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ABSTRACT

Biomarkers provide valuable information for the early detection of cervical cancer. However,
they are seldom utilized for the prognosis of cervical cancer in Tanzania, where visual inspection
with acetic acid (VIA) or Lugol's iodine (VILI) are being utilized as the standard screening
techniques. A retrospective hospital-based cross-sectional study assessing cyclin-dependent
kinase inhibitor (p16) and topoisomerase Il-alpha (TOP2A) proteins expression was conducted
among women seeking cervical cancer care at Kilimanjaro Christian Medical Centre, Tanzania
between 1 May, 2017 to 10 May, 2018. A total of 149 studied patients (Mean age: 52.1 + 12.9
years) were enrolled. Of these, 99 (66.4%) of women seeking care in the period under review
were diagnosed with cervical cancer lesions. Moreover, only 145 cervical biopsies met the
inclusion criteria for p16 and TOP2A immunohistochemistry (IHC) staining. Upon IHC staining,
103 (71.0%) and 90 (62.1%) were p16 and TOP2A positive, respectively. Histopathological class
and pl6/TOP2A expression levels were closely associated (Fisher’s exact test, p<0.001).
Moreover, p16/TOP2A expression levels were positively correlated with cancerous cervical
lesions (Spearman’s rank correlation coefficients = 0.833 and 0.687, p = 0.006 and 0.005,
respectively). The age-adjusted odds ratio (AOR) for predicting cervical cancer lesions were
independently significant for p16/TOP2A biomarkers in formalin-fixed and paraffin-embedded
cervical tissues [p16: AOR=1.142 (95% confidence interval (CI): 1.059-1.232, p<0.001) and
TOP2A: AOR=1.046 (95% ClI: 1.008-1.085, p=0.015)]. Importantly, the diagnostic performance
of p16 was higher than that of TOP2A in the diagnosis of cancerous lesions from non-cancerous
cervical lesions (sensitivity: 97.2% versus 77.6%, accuracy: 92.8% versus 87.8%, respectively).
Overexpression of TOP2A is linked to the grade of cervical intraepithelial neoplasia in our study,
however it does not predict cervical cancer prognosis. Similarly, expression of p16 is associated
with histological dysplasia grade and malignancy, suggesting its prognostic significance in the
management of cervical cancerous lesions. Further bigger studies are needed to validate their

applications in the early diagnosis of cervical cancer.
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CHAPTER ONE
INTRODUCTION
1.1 Background of the Problem

Cervical cancer is the fourth frequently diagnosed cancer affecting women of reproductive ages
globally (Bray et al., 2018). According to the data from Global Cancer Incidence, Mortality and
Prevalence (GLOBOCAN), it was estimated that about 570 000 new cancer cases and 311 000
deaths worldwide in 2018 (Bray et al., 2018; Ferlay et al., 2019). It is considered as the prominent
cause of female cancers in Tanzania, contributing to almost 9800 cancer incidence cases with
approximately 6700 mortality cases in 2018 (Bruni et al., 2019). This accounted for 39.0% of
cancer incidence cases and 40.6% mortality cases among all women cancers, a higher rate than
the average global cancer burden (Bray et al., 2018).

Biomarkers expression significantly contribute in the understanding of cancer pathogenesis, early
cancer detection, disease severity with an enormous potential towards access to personalized
medicine (Rusling et al., 2010). A number of biomarkers have been associated to the pathogenesis
of cervical cancer (Brown et al., 2012; Hwang & Shroyer, 2012; Mishra & Verma, 2010).
However, the sensitivity and specificity of cancer detection may be improved by using a
collection of biomarkers that discriminates abnormal cells from normal cells across age groups
(Ding et al., 2020; Dixon et al., 2017; Peres et al., 2016; Shi et al., 2019; Sun et al., 2019).
Unfortunately, cyclin-dependent kinase inhibitor (p16) and topoisomerase ll-alpha (TOP2A)
biomarkers are not widely applied in cervical cancer diagnosis in low- and middle-income

countries (LMICs) including Tanzania.

However, cell proliferation biomarkers, p16 and TOP2A play significant roles, whereby pl16
protein arrests the G1/S phase by impeding the cyclin-dependent kinase (CDK) (Lambert et al.,
2006; Pandey et al., 2018; Wu et al., 2019) while TOP2A gene codes for TOP2A enzyme which
is needed for relaxing DNA supercoiled structure during DNA synthesis (Del Moral-Hernandez
et al., 2021; Dixon et al., 2017; Peres et al., 2016). Therefore, this study aimed to investigate the
usefulness of p16 and TOP2A biomarkers in the diagnosis of dysplastic and malignant alteration
of cervical epithelium and if they can be of use in predicting the prognosis of cervical

carcinogenesis in Tanzania.



1.2 Statement of the Problem

Cervical cancer is the fourth frequently diagnosed cancer that affects women at their reproductive
ages globally, with more than 265 000 deaths occurring in LMICs (Bray et al., 2018; Cohen et
al., 2019; Ferlay et al., 2019). In Tanzania, the 2018 cervical cancer burden was estimated at
22.4% and 32.7% for the crude mortality and crude incidence rates, respectively (Bruni et al.,
2019). Many high-income countries (HICs) have successfully reduced incidence and mortality
rates of cervical cancer by 80% due to effective population-based early detection and screening
programs that are well organized and with high coverage rates. However, cervical cancer early
diagnosis programs have not been able to control the disease in low-resource countries like
Tanzania, partly because of lack, or limited access and low performances of available methods
(Bray et al., 2018; Ferlay et al., 2019).

Currently, cervical cancer screening techniques in Tanzania primarily rely on visual inspection
with acetic acid (VIA) or visual inspection with Lugol’s iodine (VILI) as the standard screening
approach (Bruni et al., 2019; Dartell et al., 2014), which is freely available at various levels of
care in several governmental and faith-based facilities. Although VIA/VILI has lower sensitivity
and specificity compared to Papanicolaou (‘Pap’) test and Human papillomavirus (HPV) DNA
testing (Dartell et al., 2014; Ngoma et al., 2010), it is still used in several LMICs due to its low-
cost, single visitation strategy and a high burden of cervical cancer in LMICs. However, Pap test
is available in the zonal hospitals in Tanzania.

Several cancer biomarkers, especially when applied individually, may not detect cervical cancer
as it develops, making them unsuitable for screening and diagnosis of cervical cancer (Brown et
al., 2012; Sun et al., 2019; Tornesello et al., 2013). However, a combination of biomarkers may
improve the sensitivity and specificity of cancer detection in discriminating normal cells from
abnormal cells across age groups (Ding et al., 2020; Dixon et al., 2017; Peres et al., 2016; Shi et
al., 2019; Sun et al., 2019). During pathogenesis of cervical cancer, the expression of E7 viral
oncoprotein inactivates retinoblastoma protein, which consequently increases the E2 transcription
factor (E2F) in the cell, which leads to an increased p16. Likewise, the TOP2A gene encodes for
DNA topoisomerase, a nucleic enzyme responsible for unwinding DNA supercoiled during DNA
synthesis. Expression levels of p16 and TOP2A have been reported as biomarkers in cervical
cancer diagnosis in high-resource countries (Ding et al., 2020; Dixon et al., 2017; Peres et al.,
2016), which necessitates the need for their feasibility study in the setting of LMICs like

Tanzania.



These cellular biomarkers (p16 and TOP2A) are emerging novel biomarkers for the early
diagnosis and prognosis of cervical cancer (Sahasrabuddhe et al., 2011; Tornesello et al., 2013).
Moreover, the expression levels of p16 and TOP2A proteins have been associated with the
progression of cancerous lesions and improving the accuracy of the clinico-histopathological
diagnosis of cervical lesions (Cunningham et al., 2015; Del Moral-Hernandez et al., 2021; Moshi
et al., 2018; Ngoma et al., 2010; Shi et al., 2019). This may contribute to insufficient data being
reported on the prevalence of cervical cancer in Tanzania. Likewise, low-cost, sensitive and
specific screening methods including low-cost HPV DNA tests such as careHPV for detection of
high-risk HPV (hrHPV) genotypes are highly needed in Tanzania (Katanga et al., 2019).
Therefore, this study was conceived to assess the applicability of p16 and TOP2A biomarkers for

cervical cancer diagnosis in Northern Tanzania.
1.3 Rationale of the Study

The rationale of this study was to evaluate the utility of p16 and TOP2A as potential biomarkers
in dysplastic and malignant alteration of cervical epithelium by analyzing a series of benign,
precancerous and cancerous cervical lesions among women seeking cervical cancer care at
tertiary referral hospital. This would lead to p16 and TOP2A expression levels which might be of

any use in predicting prognosis in cervical carcinogenesis in Tanzania.
1.4 Research Objectives
1.4.1 Main Objective

To assess the applicability of p16 and TOP2A biomarkers for cervical cancer diagnosis in

Northern Tanzania.
1.4.2 Specific Objectives

Q) To associate histopathological classification and patient’s clinical information among
women seeking cervical cancer care at Kilimanjaro Christian Medical Centre from 1 May,
2017 to 10 May, 2018.

