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Abstract

High grade serous carcinoma (HGSC), the most commonly diagnosed ovarian cancer
subtype, is often presented as late stage disease with high recurrence rates, thus contributing to
poor prognosis. Despite poor survival outcomes, the presence of tumour-infiltrating lymphocytes
(TIL) in primary, untreated tumours is associated with increased survival. However, little
is known about the phenotype and composition of TIL subsets in HGSC patients following
treatment. In this thesis, we investigated the functional phenotype of TIL and the changes in
immune composition in tumours over the course of chemotherapy.

In Chapter 2, we investigated the association of cytotoxic TIL with the presence of
apoptotic tumour cells in primary tumours. By immunohistochemistry (IHC), we found that
the majority of the CD8" T cells lack cytotoxic Granzyme B and that the presence of both CD8*
and Granzyme B* TIL were not associated with the presence of apoptotic cleaved caspase-3*
tumour cells. In Chapter 3, we investigated the composition of TIL subsets in HGSC following
neoadjuvant chemotherapy in matching pre- and post-chemotherapy tumour samples. By IHC,
we found an increased density of intraepithelial T cells, CD20* B cells, and TIA-1" and PD-1"
TIL. In contrast, no significant change was found in the density of intraepithelial Granzyme B*
TIL, FoxP3* T cells, or CD68" macrophages. Patients with high CD8" TIL density following
chemotherapy showed prolonged survival. Thus, we found the immune response to cancer is
dynamic, and TIL populations change during the course of treatment.

The results from this study indicate chemotherapy can alter the immunologic
microenvironment in which tumour prior to chemotherapy lacking cytotoxic T cells can
have increased infiltration of cytotoxicT cells and B cells, as well as PD-1* TIL. This study
indicates the increased TIL infiltration following chemotherapy could be further enhanced with
immunotherapies, such as tumour-specific vaccines and immune modulators (PD-1 blockade), to
eradicate remaining tumour cells and reduce recurrences in HGSC. This work contributes to a
better understanding of the effects of chemotherapy on TIL and this can lead to a more strategic
development of immunotherapies in order to harness the anti-tumour immune response and
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mitigate immunosuppression against cancer.
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1. Introduction

1.1. Ovarian cancer

Ovarian cancer is the eighth most commonly diagnosed cancer type in females in Canada'.
The majority of ovarian cancers, approximately 62%, are diagnosed at late stage (stage I1I
and IV), while early stage (stage I and II) tumours account for the remaining 38%?. The late
detection of ovarian cancer has contributed to its poor prognosis, with a 5-year survival of 29%
for women diagnosed at last stage®. Once treated as a single disease, ovarian cancer is now
recognized as consisting of separate subtypes that involve the ovaries and other pelvic and
abdominal tissues. With the advancement in genetic sequencing and a deeper knowledge of the
different histopathological patterns, epithelial ovarian cancer (EOC) is presently classified into 5
subtypes with distinct genomic aberrations and molecular pathway perturbations. These specific

characteristics provide opportunities for targeted therapies based on EOC subtype.

1.1.1. Pathology and clinical management of epithelial ovarian carcinoma subtypes

EOC is universally diagnosed using World Health Organization (WHO) classification
and Federation of Gynecology and Obstetrics (FIGO) staging system. Tumours are classified
based on morphology, as well as other pathological features, such as grade, stage, nuclear and
tumour size, biomarker expression, and gene signatures. Grade is a score given for the histologic
degree of abnormality of the tumour cells; the higher the grade, the more dissimilar the tumour
cells appear in terms of appearance of the nuclei, mitotic rate, and structural organization of the
cells compared to normal cells of the same tissue. Stage describes the size of the tumour and the
extent of spread. The combination of grade and stage describes the aggressiveness and severity
of the tumour. In the revised 2014 FIGO system, the stagings are defined as follows: stage |
- tumour confined to one ovary, stage II — tumour involves one or both ovaries and extends to
other pelvic areas such as uterus and fallopian tubes, stage III — tumour involving one or both

ovaries with extensive spread to the pelvis and metastasis to retroperitoneal lymph nodes, or



surface of liver or spleen, and stage IV — tumour involving metastasis to other extra-abdominal
organs such as liver and or spleen parenchyma.

There are five major subtypes of EOC (Figure 1): high grade serous carcinoma (HGSC),
low grade serous carcinoma (LGSC), clear cell carcinoma (CCC), endometrioid carcinoma (EC),
and mucinous carcinoma (MC). HGSC is the most common subtype and constitutes 67-68% of
epithelial ovarian cancers, followed by CCC (10-12%), EC (6.8-11%), MC (2.7-3.5%), LGSC
(3.5%), and others (2%)>*.

HGSC accounts for 88% of advanced ovarian cancer (Stage III and IV) diagnoses?.

It is histologically characterized by highly stratified epithelium with papillary pattern, slit-

like glandular spaces and/or solid growth. The tumour cells are intermediate in size with the
presence of multinucleated mononuclear giant cells’. HGSC has a high mitotic index, with
>12 mitoses per 10 high power fields (HPF)®7. In addition to the marked high rates of mitosis,
the presence of high nuclear atypia, irregular chromatin, and presence of macronucleoli are
features characteristic of HGSC. T7P53 mutation is present in majority of (96%) the tumours
and approximately 40% of HGSCs have genetic mutations or epigenetic loss of BRCA1/2
mutations®. The majority of HGSC tumours are initially chemotherapy sensitive, and treatment
commonly involves a combination of platinum and taxane therapy. Nonetheless, HGSC has a
poor prognosis with a 5-year survival rate of 29% for stage IIIC patients and 13% for stage IV
patients’. Moreover, many patients encounter multiple recurrences before succumbing to the
disease!’.

Clear cell carcinoma (CCC) accounts for 12% of ovarian cancers in North America and
is more prevalent in Asia, specifically Japan (14%)>!"". CCC tumours consist of a mixture of
clear, hobnail, and oxyphil cell types arranged in tubulocystic, papillary, and solid architectural
patterns, with densely hyaline basement membrane material expanding the cores of the papillae
and hyaline bodies> 2. The tumour cells feature clear cytoplasm with a low mitotic index of
<5 mitoses/10 HPF> 213, Although often diagnosed in early stage, CCC has an unfavourable

prognosis due to high recurrence rates and chemotherapy resistance'®. The presence of



endometriosis is associated with longer overall survival and lower instances of recurrences, and
between 40-70% of CCC present with co-existing endometriosis'> ' 7. Mutations involving
AT-rich interactive domain 1A gene (4RID1A) and phosphatidylinositol 3-kinase (PIK3CA) are
present in 50% and 43% of CCC cases respectively'® %2, Apart from these genetic signatures,
angiogenesis also appears to play an essential role in the survival of CCC. Accordingly, drugs
like sunitnib, an inhibitor of angiogenesis, have become attractive therapies for targeting CCC?'.
A few studies have shown responses to sunitinib, which therefore warrants further investigation
as a future therapy?.

Endometrioid carcinoma (EC) is the third most common subtype and comprises of
11% of EOC?. ECs are normally diagnosed at stage I and II and confined to the ovary, thus
surgery alone is sufficient for treatment. Similar to CCC, endometriosis is frequently found in
association with EC, and is present in 23-54% of reported cases'®2*2+25, These factors indicate
EC is less aggressive compared to other EOC subtypes, and indeed low stage EC is associated
with favourable outcome* 2?6, Tumours display glandular architecture lined by a stratified non-
mucin-containing cells with squamous differentiation® '>?’. The most common mutations in
EC are related to the Wnt and PI3K signalling pathways. Mutations in CTNNBI and PTEN are
present in 28% and 17% of low-grade ovarian ECs respectively?®. By immunohistochemistry
(IHC), beta-catenin is detectable in 38-80% of EC tumours, and this is almost always linked with
CTNNBI mutations®3°. Similar to CCC tumours, EC harbours ARID1A mutation, albeit at a
lower frequency in comparison to CCC, PIK3CA, and PP2R 1A mutations in 20-30%, 40%, and
7-12% of cases respectively!® 31323334 The majority of tumours are treated by surgery alone, but
advanced staged ECs are treated by platinum plus taxane based chemotherapy!'2.

Mucinous carcinoma (MC), one of the least studied subtypes, accounts for only 3.5%
of EOC2. Often diagnosed as stage I and II tumours, MCs are borderline tumours that are large
(>13cm) but confined to the ovary*2"*, These tumours resemble endocervix, gastric pylorus,
and intestine with the majority of MC tumours displaying gastrointestinal differentiation>. The

presence of mucin within tumour cells is a prominent feature in primary MC, although this can



be absent in recurrent tumours'2. MCs often harbour KRAS mutations at codon 12 between
50-75% of cases, but with no detectable BRAF mutations®® 3”3, HER2 amplification and
overexpression is seen in approximately 15% of MCs*-*. The occurrence of KRAS mutations
and HER?2 amplification is mutually exclusive, indicating possible subclonal populations of MC
that activates Ras and ErbB signalling pathways respectively. Surgery is the first-line treatment
for early stage MC tumours, and prognosis for MC patients with low-stage disease is favourable.
However, metastasis and recurrence of MC tumours is associated with poor prognosis and
platinum-based chemotherapy is the only treatment option*! 4.,

Low grade serous carcinoma (LGSC), now recognized as a separate subtype from HGSC,
is rare and accounts for 3.5% of EOC?. It is characterized by micropapillary or cribriform pattern
with low malignant potential in >50% of the tumour®’. The tumour cells exhibit uniform,
round, and oval nuclei and low mitotic index of <12 mitoses /10 HPF®’. In contrast to HGSC,
LGSC does not harbour BRCA mutations, and 7P53 mutations occur in less than 10% tumours”
4. Furthermore, LGSC lacks the chromosomal instability and genetic aberrations of HGSC>?7.
Instead, BRAF and KRAS mutations are found in 33% and 35% of LGSC respectively, and are
mutually exclusive**. Because of the recent reclassification as a separate subtype, much is still
unknown about effective treatments and prognosis. One study indicated favourable prognosis
with a median survival of 21 years, however, poor survival was associated with recurrent
disease®.

The recent reclassification of EOC subtypes has contributed to a better understanding
of the separate diseases. Genetic mutations and corroborating immunohistochemical staining
patterns have shed light on the signalling pathways and histological morphologies unique to
each subtype. These new findings have allowed for reproducible diagnoses and identification
of potential targeted therapies®® *-4’. For example, the presence of lymphocytes in the tumour
epithelium is associated with increased survival primarily in HGSC, thus allowing opportunities
to use immunotherapies in treatment* 4 °%5!, In contrast, angiogenesis plays a prominent role in
CCC and inhibitors, such as sunitinib, are more applicable in the treatment of CCC?!. Therefore,
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molecular aberrations unique to each subtype can be used for developing more effective targeted

treatment.

EOC subtype EOC lmmunohlstochemlstrv

TP53 in 96% cases
e BRCAI1/BRCA2
e High genomic
instability

e ARIDIA
e PIK3CA

e CTNNBI
e PTEN
e ARIDIA

e HER2

e TP53in 10% cases

e no BRCA1/BRCA2

e lack of genomic
instability

Figure 1. Five subtypes of EOC and subtype-spemﬁc genetlc mutations (IHC taken from
Gilks et al, 2009, Hum Pathol)



1.1.2. High grade serous carcinoma (HGSC)

HGSC is the most prevalent subtype of ovarian cancer, accounting for 70% of EOCs
and 90% of ovarian cancer deaths>* 3. A major contributor to the poor prognosis in HGSC is
the lack of sensitivity and specificity in the detection of the disease'®. The presenting symptoms
of HGSC are typically nonspecific, and commonly suggest abdominal and gastrointestinal
diseases, which are frequently present in post-menopausal women independent of the presence
of cancer. Commonly reported symptoms include abdominal fullness, dyspepsia or indigestion,
early satiety, and bloating. Bloating is caused by an increase in ascites fluid that increases
the pressure within the pelvic space. Patients who experience these symptoms often present
with stage III/IV disease. However, patients diagnosed with stage I/II disease are typically
asymptomatic with a proportion experiencing pelvic pain due to ovarian torsion. Diagnoses
involve physical examinations, visualizations by X-ray computed tomography (CT) scans,
and serological detection of the tumour marker, CA-125. Currently, CA-125 is the standard
diagnostic tumour marker in the clinic. Despite being elevated in 80% of HGSC patients and
widely employed in diagnostic tests, CA-125 is also elevated in other cancers and conditions
such as pregnancy, endometriosis, pelvic inflammatory disease, menstruation and benign cysts!°.
Thus, CA-125 is neither specific nor sensitive enough to be a stand-alone diagnostic marker
for HGSC. Rather, a diagnosis is determined using the combined information collected from
pelvic examinations, imaging, and CA-125 testing **. Although CA-125 alone is insufficient in
determining HGSC diagnosis, it is useful in indicating response to chemotherapy and monitoring
for relapses. Significant decreases in CA-125 in conjunction with reduction in tumour size seen
on CT scans can reliably indicate a favourable response to chemotherapy, while a rise in CA-125
correlates with disease progression and relapse>*°. The procedures utilized for the detection of
HGSC have remained stagnant and a need for more sensitive and specific testing methods is of

paramount importance so that earlier detection and treatment of HGSC can improve survival.



1.1.3 Molecular genetics of HGSC

Genetic aberrations unequivocally distinguish HGSC from other EOC subtypes. The
genetic hallmarks of HGSC consist of chromosomal instability, and 7P53 and BRCA1/2
mutations®. 7P53 is the most prevalently mutated gene in HGSC, accounting for 70-95% of
cases® %% In a recent large-scale genome sequencing study by the Cancer Genome Research
Atlas Network, 7P53 mutation was reported in 303/316 HGSC samples®. The product of 7P53,
p53, induces cell arrest, DNA repair, and apoptosis of cells with damaged DNA due to exposure
to environmental and cellular stress®. This indicates the importance of p53 in cell regulation
and, thus, genomic abnormalities in 7P53 leads to tumourgenesis. Missense mutations and
deletions, as well as nonsense mutations are found in 55% and 25% of cases, respectively’’- %%,
Mutation type is often reflected in the immunohistochemical staining pattern of p53. Missense
mutations result in an accumulation of mutant p53 within the nuclei of tumour cells, thus
tumours display strong and diffuse p53 staining. Deletion and nonsense mutations do not stain
for p53 because of the encounter of early stop codons and truncation of the proteins* "%,
Despite the strong correlation between mutational status and p53 immunohistochemical staining,
especially for missense mutations, wildtype 7P53 in HGSC tumours were found to exhibiting
a wide range of p53 expression with some displaying similar IHC patterns as mutated 7P53%.
Therefore, without genetic testing in conjunction with IHC information, tumours harbouring
wildtype 7P53 but exhibit strong, diffuse positive p53 staining or loss of p53 expression can be
mistaken as harbouring missense or deletion/nonsense 7P53 mutations respectively. A larger
study correlating 7P53 mutational status and IHC p53 expression pattern is needed to replicate
and confirm the findings regarding wildtype TP53 expression in HGSCs and validate the
sensitivity and accuracy of the loss of p53 expression with deletion and nonsense mutations.

The second most commonly mutated family of tumour suppressor genes is BRCA. It
is associated with an increased risk of developing HGSC by 40-60% for BRCA carriers and
11-27% BRCA?2 carriers®': 62636 In the Cancer Genome Atlas (TCGA) study, germline BRCA 1

(chromosome 17q21) and BRCA2 (chromosome 13q12-q13) mutations were found in 9% and



8% of cases respectively, while somatic mutations accounted for a further 3% of cases®. In
smaller studies, BRCAI is mutated in 14-19% of cases, while BRCA2, is found mutated in
approximately 5-6% of cases® . In congruence with the study above, one Canadian study
found the prevalence of germline BRCA mutations to be 16.4%, with BRCAI and BRCA2
mutated in 10.9% and 5.5% of HGSCs respectively®’. The wildtype BRCA proteins are
involved in error-free repair of double stranded breaks in DNA via homologous recombination,
and mutations in BRCA genes can result in an accumulation of double stranded breaks from
defective DNA repair protein complexes®®. BRCA mutation is autosomal dominant, thus
mutation in one allele leads to the production of defective BRCA proteins. Interestingly, a
study from Vancouver General Hospital (VGH) showed 44% of cases with BRCA [ mutation
had positive p53 expression by IHC®. Besides genetic mutations, epigenetic loss of BRCA1
through hypermethylation is observed in 11.5% of cases in a TCGA study, and 18% in HGSC
cases in a VGH study® %. In contrast, epigenetic loss of BRCA?2 is less commonly seen®.
Interestingly, 89% of cases with epigenetic loss of BRCAI had positive p53 expression by IHC®.
Moreover, HGSCs with epigenetic loss of BRCA I had an increase in PI3KCA copy number,
while mutational loss of BRCAI had abrogated PTEN mRNA expression, and these were
mutually exclusive®. Collectively, these studies are beginning to identify possible subgroups of
HGSC based on genetic differences. HGSCs with BRCA mutations have moderate occurrences
of positive p53 expression and an attenuated PTEN mRNA expression, while tumours with
epigenetic loss of BRCA frequently have positive p53 expression and an increase in PI3KCA
copy number. Chromosomal instability, such as aneuploidy, is not associated with BRCA status,
suggesting that a defect in homologous repair is not the only contributor to genomic instability in
HGSC”. Several studies have shown an increased recurrence free and overall survival in BRCA
carriers’" "2, It is suggested that the benefit is due to elevated sensitivity towards chemotherapy;,
leading to a greater response to treatment’*.

