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ABSTRACT

Title of Thesis: Glutathione S-Transferase m Gene Amplification in Oropharyngeal
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Head and neck cancers make up about 3% of all new cancer cases in the United States. In
addition to the traditional risk factors such as tobacco and alcohol use, recent studies have
shown that Human Papillomavirus (HPV) is another risk factor for this type of cancer.
Since Traditional prognostic markers such as tumor extent and size are not adequate for
risk stratification, clinically relevant and practical biomarkers are needed, especially in
the context of non-HPV related cancers, in order to define high-risk patients who might

benefit from more aggressive treatment strategies.

This project explores the suitability of GSTP1 gene amplification as a biomarker for risk
stratification in a subset of head and neck cancers, oropharyngeal cancer (OPC), by
evaluating the suitability of a previously established algorithm for defining GSTP1 gene
amplification and using that information to evaluate GSTP1 gene amplification status as a

prognostic indicator for OPC patients.
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CHAPTER 1: BACKGROUND AND INTRODUCTION
1.1 Head and Neck Cancers

Head and neck cancers, also known as oral and oropharyngeal cancers, are the cancers of
the pharynx (throat), larynx (voice box), lips, mouth, nose, and salivary glands. They
make up about 3% of all new cancer cases in the United States. More than 90% of these
cancers are squamous cell carcinomas, meaning that they begin in the flat, squamous
cells of lining of mouth and throat. For this reason, head and neck cancers are commonly
referred to as head and neck squamous cell carcinomas (HNSCCs).

In 2018, an estimated number of 51,540 (37,160 men and 14,380 women) new HNSCC
cases have been identified. The estimated number of deaths from this cancer is 10,030 for
2018. According to the National Cancer Institute’s 2008-2014 data, 64.8% of patients

survive five years or more after being diagnosed.!

1.2 Gender, Race, Age and Head and Neck Cancer
HNSCC has a higher prevalence in men than women. A higher rate of tobacco and
alcohol use in men than women could account for this discrepancy in prevalence between

genders. Death rates are also higher among men than women.

HNSCC is more prevalent among European American males than African American
males. However, African American men have a higher death rate than European
American men, mainly due to the fact that they are often diagnosed at a later stage of the

cancer.

In terms of age, HNSCC is mostly seen in people between ages 55 to 64. The median age

at death for this disease is 67.1



1.3 Human papillomavirus (HPV) and Head and Neck Cancer

While tobacco and alcohol use have been long established as risk factors for HNSCC,
human papillomavirus (HPV) is now identified as a new and separate cause of cancer,
thanks to the more recent studies on the associations between HPV infections and the
development of different cancers. HPVs are a large group of double stranded DNA
viruses with over 120 identified types.? The virus is mainly transmitted through sexual
contact and less commonly via skin contact. These viruses usually cause benign epithelial
lesions. However, certain HPV types, such as HPV16, HPV18, and HPV3l, are
associated with an increased risk of developing certain cancers, including HNSCC. These
HPV types inactivate tumor suppressor pathways and lead to further genomic instability,
which leads to the development of cancer. Cancers that are caused by HPV have a
distinct genotype® and phenotype* compared to HNSCCs related to tobacco and alcohol.
HPV-positive tumors are less differentiated and have a lower degree of aneuploidy
compared to HPV-negative tumors. Patients with HPV-related HNSCC respond well to
treatments and have a better prognosis even when they are at an advanced stage of the
disease. In addition, multiple studies have consistently shown that HPV-related HNSCCs

are associated with a favorable prognosis.>®

As discussed in the previous section, HNSCC is more common in men than women. In
addition to a higher rate of tobacco and alcohol use in men than women, a higher
prevalence of HPV in man than women could also account for the difference in

prevalence between the two genders.



1.4 Oropharyngeal Cancer
Since this thesis project will focus on oropharyngeal cancer (OPC) patients only, the rest

of this introduction focuses on this specific type of HNSCC.

The oropharynx consists of the middle part of the pharynx (throat), behind the mouth.
The pharynx is a hollow tube about five inches long that starts behind the nose and ends
where the trachea (windpipe) and esophagus (tube from the throat to the stomach) begin

(Figure 1). Air and food pass through the pharynx on the way to the trachea or the

esophagus.
[ Nasopharynx
Pharynx— Oropharynx
|_Hypopharynx—— |

Esophagus— =
Trachea -

Figure 1: Anatomy of the pharynx, which includes nasopharynx, oropharynx, and hypopharynx.
Photo credit: National Cancer Institute



The oropharynx includes the soft palate, side and back walls of the throat, tonsils, and the

base of the tongue (Figure 2).

Back 1/3 of
the tongue

Figure 2: Parts of the oropharynx. Photo credit: National Cancer Institute

1.5 Oropharyngeal Cancer Staging

Generally, cancers that are found only in the part of the body where they started are
called localized. When a cancer spreads to a different part of the body, it is considered as
either regional or distant (depending on how far it is from the region it started). The
earlier the cancer is diagnosed, the better chance a person has of surviving five years after
being diagnosed. The five-year survival for localized head and neck cancer is 83.7%,
followed by 65% and 39.1% for regional (surrounding tissues or organs and/or the

regional lymph nodes) and distant, respectively.

After the diagnosis of oropharyngeal cancer, patients are tested to see if the cancer has

spread within the oropharynx or to other parts of the body. This process is commonly



referred to as staging. Staging is required before determining treatment options for the

patients.

Cancer can spread through tissue by growing into nearby areas or spread through other
parts of the body via the lymph system and/or the blood. The spread of cancer from its
original region (primary tumor) to another part (or other parts) of the body is called
metastasis. The metastatic tumor is the same type of cancer as the primary tumor. For
instance, if oropharyngeal cancer spreads to the lung, the cancer cells in the lung are still
oropharyngeal cancer cells. The disease is metastatic oropharyngeal cancer, not lung

cancer.

The following stages are used for oropharyngeal cancer:

Stage 0 (Carcinoma in Situ)

Abnormal cells are found in the lining of the oropharynx in stage 0. These abnormal cells
may become cancerous and spread into nearby normal tissues. Stage O is also called

carcinoma in situ.

Stage |
Tumor with a size of 2 centimeters or smaller has formed. Tumor is found in the

oropharynx only.

