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ABSTRACT

Background: Oropharyngeal squamous cell carcinoma (OPSCC) is the most common type of
cancer in the oropharynx and is commonly associated with high risk human papilloma virus
(rHPV) infection predominantly HPV 16 and 18. HPV oncoproteins E6 and E7 which are
encoded by (rHPV) DNA are primarily viral factors which are responsible for initiation and
progression of human papilloma virus (HPV) related cancers by inactivation of p53 and Rb
proteins, which results in a cascade of molecular events that induce the expression of a pl6-
related transcript. Subsequently, pl16 have been used as a surrogate marker for high risk HPV

lesions.

About 50-70% HPV related OPSCC demonstratepl6 immunostaining overexpression of which
71-90% are grade II &III (non-keratinizing) sub-types. Despite of a tendency to present at high
histological grades, management outcome of HPV-related OPSCC is associated with better
patient survival compared to the HPV negative and pl6 overexpression appear to have
implication in the diagnosis, prognosis and treatment of OPSCC. In economic constrained
settings like in Tanzania where detection of rHPV and/or IHC assessment for p16 status cannot
be ensured in every OPSCC case, it is important to identify the most likely rHPV related cases

that can be subjected for testing in order to be practically cost effective.

Objective: The aim of this study was to find out whether there is a correlation between
histological grading of OPSCC and rHPV wusing pl6 immunohistochemistry (IHC)

overexpression.

Methodology: The study was a retrospective hospital based study of OPSCC cases diagnosed at
Histopathology Department of Muhimbili National hospital for a period of 2 years from January
2016 to December 2017. The H&E slides of oropharyngeal carcinoma were reviewed to confirm
the diagnosis and assigned to histological grading according to Broder’s grading system. p16
IHC was performed in all cases using formalin fixed paraffin embedded tissue blocks. A case
was considered to have pl6 (IHC) overexpression if there was diffuse nuclear and cytoplasm
stain in more than 75% of the cells. Data were recorded and analyzed by SPSS version 20 and

demographic data were analyzed by frequency and percentages. The association between



variables was calculated using chi square where the association was regarded to be significant if

p value of <0.05 was obtained.

Results: Eighty five (85) cases of OPSCC were retrieved composed of57(67.1%)
malesand28(32.9%) females, with male to female ratio of 2:1.Their age range was between 22
and 92 years with median age of 54 years and mean age of 54.98+14.73 years. Majority (61.2%)
of cases were between the age of 31-60 years old. Histologically, about 49.4% (42/85) of the
cases were grade I, whereas 35.3% (30/85) were grade I and only 15.3% (15/85) were grade IIL.
The non-keratinizing tumors comprised of 64.7% (55/85). In overall p16 overexpression was
observed in 27/85 (31.8%) among which 15(35.7 %) and 9(69.2%) were grade II and grade III
respectively and only 10% (3/32) of cases in grade I OPSCC had pl16 overexpression. About
59.3% (16/27) of male patient showed pl6 overexpression however no association was noted
between pl6 status with sex, age and site p value=0.3, 0.1 and 0.4 respectively. There was a

highly significant association between histological grading of OPSCC and p16 status (p=0.000).

Conclusion: Tumor histology correlated well with pl6 overexpression (p< .001), furthermore
about one third of OPSCC in this study showed p16 over-expression predominantly grade II and
I (non keratinizing type of OPSCC) indicating good response after treatment therefore better
prognosis in such group of patients.

Recommendation: Routine pl6 IHC should be adopted in our setting especially in lesions
presenting with grade II and III OPSCC. This will assist in the management and prognostication
of OPSCC. Furthermore, the results of this study recommend inclusion of both gender in
preventive programs against HPV related tumors to reduce the rising trend of HPV related

malignancies.

Vi
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DEFINITION OF TERMS

Oropharyngeal squamous cell carcinoma is a malignant tumor arising from the oropharyngeal

region of squamous epithelium in origin.

Immunohistochemistry is the method of detection and localization of protein antigens in cells
based on the principle of antigen-antibody reaction and is then visualized and interpreted by

microscopy.

p16 is a tumor suppressor protein that slows cell division by slowing progression of cell cycle

from G1 phase to S phase.

Xii



CHAPTER ONE

1.0 INTRODUCTION

1.1 BACKGROUND
Oropharyngeal squamous cell carcinoma (OPSCC) is the most common type of cancer in the

oropharynx. The OPSCC may originate from the base of the tongue, tonsil and oropharyngeal
wall and is commonly associated with high risk HPV infection predominantly Human papilloma
virus (HPV) 16 and 18. It commonly affects male with the highest incidence seen in France,
Slovakia, and Switzerland(1). HPV-associated OPSCCs are commonly related to sexual
behavior, particularly the lifetime number of oral sex partners(1).In the study that was done by
C.E Faggons et al assessing pattern of head and neck squamous cell carcinoma in relation to risk
factors in sub Saharan Africa showed the oral and oropharynx were the commonest affected site

by SCC but its association with HPV was not established(2).

Human papilloma viruses (HPVs) are a group of host-specific Deoxyribonucleic acid(DNA)
viruses, with remarkable epithelial cell specificity and they are commonly found in the ano-
genital tract, urethra, skin, larynx, tracheo-bronchial and oral mucosa(3). There are more than
100 different HPV types that have been identified and classified as high risks such as HPV 16,
18,31 and low risk including HPV 6, 11, 42, 36(3). HPVs are characterized by special tropisms
for squamous epithelial cells, keratinocytes. The synthesis of viral DNA and the expression of
viral genes (especially for those codifying capsid proteins) are linked to the keratinocyte level of
differentiation (3).It is well established that non keratinizing squamous cell carcinoma (SCC) of
the oropharynx is closely related to transcriptionally active human papilloma virus (HPV) and
has better survival as compared to carcinomas with a keratinizing phenotype (KSCC)(4), hence
rHPV have more affinity to squamous epithelium causing squamous cell carcinoma which may

range from grade I to grade III type (well to poorly differentiated) (4)

The molecular mechanism of HPV induced carcinogenesis includes HPV oncoproteins E6 and
E7 encoded by high risk HPV DNA. These are primarily viral factors that are responsible for
initiation and progression of HPV related cancer by inactivation of p53 and Rb protein which are
tumor suppressor genes of the cell cycle(5). E6 promotes cell proliferation by stimulating
degradation of p53 protein via cellular ubiquitination, this affects the control of cell cycle hence

increase tumor growth. E7 bind Rb protein causing inactivation of Rb protein which affects its



interaction with E2F resulting in the release of E2F in transcriptional active forms. The active
E2F stimulates replication and cell division hence inhibiting cell apoptosis. This allows mutated

genes to pass through the cell cycle (6).

pl6is a tumor suppressor gene and a member of INK4 class of cell cycle inhibitors located on
chromosome 9p21 and is involved in Gl checkpoint. It binds to CDK-4,-6 inhibiting
phosphorylation of retinoblastoma protein which in turn inhibits transition of cell cycle from G1
to S phase. In normal cells pl6 expression is epigenetically silenced by polycomb repressive
complexes. In activation of Rb protein by E7 causes accumulation of hypo phosphorylated Rb,
which in turn signal cell cycle arrest, by releasing pl6 hence induces the overexpression of a
plo6-related transcript(5—7). pl6 is used as a surrogate marker for high risk HPV lesions and the
findings have been used to determine prognostic as well as developing preventive and treatment

guidelines(8).

Some lesion which are not associated with rHPV infection i.e. epithelial ovarian cancer have
been known to overexpression pl6 protein(9,10). In epithelial ovarian cancer, expression of p16
cells leads to downregulation of the expression of RB. Thus the Cyclin dependent kinase
inhibitors and Rb may be functionally linked but this p16 expression is not associated with rHPV
oncoproteins E6 and E7; furthermorepl6 protein may not be detected in 34% primary ovarian
cancers, and loss of pl6 is significantly more common in cases with wild-type p53(9,10). In
pancreatic ductal adenocarcinoma (PDAC) more than 50% of the tumor have loss of p16 protein
due to inactivation of p16 which is induced by mutation, homozygous deletion, and promoter
methylation associated transcriptional silencing(11). Hence most of the pancreatic ductal

adenocarcinoma does not overexpress p16 protein.

Studies done among Western and African countries have shown that HPV related oropharyngeal
carcinoma predominantly squamous cell carcinoma show p16 overexpression and are associated
with high risk HPV predominantly HPV 16(4,12,13). HPV positive OPSCC have shown to have
a better diagnosis compared to the HPV negative OPSCC and the two entities differ in
etiological factors as well molecular carcinogenesis. This knowledge helps in predicting patient

survival rate between the two entities.