(i)  To assess pl16 and TOP2A protein expressions by immunohistochemistry using cervical

biopsies from women seeking care at KCMC from 1 May, 2017 to 10 May, 2018.



1.5 Research Questions

Q) Are the expression levels of p16 and/or TOP2A biomarkers significantly associated with
clinico-histopathological characteristics in the diagnosis of cervical cancer among women
seeking care at KCMC?

(i)  What is the association between histopathological classification and patient’s clinical
information among women seeking cervical cancer care at KCMC from 1 May, 2017 to
10 May, 2018

1.6 Significance of the Study

This study was conducted to understand the association between p16 and TOP2A biomarkers,
and clinico-histopathological characteristics of cervical lesions among women seeking cervical
cancer care at KCMC. The study findings were useful in improving the diagnosis of dysplastic
and malignant alteration of cervical epithelium by analyzing a series of benign, precancerous and

cancerous cervical lesions.

1.7 Delineation of the Study

The focus of this study is to assess the applicability of p16 and TOP2A biomarkers for cervical
cancer diagnosis in Northern Tanzania. This study included a relatively low number of analyzed
archived cervical biopsies which could be contributed by missing patients’ data based on the
retrospective study design. In addition, this study did not identify and genotype HPV subtypes
due to the limited availability of research funds. However, HPV genotyping helps to assess the
genetic instability of oncogenic HPV subtypes towards infecting normal cells, which could
eventually predict the risks of cervical cancer and its precursors’ development in association with
the expression of p16 and TOP2A biomarkers in the studied populations, and Tanzania population
at large. Yet, the study findings from the associations between p16 and TOP2A biomarkers with
clinico-histopathological features may be useful in classifying cervical lesions among women
seeking cervical cancer care in tertiary hospitals. Moreover, lack of data on the histopathological
differential diagnosis of endocervical polyps, squamous cell carcinoma and adenocarcinoma
possibly contributed to the observed differences in the immunoexpressions of p16 and TOP2A

biomarkers.



CHAPTER TWO
LITERATURE REVIEW

2.1 Overview of Cervical Cancer

Cervical cancer is a slow-growing disease that arises from the cervical cells, with chronic HPV
infection causing at least 95% of cervical cancer cases (Small et al., 2017). Cervical cancer
development involves a gradual advancement from normal cervical epithelium tissue to pre-
cancerous cervical lesion followed by the cervical intraepithelial lesion (CIN) which if persists

results in invasive cervical cancer lesions (Fig. 1) (Crow, 2012; Schiffman et al., 2016).

Cervical cancer is mainly caused by persistent HPV infection (McGraw & Ferrante, 2014).
However, practicing sexual intercourse at early age <18 years, high parity, excessive alcohol
consumption, cigarette smoking, early pregnancy at <18 years of age, multiple sex partners,
prolonged use of contraceptives, marital status, abortion, and co-infection with sexually
transmitted infections are considered as the risk factors for cervical cancer (Cohen et al., 2019;
Small et al., 2017). Cervical cancer patients are clinically asymptomatic in the early stages with
underlying symptoms, including abnormal vaginal bleeding, post-coital pain or bleeding,

abnormal vaginal discharge, and lower abdominal pain (Cohen et al., 2019).

An effective way for preventing cervical cancer is through the detection of cervical cancer in its
early stages (McGraw & Ferrante, 2014). A Pap test is widely used to identify invasive pre-
cancerous cervical lesions and early stages of cervical cancer and has considerably reduced the
cervical cancer burden in HICs (Ferlay et al., 2019; McGraw & Ferrante, 2014). However,
cervical cancer screening programs have been unable to control the disease in LMICs like
Tanzania, partly because of lack, or limited access and low performances of available methods
(Bray et al., 2018; Ferlay et al., 2019). The most used cervical cancer screening methods in
Tanzania are VIA and/or VILI assays and Pap tests (Ngoma et al., 2010).

The HPV vaccination can prevent cervical cancer by preventing hrHPV subtypes and their
subsequent cervical pathogenesis (Cohen et al., 2019). Gardasil® and Cervarix® are the two HPV
vaccines approved in more than 100 countries worldwide (McGraw & Ferrante, 2014; Small et
al., 2017). Gardasil® is a recombinant vaccine against HPV-6, 11, 16 and 18 subtypes
(quadrivalent) while Cervarix® targets HPV-16 and 18 subtypes (bivalent) (Cohen et al., 2019;
McGraw & Ferrante, 2014; Small et al., 2017).
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Figure 1: Progression of cervical cancer (Crow, 2012)

2.2 The Burden of Cervical Cancer

Worldwide, cervical cancer accounted for about 570 000 new cases with more than 311 500
cervical cancer-related deaths in the year 2018 (Bray et al., 2018). It is estimated that nearly 80%
of the new cervical cancer cases and 85% of the cancer-related deaths occurred in LMICs within
the same year (Cohen et al., 2019; Ferlay et al., 2019). Cervical cancer is considered of major
public health concern by affecting women at their reproductive age especially in LMICs.
However, HICs have made remarkable progress in reducing cervical cancer incidence and
mortality rates relative to the LMICs (Beddoe, 2019; Black & Richmond, 2018). This has been
attributed to effective population-based early detection and screening programs that are well-

organized and with high-coverage rates (Beddoe, 2019).

According to the GLOBOCAN data, cervical cancer accounted for about 110 345 new cases with
72 712 cervical cancer-related deaths in sub-Saharan Africa in 2020 (International Agency for
Research on cancer, 2021). In contrast, East Africa has the highest rates of cervical cancer of 40.1
and 20.6 per 100 000 women with age-standardized incidence and mortality rates, respectively
(Sung et al., 2021). Moreover, cervical cancer is the leading cause of female cancers in Tanzania,
where 10 241 new cervical cancer cases (age-standardized incidence rate of 34.3 per 100 000
women) and 6525 cervical cancer-related deaths (age-standardized mortality rate of 21.8 per 100
000 women) were reported in 2020 by the GLOBOCAN data (Sung et al., 2021). These reported

data point-out the importance of an effective cervical cancer screening program.



2.3 Human Papillomavirus and Pathogenesis of Cervical Cancer

As the major risk factor for cervical carcinogenesis, HPV plays a critical role (Cohen et al., 2019;
Crow, 2012). The HPV is a naked, double-stranded DNA virus with roughly 8000 base pairs that
belongs to the Papillomaviridae (Dias et al., 2020). It also has nine open reading frames,
including six early genes (E1, E2, E4, E5, E6, and E7), as well as two late genes (L1 and L2).
However, a non-coding large control region regulates other HPV genes (Brown et al., 2012;
Schiffman et al., 2016). About forty HPV subtypes are linked to cervical cancer progression, and
they are further divided into low-risk (IrHPV) and high-risk (hrHPV) subtypes (Crow, 2012).

Moreover, the most common IrHPV subtypes are HPV-6 and -11 which are often associated with
genital warts whereas the hrHPV subtypes are HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
66 and 68 which are associated with the occurrence of cervical cancer (Crow, 2012; Dias et al.,
2020). The hrHPV-16 and 18 subtypes are responsible for about 75% of cervical cancer cases
(Crow, 2012; Small et al., 2017). Approximately 90% of the HPV infections are transitory which
resolve on their own within two years (McGraw & Ferrante, 2014; Small et al., 2017). The
remaining 10% of the HPV infections can persist, leading to the development of pre-cancerous
cervical lesions (CIN or adenocarcinoma in situ) which can occur in less than 1 year (Small et al.,
2017).