Other genomic aberrations seen are amplification in copy number, deletions, and

increased expression of mRNA and miRNA. Amplification of CCNEI, MYC, and MECOM is



seen in 20% of tumours, while deletion of PTEN, RB1, NF1 is observed in 2% of cases, with
RBI and NFI being more commonly mutated®. The high prevalence of mutations in 7P53

and BRCA1/2 in HGSC tumours distinguishes HGSC from other forms of EOC. When the
pathological diagnosis of EOC by histology is uncertain, as it is often the case with mixed serous

tumours, genetic testing for these mutations can provide additional information for the correct

diagnosis of HGSC.

1.1.4. Etiology of HGSC

Different theories for the development of HGSC have been proposed. Earlier theories
postulated that inflammation of the ovary was the culprit of HGSC development®. The
“incessant ovulation hypothesis” proposed that during ovulation, the continuous rupture and
inflammation of the ovarian serous epithelium lead to the development of ovarian cancer.
Another theory is that the high levels of reactive oxygen species released during ovulation lead
to DNA damage and cause the malignant transformation of the cells of the ovarian epithelium™.
Despite these theories, cases with precursor lesions confined to the ovaries are low in numbers,
suggesting that the ovary is not the tissue of origin for HGSC™.

A more recent proposal is that repeated exposure to inflammatory agents within the
retrograde flow from the endometrium to the fallopian tube during menstruation leads to the
malignant transformation of cells’®7”. Over time, the repeated exposure to inflammatory agents
causes first acute, then chronic inflammation of the cells in the fallopian tube. One study found
a higher concentration of inflammatory cytokines interleukin 8 (IL-8), IL-12, IL-1, granulocyte
macrophage colony-stimulating factor (GM-CSF), leukemia inhibitory factor (LIF), and tumour
necrosis factor alpha (TNF-a) in the fluid from hydrosalpinx compared to normal follicular
fluid’®. Furthermore, TNF-a, IL-1, GM-CSF, and IL-8 were found to be overexpressed in ovarian
carcinomas compared to normal ovarian tissue’”. These results suggest that inflammation at the
fallopian tube is a plausible hypothesis for HGSC development.

The most compelling evidence for the tissue of origin in HGSC comes from prophylactic
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surgeries of BRCA carriers. During these surgeries, fallopian tubes and ovaries were removed.
Histological investigation revealed cells with similar appearance to HGSC were found at the
fimbrae of the fallopian tubes®’. These occult carcinomas found in the fallopian tube are known
as serous tubal intraepithelial carcinoma (STIC). STICs were observed in 6% to 39% of HGSC
cases, and 43% to 100% of HGSC cases had fallopian tube involvement®® 8828 In a recent
study, 7P53 mutations were found in 27/29 (93%) HGSC cases with concurrent STICs that

had p53 staining patterns typical of HGSC tumours®. These findings prompted Piek et al.to
propose that HGSC develops from the shedding of malignant cells from STICs, located on the
fallopian tube, leading to seeding on the ovary and subsequent development into HGSC®. The
involvement of STICs in the development of HGSC provides strong rationale for the removal
of both ovaries and fallopian tubes in BRCA-positive carriers to reduce the risk of developing
ovarian cancer. Indeed, studies have shown a reduced risk of ovarian cancer by 96% in BRCA
carriers through prophylatic surgery®®®’. Tubal ligations, which are surgical sterilizations of the
fallopian tubes, have been shown to decrease the risk of ovarian cancer® 39! Collectively,
these studies have led to a renaming of “high grade serous ovarian carcinoma” to “high grade

serous carcinoma’.

1.1.5. Treatment advancements in HGSC
Standard treatment for HGSC

The standard treatment for most late stage HGSCs i1s a combination of surgery and
chemotherapy. Surgery serves two important purposes: to remove as much tumour as possible
and to provide a subtype-specific pathological diagnosis®. Surgical resection can include:
hysterectomy (removal of the uterus), bilateral salpingo-oophorectomy (removal of both
fallopian tubes and ovaries), omentectomy (removal of the omentum), and removal of other
abdominal or pelvic areas and adjacent lymph nodes®. The success of the surgery can have a
significant impact on patient survival. Patients who have most of their tumour removed at the
time of surgery are classified as optimally debulked, while patients with residual disease greater
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than 1 cm are classified as suboptimally debulked. Several studies have reported patients who
are optimally debulked had a higher 5-year survival rate and a lower rate of recurrences’ %+ %%,
In one study, patients who had less than 1 cm of residual disease following surgery had a median
survival of 33.9 months compared to patients with more extensive residual disease post-surgery
with a median survival of 22.4 months®.

Following tumour debulking surgery, cytotoxic drugs are administered to treat residual
disease (known as adjuvant chemotherapy). Chemotherapy plays an important role in the
survival of HGSC patients. A clinical study showed suboptimally debulked patients had a longer
survival (median survival of 38 months) with taxane agent included in the chemotherapy regimen
compared to those who did not receive taxane (median survival of 24 months)”’. These studies
indicate that in advanced disease, both surgery and chemotherapy are vital to the treatment of
HGSC.

The current standard chemotherapy used for HGSC treatment is a combination of
platinum and taxane chemotherapy. Prior to the 1980s, the combination of cisplatin and
cyclophosphamide were the main therapeutic agents for the treatment of ovarian cancers®.
Similar to many chemotherapeutic agents that modify DNA, cisplatin, a platinum-based
antineoplastic agent, acts to form intra-strand cross-links with the DNA!°. In the 1980s-1990s,
the discovery of paclitaxel, a taxane drug, from the bark of the Pacific yew tree led to the
advances in chemotherapy-based treatment of ovarian cancers®®. The mechanism of activation
of paclitaxel involves the stabilization of tubulin polymer formation”. The superior efficacy of
cisplatin plus paclitaxel over cisplatin plus cyclophosphamide was demonstrated in a number
of clinical trials which in 1998 led to the universal acceptance of platinum-based plus taxane
chemotherapy as the standard treatment'® 1°- 192 Tn 1979, carboplatin, an analogue of cisplatin,
was introduced as a better alternative to cisplatin®. Two randomized trials showed that
carboplatin plus paclitaxel was just as effective as cisplatin plus paclitaxel, but with fewer side
effects, including reduced nausea, leukopenia, and nephropathy!'®: 1%, These findings led to the

current standard chemotherapy treatment regimen of carboplatin plus paclitaxel.
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Recently, there has been a shift in the scheduling and dosing of chemotherapy, in
the hopes of improving treatment for HGSC. Prior to the 2000s, the standard protocol was
adjuvant therapy (debulking surgery followed by subsequent chemotherapy), but a shift towards
neoadjuvant therapy (chemotherapy followed by debulking surgery) is occurring in many clinics.
At VGH, neoadjuvant chemotherapy is a treatment option for HGSC patients with stage I1IC or
IV HGSC disease who present with severe disseminated disease at the time of the exploratory
laparotomy or primary surgery. Neoadjuvant chemotherapy begins with the administration
of 3-4 cycles of chemotherapy to resolve the ascites and reduce tumour burden in patients. A
good response to treatment, as indicated by a significant decrease in CA-125 and tumour size
by CT scans, is subsequently followed by a second surgery, referred to as interval debulking.
Following interval debulking, patients are given several more rounds of chemotherapy until they
are negative for tumour. The efficacy of neoadjuvant chemotherapy has been compared with that
of adjuvant chemotherapy, and studies have reported mixed results in the efficacy and survival
benefit of neoadjuvant compared with adjuvant chemotherapy. A few studies have indicated
that neoadjuvant chemotherapy is associated with inferior survival compared to conventional
adjuvant chemotherapy'®> 1%, Several other studies (one randomized and four retrospective),
comparing adjuvant and neoadjuvant therapy in stage IIIC and IV advanced ovarian cancer
patients, found similar overall survival (29-47 v.s. 30-46 months) and progression free (12-
14 v.s. 12-18 months) survival between the two groups!?’- 19810110 Degpite similar survival
outcomes, all the studies were unanimous in stating that neoadjuvant therapy had a higher rate
of optimal tumour debulking, as well as lower morbidity and post-operative complications'®”
108,109,110, 111 * Neoadjuvant patients had a higher rate of optimal tumour debulking (80-95%
of cases) compared to adjuvant patients (55-71% of cases)'?” ', Furthermore, patients with
neoadjuvant chemotherapy had lower rates of peri-operative and post-operative complications
such as blood loss, OR time, length of hospital stay, admissions to intensive care units, and
deaths!'07- 198111 - Although these studies indicate that there is no added survival benefit with

neoadjuvant chemotherapy, it nonetheless increases the percentage of cytoreduction (amount of
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tumour debulked) achieved and lowers the morbidity rates to allow for a better quality of care for

patients.

Chemotherapy resistance

The potential of increased chemotherapy resistance due to earlier exposure to
chemotherapy in the neoadjuvant setting has been raised, but little research has been done
to address this. There is currently one study that has compared chemoresistance between
neoadjuvant and adjuvant chemotherapies''?. In this retrospective study, they compared
chemoresistance rates in 95 neoadjuvant-treated patients with 330 adjuvant-treated patients

and found resistance to be higher in neoadjuvant patients!'!?

. Resistance to platinum therapy,
measured by recurrence at 6 months from the completion of the first platinum-based
chemotherapy, was significantly higher in neoadjuvant-treated patients (44.2%) compared to
adjuvant-treated patients (31.2%). However, statistical significance was lost when multivariate
logistic regression was used to control for factors that are known to be associated with
recurrence, signifying resistance is influenced by multiple factors. In addition, two other studies
indicated that chemoresistance increased as the number of treatment cycles increased prior to
interval debulking'®> '3, Although a few studies have suggested neoadjuvant chemotherapy

is associated with increased chemoresistance in HGSC tumours, platinum resistance also
occurs in approximately 50% of the patients treated with adjuvant chemotherapy, indicating
that chemoresistance is influenced by multiple factors. As more neoadjuvant chemotherapy

is being utilized, this will provide more opportunities for studies to compare the incidences of

chemoresistance between neoadjuvant and adjuvant chemotherapies.

DNA repair chemotherapy targets

Novel chemotherapeutic drugs that target DNA repair pathways in HGSC, have emerged
as alternative options for clinical management of HGSC. Poly ADP ribose polymerase (PARP)
inhibitors, such as olaparib, have undergone phase II clinical trials in HGSC!'* !5, PARP
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inhibitors exploit the fact that many HGSC are dysfunctional in homologous recombination
owing to BRCA mutations. In normal cells, damaged DNA can be repaired either by homologous
recombination using BRCA proteins or by PARP through single-strand DNA repair''®'"7. In
HGSC patients with dysfunctional BRCA, cells have to rely on PARP to repair DNA damage.
PARP inhibitors lead to synthetic lethality by inhibiting the single strand repair pathway in
BRCA-deficient tumour cells, thus rending both DNA repair pathways non-functional, resulting
in cellular apoptosis'®.

HGSC treatment has improved over the years. From altering the combination and type
of cytotoxic chemotherapy agents, to the sequence of treatment, the management of HGSC has
improved the survival outcome of these patients. Although studies have shown similar survival
outcomes as patients treated with adjuvant chemotherapy, neoadjuvant chemotherapy is effective
in reducing peri-operative and post-operative complications for patients with advanced stage
disease. Additionally, neoadjuvant chemotherapy allows for higher rates of cytoreduction for
patients where optimal debulking would have been unachievable with adjuvant chemotherapy.
Thus, neoadjuvant chemotherapy may be the appropriate treatment for those with presentation of
advanced disease, while adjuvant therapy is more suited for patients diagnosed with early stage

disease.

1.2. The dichotomous role of the immune system in cancer

The immune system has been recognized as an important player in cancer, both as a
suppressor and promoter. The importance of the immune system in keeping cells in check
and preventing tumourgenesis is demonstrated in early studies showing immunodeficient
mice were more susceptible to carcinogen-induced and spontaneous tumour formation than
immunocompetent mice'® 2. The primary cell type involved in the direct killing of tumour
cells are the T lymphocytes (T cells); of a lesser focus in this thesis, natural killer (NK) cells
can also directly kill tumour cells. Besides direct killing, other cell types that support immunity

against cancer include dendritic cells (DCs), which are responsible for presenting tumour
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antigens for T cell recognition, and B lymphocytes (B cells), which can also present tumour
antigens as well as produce antibodies against them. In contrast, the immune system can also
promote tumourgenesis and tumour survival by infiltrates such as M2 macrophages, myeloid
derived suppressor cells (MDSC), and T regulatory (Treg) cells. By understanding the complex
immune network in relationship to cancer development and progression, we can improve on
designing immunotherapies in favour of an active and robust anti-tumour immune response in
the treatment of cancers that are susceptible to immune infiltration, such as HGSC. Herein, the
immune subsets involved in anti- and pro-tumour immunity, as well as immunosuppression will

be discussed.

1.2.1. Anti-tumour immunity

The immune system can play an active role in the eradication of cancer. Studies have
shown that the immune system can recognize tumours leading to regression'- %123 The
endogenous anti-tumour response involves many players: dendritic cells (DC), T cells, B cells,
and NK cells. The immune response typically begins with DCs as antigen-presenting cells
(APC) that can phagocytose cells and process and present tumour antigens to T cells and B
cells'?*. Tumour antigens can be mutated proteins, non-mutated overexpressed proteins on the
cells’ surfaces, or antigens that are expressed in neoplastic tissue'>> ', The presentation of
tumour antigens to T cells is followed by T cell proliferation and an immune response against
the tumour. Other immune cells also play a role in anti-tumour immunity, which will be further

discussed below.

CD8* T cells and cytotoxicity

T cells are the main immune cells that actively kill tumour cells. Effector CD8" T cells
do so by secreting cytotoxic enzymes or binding to death receptors and inducing apoptosis
of target cells. T cells contain vesicles that house cytotoxic molecules such as perforin and
granzymes, which are released to the target cell upon T cell recognition'?’. When the T cell

receptor (TCR) binds to complementary antigen presented on the MHC complex of target cells,15



antigen recognition is established and an immunological synapse is formed. Cytotoxic granules
are subsequently mobilized and released from T cells. Perforin is a protein responsible for
forming pores on the cell membrane and allowing for entry of granzymes into target cells'?®,
Granzymes, such as granzyme B, are serine proteases that cleave caspase-3 and 7 to activate
the apoptotic pathway in target cells'* 3% 3!, Granzyme B (GzmB) also induces apoptosis
by promoting the release of cytochrome ¢ from the mitochondria through cleavage of BH3
interacting domain death agonist (BID) and allowing the opening of Bcl-2-associated X/
Bcl-2 homologous antagonist killer (BAX/BAK) channels located on the mitochondrial outer
membrane!?> 133134 The released cytochrome C binds to apoptosomes, which then activate
caspases and result in apoptosis. Clinical studies have found that the presence of GzmB™ T cells
in ovarian cancer is associated with improved survival** 1*3 suggesting that CD8" T cells use
GzmB as a mechanism to kill malignant ovarian cancer cells. In this thesis, we use GzmB as a
marker for identifying activated cytotoxic CD8" T cells within the tumour.

T cells also possess alternative mechanisms to eradicate their target cells. One of
these mechanisms is through T cell intracellular antigen-1 (TIA-1), a RNA-binding protein
that is expressed in T cells, NK cells, and macrophages, and possesses functions such as DNA
fragmentation, RNA splicing, translational repression of certain mRNA, and sequestering of
mRNA into stress granules!'3¢ 137 138,139, 140. 141,142 * Tyy clinjcal studies, TIA-1 is correlated with
prolonged survival in colon and ovarian cancers, however, in B-cell lymphoma, low TIA-
1" infiltrates are associated with better outcomes*® 143144 Currently, little is known of the
mechanism by which TIA-1 mediates cytotoxicity of target cells, but a few studies have shown
it can induce cell death by DNA fragmentation and RNA splicing of Fas mRNA" 137 TIA-1
was first discovered to be a pro-apoptotic protein when a lysosome targeting motif was found

near the carboxyl-terminal domain'¥’

. Kawakami et al. found DNA fragments when digitonin-
permeabilized thymocytes were incubated with recombinant TIA-1, suggesting TIA-1"T
cells may induce apoptosis in target cells by nucleolysin activity. In addition to harbouring

nucleolysin activity, TIA-1 has been shown to contain three RNA-motifs that allow for
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recognition and binding of mRNA to execute RNA splicing!¥. Recent studies have found that
TIA-1 is involved in splicing Fas transcripts and allows for the production of the isoform of Fas
that is inserted into the cell membrane!* 47148, Additionally, TIA-1 is found to sequester house-
keeping mRNA from being translated at times of cell stress to allow for translation of mRNA
responsible for recovering stress'** 2. Collectively, these studies indicate TIA-1 has multiple
functions depending on the cell type and the state of the cell. More functional studies are
needed to elucidate the role of TIA-1 in cytotoxicity and the biological events that occur when

encountered with cancer cells.