Stage 11

Tumor size is between 2 and 4 centimeters. Tumor is found in the oropharynx only.

Stage 111

In this stage, the tumor is either:



4 centimeters or smaller; it has spread to one lymph node on the same side of the neck

and the lymph node is 3 centimeters or smaller; or

larger than 4 centimeters or has spread to the epiglottis (the flap that covers the trachea
during swallowing). Tumor may have spread to one lymph node on the same side of the

neck and the lymph node is 3 centimeters or smaller.

Stage IV

This stage is divided into substages IVa, IVb, and IVc.

In stage IVa, cancer has spread to the larynx, front part of the roof of the mouth, lower
jaw, or muscles that move the tongue or are used for chewing. Cancer may have spread to
one lymph node on the same side of the neck as the tumor and the lymph node is 3
centimeters or smaller. Alternately, stage IVVa cancer has spread to one lymph node on the
same side of the neck as the tumor (the lymph node is larger than 3 centimeters but not
larger than 6 centimeters) or to more than one lymph node anywhere in the neck (the
lymph nodes are 6 centimeters or smaller), and one of the following is true: (1) tumor in
the oropharynx is any size and may have spread to the epiglottis (the flap that covers the
trachea during swallowing); or (2) tumor has spread to the larynx, front part of the roof of

the mouth, lower jaw, or muscles that move the tongue or are used for chewing.

In stage 1Vb, the tumor surrounds the carotid artery or has spread to the muscle that
opens the jaw, the bone attached to the muscles that move the jaw, nasopharynx, or base
of the skull. Cancer may have spread to one or more lymph nodes, which can be any size.
Finally, cancer may be any size and has spread to one or more lymph nodes that are

larger than 6 centimeters.



In stage 1VVc, the tumor may be any size and has spread beyond the oropharynx to other

parts of the body, such as the lung, bone, or liver.

It is important to note that the above staging definitions are the classic definitions that do

not include the more recent updates based on the HPV status of the tumor.

1.6 Oropharyngeal Cancer Treatment Modalities
The standard treatment options available for oropharyngeal patients include: surgery,

chemotherapy, radiation therapy, and chemoradiotherapy.

Surgery

Surgery includes the removal of tumor and the surrounding healthy tissues, known as a
margin, with the goal of eliminating the cancer entirely. Potential side effects of surgery
include: permanent loss of voice, impaired speech, difficulty chewing, swallowing, or

talking, facial disfigurement, and thyroid gland dysfunction.

Chemotherapy

Chemotherapy is the use of drugs to destroy cancer cells by inhibiting the cells’ ability to
grow and divide. It can either be used as an initial treatment (before surgery) or after
surgery. Side effects of chemotherapy depend on the type of drug used in the regimen.
Cisplatin (cisplatinum or cis-diamminedichloridoplatinum, CDDP) is the most commonly
used chemotherapeutic agent that is used in treating HNSCCs.” Cisplatin works by
crosslinking with the purine bases of the DNA, which disrupts DNA repair mechanisms.
The result is DNA damage that subsequently induces apoptosis in the cancer cells.
However, a number of different factors, such as drug detoxification, up-regulation of

DNA repair enzymes, and overexpression of antiapoptotic proteins and detoxifying



enzymes such as Glutathione S-transferase = (GST-x), could lead to cisplatin resistance.®
Furthermore, undesirable side effects such as severe kidney problems, allergic reactions,
decreased immunity to infections, gastrointestinal disorders, hemorrhage, and hearing
loss (especially in younger patients) could result from cisplatin consumption. In order to
reduce drug resistance and undesirable side effects, most patients receive cisplatin along

with other anti-cancer drugs.

Radiation therapy
Radiation therapy is the use of high energy x-rays or similar particles to destroy cancer
cells. Side effects include difficulty speaking and/or swallowing as well as

hypothyroidism.

Chemoradiotherapy

Chemoradiotherapy is the combination of chemotherapy and radiation therapy.

Other therapies and clinical trials
Less commonly, patients choose to receive immunotherapy (boosting the immune system

to fight cancer) or targeted therapy (targeting specific genes).

Patients may choose to participate in treatment clinical trials, which are meant to help

improve current treatments.

Treatment options are dependent on the stage of the cancer and whether or not the tumor
is a relapse. Patients in stages | and Il normally receive surgery and/or radiation therapy.
Treatment of patients in stages 111 and IV and relapsed cancers varies depending on drug

sensitivity, the protocol of a specific clinical trial, HPV status, and other related factors.



1.7 Literature Review and Significance

As has been illuminated most recently by the discovery of HPV-related oropharyngeal
cancer, HNSCC is a biologically heterogeneous disease.’ Traditional prognostic markers
such as tumor extent and size are not adequate for risk stratification. Clinically relevant
and practical biomarkers are needed, especially in the context of non-HPV related cancer,
in order to define high-risk patients who might benefit from more aggressive treatment

strategies.

Cullen et al. have previously evaluated and confirmed the prognostic significance of a
panel of rationally selected biomarkers in HNSCC, specifically in the oropharynx.® The
study group consisted of 114 OPC patients who were treated on the TAX 324
chemotherapy trial, which is a randomized, open-label phase 3 trial comparing three
cycles of docetaxel, cisplatin and fluorouracil (TPF) induction chemotherapy (docetaxel
75 mg/m?, followed by intravenous cisplatin 100 mg/m? and fluorouracil 1000 mg/m? per
day, administered as a continuous 24-h infusion for 4 days) with three cycles of PF
(intravenous cisplatin 100 mg/m?, followed by fluorouracil 1000 mg/m? per day as a
continuous 24-h infusion for 5 days) in patients with stage 111 or IV OPC.* The patients
had pretreatment biopsy specimens that were evaluated for HPV-16 DNA and
immunohistochemical expression of the following biomarkers: beta-tubulin II (BT-11),
glutathione S-transferase pi (GST-*), p53, and B-cell lymphoma 2 (Bcl-2). The rationale
behind picking these four markers was based on their known function in cell cycle. Beta-
tubulin IT (BT-I1) is important for microtubule formation during mitosis. p53 is a tumor

suppressor and therefore a great marker for risk stratification. GST-=n is important in drug



detoxification. B-cell lymphoma 2 (Bcl-2) is important in cell cycle since regulates

apoptosis (programmed cell death) by either inducing or inhibiting it.