The incorporation of HPV DNA into the host cells is connected to the progression of pre-
cancerous cervical lesions to invasive cervical cancer (Schiffman et al., 2016). During cervical
cancer pathogenesis, the expression of E7 viral oncoprotein inactivates pRb, which consequently
increases the E2F activation factors in the cell, which leads to an increased overexpression of
CDK inhibitors in the S-phase of the cell cycle, which plays a vital role for the cervical cancer

initiation and its progression (Ibeanu, 2011; Schiffman et al., 2016).

2.4 Current Techniques for Screening of Cervical Cancer

The screening procedures for cervical cancer involve a combination of studying cervical cells and
testing for the presence of HPV and if possible their related subtypes (Denny, 2015). However,
visual inspection-based assays (VIA and/or VILI) re-emerged as the simple, fast, reliable and
economical screening methods in low-resource countries regardless of their poor sensitivity
(Ardahan & Temel, 2011; Denny, 2015; Sankaranarayanan et al., 2012). Visual inspection-based
assays have been recommended for cervical screening women aged 30-59 years old in LIMCs

(Sankaranarayanan et al., 2012).



Moreover, VIA entails an eye examination of the cervix under the illumination of a lamp to
identify acetowhite lesions, followed by swabbing or spraying diluted acetic acid, generally 3-
5%, to the cervix (Qureshi et al., 2010; Sankaranarayanan et al., 2012). The lack of acetowhite
lesions in the squamocolumnar junction (SJC) is a negative test, while opaque acetowhite lesions
in the SJC of the cervix is a positive test (Qureshi et al., 2010; Sankaranarayanan et al., 2012).
Unfortunately, only 4-55% of examined women in many trials using the VIA test for cervical

cancer screening had positive findings (Ardahan & Temel, 2011).

Similarly, VILI involves direct eye examination of the cervix following the administration of 5%
Lugol’s iodine to detect mustard-yellowish lesions in the SJC of the cervix (Sankaranarayanan et
al., 2012). A negative test for VILI is characterized by the formation of mahogany brown or black

in the squamous epithelium without color change in the SJC of the cervix (Qureshi et al., 2010).

Pap test is an effective method that is widely used for cervical cancer screening especially in
HICs. Due to the wide-coverage of population-based early screening of cervical cancer and the
sensitivity of the Pap test in detecting high-grade squamous intraepithelial lesion, it dramatically
decreased cervical cancer incidence and death rates by almost 80% in HICs (McGraw & Ferrante,
2014; Sachan et al., 2018). A Pap test can be performed as a conventional or liquid-based pap
test. Cervical cells are immediately spread on a microscope slide in the former approach, but in
the liquid-based pap test, the obtained cells are put in a tiny glass vial containing preserving liquid
(McGraw & Ferrante, 2014; Sherwani et al., 2007). After staining and microscopic examinations,
the cytological specimens are categorized based on the loss amount of cytoplasmic maturity,
aberrant mitotic figures, and changes in nuclear size and shape of the cervical cells (Table 1).
There are several ongoing debates worldwide about which way is superior than another. However,
studies have shown that, no statistically significant variations exist in terms of specificity and
sensitivity of the conventional and liquid-based cytology pap smear test (Sherwani et al., 2007;
Sigurdsson, 2013).

Although pap smear tests have reduced the incidence of cervical cancer in HICs, they have been
linked to a high rate of false-positive results, prompting the development of molecular tests for
HPV detection, such as hybrid capture 1l (HC2) (Qiagen, Hilden, Germany), careHPV (Qiagen,
Gaithersburg, MD, USA), and real-time Polymerase Chain Reaction assays such as Cobas® 4800.
(e.g., MMumina platforms, etc.) (Dias et al., 2020; McGraw & Ferrante, 2014). The HPV
genotyping is an effective tool for cervical cancer screening in clinical settings. The first FDA-
approved technique for HPV genotyping in clinical settings was the Cobas® 4800 HPV which

can detect 14 hrHPV including HPV-16 and -18. The HC2 can detect 13 hrHPV as a triage test
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for women with atypical squamous cells of undetermined significance (AS-CUS) in combination

with studying cervical cells.

Table 1: Most common classification systems for cervical lesions

Histology Cytology Molecular
CIN LAST Pap WHO Bethesda
Normal Normal I Negative NILM Normal cervix
] Squamous atypia
" AS-CUS
CIN1 LSIL Mild LSIL HPV infection
HiD
CIN2 Moderate
HSIL HSIL Pre-cancer
CINS IV Severe
Cancer  Cancer \Y Cancer Cancer Cancer
Schiffman et al.(2016)
AS-CUS atypical squamous cells of undetermined significance CIN cervical intraepithelial neoplasia
NILM negative for intraepithelial lesion and malignancy LAST lower anogenital squamous terminology
HSIL high-grade squamous intraepithelial lesions. LSIL low-grade squamous intraepithelial lesions

2.5 Roles of Studied Biomarkers in the Diagnosis of Cervical Cancer

The working group and the biomarkers consortium of the US National Institute of Health defines
a biomarker as “a characteristic that is objectively measured as an indicator of normal biological
processes, pathogenic processes, or a pharmacological response to a therapeutic intervention”
(Mishra & Verma, 2010). Several biomarkers for cervical cancer detection in cytological and
histological samples have been discovered. The majority of biomarkers are involved in the control
and proliferation of cell cycle, transduction pathways, and DNA synthesis (Brown et al., 2012;
Dasari et al., 2015; Mishra & Verma, 2010).

Several immunoassays including but not limited to immunohistochemistry (IHC), enzyme-linked
immunosorbent assay, lateral flow immunoassays, and immunoblots such as western blots can be
used for routine cervical cancer screening (Guzel et al., 2021). However, IHC is the predominant
immunoassay for cervical cancer diagnosis in a clinical setting, because it is well-established and
stains are readily available, frozen or archived samples can be used, fast turn-around time, and a
relatively low risk of infectious agents to humans (Duraiyan et al., 2012; Giizel et al., 2021). The
drawbacks include expensive IHC equipment, the technique being prone to human errors resulting
to inter-observer variability of the results, and complexities in the quantification of results (De
Matos et al., 2010).



A nuclear and cytoplasmic protein, p16 may help in the screening, diagnosis and prognosis of
dysplastic cervical cells with persistent hrHPV infection (Lin et al., 2014; VVolgareva et al., 2004).
The pl16 is coded by the tumor suppressor gene INK4a which has a significant function in the
regulation of the CDK-Rb-E2F pathway (Volgareva et al., 2004; Wu et al., 2019). Usually, cell
cycle activation depends on the binding of pRb to E2F transcription factors. However, in HPV
transformed cells, E7 oncogene inhibits the binding of pRb protein to E2F transcription factors
which inactivate CDK-4/6, leading to increased expression p16 with arresting of G1-S phase
(Brown et al., 2012; Volgareva et al., 2004). In addition, the diagnostic utility of p16 expression
as an individual biomarker has been reported in differentiating cancerous cervical lesions from
benign and precancerous cervical lesions in HICs (Gustinucci et al., 2012; Marcus et al., 2017)
and LMICs (Volgareva et al., 2004; Wu et al., 2019; Zhang & Shen, 2018). In Tanzania, limited
information exists about the applicability of p16 immunostaining in the diagnosis of cervical
cancer lesions. Nevertheless, pl6/Ki-67 dual-staining histology, increased sensitivity of CIN
lesion diagnosis and outcome prediction of CIN-2 in patients with hrHPV-16 and -58 were
observed (Li et al., 2019). Similarly, p16/Ki-67 dual-staining cytology was an excellent triage
test for HPV-positive women in Western Kenya although faced low sensitivity (Orang’o et al.,
2020). In addition, p16/Ki-67 dual-staining histology was not associated with CIN grade on
follow-up excisional pathology (Marcus et al., 2017). This suggests the feasibility of combining
pl6 and TOP2A biomarkers to assess their potential diagnostic performance for cervical cancer

lesions in Tanzania.

