Print ISSN: 2321-6379
Online ISSN: 2321-595X

Original Article

Human Papilloma Virus, Programmed Death
Ligand-1, and Tumor Microenvironment: Implications
for the Patients with Head-and-Neck Squamous

Cell Carcinoma

Asttha Kapoor', Pinki Pandey?, Alok Dixit®, Savita Agarwal*, Udbhav Tewari®, Kailash Mittal®,
Jitendra Pratap’, Suha Akhtar®

'Senior Resident, Department of Pathology, Uttar Pradesh University of Medical Sciences, Etawah, Uttar Pradesh, India, 2Professor and Head,
Department of Pathology, Uttar Pradesh University of Medical Sciences, Etawah, Uttar Pradesh, India, *Professor and Head, Department of
Pharmacology, Uttar Pradesh University of Medical Sciences, Etawah, Uttar Pradesh, India, “Professor, Department of Pathology, Uttar Pradesh
University of Medical Sciences, Etawah, Uttar Pradesh, India, Senior Resident, Department of Psychiatry, Uttar Pradesh University of Medical
Sciences, Etawah, Uttar Pradesh, India, *Professor and Head, Department of Radiation Oncology, Uttar Pradesh University of Medical
Sciences, Etawah, Uttar Pradesh, India, "Professor, Department Of ENT, Uttar Pradesh University of Medical Sciences, Etawah, Uttar Pradesh,
India, 83 Year Post Graduate Student, Department of Pathology, Uttar Pradesh University of Medical Sciences, Etawah, Uttar Pradesh, India

Abstract

Objectives: To investigate the relationship among the immunohistochemical expression of programmed death ligand 1 (PD-L1),
CD8, and human papillomavirus (HPV) with a variety of clinicopathological parameters.

Purpose: The study of PD-L1, HPV, and CD8 expression may provide clinicians with more exact information to appraise tumor
aggressiveness and treatment modalities.

Methods: In this prospective study, a total of 100 head-and-neck squamous cell carcinoma (HNSCC) cases were investigated.
The tumor was graded according to World Health Organization criteria. PD-L1, CD8, and HPV expression were determined by
immunohistochemical staining. The obtained results were assessed using the Chi-square test.

Results: Out of 100 cases, 73% of patients were positive for PD-L1, 90% of cases were positive for HPV expression, and
94% of cases were positive for CD8. There was a statistically significant link between PD-L1 and drinking alcohol, abnormal
sexual behavior, having multiple sexual partners, and the grade of the tumor. CD8 expression was also associated with gender
and smoking. In contrast to this, HPV expression is associated with aberrant sexual behavior. The connection between the
expression of PD-L1 and CD8 was found to be substantial (P = 0.002).

Conclusion: HNSCC with high CD8+ TIL infiltration and PD-L1 expression may have a better outcome, superior survival, and
cancer endurance.
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INTRODUCTION

Head-and-neck carcinomas rank sixth among all
malignancies worldwide, with almost 90% of head and
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neck cancers attributable to the 60,000 cases reported
yeartly. In India, it is one of the top three cancer types.!"
Squamous cell carcinoma of the upper aerodigestive tract
typically occurs in older patients in their 5"~7" decades
of life.?”I'The most common triggering factors for head-
and-neck squamous cell carcinoma (HNSCC) to be known
for decades are paan chewing, cigarette smoking, alcohol
abuse, and poor oral hygiene, but human papillomavirus
(HPV) is now recognized as one of the primary causes of
oropharyngeal squamous cell cancers.”s HPV-associated
cancers are caused by the expression of HPV’s E6 and
E7 proteins that bind to and inactivate tumor suppressor
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proteins p53 and retinoblastoma protein, respectively,
leading to malignant transformation of HPV-infected
cells.I" programmed death ligand 1 (PD-L1) expression is
a potential predictive biomarker of the response to anti-
PD-L1/anti-programmed cell death-1 (PD-1) therapy in
multiple cancers, including HNSCC.