B cells in anti-tumour immunity

The role of B cells in cancer immunology has also garnered interest. Many studies in the
current literature consider B cells as tumour-promoting lymphocytes that inhibit effector T cell
functions against tumours. These B cells are better known as regulatory B cells (Bregs) for their
role in immune suppression. Studies in tumour-bearing mice that lacked B cells found reduced
tumour growth compared to their wildtype counterparts'®- 139 151: 132 B cells have been found to
inhibit T cell proliferation, induce Treg differentiation, and secrete suppressive cytokines such as
IL-10'%153 On the contrary, DiLillo et al showed that the selective depletion of CD20" B cells
(instead of using murine models that were completely deficient of B cells) led to an increase in
tumour growth and greatly impaired CD4" and CD8" T cell activation'>*. CD20" B cells have
also been shown to be involved in tumour antigen presentation to T cells!s> 136157138 Tn one
study, CD40-activated B cells that were pulsed with melanoma cell lysates stimulated autologous
T cells that were specific for melanoma-associated antigens, suggesting APC functions present in
B cells'®. Activated B cells can also enhance the expansion of TIL when cultured with anti-CD3
and low doses of IL-2'%,

Clinical studies have shown that B cells are associated with good prognosis in lung,
cervical, breast and ovarian cancers® 161 162.163. 164 = Quecifically in a HGSC study, CD20* B cells
in the tumour exhibited a IgDIgM IgG* phenotype, which is indicative of prior exposure to
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antigen'**. Within the tumour, CD20* B cells were located in close proximity to CD8" T cells,
and patients with both intraepithelial CD20* B cells and CD8" T cells had increased survival
compared to patients who had CD20" B cells or CD8" T cells alone'**. This may suggest that
certain B cell subsets cooperate with T cells in anti-tumour immunity. A colorectal cancer
study also found activated, memory CD20" B cells in the tumour and with elevated levels in
the tumour compared to peripheral blood of matched patients'®>. In contrast, colon metastases
lacked intraepithelial CD20" B cells, but contained more regulatory B cells, identified as
CD24he"CD38Meh, Lastly, B cells can produce antibodies against tumour antigens such as HER-
2/neu, cancer-testis antigens, and MUC 165 166.167. 168 = Collectively, these studies imply there
may be two subsets of B cells: Bregs, similar to Tregs, are involved in tumour progression and
immunosuppression, whereas effector B cells are involved in anti-tumour immune responses
through antigen-presentation and tumour antibody production.

The immune system has developed multiple ways to eradicate tumour cells by various
cytotoxic mechanisms found in T cells, such as the release of GzmB and TIA-1. Immune subsets
that support effector T cell function, such as DCs and B cells, through presentation of tumour
antigens and antibody production, are integral to the effectiveness of the anti-tumour immune
response. Thus, a network of effector TIL subsets produces the most effective immune response

against cancer.

1.2.2. Immunosuppression

The immune system also has components that promote tumour progression.
Immunosuppressive cell types include T regulatory cells (Tregs), tumour-associated macrophages
(TAMs), and myeloid-derived suppressor cells (MDSCs). Besides immunosuppressive
cells, immune checkpoint receptors, such as cytotoxic T-lymphocyte antigen 4 (CTLA-4)
and programmed cell death 1 (PD-1) are presented on T cell surfaces and are responsible for

inhibiting T cell functions. Tregs, TAMs, and immune checkpoint receptors are discussed below.
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Regulatory T cells (Tregs)

Tregs have been studied extensively for their immunosuppressive role in a variety of
diseases, including cancer. Classically identified by expression of the transcription factor FoxP3,
their presence has been correlated with poor prognosis in ovarian cancer'®. Tregs promote
tumour immunosuppression by four major mechanisms: 1) secretion of immunosuppressive
cytokines such as IL-10 and transforming growth factor  (TGF-p), 2) active killing of CTLs, 3)
metabolic disruption of CTLs, and 4) suppression of DCs!™°. The primary mechanism utilized
by Tregs is the release of IL-10, TGF-f, and IL-35 to inhibit CTLs, thus promoting tumour
progression'’! 172173 Tregs are also able to directly kill CTLs by releasing GzmB, activating the
TNF-related apoptosis-inducing ligand (TRAIL) pathway in CTL, and through galectin-1'7* 17>
176177 Lastly, Tregs suppress DCs by upregulation of indoleamine 2,3,-dioxygenase (IDO) in
DCs through direct binding of cytotoxic T-lymphocyte antigen 4 (CTLA-4) on Tregs to CD80/
CD86 on DCs!”. The upregulation of IDO results in an increased catabolism of tryptophan
that leads to the suppression of CTLs. Tregs elicit immunosuppression within the tumour
microenvironment, therefore their recruitment into the tumour microenvironment is essential to
their effectiveness. Both the tumour cells themselves and TAMs recruit Tregs into the tumour
by releasing the chemokine CCL2'%:'”°, Hypoxia also leads to the recruitment of Tregs through
up-regulation of CCL28 by tumour cells, which binds to the CCR10 receptors on Tregs'®’. The
tumour microenvironment also promotes the expansion of Tregs and converts naive CD4" T cells
into Tregs by the stimulation of IL-10, TGF-, adenosine from tumour cells, immunosuppressive
DCs, and monocytes!'8! 182 183. 184,185 " Treog play a central role in opposing the CTL response to
cancer, and their ability to induce immune suppression with multiple mechanisms makes tumour

eradication a challenge.

Tumour-associated macrophages (TAMs)
Macrophages can both stimulate and suppress the immune system, and this is carried
out by two separate types of macrophages. M1-polarized macrophages are involved in clearing
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infections and are considered immune stimulatory'®¢. They are activated by IFN-y and other
immunostimulatory cytokines such as IL-12 and IL-23. In contrast, M2-polarized macrophages
are considered to be immunosuppressive. They are involved in tissue repair and scavenging
cellular debris, and are activated by IL-4, IL-10, and IL-13. Macrophages that are known to
promote tumour invasion, progression, and metastasis exhibit an M2 phenotype and are referred
as TAMs!'®- 188139 " Their presence has been associated with poor survival in several cancer
types™® 1192 In ovarian cancer, TAMs found in ascites fluid have been associated with poor
prognosis and tumour progression'”. Additionally, several studies have reported an increase

in the presence of TAMs in malignant ovarian cancer compared to borderline and benign
tumours, further indicating that TAMs play a more prominent role as the cancer becomes more
advanced'* %> 1%, The most commonly used marker for macrophage detection is CD68, while
CD163 and CD206 are more specific to TAMs. Studies have found high CD163* TAMs, CD163/
CD68, and CD206/CD68 cell ratio are associated with decreased survival'®> 7198 Similar to
Tregs, TAMs are recruited by the tumour through the expression of CCL2 and colony stimulating
factor 1 (CSF-1)!8 19419 TAMSs exhibit their immunosuppressive activities by releasing

CCL18 and CCL22, which recruit Tregs into the tumour and promote angiogenesis®!: 16200201,

In addition, TAMs contribute to tumour immunosuppression by binding of CD206 to CA-125

to increase levels of IL-10, an immunosuppressive cytokine, and decreasing the levels of the

T cell chemoattractant CCL3%?. Interestingly, a study has indicated chemotherapy can induce
TAM differentiation. In this study, treatment of some ovarian cancer cell lines with cisplatin

and carboplatin was found to induce M2-like differentiation from monocytes*”. TAMs, like
Tregs, can heavily influence the effectiveness of the anti-tumour immune response, therefore,
therapies tailored to decreasing TAMs within the tumour microenvironment can lead to improved

responses to immunotherapy.

Immune-checkpoint receptors
Another class of immunosuppressive factors that hinder the function of CTLs are
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immune-checkpoint receptors, such as CTLA-4 and programmed cell death protein 1 (PD-1).
The expression of ligands involved in checkpoint inhibition is dysregulated in cancer. CTLA-
4 is expressed on T cells and shares the same ligands (CD80 and CD86) as the co-stimulatory
receptor, CD28, that activates T cells?** 2%, CTLA-4 confers T cell inhibition or dampens the
activity of T cells by binding to and sequestering CD80 and CD86 from contact with CD282%:
207 Antibodies against CTLA-4, such as ipilimumab and tremelimumab, have shown clinical
responses in 25% of melanoma patients?*® 2%, A phase III clinical trial with ipilimumab found
18% of the patients survived beyond two years compared to patients who received a melanoma
antigen-specific peptide vaccine alone*'°. Currently, a phase II trial using ipilimumab to treat
recurrent platinum sensitive ovarian cancer patients is being conducted®''.

A second immune-checkpoint receptor is PD-1, which is expressed on activated T cells,
B cells, and myeloid cells?'* 23, Its main mechanism of tumour immunosuppression is through
the induction of T cell exhaustion by binding PD-1 on T cells with programmed cell death
ligand 1 and 2 (PD-L1 & PD-L2), which dampens immune response by CTLs?*". A few studies
have found that the overexpression of PD-L1 on tumour and tumour-associated myeloid cells is
associated with poor survival?'% 21521 In ovarian cancer, patients with low PD-L1 expression
had a longer overall survival (80 months) compared to patients with high PD-L1 expression
(53 months)?"”. Tumours upregulate PD-L1 as an adaptive response to the anti-tumour immune
response?!”-218:219 " This is illustrated in a study where increased PD-L1 expression was found to
be correlated with increased TIL and upregulated IFN-y expression in melanoma®"®. Not only
does the overexpression of PD-L1 contribute to immune inhibition of CTLs, the receptor PD-1 is
also upregulated on T cells. Several studies have reported increased expression of PD-1 on CD8"*
T cells and TIL in different cancers, as well as on tumour-reactive T cells in ovarian cancer?!”
220.221.222 T one study, CD8" T cells specific for NY-ESO-1, a tumour antigen expressed in
ovarian cancer, were also PD-1 positive??’. Moreover, these tumour-reactive T cells appear to be
exhausted when stimulated with NY-ESO-1 peptides, as they expressed an additional exhaustive
marker, lymphocyte-activation gene 3 (LAG-3). Another study also found that PD-1 expression
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was found on tumour-reactive T cells in melanoma; however, these T cells were not exhausted

and were able to elicit an immune response against autologous tumour?!

. These studies suggest
that although PD-1 is involved in T cell exhaustion, it could also be a potential marker for
identifying tumour-reactive T cells.

The number of mechanisms in which the immune system can suppress or inhibit the anti-
tumour response indicates the immunosuppressive immunity has evolved along with the anti-

tumour immunity. These immunosuppressive, and ultimately tumour promoting, cell types must

be eliminated for the T cell-mediated response against tumours to be effective.

1.2.3. Tumour infiltrating lymphocytes in ovarian cancer

The importance of the immune system in the survival of ovarian cancer patients was first
reported by Zhang et al, who showed that the density of intraepithelial T cells, using the common
T cell co-receptor CD3 as a marker, was independently associated with increased progression-
free and overall survival®**. These lymphocytes that reside in the tumour were known as tumour-
infiltrating lymphocytes (TIL). Increased presence of intraepithelial CD3* T cells also correlated
with elevated expression of cytokines involved in immunity, such as IFN-y, IL-2, and secondary
lymphoid-tissue chemokine, by mRNA and protein expressions using real-time polymerase chain
reaction and IHC respectively. This was then followed by a study that found intraepithelial CD8*
T cells (a primary receptor expressed on cytotoxic T cells), but not CD4" T cells, were associated
with increased survival®. Upon further analysis, a population of immunosuppressive Tregs was
found in the CD4" population, and a high ratio of CD8" T cells to CD25* Tregs was associated
with increased survival. The relationship between TIL and survival has also been assessed in the
different subtypes of EOC. The presence of intraepithelial CD3* and CD8" T cells was correlated
with prolonged survival in HGSC tumours, but not in EC or CCC tumours*®. These studies
implicate T cells as markers of anti-tumour immune response that favour the survival of patients
with HGSC subtype.

Another study systematically examined the relationship of several TIL markers and

22



the survival of HGSC patients. It confirmed that the presence of CD8" T cells was associated
with survival, as were TIA-1* TIL and CD20"* B cells®. Moreover, HGSC patients who
possess both CD20" B cells in addition to CD8" T cells within their tumours exhibited a better
survival compared to patients with CD8" T cells alone'®*. These B cells also expressed markers
for antigen presentation, suggesting B cells provide a support to T cells in tumour antigen
recognition for anti-tumour immunity.

Similar to TIL studies in other cancers, infiltrates like FoxP3* Tregs, M2 macrophages,
and MDSCs are associated with poor outcome in HGSC. CD4"CD25" FoxP3* Tregs have been
reported to be associated with decreased survival in ovarian cancer'®-2?5, Besides the infiltrates
from the adaptive immune system, immune cells from the innate system also contribute to
poor prognosis. Macrophages, specifically tumour-associated macrophages (TAMs), can
actively suppress effector T cells in cancer and an increased abundance of them is associated
with reduced survival?**2?’. MSDCs have been associated with poor prognosis due to their
immunosuppressive function in many cancers, including ovarian cancer in both clinical and pre-
clinical studies??® 22239,

These clinical studies imply that there is a multifaceted relationship between the immune
system and HGSC. Many of the lymphocytes from the adaptive immune system, including
effector T cells, CD20" B cells, and cytotoxic immune cells, can kill tumour cells and are
involved in anti-tumour immunity, which leads to prolonged survival. On the contrary, Tregs and
cells from the innate immune system promote tumour progression in HGSC and are associated
with poor outcome. These studies provide the basis for molecular studies to investigate the

mechanisms that explain these associations.

1.3. The effects of chemotherapy on the immune response to cancer
Chemotherapy has traditionally been thought to be detrimental to the immune system,

inhibiting the growth of immune cells as well as cancer cells*"-**?. Indeed, for many years,
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myeloablative chemotherapy has been used to destroy the immune systems of acute leukemia
patients to prepare for transplantation of new haemopoietic stem cells**23* 25 However, the
negative stigma of the impact of chemotherapy on the immune system is slowly disappearing
and certain chemotherapy regimens are now accepted as being immune stimulatory. One of the
earlier chemotherapeutic agents used in ovarian cancer, cyclophosphamide, has been reported to
elicit an immune response against tumours in mice*. It has also been found to suppress Treg
function and restore proliferative capacity in effector T cells and NK cells?*”-23%. Furthermore,
dose-dense chemotherapy, which involves low dose but frequent administration of chemotherapy,
has been reported to reduce immunosuppression and recruit macrophages and CD8" T cells

into the tumours of ovarian cancer patients?’

. These studies implicate that standard treatment,
such as chemotherapy, can be used to tip the balance in favour of tumour regression. By
understanding the dynamics of the immune system during the course of standard treatment, we

can begin to design novel therapeutics that harness the immune system’s anti-tumour response in

combination with standard therapy to increase the efficacy of treatment against HGSC.

1.3.1. Chemotherapy and immunogenic cell death

Originally described by Guido Kroemer and Laurence Zitvogel, immunogenic cell death
(ICD), is the release of immunostimulatory molecules during tumour cell death**. Studies
have shown that ICD can be induced by many different types of chemotherapy and radiation,
however not all types of cell death are immunostimulatory. Apoptosis (programmed cell death)
of tumour cells during chemotherapy elicits a stimulatory immune response and is considered to
be an integral part of ICD (Figure 2). When tumour cells apoptose in response to chemotherapy
treatment and undergo ICD, molecules such as calreticulin (CRT), adenosine tri-phosphate
(ATP), and nonhistone chromatin protein high-mobility group box 1 (HMGBI1) are released**"
242,28 These molecules stimulate the recruitment of DCs to take up tumour antigens and present
to naive T cells from neighbouring draining lymph nodes*** 4. These naive T cells are educated
to recognize new tumour antigens and become CTLs that migrate into the tumour to initiate an
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immune response against the remaining therapy-resistant tumour cells?*.

Dying Immature DC
tumor cell ’

Mature DC

Antigen
engulfment

Therapy- Antigen
induced presentation

Therapy-sensitive stress

tumor cells

Therapy-resistant ~ Umor cell
tumor cells lysis

Figure 2. ICD following chemotherapy elicits anti-tumour immunity. (Figure taken from
Kroemer et al, 2013, Ann Rev Immunol)

Many studies have emerged identifying the chemotherapeutic agents that can induce an
anti-tumour immune response against cancer. Anthracycline, commonly used in the treatment
of breast cancer, has been shown to enhance a strong immune response against cancer in both
in vitro and in vivo studies***?* 24 In mice, anthracycline was reported to induce the release of

ATP from dying cancer cells, and resulted in the recruitment and stimulated the differentiation
25



of CD11¢*CD11b'Ly6C" DCs**. These DCs were able to engulf tumour antigens and therefore,
increase the presence of TIL within the tumour bed. Evidence indicates another ICD molecule,
CRT, is also released following anthracycline administration in both in vitro and in vivo
experiments®¥-2¥, In addition, autophagy plays a role in the release of ATP from dying cells,
which attracts DCs to the site of tumour cell death**¢. Both the inhibition of autophagy (using
bafilomycin A1 and 3-hydroxychloroquine to reduce levels of released ATP) and the blockade of

CRT (using specific anti-CRT antibody) abrogated the immunogenicity of tumours in mice*# 2%,

ICD-associated molecules

The three main immunostimulatory molecules that are released from cells undergoing
ICD are CRT, ATP and HMGBI1. CRT is a Ca’*-binding chaperone that is located in the lumen of
the endoplasmic reticulum®®. When tumour cells are undergoing the early phases of cell death,
CRT is translocated to the plasma membrane and triggers an immunogenic response®* >, DCs
recognize the exposed, surface CRT and engulf these apoptotic tumour cells to present tumour
antigens to T cells. The role of CRT in the stimulation of immune responses is best described
in a study where CT26, a murine colon cancer cell line, that had CRT knocked down (KO)
using siRNA and was treated with mitoxantrone, a type of antineoplastic therapeutic, inhibited
its phagocytosis by DCs in both in vitro and in vivo experiments®?. The attenuated release of
CRT from siRNA KO of mitoxantrone-treated CT26 cells was reversed when recombinant CRT
was administered, and phagocytotic activity of the DCs was similar to that of mitoxanetrone-
treated CT26 cells with wildtype CRT. KO of other proteins that mediate CRT’s surface
exposure, such as PI3K p110a, ER stress kinase PERK, caspase-8, Bax, and Bak, by shRNA or
siRNA also decreased the surface exposure of CRT from dying cells**®* %!, In clinical studies,
CRT surface exposure is correlated with improved immune responses®* 233, In acute myeloid
leukemia, autologous T cells from patients who had surface CRT expression on their dying
tumour cells were able to produce significant levels of [FN-y when incubated with autologous
DCs?*2. In contrast, T cells from patients who did not have CRT surface expression were unable
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to upregulate IFN-y production. In conclusion, CRT is one of the main ICD molecules that
elicits an immune response via stimulation of DCs in response to chemotherapy, and its presence
can determine the effectiveness of T cell recognition and response to the tumour following
chemotherapy.