A nuclear protein gene, TOP2A encodes for DNA topoisomerase, a nucleic enzyme responsible
for unwinding the supercoiled DNA strands during DNA synthesis (Del Moral-Hernandez et al.,
2021; Dixon et al., 2017; Peres et al., 2016). The TOP2A protein overexpression has been
associated with progression from CIN-2/3 to cervical cancer lesions. However, very limited
findings have been reported assessing the expression of TOP2A protein using archived cervical
biopsies in HICs and LMICs. High-expression of TOP2A protein has been observed in the
cervical cytology samples infected with HPV-6, 11, and 18 (Peres et al., 2016). Similarly, the
TO2A biomarker has been demonstrated as the best biomarker in discriminating high-grade
squamous intraepithelial lesions (HSIL) from low-grade squamous intraepithelial lesions (LSIL)
in liquid-based cytology samples (Del Moral-Hernandez et al., 2021). In consideration of the
highly diversified genetic populations in Tanzania, the expression levels of p16 and TOP2A
biomarkers for cervical cancer diagnosis could produce different patterns relative to that of HICs,

which might improve the diagnosis of cervical cancer in Tanzania.
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Study Design

A retrospective cross-sectional study was deployed using archived cervical tissue blocks obtained
from women seeking cervical cancer care at KCMC, Northern Tanzania from 1 May, 2017 to 10
May, 2018.

3.2 Sample Size Estimation

The study samples were retrospectively collected from 1 May, 2017 to 10 May, 2018 with a

sample size minimally estimated at 343 for cervical biopsies calculated by the formula:

Z?P (100— P)
N=—%

Where; N denotes the minimum sample size, P indicates the prevalence of cervical cancer in
Tanzania = 32.7% (Bruni et al., 2019), d is the estimate precision = 5% and; Z represents the

standard value at 95% confidence interval = 1.96.
3.3 Retrieval of Study Samples and Related Clinical Information

Patients’ clinical and pathological information, hematoxylin and eosin (H&E) slides and
formalin-fixed and paraffin-embedded (FFPE) cervical tissue blocks were all retrieved for review
and diagnosis confirmation. Information including the age of the patients, date of examination,
clinical presentations of the patients, clinical diagnosis and microscopic findings of samples were
collected.

The inclusion criteria involved patients with complete clinico-histopathological features and good
morphology of their cervical biopsies. The exclusion criteria involved missing tissue block and

incomplete clinical histopathological information.

The H&E slides were reviewed with assistance from a well-trained anatomical pathologist. In
case of lost or broken slides, the sections were re-cut from the tissue blocks and stained with the
H&E staining technique. The H&E stained slides were microscopically examined at 40x, 100x
and 200x for histopathological features and classification of the cervical cancer cases according

to the World Health Organization classification of tumors from women reproductive organs
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(Kurman et al., 2014). Additionally, epithelial cells were classified into how much the epithelial
cells were affected into a sub-class ‘precancerous cervical lesion’ having three-tiered categories:
CIN-1, -2 and -3 (Table 1). Moreover, benign cervical lesion was further classified into cervicitis,
endocervical polyps, and others including nabothian cyst, cervical koilocytosis and cervical

papilloma.
3.4 Assessment of p16 and TOP2A Biomarkers by Immunohistochemistry
3.4.1 Tissue Sectioning and Preparations

From all the FFPE tissue blocks that met inclusion criteria, two slides (labelled p16 and TOP2A)
were sectioned at 3 um and placed on the DFrost Plus positively charged slides (Diapath S.P.A.,
Martinengo BG, Italy). Tissue sections were submerged into the floating water bath at 45 °C to
remove creases and alterations. Tissue bonding was achieved by baking the sections in a hot air
oven at 40 °C overnight in removing embedded wax before p16 and TOP2A IHC staining. The
slides with tissue sections were next day deparaffinized using two changes of xylene for 8 minutes
each. The slides were thereafter rehydrated using decreasing grades of ethanol solution (100%,

95%, 80%, and 70%, respectively) with 10 dips in each solution.

3.4.2 Immunohistochemistry Staining

Q) Materials and Reagents

Monoclonal pre-diluted primary antibody p16 clone G175-405 (Medaysis Company, Livermore,
CA, USA) and TOP2A clone Ki-S1 pre-diluted primary antibody (Medaysis Company,
Livermore, CA, USA). The high pH EnVision™ FLEX Mini Kit (Dako Denmark A/S, Glostrup,
Denmark) consisted of target retrieval solution high pH (50x), peroxidase-blocking reagent,
DAB+ Chromogen, horseradish peroxidase (HRP), substrate buffer and wash buffer (20x). Other
materials and reagents included: Absolute ethanol, xylene, moisture chamber, DFrost Plus
positively charged slides (Diapath S.P.A., Martinengo BG, ltaly), hydrophobic pen (Dako
Denmark A/S, Glostrup, Denmark) and pressure cooker (Kanchan International Ltd., Mumbai,
India).

(i) Procedures

All the procedures were performed in the humidity chamber to avoid drying up of slides between

the steps. During IHC staining, tissue sections were encircled with a hydrophobic pen (Dako
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Denmark A/S, Glostrup, Denmark) and the endogenous peroxide activity was blocked using a
peroxidase-blocking reagent, ready-to-use (Dako Denmark A/S, Glostrup, Denmark) for 15
minutes. Slides were rinsed with distilled water for 3 minutes after blocking endogenous
peroxidase, then antigen retrieval was performed by pouring 500 mL of tap water into a pressure
cooker (Kanchan International Ltd., Mumbai, India) and pre-heated to 65 °C for 10 minutes. Cold
citrate buffer pH 6.0 was added into a small plastic container dish and a slide rack with slides
placed into the dish. Thereafter, a small plastic container was placed into a pressure cooker with
the lid being tightened. Then the tap water was heated until it produced steam in the citrate buffer
retrieval solution. After the pressure cooker reached maximum pressure (approximately 15
minutes), it was left to cool for 10 minutes at room temperature. Then, a plastic dish container
was removed from the pressure cooker and the retrieval solution poured out. Slides were allowed
to cool using tap water for another 10 minutes then rinsed with diluted wash buffer (20x) for 5

minutes.

All sections were incubated with pre-diluted primary antibody p16 clone G175-405 (Medaysis
Company, Livermore, CA, USA) and TOP2A clone Ki-S1 pre-diluted primary antibody
(Medaysis Company, Livermore, CA, USA), respectively for 30 minutes. This was then followed
with washing with wash buffer (20x) for 5 minutes, followed by incubation with universal
horseradish peroxidase (HRP) for 30 minutes and washing with phosphate-buffered saline (PBS)
reagent twice each for 3 minutes. Moreover, sections were then incubated with 3, 3’
diaminobenzidine (DAB) + Chromogen (Dako Denmark A/S, Glostrup, Denmark) for 10 minutes

and then rinsed by water for 2 minutes.

Thereafter, slides were counterstained with 17 dips in hematoxylin and bluing for 5 minutes.
Sections were dehydrated in the ascending grades of ethanol solution (70%, 80%, 95%, and
100%, respectively), and then cleared in two changes of xylene for 5 minutes each. Finally, the
sections were covered using mounting medium by using Tissue-Tek® Coverslipper (Sakura
Finetek Inc., Torrance, CA, USA). In reducing false-positive results, positive controls cervical

squamous cell carcinoma tissue for p16, and breast carcinoma tissue for TOP2A were used.
3.5 Immunohistochemistry Assessment

The tissue sections were microscopically evaluated by counting the number of proliferating cells

and the intensity of positively stained cells for p16 and TOP2A. Positive cells for p16 were given

an immunoscore of 1 to 2+ to indicate high cell proliferation or high intensity while an

immunoscore of 0 was given to indicate the absence of cell proliferation or low intensity. For
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positive TOP2A cells, an immunoscore of 1-2+ was given to indicate moderate cell proliferation
or moderate intensity, an immunoscore of 3+ was given to indicate high cell proliferation or high
intensity while an immunoscore of 0 indicated the absence of cell proliferation or low intensity.

