated SCC of the cervix
Inset: B 40X

Photomicrograph 1: HPV

b

in the tumor cells. B:10X
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Photomicrograph 2: HPV independent SCC of the cervix, A: H&E image, with the absence of
block type positivity in the tumor cells. B:10X, Inset: B, 40X
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Photomicrograph 3: A case of Well differentiated Keratinising Squamous Cell Carcinoma of

the cervix with the presence of PD-L1 expression in tumor cells (A) and PD-L1 in TILs (B).
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Photomicrograph 4: A case of Moderately differentiated Keratinising Squamous Cell
Carcinoma of the cervix with the presence of PD-L1 expression in tumor cells (A) and PD-L1

in TILs (B).
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Photomicrograph 5: Squamous Cell Carcinoma of the cervix. The tumor is mismatch repair

proficient and shows retained MSH-2 protein (A).

Photomicrograph 6: Squamous Cell Carcinoma of the cervix. The tumor is mismatch repair

proficient and shows retained MSH-6 protein (B).
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Photomicrograph 7: Squamous Cell Carcinoma of the cervix. The tumor is mismatch repair

proficient and shows retained MLH-1 protein (C).

Photomicrograph 8: Squamous Cell Carcinoma of the cervix. The tumor is mismatch repair

proficient and shows retained PMS-2 protein (D).
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OBSERVATIONS AND RESULTS

This study was an ambispective, observational hospital-based study conducted on 50 cases of
squamous cell carcinomas (SCCs) of the cervix (from January 2018 to July 2021) at the All
India Institute of Medical Sciences (AIIMS), Jodhpur in the Department of Pathology and
Lab Medicine.

Age distribution

Histogram

Mean = 56.28
Std. Dev.=11.7
N=50

Frequency

30 40 50 60 70 80 90

Age

Figure 1: Age distribution of squamous cell carcinomas of the cervix with mean and standard

deviation (SD)

Age (years) Frequency n=50 Percentage
30-40 7 14.0
41-50 7 14.0

51-60 16 32.0

61-70 17 34.0

71-80 1 2.0

81-90 2 4.0

Table 7: Age distribution in SCCs of the cervix
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The age of the patients in the study ranged from 33 years to 81 years, with a mean age of

56.28 years with a standard deviation of 11.74 and a median age of 58.00 years. Maximum

number of patients was between 60-70 years of age group (17 out of 50, 34%).

Tumor grade

Tumor grade

Frequency (percentage)

n=50
Well-differentiated squamous cell carcinoma | 2 (4%)
Moderately differentiated squamous cell 40 (80%)
carcinoma
Poorly differentiated squamous cell 8 (16%)

carcinoma

Table 8: Tumor grade in SCCs of the cervix

Poorly differentiated
squamous cell
carcinoma, 16%

Tumor grade

Well differentiated
squamous cell
carcinoma, 4%

Moderately

differentiated
squamous cell

carcinoma, 80%

m Well differentiated squamous cell carcinoma
= Moderately differentiated squamous cell carcinoma

= Poorly differentiated squamous cell carcinoma

Figure 2: Tumor grade in SCCs cervix




Type of cancer Frequency (Percentage)
(Keratinising/Nonkeratinising) n=50

Keratinising squamous cell carcinoma 45 (90%)
Non-keratinising squamous cell carcinoma 5 (10%)

Table 9: Type of cancer in SCCs of the cervix

Type of cancer

Non-keratinizing
squamous cell
carcinoma , 10%

Keratinizing
squamous cell
carcinoma, 90%

= Keratinizing squamous cell carcinoma = Non-keratinizing squamous cell carcinoma

Figure 3: Type of cancer in SCCs cervix

In this study, 40 out of 50 cases (80%) were diagnosed with moderately differentiated
squamous cell carcinomas, 8 out of 50 cases (16%) were poorly differentiated squamous cell
carcinomas and only 2 out of 50 cases (4%) were well-differentiated squamous cell

carcinomas.

Among the 50 patients, 45 (90%) had keratinising squamous cell carcinomas, whereas 5

(10%) had non-Keratinising squamous cell carcinomas.

Even though the current WHO classification does not advocate the grading of SCCs, it was

performed in the study.”
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Tumor necrosis

Tumor necrosis Frequency (Percentage)
n=50

Present 15 (30%)

Absent 35 (70%)

Table 10: Tumor necrosis in SCCs of the cervix

Tumor necrosis

H Present m Absent

Figure 4: Tumor necrosis in SCCs of the cervix

Fifteen out of 50 cases (30%) showed tumor necrosis whereas 35 out of 50 cases (70%), did

not show tumor necrosis.

Dysplasia

Dysplasia Frequency (Percentage)
n=50

Present 23 (46%)

Absent 27 (54%)

Table 11: Dysplasia in SCCs of the cervix
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Dysplasia

m Present m Absent

Figure 5: Dysplasia in SCCs of the cervix

Twenty three out of 50 patients (46%) in the study, showed high-grade dysplasia/high grade
squamous intraepithelial lesion (HSIL) in the adjacent stratified squamous epithelial lining.
Twenty seven out of 50 cases (54%) did not show dysplasia. However, this could be

sampling bias as the study was on biopsy samples and not on the resection specimens.

Lymphovascular invasion and perineural invasion
None of the cases showed lymphovascular invasion or perineural invasion. However, this
could be a sampling bias as the study was done on biopsy samples, not on the resection

specimens.

Tumor infiltrating lymphocytes (TILs)

Tumor infiltrating lymphocytes Frequency (percentage)
n=50

Present 50 (100%)

Absent 0 (0%)

Table 12a: Tumor infiltrating lymphocytes (TILs) in SCCs of the cervix
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Tumor infiltrating lymphocytes grading

Frequency (percentage)

n=50
<1% 0
1-10% 11 (22%)
11-25% 16 (32%)
25-50% 13 (26%)
>50% 10 (20%)

Table 12b: Tumor infiltrating lymphocytes (TILs) in SCCs of the cervix

>50%
20%

25-50%
26%

Tumor infiltrating lymphocytes

B<1% w1-10% w11-25% =25-50% m>50%

1-10%
22%

Y

11-25%
32%

Figure 6: Tumor infiltrating lymphocytes (TILs) in SCCs of the cervix

All the cases in the study showed tumor infiltrating lymphocytes (TILs). Maximum cases had
between 11-25% TILs (16/50 cases, 32%). 10 cases (20%) had >50% TILs.

Human papillomavirus (HPV) associated and HPV independent squamous cell

carcinomas

Squamous cell carcinomas

Frequency (Percentage)

n=50
HPYV associated 47 (94%)
HPV independent 3 (6%)

Table 13: Human papillomavirus (HPV) associated and HPV independent squamous cell

carcinomas (SCCs) of the cervix
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Figure 7: Human papillomavirus (HPV) associated and HPV independent squamous cell

carcinomas of the cervix

Most of the cases of cervical squamous cell carcinomas (47/50, 94%) in the current study,

were HPV-associated. Only 3 cases (6%) were HPV independent.

PD-L.1 expression in tumor cells

PD-L1 expression in tumor cells

Frequency (percentage)

n=50
Present 10 (20%)
Absent 40 (80%)

Table 14a: PD-L1 expression in tumor cells in SCCs of the cervix

PD-L1 expression in tumor cells

Frequency (percentage)

n=50
<1% 10 (20%)
1-5% 12 (24%)
6-10% 3 (6%)
11-25% 6 (12%)
26-50% 9 (18%)
>50% 10 (20%)

Table 14b: PD-L1 expression in tumor cells in SCCs of the cervix

37




PD-L1 expression in tumor cells

20% 20%

18%
24%

12% 6%
51-5% w6-10%

u<1% 11-25% m26-50% m>50%

Figure 8: PD-L1 expression in tumor cells

Most of the cases expressed PD-L1 in tumor cells (40 out of 50 cases, 80%). Maximum

number of cases,12 out of 50 cases (24 %), had PD-L1 expression in 1-5% of the tumor cells.

10 cases (20%) showed PD-L1 expression in >50% of the tumor cells.

PD-L1 expression in tumor infiltrating lymphocytes (TILs)

PD-L1 expression in tumor infiltrating

Frequency (percentage)

lymphocytes (TILs) n=50
<1% 8 (16%)
1-10% 18 (36%)
11-25% 10 (20%)
25-50% 10 (20%)
>50% 4 (8%)

Table 15: PD-L1 expression in tumor infiltrating lymphocytes (TILs) in SCCs of the cervix
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Figure 9: PD-L1 expression in tumor infiltrating lymphocytes (TILs)

Majority of the cases, 42 out of 50 cases (84%) showed PD-L1 expression in tumor
infiltrating lymphocytes (TILs). The maximum number of cases had PD-L1 expression in 1-
10% of TILs (18/50 cases, 36%). Four cases out of 50 (8 %), showed PD-L1 expression in
>50% of the TILs.

Combined Positive Score (CPS)

Combined Positive Score (CPS) Frequency (percentage)
n=50

<1 (negative) 10 (20%)

>1 (positive) 40 (80%)

Table 16a: Combined Positive Score (CPS) in SCCs of the cervix
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Figure 10: Combined Positive Score (CPS)

In this study, 40 out of 50 cases (80%), had a combined positive score > 1 (PD-L1 positive

cases) whereas 10 out of 50 cases (20%) had a score of <1 (PD-L1 negative cases).

Combined Positive Score

Combined Positive Score Frequency (percentage)
n=50

<1 10 (20%)

1-5 9 (18%)

6-10 5 (10%)

11-25 9 (18%)

26-50 11 (22%)

>50 6 (12%)

Table 16b: Combined Positive Score (CPS) in SCCs of the cervix
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Combined Positive Score PD-L1

12%

20%

22%

18%

4

I
18% 10%

H(<l) ®m(1-50 =m(5-10) =(11-25) m(25-50) m(>50)

Figure 11: Combined Positive Score PD-L1

Overall, 10 of the 50 cases (20%) showed the absence of PD-L1 in the tumor, as calculated
by CPS. Six of the 50 cases (12%) had a CPS of >50 and a maximum number of the PD-L1
positive cases had a CPS of 26-50 (11 out of 50, 22%).

Mismatch repair status (MMR)

MMR status Frequency
n=50

Deficient 3 (6%)

Proficient 47 (94%)

Table 17: Mismatch repair status (MMR) in SCCs of the cervix

MMR Proteins Frequency Percentage
n=50
Combined loss of PMS2 and MLH1 0 -
Combined loss of MSH2 and MSH6 0 -
Isolated loss of MLH-1 2 (33.34%)
Isolated loss of PMS-2 1 (66.66%)
Isolated loss of MSH-2 0 -
Isolated loss of MSH-6 0 -

Table 18: MMR loss pattern on IHC in SCCs of the cervix
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Figure 12: Mismatch repair status (MMR)

Out of 50 cases, 47 cases (94%) showed retained MMR protein (MMR stable) while only 3
cases (6%) showed MMR deficiency. One case (33.34%) among the three MMR deficient
cases showed isolated PMS?2 loss while isolated MLHI loss was seen in 2 cases (66.66%).
None of the cases show a combined loss of PMS2 and MLH1 or MSH2 and MSH6.

Relation between Human papillomavirus (HPV) associated and HPV independent

squamous cell carcinoma of the cervix with clinicopathological parameters

Relation between Human papillomavirus (HPV) associated and HPV independent

squamous cell carcinomas of the cervix with the age.

Age (years) HPYV independent | HPV Associated Total p-value
cases n=3 cases n=47

30-40 1 (33%) 6 (6.47%) 7 0.914 (chi-

41-50 0 7 (14.89%) 7 square test)

51-60 1 (33%) 15 (31.91%) 16

61-70 1 (33%) 16 (34.04%) 17

71-80 0 1(2.12%) 1

81-90 0 2 (4.25%) 2

Total 3 47 50

Table 19: Relation between Human papillomavirus (HPV) associated and HPV independent

squamous cell carcinomas of the cervix with age of the patient
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Figure 13: Relation between Human papillomavirus (HPV) associated and HPV independent

squamous cell carcinomas of the cervix with age of the patient

All the HPV independent cases were seen in < 70 years of age group. Three patients of 50 in

the study (6%) who were > 70 years of age and all had associated HPV SCCs.

However, no statistically significant association was seen between HPV association of

cervical squamous cell carcinomas and the age of the patients.
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Relation between Human papillomavirus (HPV) associated and HPV independent

squamous cell carcinomas of the cervix with the type of cancer (Keratinising/

Nonkeratinising)
Type of cancer HPV HPV associated | Total p-value
(Keratinising/Nonkeratinising) | independent cases, n=47

cases n=3
Keratinising squamous cell 3 (100%) 42 (89.36%) 45 1.000
carcinoma (chi-
Nonkeratinising squamous 0 5 (10.63%) 5 square
cell carcinoma test)
Total 3 47 50

Table 20: Relation between Human papillomavirus (HPV) associated and HPV independent

squamous cell carcinomas of the cervix with the type of cancer

(Keratinising/Nonkeratinising)

All the nonkeratinising SCCs of the cervix were HPV associated. There was no statistically

significant association between tumor grade and HPV association of the tumor.

Tumor grade HPV HPV associated Total p-value
independent cases, n=47
cases, n=3
Well-differentiated 0 2 (4.25%) 2 0.671
squamous cell (chi-square
carcinoma test)
Moderately 3 (6%) 37 (78.72%) 40
differentiated squamous
cell carcinoma
Poorly differentiated 0 8 (17.02%) 8
squamous cell
carcinoma
Total 3 47 50

Table 21: Relation between Human papillomavirus (HPV) associated and independent

carcinomas with tumor grade

All the poorly differentiated SCCs were HPV associated. No statistically significant

association was seen between tumor grade and HPV associated and HPV independent

tumors.
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Relation between Human papillomavirus (HPV) associated and HPV independent

carcinomas with tumor necrosis

Tumor necrosis | HPV Independent | HPV Associated Total p-value
cases, n=3 cases, n=47
Absent 3 (100%) 32 (68.08%) 35 0.545
Present 0 15 (31.91%) 15 Chi-square
Total 3 47 test (Fisher
exact test)

Table 22: Relation between Human papillomavirus (HPV) associated and independent

carcinomas with tumor necrosis

None of the HPV independent SCCs of the cervix showed tumor necrosis in the biopsies
sampled. However, no statistically significant association between tumor necrosis and HPV

associated and HPV independent tumors.

Relation between Human papillomavirus (HPV) associated and HPV independent

squamous cell carcinomas with tumor infiltrating lymphocytes (TILs)

TILS HPYV independent | HPV associated Total p-value
cases, n=3 cases, n=47
<1% 0 0 0 0.170
1-10% 2 (66.66%) 9 (19.14%) 11 Chi-square test
11-25% 0 16 (34.04%) 16
26-50% 0 13 (27.65%) 13
>50% 1 (33.33%) 9 (19.14%) 10
Total 3 47 50

Table 23: Relation between Human papillomavirus (HPV) associated and HPV independent

squamous cell carcinomas with tumor infiltrating lymphocytes (TILs)

There was no statistically significant association between HPV associated and HPV

independent carcinomas with tumor-infiltrating lymphocytes (TILs).
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Relation between Human papillomavirus (HPV) associated and HPV independent cases

with PD-L1 expression in tumor

PD-1.1 HPYV independent | HPV associated Total p-value
expression cases, n=3 cases, n=47

<1 0 10 (21.27%) 10 0.372 (chi-
>1 3 (100%) 37 (78.72%) 40 square test)
Total 3 47 50

Table 24: Relation between Human papillomavirus (HPV) associated and HPV independent

cases with PD-L1 expression in tumor

Relation between Human papillomavirus (HPV) associated and HPV independent cases

with PD-L1 expression

PD-L1 HPYV independent | HPV associated, Total p-value
expression cases, n=3 n=47

<1 0 10 (21.27%) 10 0.389 (chi-
1-5 0 9 (19.14%) 9 square test)
6-10 0 5 (10.63%) 5

11-25 1 (33.33%) 8 (17.02%) 9

26-50 2 (66.66%) 9 (19.14%) 11

>50 0 6 (12.76%) 6

Total 3 47 50

Table 25: Relation between Human papillomavirus (HPV) associated and HPV independent

cases with PD-L1 expression

All the HPV independent SCCs of the cervix showed PD-L1 expression. But, none of the
HPYV independent cases had a PD-L1 CPS of >50.