The second ICD molecule is ATP, well known as the energy currency of cells, which is
often released when cells undergo stress. This molecule can attract macrophages for apoptotic
clearance and stimulates phagocytes as an “eat me” signal in response to cell death®*. The
release of extracellular ATP from dying cancer cells is dependent on autophagy®¥. A study
inhibiting autophagy reported that ATP secretion from dying tumour cells was reduced, along
with a reduced immune response’¥. They observed that autophagy-competent CT26 cells
implanted in immunocompetent mice, had increased DC and T cell infiltration into the tumour
following chemotherapy administration. The recruitment of DCs and T cells was re-established
in autophagy-deficient tumours during chemotherapy when mice were given inhibitors to
extracellular ATP-degrading enzymes that artificially increased extracellular ATP. Given these
points, autophagy is an important catabolic mechanism in tumour cells that allows DCs and
effector T cells to recognize chemotherapy-induced cell death.

Lastly, HMGBI1 is the most abundant nonhistone chromatin protein that plays a role
in ICD*, HMGBI is released by damaged cells that are undergoing apoptosis, necrosis, and
necroapoptosis. In the past, it was widely known for being released during necrosis, however,
recent additional studies have provided evidence that HMGB/is released during apoptosis
as well?*> 26, HMGBI1 mainly triggers a proinflammatory response by binding to TLR4 and
Receptor for Advanced Glycation end products (RAGE) on DCs?* %7, Once bound, phagosomes
that contain potential tumour derived antigens are trafficked towards vesicles that process
antigens for presentation and divert the phagosomes from being fused with lysosomes, which
could lead to the degradation of these antigens®®. The importance of HMGBI in its ability to
stimulate DCs is highlighted when the depletion of TLR4, and the neutralization of HMGB1
with antibodies abrogates the ability of DCs to present tumour antigens**. In the same manner
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as CRT and ATP, HMGBI activates DCs to process and present tumour antigens to T cells and

activate an adaptive immune response against cancer.

1.3.2. The effects of platinum and taxane chemotherapy in ICD

Not all chemotherapeutic agents can induce ICD by apoptosis, and a few in vitro studies
have investigated as to whether platinum and taxane therapies can induce ICD and elicit an
anti-tumour immune response®® 2%, A few studies reported that oxaliplatin and cisplatin were
able to trigger HMGBI release from apoptotic cells from colon cancer cell lines, although
only oxaliplatin was also able to induce calreticulin exposure®? 2%, Surprisingly, cisplatin was
unable to induce ICD on its own, despite up-regulation of HMGBI1 release from apoptotic cells,
and was only able to induce ICD when the cell lines were subjected to endoplasmic reticulum
stress?®- 2%, The addition of endoplasmic reticulum stress inducer, tunicamycin, allowed for

2 From the

calreticulin exposure to the cell surface and induced ICD in cisplatin-treated cells
above studies, it appears that the loss of one ICD signal abrogates the ICD response, as shown in
cisplatin’s inability to induce an immune response due to the a lack of CRT surface exposure in
treated cells despite HMGB1 being present on the surface of dying cells**. To date, no study has
investigated whether paclitaxel can induce calreticulin and HMGBI1 release. The role of ICD in
carboplatin and paclitaxel chemotherapy needs to be elucidated, as studies using anthracycline
have indicated the importance of ICD in eliciting an anti-tumour immune response. If ICD is
the primary mechanism in which cytotoxic drugs elicit an endogenous T cell response against
tumours, then the ability of carboplatin and paclitaxel drugs to promote immunogenicity in

cancer would follow similar mechanisms that increase the release of CRT, ATP, and HMBG1

from dying tumour cells.

1.3.3. The effects of chemotherapy on TIL
Clinical studies involving patients treated with chemotherapy further support the idea

that ICD can enhance anti-tumour immune responses. Very few studies have investigated the
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changing dynamics in immune composition due to chemotherapy in human tumours. To study
this, most of the clinical studies have utilized tumours from patients treated with neoadjuvant
chemotherapy and compared TIL infiltration prior to and following chemotherapy to assess the
anti-tumour immune response. Though sparse overall, the majority of these studies were done
in breast cancer?"- 22263 In one breast cancer study, patients who responded to anthracycline
therapy showed decreased intraepithelial Tregs in their post-chemotherapy tumours compared

262

to their matching pre-chemotherapy tumours*®2. This was quickly followed by a subsequent
study from the same group which found that a decrease in FoxP3" Tregs and an increase in
CD8" T cells in the post-chemotherapy tumours from breast cancer patients were associated
with increased survival®®. There has only been one study, by Polcher et al, which assessed
changes in TIL following carboplatin and docetaxel chemotherapy in HGSC?*. In 29 HSGC
patients, they saw an increase in the mean intraepithelial CD4", CD8", and GzmB™ T cells in
post chemotherapy tumours compared to the pre-chemotherapy tumours. Contrary to the breast
cancer studies, Polcher et al did not find a change in FoxP3* Tregs following chemotherapy.
Surprisingly, CD8" T cells, as well as the ratio of CD8"/FoxP3" T cells did not correlate with
survival in their analysis. Instead, a high Granzyme B*/FoxP3" cell ratio was strongly associated
with increased progression-free survival compared to patients with a low Granzyme B*/FoxP3* T
cell ratio in the tumour epithelium (median 17.88 v.s. 11.24 months respectively). Collectively,
these studies indicate that an increase in T effector cells over immunosuppressive Tregs confers a
more favourable outcome.
Other studies have associated the presence of TIL in pre-chemotherapy tumours

with response to anthracycline treatment. Two studies in breast cancer discovered that high
TIL infiltration was found in pre-treated tumours of patients who had complete pathological
responses compared to patients without a complete pathological response to anthracycline
treatment®®> 2, Complete pathological response (pCR) is defined as an absence of all invasive
disease in resected breast tumour tissue when examined by histopathology. In a triple
negative breast cancer study, pCR was significantly higher in tumours that had a higher TIL
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infiltration (37%) than those that had lower TIL infiltration (16%)*®. Another study found TIL
gene signatures in pre-chemotherapy tumours were associated with increased sensitivity to
anthracycline®’. Another study investigated the association between intraepithelial TIL density
and responses to platinum-based chemotherapy in HGSC and found high stromal CD3" and
CD8" T cells were predictive of responses to therapy, with a mean of 21 CD3" T cells/HPF and
9 CD8" T cells/HPF in chemosensitive tumours versus 8 CD3* T cells/HPF and 4.6 CD8" T
cells/HPF in chemoresistant tumours®®®. Studies investigating the correlation between TIL and
response to chemotherapy and infiltration following chemotherapy indicate the immune system
plays a role in the changing dynamics of cancer during standard treatment.

These clinical studies implicate that effector T cells play a pivotal role in treatment
outcome and ultimately survival. Unlike the experimental studies that focus on elucidating
the mechanism by which cytotoxic drugs trigger the release of ICD signals, these clinical
studies reveal the importance of T cells over an extended period of chemotherapy exposure.
Furthermore, chemotherapy is associated with relieving immunosuppression within the tumour
microenvironment as observed through a decrease in Tregs in some settings. The immunological
network does not involve only T cells; other immunological players and factors such as B cells,
TIA-1, PD-1, and PD-L1 are also associated with survival. These new studies promote further
investigation and validation of the change in composition of T cells as well as other immune

markers during the course of chemotherapy.

1.4. Rationale and aims

The immune system is in constant interaction with tumours. A robust immune response
against cancer requires a host of effector immune infiltrates and cytokines that favour an active
cytotoxic response. This requires phagocytosis of tumour cells by DCs, antigen processing and
presentation by DCs and B cells, and stimulation of CTLs by APCs with newly acquired tumour
antigens followed by killing of tumour cells by activated CTLs. The active cytotoxic killing

of tumour cells is predominantly carried out by activated CTLs. Thus, the ability of CTLs to



recognize tumour and release cytotoxic molecules against tumour cells are important aspects to
consider. GzmB has been the most studied cytotoxic molecule in effector T cells and its release
into target cells activates apoptosis via caspases. In the first experimental chapter of my thesis
(Chapter 2), we investigate if CD8" TIL, which are associated with good prognosis, express
GzmB in HGSC. We would expect CD8" GzmB* TIL to be actively involved in tumour killing
and therefore be surrounded by apoptotic tumour cells positive for cleaved Caspase-3 expression.
This chapter will address whether intraepithelial CD8* TIL are indeed cytotoxic in HGSC.

All advanced stage HGSC patients undergo standard treatment consisting of surgery
and chemotherapy. Several studies have now revealed that TIL composition undergoes changes
during the course of chemotherapy. These studies have shown chemotherapy can elicit an active
immune response against tumour cells, involving antigen presenting DCs and cytotoxic T cells,
through the release of ICD molecules in dying tumour cells. In addition, breast cancer studies
have shown a reduction of Tregs in post-chemotherapy tumours following anthracycline therapy,
suggesting a decrease in immunosuppression in the tumour microenvironment. These studies
demonstrate that chemotherapy can activate key infiltrates involved in tumour progression
as well as reduce the immunosuppressive mechanisms that allow for tumour survival and
progression, thus tipping the immune response in favour of tumour regression. In Chapter 3,
we investigate the change in the composition of immune infiltrates following carboplatin and
paclitaxel chemotherapy in HGSC. In this study, we utilize tumours from neoadjuvant patients
and compare pre- and post-chemotherapy tumours to observe a direct change. Toward the
long-term goal of developing effective immunotherapies for HGSC, these two chapters focus on
identifying the major changes in immune infiltrates that occur during standard treatment of this

challenging disease.
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2. Determining the functional status of CD8" TIL in HGSC

2.1. Background

It has been well established that the immune system plays a role in patient survival in
high grade serous carcinoma (HGSC). Clinical studies have found patients who have increased
CD3" and CD8" T cells in their tumours have improved overall survival* 4% 30.224.269 " [ one
study, patients with increased intraepithelial CD8" T cells had a median survival of 55 months
compared to patients with less intraepithelial CD8* T cells who had a median survival of 26
months*®. The association of increased CD8" T cells with prolonged survival in HGSC implies
that CD8" T cells may play an active role in anti-tumour immunity.

One of the primary mechanisms that CD8" T cells use to kill target cells is by inducing
apoptosis via the release of granzyme B (GzmB). Cytotoxic killer CD8" T cells (CTLs) contain
granules that house cytotoxic molecules such as perforin and GzmB'?". These cytotoxic
molecules are released upon recognition of virus infected cells, foreign cells, and cancer cells

by CTLs. Perforin is responsible for creating pores on the outer membrane of target cells and
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allowing entry of GzmB'?. GzmB, a serine protease, enters target cells and cleaves pro-caspases
which activates the caspase-dependent apoptotic pathways, leading to cell death!'? 3!, The
presence of GzmB has been found in different cancer types, including ovarian cancer, and its
presence has been associated with improved survival®® 135:270-271 - These studies indicate that
CTLs may use GzmB to kill tumour cells.

In this study, we investigate the prevalence of CD8* GzmB" TIL in HGSC. We identified
the presence of intraepithelial and stromal CD8* GzmB* and CD8" GzmB- T cells using multi-
colour immunohistochemistry (IHC) in a small cohort of 38 HGSC patients. We also correlated
the presence of TIL subsets with the presence of cleaved caspase-3* apoptotic tumour cells.
Based on prior studies, we hypothesize that there would be an increased cytotoxic CD8" GzmB™*
T cell population in tumours that have increased intraepithelial CD8" T cells, as well as an

increased abundance in neighbouring cleaved casapse-3* apoptotic tumour cells.

2.2. Methods

2.2.1. Patient cohort

A retrospective cohort of patients with ovarian cancer was compiled for this study. All
patients were previously recruited for the Immune Response to Ovarian Cancer (IROC) research
program. Patient cases that were pathologically diagnosed as LGSC, HGSC mixed subtype
tumours (mucinous, endometrioid, clear cell), and HGSC with undifferentiated/transitional
tumours were excluded from the analysis. All patients underwent adjuvant chemotherapy, and
tumour samples were obtained at the time of primary surgery prior to chemotherapy. A total of
38 HGSC patient cases were analysed. Only patients with a pathological diagnosis of high grade
serous/papillary subtype were included.

Formalin-fixed paraffin-embedded (FFPE) tumour samples were obtained and a tissue
microarray (TMA) previously constructed was used for this study. Each patient case contained

duplicate 1 mm cores. Some patient cases (n=7) contained duplicate cores from more than
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one tumour; these were subsequently quantified and the mean of the all the tumour sites were

calculated for those patient cases.

2.2.2. Multicolour immunohistochemistry

A CDS8, GzmB, and cleaved caspase-3 triple-stain IHC was manually performed. A
microtome (Model: Microm HM-355S) was used to section at 4 um sections onto Superfrost
plus slides (Fisher Scientific, Cat# 12-550-15). Tissue sections were incubated overnight at
37°C to allow them to adhere securely to the slides. Sections were deparaffinized in xylene,
followed by a series of ethanol and distilled water (dH,O) washes to hydrate the tissue prior to
staining. Following rehydration, heat-induced epitope retrieval was subsequently performed
using a decloaking chamber (Decloaking Chamber Plus, Biocare Medical, Concord, CA, USA,
Cat# DC08-1180) in a 1:10 dilution of Diva decloaking reagent (Biocare Medical, Concord,
CA, USA, Cat# DV2004MX). The decloaking chamber was set for antigen retrieval at 125°C
at the following settings: P1 at 125°C, P2 at 100°C with fan on, and P2 at 80°C with fan off.
Following antigen retrieval, sections were washed with dH,O and incubated, for 5 minutes at
room temperature, with Peroxidased-1 (Biocare Medical, Concord, CA, USA, Cat# PX968H),
a commercial hydrogen peroxidase solution to block endogenous peroxidase activity. The
sections were then washed in TBS-tween buffer and incubated for 10 minutes with Background
Sniper (Biocare Medical, Concord, CA, USA, Cat# BS966H), a blocking reagent used to reduce
nonspecific background staining, at room temperature. Sections were washed once more in
TBS-tween buffer prior to adding anti-CD8 mouse monoclonal antibody (1:200, Cell Marque,
Rocklin, CA, USA, Cat# 108M-95, Clone C8/144B) and anti-GzmB rabbit polyclonal antibody
(1:300, Abcam, Cambridge, MA, USA, Cat# ab4059) diluted in antibody diluent (1% BSA in
0.1% TBST), and incubated for 30 minutes at room temperature. Sections were washed again
with TBS-tween buffer and then incubated with MACH2 Double Stain 1 containing anti-mouse
AP polymer and anti-rabbit HRP polymer reagents (Biocare Medical, Concord, CA, USA,
Cat# MRCT523) for 30 minutes at room temperature. Sections were washed again with TBS-

tween buffer and signals were detected using 3, 3’-diaminobenzidine (DAB) (Betazoid DAB 2



chromogen kit, Biocare Medical, Concord, CA, USA, Cat# BDB2004) and Warp Red (Warp Red
chromogen kit, Biocare Medical, Concord, CA, USA, Cat# WR806) chromogens. Sections were
incubated with DAB for 3 minutes at room temperature, and washed in dH,O. Then the sections
were incubated with Warp Red for 8 minutes at room temperature, and washed in dH,O.

Next, antibodies were denatured with glycine SDS buffer (25mM glycine-HCI, 10%
SDS, pH 2) for 45 minutes at 50°C. Sections were washed with TBS-tween buffer and incubated
with anti-cleaved caspase-3 rabbit polyclonal antibody (1:500, Cell Signaling, Beverly,
MA, USA, Cat# 9661). They were followed by TBS-tween buffer washes and incubated
with MACH2 anti-rabbit HRP polymer reagent (Biocare Medical, Concord, CA, USA, Cat#
RHRP520) for 30 minutes at room temperature. Sections were washed in TBS-tween buffer and
secondary antibody was detected with Vina Green reagent (Vina Green chromagen kit, Biocare
Medical, Concord, CA, USA, Cat# BRR807A), then washed with dH,O. Sections were stained
with hematoxylin solution (1:10, Biocare Medical, Concord, CA, USA, Cat# CATHE-H) for 90
seconds at room temperature to visualize tissue architecture and washed in dH,O. Then, sections
were incubated with Tacha’s Bluing Solution (Biocare Medical, Concord, CA, USA, Cat#
HTBLU-M) for 30 seconds and washed once more. Finally, sections were air-dried and cover-
slipped using EcoMount mounting media (Biocare Medical, Concord, CA, USA, Cat# EM&97L).
Human tonsil tissues were used as positive controls for the primary antibodies. An optimization
TMA consisting of human tonsil, liver, and cancerous (breast and ovarian) tissues were used for
single-stain and no-antibody stain controls. Tumour tissues from mice that received adoptive
transfer (7 days post-treatment) from another experiment were used as positive controls for the
staining of GzmB and cleaved caspase-3 antibodies (both antibodies are reactive to human and

murine tissues).