3.6 Data management and Statistical Analysis

Raw data for histopathological features and classification as well as biomarkers expression data
were entered into the Microsoft® Excel 2013 and exported to R software version 3.4.4 and 4.0.2
(https://www.r-project.org) for determination of their statistical significances as presented in
tables and figures. Descriptive statistics such as mean, frequency and standard deviation were
used to summarize numerical data. The associations between clinico-histopathological
information and biomarkers expression were performed using Fisher’s exact test. Moreover, a
logistic regression model was used to estimate relationships between the expression of p16 and
TOP2A biomarkers with the development of cervical cancer lesions by estimating age-adjusted
odds ratio (OR) with 95% confidence intervals (Cls). In addition, the performance of p16 and
TOP2A biomarkers was evaluated by assessing their sensitivity, specificity, and accuracy in
differentiating cancerous cervical lesions from benign and precancerous cervical lesions.
Furthermore, Spearman’s rank correlation test was used to assess the strength of relationships
between age, histopathological factors, and biomarkers expression. The results with two-sided

p<0.05 were considered statistically significant.

3.7 Ethical Considerations

The National Health Research Ethics Committee (NatHREC) of Tanzania's National Institute for
Medical Research granted ethical approval with permission number NIMR/HQ/R.8a/Vol.
IX/2764. Before starting the study, a letter was submitted to KCMC seeking collaboration, and
the Pathology department gave permission. Written informed consent was not applicable due to

the retrospective design of this study.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Summary Statistics of Retrieved Cervical Biopsies

A total of 149 cervical biopsies were retrieved from KCMC between 1 May, 2017 and 10 May,
2018. The patients’ age was from 23 to 83 years, with a mean and standard deviation of 52.1+12.9
years old, respectively. About 33.6% of women with histopathological samples were
predominantly in the age group between 41 and 50 years old (Table 2).
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Table 2:

Clinico-histopathological features among women seeking cervical cancer care at

Kilimanjaro Christian Medical Centre between 1 May, 2017 and 10 May, 2018

Characteristic N (%)
Patients’ age (years)
<30 5(3.3)
31-40 22 (14.8)
41 -50 50 (33.6)
51-60 34 (22.8)
61-70 25 (16.8)
> 70 13 (8.7)
Total 149 (100)
Type of cervical lesion
Benign cervical lesion 33(22.2)
Pre-cancerous cervical lesion 11 (7.4)
Cancerous cervical lesion 99 (66.4)
Non-definitive diagnosis 6 (4.0)
Total 149 (100)
Clinical symptoms
Per vaginal bleeding 64 (42.9)
Vaginal discharge 43 (28.9)
Lower abdominal pain 35 (23.5)
Others 7(4.7)
Total 149 (100)
Biomarkers expression
pl6
Low 42 (29.0)
High 103 (71.0)
Total 145 (100)
TOP2A
Low 55 (37.9)
Moderate 29 (20.0)
High 61 (42.1)
Total 145 (100)
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4.2 Histopathological Classification of Retrieved Cervical Biopsies
4.2.1 The Burden of Cervical Disease Based on Retrieved Cervical Biopsies

Of 149 cervical biopsies examined in the study period, only 6 (4%) were reported to have non-
definitive diagnoses while the majority showed pathologic abnormalities ranging from cervicitis
to cervical cancer lesions. The KCMC cancer registry recorded 419 cervical cancer cases between
2013 and 2018 in the study area. However, through this study, 99 (66.4%) of women seeking care
in the period under review were diagnosed with cervical cancer lesions, while benign and pre-

cancerous cervical lesions accounted for 33 (22.2%) and 11 (7.4%), respectively (Table 2).

Cervical cancer is the most prevalent cancer affecting Tanzanian women (Bruni et al., 2019), and
it was also the leading cervical disease in this study, accounting for 66.4% among women seeking
care at KCMC between 1 May, 2017 to 10 May, 2018. This study shows that 7.4% of cases were
pre-cancerous cervical lesions, indicating that the magnitudes of pre-cancerous cervical lesions
were far below compared to cancerous cervical lesions. This difference might be due to potential
reasons, such as less awareness on the importance of cervical cancer screening among the high-
risk women aged >15 years of age, women’s attitudes towards fear and physical discomfort
related to the screening process, and also limited access to the cervical cancer screening facilities
(Cunningham et al., 2015; Lyimo & Beran, 2012; Moshi et al., 2018).

4.2.2 Distribution of Cervical Lesions by Age Categories

The age group above 70 years old accounted for 86.4 % of cervical cancer incidences among
women seeking care, whereas the age group < 30 years old accounted for the smallest percentage.
In contrast, the age group < 30 had a high prevalence of benign cervical lesions, whereas the older
age had a low rate. However, the age group < 30 had the largest number of pre-cancerous cases,

accounting for just 20% of all cervical cases in the age group (Table 3).
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Table 3: Distribution of cervical lesions among women seeking care at Kilimanjaro
Christian Medical Centre by age group from 1 May, 2017 to 10 May, 2018

Patients’ Benign Pre-cancerous  Cancerous  Non-definitive  Total
age cervical lesion cervical lesion cervical lesion diagnosis
(years) n (%) n (%) n (%) n (%) N (%0)
<30 2 (40.0) 1 (20.0) 2 (40.0) - 5 (100)
31-40 6 (27.3) 3(13.6) 12 (54.5) 1(4.5) 22 (100)
41 -50 13 (26.0) 6 (12.0) 29 (58.0) 2 (4.0) 50 (100)
51-60 6 (17.6) - 26 (76.5) 2(5.9) 34 (100)
6170 5(20.0) 1(4.0) 19 (76.0) - 25 (100)
>70 1(7.7) - 11 (86.4) 1(7.7) 13 (100)
Total 33(22.2) 11 (7.4) 99 (66.4) 6 (4.0) (igg)

2 = 15.43, p=0.4207

The magnitude of cervical cancer in post-menopausal (aged >50 years of age) women in this
study were about 78% among the women seeking care. A slightly similar finding was reported in
the study conducted in Hawassa district, Southern Ethiopia that had 72% of the post-menopausal
cervical cancer among symptomatic women (Ameya & Yerakly, 2017). Conceivably reason
behind these marginally similar findings might be limited knowledge on the importance of
cervical cancer screening and/or ignorance on the importance of immediate investigation

following post-menopausal bleeding (Ergete & Tesfaye, 2001).

The age group between 41 and 50 years old recorded the highest proportion of cervical cases
across all types of cervical lesions. There was a steady rise in the proportion of cervical cases
across all types of cervical lesions in the age groups from <30 to 41-50 years old. The decline of
cervical cases across all type of cervical lesions dominated age groups from 41-50 to >70 years
of age. In contrast, there was a slight difference in the fraction of benign cervical lesions and pre-

cancerous cervical lesions across all age groups as seen in Fig. 2.
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Figure 2: Trend of cervical lesion among women seeking care at Kilimanjaro Christian
Medical Centre by age group from 1 May, 2017 to 10 May, 2018
The magnitude of cervical lesions increased across all lesion types among age groups between
<30 and 41-50 years of age, although there was no statistical significance between the type of
cervical lesion against patients’ age (p=0.4207). This may be due to the high risk of exposure to
cervical cancer among the Tanzanian female population aged >15 years of age (Bruni et al.,
2019). However, a continual decrease in the number of cervical lesions between 41-50 and >70
years of age may be linked to the higher chance of being screened at an older age, especially in
urban areas for the age groups between 40-49 and >50 years of age, which might result into a
decreased number of cases being reported (Cunningham et al., 2015). Another reason behind the
decline of the number of cervical lesions could be associated with high mortality rates of cervical

cancer for women in their postmenopausal age.
4.2.3 Clinico-histopathological Classification of the Retrieved Cervical Biopsies

Among 149 women seeking care at KCMC from 1 May, 2017 to 10 May, 2018; 64 (43%) of
cases were clinically presented with Per vaginal bleeding, followed by 43 (29%) cases with
vaginal discharge and 35 (23%) cases of lower abdominal pain (Fig. 13).
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Figure 3: Distribution of clinical presentations among women seeking care at Kilimanjaro
Christian Medical Centre from 1 May, 2017 to 10 May, 2018

In contrast, a study conducted in India showed 43% for vaginal discharge, followed by 23% of
vaginal bleeding as the most common symptoms (Dayal, 2018). These slightly similar findings
can be associated with early invasive cervical cancer, which is generally asymptomatic (Eble et
al., 2003). In addition to this, clinical examination findings showed that 47.5% of all women
seeking care at KCMC from 1 May, 2017 to 10 May, 2018 presented fungating mass that might

indicate advanced stages of cervical lesions resulting in poor treatment responses.