The World Health Organization (WHO) characterizes the OPSCC as HPV positive squamous
cell carcinoma and HPV negative SCC. Studies that were done in African countries including
Mozambique and Egypt demonstrated low prevalence of tHPV related OPSCC. The prevalence
was observed to be high among middle aged population predominantly male. With HPV related
OPSCC showing good patient survival rate(13,14). On the other hand risk factors of
oropharyngeal carcinoma such as tobacco smoking, tobacco chewing and alcohol play a major
role in the carcinogenesis of HPV negative OPSCC. It has been observed that chewing betel quid
and areca nut also increase the risk and play a carcinogenetic role in acquiring HPV negative

OPSCC in Asia(1,12,15,16)

Oropharyngeal carcinoma lesions are not infrequent encountered at Muhimbili National Hospital
as well as other hospitals in Tanzania(17,18). However, studies on these lesions in relationship to
HPYV subtypes are scanty in our region, partly because HPV detection requires use of fresh tissue
specimens and advanced laboratory methods such as PCR. On the other hand, researchers have
found that pl6 immunohistochemistry overexpression on paraffin embedded sections can be

used as a surrogate marker for high risk HPV.(4,19)

The aim of this study was to find out whether there is correlation between histological grading of
OPSCC and rHPV using pl6 immunohistochemistry (IHC) overexpression in Tanzanian
patients. The results will assist in proving baseline data for more studies targeting primary
prevention of OPSCC as well as predict the prognosis that can guide in the treatment plan of
OPSCC patients.



1.2 PROBLEM STATEMENT

Squamous cell carcinoma (SCC) constitutes more than 90% of the malignant neoplasms of the
oral cavity and oropharynx. Global trend show increasing incidence of HPV positive OPSCC in
male and young to middle aged adults especially in economically developed countries(39).1t
has been clearly documented that there is a causal link between HPV infection and OPSCC. The
number of oral sexual partners has strongly been linked to HPV related OPSCC(4,40).

HPV related OPSCC demonstrate pathologies ranging from well differentiated to poor
differentiated (Grade I- III) with grade II and III being the predominant pattern. Unlike HPV
negative oropharyngeal carcinoma, HPV positive OPSCC with pl16 overexpression is known to

have better prognosis and good patient survival rate(4,41).

In Tanzania there are several studies on pattern and clinical pathological characteristics of head
and neck cancer including OPSCC(18,42,43) however its association with HPV has not been
elucidated. Most patients with OPSSC in Tanzania have advanced stage of tumor presentation
with possible lymph node metastasis and because there is no characterization of the tumor in
relation to HPV infection these patients are traditionally labeled with poor prognosis which
would have been different if these lesion would have p16 over expression. Recently the Nation
has established HPV vaccination program targeting young girls from 9 years old in order to
decrease the incident of HPV related cervical cancer but males are excluded. Since both females
and males have risk of developing OPSCC vaccinating both of them would have prevented all

rHPV related disorders including OPSCC

Lack of data on HPV related OPSCC in our settings, denies the opportunity for our country to
study feasibility and establishment of a potential prevention programs and management protocol

narrowed for HPV related OPSCC as seen in some of the countries like china and Colombia

Understanding the burden of HPV related OPSCC worldwide and in our setting has important
implications in management of the disease and a potential prevention through prophylactic HPV
vaccination also introducing male vaccination since they are the major risk group. p16 IHC being

a surrogate marker for HPV it is overexpressed in almost all tumors caused by rHPV.



1.3 RATIONALE

This study aimed at determining whether there is a correlation between histological grading of
OPSCC and rHPV using p16 immunohistochemistry (IHC) overexpression. The findings of this
study will provide a basis for routine use of pl6 IHC in our settings especially in the cases
present with grade II and grade III OPSCC. This may help in predicting the prognosis as well as
providing baseline data for more studies aiming at establishing primary prevention of OPSCC
through screening programs and vaccination. Formalin fixed paraffin embedded (FFPE) tissue
can be used in pl6 expression as a surrogate marker for high risk HPV. MNH has well
established histopathology department where biopsies from dental and ENT (Ear Nose and

Throat) clinics are processed, but p16 IHC is not routinely done.



1.4 HYPOTHESIS/OBJECTIVES
There is association between histological grading of OPSCC and p16 IHC overexpression.

1.4.1 Research question

1.

Is there any association between histological grading of OPSCC and rHPV using pl16
immunohistochemistry (IHC) overexpression at Muhimbili National Hospital?

1.4.2 Broad objective

1.

To determine the association between histological grading of OPSCC and rHPV using

p16 immunohistochemistry (IHC) overexpression at Muhimbili National Hospital.

1.4.3 Specific objectives

1.

To determine the histological grade of each OPSCC using Broder’s grading.

To determine the proportion of OPSCC lesions with rHPV using pl6
immunohistochemistry (IHC) overexpressionp16.

To determine the association between histological subtypes OPSCC and rHPV using p16
immunohistochemistry (IHC) overexpression



1.5 LITERATURE REVIEW

1.5.1 Prevalence of oropharyngeal carcinoma

Globally there has been a significant increase in incident and mortality caused by OPSCC(20).
Worldwide it is estimated that the incident of pharyngeal cancer to be about 48500 and 88000
cases in developed and developing countries respectively with high mortality among developing
countries(15). The prevalence of HPV-positive OPSCC is higher among men than women and it
is significantly highest among Caucasian population with low prevalence seen in black(21).The
rising trend in oropharyngeal cancers has been observed in young adults and middle ages
patients worldwide with mean age of 55 years(22).In Tanzania oropharyngeal tumor accounts
9.7% of all head and neck tumor with 8.8% being OPSCC(18) but its association with HPV not
been established. In the study that was done in Mozambique to assess HPV related OPSCC,
showed female predominance with the mean age of the female being below 59 years(14).HPV
positive OPSCC are more predominant among Caucasians and have good patient survival rate
compared to HPV negative OPSCC and in other hand HPV negative OPSCC are associated with

lifestyle risk factors such as alcohol drinking, smoking and tobacco chewing(1).
1.5.2 Risks factors for Oropharyngeal squamous cell carcinoma
1.5.2.1 Non- HPYV related risk factors

1.5.2.1 .1 Benign Oral Mucosa lesion

In the study assessing lifestyle risks of OPSCC and oral HPV infection has showed that
leukoplakia and oral lichen planus are among the most common oral mucosa lesion. Leukoplakia
was diagnosed in 16 out of 137 cancer patients (12%) where by 7 (5.3%) had homogenous
leukoplakia. Oral lichen planus was diagnosed in six cases (4.5%) and six controls
(1.9%).(1)Current lesions of herpes labialis were diagnosed in one case and one control.
Reactivated herpes labialis was reported by 21 of the cases (16%) and 84 of the controls (26%).
There was no association between a history of herpes labialis and HPV DNA positivity (1)

1.5.2.1.2 Alcohol and Tobacco use
Tobacco use and alcohol consumption are well-established risk factors for oral and

oropharyngeal squamous cell carcinoma. The risks increases significantly corresponding to

7



duration and number of cigarettes smoked per day as well as increasing levels of alcohol
consumption are considered together for all cancer sites (16,23). HPV negative OPSCC is
commonly seen in patient with history of smoking .In the study assessing prevalence of
oropharyngeal, tongue and lip squamous cell carcinoma among Egyptians showed that 76% of

patient with history of smoking had OPSCC with negative p16 overexpression(13)
1.5.2.2 HPV related risk factors

1.5.2.2.1 Oral sex habits

Oral sexual behavior is the most common lifestyle risk factor for oral HPV infections though
sexual habits differ across different geographical regions (16, 17). Most patient with oral and
oropharyngeal carcinoma have reported to have oral sexual partners during their lifetime. Oral
sex 1S most common in the low age group <45 years. The risk of Oral and Oropharyngeal
squamous cell carcinoma has been associated with an increasing number of oral sexual
partners(1,23). Presence of HPV in the oral cavity is associated with increased risk of oral cavity
or oropharyngeal cancer. HPV-positive oropharyngeal cancers have a distinct molecular, clinical,
and pathologic disease entity that is likely causally associated with HPV infection and has a
markedly improved prognosis.(24). Several studies done in Africa have showed that oral sex
seemed to be an uncommon practice in the region but oropharyngeal HPV was closely associated

with multiple sexual partners (9,36)

1.5.2.2.2 High risk HPV infection

High-risk HPV (rHPV) infection is known to be significantly associated with oral sex (1). In the
study assessing head and neck squamous cell carcinoma in South African patients rHPV
predominantly HPV 16 were isolated in oropharynx and was associated with oropharyngeal
squamous cell carcinoma (25). rtHPV commonly HPV16 and HPVI8 are known to be
tumorigenic in human epithelial tissues. The viral oncoproteins of high-risk HPVs, E6 and E7,
promote tumor progression by in- activating the TP53 gene (also known as p53) and
retinoblastoma tumor suppressor gene products, respectively(26). HPV positive OPSCC are less
likely to occur among moderate to heavy drinkers and smokers; patients with HPV-positive
tumors are known to have reduced risk of death from cancer compared with HPV-negative