Recent studies advocate that PDL1-expressing cancer cells
have the capacity to expeditiously elude the host immune
system. Aberrant expression of programmed death
ligand 1 (PD-L1) enables tumor cells (TC) to elude the
host’s immune system and is reckoned to be a manner of
adaptive immune resistance.® Inhibition of this immune
checkpoint offers a promising new therapeutic approach.”
PD-L1 is expressed on TCs and is able to bind to PD-1
on T-lymphocytes, thereby terminating their role. It is
also expressed on tumor-infiltrating lymphocytes (TILs)
and macrophages.""! CD8-positive T-lymphocytes, also
called cytotoxic T-cells, are the most powerful anticancer
cells of the immune system and kill cells by direct lysis.
Patients diagnosed with HNCC cancer whose tumor was
highly infiltrated by CD8+T cells showed comparatively
better outcomes than those who had minimal or no
infiltration, thus confirming that the cytotoxic T-cells
are associated with a favorable outcome. A retrospective
evaluation of patients diagnosed with HNSCC treated
with anti-PD-1/PD-L1 agents showed that increased
tumor infiltration by CD8+ T cells and an increased ratio
of CD8+ T cells/Tregs were positively correlated with
treatment response, indicating their potential role as a
predictive biomarker.!"!

In our study, PD-L1, CD8, and HPV expression in HNSCC
were correlated with each other and with clinicopathological
parameters.

MATERIALS AND METHODS

Sample Collection

In the current study, 100 biopsies and neck dissection
specimens provided by the Department of Oncosurgery and
Otorhinolaryngology were screened and histopathologically
determined to be squamous cell carcinoma. Individuals with
malignancies other than HNSCC, including adenocarcinoma,
melanoma, sarcoma, and metastases, were excluded from
the study. The sample size was calculated using the formula
n=7?  P(1-P)/d? where 7 is a sample size, Za , (1.96)
is statistic for a level of confidence, P = 0.07) is expected
prevalence or proportion, and d (0.05) is precision or error.
By putting values in the above formula, the sample size
came out to be 99.99, i.e., 100. Our study was approved by
the institutional ethical committee, and informed consent
was taken from all the patients.

Histopathological Examination of the Tissue Specimens
Prognostic characteristics such as histological grade, tumor
size, and lymph node metastasis were evaluated using
hematoxylin and eosin staining, Tumors were histologically
graded as per the 2005 World Health Organization
classification of head and neck tumors.!"”!

Immunohistochemistry

PD-L1, HPV, and CD8 immunostaining was used to
examine the immunohistochemical profile by staining a
representative section of tumor with mouse monoclonal
antibody Mob572, mouse monoclonal antibody Mob394,
and rabbit monoclonal antibody RMABO012 (concentrated
antibodies for use with diagnostic biosystems PolyVue
tm plus-two-step detection system), respectively.
Clinicopathological characteristics, including age, gender,
smoking, alcohol intake, paan chewing, aberrant sexual
practices, numerous sexual partners, histological grade,
and lymph node status, were correlated with IHC
expression.

Pathological assessment

The tonsil was taken as a positive control for PD-L1
immunostaining. A field with a minimum of 100 viable
TCs was selected for evaluation, and the necrotic areas
were avolded. Staining was seen in both immune cell (IC)
and TC components. In TCs, both partial or complete
membrane staining was assessed, excluding cytoplasmic
staining, whereas in ICs, both membrane and cytoplasmic
staining of inflammatory cells are included because they
are often indistinguishable due to the high N: C ratio.
Expression was determined using the combined positive
score (CPS), which is the number of PDIL1-staining cells
(macrophages, TCs, and lymphocytes) divided by the
total number of viable TCs multiplied by 100. Cells in the
numerator include all viable invasive TCs and mononuclear
IC directly associated with the response to the tumor
(lymphocytes and macrophages within tumor nests and
adjacent supporting stroma); adjacent mononuclear IC are
defined as being within the same 20X field as the tumor.

CPS=Number of PDL1%taining cells (tumor cells, lymphocytes, %100
macrophages)
Total number of viable tumor cells

Based on the CPS value, PDI-1 expression was determined
as follows: CPS <1: no PDL1lexpression; CPS =21: PDL1
expression; CPS 220: PDL1 expression.”!

Immunohistochemical analyses of CD8 were used to
measure the expression in the cytoplasm and membrane
of lymphocytes. CD8+ lymphocyte content was counted
using ten representative high-power microscopic fields
(40X magnifications) of the intra-tumor region and invasive
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border of the tumor. The average cell numbers for each
area were scored as follows: Grade 0 = average number
0, Grade 1 = average numbers 1-19, Grade II = average
numbers 20—49, and Grade IIlI = average numbers 50.
This formulated the CD8+lymphocyte infiltration score
(CD8+TILscore).!'"!

Membranous and/or cytoplasmic HPV IHC staining
was scored [score 0-2] as: 0 = no staining, 1=focal:
focally stained cells (i.e., limited staining of some [<5]
cells restricted to the upper quarter of the epithelium);
2=extensive: (i.e., widespread) staining in the upper one-
third of the epithelium and/or below."”!