No statistically significant association was seen between HPV association of tumor and PD-

L1 expression in the tumor.
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Relation between Human papillomavirus (HPV) associated and HPV independent

carcinomas with MMR status of the tumor.

MMR status HPV Independent | HPV associated Total p-value
cases cases

Deficient 0 3 (6.38%) 3 0.652 (chi-

Proficient 3(100%) 44 (93.61%) 47 square test)

Total 3 47 50

Table 26: Relation between Human papillomavirus (HPV) associated and HPV independent

carcinomas with MMR status of the tumor

None of the HPV independent SCCs showed mismatch repair deficiency. However, no

statistically significant association was seen between HPV association of tumor and MMR

status of the tumor.

Relation between tumor infiltrating lymphocytes (TILs) with clinicopathological

parameters

Relation between tumor infiltrating lymphocytes (TILs) with age

Age <l |1-10% 11-25% 26-50% >50% Total | p-value
(years) %

30-40 0 3 (42.85%) | 2 (28.57%) | 1 (14.28%) | 1 (14.28%) |7 0.568
41-50 0 1 (14.28%) | 1 (14.28%) |3 (42.85%) |2 (28.57%) |7 (chi-
51-60 0 1 (6.25%) | 7 (43.75%) |4 (25%) 4 (28.57%) | 16 square
61-70 0 5(29.41%) | 5(29.41%) |5 (29.41%) |2 (11.76%) | 17 test)
71-80 0 0 0 0 1 (100%) 1

81-90 0 1 (50 %) 1 (50%) 0 0 2

Total 0 11 16 13 10 50

Table 27: Relation between tumor infiltrating lymphocytes (TILs) with age

Maximum number of cases in the age group 41-60 years showed >50 TILs (28.5%). Lesser

TILs were seen in patients <40 years of age. However, there was no statistically significant

correlation between tumor infiltrating lymphocytes (TILs) and the age of the patient.
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Relation between tumor infiltrating lymphocytes (TILs) with HPV association of SCCs.

PD-L1 IN TILs | HPV Independent | HPV associated Total p-value
SCCs SCCs
<1% 0 8 (17.02%) 8 0.855
1-10% 1 (33.33%) 17 (36.17%) 18 Chi-square test
11-25% 1 (33.33%) 9 (19.14%) 10
26-50% 1 (33.33%) 9 (19.14%) 10
>50% 0 4 (8.51%) 4
Total 3 47 50

Table 28: Relation between tumor infiltrating lymphocytes (TILs) with HPV association of
SCCs

No statistically significant association was seen between HPV association of cervical SCC

TILs.

Relation between tumor infiltrating lymphocytes (TILs) with type of cancer

(Keratinising/Nonkeratinising)

Type of cancer

(Keratinising/ <1

Nonkeratinising) | % 1-10% 11-25% 26 -50% | >50% | Total | p-value
Keratinising 0 10 15 11 9 45 0.679
squamous cell (22.22%) | (33.33%) | (24.44%) | (20%) (chi-
carcinomas square
Nonkeratinising | 0 1 (20%) 1 (20%) 2(40%) |1 5 test)
squamous cell (20%)

carcinomas

Total 0 11 16 13 10 50

Table 29: Relation between tumor infiltrating lymphocytes (TILs) with type of cancer

(Keratinising/Nonkeratinising)

This study showed a higher number of TILs in non keratinising squamous cell carcinomas

compared to keratinising squamous cell carcinoma. However, the finding was not statistically

significant.
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Tumor grade <1% | 1-10% | 11-25% 26 -50% | >50% | Total | p-value
Well- 0 1(50%) |0 1(50%) |0 2 0.842
differentiated (chi-
squamous cell square
carcinomas test)
Moderately 0 9 13 (32.5%) | 10 (25%) | 8 40
differentiated (22.5%) (20%)

squamous cell

carcinomas

Poorly 0 1(12.50 |3 (37.5%) |2(25%) |2 8
differentiated %) (25%)

squamous cell

carcinomas

Total 0 11 16 13 10 50 50

Table 30: Relation between Tumor infiltrating lymphocytes (TILs) with tumor grade

This study showed a higher number of TILs in moderately squamous cell carcinoma cases.

More TILs were seen in poorly differentiated tumors. However, there was no statistical

significance identified between TILs and the grade of the tumor.

Relation between tumor infiltrating lymphocytes (TILs) with tumor necrosis

Tumor <1% Total | p-value
. 1-10% 11-25% 26 -50% >50%
Necrosis
Absent 0 9(28.12%) | 9(28.12%) | 9(28.12%) | 8(25%) 35 0.448
(chi-
Present 0 2(13.33%) | 7(46.67%) | 4(26.67%) | 2(13.33%) | 15
square
test)
Total 0 11 16 13 10 50

Table 31: Relation between tumor infiltrating lymphocytes (TILs) with tumor necrosis

This study showed TILs were more in patients with less tumor necrosis. However, this

finding was not statistically significant.
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Relation between tumor infiltrating lymphocytes (TILs) with PD-L1 score in tumor

Tumor-
Infiltrating
Lymphocytes

(TILs)
PD-L1 score in <1% Total | p-value
tumor 1-10% 11-25% | 26-50% | >50%
<1% 0 2(18.18%) | 3(18.75%) | 1(7.69%) | 4(40%) | 10 0.448
1-5% 0 2(18.18%) | 3(18.75%) | 3(23.07%) | 1(10%) | 9 (chi-
6-10% 0 1(9.09%) | 1(6.25%) | 3(23.07%) | O 5 square
11-25% 0 3(27.27%) | 4(25%) 2(15.38%) | O 9 test)
26-50% 0 2(18.18%) | 2(12.5%) | 3(23.07%) | 4(40%) | 11
>50% 0 1(9.09%) | 3(18.75%) | 1(7.69%) | 1(10%) | 6
Total 11 16 13 10 50

Table 32a: Relation between tumor infiltrating lymphocytes (TILs) with PD-L1 score in

tumor

Tumor-
Infiltrating
Lymphocytes
(TILs)
PD-L1 score
in tumor <1% 1-10% 11-25% |26-50% | >50% Total | p-value
<1 0 2(20%) |3(30%) | 1(10%) |4(40%) |10 0.287
>1-100 0 9 13 12(30%) | 6(15%) | 40 (chi-

(22.5%) | (32.5%) square
Total 0 11 16 13 10 50 test)

Table 32b: Relation between tumor infiltrating lymphocytes (TILs) with PD-L1 score in

tumor

PD-L1 expressing tumor had more TILs. However, no statistically significant relation was

seen between PD-L1 expression in tumors and TILs.

50




Relation between tumor infiltrating lymphocytes (TILs) with MMR status

Tumor-

infiltrating

lymphocytes

(TILs) p-

MMR status | <1% | 1-10% 11-25% 26 -50% >50% Total | value

Deficient 0 0 1 (33.33%) | 2(66.66%) | 0 3 0.338

Proficient 0 11(23.40%) | 15(31.47%) | 11 10(21.27%) | 47 (chi-
(23.40%) square

Total 0 11 16 13 10 50 test)

Table 33: Relation between tumor infiltrating lymphocytes (TILs) with MMR status

None of the MMR deficient cases had <10% of TILs. However, 23.40% (11 out of 47 cases)

of MMR stable cases had <10% TILs.

association between the MMR status of tumors and TILs.

However, there was no statistically significant

Relation between Programmed death lisand-1(PD-1.1) by combined prognostic score

(CPS) in tumor with clinicopathological parameters

Relation between PD-L1 expression in tumor and age

p-value

PD-L1 Absent Present Total
expression

Age

30-40 0 7 (100%) 7
41-50 2 (28.57%) 5(71.42%) 7
51-60 2 (11.76%) 12 (70.58%) 17
61-70 4 (21.05%) 15 (78.94%) 19
71-80 1 (10%) 0 1
81-90 1(50%) 1 (50%) 2
Total 10 40 50

0.162(chi-square
test)
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PD-L1 <1% 1-5% 6-10% | 11-25% | 26-50% >50% | Total | p-value
expression | (20%) | (18%) (10%) | (18%) (22%) (12%)
%
Age 0.595
30-40 0 2 0 1 4 0 7 (chi-
(28.57% (14.28% | (57.14%) square
) ) test)
41-50 2 0 1 2 1 1 7
(28.57 (14.28 | (28.57% | (14.28%) | (14.28
%) Po) ) %)
51-60 2 2 2 4 2 2 16
(12.50 | (12.50% | (25.00 | (44.44% | (12.50%) | (12.50
%) ) %) ) %)
61-70 4 5 2 2 4 2 17
(23.52 | (2941% | (11.76 | (11.76% | (23.52%) | (11.76
%) ) %) ) %)
71-80 1 0 0 0 0 0 1
(100%
)
81-90 1 0 0 0 0 1 2
(50%) (50%)
Total 10 9 5 9 11 6 50

Table 34b: Relation between PD-L1 expression in tumor and age
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Relation between PD-L1 expression and age
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Figure 14: Relation between PD-L1 expression in tumor and age

PD-L1 expression was seen in all the tumors in the youngest age group (7/7 cases, 100%).
However, no statistically significant association was seen between the age of the patient and

PD-L1 expression.

Relation between PD-L1 expression and type of cancer (Keratinising/Nonkeratinising)

PD-L1 expression Absent Present Total p-value
Type of cancer 0.689
(Keratinising/Nonkeratinising) (chi-square
Keratinising squamous cell 9 (20%) 36 (80%) 45 test)
carcinomas

Non-Keratinising squamous cell 1 (20%) 4 (80%) 5

carcinomas

Total 10 40 50

Table 35a: Relation between PD-L1 expression and type of cancer

(Keratinising/Nonkeratinising)

No statistically significant association was seen between PD-L1 expression and tumor grade.
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PD-L1 <1 1-5 6-10 11-25 26-50 >50 Total | p-
expression | (20% | (18%) (10%) (18%) (22%) (12%) value
Grade ) 0.939
Keratinisin | 9 8 4 8 10 6 45 (chi-
g squamous | (20% | (17.77% | (8.88%) | (17.77%) | (22.22%) | (13.33%) square
cell ) ) test)
carcinomas

Non- 1 1 (20%) | 1(20%) | 1 (20%) |1 (20%) |0 5

Keratinisin | (20%

g squamous | )

cell

carcinomas

Total 10 9 5 9 11 6 50

Table 35b: Relation between PD-L1 expression and type of cancer

(Keratinising/Nonkeratinising)

None of the nonkeratinising SCCs had a CPS score of >50 and no statistically significant

association was seen between PD-L1 expression and the grade of the tumor.

Relation between PD-L1 expression and tumor grade

PD-L1 expression Absent Present Total p-value
Grade 0.732
Well-differentiated 0 2 (5%) 2 (chi-square
SCCs, G1 test)
Moderately-differentiated | 8 (80%) 32 (80%) 40

SCCs, G2

Poorly-differentiated 2 (20%) 6 (15%) 8

SCCs, G3

Total 10 40 50

Table 36a: Relation between PD-L1 expression and tumor grade
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PD-L1 <1 1-5 6-10% | 11-25% | 26-50% | >50% Total | p-
expression (20%) | (18%) (10%) | (18%) (22%) (12%) value
Tumor grade 0.022
(chi-
Well- 0 0 2 0 0 0 2 square
differentiated (100%) test)
SCCs, G1
Moderately- | 8 8 (20%) |3 8 (20%) |9 4 (10%) | 40
differentiated | (20%) (7.50%) (22.5%)
SCCs, G2
Poorly- 2 1 0 1 2(25%) |2(25%) |8
differentiated | (25%) | (12.5%) (12.5%)
SCCs, G3
Total 10 9 5 9 11 6 50
Table 36b: Relation between PD-L1 expression and tumor grade
PD-L1 expression and grade
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Figure 15: Relation between PD-L1 expression and tumor grade

A statistically significant association was noted between PD-L1 expression in the tumor and

the grade of the tumor. Poorly differentiated SCCs showed more PD-L1 expression than well

differentiated and moderately differentiated tumors.
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Relation between PD-L1 expression and necrosis

PD-L1 Absent Present Total p-value
Necrosis 0.440
Absent 8 (22.85%) 27 (67.5%) 35 (chi-square test)
Present 2 (13.33%) 13 (86.66%) 15
Total 10 40 50
Table 37a: Relation between PD-L1 expression and tumor necrosis

PD- <1% 1-5% 6-10% 11-25% | 26-50% | >50% Tota | p-
L1% (20%) (18%) (10%) (18%) (22%) (12%) 1 value
Tumor 0.190
Necrosi (chi-
S squar
Absent | 8 4 5 720%) |6 5 35 e test)

(22.85% | (11.42% | (14.28% (17.14% | (14.28%

) ) ) ) )
Present | 2 5 0 2 5 1 15

(13.33% | (33.33% (13.33% | (33.33% | (6.66%)

) ) ) )
Total 10 9 5 9 11 6 50

Table 37b: Relation between PD-L1 expression and tumor necrosis
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Relation between PD-L1 expression and necrosis

Absent Present

No of cases
O = N WA WU J 0 O

Tumor necrosis

B<1% ®1-5% ®6-10% =11-25% m26-50% ®>50%

Figure 16: Relation between PD-L1 expression and tumor necrosis

Necrosis was seen in 2 out of 15 (13.33%) of PD-L1 positive cases and 13 out of 15 (86.66%)
of PD-L1 negative status. However, no statistically significant association was seen between

tumor necrosis and PD-L1 expression.

Relation between Mismatch repair status with clinicopathological parameters

Relation between MMR status and age
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Figure 17: Relation between MMR status and age
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Age Deficient MMR | Proficient MMR | Total p-value
n=3 N=47 0.809
30-40 0 7 (14.89%) 7 (chi-square test)
(100%)
41-50 0 7 (14.89%) 7
(100%)
51-60 2 (66.66%) 14 (29.78%) 16
(12.5%) (87.5%)
61-70 1 (33.33%) 16 (34.04%) 17
(5.88%) (94.11%)
71-80 0 1 (2.12%) 1
(100%)
81-90 0 2 (4.25%) 2
(100%)
Total 3 47

Table 38: Relation between MMR status and age

All the dMMR cases were >50 years of age. None of the 14 patients (< 50 years of age)
showed dMMR. Also, none of the patients >70 years of age showed dMMR. All the dIMMR

patients were in the 50-70years age group. There was no statistically significant relation seen

between MMR status and the age of the patient.

Relation between MMR status and type of cancer (Keratinising/Nonkeratinising)

Type of cancer Deficient Proficient Total p-value
(Keratinising/Nonkeratinising) | MMR MMR

n=3 N=47
Keartinizing squamous cell 3 (100%) 42 (89.36%) 45 0.724
carcinoma (6.66%) (93.33%) (chi-square
Nonkeratinising squamous cell | 0 5 (10.63%) 5 test)
carcinoma (100%)
Total 3 47 50

Table 39: Relation between MMR status and Type of cancer (Keratinising/Nonkeratinising)
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All the nonkeratinising SCCs were mismatch repair proficient. All the mismatch repair-

deficient tumors were keratinising SCCs. However, no statistically significant association

was seen between tumor grade and MMR status.