In this study, squamous cell carcinoma accounted for 85 (85.9%) of total cervical cancer cases,
followed by adenocarcinoma which accounted for 8 (8.1%), whilst others were undifferentiated
carcinoma and neuroendocrine carcinoma. Both cervicitis and endocervical polyps were
dominant inflammatory conditions, of which each accounted for 15 (45.5%) of all benign cervical
lesions. On the other hand, mild dysplasia exhibited 7 (63.6%) of all pre-cancerous cervical

lesions as seen in Table 4 and Fig. 4.

In contrast, the study conducted in Hawassa district, Southern Ethiopia showed that squamous
cell carcinoma was the leading cervical lesion, with 83% of cervical cancer (Ameya & Yerakly,

2017). A potential thought for this similarity might be contributed by limited awareness and
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screening programs in LMICs. Furthermore, this observed similarity might be caused by the fact

that most of the cervical lesions have turned cancerous once they are diagnosed.

Table 4: Histopathological classification of cervical lesion among women seeking care at
Kilimanjaro Christian Medical Centre from 1 May, 2017 to 10 May, 2018

Histopathological classes N (%) % Total

Benign cervical lesion
Cervicitis 15 (45.5) 10.1
Endocervical polyp/ leiomyomatous polyp 15 (45.5) 10.1
Cervical koilocytosis 1(3.0) 0.7
Cervical papilloma 1(3.0) 0.7
Nabothian cyst 1(3.0) 0.7
Total 33 (100)

Pre-cancerous cervical lesion
CIN-1 7 (63.6) 4.7
CIN-3 3(27.3) 2.0
CIN-2 1(9.1) 0.7
Total 11 (100)

Cancerous cervical lesion
Squamous cell carcinoma 85 (85.9) 57.0
Adenocarcinoma 8(8.1) 54
Undifferentiated carcinoma 5(5.1) 34
Neuroendocrine carcinoma 1(1.0) 0.7
Total 99 (100)

Non-definitive diagnosis 6 (100) 4.0
Total 149 (100) 100
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Figure 4: Selected haematoxylin & eosin-stained images of (a) normal tissue (b) carcinoma
in situ (c) invasive squamous cell carcinoma of the cervix at 40x magnification of
the retrieved cervical biopsies among women seeking cervical cancer care at
Kilimanjaro Christian Medical Centre from 1 May, 2017 to 10 May, 2018

Moreover, the second predominant type of cervical disease in this study was a benign cervical
lesion, of which 45.5% was cervicitis, which was almost similar to a study conducted in Southern
Ethiopia that reported 53.6% of non-specific cervicitis among all non-cancerous lesions (Ameya
& Yerakly, 2017).

In contrast, the study conducted in India reported 89.23% of chronic non-specific cervicitis
(Jayakumar, 2015). Another study conducted in South-South, Nigeria reported 72.2% of chronic
non-specific cervicitis among all inflammatory lesions (Nwachokor & Forae, 2013). Sexually
transmitted infectious agents are the causative agents for cervicitis. It’s reported that majorities
of cervicitis are caused by N. gonorrhoeae, C. trachomatis and herpes simplex virus (Centres for
Disease Control and Prevention [CDC], 2015).

However, histopathological differential diagnosis of cervicitis was not accomplished in our
current study, which may be the reason for the above-observed differences in the prevalence of
cervicitis in studies conducted in three countries. Polyps are most common in postmenopausal
women, and when identified they are removed and histopathologically examined to prevent them
from becoming cancerous (Gopalan et al., 2017). However, the magnitude of endocervical polyp/
leiomyomatous polyp in our study was 45.5% for benign cervical lesion, and it was 10.1% of total
cervical biopsies studied, which was lower than a study conducted in Nigeria (30.9%) (Faduyile
et al., 2017). Histopathological differential diagnosis of endocervical polyps was not performed.
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4.3 Assessment of p16 and Topoisomerase Il-alpha Biomarkers Expression
4.3.1 Clinico-histopathological Features and Biomarkers Expression

Out of 149, only 145 cervical biopsies for the immunohistochemistry staining of selected p16 and
TOP2A biomarkers were included in this study. The included cervical biopsies were considered
based on available clinical histopathological information and good morphology. Four (4) cervical
biopsies were excluded due to missing tissue blocks, and lack of clinical histopathological
information. Furthermore, immunohistochemistry staining results (Figure 5) revealed that most
of the patients seeking cervical cancer care, 103 (71.0%) and 61 (42.1%), strongly expressed p16
(p16+) and TOP2A (TOP2A++) proteins, respectively (Table 2).

Importantly, the expressions of pl6+ and TOP2A++ biomarkers were predominantly found
among women aged 50-59 years, respectively (Figure 6). These study findings agree with
previously reported findings that p16 and TOP2A immunoexpressions increased with severity of
cervical lesions and may be used as a marker for classification of cervical lesions (Pandey et al.,
2018; Peres et al., 2016; Shi et al., 2019). Moreover, the relationships between p16 and TOP2A
expression levels with histopathological classes for cervical cancer have been reported to be most
associated with pre-cancerous and cancerous cervical lesions (Ding et al., 2020; Pandey et al.,
2018; Peres et al., 2016).
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Figure 5. Monographs of the retrieved cervical biopsies among women seeking cervical
cancer care at Kilimanjaro Christian Medical Centre from 1 May, 2017 to 10
May, 2018. Nucleus and cytoplasm were positively stained for (a-b) p16 at 200x
for cancerous and precancerous cervical lesion respectively. Nucleus positively
stained for (c-d) topoisomerase Il-alpha at 200x for cancerous and precancerous
cervical lesion respectively, and (e) topoisomerase Il1-alpha at 40x for the benign
cervical lesion. Nucleus and cytoplasm negatively stained for (f-g) p16 at 100x
and 200x for cancerous and precancerous cervical lesion respectively, and (h)
pl16 at 200x for the benign cervical lesion. Nucleus negatively stained for (i-j)
topoisomerase Il-alpha at 200x for cancerous and precancerous cervical lesion
respectively; (k-1) hematoxylin and eosin staining at 100x and 40x for squamous
cell carcinoma and normal cervix, respectively

4.3.2 Association of Clinico-histopathological Features and Biomarkers Expression

Age categories were not significantly associated with expression levels of p16 and TOP2A among
women seeking cervical cancer care (Figure 6). In contrary, there was significant association
between histopathological class with expression levels of p16 and TOP2A among women seeking
cervical cancer care (p<0.001) (Table 5). However, no significant associations were observed
between the histopathological subtypes of benign, precancerous, and cancerous cervical lesions,
with p16 and TOP2A expressions in the studied population (Table 5). This implies that the
expression of p16 and TOP2A biomarkers can be very useful in the prognosis of cervical cancer
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across age groups. As both p16 and TOP2A play an important role in cellular proliferation, they
may be accurately useful in defining the high-risk patients for cervical cancer, which need to be
confirmed by large studies. Moreover, high expression of pl6 and TOP2A was frequently
observed in the age group of 40-49 years, which is considered the high-risk age group for pre-
cancerous and cancerous cervical lesions. This can be explained by the limited cervical cancer
screening practices and awareness campaigns among Tanzanian women in preventing the
occurrence of the disease (Cunningham et al., 2015; Lyimo & Beran, 2012; Moshi et al., 2018;
Perng et al., 2013; Weng et al., 2020). These challenges could be responsible for increased
incidence and mortality rates of cervical cancer in older women (Grjibovski et al., 2018; Weng
et al., 2020). Moreover, introduction of immunohistochemistry assessment of biomarkers may
aid in the histopathological classification of cervical cancer and other cancers, and may assist in

the early identification of Tanzanian women who are at high risk for recurrence of cervical cancer.
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Figure 6: Distribution of p16 and topoisomerase Il-alpha biomarkers expression across
age-groups among women seeking care at Kilimanjaro Christian Medical
Centre from 1 May, 2017 to 10 May, 2018. The bold horizontal line within each
column represents medians. Statistical significance is marked with double
asterisks (Student’s t-test, p=0.006) and ns stands for not significant
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Table 5:  Association of clinico-histopathological features and protein expressions among women seeking care at Kilimanjaro