HNSCC patients .(24)



1.5.3 p16 IHC overexpression in oropharyngeal squamous cell carcinoma

Globally about 50-70% OPSCC are HPV positive and demonstrate positive pl6 immunostaining
with 70-90% being grade II and III(non-keratinizing type)(19,27). The study which was done in
Egypt it revealed 28 % the patients had HPV related OPSCC with positive p16 IHC (13) hence
demonstrate low number of HPV positive OPSCC compared to HPV negative through both p16
IHC and HPV in situ hybridization. HPV positivity in OPSCC prevalence varies among regions
and races; this may be contributed by lifestyle practices in the region(28,29). p16 expression has
been established as a good surrogate marker for high-risk human papilloma virus (rHPV)
infection in oropharyngeal squamous cell carcinoma (OPSCC) patients(30—32). Due to the rise
of incident of HPV related cervical and oropharyngeal carcinoma several countries including
China and Colombia have initiated HPV vaccination to both female and male population
whereby significant decrease in oral HPV detection has been noticed among vaccinated

population in Colombia(33,34)

1.5.4 Histological grading of OPSCC

Squamous cell carcinoma is one of the most common HPV related Oropharyngeal
Carcinoma(19). There are various grading systems for oral and OPSCC including Anneroth,
Broders’ and the Bryne's invasive tumor front (ITF).In several studies that have been done
OPSCC are commonly grouped as keratinizing, non-keratinizing and non-keratinizing with
maturation(hybrid)(27,35) other studies have further classified OPSCC based on uncommon
histological types i.e. as basaloid, papillary, lymphoepithelial, adenosquamous as well as OPSCC
with verrucous features. The classification is largely based on the immature, non-keratinized and

basaloid appearance of its tumor cells(27,36).

HPV-positive OPSCCs are widely perceived as poorly and can undergo small cells
transformation(36).The majority of HPV positive OPSCC are non-keratinizing SCC with p16
overexpression (13,27). HPV-positive OPSCCs usually arise from the reticulated epithelium
lining the tonsillar crypts, and they consistently retain the basaloid and non-keratinizing
appearance of this specialized epithelium(36). Squamous cell carcinomas are also graded into
Grade 1, 2, 3 and 4 according to broder’s grading. Broder’s grading system grades the squamous
cell lesions based on tumour differentiation i.e. grade I squamous cell carcinoma are well

differentiates and produce keratin and grade IV are poorly differentiated the cells are anaplastic
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with no keratin formation (37), these parameter are important in the prognostic value of
OPSCC(35). OPSCC with pl6 overexpression are known to have favorable prognosis and
globally the overall disease-specific survival rates in OPSCC variants are 46.6% NK SCC (grade
II0), 24.6% K SCC(grade I) and 28.8% (grade II)hybrid SCC(19,38). NK SCC occurs in middle
aged patients commonly in male and it is more frequently presented with lymph node

metastases.(38)

This study aimed to find out whether there is correlation between histological grading of OPSCC
and rHPV using p16 immunohistochemistry (IHC) overexpression at MNH. The results will
assist in primary prevention of OPSCC as well as predict the prognosis that can guide in the

treatment plan of OPSCC patients.
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CHAPTER TWO

2.0 MATERIALS AND METHODS

2.1 Study design

This was a retrospective cross sectional hospital based study, in which OPSCC cases diagnosed
at the histopathological unit at MNH between January 2016 and Dec 2017were enrolled.Slides of
each case were retrieved and reviewed to confirm the diagnosis of OPSCC and histologically
graded using Broder’s grading system by the investigator under the facilitation of the supervisor.
Thereafter, sections from paraffin blocks were stained with p16 IHC and assessed according to

College of American Pathology (CAP) criteria.

2.2 Study settings

The main stay of the study was the Department of Histopathology at Muhimbili National
Hospital (MNH) at Central Pathology Laboratory (CPL) with a total biopsies received in a year
ranging from 9700-10169. MNH is a National referral hospital, receiving patients from different
parts of the country. It also serves as a University Teaching Hospital for MUHAS. Patients with
oropharyngeal squamous cell carcinoma attend the Dental and Otorhinolaryngology department
where endoscopy and open biopsy are performed and then sent to histopathology laboratory at

MNH. Biopsies from other health facilities in the country are also attended at CPL-MNH.

2.3Study population
All OPSCC cases whose biopsies were submitted to histopathology unit at MNH from January
2016 to December 2017 MNH were enrolled.

2.3.1 Eligibility criteria
2.3.1.1 Inclusion criteria
All OPSCC cases diagnosed during the study period having investigation forms, tissue blocks
with H&E slides.
2.3.1.2 Exclusion criteria
e All OPSCC cases with crushed artifacts

e Cases lacking clinical notes or paraffin embedded tissue blocks in the archive
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2.3.2 Sampling procedure

2.3.2.1 Simple random sampling

All 120 cases with OPSCC submitted to histopathology unit at MNH from January 2016 to
December 2017 were retrieved and assigned numbers and through simple random sampling the

cases were picked to attain the estimated sample size of 87 cases.

2.3.2.2 Sample size estimation

The sample size was estimated to be 87 cases. This was based on a a pilot study I did and found
120 OPSCC cases in a period of 2 years and a 28% prevalence of HPV positive OPSCC in a
study done at Egypt(13). Based on the finding the sample size was calculated by the formula

The sample size formula:

n = [DEFF*Np (1-p)}/ [(d%/Z*1.42*(N-1) +p*(1-p)]

where:

N= 120estimated total number of cases with OPSCC diagnosed in the 2 years

Z =1.96 at 95% Confidence Interval.

P = hypothesized percentage of frequency of outcome in the population is 28%

d =Confidence limits as % of 100(absolute +/- %)( d) as 5% in this study

Hence:

Required sample size at 95% confidence intervalwas estimated to be 87 cases

2.5.1 Sampling method

Cases were obtained through archival reports showing OPSCC as well as searching through the
register book for all oropharyngeal tissue registered through the study period. All cases were
given serial numbers and selected by simple random sampling to attain the required sample size.
The selected cases were microscopically reviewed to confirm the OPSCC diagnosis and assigned
histological grade by the investigator under supervision of a senior pathologist using Broder’s
grading system which grades squamous cell lesions based on tumor differentiation i.e grade I
squamous cell carcinoma are well differentiates and producing keratin and grade IV are poorly

differentiated, the cells are anaplastic with no keratin formation (Appendix 2). The representative
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tissue blocks were retrieved, recut and stained with p16 IHC. Among 87 cases, 2 cases were

excluded due to missing blocks.

2.4 Laboratory techniques

2.4.1 H&E staining

The regressive Hematoxylin and Eosin staining was done for the all the casesthat had missing
H&E slides. Tissue blocks were retrieved for sectioning, sections of 3 micrometer were cut from
iced paraffin embedded blocks using rotary microtome (Sakura model) SRM200 CW, mounted
on slide labeled with ID number and were allowed to drain before being put on hot plate at 60
degrees centigrade for 15-30 minutes. Sections was dewaxed in two changes of xylene ten dips
each and brought down to water through descending grades of ethyl alcohol (absolute, 95%,
80%, 70%).Sections were then stained with Harris hematoxylin for ten minutes and washed in
tap water until water was clear and then was differentiated in 1% HCL in 70% ethanol for three
seconds. Thereafter tissue sections were washed in running tap water and subsequently blued in
running tap water for ten minutes. Sections were counter stained in 1% aqueous eosin for three
minutes, and were washed in tap water until the water was clear. Sections were then dehydrated
in ascending grades of ethanol (70%, 80%, 95% and absolute) 10 dips each. Clearing of section
was done in two changes of xylene and then mounted in DPX and labeled. (Histo SOP No.)5).

2.4.2 p16 antibody staining
Paraffin embedded blocks of 85 selected cases with confirmed diagnosis were retrieved and recut

for p16 IHC procedure where 2 cases were excluded due to missing blocks. The sections of 3
micrometer were cut from iced paraffin embedded blocks using rotary microtome (Sakura
model) SRM 200 CW. These sections were then floated in water bath at 45 degrees centigrade,
mounted on standard frosted charged glass slides from Thermostat Company each labeled with
ID number. Slides were allowed to drain before being put on hot plate at 60 degrees centigrade
for 50 minutes. Sections were then dewaxed in two changes of xylene ten dips each and brought
down to water through descending grades of alcohol (absolute, 95%, 80% and 70%).Sections
were ringed with PAP pen and citrate buffer with pH 6.0 (from DAKO company) was heated in
pressure cooker for 15 minutes which was followed by placing tissue sections in antigen retrieval

solution in pressure cooker and closing the lid. Tissue sections were kept in for two minutes in
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full pressure. Thereafter slides were removed from pressure cooker and placed in water. Slides
were not allowed to dry from this point onwards. TBS was added for three minutes, drained off
and 2 drops of peroxidase blocking solution (SM 80OIfrom DAKO Company) were added leaving
it for 15minutes. Slides were placed in tap water for 3 minutes, and then covered with prediluted
p16 monoclonal anti mouse antibody (G175-405) from Medaysis and incubated for 60 minutes.
TBS was washed gently on the slide for five minutes, then drained off and covered with HRP
(from DAKO Company) for 30 min. (this reagent was kept at room temperature before using it).
Sections were washed gently with TBS for 5 minutes, drained, and appliedl drop of working
DAB (dilution of 1 drop of DAB to 1 ml of substrate buffer) and incubated for 10 min. Slides
were washed in water, counterstained with Harris hematoxylinfor 30 seconds, and then were
dipped in 1%acid alcohol 2 dips, blued in tap water for 2 minutes, dehydrated, cleared in xylene,
mounted with DPX and then cover-slipped. Finally, these slides were evaluated under light
microscope model Olympus CX 41 and representative pictures were taken for the results by

using Olympus Soft Image Solutions by USB SC camera (100pixels) (Histo SOP No. 28).