2.2.3. Imaging and quantitative assessment of the immune infiltrates
For the multicolour stains, slides were imaged using the Vectra automated imaging
system (Perkin Elmer, USA). Initially, we attempted to quantitate these TIL subsets in both the

tumour epithelium and stroma using the automated imaging analysis from the inForm software.3



The software is developed to quantitate single- and double-positive cells in different tissue
compartments. First, we trained inForm to differentiate between tumour epithelium and stroma
using a representative set of images showing different HGSC tumour sites. This was followed
by training inForm to segregate the cell components (cell membrane, cytoplasm, and nucleus),
and quantify single- and double-positive cells in the different tissue compartments. The spectra
for each chromogen in the triple-colour images were separated by inForm software and positive
cells were quantitated if they contained a certain spectra representative of the stained chromogen.
When inForm was used for automated quantification, we found that inForm did not accurately
segregate the tumour epithelium from the stroma because differences in tissue architecture in
ovary/fallopian tube and omentum tissues. Hence, we decided to forgo our automated analysis.

We opted to manually count CD8*, GzmB*, and CD8" GzmB* TIL in the tumour
epithelium and stroma, as well as cleaved caspase-3* tumour cells. The mean was calculated for
all the cell subsets. Patients with cores from more than one tumour sites had their cell counts

averaged from all tumour sites.

2.2.4. Statistical analysis

Associations between the presences of different TIL subsets and between the presences
of TIL v.s. cleaved caspase-3* tumour cells were analysed. Absolute cell counts were used in
Spearman’s rank correlations. All statistical analysis was performed using GraphPad Prism 6.0

(GraphPad, La Jolla, CA, USA). P-values less than 0.05 were considered significant.

2.3. Results

2.3.1. Patient characteristics
We studied 38 HGSC patients in the IROC prospective cohort. The patient characteristics
are listed in Table 1. Briefly, the majority of the patients had stage I1IC (73.7%) tumours, while

the remaining patients were diagnosed with stage IV (15.8%), stage I1I (2.6%), 36



stage I1IB (2.6%), and stage IIC (2.6%). One case had no known stage or other clinical
information available. All patients had grade 3 tumours. Most of the patients had suboptimally
debulked tumours (76.3%) at time of their primary surgeries, while a smaller proportion had
optimally debulked tumours (21.1%). The primary surgical specimens quantitated for each

case were predominantly from a single tumour site, however, some cases had samples from two
tumour sites. Most of the primary tumours quantitated were from the omentum (50.0% of cases),
with the ovary as the second most common tumour site (34.2%). The remainder of the tumours
were from the fallopian tube (26.3%), peritoneum (5.3%), or abdominal wall (2.6%). All but
two of the patients received adjuvant chemotherapy (94.7%); one patient opted for alternative

therapy, while another had no available clinical data.
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Table 1. Patient characteristics of the IROC Prospective adjuvant-treated cohort

Characteristics

Age (years)
Mean
Median
Range

Grade —no (%)
1
2
3

Stage — no. (%)
IIC
111
I11B
[IcC
v
Unknown

Pre-chemotherapy tumour — no. (%)
Omentum
Ovary
Fallopian tube
Peritoneum
Abdominal wall

Debulking Status — no. (%)
Optimal
Suboptimal
Unknown

Chemotherapy — no. (%)
Adjuvant
No chemotherapy
Unknown

IROC Prospective Cohort (n=38)

65+ 29
66
40-83

0
0
38 (100%)

1 (2.6%)
1 (2.6%)
1 (2.6%)

28 (73.7%)

6 (15.8%)
1 (2.6%)

19 (50.0%)

13 (34.2%)

10 (26.3%)
2 (5.3%)
1 (2.6%)

8(21.1%)
29 (76.3%)
1 (2.6%)

36 (94.7%)
1 (2.6%)
1 (2.6%)
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2.3.2. Prevalence of CD8" GzmB* T cells in HGSC

We evaluated the prevalence of intraepithelial CD8" GzmB™ cytotoxic T cells in HGSC.
Representative IHC images of CD8" GzmB", CD8*, and GzmB* TIL are shown in Figure
3. In 36 patient cases that contained CD8" T cells in the tumour epithelium, CD8" GzmB* T
cells comprised 2% of the intraepithelial CD8"* T cell population (Figure 4A). Similarly, in 37
patient cases that contained CD8" T cells within the stroma, CD8* GzmB" T cells comprised
2% in the CD8" T cell population. Thus, we found an overall paucity of CD8* GzmB* T cells
in HGSC tumours. Next, we asked if the presence of CD8" GzmB* T cells was correlated with
the presence of increased CD8" T cells or GzmB* immune cells. We found a weak positive
correlation between intraepithelial CD8* GzmB* T cells and intraepithelial CD8" T cells
(r=0.3643, P=0.0245) (Figure 4B). In contrast, we found there was no significant correlation
between the presence of intraepithelial CD8" GzmB™ T cells and intraepithelial GzmB* TIL
(r=0.2835, P=0.0846) (Figure 4C). When we investigated if these correlations also exist in total
cell counts (intraepithelial and stromal), we found that the presence of total CD8" GzmB™ T cells

was not correlated with the presence of total CD8+ or GzmB+ TIL (Appendix A).

2.3.3. Evaluating the association between TIL and apoptotic tumour cells

We were interested in the prevalence of apoptotic tumour cells and its correlation with
the presence of CD8" T cells and GzmB" immune cells. Specifically, we assessed if there was a
higher abundance of cleaved caspase-3* apoptotic tumour cells in tumours with high infiltration
of intraepithelial CD8" T cells and GzmB" immune cells. We observed there was no significant
correlation between the abundance of cleaved caspase-3" apoptotic tumour cells with the
presence of intraepithelial CD8" T cells (r=0.2001, P=0.2283) (Figure 5A) . In contrast, the
presence of cleaved caspase-3* apoptotic tumour cells was not associated with the presence of
intraepithelial GzmB* immune cells (r=0.1037, P=0.5357) (Figure 5B). Representative IHC

images of cleaved caspase-3* tumour cells are shown in Figure 5C.
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Figure 3. Immunohistochemical staining of CD8* GzmB* T cells in HGSC. (A) Few
intraepithelial CD8" GzmB™ T cells (arrow) were present among CD8" T cells (red, arrowheads).
(B) CD8" GzmB- T cells (red, arrowheads) and GzmB™ TIL (brown, double arrowheads).
Magnification, 200X.
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Figure 4. Prevalence of intraepithelial CD8" GzmB"* TIL in HGSC. (A) Composition of
intraepithelial CD8" GzmB* T cells in intraepithelial CD8" T cell population. (B) Spearman’s r
correlation between the presence of intraepithelial CD8* GzmB* T cells and CD8" T cells. (C)
Spearman’s r correlation between the presence of intraepithelial CD8" GzmB* T cells and GzmB*
TIL.
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Figure 5. cleaved caspase-3* apoptotic tumour cells in HGSC. (A) Spearman’s r correlation
between the presence of intraepithelial CD8" T cells and cleaved caspase-3* tumour cells.

(B) Spearman’s r correlation between the presence of intraepithelial GzmB* TIL and cleaved
caspase-3* tumour cells. Strength of the correlation is shown in r value and statistical significance
is indicated by P value. Statistical significance is indicated with P<0.05. (C) Representative

IHC staining of cleaved caspase-3* tumour cells (green, arrows) in IROC073. CD8" GzmB- T
cells (red, arrowheads) and CD8 GzmB™ TIL (brown, double arrowheads) are also shown.

Magnification, 200X.

2.4. Discussion

In this study, we found that CD8" GzmB™* CTLs were exceedingly rare in HGSC tumour

epithelium. The positive association between the presence of intraepithelial CD8* T cells and

survival in patients has been indicated in a number of clinical studies*:#-3%51:26 * Studies have
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shown that tumour-specific CTLs can kill autologous tumour cells, indicating that CTLs are
responsible for direct tumour eradication'?*2"%273_ It is well established that CD8" T cells utilize
GzmB to actively kill their target cells?™?’>27®, From these previous studies, it was predicted
that CD8" GzmB™ T cells would be the dominant subset within the CD8* T cell population
in tumours with high intraepithelial CD8" T cell density. However, we found that few CD8"
GzmB" T cells were present in HGSC tumours. The lack of CD8" GzmB™* T cells may be due
to immunosuppression from the tumour. CTLs would be unfavourable for tumour survival
therefore limiting their localization in the tumour epithelium would prevent T cell mediated
tumour killing. Perhaps chemotherapy, which has been shown to alleviate tumour suppression,
would allow for easier access of the tumour epithelium by CTLs and there would be an increased
infiltration of CD8" GzmB* T cells*"-2¢%263_ This issue will be explored in the next chapter.
Besides GzmB release, CD8" T cells have alternative methods of inducing apoptosis in
cancer cells, such as Fas/FasL activation and RNA splicing by cytotoxic TIA-1 enzyme. The
Fas ligand (FasL) on T cells binds to Fas receptors (Fas) on the tumour cells and activates
the apoptotic pathway in the tumour cells?”’. Less is known about TIA-1, but a handful of
biochemical studies have found that TIA-1 fragments DNA in target cells which leads to
apoptosis'*® 37 Although less is known of TIA-1’s mechanism, besides being associated
with cytotoxic granules, studies have found TIA-1 to be associated with improved survival in
colon and ovarian cancers®-*>14 TIA-1 may play a more important role in T-cell mediated
tumour cytotoxicity, as recently indicated by a higher prevalence of TIA-1" TIL compared
to GzmB* in HGSC*. Another alternative is that CD8" T cells use a combination of these
cytotoxic mechanisms to mediate anti-tumour immunity. To further explore GzmB and TIA-1
mechanisms, flow cytometry assessing GzmB and TIA-1 from co-cultures of CTL (isolated from
patient tumours) with autologous tumour can indicate whether GzmB and TIA-1 are released
upon tumour interaction. Additionally, GzmB enzyme-linked immunospot assay (ELISPOT) can
also asses GzmB release from CTLs.

We also did not observe significant levels of cleaved caspase-3* tumour cells. The
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activation of caspase-3 to induce apoptosis is a transient event which could easily be missed
by IHC staining at a single time point. Thus, our methods only detect tumour cells undergoing
apoptosis at the time of primary surgery.

In summary, our results indicate that there is a paucity of intraepithelial CD8" GzmB*
T cells in HGSC tumours despite some tumours displaying high intraepithelial CD8" T cell
infiltration. We also found that tumours with high TIL do not have increased presence of
cleaved caspase-3* apoptotic tumour cells. Together, this suggests that CTLs may kill tumour
cells through multiple mechanisms (TIA-1, Fas-FasL and caspase-independent pathways) or
chemotherapy might induce CTL activation and killing in which case lead CD8" T cells to be

positively correlated with prolonged survival.
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3. The effects of chemotherapy on immune infiltrates in HGSC

3.1. Background

High grade serous carcinoma (HGSC) is the most aggressive subtype of ovarian cancer
and accounts for 70% of all diagnosed epithelial ovarian cancers®>. The current standard
treatment for HGSC is a combination of surgery and carboplatin plus paclitaxel chemotherapy.
In the past, adjuvant therapy, surgery followed by chemotherapy, was the standard treatment
protocol; however, neoadjuvant therapy, chemotherapy followed by surgery, is becoming a
common treatment in many cancer clinics. Studies that have compared the efficacy between
adjuvant and neoadjuvant therapies have found no significant differences in overall survival'"”
108,109,110 - Degpite the similar survival outcomes between the two therapies, neoadjuvant therapy

improves post-surgical outcomes such as higher rates of optimal tumour debulking, resolving
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ascites, and lower post-operative complications in patients with advanced stage disease. Thus,
more translational research on neoadjuvant therapy is needed as this is becoming increasingly
important and applicable in the clinical setting.

The association between the presence of TIL and survival in HGSC has been well
established. In several clinical studies, the increased presence of CD3" and CD8" T cells, CD20*
B cells, and other cytotoxic immune cells expressing TIA-1 have been correlated with prolonged
survival* 430224 Recently, a number of murine studies have suggested that chemotherapy
can enhance the anti-tumour immune response by eliciting immunogenic cell death (ICD) in
tumour cellg?#!:242243.245 - Certain chemotherapies, particularly anthracycline, have been shown
to induce apoptotic tumour cells to release ICD molecules, such as calreticulin, ATP, and
HMGB1%%. These ICD molecules are recognized by immature dendritic cells (DCs), which
engulf apoptotic tumour cells. Activated DCs then process and present new tumour antigens on
their cell surfaces. These new tumour antigens are recognized by naive T cells which in turn
become activated effector T cells with the potential to eradicate any remaining cancer cells. A
few clinical studies comparing pre- and post-chemotherapy samples from neoadjuvant-treated
patients have found an increase in CD8" T cells following chemotherapy?6> 2632, Additionally, a
decrease in FoxP3* Treg infiltration in post-chemotherapy tumours in breast cancer was reported
by Ladoire et al, and patients who had a high CD8"/FoxP3* T cell ratio showed a prolonged
survival?®? 26 In ovarian cancer, Polcher et al. found CD8" and GzmB* immune cells increased
following carboplatin plus docetaxel treatment in post-chemotherapy tumours, but FoxP3*

Treg infiltration remained unchanged®®. Together, these studies suggest the immune system is
stimulated during standard treatment and may play a role in tumour eradication.

In this study, we compare TIL composition in matched pre- and post-chemotherapy
tumours from neoadjuvant-treated HGSC patients. We performed immunohistochemistry (IHC)
using a comprehensive panel of immune markers that focused on T cells, B cells, macrophages,
cytotoxic cells, and the T cell exhaustion marker PD-1, to identify the immune cell phenotypes
present in the tumour epithelium. Based on the limited clinical studies investigating changes
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in TIL following chemotherapy, we hypothesize that there would be an increase in anti-tumour
immune cells such as T cells (CD3*, CD8"), B cells (CD20), and cytotoxic immune cells
(GzmB*, TIA-1%), and a decrease in immunosuppressive FoxP3* Tregs and PD-1" immune cells

following chemotherapy.

3.2. Methods

3.2.1. Patient cohort selection

A retrospective patient cohort receiving neoadjuvant carboplatin plus paclitaxel
chemotherapy was identified and collected for this study (Figure 6). Patients (1245 patient
cases) who received surgery for gynecological disease at Vancouver General Hospital (VGH)
between 2004-2012 were first broadly selected based on these surgical terms: debulking,
interval debulking, exploratory laparotomy, oophorectomy, hysterectomy, bilateral salpingo-
oophorectomy, intraperitoneal port, and removal of pelvic mass. The diagnostic pathologies
of the patients were identified using the British Columbia Cancer Agency’s (BCCA) Cancer
Agency Information System (CAIS). Patients diagnosed with subtypes other than HGSC were
excluded from the study (804 out of 1256 patient cases); this included LGSC, which has recently
been classified as a distinct subtype from HGSC. Patients who received adjuvant chemotherapy
were also excluded from the patient cohort (188 out of 441 HGSC patient cases). The exclusion
criteria further included patients who had interval debulking for recurrent tumours, radiation,
or had been diagnosed with any other cancers less than 5 years prior to diagnosis with HGSC.
Patients who received interval debulking from VGH, but had pre-chemotherapy biopsies
outside of VGH were also excluded as there was no access to these pre-chemotherapy biopsies
(179 out of 253 neoadjuvant HGSC patient cases). These exclusions narrowed the initial 1245
patient cohort to 74 cases that had possible pre- and post-chemotherapy tumours available from
OvCaRe’s tumour bank (BC Ovarian Cancer Research Team (Vancouver, B.C.)). A request was

sent to OvCaRe for formalin-fixed, paraffin embedded (FFPE) tissue blocks for these cases. Of
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these 74 requested cases, 31 had inaccessible pre- or post-chemotherapy biopsies: 24 cases had
unavailable pre-chemotherapy core-needle biopsies and 7 cases had missing pathology reports on
CAIS. Of note, in our post-chemotherapy Kaplan-Meier survival analysis, we used an additional
set of post-chemotherapy tumours from 18 of 24 cases with unavailable pre-chemotherapy core
needle biopsies but still had available post-chemotherapy tissues. In continuation with our
matching cohort selection, the elimination of the 31 cases further narrowed the cohort to 43
HGSC neoadjuvant-treated patient cases with available FFPE tissue from both pre-chemotherapy
biopsies and post-chemotherapy surgical resections. 17 of the 43 matched HGSC neoadjuvant-
treated patient cases did not have sufficient viable tumour present within the pre- and/or post-
chemotherapy FFPE blocks and were therefore excluded in the matched sample analysis. The
inclusion of these tumours in the tissue microarray (TMA) or as whole sections would have
eliminated the remaining tumour present in the original blocks. The tumours that had sufficient
viable tumour present in the FFPE blocks for whole sectioning (but not for TMA construction)
were, however, included in the analysis. In the end, a total of 26 HGSC neoadjuvant-treated
patients for the matching patient cohort were included in this study. Patients received carboplatin

plus paclitaxel chemotherapy.
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Figure 6. The process of selecting neoadjuvant patients for the study cohorts.
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A typical neoadjuvant-treated patient from the study cohort was first diagnosed with
gynecological malignancy by cytology using fine needle aspiration. The patient then received
exploratory laparotomy, a surgery of the abdominal region, as a form of primary surgery.
During exploratory laparotomy, complete debulking or removal of the tumour was intended
but unachievable due to disseminated disease within the abdomen. A biopsy of the tumour,
omentum being the dominant sampling site, was obtained for pathological diagnosis prior to
the termination of the surgery (Figure 7), and the patient was reported to have undebulkable
disease. After recovery from the unsuccessful primary surgery, the patient was given 3-4 cycles
of chemotherapy (starting dose: paclitaxel = 175 mg/m?, carboplatin = AUC x (GFR + 25)) with
each cycle administered every 21-28 days (GOOVCATX protocol, BCCA). Significant tumour
reduction from a well-tolerated response to chemotherapy was immediately followed by a second
surgery, referred to as interval debulking, to remove all residual abdominal tumour. Finally, the
patient was given several more cycles of chemotherapy until CT scans indicated the patient was

negative for tumour.
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Figure 7. Pre- and post-chemotherapy sample selection of neoadjuvant patients. Previous
TIL studies used tumour samples obtained at the time of primary surgery prior to carboplatin
plus paclitaxel chemotherapy. In this study, pre- and post-chemotherapy tumour samples were
collected at the time of primary surgery and interval debulking respectively.