Christian Medical Centre from 1 May, 2017 to 10 May, 2018

N Netds Eigr;;g:itoerl]n | o-value TOP2A protein expres-sion vale
n (%) Low High a Low Moderate High
n (%) n (%) n (%) n (%) n (%)

1 Age (years) 0.813° 0.256 °
<30 5(3.4) 2 (40.0) 3(60.0) 3(60.0) 1(20.0) 1(20.0)

30-39 21 (14.5) 7(33.3) 14 (66.7) 11 (52.4) 3(14.2) 7(33.3)
40-49 48 (33.1) 16 (33.3) 32 (66.7) 20 (41.7) 12 (25.0) 16 (33.3)
50-59 34 (23.4) 8(23.5) 26(76.5) 11 (32.4) 7(20.6) 16 (47.1)
60-69 25 (17.2) 7(28.0) 18(72.0) 7(28.0) 2(8.0) 16 (64.0)
>70 12 (8.3) 2(16.7) 10(83.3) 3(25.0) 4(33.3) 5(41L7)

2 Histopathological class <0.001 <0.001
Benign 33(22.8) 33 (100) 0(0) 30(90.9) 2(6.1) 1(3.0)
Pre-cancerous 11 (7.6) 2(18.2) 9(81.8) 8(72.7) 2(182) 1(9.1)
Cancerous 95 (65.5) 1(1.1) 94 (98.9) 11 (11.6) 25(26.3) 59 (62.1)
Non-definitive diagnosis 6 (4.1) 6 (100) 0(0) 6 (100) 0(0) 0 (0)

3 Histopathological subtype

(a) Benign cervical lesion 1.000 0.479°
Cervicitis 15 (10.3) 15 (100) 0 (0) 13(86.7) 1(6.7) 1(6.7)
Endocervical polyps 15 (10.3) 15 (100) 0(0) 14 (93.3) 1(6.7) 0 (0)

Others 3(2.1) 3(100) 0(0) 2(66.7) 1(33.3) 0(0)
(b) Pre-cancerous cervical lesion 1.000® 0.241°
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p16 protein TOP2A protein expression

SN Variables E?%S eL);r\J/\I/feSSion High g-value Low Moderate High p-value
n (%) n (%) n (%) n (%) n (%)
CIN-1 7 (4.8) 2(28.6) 5 (71.4) 6(85.7) 1(14.3) 0(0)
CIN-2 1(0.7) 0(0) 1 (100) 0 (0) 0 (0) 1 (100)
CIN-3 3(2.1) 0 (0) 3 (100) 2(66.7) 1(33.3) 0(0)
(c) Cancerous cervical lesion 0.122° 0.584°
Squamous cell carcinoma 83 (57.2) 0(0) 83 (100) 10 23 50
(12.00 (27.7) (60.2)
Adenocarcinoma 6 (4.1) 1(16.7) 5(83.3) 1(16.7) 0(0) 5 (83.3)
Others 6 (4.1) 0 (0) 6 (100) 0 (0) 2(33.3) 4(66.7)
(d) Non-definitive diagnosis 6 (4.1) 6 (100) 0(0) 6 (100) 0(0) 0 (0)

2 Fisher’s exact test
bsimulated p
CIN cervical intraepithelial lesion
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4.3.3 Correlation between Histopathological Features and Biomarkers Expression

In the studied population, there was a highly significant positive correlation between p16
expression and cancerous cervical lesions (r=0.833, p=0.006). In contrary, a non-significant
positive correlation between age and pl16 expression was observed (r=0.110, p=0.643). By
considering the effect size rather than the p-value due to the small sample size, there was a
difference in the relationship between benign cervical lesions and p16 expression (r=-0.944,
p<0.001) (Table 6). The overexpression levels of p16 could be due to pRb inactivation in the
cancerous cervical lesions (Lambert et al., 2006). In addition, a meta-analysis study reported
the prognostic significance of p16 overexpression with improved overall survival and disease-
free survival in cervical cancer patients (Lin et al., 2014). However, stratification of the
cancerous cervical lesions to assess pl6 expression levels and HPV subtype was not

performed in our study.

Nevertheless, there was no significant correlation between age and TOP2A expression in the
studied population. A highly significant correlation between TOP2A expression and the
cancerous cervical lesion was observed in the study population (r=0.687, p=0.005). The
TOP2A overexpression was observed in 60.2% of squamous cell carcinoma and 83.3% of
adenocarcinoma. The findings agree with those reported by Del Moral-Herndndez et al.
(2021), which showed that increased expression of TOP2A/MCM2 biomarkers to
approximately 3-times increased the progression risk of HSIL to cervical cancer lesions.
Similarly, TOP2A expression levels discriminated dysplastic and non-dysplastic FFPE
cervical tissues with improved detection of CIN2+ (Depuydt et al., 2011; Dixon et al., 2017).
Therefore, the cancerous cervical lesions strongly correlated with pl6 and TOP2A
expressions in the studied population. However, the expression of pl6 also moderately
correlated with TOP2A expression (Table 6) thereby, a 40% difference in the expression of
pl6 (high) versus TOP2A (high) biomarkers (100% versus 60%) was observed in the
squamous cell carcinoma (Table 5) may imply that the p16 biomarker is more specific for
squamous cell carcinoma than the TOP2A biomarker (Del Pino et al., 2015; Pandey et al.,
2018; Peres et al., 2016; Silva et al., 2017). Furthermore, immunoscoring of the cut-off
threshold for positive cells for both pl6 and TOP2A biomarkers might vary between

pathologists resulting in significant differences.

Additionally, a significant negative correlation between benign, and pl6 and TOP2A
expressions were observed in the studied population (r=-0.944 and -0.600, p<0.001 and 0.025,
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respectively). In contrary, TOP2A expression and pre-cancerous cervical lesion in the studied
population negatively correlated (Table 6). The findings disagree with those reported by Peres
et al. (2021) that high TOP2A expression levels were observed in cervical smear samples than

in cervical biopsies.

Table 6: Correlation matrix of p16 and topoisomerase I1-alpha biomarkers expression
with the histopathological factors among women seeking cervical cancer
care at Kilimanjaro Christian Medical Centre (n=139). The p< 0.05 was
considered statistically significant

Parameters Age Benign Precancerous Cancerous TOP2A  pl6
Age 1.000

Benign -0.144 1.000

Precancerous  -0.253 0.164 1.000

Cancerous 0.278 -0.820* -0.431 1.000

TOP2A 0.240 -0.600* -0.238 0.687** 1.000

pl6 0.110 -0.944*** 0.052 0.833**  0.605* 1.000

* indicates significant (p< 0.05)
** indicates highly significant (p < 0.01)
*** indicates very highly significant (p< 0.001)

4.3.4 Diagnostic Performance and Strength of Associations between pl6 and
Topoisomerase ll-alpha Biomarkers in Discriminating Cancerous and Non-

cancerous Cervical lesions

The diagnostic utility of p16 and TOP2A immunohistochemistry was evaluated by classifying
cancerous cervical lesions as positive cases, with benign and precancerous cervical lesions
altogether classified as negative cases. The diagnostic performance of p16 was higher than
that of TOP2A in the diagnosis of cancerous lesions from non-cancerous cervical lesions
(sensitivity: 97.2% versus 77.6%, accuracy: 92.8% versus 87.8%). In contrary, a combination
of p16 and TOP2A immunohistochemistry for the diagnostic utility was slightly lower than
that of p16 or TOP2A alone in differentiating cancerous cervical lesions from non-cancerous
cervical lesions (Table 7). These findings imply that p16 may be a potential biomarker in
differentiating cancerous cervical lesions from benign and precancerous cervical lesions in

the studied population.
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Table 7:  Diagnostic values of p16 and topoisomerase Il-alpha immunohistochemistry
in differentiating cancerous cervical lesions from benign and precancerous
cervical lesions among women seeking cervical cancer care at Kilimanjaro
Christian Medical Centre (n = 139)