The stained slides were reviewed by the principal investigator and the supervisor who isalso a
senior pathologist. A known tissue section with cervical carcinoma was used as positive control

and adipose tissue was used as negative control.

2.5 Data collection techniques

A special designed checklist (appendix I) with various sections as per the objectives of the study
was used to collect data from the selected cases which met the inclusion criteria. Socio
demographic characteristics and histopathological diagnosis of lesions were filled .Slides were
reviewed to confirm diagnosis of OPSCC and assigned histological grading according to

Broder’s grading then stained with p16 IHC.

pl6 THC slides were interpreted by the investigator and reviewed by the supervisor based a study
by Lewis(19).
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The interpretation of p16 status is as follows;

e (0= No stained cell (Negative)
e 0-25 = Nuclear and cytoplasm stain in < 25% f the cells( Negative)
e 25-75 =Nuclear and cytoplasm stain in 26-75% of the cells (Negative)

e >75 =Positive (Strong diffuse nuclear and cytoplasm stain in >75% of the cells

87 OPSCC cases were recruited

87 cases of OPSCC were reviewed
to confirm diagnosis and grading
using Broder’s grading system

| 2 cases was excluded due to

g missing blocks

A 4

85 cases were stained for p16 IHC
(prediluted p16 monoclonal anti
mouse antibody (G175-405) from
Medaysis) and reported

Figure 1: Flow chart showing how cases were collected and stained with p16 IHC

2.6 Quality assurance

2.6.1 Sample collection and processing
All H&E slides were processed as per MNH Central Pathology Laboratory routine protocol and

all p16 IHC cases were stained per [HC protocol.
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2.7 Variable
Independent variable included: Oropharyngeal squamous cell carcinoma, age sex and site,
histological grading

Dependent variable: p16 Immunohistochemistry

2.8 Statistical analysis

The data were electronically transcribed from the data collection sheet to SPSS version 23
program and then analyzed. Data was summarized into proportion and frequency tables and
summary statistics with number of cases and percentage were used to show the frequency of
each histological grade OPSCC which was graded by Broder’s grading system. OPSCC cases
were further classified based on degree of keratinization where cases with >20% of the
keratinized cells were called “Keratinizing” OPSCC while cases with cells showing <20% of
keratinized cells were called “Non keratinizing”. Also number of cases and percentage for
categorical variables were used to describe the proportion of cases with and without pl16 THC
overexpression. The relationship between pl6 IHC expression with age, site and sex was
performed using Chi square or Fisher exact test to assess the statistical significance. Furthermore
summary statistics with number of cases and percentage for categorical variables were used to
determine the association of p16 IHC overexpression with histological grading of OPSCC. The
relationship between pl6 IHC overexpression with OPSCC histological grading and tumour
degree of keratinization was performed using Chi square or Fisher exact test to assess the
statistical significance; the data was considered to be statistically significant when p value was

<0.05.

2.9 Ethical considerations and approval

Prior to commencement of the research, the proposal was presented to the department of
Pathology of Muhimbili University of Health and Allied Sciences. Ethical clearance was sought
from the Research and Publication Committee of the School of Medicine and from the Senate
Research and Publications Committee of Muhimbili University of Health and Allied Sciences.
Administrative permission to conduct the study was obtained from Muhimbili National Hospital
as per the hospital management protocols. Informed consent was not need because only archives

tissue materials were used without disclosing the identity of the population.
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CHAPTER THREE

3.0 RESULTS

3.1 Clinical demographic characteristic of the study population
During the study duration of 2 years, 87 OPSCC cases were enrolled. Among 87 cases, two were
excluded because of missing blocks. Therefore, Broder’s grading with consecutive p16 IHC were

done in all 85 cases and were interpreted and compared.

Among 85 OPSCC cases,57(67.1%) were male, with male to female ratio of 2:1,age of the
patients in the study ranged from 22-92 years with majority of the cases seen in patients between
the age of 31-60 years 0ld52(61.2%) however four cases were young adults between 20-30 years.
The mean age of participants was 54.98 + 14.73years with the mode and median of 45 and 54
years respectively (Figure3). OPSCC was commonly seen in the base of the tongue 43(50.6%)
while oropharyngeal wall being the least affected site 12(14.1%). (Tablel)

Table 1: Clinical demographic characteristics

Demographic data Frequency % Mean age  Mode STD
N=85 deviation
Sex Males 57 67.1 5491 50 15.94
Female 28 32.9 55.10 48 12.31
Age <30 years 4 4.7 54.98 45 14.73
31-60 years 52 61.2
>61 years 29 34.1
Site Base of the tongue 43 50.6
Tonsil 30 353
Oropharyngeal 12 14.1
wall

3.2 Histopathological grading of OPSCC
Majority of OPSCC were Grade II 42(49.4%) with grade III being the least common 13(15.3%)
(Figure4), no grade IV tumor was noted. In this study OPSCC was further classified based on

degree of keratinization where 55(64.7%) were Non keratinizing and 30 (35.3%) keratinizing

type.

17




Histogram

e Mean = 54.98

Std. Dev.=14.731
N=85

=

Frequency
=
[l
~_

0= T T T
0 20 40 60 80 100

Age of the participant

Figure 2: Age normal distribution curve of the study showing median of 54 years and peak

age seen at 45 and 65 years.
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Figure 3: Histological grading of OPSCC
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Figure 4: Hematoxylin and Eosin stained photomicrograph showing histological grading of
OPSCC (A: Grade 1(X10), B: Grade Il (X10), C: Grade III (X10))

3.3 p16 IHC expression
Twenty-seven (27) cases out of 85 cases which accounted to 31.8% of OPSCC overexpressed

pléby IHC(figure 6). Proportionally, females (39.3%), the patient below 30 years (75%) and
tonsil (40%) as anatomical site were observed to overexpress pl6 than their respective

counterpart; however, the difference was not statistically significant. These findings with their
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respective p value are summarized in Table 2. The study also noted that only four patients below

the age of 30 years, of whom 3 had pl6overexpression status.

Figure 5: Photomicrograph showing p16 IHC staining intensity (A: X4 Negative B: X10
staining in <25% of tumor cells C: X 10 Staining in 26%-75% of tumor cells D: X10 Strong
diffuse staining >75% tumor cells).
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p16 status

H Negative
M positive
Figure 6: p16 of OPSCC
Table 2: Association between site, Sex and Ageandp16 status
Variable pl6 X? p value
Negative Positive
Sex
Males 41 (71.9%) 16 (28.1%)
Females 17(60.7%) 11 (39.3%) 1.090 0.31
Age in years
<30 1(25%) 3(75%)
31-60 39(75%) 13(25%)
>61 18(62.1%) 1137.9%)  5.05 0.07
Site
Base of the tongue 32(74.4%) 11(25,6%)
Tonsil 18(60%) 12((40%)
Oropharyngeal wall 8(66.7%) 4(33.3%) 1.711 0.42
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Figure 7: H&E and p16 IHC photomicrography x10 showing grade I, I1 & III OPSCC; with
their consecutive p16 IHC stain B: patchy cytoplasm &nucleusstaining while D and F:
showing diffuse staining of both nucleus and cytoplasm stain
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3.4 Association of histological grading of OPSCC with p16 IHC status

Among grade I OPSCC only 3(10%) showed pl16 overexpression; majority of the grade I cases
27(90%)did not show pl6 IHC overexpression. In grade II OPSCC 15(35.7%) had pl6
overexpression while despite grade III OPSCC having only 13(15%) pl6 was overexpressed
9(69.2%) of all grade III OPSCC cases. A statistically significance association was found
between histological grading of OPSCC and p16 expression (fishers exact test p=0.00).

OPSCC was further classified based on tumor differentiation (Keratinizing and non keratinizing)
where among 55 (64.7%) ofnon keratinizing OPSCC 22(42.3%) demonstrated pl6
overexpression and a statistically significant association was observed between the histological

grading of OPSCC and tumor degree of keratinization (p value=0.01).