Tumor Grade Deficient MMR | Proficient MMR | Total p-value
n=3 N=47

Well-differentiated | O 2 (100%) (4.2%) |2 0.671

squamous cell (chi-square

carcinoma test)

Moderately 3 (100%) 37 40

differentiated (92.5%)(78.72%)

squamous cell

carcinoma

Poorly 0 8 (20%)(17.02%) | 8

differentiated

squamous cell

carcinoma

Total 3 47 50

Table 40: Relation between MMR status and tumor grade

All the well-differentiated SCCs and poorly differentiated squamous cell carcinomas were

MMR stable. MMR deficiency was seen only in moderately differentiated SCC. However, no

statistically significant association was seen between tumor grade and MMR status.

59




Relation between MMR status and tumor necrosis
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Figure 18: Relation between MMR status and tumor necrosis

Tumor necrosis Deficient MMR | Proficient MMR | Total p-value
n=3 N=47 1.000

Absent 2 (66.66%) 33 (70.21%) 35 (chi-square test)
(5.72%) (94.2%)

Present 1 (33.33%) 14 (29.78%) 15
(6.66%) (93.33)

Total 3 47 50

Table 41: Relation between MMR status and tumor necrosis

Most of the MMR stable cases found an absence of tumor necrosis (33/47, 70.21%). Also,
two-thirds of the MMR deficient cases did not show necrosis. However, no statistically

significant association was seen between MMR status and tumor necrosis.
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Relation between MMR status and TILs

TILs Deficient MMR | Proficient MMR | Total p-value
n=3 N=47 0.564
<1% 1 (33.33%) 7 (14.89%) 8 (chi-square test)
(12.5%) (87.5%)
1-10% 2 (66.66%) 16 (34.04%) 18
(11.11%) (88.88%)
11-25% 0 10 (21.27%) 10
(100%)
26-50% 0 10 (21.27%) 10
(100%)
>50% 0 4 (8.5%) (100%) | 4
Total 3 47 50

Table 42: Relation between MMR status and TILs

There was no statistically significant association between MMR status and TILs in the study.

Relation between PD-L1 expression and MMR status

PD-1.1 Absent Present Total p-value
expression
MMR 0.496
dMMR 1 (10%) 2 (5%) 3 (Chi-square test)
(33.33) (66.66%) Fisher exact test
pMMR 9 (90%) 38 (80.85%) | 47
(19.14%) (95%)
Total 10 40 50

Table 43a: Relation between PD-L1 expression and MMR status
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PD-L1 <1 1-5 6-10 11-25 26-50 >50 Tota | p-
expressio | (20%) (18%) (10%) (18%) (22%) (12%) 1 value
n
MMR 0.264
dMMR 1 2 0 0 0 0 3 (chi-
(33.34% | (66.66% squar
) ) e test)
pMMR 9 7 5 9 11 6 47
(19.14% | (14.89% | (10.63% | (19.14% | (23.40% | (12.76%
) ) ) ) ) )
Total 10 9 5 9 11 6 50
. Table 43b: Relation between PD-L1 expression and MMR status
Relation between PD-L1 expression and MMR status
12
10

No of cases
A o

NS}

dMMR

<1%

pMMR
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11-25%

m26-50%

>50%

Figure 19: Relation between PD-L1 expression and MMR status

All the dIMMR SCCs of the cervix showed a CPS of <5 and one-third of the deficient MMR

cases showed the absence of PD-L1 in the tumor.

association was seen between MMR status and PD-L1 expression in the tumors.

However, no statistically significant

In this study, among 50 cases of squamous cell carcinoma of the cervix, the majority of the

patients were between 60-70 years of age. Considering the histological grade of the tumor,

the majority of cases were keratinising and moderately differentiated squamous cell
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carcinoma. 30 % of the cases showed necrosis and 46% of the cases showed dysplasia. All
the cases of SCCs cervix had an incidence of TILs (100%). 94% of cases showed HPV
association. PD-L1 expression was absent in 10 cases and 40 cases showed PD-L1

expression. MMR deficient cases were 3 and proficient cases were 47.

The salient features are summarized in the following table:

Features Characteristics Frequency, Percentage
Total number of (%)
cases=50

Age (in years) 30-40 7 14.0
41-50 7 14.0

51-60 16 32.0

61-70 17 34.0

71-80 1 2.0

81-90 2 4.0

Tumor grade Well-differentiated 2 4.0
Moderately 40 80.0

differentiated

Poorly differentiated 8 16.0

HPYV association Associated 47 94.0
Independent 3 6.0

Necrosis Not identified 35 70.0
Present 15 30.0

Dysplasia Absent 27 54.0
Present 23 46.0

PD-L1expression in Absent 10 20.0
tumor Present 40 80.0
TILs Absent 0 0.0
Present 50 100

MMR Deficient 3 6.0
Proficient 47 94.0

Table 44: Clinical and pathological parameters in SCCs of the cervix
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Photomicrograph 9: A case of squamous cell carcinoma of the cervix (H&E: Panel A, B)
HPV association (Panel C). The PD-L1 expression in tumor cells and TILs (Panel D). The
tumor is mismatch repair proficient shows retained MSH-2 protein (Panel E), MLH-1 protein

(Panel F), MSH-6 protein (Panel G) and retained PMS-2 protein (Panel H).
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Photomicrograph 10: A case of squamous cell carcinoma of the cervix (H&E: Panel A, B)
HPV associated (Panel C). The PD-L1 expression in tumor cells (Panel D). The tumor is
mismatch repair proficient shows retained MSH-2 protein (Panel E), MLH-1 protein (Panel
F), MSH-6 protein (Panel G) and retained PMS-2 protein (Panel H).




Photomicrograph 11: A case of squamous cell carcinoma of the cervix (H&E: Panel A, B)
HPV associated (Panel C). The PD-L1 expression in tumor cells and TILs (Panel D). The
tumor is mismatch repair deficient shows retained MSH-2 protein (Panel E), PMS-2 protein

(Panel F), MSH-6 protein (Panel G) and loss of MLH-1 protein (Panel H).
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Photomicrograph 12: A case of squamous cell carcinoma of the cervix (H&E: Panel A, B)
HPV associated (Panel C). The PD-L1 expression in tumor cells and TILs (Panel D). The
tumor is mismatch repair deficient shows retained MSH-2 protein (Panel E), PMS-2 protein

(Panel F) MSH-6 protein (Panel G) and loss of MLH-1 protein (Panel H).
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DISCUSSION

This study was an ambispective, observational hospital-based study conducted on 50 cases of
squamous cell carcinomas (SCCs) of the cervix (from January 2018 to July 2021) at the All
India Institute of Medical Sciences (AIIMS), Jodhpur in the Department of Pathology and
Lab Medicine.

In this study, PDL1 expression and mismatch repair (MMR) status of SCCs, of the cervix

were assessed.

Squamous cell carcinomas of the cervix

Cervical cancer was the fourth most common cancer in women worldwide (after breast,
colorectal and lung cancers) and also the second most common cancer among women aged

15 to 44. It is one of the top three cancers in women aged < 45 years in 145 countries."

The majority of cervical cancers are invasive squamous-cell carcinomas and are associated
with human papillomavirus (HPV).!” According to The Cancer Genome Atlas (TCGA) a
joint effort of the National Cancer Institute (NCI) the estimated cases in 2021 were 14,480
which is 0.8% of all new cancer cases. The rate of new cases of cervical cancer was 7.5 per

100,000 women per year. The death rate was 2.2 per 100,000 women per year.”’

The cancer treatment includes surgery, chemotherapy, radiotherapy and immunotherapy.
Treatment options vary mainly with the stage of the tumor and the age of the patient. For
Fédération Internationale de Gynécologie et d’Obstétrique (FIGO) early-stage (stage 1A1)
lesions, treatment by conization were an option for women who want to preserve their
fertility, and simple extra fascial hysterectomy, if fertility is not sought."'®” For stage IA2, the
standard treatment has been radical hysterectomy and bilateral pelvic lymphadenectomy. For
FIGO stage IB1 cervical tumors and in high-stage of tumors, radical hysterectomy with

pelvic and para-aortic lymphadenectomy is the preferred treatment option."'”

In young females, neoadjuvant chemotherapy can be used to downsize stage IB1 lesions,
allowing for subsequent fertility-sparing surgery. Given the high risk of recurrence, radical
hysterectomy and pelvic lymphadenectomy were utilized to treat stage IB2 cancer, followed
by adjuvant radiation. Long-term morbidity is associated with combined radical hysterectomy

and adjuvant pelvic irradiation. Some oncologists advocate for primary combined
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chemoradiotherapy (CCRT)-alone or CCRT followed by simple extra fascial hysterectomy
IB2 lesions.""® When compared to stages IA and IB, locally advanced cervical cancer (stages

IIB-IVA) has a worse prognosis.(‘m)

Treatment for stages IIB to IVA is non-surgical, but local access to radiotherapy facilities is

required.'?

Immune checkpoint inhibitors have shown promising efficacy in multiple cancer types. The
recent Food and Drug Administration (FDA) approval of PD-1 inhibitors for mismatch repair
(MMR)-deficient tumors have extended the use of these treatments to all cancer types.
Programmed death-ligand 1 (PD-L1) positivity in tumor tissue has also been shown to predict
susceptibility to immunotherapy.(45) Pembrolizumab inhibits the immune checkpoint protein
programmed cell death-1 (PD-1) and has been approved by the US Food and Drug
Administration for use in advanced cervical cancer with the progressive disease either during

or after chemotherapy, based on the results of the KEYNOTE-158 (NCT02628067) trial. “®’
47) (37)

Clinicopathological parameters

Age

The age of the patients in the study ranged from 33 years to 81 years, with a mean age of
56.28 years with a standard deviation of 11.74 and a median age of 58.00 years. Maximum

number of patients was between 60-70 years of age group (17 out of 50, 34%).

Lars-Christian Horn et al. conducted a study in 2019 with a sample size of 233 cases of
surgically treated SCCs of the cervix. They studied in the age group of 23-67 years with a

mean of 40.7 years and standard deviation of 10.4 and a median of 39 years.“¥

Chung et al. did a study in 2019 on 98 patients with SCCs cervix in the age group of 24 to 75

years with a median age of 46.0 years.“”

Liang et al. conducted a study in 2020, that included 142 patients with squamous cell
carcinomas of the cervix and found that the median age was 45 among the age group of the

patient ranging from 24 to 67 years old.*”
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Pannayanapalya Suresh Shruthi et al. conducted a study in 2014, in 109 cases of
histopathologically diagnosed SCCs cervix. They found that the patient’s age ranged from 20

to 80 years."

Min Feng et al. studied 219 cervical squamous cell tumors and 30 healthy controls in 2018.
They found that patients were in the age group of 26 to 75 years with a mean age of 46.7

and a median of 49 years.®"

A. Ciavattini et al. examined the hMSH2 and hMLHI1 status by immunohistochemistry, in 28
cases of aggressive squamous cervical carcinomas in 2005. They found that patients were in

the age group of 38- 86 years with a mean age of 63.9.°%

C.M. Ho et al. studied 197 patients who underwent radical hysterectomy and pelvic
lymphadenectomy in 2003 for early-stage invasive cervical carcinomas. They found that 116
cases were 50 years old and 81 cases out of 197 were over 50 years old, with a median age of

47.36.5%

W. Yang et al. conducted a study in 2017, on 20 SCCs patients with or without metastases.
They found that patients age ranged from 39 to 63 years old, with a mean age of 51 years

and a standard deviation of 6.28 years.®

In 2021, Mori et al. conducted a study on 75 patients with uterine cervical squamous cell
cancer. They found that the patients were between the ages of 32 and 87 years, with a median

age of 62.°”

In 2002, Y.F. Wong et al. conducted a study in 2003 on 93 SCCs samples that were tested for
MSI status. They found that 10 patients of the 93 cases were under the age of 40, 39 were

between the ages of 40 and 60 and 44 cases were over the age of 60 years.”®

In 2005, Agnaldo L. Silva-Filho et al. conducted a study on 71 patients with stage IB (FIGO)
cervical squamous cell carcinomas. They found that the patient’s age ranged between 27 to

76 years old, with a mean age of 48.1 years and a standard deviation of 11.5 years.®”

Heeren et al. conducted a study in 2016 on 156 cases of SCCs of the cervix. They included

patients with the age group of 22 to 87 years and a mean age of 48 years.*

Tahmineh Haidary et al. conducted a study in 2019, on 60 cervical SCCs to evaluate PD-L1
expression and clinical significance. They found that 60% were between the ages of 30 and

55 and 40% were above the age of 55.°”
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Ying Meng et al. conducted a study in 2018, on 97 cervix SCCs patients and 30 normal
cervix samples to assess PD-Lland HPV expression in cervical cancer and normal cervix
using immunohistochemistry staining. They recorded that patients < 55 years of age were

56.70% (55 out of 97 cases) and 42 out of 97 patients were over the age of 55 (43.30 % ).”)

E R Nijhuis et al. conducted a study in 2015, on 135 cases of SCCs cervix were evaluated for
MMR status. They included patients ranging from 35 to 53 years of age, with a median age of

42 years.(m)

Tumor Grade

In this study,40 out of 50 cases (80%) were diagnosed with moderately differentiated
squamous cell carcinomas, 8 out of 50 cases (16%), were poorly differentiated squamous cell
carcinomas and only 2 out of 50 cases (4%), were well-differentiated squamous cell

carcinomas.

Among the 50 patients, 45 (90%), had keratinising squamous cell carcinomas, whereas 5

(10%) had nonkeratinising squamous cell carcinomas.

Even though the current WHO classification does not advocate the grading of SCCs, the

grading was performed in the study."”

Lars-Christian Horn et al. conducted a study in 2019 with a sample size of 233 cases of
surgically treated SCCs of the cervix. They categorized individuals using a WHO-based
grading system and found that 105 out of 233 cases (45.1 %) of the tumors were well-
differentiated (G1), 68 out of 233 cases (29.2 %) were moderately differentiated (G2) and 60
out of 233 cases (25.8 %) were poorly differentiated (G3) SCCs.“®

Liang et al. conducted a study in 2020 that included 142 patients and found that all cases
were histologically diagnosed squamous cell carcinomas, with 115 cases being well-
differentiated or moderately differentiated and 27 cases being poorly differentiated SCC.“”
T.K.H. Chung et al. conducted a study in 2001 with 50 cases of invasive SCCs of the cervix.
They found that out of 50 patients, 4 cases (8%) were well-differentiated carcinomas, 30
cases (60%) moderately differentiated squamous cell carcinomas and 16 cases (32%) were
poorly differentiated carcinomas.®®

Pannayanapalya Suresh Shruthi et al, conducted a study in 2014, in 195 cases of

histopathologically diagnosed SCCs cervix. They found that out of 195 patients, the majority
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were moderately differentiated squamous cell carcinomas (109 cases out of 195, 55.89%)
followed by poorly differentiated (51/195, 26.15%) and well-differentiated carcinomas
(35/195, 17.94%).°”

Min Feng et al. studied 219 cervical squamous cell tumors and 30 healthy controls in 2018.

They found that 169 cases out of 219 (77.16%) were poorly differentiated SCCs, 50 cases out
of 219 (22.83%) were moderate & well-differentiated SCCs."

A. Ciavattini et al. studied the immunohistochemistry status of hMSH2 and hMLHI in 28
cases of aggressive squamous cervical carcinomas in 2005. They found that 4 cases out of 28
(14.3%) were well-differentiated -histologic Grade I, 15 cases out of 28 (53.6%) were
moderately differentiated -histologic Grade II and 9 cases out of 28 (32.1%) were poorly

differentiated -histologic Grade III SCCs of the cervix.®”

In 2017, W. Yang et al. conducted a study on 20 SCCs patients with or without metastases.
They found that 8 cases (40 %) of the 20 patients had well-differentiated carcinomas, 7 cases
(35 %) had moderately differentiated squamous cell carcinomas and 5 cases (25 %) had

poorly differentiated carcinomas.”"