The model developed by Cullen et al. clearly stratifies patients with locally advanced
OPC into three risk groups according to biomarkers and not clinical factors such as
smoking status (Figure 3). The molecular markers pT-11, GST-* hp53, and Bcl-2 were
used to define high risk and moderate risk. High risk patients were defined as HPV-
negative patients who had elevated expression of BT-1I or adverse findings for two of the
other three markers (elevated GST-“, elevated p53, and negative Bcl-2). Moderate risk
patients were defined as HPV-negative patients with low expression of BT-IlI with no
more than one other marker (elevated GST-“, elevated p53, and negative Bcl-2). HPV-

positive patients were all grouped together.

According to their model, HPV-related OPC patients fare extremely well. Moderate-risk
HPV-negative patients fare reasonably well with sequential therapy. High-risk HPV-
negative patients appear to be resistant to chemotherapy. If these findings are able to
replicated, the model could serve as a tool for a precise and accurate prediction of clinical

outcome and guide therapeutic choices.
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Figure 3: Risk stratification model developed by Cullen et al. (2012)
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1.8 The Aim of this Project

In an attempt to replicate the above findings in a typical clinically-managed patient
population, biomarker findings were determined retrospectively for patients treated for
oropharyngeal cancer at the University of Maryland Medical Center. Because the
antibody used to determine GST-n expression levels was no longer available, an adapted
Fluorescent In Situ Hybridization (FISH) method was used instead to determine GSTP1
gene amplification status in this population. This adapted FISH method uses the already
established algorithm used for human epidermal growth factor receptor 2 (HER2)
amplification status in order to determine GSTP1 gene amplification status.

Since the original study by Cullen et al. looks at four biomarkers, it is important to
specify that this project only evaluates the data regarding the GSTP1 gene. The aim of
this project is to determine whether or not the HER2-based GSTP1 (HBG) model is a

suitable system for GSTP1 amplification classification. To achieve this aim, we

1. Used the HER2 classification system to determine which patients have
GSTP1 gene amplification

2. Constructed survival curves for patients in each category of the
classification

3. Compared survival curves among groups to determine whether or not the
HBG model could provide a suitable system for GSTP1 amplification
classification, assuming that tumor cells should have an amplification of
the gene

4. Modified the HBG model to provide a more accurate algorithm

11



5. Evaluated the suitability of GSTP1 gene amplification as a prognostic
indicator for oropharyngeal cancer patients while assessing the HBG

model

The hypothesis is that HER2-based GSTP1 (HBG) model is indeed a suitable system for
GSTP1 amplification classification. In addition, it is also hypothesized that GSTP1 gene
amplification status could be used as a prognostic indicator for oropharyngeal cancer
patients. The prognostic value of GSTP1 gene amplification is evaluated using its

association with survival independent of other factors.

12



CHAPTER 2: RESEARCH DESIGN AND METHODOLOGY
2.1 Patient Selection

Paraffin embedded tissue slides of 182 patients were provided for analysis of the GSTP1
gene. Samples were obtained from cancer patients treated at the University of Maryland
Greenbaum Cancer Center. Due to the lack of the availability of sufficient patient
information as well as the inadequacy of certain slides, only 161 were selected for the
initial analysis. The final analysis was done on 131 patients who had oropharyngeal
cancer as their first primary diagnosis of cancer. Patient characteristics are described in

Table 1.

Table 1: Demographic characteristics of the patients.

Age at diagnosis

Age at diagnosis —no, (%)

<55 years old 64 (48.8)
55 and above 66 (50.38)
Unknown 1(0.76)
Median Age of Diagnosis (range) 55 (35, 86)
Gender - no. (%)

Male 110 (84)
Female 21 (16)
Race — no. (%)

European American 77 (58.8)
African American 54 (41.2)
Smoking ever — no. (%)

Yes 109 (83.2)
No 13 (9.9)
Unknown 9(6.9)
Alcohol usage— no. (%)

Yes 94 (71.7)
No 28 (21.4)
Unknown 9(6.9)

13



Table 1: Demographic characteristics of the patients (continued)

HPV Status — no. (%)

Negative 74 (56.5)
Positive 57 (43.5)
Stage — no. (%)

Stage 11 17 (13)
Stage 1Va 94 (71.8)
Stage IVb 16 (12.2)
Unknown 4(3)
Treatment — no. (%)

Chemoradiotherapy 79 (60.31)
Radiotherapy 21 (16.03)
Chemotherapy 1(0.76)
Surgery & radiotherapy 7(5.34)
Surgery & chemoradiotherapy 4 (3.06)
Unknown 19 (14.5)
Status — no. (%)

Alive 36 (27.5)
Dead 95 (72.5)

2.2 Fluorescent in Situ hybridization (FISH) Analysis

Fluorescent In Situ Hybridization (FISH) analysis using a GSTP1/centromere 11 probe
was used to examine gene amplification in patients with known survival. The GSTP1 and
centromere 11 probe set has been generated and validated by UMPA Cytogenetics

Laboratory.

Preparation of paraffin embedded tissue for FISH

Tissue slides were deparaffinized and then dehydrated with 100% ethanol, at room
temperature. The slides were air-dried and pre-treated with Paraffin Pretreatment
Solution at 95 J# for 30 minutes. Slides were then washed two times with a wash buffer

(2 x SSC) for five minutes. Protease treatment (protease solution contains 500 uL of 10%

14



protease in 50 mL of protease buffer) at 37 J# for 10 to 20 minutes was followed by two
washes using the same wash buffer as described previously. Next, the slides were
dehydrated at room temperature with 70% ethanol and then with 100% ethanol (each for

one minute). Finally, the slides were air-dried.

FISH protocol

The hybridizing area, which is the tumor section of the slides, needed to be marked with a
diamond pen. 100 ng of GSTP1 probe and 100 ng of centromere 11 probe were applied to
the slide, which was then covered with cover glass and sealed with rubber cement. The

slides were denatured for 5 minutes at 75 J#.
Hybridization: The slides were incubated in a humidified box at 37 J# for 72 hours.