3.2.2. Tissue microarray

FFPE blocks from the final patient cohort (26 cases) were for TMA construction. Tissue
areas containing viable tumour were identified from diagnostic hematoxylin & eosin (H&E)
slides and selected by a pathologist (B.A.C.) for TMA construction. Whenever tumour was
present, pre- and post-chemotherapy samples from pelvic and extra-pelvic sites were included
in the TMA. Pelvic sites, defined as the location from which the primary tumour arose, include
ovary and fallopian tube, pelvic tumour, and adnexa. Extra-pelvic sites are areas of tumour
metastasis, which include omentum, peritoneum, myometrium, uterus, intra-abdominal wall and

umbilical nodules, and cul-de-sac. The orientation of the FFPE tumour samples on the TMA wgl?



randomized and a TMA map was generated. A tissue microarray was constructed consisting of 1
mm duplicate cores of epithelial regions (identified on H&E stained slides) using a manual tissue
microarrayer (Beecher Instruments, Sun Prairie, WI, USA). Tissue blocks containing tumour
areas less than 1 mm in diameter were omitted from the TMA to avoid exhausting the tumour
in the original FFPE blocks. Instead, whole sections were sectioned from these tissue blocks
containing enough viable tumour for a series of immunohistochemical single-stains. TMA or

whole sections were used in subsequent immunohistochemistry (IHC) experiments.

3.2.3. Immunohistochemistry

Sections from the TMA or whole sections were stained with antibodies against 15
immune and functional markers (Table 2). All TMAs and FFPE blocks were consecutively
sectioned at 4 um onto Superfrost plus slides (Fisher Scientific, Cat# 12-550-15) using a
microtome (Model: Microm HM-355S). Tissue sections were incubated overnight at 37°C to
allow for them to adhere securely to the slides. Sections were deparaffinized in xylene, and
passed through a series of graded reagent alcohols to distilled water washes to hydrate the tissue
prior to automated IHC staining using the Ventana Discovery XT autostainer (Ventana, Tucson,
AZ, USA). All the markers, except CD103 and PD-1, were stained using the Ventana Discovery
XT autostainer. The tissue sections were stained sequentially according to the order that is
presented in Table 1. All kits and reagents used were obtained from Ventana (Ventana, Tucson,
AZ, USA). The Ventana’s standard Cell Conditioning 1 (CC1) protocol was used for antigen
retrieval. The CCI1 protocol consists of heat-induced antigen retrieval with a commercial Tris-
based antigen retrieval buffer, CC1 (Ventana, Tucson, AZ, USA, Cat# 950-124). All blocking
steps, to block non-specific binding in the tissue, were included in the Discovery DABMap kit
(Ventana, Tucson, AZ, USA, Cat# 760-124), which was used for detecting proteins of interest
with 3, 3’-diaminobenzidine (DAB). All antibodies were diluted in Antibody Diluent (Ventana,
Tucson, AZ, USA, Cat# 250-018), a buffered solution at pH=7.2-7.4, and diluted antibodies
were manually added to the slides according to the concentrations indicated in Table 2, before

proceeding with the automated staining. Antibodies were incubated for 60 minutes at room
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temperature followed by distilled water (dH,O) washes. A cross-adsorbed biotinylated goat
a-mouse immunoglobulin (IgG) secondary antibody or goat a-rabbit immunoglobulin (IgG)
secondary antibody (Jackson Immunoresearch, West Grove, PA, USA, Cat# 115-065-003 &
111-065-003) was manually added onto the slides at dilutions of 1:250 and 1:500 respectively.
Secondary antibodies were incubated for 32 minutes at room temperature and followed by
dH,O washes. The DABMap kit was used to detect the bound secondary antibodies with DAB,
and this was followed by counterstaining with hematoxylin (Ventana, Tucson, AZ, USA, Cat#
760-2021) and bluing solution (Ventana, Tucson, AZ, USA, Cat# 760-2037) . Slides were then
dehydrated in increasing alcohol dilutions and xylene prior to cover-slipping with Cytoseal-60
mounting media (Richard Allan, Kalamazoo, MI, USA, Cat# 23-244256). Human tonsil and
liver tissues were used as positive controls for all the primary antibodies. A tissue section from
the TMA stained without primary antibodies was used as a negative control.

Staining for CD103 and PD-1 was performed on Biocare Medical’s Intellipath FLX
autostainer (Biocare Medical, Concord, CA, USA). Tissue sections were incubated overnight at
37°C and deparaffinized in xylene followed by a series of graded alcohol washes. Heat-induced
epitope retrieval was subsequently performed using Decloaking Chamber Plus (Biocare Medical,
Concord, CA, USA, Cat# DC08-1180), and in a 1:10 dilution of Diva decloaking reagent
(Biocare Medical, Concord, CA, USA, Cat# DV2004MX). The decloaking chamber was set for
antigen retrieval at 125°C at the following settings: P1 at 125°C, P2 at 100°C with fan on, and
P2 at 80°C with fan off. Following antigen retrieval, sections were incubated for 5 minutes at
room temperature with Peroxidased-1 (Biocare Medical, Concord, CA, USA, Cat# PX968H), a
commercial hydrogen peroxidase solution to block endogenous peroxidase activity. They were
then washed with a TBS-tween wash buffer and incubated for 10 minutes at room temperature
with Background Sniper (Biocare Medical, Concord, CA, USA, Cat# BS966H), a blocking
reagent used to reduce nonspecific background staining. Sections were washed in TBS-tween
buffer and anti-CD103 rabbit monoclonal antibody and anti-PD-1 mouse monoclonal antibody

(Table 2) were incubated for 30 minutes at room temperature. All antibodies were diluted
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in Da Vinci Green diluent (Biocare Medical, Concord, CA, USA, Cat# PD900L). Sections
were washed again with TBS-tween buffer and followed by a 30-minute incubation at room
temperature with the following secondary antibodies: MACH2 anti-rabbit HRP and MACH?2
anti-mouse HRP polymer reagents (Biocare Medical, Concord, CA, USA, Cat# RHRP520H

& MHRP520G) for anti-CD103 and anti-PD-1 antibodies respectively. Following subsequent
buffer washes, secondary antibodies were detected using DAB reagent (intelliPATH FLX DAB
Chromagen kit, Biocare Medical, Concord, CA, USA, Cat# IPK 5010 G80) for 5 minutes at
room temperature and washed with dH,O. Sections were stained with hematoxylin solution
(Biocare Medical, Concord, CA, USA, Cat# CATHE-H) (1:10 dilution) to visualize tissue
architecture, and washed once more with dH,O. Sections were incubated with Tacha’s Bluing
Solution (Biocare Medical, Concord, CA, USA, Cat#¥ HTBLU-M) for 30 seconds and washed
once more. Slides were air-dried and cover-slipped using EcoMount mounting media (Biocare
Medical, Concord, CA, USA, Cat# EM897L). Human tonsil and liver tissues were used as
positive controls for the primary antibodies. A section stained without primary antibodies was

used as a negative control.
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Table 2. a-human antibodies for single-colour immunohistochemistry. Tissue sections were
stained in sequential order as displayed in the following table.

Antigen Clone Supplier Cat. No. Source  Dilution
CD3 SP7 Spring Bio M3074 Rabbit  1:150
CD4 SP35 Spring Bio M3354 Rabbit  1:150
CDS8 SP16 Spring Bio M3162 Rabbit  1:100
Granzyme B n/a Abcam ab4059 Rabbit  1:50
TIA-1 TIA1 Abcam ab2712 Mouse  1:50
cleaved Caspase-3 | n/a Cell Signalling 9661 Rabbit  1:50
FoxP3 ebio7979 eBioscience 14-7979 Mouse  1:50
CD20 n/a Spring Bio E2560 Rabbit  1:300
CD68 PG-M1 LabVision MS1808 Mouse  1:50
CD56 123C3.D5 LabVision MS204 Mouse  1:50
CDl1a 010 LabVision MS1856 Mouse  1:50
MHC Class I EMRS-5 MBL D226-3 Mouse  1:500
MHC Class 11 CR3/43 Affinity Bioreagents MAI-25914 Mouse  1:50
CD103 EPR4166(2) Epitomics 550258 Rabbit  1:1500
PD-1 NATI105 Cell Marque 315M-94 Mouse  1:200

3.2.4. Quantitative assessment and analysis of immune infiltrates

Stained slides were reviewed and positive cells were manually counted by two
pathologists (B.A.C. & S.S.), who were blinded to the patients’ clinical data and treatment
statuses. For the TMA stains, the absolute cell count of immune infiltrates in the intraepithelial
and stromal compartments were scored by either one of the pathologists. The pathologists
reviewed the slides together and arrived at a consensus of the scoring. For the whole section
scoring, an equivalent of two 1 mm core areas containing tumour were identified and scored for
intraepithelial and stromal immune infiltrates. Total tumour cells present within the cores were
also calculated. The mean intraepithelial, stromal, and tumour counts between duplicate cores
were calculated. Comparisons of the immune infiltrates were analysed for 4 characteristics:

intraepithelial density (division of the absolute intraepithelial cell count by tumour cell count and
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expressed as a density out of 100 tumour cells), total cell count (summation of intraepithelial and
stromal cell counts), absolute intraepithelial cell count, and absolute stromal cell count. Analysis
was performed on 26 patient cases with pre- and post-chemotherapy tumours from a combination
of both pelvic and extra-pelvic sites, as well as a subset of 18 patient cases with pre- and post-

chemotherapy tumours in extra-pelvic sites.

3.2.5. Imaging

For the single stains, slides were imaged using the Aperio imaging system (Leica
Biosystems, Germany) and image snapshots were taken at 100X and 200X magnification using
the downloadable Imagescope software.

For multicolour stains, slides were imaged using the Vectra automated imaging system
(Perkin Elmer, USA). The spectra for each chromogen was separated by inForm software
(Perkin Elmer, USA) to produce unmixed images. Unmixed images are individual images that
contain a single marker/chromogen; therefore, a triple-stain would have three separate unmixed
images. Composite images (a single image containing a composite of all the unmixed images)
were also produced. For each image core, unmixed and composite images were produced by

inForm. Unmixed images were used to guide manual scoring of TIL subsets.

3.2.6. Statistical analysis

The Wilcoxon matched pairs test was used for statistical analysis and was performed
using GraphPad Prism 6.0 (GraphPad, La Jolla, CA). A biostatistician (A.T.) performed
multiple testing using the false discovery rate method for all markers and for all measurements:
intraepithelial density, total cell count, and absolute intraepithelial and stromal cell count.
Power analysis was performed on all the markers (except cleaved capase-3, MHC I and II)
for intraepithelial cell density in the matched cohort (n=26) (Appendix B). P values were
adjusted according to the results from multiple testing analysis. P-values <0.05 were considered

significant.
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3.2.7. Heat-map

Heat-maps were generated using the online software CIMminer (Genomics and
Bioinformatics Group, NCI, discover.nci.nih.gov/cmiminer/). Three heat-maps were generated
to illustrate the changes in TIL densities and for comparing TIL densities present in only pre- or
post-chemotherapy tumours. In the heat-map that illustrates changes in TIL densities, differences
between TIL densities in pre- and post-chemotherapy tumours were calculated (i.e. post-
chemotherapy density — pre-chemotherapy density). In the second and third heat-maps, only the
densities from the pre- or post-chemotherapy tumours were used. Heat-maps were generated
using the One Matrix CIM and hierarchical clustering algorithm with complete linkage method
and Euclidean distances. The use of hierarchical clustering algorithms in immune markers can

be found in Zucchetto et. al*’.

3.2.8. Kaplan-Meier analysis

Survival analysis was performed using Graphpad Prism 6.0. To investigate whether
changes in TIL correlated with survival, we categorized the patients into increased (>2-fold
increase and de novo responses), decreased (>2-fold decrease), or “no change” (no TIL present
in tumours and sustained responses) in TIL response following chemotherapy. The log-rank
(Mantel-Cox) test was used to compare survival between the three groups. For survival analysis
on TIL densities in post-chemotherapy tumours, cut-offs to separate between low and high TIL
densities were determined using the downloadable X-tile software (Rimm Lab, Yale School of
Medicine). The patients were categorized based on low and high TIL densities and Kaplan-
Meier curves were produced for the following TIL markers: CD3, CDS8, CD20, TIA-1, PD-1, and

FoxP3.

3.3. Results

3.3.1. Patient cohort and treatment

A cohort of 26 HGSC patients with matching pre-chemotherapy biopsies and post-
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chemotherapy surgical specimens was used for the study. Patients received neoadjuvant
chemotherapy at VGH from 2004-2012. The clinical and histological characteristics of the
cohort are summarized in Table 3. The majority of the patients had well differentiated tumours
(88.4%), whereas others were diagnosed with poorly differentiated serous carcinoma (7.7%),
or a mixture of well differentiated and poorly differentiated serous carcinoma (3.8%). Most
of the patients had grade 3 tumours (61.5%), while one patient had grade 2 tumour (3.8%),
and the remaining patients did not have their tumour grades reported (34.6%). The majority
of the patients had stage IIIC disease (80.8%), whereas the remaining patients were recorded
as stage III (11.5%), or stage IV (7.7%). The most common biopsy procedure for obtaining
pre-treatment tissue was exploratory laparotomy (73.1%), followed by omentectomy (26.9%),
bilateral salpingo-oophorectomy (15.4%), hysterectomy (7.7%), or omental core biopsy (3.8%).
Most biopsies were obtained from the omentum (73.1%), whereas others were taken from ovary
(26.9%), colon and abdominal regions (23.1%), fallopian tubes (19.2%), other metastatic regions
(19.2%), peritoneum (7.7%), pelvic tumour (7.7%), or uterus (7.7%).