In 2002, Y.-F. Wong et al. conducted a study in 2003 on 93 SCCs samples that were tested
for MSI. They found that 14 (15.05%) of the 93 patients had well-differentiated carcinomas,
53 (56.98 %) had moderately differentiated squamous cell carcinomas and 26 (27.95 %)

patients had poorly differentiated carcinomas. °®

In 2005, Agnaldo L. Silva-Filho et al. conducted a study on 71 patients with stage IB (FIGO)
cervical cancer. The tumor was well-differentiated (G1) in 8 (11.3%) patients, moderately

differentiated (G2) in 40 (56.3%) cases and poorly differentiated (G2) in 23 (32.4%) cases.””

Ying Meng et al. conducted a study in 2018, on 97 SCCs of the cervix patients and 30 cases
of the normal cervix, to examine PD-L1 and HPV expression in cervical cancer and normal
cervix,by immunohistochemistry staining. Among the 97 SCCs patients, 12 (12.37 %) had
poorly differentiated SCCs cervix, 40 (41.24%) had moderately differentiated SCCs cervix
and 45 (46.39 %) had well-differentiated SCCs cervix.”

Tahmineh Haidary et al. conducted a study in 2019 on 60 cervical SCCs to evaluate PD-L1
expression and clinical significance. They found that 33 patients had poorly differentiated, 20

moderately differentiated and 7 well-differentiated SCCs.””
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Tumor Necrosis

Fifteen out of 50 cases (30%) showed tumor necrosis whereas 35 out of 50 cases (70%) did

not show tumor necrosis.

W. Yang et al. conducted a study in 2013, in which 20 patients had primary invasive cervical
SCCs. In this study, they found that 6 cases out of 20 patients (30%) had an incidence of

- (54
tumor necr051s.( )

Lymphovascular invasion and perineural invasion

None of the cases in the study, showed lymphovascular invasion or perineural invasion.
However, this could be a sampling bias as the study was done on biopsy samples, not on the

resection specimens.

Lars-Christian Horn et al conducted a study in 2019 with a sample size of 233 cases of
surgically treated SCCs of the cervix. They found that 109 out of 233 cases (46.8%) showed
lymphovascular invasion and 124 out of 233 (53.2%) cases not showed lymphovascular

invasion.“®

C.-M. Ho et al. studied 197 patients who underwent radical hysterectomy and pelvic
lymphadenectomy in 2003 for early-stage invasive SCCs of the cervix. They found that
lymphovascular invasion was present in 76 of the 197 patients (38.6 %) and was absent in

121 of the 197 cases (61.4%).5?

In 2005, Agnaldo L. Silva-Filho et al. conducted a study on 71 patients with stage 1B (FIGO)
cervical cancer. LVI was not found in 57 (80.3 %) of the patients and was found in 14
patients (19.7 %). LVI was related to pelvic lymph node metastases, as well as vaginal and

parametrial involvement, also found in that investigation.®”

G. Van de Putte et al. conducted a study on 212 patients who underwent radical hysterectomy
and bilateral lymphadenectomy for stage IB SCCs in 2003. They found that lymphovascular
invasion was absent in 122 cases out of 212 (57.5%) and present in 99 cases out of 212

(46.6%).

Tahmineh Haidary et al. conducted a study in 2019 on 60 cervical SCCs patients to evaluate

PD-L1 expression and clinical significance. 33 patients out of 60 (55%) had poorly
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differentiated SCCs, 20 patients out of 60 (33.33%) had moderately differentiated SCCs and

7 patients out of 60 (11.66%) had well-differentiated tumors.””

Tumor-infiltrating lymphocytes (TILs)

All the cases in the study showed tumor-infiltrating lymphocytes (TILs). Maximum cases had

between 11-25% TILs (16/50 cases, 32%). 10 cases (20% of the cases) had >50% TILs.

Min Feng et al. studied 219 cervical squamous cell carcinomas cases and 30 healthy controls
in 2018. They found that 128 cases (58.4 %) had more significant lymphocytic
infiltrate (scores 2+ and 3+), while 91 (41.6 %) had low TILs (scores O and 1+). They found
that tumors with a higher accumulation of TILs have a higher survival rate in cervical cancer,

suggesting that local immunity plays an important role in restricting tumor growth, ®"

In 2021, Mori et al conducted a study on 75 patients with uterine cervical squamous cell
cancer. They studied the alteration of T cell infiltration before and after radiotherapy
treatment in patients with cervical squamous cell carcinomas. They found that a high density
of TILs may contribute to better outcomes than in cases with a low density of TILs before

therapy. *”

In 2020, Nicoletta D'Alessandris et al. conducted a study on 38 cervical SCCs patients to
assess PD-L 1 expression and TILs. They found that all of the cases had stromal TILs.
Twenty-nine cases (77%) had stromal TILs more than 10%, 23 cases had moderate TILs (10—
40%)and 6 cases had high TILs (> 40%). ®?

Human Papillomavirus

The present study found that most of the cases of cervical squamous cell carcinomas (47/50,
94%), were HPV-associated (showed P16 immunoreactivity). Only 3 cases (6%), were HPV

independent.

T.K.H. Chung et al. conducted a study in 2001 with 50 cases of invasive SCCs of the cervix.
HPV infection was tested with a DNA study and found present in 38 cases (76 %) and absent
in 12 cases (24 % ).?
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W. Yang et al. conducted a study in 20 SCCs patients with or without metastasis in 2017.
They found that all 20 patients showed positive results for HPV by immunohistochemical

staining (anti-P16INK4), 4

LIU et al. conducted a study on 40 patients with SCCs cervix in 2016. They studied
HPV16E7 using RNA interference, found that HPV was related to 33 of 40 cases (82.5 %)
and that 7 of 40 cases (17.5 %) were HPV independent.®

G. Van de Putte et al. conducted a study on 212 patients who underwent radical hysterectomy
and bilateral lymphadenectomy for stage IB SCCs in 2003. They found that 211 individuals
(99.5 %) were positive for P16 immunopositivity (HPV associated) and 1 patient (5 %) was
HPV independent.®”

PD-L1 expression

The current study showed most of the cases expressed PD-L1 in tumor cells (40 out of 50
cases, 80%). Maximum number of cases,12 out of 50 cases (24 %), had PD-L1 expression in
1-5% of the tumor cells. 10 cases (20%) showed PD-L1 expression in >50% of the tumor

cells.

In the majority of the cases, 42 out of 50 cases (84% ) showed PD-L1 expression in
tumor-infiltrating lymphocytes (TILs). The maximum number of cases had PD-L1
expression in 1-10% of TILs seen (18/50 cases, 36%). 4 cases out of 50 (8 %), showed PD-
L1 expression in >50% of the TILs.

In this study, 40 out of 50 cases (80%), had a combined positive score > 1 (PD-L1 positive

cases) whereas 10 out of 50 cases (20%) of cases, had a score of <1 (PD-L1 negative cases).

Overall, 10 of the 50 cases (20%) showed the absence of PD-L1 in the tumor, as calculated
by CPS. Six of the 50 cases (12%) had a CPS of >50and a maximum number of the PD-L1
positive cases had a CPS of 26-50 (11 out of 50, 22%).

Feng et al conducted a study in 66 tissue samples of squamous cell carcinomas of the cervix
in 2018. They found that strong positive, positive and negative PD-L1 expression was
detected in cervical cancer cells in 21 cases (31.8 %), 18 cases (27.3 %)and 27 cases (40.9

%), respectively.®®
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Min Feng et al. studied the expression of PD-L1 in 219 cervical squamous cell tumors and 30
healthy controls in 2018. They found that PD-L1 expression positive was found in 71/219
(32.4%) of cervical squamous cell carcinomas and negative in 148 out of 219 cases

(67.5%).°V

In 2016, LIU et al. conducted a study on SCCs cervical carcinomas in 40 patients. They
found that 38 out of 40 patients (95 %) had PD-L1 expression, whereas 2 out of 40 cases (5

%) were PD-LI negative.®

Emeka K Enwere et al. studied in 2017, on 120 women with locally advanced cervical cancer
(International Federation of Gynecology and Obstetrics stages IB to IVA). They found that
96% of patient samples were PD-L1-positive by the 1% cut-off for positivity, while only 12

. 38
percent of cases were negative.””

In 2021, Mori et al conducted a study on 75 consecutive patients with uterine cervical
squamous cell carcinomas. They found that 4 patients (5%) were positive for PD-L1

expression and 71 patients (95%) were negative. *

Liang et al conducted a study in 2020 on 142 SCCs specimens. They evaluated PD-L1
expression in tumor cells as a patchy, marginal, or diffuse staining pattern. Using a 1%
threshold, tumor PD-L1 expression was found in 124 (87.3%) patients, with 46 (32.4%)

having strong PD-L1 staining (> 50%).“*”

Z Chinn et al. evaluated, indoleamine dioxygenase 2,3 (IDO) and PD-L1 expression in 16
cervical SCCs by the combined positive score in 2017. They found positive PD-L1
expression in tumors in 13 of 16 cases (81 %) of cervical SCCs and PD-L1 expression in CPS

in 14 of 16 cases (88 %).0?

Heeren et al. conducted a study in 2016 on 156 cases of SCCs cervix. They found that PD-L1
positivity was present in 84 cases out of 156 (54%) of the squamous cell carcinomas > 5%

(used as a cut-off) of the tumor cells.®®

Reddy et al. studied the expression of PD-L1 in 74 cervix squamous cell carcinomas (SCCs)
in cervical cancers in 2017. They found that 28 (32 %) of the tumors tested positive for PD-
L1 expression, while 46 (62 %) tested negative.m)

Tahmineh Haidary et al. conducted a study in 2019 on 60 cervical SCCs to evaluate PD-L1
expression and clinical significance. They found that 93.3% of tumors had positive staining

for PD-L1.0”
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In 2020, K Loharamtaweethong et al and N Puripatet al, conducted a study on 152 patients
with cervical cancer and clinical parameters. They found that 84.9 % of patients were PD-

L1-positive according to CPS >1.¢”

Nicoletta D'Alessandris et al. conducted a study in 2020, on 38 cervical SCC patients to
assess PD-L 1 expression and TILs. They found that the great majority of neoplasms
expressed PD-L1: 100% on immune cells and 92% on tumor cells. Membrane staining of

malignant cells was found in 32 of 35 specimens (92 %). *¥

Ying Meng et al. conducted a study in 2018 on 97 SCCs of the cervix patients and 30 cases of
the normal cervix, to assess PD-L1 and HPV expression in cervical cancer by
immunohistochemistry staining. PD-L1 staining was found in 68 of 97 cervical cancer

samples (70.10 %) and 29 out of 97 cases were PD-L1 negative 29.90%."

Louisa Mezache et al. in 2015, researched 70 cervical cancer patients to assess the
programmed death ligand-1 (PD-L1), as well as its therapeutic importance. They found that
PD-L1 expression was present in 56 of 70 cervical squamous cell carcinomas (80 %) and not

in 14 of 70 cases (20% ).*®

Rotman et al. conducted a study in 2020 on 44 patients, histologically diagnosed as SCCs
cervix and were assessed for PD-L1/PD-L2 protein expression on tissue microarrays by
immunohistochemistry (IHC). They found that 23 of 44 patients (52.27 %) were negative for

PD-L1 expression and 21 cases (47.72 %) were positive for PD-L1 expression.(69)

Karim et al. conducted a study in 2020 on 88 patients with SCCs of the cervix who were
immunohistochemically analyzed for PD-L1/PD-L1 protein expression (IHC). They found
that PD-L1 was expressed in 20 out of 88 patients (23%) and negative in 68 out of 88 cases
(77%).7”

Mismatch Repair Status (MMR)

Out of 50 cases, 47 cases (94%) showed retained MMR protein (MMR stable) while only 3
cases (6%) showed MMR deficiency. One case (33.34%) among the three MMR deficient
cases showed isolated PMS2 loss while isolated MLHI loss was seen in 2 cases (66.66%).
None of the cases shows a combined loss of PMS2 and MLH1 or MSH2 and MSH6.
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T.K.H. Chung et al. conducted a study in 2001 with 50 cases of invasive SCCs of the cervix.
They found that 7 cases (14%) displayed high-frequency microsatellite instability (MSI-H)
and 6 (12%) displayed low-frequency microsatellite instability (MSI-L) 1.e. MSI positive.

The remaining 37 cases (74%) were microsatellite stable. >

Y.-F. Wong et al. conducted a study on 93 SCCs samples, in 2002, that was evaluated for
MSI. They found that 11 (11.8%) and 16 (17.2%) of 93 cervical carcinomas were MSI-H and
MSI-L, respectively and 66 cases out of 93 (70%) were microsatellite stable. They also found
no significant difference between microsatellite instability (MSI-L and MSI-H) or

microsatellite stable cases in terms of patient age and tumor grade.®®

Feng et al. conducted a study on 66 cases of SCCs cervix, in 2018. They found that in 66
patients, 49/66 (74.2 %) were both MSH2 and MLHI1 positive, 15/66 (22.7 %) were absent in
either MSH2 or MLH1and both MSH2 and MLH1 were absent in only two cases out of 66
(3.1% ).

Ciavattini et al. examined the status of hMSH2 and hMLH in 28 cases of aggressive
squamous cervical carcinomas in 2005. They found a significant association between hMLH1
and hMSH?2 immunostaining in invasive lesions (r <0.462; p <0.0125). They also found that
the immunoreactivity for hMLHI1 protein in cases of invasive carcinoma was statistically

lower than in non-neoplastic epithelial cells (p < 0.0009).°%

E R Nijhuis et al. conducted a study in 2015, on 135 cases of SCCs cervix were evaluated for
MMR status. The majority of tumors 94/135 (70%) had retained MSH2, whereas MSH2

expression was absent in 43/135 (30%) tumors were found as MSIL.©"

Human papillomavirus (HPV) associated and HPV independent squamous cell

carcinoma of the cervix with clinicopathological parameters

This study found that all the HPV independent cases were seen in <70 years of age group.
The 3 patients out of a total of 50 cases in our study (6%) who were > 70 years of age, all had
associated HPV SCCs. However, no statistically significant association was seen between

HPV association of cervical squamous cell carcinomas and the age of the patients.

All the Nonkeratinising SCCs of the cervix were HPV-associated. All the poorly
differentiated SCCs were HPV-associated.
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None of the HPV independent SCCs of the cervix showed tumor necrosis in the biopsies
sampled. However, no statistically significant association between tumor grade, tumor
necrosis, tumor-infiltrating lymphocytes (TILs)and HPV-associated and HPV-independent

tumors.

All the HPV independent SCC of the cervix showed PD-L1 expression. But, none of the HPV
independent cases had a PD-L1 CPS of >50. None of the HPV independent SCCs showed
mismatch repair deficiency. However, no statistically significant association was seen

between HPV association with PD-L1 expression in tumor and MMR status of the tumor.

T.K.H. Chung et al. conducted a study in 2001 with 50 cases of invasive SCCs of the cervix.
They investigated the relationship between MSI and HPV infection tested with DNA study
and other clinicopathological characteristics. They found that 7 cases (14%) displayed MSI-H
and 6 (12%) displayed MSI-L. The remaining 37 cases (74%) were microsatellite stable
(MSI-L and MSI-H cases were grouped as MSI-positive). The statistical analysis of HPV
infection, tumor grade, clinical stage and clinical status failed to reveal differences between

MSI-positive and MSI-negative cases (p >0.05).©%

W. Yang et al. conducted a study in 20 SCCs patients with or without metastasis in 2017.
They found that all 20 patients tested positive for HPV by immunohistochemical
staining(anti-P16INK4). P16INK4a was found in cancer cells at a diffuse but high level. The
levels of expression in the SCCs metastasis (+) group were significantly higher than in the
metastasis (-) group (p= 0.05). P16INK4a expression in lymphatic tumor emboli and lymph

node metastases was significantly higher than in the primary lesion. “”’

LIU et al. conducted a study on 40 individuals with SCCs cervical carcinomas in 2016 on
PD-L1 expression and HPV association by immunohistochemical staining and reverse
transcription-polymerase chain reaction. The statistical analysis of these data revealed that the
expression of HPV16E7 and PD-L1 proteins in cervical cancer tissues was positively
associated (r=0.531) and reached statistical significance (p=0.043). In cervical cancer tissues,

the expression of HPV16E7 and PD-L1 showed a favorable connection.®

G. Van de Putte et al. conducted a study on 212 patients who underwent radical hysterectomy
and bilateral lymphadenectomy for stage IB SCCs in 2003. They found that P16

immunoreactivity is found in the majority of cervical cancer samples and that low pl6

79



expression was strongly related to decreased overall (p=0.036) but not disease-free survival

(p=0.103).>

TILs and clinicopathological parameters

This study showed that tumor-infiltrating lymphocytes were found in all the cases of SCCs
cervix, of which maximum cases were in subcategories 11-25%, 16 (32%) out of 50 cases.