Wash procedure: Rubber cement was removed and then the slide went into 2x SSC first
for 5 minutes at room temperature, then for 2 minutes at 73-75 J#, and finally for 1

minute again at room temperature. The cover glass was removed during the first wash.

Counter stain: 10 uL of 1% DAPI was applied to the target area and the slide was sealed

with a cover glass, ready to be examined with a microscope.

2.3 Classification of GSTP1 gene amplification (5 Categories)

Amplifications were categorized based on the 2013 ASCO/CAP HER2 testing guideline
for FISH in breast cancer.*? According to this testing guideline, results are categorized
according to two values: the ratio of the HER2 gene (red signal) to the control gene
CEP17 (green signal) (R/G), and the average HER2 copy number (red signal). Since we
are using this guideline for the GSTP1 gene, the results are categorized according to two

values: the ratio of the GSTP1 gene (red signal) to the control gene CEP11 (green signal)
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(R/G), and the average GSTP1 copy number (red signal). This system will be referred to
as the HER2-based GSTP1 (HBG) model. Each FISH slide is scored by one or two
observers that are blind to patient information. Red and green signals are recorded for at

least 25 cells for each patient per observer. The categories are as follows:

Category 1: R/G of equal or greater than 2; average GSTP1 copy number equal to or

greater than 4

Category 2: R/G of equal or greater than 2; average GSTP1 copy number less than 4

Category 3: R/G of less than 2; average GSTP1 copy number equal or greater than 6

Category 4: R/G of less than 2; average GSTP1 copy number between 4 and 5

Category 5: R/G of less than 2; average GSTP1 copy number less than 4

A normal (non-tumor) cell has two copies of the red signal and two copies of the green
signal. In the HBG model, categories 1, 2, and 3 are considered positive/amplified, while
category 4 is equivocal/borderline, and 5 is negative/not amplified. Please refer to Figure

4 for a depiction of these categories.
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GSTP1 testing (invasive component) by validated dual-probe ISH assay
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Figure 4: HER2-based GSTP1 (HBG) model. (ISH: in situ hybridization

2.4 Statistical Analysis Methods

We used the Kaplan-Meier method to analyze overall survival for all of the patients. In
order to compare survival among the patients, we used the logrank Mantel-Cox test.
Univariable analysis was used to analyze the association between GSTP1 amplification
status and other possible confounders. We also used the Cox regression method to
investigate the effect of GSTP1 amplification along with other confounders on overall
survival. A receiver operating characteristic curve was used to illustrate the prognostic
ability of GSTP1 amplification. GraphPad Prism, a software that combines scientific
graphing, comprehensive curve fitting, understandable statistics, and data organization

was used for generating the overall survival curves using the Kaplan-Meier method.
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CHAPTER 3: RESULTS

An overall survival curve for each of the five HBG model categories was generated for
all 161 patients. This omnibus test was done in order to evaluate the significance of the
difference in overall survival (in months) among the five different categories of GSTP1
amplification (Figure 5). Overall Survival (OS) was defined as the time from HNSCC
diagnosis to death from any cause, censored at last known alive, and estimated by the
Kaplan-Meier method. Patients in category 3 (GSTP1/CEP 11 ratio < 2, GSTP1 > 6) had
the lowest median survival (10 months) while patients in category 2 (GSTP1/CEP 11

ratio > 2, GSTP1 < 4) had the highest median survival (53 months).
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Figure 5: Overall Survival (in months) for all 161 patients in each of the five categories of the
HBG model (p-value: 0.0021). Category 1 (n=22, median survival (months)=10.5), category 2
(n=17, median survival (months)=53), category 3 (n=6, median survival (months)=10), category
4 (n=48, median survival (months)=19), category 5 (n=68, median survival (months)=34)
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A comparison of survival across the five categories using the Mantel-Cox test shows that
survival is not uniform across the five categories, meaning at least two groups differ from
each other. To evaluate which two groups differ from each other, a pair-wise comparison
of categories was performed. We found that categories 1 and 2 behave significantly
different (p-value: 0.0104). Category 1 also behaves differently from category 5 (p-value:
<0.0001). The pair-wise comparison of all other categories did not show any significant
results. Therefore, although Figure 5 shows that the categorization based on the HBG
model is making a distinction among patients with regards to their amplification
categories by comparing their overall survival, only two pairs of categories are behaving
significantly different from each other. In addition, it is important to take into account
that the 161 patients had different primary cancers, which could result in different overall
survivals. Therefore, this data is not sufficient to conclude that the HBG model is a

suitable system for GSTP1 gene amplification status.
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In order to address the concern regarding the heterogeneity of the patients with respect to
their tumor type, the analysis was confined to a subset of patients (n=131) who had
oropharyngeal cancer and were treated for the first diagnosis of a primary tumor. With
the exception of four patients, all of the patients in this subset were stages Ill, 1VVa, and
IVDb. Information regarding the stage of those four patients was not available. However,
since only 4% of the original 182 patients were in stages | and I, it was best not to
exclude four patients with unknown stages from the final analysis. An overall survival
curve using the same method as the previous curve was generated (Figure 6). Patients in
category 1 (ratio > 2, GSTP1 > 6) had the lowest median survival (9 months) while
patients in category 2 (ratio > 2, GSTP1 < 4) had the highest median survival (53

months).
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Figure 6: Overall Survival (in months) for 131 patients in each of the five categories of the HBG
model (p-value: 0.0011). Category 1 (n=16, median survival (months)=9), category 2 (n=14,
median survival (months)=53), category 3 (n=4, median survival (months)=10), category 4
(n=36, median survival (months)=19.5), category 5 (n=61, median survival (months)=46)
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A comparison of survival across the five categories using the Mantel-Cox test shows that
survival is not uniform across the five different categories. Once again, in order to
evaluate which two groups differ from each other, a pair-wise comparison of categories
was performed. We found that categories 1 and 2 behave significantly different (p-value:
0.0076). Category 1 also behaves differently than category 5 (p-value: 0.0006).
Therefore, although Figure 6 shows that the categorization based on the HBG model is
making a distinction among patients with regards to their amplification categories by
comparing their overall survival, only two pairs of categories are behaving significantly
different from each other. As a result, similar to the previous figure (Figure 5) this data is
not sufficient to conclude that the HBG model is a suitable system for GSTP1 gene