Statistical Analysis

The statistical analysis was performed using the Statistical
Package for Social Science version 23.0 statistical analysis
software. The values were represented in number (%)
and meantstandard deviation. A chi-square test was
used, and “P” values were calculated using the following
levels of significance: P > 0.05 (not significant), P < 0.05
(significant), P < 0.01 (highly significant), and P < 0.001
(very highly significant).

RESULTS

The study included a hundred patients, with an age range
of 25 to 75 years and a mean of 48.40 £ 12.093 years.
The majority of the patients (31%) belonged to the 31-40
age group. Fifty-six of them were <50 years of age, of
which 55 (98%) cases had positive CD8 expression, while
forty-four were >50 years of age, of which 39 (88.63%)
cases were CD8 positive. Six cases had CD-8 Grade 0,
whereas CD-8 Grades I, I, and 111 comprised 18, 33, and
43 cases, respectively |[Figure la-c]. HPV Grade 0 was
observed in 10 cases, of which 5 were <50 years and the
remaining 5 were >50 years old. Whereas HPV Grade 1
was seen in 22 cases (14 cases belonged to the age group
<50 years and 8 cases >50 years) and HPV Grade 2 in
068 cases (37 cases were <50 years and 31 cases >50 years)
[Figure 1d-f].

PD-L1 expression was seen such that 27 cases had CPS <1,
CPS 21, and CPS >20 seen in 36 and 37 cases, respectively.
Out of 27 patients with CPS <1, 24 (88.88%) cases were
<50 years of age, and 3 (11.11%) cases were >50 years
of age. CPS 21 was seen in 36 patients; 21 (58.33%) of
them were <50 years of age. Whereas CPS > 20 was
seen in 37 patients, out of them, 26 (70.27%) cases were
>50 years of age. [Figure 1g-i]. A statistically significant
direct association was observed between CD8 and age
(P = 0.036) and PD-L1 and age (P = 0.002), whereas no
such associations were observed with HPV.

The entire cohort of 100 patients consisted of 89% males
and 11% females. Among 89 males, 86 (96.62%) and
11 females, 8 (72.72%) cases expressed CDS positivity.
A statistically significant association was observed between
CD-8 expression and gender propensity (P = 0.008),
whereas no significant relationship was observed between
HPV (P = 0.519) and PD-L1 expression (P = 0.396).

The most common site of involvement was the oral cavity
(77%), followed by the face and neck (11%), oropharynx
(9%), hypopharynx (3%), and larynx (2%) [Figure 2a-c|.
No significant relationship was seen between site and CD-8
(P = 0.085), HPV (P = 0.093), and PD-L1 (P = 0.352)
expression. 55% of cases were graded as well differentiated
(Grade 1), whereas moderately differentiated (Grade 2),
and poorly differentiated (Grade 3) constitute 40%0—50%,
respectively [Figure 2d-f].

Eighty-eight patients were paan chewers, of which
80 (90.90%) cases had positive HPV expression, while
10 (83.33%) cases out of 12 non-paan chewers had positive
HPYV expression. No statistically significant association was
observed between the habit of paan chewing and CD-8
(P = 0.754), HPV (P = 0.654), and PD-L1 (P = 0.909)
expression.

The habit of smoking was seen in 65 patients, of whom
63 (96.92%) cases had positive CD8 expression, while
31 (88.5%) cases out of 35 non-smoker patients also
had positive CD8 expression. A statistically significant
correlation was observed between smoking and CD-8
expression (P = 0.003), whereas no such association was
observed with HPV (P = 0.195) and PD-L1 (P = 0.250).