016 TOP2A? 016 plus TOP2A®
Methods % (95 % CI) % (95% CI) % (95% Cl)
Sensitivity 97.2(855-999)  77.6(634-882) 850 (76.6_925)
Specificity 91.3(841-959)  933(86.1-97.5)  92.2 (87.5- 956)
Accuracy 92.8(87.2-965)  87.8(8L1-927)  90.3(86.2— 935)

CI confidence intervals

@ modified expression levels (low: moderate + high)

Nevertheless, cancerous cervical lesions were statistically correlated with pl16 expression
(p<0.001). Likewise, cancerous cervical lesions were significantly correlated with expression
of TOP2A (p=0.014). In contrary, the combined expression of p16 and TOP2A biomarkers
was non-significantly correlated with cancerous cervical lesions in the studied population
(Table 8). Moreover, the age-adjusted odds ratio for the cancerous cervical lesions (relative
to the benign and precancerous cervical lesions) were 1.142 (95% CI: 1.059-1.232) and 1.046
(95% CI: 1.008-1.085) for the expression levels of p16 and TOP2A biomarkers, respectively.
In addition, the age-adjusted odds ratio for the cancerous cervical lesions (relative to the
benign and precancerous cervical lesions) was 0.989 (95% CI: 0.946-1.034) for the
combination of p16 and TOP2A biomarkers (Table 8). These findings corroborate with
previously reported studies that used cervical scraps/ FFPE tissues, which showed that
progression of LSIL/CIN-1 to cervical cancer lesions was conferred by p16, TOP2A, p16 and
TOP2A [ProEx C] (Del Moral-Hernandez et al., 2021; Ozaki et al., 2011; Zhang & Shen,
2018). Overall, the findings support the associations of p16 and TOP2A biomarkers in the

development of cervical cancer lesions.
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Table 8: Multivariate regression analysis and the strength of association between
expression levels of pl6 and topoisomerase ll-alpha in differentiating
cancerous cervical lesions from benign and precancerous cervical lesions
among women seeking cervical cancer care at Kilimanjaro Christian Medical
Centre (n = 139)

Overall model significance p<0.001

1 a
Variable Factor AOR 95% ClI for AOR o-value

016 Low 1
High 1.142 1059  1.232 <0.001
Low 1

TOP2A High 1.046 1008  1.085 0.015

pl6 and Low 1

TOP2A High 0.989 0.946  1.034 0.638

ClI confidence intervals
AOR age-adjusted odds ratio
2 benign and precancerous cervical lesions were altogether used as a reference group
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Findings from the study suggest that over-expression of p16 and TOP2A proteins significantly

correlated with cancerous cervical lesions, and may be promising biomarkers for

differentiating cancerous cervical lesions from non-cancerous cervical lesions in the studied

population. However, further investigation and feasibility studies are still needed on these

biomarkers before the early diagnosis of cervical cancer especially in Tanzania regions that

have a high-burden of cervical cancer cases.

5.2 Recommendations

The following are the recommendations derived from the above conclusion:

(i)

(i)

(i)

(iv)

v)

There is an adequate need to promptly investigate other cell proliferation biomarkers
such as p16, Ki-67, MYC, cyclins, telomerase, and replication complex proteins for
cervical carcinogenesis in Tanzania, to improve early detection and diagnosis of

cervical cancer lesions.

Importantly, a large study involving a combination of p16 and TOP2A proteins and
their messenger ribonucleic acids (mMRNAs), and their association with hrHPV
subtypes and differential histopathological diagnosis can provide a more detailed

pattern in the study area.

Progressive community-based awareness campaigns and screening programs for
cervical cancer lesions are highly needed in the study area and country at large, to

reduce many reported cases of advanced cervical cancerous lesions.

In addition, the diagnostic performances of p16 and TOP2A biomarkers need to be
validated in a clinical setting and compared to readily available commercial diagnostic

assays for cervical cancer.

A low-cost, simple and rapid HPV tests are highly needed in our clinical setting

considering the rampant increase of cancer-related morbidity and mortality rates in the
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studied area and Tanzania at large rather than immunohistological tests, which are

expensive.
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Appendix 2: Retrieval form for the archived cervical biopsies, slides and patient’s

data

Study area: Kilimanjaro Christian Medical Centre, Tanzania

Patient’s hospital registration No.:

Laboratory ID:

Patient’s age:

Date of examination:

years

Retrieved biosamples (put a v' in applicable boxes)

1. Tissue block I

2. Stained H&E slide O

3. Blocken/missing H&E slide O

Clinical presentations of the patient (select one box from each of numbers from 1-5)

1. Vaginal discharge
Yes O
No U

2.

Vaginal bleeding
Yes
No O

3. Abdominal pain
Yes O

No O

4. Postcoital pain or

bleeding
Yes O No O

Yes O
No O

5. Postmenopausal bleeding

Histology findings (put a v in ONLY one of the following boxes)

Benign lesions

Pre-cancerous

Cancerous lesions

Non-definitive

lesions diagnosis
Cervicitis O | CIN-1 ] | Adenocarcinoma O | Yes O
Cervical polyp J | CIN-2 O | Squamous cell O No O
Leiomyoma polyp 0O | CIN-3 [ | carcinoma
Cervical koilocytosis | 7
Cervical papilloma O
Nabothian cyst O

Supplementary information
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and TOP2A biomarkers associated with clinico-histopathological features among
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Zuberi, Z., Chilongola, J. O., & Sauli, E. (2021). Diagnostic performance of p16 and TOP2A

biomarkers in differentiating cancerous and non-cancerous cervical lesions.

44



Diagnostic performance of p16 and TOP2A biomarkers in differentiating cancerous and non-cancerous cervical lesions
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Background

oCervical cancer (CC) is the fourth frequently diagnosed cancer that affects women ~ 265,000 deaths in LMICs globally.! It is the leading cause

of female cancers, with the crude incidence rate of 32.7% and; crude mortality rate of 22.4% in 2018 in Tanzania.2

oAbout 80% reduction of CC mortality and incidence rates have been reported in HICs. However, early diagnosis programs have been unable to
control CC in LMICs like Tanzania, because of lack, or limited access and low performances of the available methods.3

oSeveral cancer biomarkers when individually applied, may not detect CC as it develops, making them unsuitable for screening and diagnosis of
CC.4 Expression levels of p16 and TOP2A biomarkers have been reported in CC diagnosis in HICs5, which necessitates the need for their
feasibility study in the setting of LMICs like Tanzania. Therefore, this study was conceived to evaluate the utility of p16 and TOP2A as potential
biomarkers in dysplastic and malignant alteration of cervical epithelium among women seeking cervical cancer care at KCMC, Tanzania.

ﬂ Cervical Biopsy Retrevial

HEE stained slide
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Tissue Block

Patient Information

e FFPE Tissue Sectioning

(Only for broken or lost slides) De-paraffinization

Methods

e Microscopic Examination

i

Sl
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Wash
= '.@ |
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Incubation  De-paraffinization Hydration
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Hematoxylin and Bluing ~ DAB+ Chromogen
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ws&hI PBS
S
Wash

20x Wash Buffer <~

- . '.
\/ — == Xylene b 20x Wash Buffer =
TosuBlock  Micrlome Staining Blckng e s s
Results
p16 TOP2A? p16 plus TOP2A?
Methods % (95 % Cl) % (95% CI) % (95% CI)
Sensitivity 97.2 (85.5 — 99.9) 77.6 (63.4 — 88.2) 85.9 (76.6 — 92.5)
Specificity 91.3(84.1 —95.9) 93.3(86.1 — 97.5) 92.2 (87.5 —95.6)
Accuracy 92.8 (87.2 — 96.5) 87.8 (81.1 —92.7) 90.3 (86.2 — 93.5)
CI confidence intervals
2 modified expression levels (low: moderate + high)

Table 1. Diagnostic values of p16 and TOP2A immunohistochemistry in differentiating cancerous cervical lesions from benign and precancerous

cervical lesions among women seeking cervical cancer care at Kilimanjaro Christian Medical Centre (n = 139)

Conclusion and Future prospects

oOver-expression of pl6 and TOP2A proteins significantly correlated with cancerous cervical lesions, and may be promising biomarkers for

differentiating cancerous cervical lesions from non-cancerous cervical lesions.
oHowever, further investigation and feasibility studies are still needed on these biomarkers before the early diagnosis of cervical cancer especially

in Tanzania.
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