amplification status.
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As stated previously, according to the HBG model, the GSTP1 status of patients in
categories 1, 2, and 3 is amplified, that of the patients in category 4 is
equivocal/borderline, and that of the patients who fall into category 5 is negative/not
amplified. The median survival for patients in the GSTP1 negative group is 46 months,
while the median survival for the patients in both amplified and equivocal categories is
19.5 months. A comparison of the overall survival curves for these three major categories
(amplified, equivocal/borderline, and negative/not amplified) shows that despite the large
difference in overall survivals for these three major categories, this difference is not

statistically significant (Figure 7), possibly due to sample size difference among the three

groups.
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Figure 7: Overall Survival (in months) for 131 patients in each of the three major categories of
the HBG model (p-value: 0.1074). Negative (n=61, median survival (months)=46), Equivocal
(n=36, median survival (months)=19.5), Amplified (n=34, median survival (months)=19.5)
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The fact that the patients with a negative GSTP1 status had a high overall survival was
highly anticipated since those patients were expected to have a lower degree of
aneuploidy. It was also expected that the amplified, equivocal, and negative groups
would each behave differently from each other. However, the data shows that equivocal
and amplified categories behave similarly while the negative category behaves differently

than both of them.

A p-value of 0.1074 from the Mantel-Cox test, means that there are no two categories
that behave non-homogenously. As a result, the stratification of patients based on the
major categories (amplified, equivocal, not amplified) of the HBG model is not

prognostic in terms of survival.
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Since amplified and equivocal/borderline major categories appear to behave the same,
they were grouped together and were compared to the negative/not amplified category
(Figure 8). As anticipated, the patients who did not have a GSTP1 amplification had a
higher median survival (46 months) compared to the other group (19.6 months). The
difference between the two categories was statistically significant (p-value: 0.0367). The
hazard ratio of being GSTP1+ to GSTP1- according to this result is 1.544. These results
could have led us to modify the HBG model by grouping categories 1 through 4 as
GSTP1 positive and category 5 as GSTP1-. However, more exploration of the data was

done in order to simplify the HBG model.
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Figure 8: Overall Survival (in months) for 131 patients in only two categories of the HBG model
(p-value: 0.0367). Negative (n=61, median survival (months)=46), Equivocal and Amplified
(n=70, median survival (months)=19.5). HR= 1.544, 95% CI (1.027-2.322)
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Given the overall survival trends seen in Figure 5 and 6, it appeared that patients with an
average GSTP1 signal of equal or greater than 4 were behaving the same while patients
with an average GSTP1 signal of less than 4 were also behaving the same. For
exploratory purposes, patients were grouped according to the average GSTP1 signal only.
This difference between the overall survival in the two groups was more statistically
significant (p-value: 0.0014) than the previous grouping (Figure 8). The Mantel-Haenszel
Hazard Ratio of having more than 4 GST signals to having less than 4 GST signals is

2.015 (95% ClI: 1.313-3.093).
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Figure 9: Overall Survival (in months) for 131 patients with regards to their GST signal only (p-
value: 0.0014). GST signal 4+ (n=56, median survival (months)=17), GST signal <4 (n=75,
median survival (months)=50). HR=2.015, 95% CI (1.313 to 3.093)

The minimal hazards ratio detectable at 80% based on my sample size of 131 subjects, an
alpha level of 5%, an overall probability of dying of 72.5%, and 56 subjects being in the
high risk GSTP1 group (i.e., GSTP1>4) was calculated. With these parameters power is

80% to detect a hazard ratio of 1.78.
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This finding led us to modify the HBG model by grouping patients as GSTP1 amplified

(GSTP1 positive) or not amplified (GSTP1 negative) based on only the average GSTP1

signal. We refer to this system as the simplified HBG model (Figure 10).

GSTP1 testing (invasive component) by validated dual-probe ISH assay
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Figure 10: Simplified HBG model

26

Average GSTP1
copy number <

4.0 signals/cell”

o Negative =~



In order to control for potential confounders such as HPV, stage, treatment type, race,
gender, age, smoking and drinking statuses in our simplified HBG model, the association
of each of these potential confounders with GSTP1 status was evaluated using
contingency tables (Table 2). From these data, it was evident that HPV status, race,
gender, and smoking status are highly correlated with GSTP1 amplification. These

confounders were further explored in a univariable analysis.

Table 2: The association of possible confounders with GSTP status

GSTP1 + GSTP1 - Total p-value
HPV+ 11 46 57 <0.00001
HPV- 45 29 74
Stage 111 7 10 17
Stage IVa 38 56 94 0.104476
Stage VDb 11 5 16
CRT 33 46 79 0.688647"
RT 11 10 21
Surgery + RT
Surgery + CRT 2 5 7

2 2 4
European American 25 52 77 0.004509
African American 31 23 54
Male 43 67 110 0.052808
Female 13 8 21
<55 years old 26 38 64 0.57825
55 above 30 36 66
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Table 2: The association of possible confounders with GSTP status, continued

GSTP1 + GSTP1 - Total p-value
Smoker 53 56 109 0.022807
Non-smoker 2 11 13
Drinker 45 49 94 0.256406
Non-drinker 10 18 28

*Chemotherapy was not included since the value for GSTP1+ was 0
Abbreviations: CRT= chemoradiotherapy, RT= radiation therapy
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HPV status was the most highly correlated variable with GSTP1 amplification. A
comparision of the overall survival curves between HPV+ and HPV- patients is in
accordance with the previous studies that have shown a higher survival rate among HPV+
oropharyngeal patients compared with HPV- oropharyngeal patients. The median
survivial for HPV- patients was 15.5 months, while HPV+ patients had a median survival
of 112 months (Figure 11). This univarible analysis shows that HPV status is highly

associated with overall survival in OPC patients (p-value: <0.0001).
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Figure 11: Overall Survival (in months) for 131 patients with regards to their HPV status (p-
value: <0.0001). HPV+ (n=57, median survival (months)=112), HPV- (n=74, median survival
(months)=15.5) HR=4.088 (95% CI: 2.661-6.279)
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An overall survival analysis was done within each HPV category with regards to GSTP1
status in order to evaluate our simplified HBG model. As illustrated by Figure 12,
although there is a statistically significant difference in survival between the HPV+ and
HPV- groups (p-value: <0.0001), GSTP1+ and GSTP1- patients do not behave
significantly differently within the HPV+ group (p-value: 0.8915). The median survival
for GSTP1+ patients is 65 months, while that of GSTP1- patients is 112 months. The
relatively small size of this sample (n = 46 for GSTP1- patients, n=11 for GSTP1+

patients) may have precluded us from identifying small differences in survival between

groups.
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Figure 12: Overall Survival (in months) for all 57 HPV+ patients with regards to their GST status