All 26 patients received carboplatin plus paclitaxel chemotherapy as their neoadjuvant
chemotherapy regimen. Patients had between 3 to 6 cycles (mean=4) of chemotherapy prior
to interval debulking. The majority of the patients responded well to chemotherapy (88.5%);
however, one patient responded poorly (3.8%), and two cases had no indication of response in
their medical narratives (7.7%). The mean serum CA-125 prior to chemotherapy was 7,314.10
kU/L (median=1,522 kU/L; range=28-130,000 kU/L), which dropped to a mean of 72.18 kU/L
after chemotherapy (median=36 kU/L; range=7.8-370 kU/L). During interval debulking surgery,
most patients were optimally debulked (61.5%), while the remaining patients were suboptimally
debulked (38.5%). Most post-chemotherapy tumour samples were resected from the omentum
(69.2%), followed by ovary (57.7%), fallopian tube (46.2%), other metastatic regions (27%),

colon and abdominal regions (23.1%), or uterus (19.2%).
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Table 3. Clinical characteristics of the neoadjuvant patient cohort

Characteristics
Age —yr
Mean
Median
Range

Histologic type and grade — no. (%)
High grade serous carcinoma

Matched Neoadjuvant Patients
61

60
44-82

23 (88.4%)

Poorly differentiated serous 2 (7.7%)
High grade serous carcinoma & 1 (3.8%)
poorly differentiated serous
Grade —no. (%)
1 0
2 1 (3.8%)
3 16 (61.5%)
Not reported 9 (34.6%)
Stage — no. (%)
111 3 (11.5%)
ic 21 (80.8%)
v 2 (7.7%)
Method of biopsy — no. (%)
Bilateral salpingo-oophorectomy 4 (15.4%)
Hysterectomy 2 (7.7%)
Laparotomy 19 (73.1%)
Laparoscopy 2 (7.7%)
Omentectomy 7 (26.9%)
Omental core biopsy 1 (3.8%)
Pre-chemotherapy tumour — no. (%)
Ovary 7 (26.9%)
Fallopian tube 5(19.2%)
Omentum 19 (73.1%)
Peritoneum 2 (7.7%)
Pelvic tumour 2 (7.7%)
Uterus 2 (7.7%)
Colon & Abdomen 6 (23.1%)
Other 5(19.2%)
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Table 3. Clinical characteristics of the neoadjuvant patient cohort (continued)

Characteristics
Post-chemotherapy tumour — no. (%)
Ovary
Fallopian tube
Omentum
Uterus
Colon & Abdomen
Other

Number of chemotherapy cycles prior to
interval debulking

Mean

Range

Serum CA-125 at entry (kU/L)
Mean
Median
Range

Serum CA-125 before interval debulking
surgery (kU/L)

Mean

Median

Range

Response to Chemotherapy
Well
Poor
No indication in medical narratives

Interval debulking status — no. (%)
Optimal
Suboptimal

Matched Neoadjuvant Patients

15 (57.7%)
12 (46.2%)
18 (69.2%)
5(19.2%)
6 (23.1%)
7 (26.9%)

4
3-6

7314.10
1522
28-130 000

72.18
36
7.8-370

23 (88.5%)
1 (3.8%)
2 (7.7%)

16 (61.5%)
10 (38.5%)

Laparotomy comprises of subspecifc procedures such as bilateral salpingo-oophorectomy, hysterectomy, and

omentectomy.
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3.3.2. Changes in immune cell infiltration following chemotherapy

To determine the effects of chemotherapy on TIL in HGSC, we performed IHC with
a comprehensive panel of immune markers and enumerated different TIL subsets in tumour
samples collected before and after chemotherapy. The cohort consisted of 26 patients with
matching pre-chemotherapy biopsies and post-chemotherapy specimens, thus allowing for a
direct comparison of changes in TIL during treatment. Tissue specimens were stained using
H&E to assess the amount of viable malignant tissue in each sample. Pre-chemotherapy
samples typically contained a high proportion of viable tumour cells. By contrast, the majority
of post-chemotherapy tumour samples exhibited histological features indicative of a response
to treatment, including the presence of histiocytes or foamy macrophages, scattered clusters of
tumour cells, extensive areas of fibrotic stroma, and high abundance of immune infiltrate clusters
in the stroma (Figure §). The extent of these features varied widely between patients, indicating
a high degree of heterogeneity, with some post-chemotherapy samples showing high tumour

viability and others showing extensive morphological changes.
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Figure 8. Morphological changes due to the effects of chemotherapy. Higher frequency of
morphological changes in post-chemotherapy tumours compared to matching pre-chemotherapy
tumours of neoadjuvant HGSC patients. (A) psammoma bodies (B) atypical cell morphology (C)
histocytes. Arrows represent the cell types included above. Original magnification, (A) 100X,
(B & C) 200X.
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We assessed the extent of apoptotic tumour cell death by performing IHC for cleaved
caspase-3, which is an indicator of caspase-mediated apoptosis. We found that very few tumour
cells with intact nuclei expressed cleaved caspase-3 in either pre- or post-chemotherapy tumours,
and their abundance did not change following treatment (Figure 9). In contrast, there were more
apoptotic bodies seen in pre-chemotherapy tumours, and these decreased significantly in post-
chemotherapy tumours (p=0.0007) (Figure 9 and Table 4). These apoptotic bodies were often
difficult to distinguish the original cell types, but appeared to include tumour cells, granulocytes,
and mononuclear inflammatory cells. An increased number of cleaved caspase-3* apoptotic
bodies was often found in areas of necrosis and inflammation. Despite a decrease in the number
of viable tumour cells observed in post-treated tumours, the lack of overall cleaved caspase-3*
apoptotic bodies found within the tumour epithelium suggest that most of the remaining
malignant cells were not undergoing cell death at the time of interval debulking. Alternatively,
the selection of viable tumour areas for our TMA construction might contribute to this observed

phenomenon as well.
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tumour cells apoptotic bodies

Cells per Core

Pre-chemotherapy

Mot

Figure 9. cleaved caspase-3 expression in tumour and apoptotic bodies following
chemotherapy. (A) Paired comparison of cleaved caspase-3 expression on tumour cells and
apoptotic bodies in pre- and post-chemotherapy from matched patient samples (n=25). P values
were calculated using the Wilcoxon matched pairs test with Pratt’s method. (B) Representative
immunohistochemical staining pattern of cleaved caspase-3 expression prior to and after

chemotherapy from a neoadjuvant patient. Magnification, 100X.
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Next, we performed IHC for several immune cell markers. The surface markers used
to identify the immune cell types included: dendritic cells (CD1a-marker of immature DCs), T
cells (CD3, CD4, CDS), B cells (CD20), NK cells (CD56), and macrophages (CD68). We also
included functional markers such as intraepithelial-associated integrin molecule a b, (CD103),
Tregs (FoxP3), cytotoxic markers (Granzyme B (GzmB), TTIA-1), T cell exhaustion (PD-1), and
MHC I and II. Representative IHC images of T cells and B cells and functional markers from
one patient are shown in Figures 10 and 11 respectively. TIL were enumerated by licensed
pathologists who were blinded with regard to treatment status. TIL were enumerated separately
in the epithelial and stromal regions of the tumour. Due to the wide variability in the amount of
viable tumour epithelium between samples, we also used intraepithelial TIL densities, in addition
to absolute cell counts, when comparing samples. Intraepithelial TIL densities were calculated
by dividing the absolute intraepithelial TIL count by the number of epithelial tumour cells. We
observed increases in intraepithelial T cells (CD3*, CD4", CD8") following chemotherapy. CD3*
T cells were frequently found in pre-chemotherapy tumours (mean=11.17 CD3" T cells/100
tumour cells), and the presence of CD3* TIL significantly increased in post-chemotherapy
tumours (mean=24.33 CD3" T cells/100 tumour cells, P=0.014) (Figure 12 and Table 4).
Similarly, CD8" T cells were commonly present in pre-chemotherapy tumours (mean=10.39
CDS8* T cells/100 tumour cells), and increased in infiltration following chemotherapy
(mean=20.38 CD8&" T cells/100 tumour cells, P=0.0147). Pre-chemotherapy tumours also
had CD4"* TIL (mean=7.084 CD4" T cells/100 tumour cells), and they significantly increased
following treatment (mean=20.41 CD4" T cells/100 tumour cells, P=0.01087). In contrast to
T cells, intraepithelial CD20" B cells were lower in abundance in pre-chemotherapy tumours
(mean=0.3237 CD20" B cells/100 tumour cells), but had the most definitive increase following

treatment (post-chemotherapy mean=1.174 CD20" B cells/100 tumour cells, P=0.0044).
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Pre-chemotherapy

Figure 10. Immunohistochemical staining pattern of immune cell infiltration following
chemotherapy. Representative immunohistochemical staining pattern of CD3", CD4*, CD8"

T cells, and CD20" B cells before and after chemotherapy of a neoadjuvant patient (CD3 100X
magnification; CD3, CD4, CD8, CD20 200X magnification). Markers were stained in sequential
order and images are in the same tumour location with examples of intraepithelial CD3" T cells
(arrows) and stromal CD3* T cells (arrowheads).
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Figure 11. Immunohistochemical staining pattern of functional TIL markers following
chemotherapy. Representative immunohistochemical staining pattern of FoxP3*, TIA-17,
CD103", and PD-1" T cells before and after chemotherapy of a neoadjuvant patient (FoxP3
100X magnification; FoxP3, TIA-1, CD103, PD-1 200X magnification). Markers were stained
in sequential order and images are in the same tumour location with examples of intraepithelial
FoxP3" T cells (arrows) and stromal FoxP3" T cells (arrowheads).
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Figure 12. Intraepithelial density of immune cells following chemotherapy. Density of each
marker within the tumour epithelium was compared in matched pre- and post-chemotherapy

tumour samples (n=26, CD56, CD103, FoxP3, PD-1 n=25) using immunohistochemistry. P
values were calculated using the Wilcoxon matched pairs test with Pratt’s method and adjusted

for multiple testing. Statistical significance * P<0.05, ** P<0.01, *** P<0.001
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Table 4. Changes in TIL density and absolute cell counts following chemotherapy in HGSC matching cohort (n=26)

Marker Intraepithelial Density Total Count Intraepithelial Count Stromal Count
] @]

g g 3 g | £ | 3 E | E| 8 =l 8| 8

5) 5] = ) 9 = Q 9 =] Q 1) =

= e 9] = = O = = 9] = = O

@) ? 8 ) O @ 8 ) O ? 8 ) O ] 3} Q

o 2 = = o @ = = O 2 =i = O 2 & =

& 4 S g & | & | S | & | & | S | & | & S g

g z 8 ~ | §|s| E|~|g|s| E|=~|g|s| & |~

T | % |2 g | 5|3 5|52 §13 |3

= | 2 | = = |2 | ° R S| 2|3
CDl1a 0.2361 0.1292  0.00 0.8946| 1.50 0.50 0.00 0.6022| 1.00 0.50 -0.125 0.4538| 0.00 0.00 0.00 0.9237
CD3 6.977 18.10 6.755 0.0140 | 137.8 204.8 38.00 0.2096|40.13 81.75 12.75 0.2418|99.50 131.3 13.92 0.4467
CD4 6.541 9.883  3.935 0.0187| 64.38 90.00 15.38 0.4541|34.88 50.25 14.00 0.3034(27.13 28.50 1.25 0.9237
CDS8 6.808 12.80 6.654 0.0147 | 103.0 174.8 40.50 0.1222|38.63 42.63 1.750 0.3034|39.00 74.75 14.00 0.1528
CD20 0.2026 1.026  0.4920 0.0044 | 9.50 21.00 4.75 0.1560|1.125 3.125 1.125 0.0696|6.125 18.25 4.25 0.1596
CD56 0.1132 0.09524 0.00 0.8946| 2.00 1.00 -0.750 0.1902|0.750 0.500 -0.250 0.6796[0.500 0.250 0.00 0.4467
CD68 7.435  9.017 1.00  0.5908 | 127.30 103.1 -14.25 0.4914|38.00 31.63 -3.750 0.7977|84.75 66.50 0.3750 0.8476
CD103 4222 1134 3.683 0.0432 | 46.00 67.50 6.50 0.3686|20.50 36.00 1.50 0.7663|15.75 25.00 10.75 0.4467
FoxP3 1.179  2.126 0.0889 0.2149 | 54.00 47.50 4.00 0.9842| 6.50 6.75 -0.75 0.9315|45.50 28.50 -5.00 0.9237
Granzyme B Too few differences for calculation | 3.125 5.250 3.00 0.0449| 0.0 0.125 0.0 0.5698|2.250 4.00 3.00 0.1152
TIA-1 2278 3309 1.813 0.0132 | 24.13 34.63 15.13 0.0449|11.75 13.25 7.50 0.1680|11.75 24.63 5.50 0.1528
PD-1 1.333  1.800 0.6816 0.0140 | 11.00 11.75 1.417 0.2569| 6.50 6.50 1.25 0.1680| 3.50 4.500 0.0 0.9237
cleaved Caspase-3 tumour cells N/A 2.50 4.00 00 04914 N/A N/A
cleaved Caspase-3 apoptotic cells N/A 17.50 3.250 -14.00 0.0112 N/A N/A
MHC 1 N/A 1.00 1.667 0.00 0.7617 N/A N/A
MHC 11 N/A 1.00 1.00 0.25 0.0448 N/A N/A

P values are calculated using Wilcoxon matched pairs test with Pratt’s method and adjusted for multiple testing. Bolded values indicate statistical significance of

P<0.05, P<0.01, P<0.001
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To investigate the functional phenotype of tumour-infiltrating T cells, we analysed
the markers GzmB, TIA-1, FoxP3, CD103, and PD-1. We observed very few intraepithelial
GzmB" cells present in tumours prior to (mean=0.103 GzmB* cells/100 tumour cells) and
following chemotherapy (mean=0.179 GzmB" cells/100 tumour cells). The differences in GzmB
intraepithelial density infiltration between pre- and post-chemotherapy samples were too few that
Wilcoxon analysis was not achievable (Figure 12). In contrast to GzmB* TIL, TIA-1* TIL were
more abundantly found in tumours (pre-chemotherapy mean=2.420 TIA-1" cells/100 tumour
cells, post-chemotherapy mean=6.281 TIA-1" cells/100 tumour cells) and significantly increased
following chemotherapy (P=0.0132) (Figure 12 and Table 4). Furthermore, we assessed the
infiltration of CD103* T cells, which have been identified as being important in recognizing
and killing tumour cells in cancer?”®- 28281 CD103* T cells were frequently found in the tumour
epithelium (mean=7.931 CD103* T cells/100 tumour cells) of pre-chemotherapy samples and
moderately increased following chemotherapy (post-chemotherapy mean=13.64 CD103" T
cells/100 tumours, P=0.0432) (Figures 12 and Table 4).

Next, we investigated markers that have been associated with immune suppression,
including immunosuppressive FoxP3* Tregs and the T cell exhaustion marker PD-1. Pre-
chemotherapy tumours had modest numbers of FoxP3* Tregs (mean=1.547 FoxP3" T cells/100
tumour cells), and did not significantly change following treatment (mean=2.623 FoxP3* T
cells/100 tumour cells) (Figures 12 and Table 4). There were also modest numbers of PD-1* TIL
in pre-chemotherapy tumours (mean=1.934 PD-1* TIL/100 tumour cells), but there was a strong
increase in intraepithelial PD-1" TIL in post-chemotherapy tumours (mean=6.071 PD-1" TIL/100
tumour cells, P=0.014) (Figure 12 and Table 4). Thus, there was an overall increase in TIA-17,
CD103", and PD-1" TIL, but no overall change in FoxP3* Tregs following chemotherapy.

Changes in CD68" macrophages, CD56" NK cells, and CD1a" DCs were also explored.
CD68" macrophages were frequently found in pre-tumour samples (mean=9.876 CD68*
macrophages/100 tumour cells), but no significant change was found following chemotherapy
(mean=10.80 CD68" macrophages/100 tumour cells) (Figure 12 and Table 4). In contrast,
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very few CD56" NK cells were observed in both pre- and post-chemotherapy tumours (pre-
chemotherapy mean=0.3195 CD56" NK cells/100 tumour cells, post-chemotherapy mean=0.2447
CD56" cells/100 tumour cells) and their densities remained stable following treatment. Similarly,
few CD1a" DCs were present within the tumours (pre-chemotherapy mean=1.685 CD1a"
DCs/100 tumour cells, post-chemotherapy mean=1.550 CD1a" DCs/100 tumour cells) and their
densities did not alter either. Intraepithelial densities of these subsets did not change following
chemotherapy. In addition, we analysed the tumour cell expression of MHC class I and II.
Although MHC class I expression on tumours did not change with chemotherapy, we found
MHC class II expression was increased (P=0.0112), as indicated by stronger staining intensity

(Figure 13 and Table 4).
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Figure 13. MHC class I & II expression following carboplatin and paclitaxel treatment.

A comparison of MHC I and II expression of tumour cells between matched pre- and post-
chemotherapy tumour samples (n=24) by immunohistochemistry. Expression was evaluated by
staining intensity levels of 0 = negative, 1 = weak, 2 = strong. P values were calculated using the
Wilcoxon matched pairs test with Pratt’s method. Statistical significance * P<0.05, ** P<0.01,
*x% P<0.001.

Lastly, we assessed the absolute number of TIL in total, intraepithelial, and stromal cell
count. After multiple testing and adjustment of the P values, we observed significant increases
in total cell infiltration of GzmB™ (P=0.0449)and TIA-1* (P=0.0449) TIL (Appendix C). In
contrast, there were no significant changes in absolute intraepithelial and stromal cell infiltrations

in any of the markers.
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Originally, we intended to analyze TIL from both pelvic and extra-pelvic sites because a
potential caveat is that TIL can vary between pelvic and extra-pelvic sites, which could confound
our results. However, comparisons of pelvic tumour samples alone would not allow for strong
statistical analysis due to a limited number of available matching pre- and post-chemotherapy
samples and variable tumour viability from pelvic sites (n=3). By contrast, within the 26 case
cohort, 18 cases had matching pre- and post-chemotherapy tumour samples from extra-pelvic
tumour sites. These patients showed similar trends to those seen in the larger cohort (Appendix

D), thus, the observed changes in TIL patterns appeared to be independent of tumour sites.

3.3.3. Relationships between TIL subsets following chemotherapy

The increased TIL densities observed following chemotherapy led us to investigate about
the relationships between TIL subsets. First, we evaluated PD-17 T cell population, since PD-1
represents an important immunomodulatory target. To evaluate this, we compared the proportion
of PD-1" cells to CD3", CD8", and CD103" T cells present in pre- and post-chemotherapy
samples. Despite an increase in PD-1" TIL following chemotherapy, we found the ratio of PD-
1" cells to CD3*(P=0.2643), CD8" (P=0.7310), and CD103" (P=0.1266) T cells did not change
(Figure 14). This indicated that the percentage of T cells that were PD-1"* remained stable during

treatment.
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Figure 14. Ratio of PD-1" to T _ cells following chemotherapy. Proportion of intraepithelial
PD-1" immue cell density to CD3*, CD8", and CD103" T cells prior to and following
chemotherapy. P values were calculated using the Wilcoxon matched pairs test with Pratt’s
method. Statistical significance * P<0.05, ** P<0.01, *** P<0.001.
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Next, we explored whether increases in TIL following chemotherapy were de novo
responses. In total, 11/26 (42%) patients showed an increase in B cell infiltration (Figure 15).
Of these 11 patients, 7/26 (27%) were scored as negative for CD20" B cells at baseline yet were
positive for CD20" B cells following chemotherapy. The other 4/26 patients (15%) were positive
for CD20" B cells at baseline and showed a >2-fold increase after chemotherapy. As for T cells,
14/26 (54%) and 13/26 (50%) patients showed an increase in CD3* and CD8" TIL respectively.
In all these patients, the observed increases reflected enhancement of pre-existing CD3* or CD8*
TIL rather than the induction of de novo responses. Finally, we observed that the majority of
TIA-1" and PD-1" TIL increases also had pre-existing TIL and found 9/26 (34.5%) patients and
10/25 (40%) patients showed a >2-fold increase in TIA-1" and PD-1" TIL densities following
treatment respectively. Thus, with the exception of seven cases in which de novo CD20" B cell
responses were seen, the observed increases in TIL reflected the enhancement of pre-existing TIL
responses.