This study also concluded that all the cases were having TILs of <50%.

The maximum number of cases in the age group 41-60 years showed >50 TILs (28.5%).
Lesser TILs were seen in patients <40 years of age. However, there was no statistically
significant correlation between Tumor-infiltrating lymphocytes (TILs) and the age of the
patient. TILs were more common in HPV-associated cases than in HPV-independent cases,
maximum at 1-10% of TILs 17 (36.17 %) out of 47. The majority of the cases were seen in
the age group between 61-70 years had TILs with 17 out of 50 cases (34%) and
predominantly had TILs <50%.

This study showed a higher number of TILs in nonkeratinising squamous cell carcinomas
compared to keratinising squamous cell carcinoma. This study showed a higher incidence of
TILs in moderately squamous cell carcinoma cases. More TILs were seen in poorly
differentiated tumors. This study showed TILs were more in patients with less tumor

Necrosis.

No significant correlation was found between PD-L1 expression in TILs and
clinicopathological parameters like age, grade, necrosis, dysplasia, lymphovascular and
perineural invasion. TILs noted in cases that had an absence of tumor necrosis. More TILs
percentages were seen in cases with PD-L1 expression. Cases of SCCs cervix with deficient
MMR had TILs <50% were 3 out of 50 cases (6%). Maximum number of cases had
proficient MMR status with a high number of TILs seen between 11-25% (15 out of 50 cases
31.47%). None of the MMR deficient cases had <10% of TILs. However, 23.40% (11 out of
47 cases) of MMR stable had <10% TILs.

Min Feng et al. studied 219 cervical squamous cell tumors and 30 healthy controls in 2018.
TILs were significantly associated with higher PD-L1 levels (p = 0.033), but not with age,

tumor size, vascular invasion, lymph node positivity, TNM stage or histologic grade.
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Furthermore, the presence of substantial lymphocytic infiltrates was related to a definite

tendency toward longer survival (p = 0.048).C"

In 2021, Mori et al conducted a study on 75 consecutive patients with uterine cervical
squamous cell cancer. They studied the alteration of T cell infiltration following radiotherapy
in patients with cervical squamous cell carcinomas who received either definitive
chemoradiotherapy or radiotherapy. They found that 68% (21 out of 31 patients) of the
increased TILs density group also exhibited an increase in PD-L1 expression, whereas (27 of
44) of the decreased TILs density group exhibited no increase in PD-L1 expression but no

statistical association was noted between the two. ©

PD-L1 expression with clinicopathological parameters

In this study, PD-L1 expression was seen in all the cases of tumors in the youngest age group
(7 /7 cases, 100%). No statistically significant association was seen between PD-L1
expression and the age of the patients. There is a significant correlation is seen between the
grade of the tumor and the expression of PD-L1 in tumor cells (p-value= 0.022.) Twenty
percent of keratinising_SCCs showed the absence of PD-L1 expression and 1 out of 5
nonkeratinising SCCs (20%) showed the absence of PD-L1 expression. Necrosis was seen in
2 out of 15 (13.33%) of PD-L1 positive cases and 13 out of 15 (86.66%) of PD-L1 negative
cases. However, there is no correlation seen with PD-L1 in tumors and clinicopathological

parameters such as necrosis, lymphovascular invasion, perineural invasion and TILs.

The present study concluded that there is no statistical correlation between PD-L1 by CPS
and MMR status & HPV associated and independent cases of SCCs cervix. However, our

study did not include DNA methylation analysis.

Min Feng et al. studied 219 cervical squamous cell tumors and 30 healthy controls in 2018.
Cases had substantially higher PD-L1 levels with elevated TILs (p= 0.033), but not with age,

tumor size, vascular invasion, lymph node-positive, TNM stage, or histologic grade.®"

Feng et al conducted a study in 66 tissue samples of squamous cell carcinoma cases in 2018.
They found that women between the ages of 35 and 55 years with cervical cancer, had the
highest PD-L1 expression in tumor cells, while patients under the age of 35 years had a lower

number of PD-L1 expressions. They also found that dMMR patients have more PD-L1
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expression than pMMR patients, implying that PD-1/PD-L1 antibody medicines may be

effective in dMMR cervical cancer patients.(“)

LIU et al. conducted a study on SCCs cervical carcinomas in 2016 (40 patients). They
concluded that PD L1 overexpression induced by HPVI6E7 may be responsible for
lymphocyte malfunction. Furthermore, by blocking the PD-L1/PD-1 signaling pathway,
soluble PD-1 may restore the function of tumor-infiltrating lymphocytes. These findings

could lead to new immunotherapeutic methods for the treatment of cervical cancer. ©

In 2017, Emeka K Enwere et al. studied 120 women with locally advanced cervical cancer
(International Federation of Gynecology and Obstetrics stages IB to IVA). They found that
there was a trend towards worse progression-free survival in patients whose tumors expressed
PD-L1 but lacked tumor-infiltrating lymphocytes (p=0.053). Nevertheless, the high
percentage of cervical cancer tumor samples expressing PD-L1 suggests that anti-PD-L1 or

anti-PD-1 therapies are potential treatment options for this patient population.(m

In 2021, Mori et al conducted a study on 75 patients with uterine cervical squamous cell
carcinomas. The PD-L1+ rate increased significantly from 5% (4/75) before radiotherapy to
52% (39/75) following radiotherapy (p=0.01). Because radiotherapy increased PD L1
expression in cervical cancer specimens, immune checkpoint medications may be helpful in
patients who have received radiotherapy. They also found no statistically significant

relationship between changes in TILs density and PD-L1 expression and prognosis. ©>

Liang et al. investigated 142 paired SCCs specimens recovered from cervical cancer patients
before and after platinum-based neoadjuvant chemotherapy (NAC) in 2020. They concluded
that chemotherapy based on cisplatin can increase PD-L1 expression in cervical carcinoma.
The enhanced PD-L1 expression and lymphocyte-predominant microenvironment following
chemotherapy provide a rationale for using a PD-1/PD-L1 axis inhibitor in the neoadjuvant

setting.*”

L. Reiniger et al. investigated 268 lung adenocarcinoma patients in 2019 and correlated the
data such as smoking, COPD, tumor stage, necrosis, lepidic growth pattern, vascular
invasion, stromal immune cells density and EGFR/KRAS status of the tumors with PD-L1
expression. They found that PD-L1 expression of tumor cells with necrosis and tumor grade

were significantly correlated (p <.001).7"
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A. M. Heeren et al. conducted a study in 2016 on two cohorts of 156 cases of SCCs of

the cervix.

They found that 122 cases out of 156 (78.20%) had stromal immune cells with PD-L1
expression while 34 cases out of 156 (21.8%) had low stromal immune cells with PD-L1

. 58
expression. (58)

Reddy et al. conducted a study on 74 cervix squamous cell carcinomas (SCCs) in 2017. There
were 7 well-differentiated tumors with patients age ranging from 37 to 68 years, with a
median of 46 years and among them, 3 (42.9 %) of the cases had positive PD-L1 expression.
There were 52 moderately differentiated cases out of 74, with patients age ranging from 30 to
67, with a median of 44.5 years and 24 (46.2 %) of the cases had positive PD-L.1 expression.
The poorly differentiated tumor included 15 individuals ranging in age from 30 to 59 years,

with a median of 39 years and only one (6.7%) case had positive PD-L1 expression.“”

Nicoletta D'Alessandris et al. conducted a study in 2020, on 38 cervical SCCs patients to
evaluate PD-L1 expression and TILs. They found that the percentage of PD-L1+ neoplastic
cells was connected with a high percentage of TILs (p = 0.0073) and increased PD-L1
expression on inflammatory cells (p = 0.0297). They concluded that cervical cancer might be

a potential immunotherapy target.®”

Ying Meng et al. conducted a study in 2018 on 97 SCCs of the cervix patients and 30 cases of
the normal cervix to assess PD-L1 expression and HPV status in cervical cancer by
immunohistochemistry staining. 78 cervical cancer patients had HPV infection and 19 cases
who had not. The finding showed that PD-L.1 was more frequently found in cervical cancer

tissues than in normal tissues, particularly those with high levels of HPV staining.®”

Rotman et al conducted a study in 2020 on 44 cases that were histologically diagnosed as
SCCs cervix and were assessed for PD-L1/PD-L2 protein expression by
immunohistochemistry (IHC) on tissue microarrays. They found that stromal field (tumor-
infiltrating lymphocytes) cells were PD-L1 positive in 83% of the cases. They also found that
PD-L1 expression on tumor cells was strongly correlated (p < 0.001). PD-L1 and a strong

correlation on cells in stromal fields (p < 0.001) were also noted.®”

Karim et al. conducted a study in 2020 on 88 patients with SCCs of the cervix who were

immunohistochemically analyzed for PD-L1/PD-L1 protein expression (IHC).
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They found that PD-L1 was expressed in 23% of the cases (20 cases out of 88 patients) and
negative in 68 out of 88 cases (77%). They found that PD-L1 is expressed by a large number
of invading TILs, implying that inhibiting PD-L1 could be beneficial in cervical cancer

patients.””

Brooke E. Howitt et al. evaluated 48 cervical SCCs for immunohistochemistry (IHC)
expression of PD-L1 on formalin-fixed, paraffin-embedded (FFPE) biopsy specimens in
2016. They found that immunohistochemical labeling with a PD-L1 antibody exhibited high
protein expression in 95% of the cancer cells with a predominantly membranous staining

pattern.

They concluded that a high proportion of individuals with these tumors are rational
candidates for clinical trials of PD-1 inhibition based on genetic analysis of the same sample

along with PD-L1 expression.’> "

Tahmineh Haidary et al. conducted a study in 2019 on 60 cervical SCCs to evaluate PD-L1
expression and clinical significance. Patients aged 30 to 55 years had a greater rate of PD-L1

expression and a significant correlation between age and PD-L1 expression on tumor cells

was found (p = 0.047).°”

Mismatch Repair status and clinicopathological parameters

According to the results published in the literature, microsatellite instability has been reported

.. . . . . . . 52
in invasive cervical carcinomas as well as pre-invasive lesions.”

In the present study out of 50 cases, 47 (94%) showed retained MMR status while only 3
(6%) showed MMR deficiency. One (33.34%) among the 3 MMR deficiency cases showed
isolated PMS2 loss while isolated MLHI1 loss was seen in 2 (66.66%) cases. All the AIMMR
cases were >50 years of age. None among the 14 patients (< 50 years of age) showed dAMMR.
Also, none of the patients >70 years of age showed dMMR. All the dIMMR patients were in
the 50-70 years age group. All the nonkeratinising SCCs were mismatch proficient. All the
mismatch repair-deficient tumors were keratinising SCCs. However, no statistically

significant association was seen between tumor grade and MMR status.

All the well-differentiated SCCs and poorly differentiated squamous cell carcinomas were
MMR stable. MMR deficiency was seen only in moderately differentiated SCC. However, no

statistically significant association was seen in age, tumor grade, TILs and MMR status. Most
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of the MMR stable cases found an absence of tumor necrosis (33/47, 70.21%) Also two-
thirds of the MMR deficient cases did not show necrosis. These findings showed a

statistically significant association between tumor necrosis and MMR status (p=0.017).

T.K.H. Chung et al. conducted a study in 2001 with 50 cases of invasive SCCs of the cervix.
They found that 7 cases (14%) displayed high-frequency microsatellite instability (MSI-H)
and 6 (12%) displayed low-frequency microsatellite instability (MSI-L) 1.e. MSI positive.
The remaining 37 cases (74%) were microsatellite stable. From this study, they concluded
that MSI is present in cervical squamous cell carcinomas and defects resulting in MSI may be
related to tumor progression and possibly poor prognosis. However, they found that while
statistical analysis of HPV infection, tumor grade, clinical stage and clinical status failed to

reveal differences between MSI-positive and MSI-negative cases.®®

In 2002, Y.-F. Wong et al. conducted a study on 93 SCCs samples that were evaluated for
MSI. MSI-H and MSI-L were found in 11 (11.8%) and 16 (17.2%) of 93 cervical carcinomas,
respectively, while microsatellite stable (MSS) was found in 66 (71%) cervical carcinomas.
They found that the overall survival of MSI-positive patients was significantly lower than
that of microsatellite stable patients (p=0.02). Although the rate of MSI-H increased with the

(56)

disease stage (p=0.035).

In 2018, Feng et al. conducted a study on 66 cases of SCCs cervix. They found that in 66
patients, 49 (74.2 %) were showed retained MSH2 and MLHI1, 15 (22.7 %) were showed loss
of either MSH2 or MLH1 and both MSH2 and MLH1 were lost in only two cases (3.1 %).
They also found that the JMMR cases were 25.8%.®

A. Ciavattini et al. examined the immunohistochemistry expression of hMSH2 and hMLH1
in 28 cases of aggressive squamous cervical carcinomas in 2005. They found neoplastic
stromal invasiveness is related to a significant loss of hMLHI function. There was also a
significant association between hMLH1 and hMSH2 immunostaining in invasive lesions (r <

0.462; p < 0.0125).°?

Relation between PD -L.1 and MMR status

In this study, all the dIMMR SCCs of the cervix showed a CPS of <5 and one-third of the
deficient MMR cases showed the absence of PD-L1 in the tumor. However, a statistically

significant relation between MMR status and PD-L1 expression was not seen.
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In 2018, Feng et al. conducted a study on 66 cases of squamous cell carcinomas tissue
samples. They found that dIMMR patients have more PD-L1 expression than pMMR patients,
implying that PD-1/PD-L1 antibody therapies may be effective in dMMR cervical cancer
patients. High PD-L1 expression in cancer cells contributes to loss of balance when patients
have dMMR status, revealing no correlations between PD-L1 in cancer cells. Meanwhile,
other immune molecules, such as immune cytokines, may help in the repair of the imbalance
and the tumor microenvironment should achieve a fragile balance. PD-1/PD-L1 antibody
therapies are capable of disrupting the precarious balance, resulting in good therapeutic

66
outcomes. (66)

Tahmineh Haidary et al. conducted a study in 2019 on 60 cervical SCCs to evaluate PD-L1
expression and MMR status with clinical significance. Patients aged 30-55 years had a
greater rate of PD-L1 expression and a significant correlation between age and PD-L1
expression on tumor cells was found (p = 0.047). They also found that the majority of people
(91.7 %) have intact MMR. However, no statistical association was noted between MMR

status and PD-L1 expression.®”

JI et al. conducted a study on 20 cases of cervical cancer patients in 2021. The study was
about the expression of programmed cell death protein 1 ligand 1(PD-L1), poly ADP-ribose
polymerase-1(PARP1) and MMR status. The positive rates for PD-L1 were 70%.
Microsatellite instability (MSI) was observed in 6 (30%) cases. The expression status of PD-
L1 in the MSI subgroup was identical (p = 0.004). They concluded that immune checkpoint

therapy was helpful in patients with PD-L1 positivity and MMR loss.””’