(p-value: 0.8915). GSTP1+ (n=11, median survival (months)=65), GSTP1- (n=46, median
survival (months)=112)
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Similarly, Figure 13 shows that there was no statistically significant difference seen
between the overall survival of GSTP1+ and GSTP1- patients in the HPV- patients (p-
value: 0.3223). In contrast to the HPV+ patients, however, there is not a large difference
between the sample size for GSTP1+ (n= 45) and GSTP1- patients (n=29) nor the overall
survival between the two groups (13 months for GSTP1+ and 18 months for GSTP1-).
We were expecting to see a significant difference in overall survival between the
GSTP1+ and GSTP1- groups. This expectation routed in the belief that HPV+ OPC
patients have developed cancer because of the HPV virus; therefore, HPV- patients have
developed cancer because of other factors such as GSTP1 gene amplification. However,
our results show that GSTP1 gene amplification level is not a prognostic indicator in

HPV- patients.

10 —— GSTP1+
~+ GSTP1 -

50+

Percent survival

Months
Figure 13: Overall Survival (in months) for all 74 HPV- patients with regards to their GST status

(p-value: 0.3223). GSTP1+ (n=45, median survival (months)=13), GSTP1- (n=29, median
survival (months)=18)
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As indicated in Table 2, African Americans are more likely than European Caucasians to
be GSTP1+. Similar to the HPV status, the univariable analysis of gender shows that
there is a statistically significant difference in survival between the European American
and African American patients (Figure 14,p-value: 0.0031). The median survival for
European American patients is 44 months, while the median survival for African
American patients is 15.5 months. The lower overall survival in African American
patients, as mentioned in the first chapter of this dissertation, could be due to a diagnosis
at a later stage. 48 out of 54 (89%) of the African American patients in our data set were
indeed in stages IVa and IVb at the time of the diagnosis. Therefore, once again our result

is consistent with the literature statistical data mentioned in the first chapter.*
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Figure 14: Overall Survival (in months) for 131 patients with regards to their race (p-value:

0.0031). European American (n=77, median survival (months)=44), African American (n=54,
median survival (months)=15.5) HR=1.927 (95% CI: 1.248-2.974)
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As illustrated by Figure 15, the median survival for GSTP1+ patients is 32 months while
that of GSTP1- patients is 58 months among the European American patients. Although
there is a statistically significant difference in overall survival between the European
American and African American groups (p-value: 0.0031), GSTP1+ and GSTP1- patients
do not behave significantly differently within the European American group (p-value:
0.0692). This could be due to a large difference in sample size between the two groups:

there are almost twice as many GSTP1- (n=52) as GSTP1+ (n=25) patients among the

European American patients.
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Figure 15: Overall Survival (in months) for 77 European American patients with regards to their

GST status (p-value: 0.0692). GSTP1+ (n=25, median survival (months)=32), GSTP1- (n=52,
median survival (months)=58)
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Similarly, Figure 16 shows that there was no statistically significant difference seen
between the overall survival of GSTP1+ and GSTP1- patients in the African American
patients (p-value: 0.0582). Unlike the European American patients, there is no large
difference in median survival between GSTP1+ and GSTP1- groups. GSTP1- patients
once again had a higher median survival (18 months) than GSTP1+ patients (13 months).
The sample size for each category is also relatively similar, GSTP1+ patients had a

sample size of 31 and GSTP1- had a sample size of 23.
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Figure 16: Overall Survival (in months) for 54 African American patients with regards to their

GSTP1 status (p-value: 0.0582). GSTP1+ (n=31, median survival (months)=13), GSTP1- (n=23,
median survival (months)=18)
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Gender was another confounder that was highly associated with GSTP1 status. As
illustrated by the univariable analysis of gender (Figure 17), the two groups do not
behave significantly differently (p-value: 0.1513). Males have a median survival of 28
months, while females have a median survival of 11 months. Our data is not consistent
with the literature discussed in chapter 1 regarding men having a higher death rate than
women.' This inconsistency could be due to the fact that the sample size for males

(n=110) is almost five times larger than the sample size for females (n=21).
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Figure 17: Overall Survival (in months) for 131 patients with regards to their gender (p-value:
0.1513). Male (n=110, median survival (months)=28), Female (n=21, median survival
(months)=11) HR=1.558 (95% CI: 0.8502-2.856)
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Interestingly, GSTP1- patients behave significantly different from GSTP1+ patients
within the male patients (p-value: 0.00027). The median survival in GSTP1+ patients is

17 months while that of GSTP1- patients is 50 months.
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Figure 18: Overall Survival (in months) for all 110 male patients with regards to their GST status
(p-value: 0.0027). GSTP1+ (n=43, median survival (months)=17), GSTP1- (n=67, median
survival (months)=50)

On the other hand, GSTP1+ and GSTP1- groups did not behave statistically differently
even though the median survival for GSTP1- patients was 52 months and that of GSTP1+

was 11 months. This could be due to a small sample size of the GSTP1- group (n=8).
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Figure 19: Overall Survival (in months) for all 21 female patients with regards to their GST status
(p-value: 0.2180). GSTP1+ (n=13, median survival (months)=11), GSTP1- (n=8, median survival
(months)=52
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The univariable analysis of smoking status shows that the median survival for smokers is
22 months and that of non-smokers is 178 months. This difference in overall survival is
sufficient to compensate for the large difference in sample size between smokers (n=109)
and non-smokers (n=13) since the p-value is statistically significant (p-value: 0.0201).
This data should not be surprising since tobacco use has always been a risk factor for not