Table 3: Association between histological grading and tumor differentiation of OPSCC
with p16 status

Variable p16 status
Positive Negative XX p
value/f
OPSCC1 3 (10%) 27(90.0%)
Histological OPSCC I 15(35.7%) 27(64.3%)
diagnosis
OPSCC III 9(69.2%)  4(30.8%) 1528  0.00
Degree of Keratinizing 3(10%) 27(90%)
keratinization
Non keratinizing 24(43.6%) 31 (56.4%) 6.87 0.01

3.5 Association between histological grading of OPSCC and p16 expression

The p16 IHC stain was interpreted based on percent of the cells that it has stained (Appendix 1).
Among OPSCC 1, almost half of the cases 16(53.3%) did not stain for p16 IHC. The rest of
grade I 9(30%) cases stained less than 25% tumor cells and only 3(10.7%) had a
pl6overexpression (diffuse nuclear cytoplasm stain in more than 75% of tumor cells).Fifteen
(35.7%) of grade I1 OPSCC showedp16 overexpression with a strong diffuse nuclear cytoplasm
stain. However 13 (31%) of grade II cases had p16 stain in 25%-75% of the tumors while no p16
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stained was noted in 15(34.1%) grade II. Despite few cases 13(15%) grade 111 OPSCC9 (69.2%)
of the cases demonstrated pl6 overexpression with a diffuse strong nuclear cytoplasm stain in

more than 75% of the cells while three had a negative stain with no p16 staining in tumor cells.

Table 4: Association between histological grading of OPSCC and p16 IHC expression

p16 expression
0 +1 +2 +3 x? P
value

Histological OPSCCI1 16(53.3%) 9(30%) 2(6.7%)  3(10%)
grading
OPSCCII  14(33.3%) 0(0%) 13(31%)  15(35.7%)
OPSCIII  3(23.1%)  0(0%) 1(7.7%)  9(62.9%) 3996 0.00
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CHAPTER FOUR

4.0 DISCUSSION

This study aimed at finding if there is a correlation between histological grading and rHPV using
p16 immunohistochemistry (IHC) overexpression of OPSCC as a surrogate marker of rHPV. The
age range of the whole study population was between 22-92 years with mean age of 54.98+14.73
years and majority of the cases were in patients between 31-60 years of age, the findings are
similar to the three different studies done by J. Lewis et al and F.Faraj et al at United State of
America and Blumberg et al at Mozambique where the mean age of the patient with OPSCC
was55+9, 59.1+£9.5and 59.3 years respectively(14,19,21). Furthermore study done by Aisha
Hussein et al showed rising global incidence of OPSCC in patient below 45 years of age this
may be due to early onset of risk factors i.e. poor diet and habitual use kola nuts and tobacco use

(20).

Males were most affected by OPSCC compared to females in this study. Similar findings were
noted in three different studies assessing HPV related OPSCC(19,21,44) this may be due to
multiple lifestyle risk factors among men including cigarette smoking, alcohol intake, multiple
sexual partners and sexual practices(23,45—48); however a different pattern was noted in a pilot
study done at Maputo, Mozambique, whereby female were more affected by OPSCC compared
to males, the different in the pattern may be due to a small sample size of the study done in

Maputo.

The base of the tongue was the common affected site by the tumor, which accounted for
43(50.6%) of all OPSCC in this study, while in the study done at Brighton University UK by S.
Rahim et al showed the, palatine tonsil was the most affected site(49). Most of the studies have
not sub classify the tumor into oropharynx sub-sites but rather generalize all lesions as OPSCC
(13,27,38,50) however the reason for the discrepancy seen in findings between this study and

Rahim et al study could not be ascertained.

Broder’s grading system grades squamous cell carcinoma into grade I, I, III based on tumour
differentiation. In this study almost half of the OPSCC tumors were grade 11 42(49.4%) while
only 13(15.3%) grade III which was similar to the study by chernock et al were grade
[I(moderate differentiated OPSCC) were 43(79.6%) of all OPSCC(4)
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When OPSCC was more classified based on tumor degree of keratinization more than half of the
cases 55(64.7%) were non keratinizing OPSCC, these findings are similar to several studies done
by J. Lewis et al and El mofty assessing histological typing of OPSCC were Non keratinizing
type was a predominant feature (19,27,51,52).These findings may be the results of tumor cells
emulating into immature appearing of the basal cells of reticulated tonsilar crypts epithelium of

both lingual and palatine tonsil(27,53).

Tumor suppressor protein (pl6) works at G1 phase of the cell cycle, this protein is
overexpressed in rHPV related Squamous cell carcinoma. This is due to the reaction of HPV
oncoprotein E6 and E7 on p53 and Rb tumor suppressor genes at the cell cycle hence p16 THC is
commonly used as a surrogate marker of tHPV. In this study p16 IHC was used as a surrogate
marker for rHPV infection which occurs more frequent in Squamous cell carcinoma of the
oropharynx than any other head and neck site(38). pl16 positive OPSCC were about one third
27(31.8%) of the cases while majority of the cases did not overexpress pl6 protein 58
(68.2%).This trend is also seen in the study done at Mozambique and Egypt where at Maputo,
Mozambique, no HPV related oropharyngeal carcinoma was seen through both p16 IHC or PCR
while in Egypt 9(28.1%) OPSCC cases had p16 IHC overexpression(13,14). However studies
assessing HPV related OPSCC are scarce in the region. Similar trends was also noted in the
study done at Japan where 58(39%) overexpressed pl6 IHC and were HPV positive by PCR.
Also the study done among patients of difference race in America prevalence of HPV positive
OPSCC among African Americans 46.3% was low compared to other race however rising trends

of OPSCC with p16 overexpression was noted among African American patients.(21)

Despite the low proportion of p16 overexpression in OPSCC among African countries and some
Asian countries; the pattern is different from western countries where high proportion of HPV
related OPSCC through p16 ITHC and PCR has been noted(19,27,38,54). In the study done by
Lewis et al among Americans, 187 (78%) of the study population with OPSCC overexpressed
(19). This difference in proportion of pl6 overexpression associated OPSCC among the regions
may be due to race and lifestyle risks such as sexual practices as it was noted in the study done
among South African men assessing HPV status where majority of the cases had negative HPV
infection by PCR with only 7(5.6%) cases which presented with positive HPV and oral sex was

uncommon practice among the population 41(40.8%)(12). Furthermore the difference in
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proportion of OPSCC pl6 overexpression in these studies may be due to variations of pl6
primary antibody clones as well as dilution concentration which have been used in these studies
but also interpretation criteria, since these factors may have affect on pl6 antibody staining
results(55). Additionally absence of pl6 overexpression in OPSCC may have been contributed
by p16 wild type staining pattern where there is a loss of p16 protein due to inactivation of p16

which is induced by mutation or due to Rb dysfunction causing p16 overexpression(9,11).

In this study no association was found between p16 overexpression of OPSCC and sex where by
28.1% and 39.3% of male and female respectively had p16 IHC overexpression respectively, the
findings corresponds to the study done by J Lewis et al assessing HPV related OPSCC(19) were

no association was seen between sex and p16 overexpression.

Oropharynx is a rich site with lymphoid tissue hence no marked difference was seen in terms of
pl6 overexpression in these sites; this study found no association between the site of
oropharyngeal biopsy and p16 expression, despite the fact that among oropharyngeal sites about
12(40%) of the biopsy from the tonsil had p16 overexpression while only 4(33.3%) from the
oropharyngeal wall demonstrate pl6 overexpression. To the best of our knowledge this is the
first study in our setting to assess pl6 expression in oropharynx subsite. Most of the studies have

not sub classify the site rather than using a general term of oropharynx.

Despite the fact that in this study most of the patient with OPSCC were found between 31-60
years only 13(25%) demonstratedp16 overexpression while 3(75%) of the patient below 30 years
showed pl6 overexpression however no association was found between age and pl6 status
p=0.18. These finding are support by two different studies assessing and staging of HPV related

OPSCC where no association was seen between these two variables(19,41).