A history of alcohol abuse was present in 34 patients, all
of whom had positive CD8 expression. 66 patients had a
negative history of alcohol abuse, of which 60 (90.90%)
had positive CD8 expression. Out of 34 patients who had
a positive history of alcohol abuse, 16 (47.05%) cases had
CPS <1, 13 (38.23%) cases had CPS 21, and 5 (14.70%)
cases had CPS >20. Whereas, 66 patients did not have
a history of alcohol abuse, of which 11 (16.66%) cases
had CPS <1 expression, 23 (34.84%) cases had CPS
=1, and 32 (48.48%) cases had CPS >20. A statistically
significant direct association was observed between the
history of alcohol abuse and CD-8 (P = 0.014) and PD-
L1 (P = 0.001) expression. Abnormal sexual habits were
present in 19 patients, all of whom had positive CD8 as
well as HPV expression. PD-L1 expression amongst these
patients was such that 9 (47.36%) cases showed CPS <1
expression, 7 (36.84%) cases CPS 21, and 3 (15.78%) cases
CPS >20. Whereas, 81 patients had a negative history of
abnormal sexual habits, of which 75 (92.59%) cases had
positive CD8 expression and 71 (87.65%) cases had positive
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Figure 1: Inmunohistochemistry images of: (a) CD-8 Grade | (average number 1-19 cells) (x400), (b) CD-8 Grade Il (average number
20-49 cells) (x400), (c) CD-8 Grade lll (average number 50 cells) (x400), (d) HPV Grade 1 (Focally stained cells [i.e., limited staining
of some cells restricted to the upper quarter of the epithelium]) (x100), () HPV Grade 1 (focally stained cells) (x400), (f) HPV Grade 2
(Extensively stained cells [i.e., widespread staining in the upper one- third of the epithelium and/or below]) (x100), (g) PD-L1 CPS <1
(x400), (h) PD-L1 CPS =1 (x400), (i) PD-L1 CPS =20 (x400). PD-L1: Programmed death-ligand 1

lower lip. (c) exophytic growth involving buccal mucosa and upper lip. Haematoxylin and eosin-stained slides of (d) Well differentiated
squamous cell carcinoma showing keratin pearls and intracytoplasmic keratinization (x100) (H&E). (e) Moderately Differentiated
Squamous cell carcinoma showing intracytoplasmic keratinization and nuclear pleomorphism (x400) (H&E). (f) Poorly differentiated
squamous cell carcinoma showing clusters of highly pleomorphic tumour cells with hyperchromatic nucleus. (x400) (H&E)

HPYV expression. A statistically significant direct association
was observed between abnormal sexual habits and CD8
(P = 0.018), HPV (P = 0.020), and PD-L1 (P = 0.040)
[Table 1].

A history of multiple sexual partners was present in
16 patients; all of them had positive CD8 and HPV
expression. PD-L1 expression in these cases was such that
9 (56.25%) cases had CPS <1, 5 (31.25%) cases.

25
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CPS =1, and 2 (12.50%) cases of CPS >20. Eighty-four
patients had a negative history of abnormal sexual
habits; 78 (92.85%) cases out of them showed positive
CD8 expression, while 74 (88.09%) had positive HPV
expression. A statistically significant direct association was

observed between the history of multiple sexual partners
and CDS8 (P = 0.010) and PD-L1 (P = 0.010).

Expression of these markers was correlated with each
other such that a statistically significant correlation was
observed between PDL1 expression and CD8 expression
(P = 0.002) [Table 2]. No significant correlation was
observed in CD8 expression between HPV-positive and
HPV-negative cases (P = 0.260) [Table 3]. No significant
correlation was observed between PD-L1 expression and
HPV expression (P = 0.774).

DISCUSSION

The age and gender distribution of the present study and
prior studies indicate that the incidence of head-and-neck
malignancies is higher in older age groups and males.
This can be accredited to the practice of paan chewing,
tobacco smoking, or alcohol consumption, which are
more prevalent among males in our part of the world.
These play an imperative role in the etiopathogenesis of
HNSCC. The age and gender distribution in our study
were in concordance with the research conducted by
Klussmann e /") Rischin ¢z a/I"" The majority of the
cases incorporated in the present research were paan
chewers (88%), smokers (65%), non-alcoholics (66%),
and those without multiple sexual partners (84%). Paan
chewing and alcohol consumption were found to have
preponderance among males. Similar results were seen in
a study conducted by Alam ez a/"¥ The history of multiple
sexual partners was seen in 16 (16%) cases, and that of
abnormal sexual habits was seen in 19 (19%) cases. Bulks
of them were male. Similar to our study, Heck e a/!" also
found that the majority of male cases had a history of
multiple sexual partners. In our research, only a handful

of subjects gave sexual history, plausible explanations, and
societal and cultural stigma when discussing sexual practices
and deviancies in this region of the nation.