only OPC but other cancers as well.
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Figure 20: Overall Survival (in months) for 122 patients with regards to their smoking status (p-
value: 0.0201). Smoker (n=109, median survival (months)=22), Non-smoker (n=13, median
survival (months)=178) HR=2.749 (95% ClI: 1.512-4.997)
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Within the smoker group, GSTP1- patients behave significantly differently from GSTP1+
patients (p-value: 0.0127). The median survival for GSTP1+ group is 17 months while

that of GSTP1- group is 43 months.
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Figure 21: Overall Survival (in months) for 109 smoker patients with regards to their GST status
(p-value: 0.0127. GSTP1+ (n=53, median survival (months)=17), GSTP1- (n=56, median
survival (months)=43)
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On the other hand, GSTP1+ and GSTP1- groups did not behave differently in the non-
smoker group (p-value: 0.7200) even though the median survival for GSTP1+ group was
49 months and that of GSTP1- group was 178 months. This could be due to the small

sample size of the GSTP1+ group (n=2) as well as that of the GSTP1- group (n=11).
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Figure 22: Overall Survival (in months) for 13 non-smoker patients with regards to their GST
status (p-value: 0.7200). GSTP1+ (n=2, median survival (months)=49), GSTP1- (n=11, median
survival (months)=178)
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Since the contingency tables did not show a significant association between stage of
cancer, treatment method, age, and drinking status, and GSPT amplification, the patients
were not further stratified based on these confounders. Only a univariable analysis was

performed.

For exploratory purposes, the overall survival curve with regards to the stage of OPC was
generated to see whether or not there is a difference among the three difference stages
(stage IlI, 1Va, and IVVb). Information regarding the stage of the OPC was available for
127 out of 131 OPC patients. The p-value shows that the difference among the three
groups is not significant (p-value: 0.8567). This could be due to the fact that the majority
of the 127 patients had stage IVVa OPC (n=94), while the other two groups had much

smaller sample sizes: stage |11 had a sample size of 17 and stage IVb had a sample size of

16 patients.
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Figure 23: Overall Survival (in months) for 127 patients with regards to their cancer stage (p-
value: 0.8567). Stage 11l (n=17, median survival (months)=32), stage 1VVa (n=94, median survival
(months)=30), stage I\VVb (n=16, median survival (months)=16.5)
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A univariable analysis of drinking status shows that the median survival for drinkers is 18
months while that of non-drinkers is 97 months (Figure 24). Our data shows that drinkers
and non-drinkers behave statistically significantly different from each other (p-value:
<0.0001). Once again, this result was anticipated since alcohol use is a risk factor for not

only OPC but other cancers as well.

100 =+ Drinker

=+ Non-drinker

Percent survival
(4]
o
1

0 50 100 150 200 250

Months

Figure 24: Overall Survival (in months) for 122 patients with regards to their drinking status (p-
value: <0.0001). Drinker (n=94, median survival (months)=18), Non-drinker (n=28, median
survival (months)=97), HR=2.64, 95% ClI: 1.675-4.159
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The univariable analysis of age at diagnosis shows that the median survival for patients
who are younger than 55 is 22 months while that of patients 55 years old and above is 36
months. The two age groups do not behave significantly different from each other in

terms of overall survival (p-value: 0.7331).
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Figure 25: Overall Survival (in months) for 130 patients with regards to their age (p-value:
0.6000). < 55 years old (n=64, median survival (months)=22), 55 and above (n=66, median
survival (months)=35), HR=1.074 (95% Cl: 0.7123-1.62)
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In addition to a univariable analysis, a multivariable analysis using Multivariable Cox
Regression Model of all the potential confounders (age, HPV status, treatment method,
race, gender, smoking status, and drinking statuses) along with GSTP1 status using our
simplified HBG model was done in order to evaluate the association of these variables
with overall survival (Table 3). The results show that age, HPV status, race, and drinking
status were highly associated with overall survival. These results show that the
univariable and multivariable analysis of each of these variables are different. For
instance, the univariable analysis of GSTP1 status, HPV status, race, smoking and
drinking statuses show that these variables are highly associated with overall survival.
However, the multivariable analysis shows that GSTP1 and smoking statuses are not
highly associated with overall survival. On the other hand, the univariable analysis of age
showed that it was not highly associated with overall survival while the multivariable
analysis shows that it indeed is. A limitation of this multivariable analysis was the fact
the information of each and every one of these variables was not available for all 131

patients.

Table 2: Multivariable analysis of all confounders and GSTP1 status

HR 95% CI p-value
GSTP1 121 [0.72, 2.02] 0.48
Age 1.03 [1.01, 1.06] 0.02
HPV 0.45 [0.24, 0.87] 0.02
Treatment 1.35 [0.79, 2.32] 0.28
Race 1.92 [1.14, 3.22] 0.01
Gender 1.68 [0.84, 3.38] 0.14
Smoking Status 0.88 [0.30, 2.61] 0.81
Drinking Status 0.45 [0.21, 0.95] 0.04
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In order to account for the missing data on some patients’ age, treatment method,
smoking and drinking statuses, the multivariable analysis was confined to those variables
for which data was available for all 131 patients. Table 4 shows that HPV status is still
highly associated with overall survival (p-value: <0.0001). On the other hand, race has
lost its significance according to these results (p-value: 0.23). The overall conclusion that
could be inferred from results of these univariable and multivariable analyses is that only

HPV status could be used for risk stratification of OPC patients.

Table 3: Multivariable analysis of HPV status, race, gender and GSTP1 status

HR 95% CI p-value
GST 1.16 [0.75,1.80 0.50
HPV 0.27 [0.16, 0.45] <0.0001
Race 1.31 [0.84, 2.04] 0.23
Gender 1.42 [0.81, 2.49] 0.22
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Receiver operator curve

Even though our results show that GSTP1 status by itself cannot be used as a prognostic
indicator, it is still an important marker that can be used along with other biomarkers in
future studies. Since our model could potentially be presented as a prediction problem, a
receiver operator curve was generated with regards to HPV and GSTP1 amplification

statuses (Figure 15).
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Figure 26: Receiver Operator Curve for HPV (red line) and HPV and GSTP1 combined (blue
line)

The area under the curve for HPV is 0.7746, meaning that there is a 77.46% chance that

HPV status can distinguish between positive class and negative class with regards to
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survival. The area under the curve for GSTP1 and HPV is 0.7882, meaning that there is a
78.82% chance that HPV and GSTP1 statuses can distinguish between positive and
negative class with regards to survival. This shows that the incremental effect of adding