During histological grading of OPSCC using Broder’s grading system majority of the case were
grade II and few cases were grade III OPSCC; however one third of grade II and two third of
grade III showed pl6 overexpression, furthermore, this study found an association between
histological grading of OPSCC and pl6 expression (fisher exact test p= 0.000).OPSCC was
further classified in relation tumor degree of keratinization where in this study most of the
OPSCC where no keratinizing and a statistically significant association was noted between pl6

expression and tumour degree of keratinization indicating good prognosis among these patients .
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These finding were supported by studies done on OPSCC by lewis et al and R. Chernock et al
assessing histological typing and prognosis of HPV related (19,27,38) were a statistically
significant association was noted between histological grading of OPSCC and p16 expression.
Many studies have noted that HPV positive OPSCC have a distinct histological feature (i.e. its
association with grade II and grade III, the non keratinizing variant of OPSCC)(19,38). Although
no clear molecular mechanism has been found regarding this association but these findings may
be related to HPV viral oncogene reaction to oropharynx site where tumor cells may resemble a
reticulated epithelium of the tonsil(27,53,56). Furthermore some studies have shown that OPSCC
that overexpress pl6 has good prognosis compared to those do not overexpress pl6 despite

commonly having poorly differentiated type(19,57,58) .

pl6 IHC is a surrogate marker of rHPV, in the current study this test was used as a surrogate
marker for rHPV in OPSCC where pl6 (overexpression)was graded based on the percent of
tumor cells. Majority of grade had p16 overexpression with a strong diffuse stain in 75% of the
tumor cells and the study found an association between histological grading of OPSCC and p16
IHC overexpression (fishers exact p=0.000), however some of the grade II OPSCC cases had a
positive stain in 25% to 75% of the cell. These finding are supported by a study done by Lewis et
al assessing pl6 expression in small biopsies (51) where a statistically significant association
was noted.PCR is a highly specific test and is considered as gold standard test in diagnosis of
HPV related OPSCC(59,60), in majority of the studies pl6 IHC test was further supported by
molecular test including PCR and ISH which helped in eliminating false positive and false
negative from pl16 IHC(4,54,59—61).The sensitivity and specificity of pl6 immunostaining for
detecting high-risk HPV in OPSCC patients has been in the range of 63-97% and 94%
respectively compared with the RNAqPCR "gold standard(19,31,59). pl6 expression of
oropharyngeal SCC is defined as clearly strong and diffuse nuclear and cytoplasmic expression

in >75% of tumor cells(4,19,27).
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4.1 Study Limitation

This study had a small sample size but also two cases had missing blocks. This study has not
assessed other the risk factors of OPSCC i.e. tobacco use and betel nut chewing, smoking,
alcohol intake, sexual practices and pre malignant lesion among study population. In this study

no molecular test (i.e. PCR and ISH) was done to support p16 results due financial constraints.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Tumor histology correlated well with p16 overexpression (p< .001), furthermore about one third
of OPSCC in this study showed pl6 over-expression predominantly grade II and III (non
keratinizing type of OPSCC) indicating good response after treatment therefore better prognosis

in such group of patients.

5.2 Recommendation

e Routine p16 IHC should be adopted in our setting especially in lesions presenting with
grade II and IIT OPSCC. This will assist in the management and prognostication of
OPSCC.

e More large-scale studies on HPV related OPSCC to assess prognosis and lifestyle risk
factors (i.e. betel nuts and tobacoo chewing, smoking, alcohol in taking, sexual practices),
involving molecular tests (i.e. PCR, ISH) are encouraged.

e The results of this study recommend inclusion of both gender in preventive programs

against HPV related tumors to reduce the rising trend of HPV related malignancies

30



10.

11.

12.

REFERENCE

Rosenquist K, Wennerberg J, Schildt E, Hansson RAN, Andersson G, Go B, et al. Oral
status , oral infections and some lifestyle factors as risk factors for oral and oropharyngeal

squamous cell carcinoma : A population-based case-control study in southern Sweden.
2005;(July).

Faggons CE, Mabedi C, Shores CG, Gopal S. Review : Head and neck squamous cell
carcinoma in sub-Saharan Africa. 2015;27(September):79-87.

Campisi G, Panzarella V, Giuliani M, Lajolo C, Di Fede O, Falaschini S, et al. Human
papillomavirus: Its identikit and controversial role in oral oncogenesis, premalignant and
malignant lesions (Review). Int J Oncol. 2007;30(4):813-23.

C.C,R.D.C,M.E. P,SK. E-M, W.L. T, J.S. L. Keratinizing-type squamous cell
carcinoma of the oropharynx: P16 overexpression is associated with positive high-risk
HPYV status and improved survival. Am J Surg Pathol [Internet]. 2014;38(6):809—-15.
Available from:

http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L10530
85788%0Ahttp://dx.doi.org/10.1097/PAS.0000000000000183

Wiest T, Schwarz E, Enders C, Flechtenmacher C, Bosch FX. Involvement of intact
HPV16 E6/E7 gene expression in head and neck cancers with unaltered p53 status and
perturbed pRB cell cycle control. Oncogene. 2002;21(10):1510-7.

Yim E, Ph D, Park J, Ph D. The Role of HPV E6 and E7 Oncoproteins in HPV-associated
Cervical Carcinogenesis. 2005;37(6):319-24.

Klaes R, Friedrich T, Spitkovsky D, Ridder R, Rudy W, Petry U, et al. Overexpression of
pl6ink4a as a specific marker for dysplastic and neoplastic epithelial cells of the cervix
uteri. Int J Cancer. 2001;92(2):276-84.

Ukpo OC, Flanagan JJ, Ma X, Luo Y, Thorstad WL, Lewis JS. High-Risk Human
Papillomavirus E6 / E7 mRNA Detection by a Novel In Situ Hybridization Assay

Strongly Correlates With p16 Expression and Patient Outcomes in Oropharyngeal
Squamous Cell Carcinoma. 2011;35(9):1343-50.

Fang X, Jin X, Xu H, Liu L, Peng H, Hogg D, et al. Expression of p16 induces
transcriptional downregulation of the RB gene. 1998;

Bast RC, Mills GB. Molecular Mechanisms of Pathogenesis and Progression of Epithelial
Ovarian Cancer. Ovary Second Ed. 2004;625-45.

Iwatate Y, Hoshino I, Ishige F. Prognostic significance of p16 protein in pancreatic ductal
adenocarcinoma. 2020;83-91.

Davidson CL, Richter KL, Virology MP, Linde M Van Der, Coetsee J, Statistics M, et al.
Prevalence of oral and oropharyngeal human papillomavirus in a sample of South African
men : A pilot study. 2014;104(5):358-61.

31



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Tealab SH, Sedhom NFH, Hassouna A, Gouda I. Prevalence of human papilloma virus in
oropharyngeal , tongue and lip squamous cell carcinoma : an experience from the
Egyptian National Cancer Institute. 2019;1-6.

Blumberg J, Monjane L, Prasad M, Carrilho C, Judson BL. Investigation of the presence
of HPV related oropharyngeal and oral tongue squamous cell carcinoma in Mozambique.
Cancer Epidemiol [Internet]. 2015;39(6):1000-5. Available from:
http://dx.doi.org/10.1016/j.canep.2015.10.015

Sauvaget C, Cancela MDC. Epidemiology of cancer from the oral cavity and oropharynx.
2011;(c):633-41.

Franceschi S, Talamini R, Barra S, Baran AE, Negri E, Bidoli E, et al. Smoking and
Drinking in Relation to Cancers of the Oral Cavity , Pharynx , Larynx , and Esophagus in
Northern Italyl. 1990;6502-7.

Berege GZ, Vuhahula E, Sohal KS, Merkx MW, Simon ENM. Predisposing Factors and
Clinico-Pathological Presentation of Malignant Lesions Of the Oro-Facial region in Dar es
Salaam , Tanzania. 2019;46(4):286-96.

Mwansasu C, Liyombo E, Moshi N, Mpondo BCT. Pattern of head and neck cancers
among patients attending muhimbili national hospital tanzania. Tanzan J Health Res.
2015;17(1):1-6.

Lewis JS, Thorstad WL, Chernock RD, Haughey BH, Yip JH, Zhang Q, et al. p16 Positive
Oropharyngeal Squamous Cell Carcinoma : An Entity With a Favorable Prognosis
Regardless of Tumor HPV Status. 2010;34(8):1088-96.

Hussein AA, Helder MN, Visscher JG De, Braakhuis BJ, Vet HCW De, Rene C.
ScienceDirect Global incidence of oral and oropharynx cancer in patients younger than 45
years versus older patients : A systematic review. 2017;82.

Faraji F. The Prevalence of Human Papillomavirus in Oropharyngeal Cancer Is Increasing
Regardless of Sex or Race , and the Influence of Sex and Race on Survival is Modified by
Human Papillomavirus Tumor Status. 2018;1-9.

Americans A. Human Papillomavirus—Related Squamous Cell Carcinoma of the
Oropharynx. 2011;137(2):163-9.

Mao E-J, Wipf GC, Doody DR, Fitzgibbons ED, Schwartz SM, McDougall JK, et al. Oral
Cancer Risk in Relation to Sexual History and Evidence of Human Papillomavirus
Infection. JINCI J Natl Cancer Inst. 2002;90(21):1626-36.

Gillison ML, Koch WM, Capone RB, Spafford M, Westra WH, Wu L, et al. Evidence for
a Causal Association Between Human Papillomavirus and a Subset of Head and Neck
Cancers. 2000;92(9).

Sekee TR, Burt FJ, Goedhals D, Goedhals J, Munsamy Y, Seedat RY. Human
papillomavirus in head and neck squamous cell carcinomas in a South African cohort.