In our study, the maximum number of cases belonged to
grade I (55%). Grade II and grade I1I tumors constituted
40% and 5% of cases, respectively. The distribution of
histologic grade was erratic in various studies. Our study
corresponded to the study by Chen e7 a/!" which also found
the maximum cases (50%) during their study showing
Grade I/Well-differentiated SCC. Grade III tumors were
less frequently observed in our study when compared to the
other studies.”* That observed moderately differentiated
carcinoma/grade II forming the most common group.
A statistically significant association was seen between CD8
expression and age (P = 0.0306) as well as gender (P = 0.008)
in our study, which was in concordance with other studies
like Nguyen ¢# al*! and Balermpas ez a/*"

The 100 cases of head-and-neck squamous cell cancers
analyzed for expression of CD8 showed a statistically
significant association between CD8 expression and
smoking (P = 0.003), alcohol abuse (P = 0.014), abnormal
sexual habits (P = 0.018), and the history of multiple sexual
partners (P = 0.010). No statistically significant association
was found between CD8 expression and paan chewing
(P = 0.754). Ward e a/? and Balermpas ez a/?¥, like our
study, found a statistically significant association between
CD8 expression and smoking (P < 0.001). Furthermore,
Fang et alP® found a statistically significant association of
CD8 expression with alcohol consumption (P < 0.05).

A statistically significant association was seen between HPV
expression and abnormal sexual habits (P = 0.020), which
is in concordance with the study conducted by Herrero
et al?. Likewise, Ajila ez a/* studied a positive relationship
between HPV DNA and abnormal sexual behavior such
as a greater number of sexual partners, oral-genital gender,
and oral-anal gender. Similar to our study, Herrero ez al*”
found that HPV is detected less frequently among current
smokers and paan chewers as compared to non-smokers

Table 2: Correlation of PD-L1 expression with HPV and CD8 expression

HPV expression

PD-L1 expression

Results (n=100)

CPS <1 (PD- L1
expression) (n=27)

CPS 21 (PD-L1
expression) (n=36)

CPS >20 (PD-L1
expression) (n=37)

Grade 0 4
Grade 1 6
Grade 2 17
CD-8 expression
Grade 0 3
Grade | 4
Grade Il 15
Grade lll 5

2

9 X?=1.790
26 P=0.774
1

4 X?=20.789
7 P=0.002*
25

* signifies statistical significance, CPS: Combined positive score, PD-L1: Programmed death-ligand 1
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Table 3: Correlation of CD-8 expression in HPV
postive and HPV negative cases

CD-8 HPV expression Total Results
expression Positive Negative (n=100)

(n=90) (n=10)
Grade 0 5 1 6
Grade | 15 3 18 X2=7.707
Grade Il 30 3 33 P=0.260
Grade Il 40 3 43

* signifies statistical significance

and non-chewers. A statistically significant association was
seen between PD-L1 expression and age (P = 0.002), and
no statistically significant correlation was seen with gender
(P = 0.396) in our study, which was in concordance with
other studies like Miiller 7 2/ However, Kouketsu ez a/.*’)
showed no statistical significance in PD-L1 expression with
age but a statistically significant correlation with gender,
which is in discordance with our study.

In our study, no significant association was seen between
PD-L1 and tumor site (P = 0.352), which was in
concordance with the study by Kouketsu ¢7 a/.*) Whereas
the observations of Miller ¢# 4/’ were discordant with
the present study, which observed that a significant
association was seen between PD-L1 and tumor site.
A statistically significant correlation was observed between
PD-L1 expression and CD8 expression (P = 0.002).
In concordance with our study, Kogashiwa ez a/P" also
found a statistically significant correlation between PD-L1
expression and CD8 expression (P <0.001).

CONCLUSION AND FUTURE IMPLICATIONS

The presence of HPV DNA, together with the expression
of HPV E6 and/or E7 RNA has often been deemed the
“golden standard” to assess if a tumor is caused by HPV
or not. Findings like the high incidence of high-risk HPV
offer support for a vaccination program for this risk
group. Informed education of patients and their close
contacts (like sexual partners and family members) will
also require knowledge of HPV status. In our study, we
verified a positive correlation between HPV and abnormal
sexual habits. PD-L1 expression is a potential predictive
biomatker of the response to anti-PD-L1/anti-PD-1
therapy in multiple cancers, including HNSCC. Superior
survival and cancer endurance were linked with a greater
CPS, such that immunotherapy was drastically effectual as
a first-line treatment in metastatic and non-resectable cases
of HNSCC if the CPS was 20 or greater. A prognostic
benefit of high CD8+TIL has been described, but the
majority of reports illustrate no significant association
of high CD8+TIL with OS or DSS. These differing

observations can be elucidated by the relative amounts
of CD8+TILs to other TILs affecting their function.
A significant association was found between PD-I1,
HPYV, CD8, and various clinicopathological parameters.
Thus, the association of these markers with other well-
established prognostic markers needs to be evaluated for
any inconsistent outcome. Hence, the study of PD-L1,
HPV, and CD8 expression may provide clinicians with
more exact information to appraise tumor aggressiveness
and treatment modalities.
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