Authors Study Study Results

Feng et al, in | PDL1 expression and e Strong positive, positive and negative PD-L1

2018 mismatch repair expression was detected in 21 cases (31.8 %),
(MMR) status of 18 cases (27.3 %) and 27 cases (40.9 %)
SCCs, of the cervix, cases respectively.
were assessed in 66 e 49 (74.2 %) were both MSH2 and MLH1
tissue samples of stable, 15 (22.7 %) were showed loss of
squamous cell either MSH2 or MLH1and both MSH2 and
carcinomas MLHI were lost in 2 cases (3.1%)

e dMMR cases were was 25.8 % (17 out of 66
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cases).

e dMMR patients have more PD-L1 expression

than pMMR patients.

Tahmineh e PD-L1 e Patients aged 30-55 had a greater rate of PD-
Haidary et al, expression L1 expression and a significant correlation
2019 and MMR between age and PD-L1 expression in the
status with tumor was found (p = 0.047).
clinical e Majority of people (91.7 %) had intact
significance. MMR.
¢ No statistical association was noted between
MMR status and PD-L1 expression.
LIU et al, PDL1 expression and e HPVI16E7 and PD-L1 in cervical cancer were
2016 HPYV association positively associated (r=0.531) and reached
assessed in cervical statistical significance (P=0.043).
carcinoma (40 e PD L1 overexpression induced by HPV16E7
patients) and normal may be responsible for lymphocyte
cervical tissue (8 malfunction
persons)
Mori et al, PD-L1 expression e The PD L1 expressed in SCCs cervical
2021 studied in 75 uterine cancer patients.
cervical ® No statistically significant relationship
carcinoma patients between changes in TIL density and PD L1
expression was noted.
Liang et al, 142 paired SCCs e The enhanced PD-L1 expression and
2020 specimens of the lymphocyte-predominant microenvironment

cervix were studied
for PD-L1 expression
and lymphocyte

microenvironment.

provide a rationale for using a PD-1/PD-L1

axis inhibitor.

A. Ciavattini,

2005

Expression of
hMSH2 and hMLH1

in 28 cases of

Neoplastic stromal invasiveness was related
to a loss of h(MLH1 function.

e Significant association between hMLH1 and

&7




aggressive squamous

cervical carcinomas

hMSH2 was seen in invasive lesions (r <

0.462; p < 0.0125).

Y.-F. Wong 93 cases of SCCs of * MSI-H and MSI-L were seen in 11 (11.8%)
et al, 2002 cervix samples were and 16 (17.2%) of 93 cervical carcinomas,
studied for respectively, while microsatellite stability
microsatellite (MSS) was seen in 66 (71%) cervical
instability status carcinomas.
The MSI-H increased with the disease stage
(P 0.035).
Z Chinn et al, | 65 cases of cervical 14 of 16 cases (88 %) showed PD-L1
2017 SCCs assessed for expression in CPS.
PD-L1 expression
with CPS.
EK Enwere et | 120 patients of SCCs The high percentage of cervical cancer tumor
al, 2017 of the cervix were samples expressing PD-L1 suggests that anti-
assessed for PD-L1 PD-L1 therapies are potential treatment
options for this patient population.
Min Feng et | 219 cervical PD-L1 expression was found in 32.4 percent
al, 2018 squamous cell tumors (71/219) of cervical carcinomas and 10.0
and 30 healthy percent (22/219) of partial TILs.
controls, assessed for Normal cervical epithelium did not express
PD-L1 and TILs PD-L1.
other The number of TILs was shown to be
clinicopathological strongly related to PD-L1 expression in TILs.
parameters. Cases had substantially higher PD-L1 levels
with elevated TILs (P = 0.033), but not with
age, tumor size, vascular invasion, lymph
node-positive, TNM stage, or histologic
grade.
T.K.H. 50 subjects, with 7 cases (14%) displayed high-frequency
Chung et al, | invasive squamous microsatellite instability (MSI-H) and 6
2001 cell carcinomas of (12%) displayed low-frequency
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the cervix, examined

for MSI status

microsatellite instability (MSI-L).
37 cases (74%) were microsatellite stable.
No statistical association was seen between

MSI, HPV infection and tumor grade.

JI et al. 2021

The expression of
programmed cell
death protein 1 ligand
1(PD-L1) and MMR
status in 20 cases of

cervical cancer

The PD-L1 was expressed in 70% of cervical
cancer. Microsatellite instability (MSI) was
observed in six (30%) of the cases.

The expression status of PD-L1 in the MSI
subgroup was significant (p = 0.004).

Ying Meng et
al, 2018

97 SCCs of the
cervix patients and
30 cases of normal
cervix assessed for
PD-L1 expression
and HPV status

78 cervical cancer patients were HPV
associated and 19 cases were HPV
independent.

PD-L1 was more frequently found in cervical
cancer tissues than in normal tissues,

particularly those with HPV association.

The current

study

PDLI expression and
mismatch repair
(MMR) status of
SCCs, of the cervix,

were assessed

40 out of 50 cases (80%), had a combined
positive score > 1 (PD-L1 positive cases)
whereas 10 out of 50 cases (20%), of cases,
had a score of <1 (PD-L1 negative cases).
Out of 50 cases, 47 cases (94%) showed
retained MMR protein (MMR stable) while
only 3 cases (6%) showed MMR deficiency.
A statistically significant association was
noted between PD-L1 expression in the
tumor and the grade of the tumor. (p=0.022).
All the HPV independent SCC of the cervix
showed PD-L1 expression. But, none of the
HPYV independent cases had a PD-L1 CPS of
>50.

None of the HPV independent SCCs showed

mismatch repair deficiency.
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All the IMMR SCC:s of the cervix showed a
CPS of <5 and one-third of the deficient
MMR cases showed the absence of PD-L1 in
the tumor.

However, no statistically significant
connection was noted between mismatch
repair status and PD-L1 expression in

tumors.

Table 45: Comparison of PD-L1 expression in tumor cells of the present study and other

studies in squamous cell carcinomas of the cervix
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SUMMARY AND CONCLUSION

This was an ambispective observational study on 50 cases of squamous cell carcinoma of the

cervix (SCC). Clinicopathological parameters, PD-L1 expression in tumor cells, tumor-

infiltrating lymphocytes and mismatch repair deficiency status were studied. The salient

findings are summarized below:

The age of the patients ranged from 33 years to 81 years, with a mean age of 56.28 years
and a standard deviation of 11.74. Maximum number of patients were between 60 to70
years of age group (17 out of 50, 34%).

Forty out of 50 cases (80%) were moderately differentiated, 8 out of 50 cases (16%),
were poorly differentiated and only 2 out of 50 cases (4%) were well-differentiated
squamous cell carcinomas.

Fifteen out of 50 cases (30%) showed tumor necrosis and 35 cases (70%) did not show
tumor necrosis.

All the cases showed tumor-infiltrating lymphocytes (TILs). Maximum cases had
between 11-25% TILs (16/50 cases, 32%) and 10 cases (20% of the cases) had >50%
TILs.

Most of the cases (47/50, 94%), were HPV-associated SCC. Only 3 cases (6%), were
HPYV independent SCC.

Most of the tumors expressed PD-L1, 40 out of 50 cases (80%). Maximum number of
cases, 12 out of 50 cases (24 %), had PD-L1 expression in 1-5% of the tumor cells. 10
cases (20%) showed PD-L1 expression in >50% of the tumor cells.

PD-L1 expression was noted in 84 % of tumor-infiltrating lymphocytes (PD-L1
expressing tumor had more TILs).

Forty out of 50 cases (80%), had a combined positive score of > 1 (PD-L1 positive cases)
whereas 10 out of 50 cases (20%), had a score of <1 (PD-L1 negative cases).

All the HPV independent SCCs of the cervix showed PD-L1 expression. But, none of the
HPYV independent cases had a PD-L.1, CPS of >50.

Thirty-seven out of 47 HPV-associated SCCs cases showed PD-L1 expression and 6
(12.76%) HPV-associated cases had a PD-L1, CPS of >50. Ten out of 47 HPV-associated
cases, (21.27%) had a score of <1 (PD-L1 negative cases).

None of the nonkeratinising SCCs had a CPS score of >50.
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A statistically significant association was noted between PD-L1 expression in the tumor
and the grade of the tumor. Poorly differentiated SCC showed more PD-L1 expression
than well-differentiated and moderately differentiated tumors. (P=0.022).

No statistically significant association was seen between age, PD-L1 expression in tumor,
TILs, tumor necrosis, HPV association and PD-L1 expression.

Mismatch repair deficiency was noted in 3 out of 50 cases (6%) of cases of squamous cell
carcinomas of the cervix.

All the dMMR cases were >50 years of age. None of the patients >70 years of age
showed MMR deficiency. All the IMMR patients were in the 50 to 70 years age group.
Most of the MMR stable cases showed an absence of tumor necrosis (33/47, 70.21%).
Also, two-third of the MMR deficient cases did not show necrosis. However, this finding
is not statistically significant.

All the dMMR SCCs of the cervix showed a CPS of <5 and one-third of the deficient
MMR cases showed the absence of PD-L1 in the tumor.

All the MMR deficient cases (3 cases) had >10% of TILs. Eleven out of 47 MMR stable
cases (23.40%) had <10% TILs. However, there was no statistically significant
association between the MMR status of tumors and TILs.

There was no statistically significant association between MMR status and age, tumor
grade, tumor necrosis, TILs and HPV association of tumor.

No statistically significant association was seen between PD-L1 expression in tumor and

MMR status.
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In conclusion, the majority of the cases were in the age group 61-70years. 80% were
diagnosed with moderately differentiated squamous cell carcinomas and 94% of cases were
HPYV associated. All the cases showed the presence of tumor infiltrating lymphocytes (TILs)
and maximum cases had between 11-25% TILs (32%). PD-L1 expression was seen in 80%
of the tumors. 80%, had a combined positive score > 1 (PD-L1 positive cases) whereas 20%,
of cases, had a score of <1 (PD-L1 negative cases). A statistically significant association was
noted between PD-L1 expression in the tumor and the grade of the tumor (p=0.022). Forty-
seven cases (94%) were mismatch repair stable while only 3 cases (6%) showed mismatch
repair deficiency. Our study did not find any significant association between the mismatch
repair status and PD-L1 expression in the tumors, however, this could be due to the limited
sample size of our study. Additional studies with a larger sample size are required to enable

the selection of patients who are likely to benefit from targeted therapy.

93



, N&38r o

BIBLIOGRAPHY




10.

BIBLIOGRAPHY

WHO Classification of Tumours Editorial Board. Female genital tumors. WHO
classification of tumors series, Sth ed.; vol. 4 Lyon (France): International Agency for
Research on Cancer; 2020. (WHO classification of tumors series, 5th ed.; vol. 4).

https://publications.iarc.fr/592.

Board WEF. In Female Genital Tumours: WHO Classification of Tumours.

Cancer of the Cervix Uteri - Cancer Stat Facts [Internet]. SEER. [cited 2021 Dec 20].

Available from: https://seer.cancer.gov/statfacts/html/cervix.html

Kumar V, Abbas A, Fausto N, Aster JR. Cotran Pathologic Basis of Disease (Robbins
Pathology).

Quatrini L, Mariotti FR, Munari E, Tumino N, Vacca P, Moretta L. The Immune
Checkpoint PD-1 in Natural Killer Cells: Expression, Function, and Targeting in
Tumour Immunotherapy. Cancers (Basel). 2020 Nov 6;12(11):3285.

Gonzalez H, Hagerling C, Werb Z. Roles of the immune system in cancer: from tumor

initiation to metastatic progression. Genes Dev. 2018 Oct 1;32(19-20):1267-84.

Feng Y, Ji W, Yue N, Huang Y, Ma X. The relationship between the PD-1/PD-L1
pathway and DNA mismatch repair in cervical cancer and its clinical significance.

CMAR. 2018 Jan; Volume 10:105-13.

PD-L1 Distribution and Perspective for Cancer Immunotherapy—Blockade,
Knockdown, or Inhibition [Internet]. [cited 2021 Dec 16]. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6718566/

Lin AY, Lin E. Programmed death 1 blockade, an Achilles heel for MMR-deficient
tumors? J Hematol Oncol. 2015 Nov 5:8:124.

Frimer M, Levano KS, Rodriguez-Gabin A, Wang Y, Goldberg GL, Horwitz SB, et al.
Germline mutations of the DNA repair pathways in uterine serous carcinoma. Gynecol

Oncol. 2016 Apr;141(1):101-7.

94



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Weber TK, Chin HM, Rodriguez-Bigas M, Keitz B, Gilligan R, O’Malley L, et al.
Novel hMLH1 and hMSH2 germline mutations in African Americans with colorectal
cancer. JAMA. 1999 Jun 23;281(24):2316-20.

Lee SJ, Yang A, Wu TC, Hung C-F. Immunotherapy for human papillomavirus-
associated disease and cervical cancer: a review of clinical and translational research. J

Gynecol Oncol. 2016;27(5):e51.

André T, Shiu K-K, Kim TW, Jensen BV, Jensen LH, Punt C, et al. Pembrolizumab in
Microsatellite-Instability—High Advanced Colorectal Cancer. New England Journal of
Medicine [Internet]. 2020 Dec 2 [cited 2021 Dec 16]; Available from:
https://www.nejm.org/doi/10.1056/NEJM0a2017699

Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-1
Blockade in Tumors with Mismatch-Repair Deficiency. New England Journal of

Medicine. 2015 Jun 25;372(26):2509-20.
Jameson JL. Harrison’s principles of internal medicine. McGraw-Hill Education,; 2018.

Cohen PA, Jhingran A, Oaknin A, Denny L. Cervical cancer. Lancet. 2019 Jan
12;393(10167):169-82.

Harrison Principle of the internal medicine 20th edition.Vol 1.

Cervical cancer - The Lancet [Internet]. [cited 2022 Jan 1]. Available from:

https://www .thelancet.com/pdfs/journals/lancet/PIIS0140-6736(03)13778-6.pdf

Gustinucci D, Passamonti B, Cesarini E, Butera D, Palmieri EA, Bulletti S, et al. Role
of pl6(INK4a) cytology testing as an adjunct to enhance the diagnostic specificity and
accuracy in human papillomavirus-positive women within an organized cervical cancer

screening program. Acta Cytol. 2012;56(5):506—14.

Wentzensen N, von Knebel Doeberitz M. Biomarkers in cervical cancer screening. Dis

Markers. 2007;23(4):315-30.

Ostor AG. Natural history of cervical intraepithelial neoplasia: a critical review.
International journal of gynecological pathology: official journal of the International

Society of Gynecological Pathologists. 1993 Apr 1;12(2):186-92.

95



22.

23.

24.

25.

26.

27.

28.

29.

30.

Sun C, Mezzadra R, Schumacher TN. Regulation and Function of the PD-LI1
Checkpoint. Immunity. 2018 Mar 20;48(3):434.

Kythreotou, A., Siddique, A., Mauri, F.A., Bower, M. and Pinato, D.J., 2018. PD-L1.
Journal of clinical pathology, 71(3), pp.189-194.

Ohaegbulam KC, Assal A, Lazar-Molnar E, Yao Y and Zang X. Human cancer
immunotherapy with antibodies to the PD-1 and PD-L1 pathway. Trends Mol Med
2015; 21: 24-33.

Liu Y, Wu L, Tong R, Yang F, Yin L, Li M, et al. PD-1/PD-L1 Inhibitors in Cervical
Cancer. Frontiers in Pharmacology. 2019;10:65.

Han Y, Liu D, Li L. PD-1/PD-L1 pathway: current researches in cancer. Am J Cancer
Res. 2020 Mar 1;10(3):727-42.

Thompson, E.D., Taube, J.M., Asch-Kendrick, R.J., Ogurtsova, A., Xu, H., Sharma, R.,
Meeker, A., Argani, P., Emens, L.A. and Cimino-Mathews, A., 2017. PD-L1 expression
and the immune microenvironment in primary invasive lobular carcinomas of the breast.

Modern Pathology, 30(11), pp.1551-1560.