32



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Papillomavirus Res [Internet]. 2018;6(November):58—62. Available from:
https://doi.org/10.1016/j.pvr.2018.10.006

Jones DL, Miinger K. Analysis of the p53-mediated G1 growth arrest pathway in cells
expressing the human papillomavirus type 16 E7 oncoprotein. J Virol [Internet].
1997;71(4):2905—12. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=191417&tool=pmcentrez&ren
dertype=abstract

Gondim DD, Haynes W, Wang X, Chernock RD, El-mofty SK, Lewis JS. Histologic
Typing in Oropharyngeal Squamous Cell Carcinoma A 4-Year Prospective Practice Study
With p16 and High-Risk HPV mRNA Testing Correlation. 2016;00(00):1-8.

Liu C, Talmor G, Low GM, Wang T V, Mann DS, Sinha UK, et al. How Does Smoking
Change the Clinicopathological Characteristics of Human Papillomavirus-Positive

Oropharyngeal Squamous Cell Carcinoma? One Medical Center Experience. Clin Med
Insights Ear, Nose Throat. 2018;11:117955061879224.

Sandulache VC, Wilde DC, Sturgis EM, Chiao EY, Sikora AG. A Hidden Epidemic of “
Intermediate Risk ” Oropharynx Cancer. 2019;(December):617-23.

Mehrad M, Carpenter DH, Chernock RD, Wang H, Ma X-J, Luo Y, et al. Papillary
Squamous Cell Carcinoma of the Head and Neck. Am J Surg Pathol. 2013;37(9):1349-56.

Riener MO, Hoegel J, Iro H, Hartmann A, Agaimy A. IMP3 and p16 expression in
squamous cell carcinoma of the head and neck: A comparative immunohistochemical
analysis. Oncol Lett. 2017;14(2):1665-70.

Barnes L. World Health Organization classification of tumours : Pathology and genetics of
head and neck tumours What ° s New. 2014;(June).

Siu JY man, Fung TKF, Leung LH man. Barriers to Receiving HPV Vaccination Among
Men in a Chinese Community: A Qualitative Study in Hong Kong. Am J Mens Health.
2019;13(1).

Castillo A, Osorio JC, Fernandez A, Méndez F, Alarcon L, Arturo G, et al. Effect of
vaccination against oral HPV-16 infection in high school students in the city of Cali,
Colombia. Papillomavirus Res [Internet]. 2019;7:112—7. Available from:
https://doi.org/10.1016/5.pvr.2019.03.001

Stene T, Koppang HS, Bryne M, Lilleng R, Dabelsteen E, Bang G. New malignancy
grading is a better prognostic indicator than Broders’ grading in oral squamous cell
carcinomas. J Oral Pathol Med. 2006;

Westra WH, Lewis JS. Update from the 4th Edition of the World Health Organization
Classification of Head and Neck Tumours: Oropharynx. Head Neck Pathol.
2017;11(1):41-7.

33



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Bhargava A, Saigal S, Chalishazar M. Systems In Oral Squamous Cell Carcinoma : A
Review Abstract : Introduction : 2010;2(4):1-10.

Chernock RD, El-Mofty SK, Thorstad WL, Parvin CA, Lewis JS. HPV-related
nonkeratinizing squamous cell carcinoma of the oropharynx: Utility of microscopic
features in predicting patient outcome. Head Neck Pathol. 2009;3(3):186—94.

Chaturvedi AK, Anderson WF, Lortet-Tieulent J, Paula Curado M, Ferlay J, Franceschi S,
et al. Worldwide trends in incidence rates for oral cavity and oropharyngeal cancers. J
Clin Oncol. 2013;31(36):4550-9.

Gillison ML, Broutian T, Pickard RKL, Tong ZY, Xiao W, Kahle L, et al. Prevalence of
oral HPV infection in the United States, 2009-2010. JAMA -J Am Med Assoc.
2012;307(7):693-703.

Beltz A, Gosswein D, Zimmer S, Limburg I, Wiinsch D, Gribko A, et al. Staging of
oropharyngeal squamous cell carcinoma of the head and neck: Prognostic features and
power of the 8th edition of the UICC staging manual. Eur J Surg Oncol. 2019;(xxxx).

Sohal KS, Moshy JR. Six year review of malignant oral and maxillofacial neoplasms
attended at Muhimbili National Hospital, Dar es Salaam, Tanzania. East Cent Africa Med
J.2019;3(1):35-8.

Berege GZ. M.Dent Oral Surgery Dissertation Muhimbili University of Health and Allied
Sciences October, 2011. 2011;

Syrjanen S. HPV in Head and Neck Carcinomas : Different HPV Profiles in
Oropharyngeal Carcinomas — Why ? 2019;

Jagoe K, Edwards R, Mugusi F, Whiting D, Unwin N. Tobacco smoking in Tanzania, East
Africa: Population based smoking prevalence using expired alveolar carbon monoxide as
a validation tool. Tob Control. 2002;11(3):210-4.

Francis JM, Weiss HA, Mshana G, Baisley K, Grosskurth H, Kapiga SH. The
epidemiology of alcohol use and alcohol use disorders among young people in Northern
Tanzania. PLoS One. 2015;10(10):1-17.

Smith TJ, Mendez A, Donald C, Nagel TH. HPV-associated oropharyngeal squamous cell
carcinoma. J Am Acad Physician Assist. 2017;30(1):14-9.

Mbulawa ZZA, Johnson LF, Marais DJ, Coetzee D, Williamson AL. Risk factors for oral
human papillomavirus in heterosexual couples in an African setting. J Infect [Internet].
2014;68(2):185-9. Available from: http://dx.doi.org/10.1016/5.jinf.2013.10.012

Rahimi S, Akaev I, Brennan PA, Virgo A, Marani C, Gomez RS, et al. A proposal for
classification of oropharyngeal squamous cell carcinoma: Morphology and status of HPV
by immunohistochemistry and molecular biology. J Oral Pathol Med. 2020;49(2):110-6.

34



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Wang MB, Liu IY, Gornbein JA, Nguyen CT. HPV-Positive Oropharyngeal Carcinoma:
A Systematic Review of Treatment and Prognosis. Otolaryngol - Head Neck Surg (United
States). 2015;153(5):758-69.

Ma C, Lewis J. Small Biopsy Specimens Reliably Indicate p16 Expression Status of
Oropharyngeal Squamous Cell Carcinoma. Head Neck Pathol. 2012;6(2):208—15.

El-mofty SK. Histopathologic risk factors in oral and oropharyngeal squamous cell
carcinoma variants : An update with special reference to HPV-related carcinomas.
2014;19(4).

Westra WH. The changing face of head and neck cancer in the 21st century: The impact
of hpv on the epidemiology and pathology of oral cancer. Head Neck Pathol.
2009;3(1):78-81.

Lewis JS, Khan RA, Masand RP, Chernock RD, Zhang Q, Al-Naief NS, et al. Recognition
of nonkeratinizing morphology in oropharyngeal squamous cell carcinoma - a prospective
cohort and interobserver variability study. Histopathology. 2012;60(3):427-36.

Lewis JS, Shelton J, Kuhs KL, K. Smith D. p16 Immunohistochemistry in Oropharyngeal
Squamous Cell Carcinoma Using the EOH4 Antibody Clone: A Technical Method Study
for Optimal Dilution. Head Neck Pathol [Internet]. 2018;12(4):440-7. Available from:
http://dx.doi.org/10.1007/s12105-017-0871-5

Soares AB, Demasi AP, Tincani AJ, Martins AS, Altemani A, De Araujo VC. The
increased PDGF-A, PDGF-B and FGF-2 expression in recurrence of salivary gland
pleomorphic adenoma. J Clin Pathol. 2012;65(3):272-7.

Sedghizadeh PP, Billington WD, Paxton D, Ebeed R, Mahabady S, Clark GT, et al. Is
pl6-positive oropharyngeal squamous cell carcinoma associated with favorable
prognosis? A systematic review and meta-analysis. Oral Oncol [Internet]. 2016;54:15-27.
Available from: http://dx.doi.org/10.1016/j.oraloncology.2016.01.002

Thompson LDR, Burchette R, Iganej S, Bhattasali O. Oropharyngeal Squamous Cell
Carcinoma in 390 Patients: Analysis of Clinical and Histological Criteria Which
Significantly Impact Outcome. Head Neck Pathol [Internet]. 2019; Available from:
https://doi.org/10.1007/s12105-019-01096-0

Schache AG, Liloglou T, Risk JM, Filia A, Jones TM, Sheard J, et al. Evaluation of
human papilloma virus diagnostic testing in oropharyngeal squamous cell carcinoma:
Sensitivity, specificity, and prognostic discrimination. Clin Cancer Res.
2011;17(19):6262-71.