GSTP1 to a model that already includes HPV for predicting survival is virtually nil.
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CHAPTER 4: DISCUSSION AND CONCLUSION

Cullen et al. have previously shown that elevated expressions of GST- © measured by
immunohistochemistry has been associated with a poor response to cisplatin-based
chemotherapy in patients with advanced head and neck cancers (HNCAs).” However,
there are conflicting data among different studies regarding the correlation between
GSTP1 gene amplification and GST- & protein expression and drug resistance (decreased
survival). GSTP1 gene amplification has rarely been reported in HNCA studies using
Southern blot to determine gene amplification. However, these prior studies were done in
the absence of information about HPV status since its importance was not recognized at
the time. Our study uses Fluorescent in situ hybridization (FISH) analysis in order to
define GSTP1 gene amplification in oropharyngeal cancer patients using a previously
established model for another gene. We also evaluated GSTP1 gene amplification with
regards to HPV status in these patients, which also makes our study unique and more

precise.

Using the simplified HBG model, GSTP1 gene amplification is seen in 43% (56 of 131)
of the patients. This is a higher proportion compared to other studies that have looked at
GSTP1 gene amplification using Southern blot. For instance, Gaffey et al. found GSTP1
amplification using Southern blot analysis in only 3% (2 of 64) of patients.”® Yelling et
al., who also used Southern blot analysis, did not see any amplification of GSTP1 nor any
correlation between expression and activity of GSTP1 and CDDP sensitivity in 14 head
and neck cell lines.* Wang et al. examined expression and amplification of GSTP1 in
primary squamous cell carcinomas of the head and neck using Southern blot analysis.

They found that only 8% (3 of 36) of tumors expressed GSTP1 amplification.*> Cullen et
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al. reported the only use of FISH to analyze GSTP1 amplification in human cancer. In a
small study of 10 HNSCC patients, they categorized tumors that had two FISH signals as
normal, three signals as a gain, and four and more signals as high-level gain or
amplification. To characterize a tumor as having gain or amplification, at least 30% of the
nuclei counted had to fall into one of the three mentioned (normal, gain, high-level gain)
categories. They concluded that GSTP1 amplification may be associated with cisplatin
resistance and poor clinical outcomes in head and neck cancers treated by a cisplatin-

based therapy.’

Our current study, similarly, shows that patients with GSTP1 amplification, most of
whom are receiving cisplatin-based chemotherapy, have a lower survival rate compared
to those without the gene amplification. This could be due to a number of different
reasons. Given the role of the GST- & protein in drug detoxification, this correlation could
mean that the amplification of GSTP1 gene results in GST-r protein overexpression.
Protein overexpression gives tumor cells a higher ability to breakdown cisplatin, giving
them more survival advantages relative to normal cells, leading to drug resistance and
decreased overall survival.” In the case of the cyclin D1 gene (CCND1), for instance,
gene amplification and cyclin D1 overexpression are also shown to be associated with
decreased survival. However, the role of GSTP1 amplification in drug resistance remains

unclear and needs to further evaluated.®*’

GST-x protein overexpression vs. GSTPI amplification
Although other studies have shown that there is no correlation between the amplification
of the gene and protein overexpression, it is important to note that those studies used

Southern blot analysis for determining gene amplification, which may not be appropriate
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for detecting subtle differences in gene amplification secondary to stromal contamination
in tissue samples. FISH is a more reliable method compared to Southern blot for
detecting gene amplification as it allows for an analysis on a cell by cell level.
Furthermore, additional copy of GSTP1, after amplification, might not be regulated and
expressed in the same way that a normal (non-amplified) gene would. Future studies need
to look at the gene regulation of amplified genes. In addition, future studies need to
evaluate the correlation between gene amplification and protein expression using our

simplified HBG model.

Overall Conclusion

The HER2-based GSTP1 (HBG) model did not entirely work for GSTP1 amplification
classification. However, we cannot completely reject the hypothesis of this project since
the HBG model was simplified. Our results show that the simplified HBG model can be

easily used to define GSTP1 gene amplification in OPC patients.

The current research on OPC cannot ignore the importance of HPV in risk stratification.
Gillison et al. along with other molecular and epidemiologic studies have strongly
suggested that HPV-positive OPC is a distinct molecular, clinical, and pathologic disease
entity that is likely causally associated with HPV infection and has a better prognosis
compared to a HPV-negative OPC. The etiologic role of HPV in HNSCC development is
still unclear. Our data shows that GSTP1 gene amplification status is negatively
correlated with HPV status and is not an independent variable. The correlation between
GSTP1 gene amplification and HPV status could also help to explain previous variability
in findings regarding GSTP1 amplification, when there could have been different levels

of HPV related cases included — for instance if the studies had few oropharyngeal cases
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compared to other head and neck sites, since other sites are much less likely to be HPV

related, or if the racial makeup varied, since HPV prevalence varies by race.

Our data shows that GSTP1 amplification is mostly seen in HPV-negative patients. This
is consistent with the previous research that showed HPV-negative OPC’s have a non-
HPV related etiology, meaning HPV-negative OPC cancers are due to genomic
instabilities caused by random mutations or mutations induced by tobacco and alcohol
use. The question then becomes whether or not GSTP1 gene amplification is a cause or
an effect of tumorigenesis. This is an important question that needs to be further

evaluated.

Our data shows that the univariable significance of GSTP1 gene amplification is only
related to its correlation to HPV since the multivariable analysis of the significance of
GSTP1 along with HPV, race, and gender shows that GSTPL1 is not significantly
correlated with survival. In addition, the fact that GSTP1+ and GSTP1- groups did not
have a statistically significant difference in overall survival in the HPV-negative group
further proves that univariable significance of GSTP1 gene amplification is not enough
for us to use this marker as a suitable prognostic indicator. This finding led us to reject
our second hypothesis regarding the suitability of the GSTP1 gene amplification status as

a prognostic indicator for OPC patients.

In conclusion, although GSTP1 amplification by itself is not a prognostic indicator for
OPC, our simplified HBG model could be used to classify GSTP1 amplification in order
to use this marker along with other markers such as the ones used in the original study by

Cullen et al.
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