Hamanishi, J., Mandai, M., Iwasaki, M., Okazaki, T., Tanaka, Y., Yamaguchi, K.,
Higuchi, T., Yagi, H., Takakura, K., Minato, N. and Honjo, T., 2007. Programmed cell
death 1 ligand 1 and tumor-infiltrating CD8+ T lymphocytes are prognostic factors of
human ovarian cancer. Proceedings of the National Academy of Sciences, 104(9),

pp.3360-3365.

Frontiers | The Prognostic and Clinicopathological Roles of PD-L1 Expression in
Colorectal Cancer: A Systematic Review and Meta-Analysis | Pharmacology [Internet].
[cited 2021 Dec 9]. Available from:
https://www.frontiersin.org/articles/10.3389/fphar.2019.00139/full

Pelster MS, Mott F, Lewin J. Pembrolizumab-induced mucositis in a patient with

recurrent hypopharynx squamous cell cancer. Laryngoscope. 2020 Apr;130(4): E140-3.

96



31.

32.

33.

34.

35.

36.

37.

38.

39.

Ishida Y, Agata Y, Shibahara K and Honjo T. Induced expression of PD-1, a novel
member of the immunoglobulin gene superfamily, upon programmed cell death. EMBO

J 1992; 11: 3887-3895.

Ahmadzadeh M, Johnson LA, Heemskerk B, Wunderlich JR, Dudley ME, White DE
and Rosenberg SA. Tumor antigen-specific CD8 T cells infiltrating the tumor express

high levels of PD-1 and are functionally impaired. Blood 2009; 114: 1537-1544.

Chang, D.K., Metzgar, D., Wills, C. and Boland, C.R., 2001. Microsatellites in the
eukaryotic DNA mismatch repair genes as modulators of evolutionary mutation rate.

Genome Research, 11(7), pp.1145-1146.

Arana, MLE. and Kunkel, T.A., 2010, October. Mutator phenotypes due to DNA
replication infidelity. In Seminars in cancer biology (Vol. 20, No. 5, pp. 304-311).

Academic Press.

Richman S. Deficient mismatch repair: read all about it. International journal of

oncology. 2015 Oct 1;47(4):1189-202.

Chinn Z, Stoler MH, Mills AM. PD-L1 and IDO expression in cervical and vulvar
invasive and intraepithelial squamous neoplasias: implications for combination
immunotherapy. Histopathology. 2019 Jan;74(2):256-268. DOI: 10.1111/his.13723.
Epub 2018 Oct 29. PMID: 30067880.

Chung HC, Ros W, Delord J-P, Perets R, Italiano A, Shapira-Frommer R, et al. Efficacy
and Safety of Pembrolizumab in Previously Treated Advanced Cervical Cancer: Results

From the Phase Il KEYNOTE-158 Study. J Clin Oncol. 2019 Jun 10;37(17):1470-8.

Enwere EK, Kornaga EN, Dean M, Koulis TA, Phan T, Kalantarian M, et al. Expression
of PD-L1 and presence of CD8-positive T cells in pre-treatment specimens of locally

advanced cervical cancer. Mod Pathol. 2017 Apr;30(4):577-86.

Sloan EA, Ring KL, Willis BC, Modesitt SC, Mills AM. PD-L1 Expression in
Mismatch Repair-deficient Endometrial Carcinomas, Including Lynch Syndrome-
associated and MLH1 Promoter Hypermethylated Tumors. Am J Surg Pathol. 2017
Mar;41(3):326-333. doi: 10.1097/PAS.0000000000000783. PMID: 27984238.

97



40.

41.

42.

43.

44.

45.

46.

47.

Yang W, Lu Y-P, Yang Y-Z, Kang J-R, Jin Y-D, Wang H-W. Expressions of
programmed death (PD)-1 and PD-1 ligand (PD-L1) in cervical intraepithelial neoplasia
and cervical squamous cell carcinomas are of prognostic value and associated with

human papillomavirus status. J Obstet Gynaecol Res. 2017 Oct;43(10):1602—12.

Willis BC, Sloan EA, Atkins KA, Stoler MH, Mills AM. Mismatch repair status and
PD-L1 expression in clear cell carcinomas of the ovary and endometrium. Mod Pathol.
2017 Nov;30(11):1622-1632. doi: 10.1038/modpathol.2017.67. Epub 2017 Jul 28.
PMID: 28752845.

Reddy OL, Shintaku PI, Moatamed NA. Programmed death-ligand 1 (PD-L1) is
expressed in a significant number of uterine cervical carcinomas. Diagn Pathol. 2017

Jun 17;12(1):45.

Loukovaara M, Pasanen A, Biitzow R. Mismatch Repair Deficiency as a Predictive and
Prognostic Biomarker in Molecularly Classified Endometrial Carcinoma. Cancers

(Basel). 2021 Jun 22;13(13):3124.

Delgado G, Bundy B, Zaino R, Sevin B-U, Creasman WT, Major F. Prospective
surgical-pathological study of disease-free interval in patients with stage IB squamous

cell carcinoma of the cervix: A Gynecologic Oncology Group study. Gynecologic

Oncology. 1990 Sep 1;38(3):352-7.

Oh MS, Chae YK. Deep and Durable Response With Combination CTLA-4 and PD-1
Blockade in Mismatch Repair (MMR)-proficient Endometrial Cancer. J Immunother.

2019 Mar;42(2):51-4.

Research C for DE and. FDA approves pembrolizumab for advanced cervical cancer
with disease progression during or after chemotherapy. FDA [Internet]. 2019 Feb 9
[cited 2022 Jan 2]; Available from: https://www.fda.gov/drugs/resources-information-
approved-drugs/fda-approves-pembrolizumab-advanced-cervical-cancer-disease-

progression-during-or-after-chemotherapy

Chung HC, Schellens JHM, Delord J-P, Perets R, Italiano A, Shapira-Frommer R, et al.
Pembrolizumab treatment of advanced cervical cancer: Updated results from the phase 2

KEYNOTE-158 study. JCO. 2018 May 20;36(15_suppl):5522-5522.

98



48.

49.

50.

51.

52.

53.

54.

55.

56.

Horn L-C, Hohn AK, Hentschel B, Fischer U, Bilek K, Brambs CE. Prognostic
relevance of low-grade versus high-grade FIGO IB1 squamous cell uterine cervical

carcinomas. J Cancer Res Clin Oncol. 2019 Feb;145(2):457-62.

Liang Y, Yu M, Zhou C, Zhu X. Variation of PD-L1 expression in locally advanced

cervical cancer following neoadjuvant chemotherapy. Diagn Pathol. 2020 Jun 3;15:67.

Shruthi PS, Kalyani R, Lee JK, Narayanaswamy M. Clinicopathological Correlation of
Cervical Carcinoma: A Tertiary Hospital Based Study. Asian Pacific Journal of Cancer

Prevention. 2014 Feb 28;15(4):1671-4.

Feng M, Xu L, He Y, Sun L, Zhang Y, Wang W. Clinical significance of PD-L1
(CD274) enhanced expression in cervical squamous cell carcinoma. Int J Clin Exp

Pathol. 2018 Nov 1;11(11):5370-8.

Ciavattini A, Piccioni M, Tranquilli AL, Filosa A, Pieramici T, Goteri G.
Immunohistochemical expression of DNA mismatch repair (MMR) system proteins

(hMLHI1, hMSH2) in cervical preinvasive and invasive lesions. Pathol Res Pract.

2005;201(1):21-5.

Ho C-M, Chien T-Y, Huang S, Wu C-J, Shih B-Y, Chang S-C. Multivariate analysis of
the prognostic factors and outcomes in early cervical cancer patients undergoing radical

hysterectomy. Gynecologic Oncology. 2004 May 1;93(2):458—64.

Yang W, Song Y, Lu Y-L, Sun J-Z, Wang H-W. Increased expression of programmed
death (PD)-1 and its ligand PD-L1 correlates with impaired cell-mediated immunity in
high-risk human papillomavirus-related cervical intraepithelial neoplasia. Immunology.

2013 Aug;139(4):513-22.

Mori Y, Sato H, Kumazawa T, Permata TBM, Yoshimoto Y, Murata K, et al. Analysis
of radiotherapy-induced alteration of CD8+ T cells and PD-L1 expression in patients

with uterine cervical squamous cell carcinoma. Oncol Lett. 2021 Jun;21(6):446.

Wong YF, Cheung TH, Poon KY, Wang VW, Li JCB, Lo KW-K, et al. The role of
microsatellite instability in cervical intraepithelial neoplasia and squamous cell

carcinoma of the cervix. Gynecol Oncol. 2003 Jun 1;89(3):434-9.

99



57.

38.

59.

60.

61.

62.

63.

64.

65.

Silva-Filho AL, Reis FM, Traiman P, Pedrosa MS, Miranda D, Triginelli SA.
Clinicopathological features influencing pelvic lymph node metastasis and vaginal and
parametrial involvement in patients with carcinoma of the cervix. Gynecol Obstet

Invest. 2005;59(2):92-6.

Prognostic effect of different PD-L1 expression patterns in squamous cell carcinoma
and adenocarcinoma of the cervix | Modern Pathology [Internet]. [cited 2022 Jan 4].

Available from: https://www.nature.com/articles/modpathol201664

Haidary T, Mendoza RP, Zhou Y, Lee W-C, Lee Y-C, Gupta R. PD-L1 expression,
DNA mismatch repair genes, and HPV types in cervical squamous cell carcinoma. JCO.

2019 May 20;37(15_suppl):5533-5533.

Meng Y, Liang H, Hu J, Liu S, Hao X, Wong MSK, et al. PD-L1 Expression Correlates
With Tumor Infiltrating Lymphocytes And Response To Neoadjuvant Chemotherapy In
Cervical Cancer. J Cancer. 2018;9(16):2938-45.

Nijhuis ER, Nijman HW, Oien KA, Bell A, Hoor KA ten, Reesink-Peters N, et al. Loss
of MSH2 protein expression is a risk factor in early stage cervical cancer. J Clin Pathol.

2007 Jul;60(7):824-30.

Chung TKH, Cheung TH, Wang VW, Yu MY, Wong YF. Microsatellite Instability,
Expression of hMSH2 and hMLH1 and HPV Infection in Cervical Cancer and Their
Clinico-Pathological Association. Gynecol Obstet Invest. 2001;52(2):98-103.

van de Putte G, Holm R, Lie AK, Tropé CG, Kristensen GB. Expression of p27, p21,
and p16 protein in early squamous cervical cancer and its relation to prognosis. Gynecol

Oncol. 2003 Apr;89(1):140-7.

D’ Alessandris N, Palaia I, Pernazza A, Tomao F, Di Pinto A, Musacchio L, et al. PD-L1
expression is associated with tumor infiltrating lymphocytes that predict response to

NACT in squamous cell cervical cancer. Virchows Arch. 2021 Mar;478(3):517-25.

Liu C, Lu J, Tian H, Du W, Zhao L, Feng J, et al. Increased expression of PD-L1 by the
human papillomavirus 16 E7 oncoprotein inhibits anticancer immunity. Mol Med Rep.

2016 Dec 23;

100



66.

67.

68.

69.

70.

71.

72.

73.

Feng Y, Ji W, Yue N, Huang Y, Ma X. The relationship between the PD-1/PD-L1
pathway and DNA mismatch repair in cervical cancer and its clinical significance.

Cancer Manag Res. 2018 Jan 18;10:105-13.

Loharamtaweethong K, Puripat N, Praditphol N, Thammasiri J, Tangitgamol S. PD-L1
protein expression and copy number gains in HIV-positive locally advanced cervical

cancer. Ther Adv Med Oncol. 2020 Jan 1;12:1758835920963001.

Mezache L, Paniccia B, Nyinawabera A, Nuovo GJ. Enhanced expression of PD L1 in
cervical intraepithelial neoplasia and cervical cancers. Mod Pathol. 2015

Dec;28(12):1594-602.

Rotman J, den Otter LAS, Bleeker MCG, Samuels SS, Heeren AM, Roemer MGM, et
al. PD-L1 and PD-L2 Expression in Cervical Cancer: Regulation and Biomarker

Potential. Front Immunol. 2020 Dec 17;11:596825.

Karim R, Jordanova ES, Piersma SJ, Kenter GG, Chen L, Boer JM, et al. Tumor-
expressed B7-H1 and B7-DC in relation to PD-1+ T-cell infiltration and survival of
patients with cervical carcinoma. Clin Cancer Res. 2009 Oct 15;15(20):6341-7.

Reiniger L, Téglasi V, Pipek O, Rojké L, Glasz T, Vagvolgyi A, et al. Tumor necrosis
correlates with PD-L1 and PD-1 expression in lung adenocarcinoma. Acta Oncologica.

2019 Apr 19;58:1-8.

Howitt BE, Sun HH, Roemer MGM, Kelley A, Chapuy B, Aviki E, et al. Genetic Basis
for PD-L1 Expression in Squamous Cell Carcinomas of the Cervix and Vulva. JAMA
Oncology. 2016 Apr 1;2(4):518-22.

Ji X, Sui L, Song K, Lv T, Zhao H, Yao Q. PD-L1, PARP1, and MMRs as potential
therapeutic biomarkers for neuroendocrine cervical cancer. Cancer Med. 2021

Jul;10(14):4743-51.

101



~ /N\@
e
X‘URES.ﬂ

\f@i«@‘\/
S



ANNEXURES

ANNEXURE - 1
ETHICAL JUSTIFICATION

- Informed written consent was taken from all study subjects. No pressure or coercion was

exerted on subjects for participation in the study.
- Confidentiality and privacy was maintained at all stages.

- Enrolment in the study did not pose any additional risk to the patient and did not increase
the cost of the treatment. Informed written consent was taken from the patient/guardian of all

the patients as per the attached proforma.
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ANNEXURE - 2

All India Institute of Medical Sciences Jodhpur, Rajasthan

Informed consent form (English)

Title of the project: Expression of Programmed cell Death Ligand 1 (PD-L1) and

Mismatch Repair Status in Squamous cell carcinomas of the cervix.
Name of the Principal Investigator : Dr. Anju.G Tel. No. 948680927

Patient/Volunteer Identification No. :

I, S/o or D/o
R/o

give my full, free, voluntary consent to be a part of the study during 2018-2021, the
procedure and nature of which has been explained to me in my own language to my full

satisfaction. I confirm that I have had the opportunity to ask questions.

I understand that my participation is voluntary and am aware of my right to opt out of the

study at any time without giving any reason.

I understand that the information collected about me and any of my medical records may be
looked at by Doctors from AIIMS, Jodhpur. I give permission for these individuals to have

access to my records.

Date:

Place: Signature/Left thumb impression

This to certify that the above consent has been obtained in my presence.

Date:

Place: Signature of Principal Investigator
Witness 1 Witness 2

Signature/ Left thumb impression Signature/ Left thumb impression

Name: Name:

Address: Address:

104



ANNEXURE -3

All India Institute of Medical Sciences (AIIMS)
Jodhpur, Rajasthan
Informed consent form (Hindi)

offerer/ferster a1 sfiven
RISIEEEIE NGNS ) B 9486809267
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s1e" " ST Teh AT S o forg B
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T TS T ST e 2

4wz g for 3 vl wafeo & ol g foret off svror fow fom forelt off vy sremr @ ae frerer o # sfersem
ST 21

o T g fob HY ST A Afearar fapiS o o o T ohi 7S S
Eal (aFuft =) 1 faferemees srftrertor & e safts g
T ST w2 # 3 ST i 3T ARG 79 Tg e o o STl JaT gl

g :

STE: T/ S T B

T THIOT e o forq for At Sufurfa o Suts gewf ure i s 21

e

e fisf B F gEaEr

Tars1: Idig 2: :
BTHI&R: TEATE:
g afrE
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10.

ANNEXURE - 4

Patient Information Sheet

. Risks to the patients: No interventions or life-threatening procedures will be done.

Confidentiality: Your participation will be kept confidential. Your medical records will be
treated with confidentiality and will be revealed only to doctors/ scientists involved in this
study. The results of this study may be published in a scientific journal, but you will not
be identified by name.