Pannone G, Rodolico V, Santoro A, Lo Muzio L, Franco R, Botti G, et al. Evaluation of a
combined triple method to detect causative HPV in oral and oropharyngeal squamous cell
carcinomas: pl6 Immunohistochemistry, Consensus PCR HPV-DNA, and In Situ
Hybridization. Infect Agent Cancer [Internet]. 2012 Feb 29 [cited 2019 Feb 25];7(1):4.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/22376902

35



61. Klussmann JP, Giiltekin E, Weissenborn SJ, Wieland U, Dries V, Dienes HP, et al.
Expression of p16 protein identifies a distinct entity of tonsillar carcinomas associated
with human papillomavirus. Am J Pathol. 2003;162(3):747-53.

36



APPENDICES
APPENDIX 1

Data capture sheet.
STUDY TITLE: CORRELATION BETWEEN HISTOLOGICAL GRADING OF OPSCC
AND p16 OVEREXPRESSION

3.STUDY NUMBER...........ccooiiiiiiiinns

4. STUDY SITE: MUHIMBILI NATIONAL HOSPITAL
5. AGE (specify in completed years)................

<30

31-60

>61

6. GENDER
DIAGNOSIS:

7. HISTOPATHOLOGICAL GRADING OF OROPHARYNGEAL SQUAMOUS CELL
CARCINOMA

1) GRADE 1

2) GRADE?2

3) GRADE3

4) Anaplastic/Pleomorphic

8. IMMUNO-HISTOCHEMISTRY.
pl6 expession score:
The interpretation of p16 status is as follows;
e (0= No stained cell (Negative)
e (-25 = Nuclear and cytoplasm stain in < 25% f the cells( Negative)
e 25-75 =Nuclear and cytoplasm stain in 26-75% of the cells (Negative)
e >75 =Positive (Strong diffuse nuclear and cytoplasm stain in >75% of the cells.(19)
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APPENDIX 2
Broder’s grading of SCC

*  Well differentiated (Grade I) = 0-25% of undifferentiated cells

* Moderately differentiated (Grade II) 25-50% of undifferentiated cells

* Poorly differentiated (Grade III)= 50-75% of undifferentiated cells

* Anaplasic/Pleomorphic (Grade IV)= 75%-100 of undifferentiated cells
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APPENDIX 3

H&E staining

1. This will be done to all selected cases.

2. Tissue blocks will be retrieved for sectioning. Sections of 3 micrometer will be cut from
iced paraffin embedded blocks using rotary microtome (Sakura model) SRM200 CW,
mounted on slide labeled with ID number and will be allowed to drain before being put
on hot plate at 60 degrees centigrade for 15-30 minutes.

3. Sections will be dewaxed in two changes of xylene ten dips each and brought down to
water through descending grades of ethyl alcohol(absolute, 95%, 80%, 70%),

4. The section will be stain with Harris hematoxylin for ten minutes and washed in tap
water until water is clear and then will be differentiated in 1% HCL in 70% ethanol for
three seconds.

5. Thereafter tissue sections will be washed in running tap water and subsequently blued in
running tap water for ten minutes.

6. The sections will be counter stained in 1% aqueous eosin for three minutes, and will be

washed in tap water until water is clear, then they will be dehydrated in ascending grades

of ethanol(70%, 80%, 95% and absolute) 10 dips each,

Clearing of the section in two changes of xylene and then mounted in DPX and labeled. (Histo

SOP No.5).

Interpretation of the results

H&E slides will be read by the investigator to confirm the diagnosis and histological grading

according to broder’s grading system and then reviewed by the pathologist.
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APPENDIX 4

p16 antibody staining

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Paraffin embedded blocks of 87 selected cases with confirmed diagnosis was retrieved
and recut for p16 IHC procedure.

Sections of 3 micrometer were cut from iced paraffin embedded blocks using rotary
microtome (Sakura model) SRM 200 CW.

These sections were floated in water bath at 45 degrees centigrade, mounted on standard
frosted glass slides each labeled with ID number.

Slides were allowed to drain before being put on hot plate at 60 degrees centigrade for 50
minutes. Sections were dewaxed in two changes of xylene ten dips each and brought
down to water through descending grades of alcohol (absolute, 95%, 80% and 70%).
Sections will ringed with PAP pen citrate buffer with pH 6.0 was heated in pressure
cooker for 15 minutes was then followed by placing tissue sections in antigen retrieval
solution in pressure cooker and closing the lid.

Tissue sections were kept in for two minutes in full pressure. Thereafter slides were
removed from pressure cooker and placed in water. Slides were not be allowed to dry
from this point onwards.

TBS was added for three minutes, drained off and 2 drops of peroxidase blocking
solution (SM 80I from DAKO Company) were added leaving it for 15minutes.

Slides were placed in tap water for 3 minutes,then were covered withprediluted p16
monoclonal anti mouse antibody (G175-405) from Medaysis and incubated for 60
minutes.

TBS was washed gently on the slide for five minutes, then drained off from the slide and
covered with HRP for 30 min. (this reagent was kept at room temperature before using
it).

Sections were washed gently with TBS for 5 minutes, drained, applied working DAB (1
drop of DAB to 1 ml of substrate buffer) and incubated for 5 min.

Slides then were washed in water, counterstained with hematoxylin for 30 seconds, and
then dipped in 1%acid alcohol 2 dips, blued in tap water for 2 minutes, dehydrated,
cleared in xylene, mounted with DPX and then coversliped.

Finally these slides were evaluated under light microscope model Olympus CX 41 and
few pictures were taken from the results by using Olympus Soft Image Solutions by USB
SC camera (100pixels).

Tissue section with cervical carcinoma was used as positive control and adipose tissue
was used as negative control (Histo SOP No. 28).

Interpretation of results

Interpretation of p16 IHC: brown intensity reflected the antigen present. p16 stains both the
nucleus and cytoplasm diffusely. Positive p16 will be regarded as a strong diffuse full thickness
nucleus cytoplasmic stain in >75% of tumor cells according to the study done by Lewis
Jr.(19,54)
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APPENDIX 5

MUHIMBILI UNIVERSITY OF HEALTH AND ALLIED SCIENCES
OFFICE OF THE DIRECTOR OF POSTGRADUATE STUDIES

Tel G/Line: +255-22-2150302/6 Ext. 1015
Direct Line: +255-22-2151378
Telefax: +255-22-2150465

E-mail: dpgs@muhas.ac.tz

P.O. Box 65001

DAR ES SALAAM
TANZANIA

Web: www.muhas.ac.tz

Ref. No. DA.287/298/01 A/ 2™ September, 2019

Dr. Dammy A. Shimbo
MMed. Anatomical Pathology
MUHAS.

RE: APPROVAL OF ETHICAL CLEARANCE FOR A STUDY TITLED: "THE .
CORRELATION BETWEEN P16 EXPRESSION AND HISTOLOGICAL
GRADING OF AROPHARYNGEAL SQUAMOUS CELL CARCINOMA AT
MUHIMBILI NATIONAL HOSPITAL"

Reference is made to the above heading.

I am pleased to inform you that, the Chairman has, on behalf of the Senate, approved ethical
clearance for the above-mentioned study. Hence you may proceed with the planned study.

The ethical clearance is valid for one year only, from 30" September, 2019 to 29™ September,
2020. In case you do not complete data analysis and dissertation report writing by 29'" September,
2020, you will have to apply for renewal of ethical clearance prior to the expiry date.

Dr. Emmanuel Balandya
ACTING: DIRECTOR OF POSTGRADUATE STUDIES

cc: Director of Research and Publications
cc: Dean, School of Medicine
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APPENDIX 6

MUHIMBILI NATIONAL HOSPITAL

Cables: "MUHIMBILI" Postal Address:
Telephones: +255-22-2151367-9 P.O. Box 65000
FAX: +255-22-2150534 DAR ES SALAAM
Web: www.mnh.or.tz Tanzania

g
a,u”t'r; TA TALF
DUna | eLinau |

In reply please quote: MNH/TRC/Permission /2019/250 10" December, 2019
Head,

CPL Department,

Muhimbili National Hospital

Head,
v/ Records Department
Muhimbili National Hospital.

RE: PERMISSION TO COLLECT DATA AT MNH

Name of Student Dr. Dammy A. Shimbo

Title “The correlation between PI 6 expression and
Histological granding of arophyryngeal squamous
cell carcinoma at Muhimbili National Hospital”.

Institution Muhimbili University of Health and Allied Sciences
Supervisor Dr. Edda Vuhahula

Co-Supervisor Dr. Leah Mnango

Period 10" December, 2019 to 10™ June, 2020

Approval has been granted to the above mentioned student to collect data at MNH.

Named MNH based supervisor must ensure that the student abide to the ethical principles and
other conditions of the research approval.

Sincerely,

Eg i ; ——=ESEARCH .
{Dr Far%@ﬂhﬁénga— &cg

Head o Té?l/hmg, Research am:l G,onsultancy Unit
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c.c. Dr. Leah Mrlahigo 01l 45°
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All Correspondences to be addressed to the Executive Director
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