Provision of free treatment for research related injury - Not applicable.

Compensation of subjects for disability or death resulting from such injury - Not
Applicable.

Freedom of the individual to participate and to withdraw from the research at any time
without penalty or loss of benefits to which the subject would otherwise be entitled.

You have complete freedom to participate and to withdraw from the research at any time
without penalty or loss of benefits to which you would otherwise be entitled.

Your participation in the study is optional and voluntary.

The copy of the results of the investigations performed will be provided to you for your
record.

You can withdraw from the project at any time and this will not affect your subsequent
medical treatment or relationship with the treating physician.

Any additional expense for the project, other than your regular expenses, will not be

charged from you.
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ANNEXURE - 5

K CEIRERD
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. Tt SAeht wfiert Maer Wt ST ek dfeshet feRiS o gortst Muerr S are foRam ST 39 gE etemee
T wnfrer Sk / Smnfent & fore & gemar R smom g6 stem % afomm St afe § vl e S e €

TR 3TTUeRT 19 & Te=rHT el S|

. ATEEW ¥ Hefiq =ie ¥ fu 1 3o STem o e - ey A

. Tt <ie & B arcft fskarTar a1 g % foe foawat s getmes - Ty R

. Tt off T Sl @ % R o ST w9 " W o SR g § A o o fg s
warctra, e forer  af=rem geham 2

. 3Tk T R oft T SEAT AT T % TR o T 9 o SR STE & o o s ol S @ forek forg

T 37T Fhl BT

. SR H ekl wiier Sepfeueh 3t wfea 2

. Toru T st o aftort s wfa staes fent o fofe straeRt wer Rl S|

. 3 TRt off T IfESHT @ 9TE o TeRd ®, 3R I8 31U 91E o fufehear e a1 Su=R furfsheaeh o |1t dee i
SuTfer Tt sham|

10. 31k frafia @t o s, TREeHT # o g i stfifen @ o ek Tel foram s
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ANNEXURE - 6

All India Institute of Medical Sciences (AIIMS), Jodhpur
Department of Pathology and Lab Medicine

PROFORMA
Date:
Name
Age: Sex: I.D:
Address:

Relevant clinical History:

Family history of malignancy:

Histological diagnosis (with the histopathological stage if available):

Requested information for optimal patient care:

(1) Known/Previous malignancy: |:| (2) Clinical Tumor staging information:

(3) Immunocompromised: I:I (4) Chemotherapy: |:| (5) Radiotherapy: :l
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(6) THC: PD-L1

(a) Intensity of stain (b) Positive cell percentage

No stain: 0 0:<5% cells

Weak stain: 1+ 1: 5% - 25% cells
Moderate: 2+ 2:26% -50% cells

Intense: 3+ 3:51% - 75% cells

O U

4: >=T75%

(7) Mismatch repair deficiency:

[HC RETAINED LOST
MLH 1 |:| |:|
MSH 2 |:| |:|
MSH 6 |:| |:|
PMS 2 |:| |:|

109

HREREENAN



SINo  AIIMS ID Histopathology Numbe Name Age  Specimen  Diagonosis PD-L 1 PMS2  MLHI MSH2 MLH6 MMR Pl6 TILS in tuPD-L1 in " PD-L1 Combaii Necrosis - Lymphova: Perineural i Dysplasia

1 AIIMS/JDH/2017/12/013549 H/0064/18 Gero Devi 58 Biopsy (cervi keratinizing squamous cell carcinoma (moderately differentiated) Expressed Retained Retained Retained Retained Retained Block positive 45 15 5 8 Absent  Absent Absent Present

2 AIIMS/JDH/2018/01/022288 H/0174/18 RAMIDEVI 47 Biopsy (cervi moderately differentiated squamous cell carcinoma Lost Retained Retained Retained Retained Retained Block positive 54 0 0 0 Absent  Absent Absent Absent

3 AIIMS/IDH/2018/02/00039 H/0620/18 Sayar Devi 62 Biopsy (cervi Poorly d)ffcrcm)a(cd  squarmous cell carcinoma. Lost Retained Retained Retained Retained Retained Block positive 20 0 0 0 Absent  Absent Absent Absent

4 AIIMS/JIDH/2018/02/000194 H/0621/2018 Bidami Devi 60 Biopsy (cervi iz ~quam0u~ csll carcinoma, Lost Retained Retained Retained Retained Retained Block positive 55 0 0 0 Absent  Absent Absent Present

5 AIIMS/JDH/2018/02/007307 H/0880/18 Parvati 61 Biopsy, cervi: cell carcinoma - Expressed Retained Retained Retained Retained Retained Block positive 18 5 20 20 Absent  Absent Absent Present

6 AIIMS/JIDH/2018/03/004694 H/1314/18 SHOBHA 46| Biopsy cervix Keratinizi mous cell carcinoma i ated). Expressed Retained Retained Retained Retained  Retained  Block positive 35 50 30 40 Absent  Absent  Absent Absent

7 AIIMS/TDH/2018/03/004730 H/1418/18 Shanti Devi 66| Biopsy cervix moderately differentiated( keratinizing) squamous cell carcinoma. Lost Retained Retained Retained  Retained  Retained  Block positive 10 0 0 0 Absent  Absent  Absent  Absent

8 AIIMS/JDH/2018/04/001798 H/2019/18 Chunni Devi 56 Biopsy cervix moderately differentiated keratinizing squamous cell carcinoma Lost Lost Retained Retained Retained Lost Block positive 25 0 0 0 Absent  Absent Absent Present

9 AIIMS/JDH/2018/07/018427 HATITN18 Sukhi 49 Cervical biop Poorly diffcrcmia(cd Squamous cell carcinoma. Expressed Retained Retained Retained Retained Retained Block positive 22 45 25 23 Absent  Absent Absent Absent
10 AIIMS/IDH/2018/07/015704 H/4824/18 Parvati 61|Biopsy, cervi i quamous cell carcinoma,Well di i Expressed Retained Retained Retained Retained  Retained  Block positive 5 5 5 10 Absent  Absent  Absent  Absent
11 AIIMS/JIDH/2018/08/017146 H/5297118 Dhapu 75| Biops Ccm modmmly dlffsmnualsd keratinizing squamous cell carcinoma Lost Retained Retained Retained Retained  Retained  Block positive 60 0 0 0 Absent  Absent  Absent Absent
12 AIIMS/JDH/2018/08/018017 H/5603/18 Geeta Devi 37 Biopsy, cervi: Non-keratinizing squamous cell carcinoma, modcm(cly differentiated Expressed Retained Retained Retained Retained Retained Not associated 5 15 5 20 Absent  Absent Absent Absent
13 AIIMS/JDH/2018/12/001867 H/0335/2019 Champa 64/ Cervical Biop squamous cell carcinoma. Expressed Retained Retained Retained Retained  Retained  Not associated 5 50 15 36 Absent  Absent  Absent Absent
14 AIIMS/JDH/2019/01/030463 H/0846/2019 Papu Devi 35| Cervical biop: Moderately differentiated keratinizing squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 10 4 4 3.2 Absent  Absent Absent Absent
15 AIIMS/JDH/2019/02/005294 H/2183/2019 Saku 53| Cervical biop: Moderately d)ffcrcm)a(cd kcr;mmzmg squamous cell carcinoma. Expressed Retained Lost Retained Retained Lost Block positive 45 2 3 1.4 Absent  Absent Absent Present
16 AIIMS/JDH/2019/04/013496 H/2974/2019 Mohan Kanwar 40| Cervical biop: squamous cell carcinoma. Expressed Retained Retained Retained Retained  Retained  Block positive 5 50 40 36 Present  Absent  Absent Absent
17 AIIMS/JIDH/2019/05/008031 H/3295 /2019 Champa Devi 46| Cervical biop: Poorly differentiated squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 56 0.5 0.5 0.5 Present  Absent Absent Absent
18 AIIMS/IDH/2019/05/020694 H/3858 12019 Patu Devi 58| Cervical biop Features are of large cell non keratinizing Squamous Cell Carcinoma Expressed Retained Retained Retained ~ Retained  Retained  Block positive 25 230 10 Absent Absent  Absent  Absent
19 AIIMS/JDH/2019/06/004781 H/4083 /2019 Panni Devi 45 cervix Poorly differentiated, Non keratinizing squamous cell carcinoma. Expressed Retained Retained Retained Retained Retained Block positive 30 70 55 56 Present  Absent Absent Present
20 ATIMS/IDH/2019/06/004929 H/41452019 Jadav Kanwar 66 Cervical biop Keratinizing squamous cell carcinoma ,Well differcentited Expressed Retained Retained Retained ~ Retained  Retained  Block positive 45 0 s 6 Absent  Absent  Absent  Absent
21 AIIMS/JDH/2019/05/019505 H/4339/2019 Magu Kanwar 55| Cervical biop: Non-| kcmumzmg squamous ccll carcmoma with focally basaloid morphology,moderately differentiated Expressed Retained Retained Retained Retained Retained Not associated 70 80 40 48 Absent  Absent Absent Present
22 AIIMS/IDH/2019/06/015465 H/4524/2019 Margo Devi 43| Cervical biop: squamous cell carcinoma. Expressed Retained Retained Retained Retained  Retained  Block positive 4 520 14 Absent  Absent  Absent Present
23 AIIMS/JDH/2019/06/015465 H/4525 /2019 Margo Devi 55| Cervical biop: is of mous cell carcinoma. Moderatly di i Expressed Retained Retained Retained Retained Retained Block positive 15 70 70 60 Absent  Absent Absent Present
24 AIIMS/JDH/2019/07/002323 H/4813/19 Jamku Devi 70 Cervical biop: Squamous cell Carcinoma,Moderatly differeentited lost Retained Retained Retained Retained Retained Block positive 5 0 0 0 Absent  Absent Absent Present
25 AIIMS/IDH/2019/07/009544 H/5118/19 Choudhi Devi 69 Cervical biop: Moderately differentiated keratinizing squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 35 50 35 24 Absent  Absent Absent Present
26 AIIMS/JDH/2017/10/012945 H/5453/19 Banaphula 81 Cervical biop: Moderately differentiated keratinizing squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 5 80 75 62 Absent  Absent Absent Present
27 AIIMS/JDH/2019/07/018156 H/5483/19 Ratni Devi .. 66| Biopsy, cervi: Poorly differentiated non-keratinizing squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 65 75 25 40 Present  Absent Absent Absent
28 AIIMS/JDH/2019/07/021514 H/5653/19 Sugni Devi 81| Biopsy (cervi Dil fated Keratinizing Squa cell carcinoma Expressed Retained Retained Retained Retained  Retained  Block positive 25 2 1 0.8 Present  Absent  Absent Absent
29 AIIMS/IDH/2019/08/000157 H/5664/2019 Viju Devi 33 Biopsy (cervi Moderately differentiated kcr;mmzmg squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 45 5 5 4 Present  Absent Absent Present
30 AIIMS/IDH/2019/01/030409 H/5754/19 Sundar Devi 66/ Biopsy (cervi Porly differentiated squamous cell carcinoma Expressed Retained Retained Retained  Retained  Retained  Block positive 35 75 45 48 Present  Absent  Absent  Absent
31 AIIMS/IDH/2019/08/005387 H/5914/19 Suwa Devi 52 Biopsy (cervi Moderately differentiated Squamous cell carcinoma. Expressed Retained Retained Retained Retained Retained Block positive 15 20 12 16 Present  Absent Absent Absent
32 AIIMS/IDH/2019/08/008146 H/6412/19 Nenudi 52| Cervix biopsy Moderately differentiated keratinizing squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 12 25 25 20 Present  Absent Absent Present
33 AIIMS/IDH/2020/01/017801 H/0041/2020 MOHANIC DEY 67 Cervical biop Moderately to poorly differentiated squamous cell carcinoma. Expressed Retained Retained Retained  Retained  Retained  Block positive 15 5 2 35Present Absent  Absent  Present
34 AIIMS/IDH/2020/01/021020 H/0261/20 Anasi Devi 62 Biopsy cervix Kerati mous cell carcinoma. Moderatly di i Expressed Retained Retained Retained Retained Retained Block positive 22 0 5 2 Present  Absent Absent Absent
35 AIIMS/IDH/2019/10/001571 H/0802 /20 Jasu Devi 70 Biopsy, cervi: i i non- inizing squamous cell carcinoma. Expressed Retained  Lost Retained Retained Lost Block positive 35 5 5 2 Present  Absent Absent Absent
36 AIIMS/JDH/2020/01/031246 H/0810 /2020 Kamla Devi 62 Biopsy - cervi Moderately differentiated keratinizing squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 40 0 5 0.2 Absent  Absent Absent Present
37 ALIMS/JDH/2018/03/002412 H/0903 /2020 Geeta Devi. 66 Biopsy - cervi Poorly differentiated Squamous cell carcinoma. Expressed Retained Retained Retained Retained Retained Block positive 10 5 1 3 Present  Absent Absent Absent
38 AIIMS/JDH/2020/02/006259 H/1625 /20 Rani Devi 51 Biopsy, cervi: Moderately differentiated Squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 55 10 10 4 Absent  Absent Absent Absent
39 AIIMS/JDH/2020/02/015696 H/1696 /2020 Magi Devi 47 Cervical biop: moderately differentiated squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 30 10 5 6 Absent  Absent Absent Absent
40 AIIMS/JDH/2020/02/018262 H/1808 /2020 Chani Devi 60| Cervical biop: Poorly differentiated squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 25 80 70 64 Absent  Absent Absent Absent
41 AIIMS/JDH/2020/02/011649 H/1907/2020 Shanti 40| Cervical biop: Moderately differentiated squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 15 40 10 50 Present  Absent Absent Present
42 AIIMS/JIDH/2020/05/001527 H/2523/20 Devi 51| Cervical biop: moderately differentiated keratinizing squamous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 25 90 40 60 Absent  Absent Absent Absent
43 AIIMS/JDH/2020/06/000811 H/2645 /20 Nani 56 Cervical biop: Moderately differentiated Squamous Cell Carcinoma Expressed Retained Retained Retained Retained Retained Block positive 35 20 30 20 Absent  Absent Absent Present
44 AIIMS/JIDH/2020/07/003325 H/3146/20 Prem Kanwar 58 Cervical biop: Keratinizing Squamous cell carcinoma.Moderatly differeentited Expressed Retained Retained Retained Retained Retained Block positive 65 80 20 50 Absent  Absent Absent Present
45 Aiims/jdh/2020/07/006794 H/3223/20 Anjali 60| Cervical biop: mous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 10 20 8 18 Absent  Absent Absent Absent
46 AIIMS/JDH/2020/08/004653 H/3724/20 Durga Devi 37 Cervical biop: Non inizing Squa cell carcinoma, Expressed Retained Retained Retained Retained Retained Block positive 80 30 25 26 Absent  Absent Absent Absent
47 AIIMS/JDH/2020/09/001796 H/3843/20 Senki 65 Cervical biop: i i mous cell carcinoma Expressed Retained Retained Retained Retained Retained Block positive 15 5 5 4 Absent  Absent Absent Present
48 AIIMS/JDH/2020/10/009259 H/4847/20 Sua Devi 51| Cervical biop: Non-keratinizing squamous cell carcinoma,moderately differentiated Expressed Retained Retained Retained Retained Retained Block positive 30 30 50 45 Absent  Absent Absent Present
49 AIIMS/JDH/2020/12/009019 H/24/2021 Indra 35| Cervical biop: Non-keratinizing squamous cell carcinoma,moderately differentiated Expressed Retained Retained Retained Retained Retained Block positive 20 40 15 30 Present  Absent Absent Present

50 AIIMS/JIDH/2020/12/009135 H/102/2021 Shanti 68 Cervical biop: Keratinizing squamous cell carcinoma.Moderatly differeentited Expressed Retained Retained Retained Retained Retained Block positive 62 70 25 60 Absent  Absent Absent Present