Finally, we assessed whether certain TIL subsets changed together following
chemotherapy. Using hierarchical clustering, we found that T cell subsets changed together
following treatment; specifically, changes in CD3" T cells were associated with similar
changes in CD4", CD8" T cells, or both (Figure 16). Additionally, changes in CD8" T cells
were associated with increases in CD103", TIA-17, and PD-1" TIL. A subset of those patients
also had increase in CD20" B cells and CD68" macrophages. In contrast, changes in T cell
infiltrations did not associate with changes in FoxP3" Treg infiltration following treatment. We
also observed which TIL subsets were present together in pre- and post-chemotherapy tumours
separately (Appendix E, F). We found that T cells, CD68" macrophages, and CD103" TIL were
commonly present together in high abundances, while FoxP3" Tregs were found at moderate
levels in both pre- and post-chemotherapy tumours. However, pre-chemotherapy tumours had
low abundances of CD20" TIL and moderate abundances of TIA-1" and PD-1" TIL, while post-
chemotherapy tumours exhibited higher levels of CD20", TIA-17, and PD-1* TIL. Thus, these
results suggest post-chemotherapy tumours contain a network of immune infiltrates in the tumour
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microenvironment different from pre-chemotherapy tumours.

CD3 CD8 CD20
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26 patients
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Figure 15. Types of TIL responses following chemotherapy. The types of lymphocyte
infiltration following chemotherapy were defined as: de novo (no TIL before chemotherapy, but
TIL present after chemotherapy), >2-fold TIL increase after chemotherapy, none (no TIL before
and after chemotherapy), sustained (neither >2-fold TIL increase/decrease after chemotherapy),
and >2-fold TIL decrease after chemotherapy. The percentage of cases showing each TIL
response are reported for the matched cohort (n=26).
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Figure 16. Hierarchical clustering to assess associations between TIL subsets during
chemotherapy. A heatmap depicts the differences in TIL infiltration (difference= TIL

density in post-chemotherapy — TIL density in pre-chemotherapy) in matching cohort (n=26).
Unsupervised clustering algorithm with complete-linkage method and Euclidean distances was
used. The rows represent patient cases and columns represent TIL markers indicating decreases
(green) and increases (red). Missing data due to unavailable tissue are represented in white.
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3.3.4. Increased T cell infiltration correlates with prolonged survival

Although our sample size was small, we assessed trends in survival associated with
TIL infiltration. A previous study from our lab found patients with high CD8" and CD20" TIL
experienced a prolonged survival, but no study to date has investigated if these correlations are
maintained following chemotherapy'®*. Thus, we investigated if TIL were correlated with overall
survival in post-chemotherapy tumours. We performed Kaplan-Meier analysis on intraepithelial
CD3, CD8, CD20, TIA-1, PD-1 and FoxP3 TIL densities in post-chemotherapy tumours from a
combination of the matching (n=26) and non-matching “post-chemotherapy only” (n=18) cohorts
(total n=44). For each marker, X-tile software was used to determine an optimal cut-off to
identify high and low TIL densities. None of the cut-offs generated were significant (Appendix
G), but survival analyses were performed nevertheless to observe trends. Patients with high
CDS8" TIL densities (>2.18 CD8" cells/200 tumour cells) had prolonged survival compared
to patients with low CD8* TIL (<2.18 CD8" cells/100 tumour cells) (P=0.0297, HR=0.3288)
(Figure 17). The other TIL subsets were not statistically correlated with survival, although
patients with high CD20" TIL showed a trend toward increased survival (P=0.0731, HR=0.4925).
By contrast, patients with high TIA-1" TIL showed a trend toward decreased survival (P=0.0919,
HR=1.983). We also investigated whether changes in TIL densities following chemotherapy
correlated with overall survival, using the log-rank test in the matching cohort (n=26). Patients
with two-fold or greater increase in intraepithelial CD8" TIL density following chemotherapy
showed increased survival compared to patients who maintained a similar CD8" TIL density
(P=0.0148) (Appendix H). However, there was no difference in overall survival between
patients who had an increase in CD8" T cell density compared to those with decreased CD8" T
cell density. This suggests that this sample size (n=26) is not sufficient to distinguish between

patients with an increase, decrease, or sustained TIL infiltration.
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Figure 17. Kaplan-Meier analysis of intraepithelial TIL density in post-chemotherapy
tumours and overall survival. Survival analysis includes the combined matched cohort (n=26)
and non-matching cohort (n=18). For each graph, the blue line represents the cases with TIL
density above the cut-off (number of positive cells/100 tumour cells), and the red line represents
the cases with TIL density below or equal to the cut-off.

77



3.4. Discussion

Neoadjuvant chemotherapy has become increasingly popular for clinical management
of advanced ovarian cancer. Currently, only a few studies have investigated the effects of
chemotherapy on the immune response against cancer**>26% 2%, In this study, we observed that,
as expected, post-chemotherapy tumours often displayed morphological changes attributable to
carboplatin plus paclitaxel treatment. We found tumours exhibited higher frequency of fibrosis,
histocytes or foamy macrophages, scatter clusters of tumour cells, and higher abundance of
immune aggregates within the stroma, which is in agreement with other studies 28> 283284,

Some tumours exhibited a heightened response to chemotherapy as indicated by the
presences of scattered, solitary, small tumour clusters, making inclusion of certain patient cases
for analysis difficult. For these cases, whole sections were used for IHC because of minimal
tissue, or they were entirely omitted from the experiment to avoid exhausting the viable tumour
in the FFPE blocks. This is one of the factors contributing to the limited numbers in our patient
cohort. Additionally, many of the neoadjuvant-treated patients had their pre-chemotherapy
biopsies across BC and were unavailable to us for our matched comparison analysis. As
neoadjuvant chemotherapy is becoming more prominent in clinic, there will be more available
post-chemotherapy tumour tissue from neoadjuvant-treated patients available for future studies.

Genomic instability and high intratumoural heterogeneity is common in HGSC and a
number of different tumour cell clones have been found within the same patients’ tumours?,
To account for intra-heterogeneity of TIL subsets, we opted to assess TIL from both pelvic and
extra-pelvic sites whenever tumour was available. Interestingly, a study to be published in the
near future from our lab and Sohrab Shah’s suggest that despite high heterogeneity in tumour
clones exist from one tumour site to another within a single HGSC patient, however, the immune
infiltrates are remarkably consistent from one tumour site to another. Therefore, despite the
low number of cases in our cohort to study TIL in pelvic and extra-pelvic sites separately, our
approach in studying changes in TIL following treatment from all tumour sites remains a valid

approach as seen from the similar results in our 18 patient case sub-cohort (pre- and post-
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chemotherapy extra-pelvic tumours) .

We observed an increase in intraepithelial T cells following chemotherapy, while Treg
infiltration remained unchanged. This is in concordance with the increase in CD4" and CD8*
T cells following chemotherapy and unchanged FoxP3* infiltration reported by Polcher et
al***. While Polcher et al reported the mean absolute intraepithelial TIL counts, we did not
find significant results within our mean absolute intraepithelial CD4*, CD8", and FoxP* TIL
counts following treatment. This may be due to the high level of heterogeneity in respect to
the abundance of viable tumour cells. We, therefore, quantified intraepithelial TIL density to
standardize our cell counts. With this correction, our intraepithelial density results confirmed
Polcher et al’s observations. Studies in breast cancer have reported similar results of increasing
TIL following exposure to chemotherapy agents, such as anthracycline and paclitaxe]®®!: 262 286,
One study involving esophageal squamous cell carcinoma found 5-fluorouracil plus cisplatin
induced CD4* and CD8" T cell infiltration into the tumour epithelium?’. In contrast to effector
TIL, there are mixed results regarding intraepithelial FoxP3™" infiltration; both decreased and
unchanged intraepithelial FoxP3* TIL have been reported following anthracycline treatment®*
263,28 - Furthermore, in contrast to Polcher et al’s study, we did not observe an increase in
GzmB" infiltration®**. In fact, there was a lack of GzmB™ cells present in both pre- and post-
chemotherapy tumours. Instead, we observed an increase in TIL expressing TIA-1 (a cytolytic
granule-associated RNA-binding protein), following chemotherapy. Ours is the first study to
report an effect of chemotherapy on this specific cytotoxic-associated molecule.

There is emerging evidence which states that chemotherapeutic agents can induce anti-

240 Certain chemotherapeutic agents cause immunogenic cell death

tumour immune response
(ICD), such as HMGBI, calreticulin, and ATP, to be released from apoptotic tumour cells, and
stimulate DCs to present new tumour antigens and activate T cells. This leads to an IFN-y
mediated immune response involving cytotoxic and yoT cells infiltrating the remaining tumour to
eradicate the therapy resistant tumour cells. In murine models, ATP released from dying cancer

cells exposed to anthracycline stimulated CD11¢" CD11b*Ly6C! cells, characteristic of DC cells,
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to present tumour antigens to T cells for cytotoxic eradication of tumour cells®*. However, using
CD1a as a marker for immature DC, we did not see an increase in immature DC cells. This
could be due to the fact that the post-chemotherapy tumours in our neoadjuvant chemotherapy
cohort were surgically removed following 3 weeks of the last carboplatin plus paclitaxel
administration, while the murine studies observed infiltration of DC within hour or days of
anthracycline chemotherapy. Additionally, we did not observe a change in CD68" macrophage
abundance following chemotherapy, which is in contrast to studies observing macrophage
infiltration following anthracycline chemotherapy in neoadjuvant breast cancer patients*® 2%, A
possible explanation is that one would expect to see an increase in macrophages infiltrating the
tumour immediately following chemotherapy to clear dead tumour cells; however, this cohort’s
post-chemotherapy tumours were resected 3 weeks after the last dose of chemotherapy. Thus,
even though the mechanisms for induction of immune infiltration by various chemotherapies
have not been fully elucidated, our study and others across different cancer types consistently
observe increased T cell infiltration following chemotherapy.

The anti-tumour immune response does not only involve T cells. Our previous study
has found that HGSC patients with CD20" TIL (B cells) in addition to CD8* TIL have a
better prognosis than patients with CD8* TIL alone!®*. Here, we showed for the first time that
chemotherapy recruits CD20" B cell infiltration into tumour epithelium. Very little has been
reported regarding the relationship between chemotherapy and B cells. CD20* B cells can
facilitate T cells during tumour eradication by producing autoantibodies against newly exposed
tumour antigens, acting as antigen presenting cells to T cells, and directly killing tumour
cells®. On the other hand, a reduction in B cells has been reported in a few studies following
chemotherapy treatment along with a decrease in CD4"* T cells?% 2%, A recent study found
regulatory B cells and macrophages cooperate to inhibit the recruitment of T cells into the
tumour during the course of chemotherapy'?. This study found macrophages that were isolated
from anti-CD20 and cisplatin treated non-squamous cell tumours in mice recruited the most

152

CDS8* T cells compared to macrophages isolated from the control group'>*. These mixed results
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in various cancers and tumour models regarding infiltrating B cells indicate a need for more
research in understanding the role of different B cell subsets in tumour immunity.

PD-1, a marker for T cell activation or exhaustion, has been a prominent research topic
because of anti-PD-1 and PD-1 blockades in tumour regression seen in clinical trials. Here, we
assessed the infiltration of PD-1" cells and found PD-17 cells significantly increased within the
tumour epithelium following chemotherapy. However, we found that the percentage of T cells
that were PD-1" remained the same in both pre- and post-chemotherapy tumours, suggesting that
tumours exposed to chemotherapy attract both effector CD8" T cells and exhausted PD-1* TIL,
with no preference for one over the other. Studies have reported a immunosuppressive role of
PD-1 on tumour reactive T cells**"?**. One study found tumour antigen-specific T cells reactive
against a cancer-testis antigen in ovarian cancer, NY-ESO-1, that were PD-1" and exhibited

impaired IFN-y and TNF-a production, suggestive of T cell exhaustion??

. Similarly, studies in
other cancer types have found cancer-type specific TIL harboured a higher frequency of PD-
1" and exhibited a lack of responsiveness from stimulation??*2%%- 2!, [t has been observed that
PD-1" expression increases on tumour-reactive T cells as the stage of the disease progressed®>
2% In contrast to a majority of the literature, a recent study suggested PD-1 could be a marker
for tumour reactive T cells. In this study, T cells that were PD-1" in addition to other exhaustion
markers, such as lymphocyte-activation gene 3 (LAG-3) and T cell immunoglobulin and mucin
domain 3 (TIM-3), were found specifically in the tumour epithelium and were able to elicit
a response when stimulated with autologous tumour®*!. CD8*PD-1* T cells, isolated from
melanoma tumours, were able to lyse autologous tumour cells and had higher levels of I[FN-y
released compared to CD8"PD-1-T cells. Collectively, these studies suggest antigen-specific T
cells frequently express PD-1, although their ability to kill tumour warrants further investigation.
In conclusion, TIL represent a dynamic cellular network that undergoes changes in
certain immune cell populations following chemotherapy. This body of work has shown that
tumour-specific T cells that harbour cytotoxic potential, such as TIA-1, are recruited following
treatment. Besides effector T cell recruitment, B cells are also recruited possibly through the
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release of newly exposed antigens from ICD. Future work elucidating the function of tumour-
infiltrating B cells and their effect on effector CD8" T cells is needed. Despite the increase in
cytotoxic T cells following chemotherapy, these tumour-reactive T cells frequently express PD-1
which may render them dysfunctional. Future experiments using a combination of markers such
as PD-1, LAG3, and TIM-3 to characterize the state of exhaustion of intraepithelial T cells will
be important in providing evidence for the use of PD-1 blockade in HGSC treatment. If these

T cells are exhausted, one potential therapy would be to administer PD-1 blockade following
first-line chemotherapy treatment to patients to ensure an active anti-tumour immune response,
and ultimately immunosurveillance, would be sustained, thus potentially reducing recurrences.
Another alternative treatment plan would be to administer a combination of PD-1 blockade and
tumour vaccines to patients following neoadjuvant chemotherapy in those who had suboptimally
debulked tumours at interval debulking. This body of work has provided preliminary results that
multiple TIL subsets are changed during chemotherapy and elucidating the immunological events

that occur is critical for designing novel treatments and warrants further investigation.
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4. Conclusion and future directions

4.1 Summary and perspectives

The aim of this thesis was to identify the composition and phenotypes of intraepithelial
immune infiltrates in HGSC. By deciphering the changes in TIL composition that occur during
chemotherapy, we hope to design immunotherapies that specifically enhance effector T cell
activity and relieve immunosuppression in order to eradicate residual tumour deposits, and
thereby reduce recurrences.

In Chapter 2, the primary objective was to investigate the prevalence of intraepithelial
cytotoxic T cells (CTLs), identified as CD8" GzmB* T cells, and their association with the
presence of cleaved caspase-3* apoptotic cells in primary HGSC tumours. Given that CD8" T
cells are associated with improved survival, we hypothesized that the majority of CD8" T cells
would possess a cytotoxic phenotype and contain GzmB granules. Contrary to our predictions,
we found that the majority of the CD8" T cells do not possess this classical GzmB* phenotype,
indicating cytotoxic CD8" GzmB™ T cells are low in numbers in primary HGSC tumours. One
explanation could be that some CD8* GzmB™* T cells may have released GzmB to tumour cells,
resulting in a GzmB- appearance by IHC. To assess this, IHC staining of CD107a (degranulation
marker) could be used to assess the prevalence of CTLs that have released their cytotoxic
granules®”. Besides the release of GzmB, T cells have alternative mechanisms to induce
apoptosis, including cytotoxic molecules such as granzyme A, K, and granulysin, and the direct
binding of FasL on CTLs to Fas on target cells*®*. More recently, TIA-1, a cytotoxic granule-
associated RNA binding protein, was found to be prominent in intraepithelial TIL and associated
with good prognosis in colon and ovarian cancers*'*. The mechanism by which TIA-1 induces
cytotoxicity is less understood, but TIA-1 has been shown to activate cell death by fragmenting
DNA"¢ 137 Perhaps CTLs induce apoptosis in tumour cells by multiple mechanisms, such as
granzymes, TIA-1, and FasL/Fas pathway, to elicit a T-cell mediated anti-tumour response.

In Chapter 3, we investigated the immune composition before and after carboplatin

plus paclitaxel chemotherapy in neoadjuvant-treated HGSC patients. Here, we observed an
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increased density in T cells, B cells, TIA-1"cells, and PD-1" cells following chemotherapy, while
GzmB"* cells, FoxP3" Tregs, and CD68" macrophage infiltration remained unchanged (Figure
18). These results suggest that there are changes that occur within the tumour microenvironment
which result in the tumour to be more susceptible to TIL infiltration. Although all experiments
were performed in neoadjuvant-treated patients, who generally have more advanced stage
disease, we can expect that similar events, including immunogenic cell death (ICD), tumour
microenvironment changes, and increased TIL infiltration, occur in adjuvant patients since

they receive the same chemotherapeutic drugs. In previous clinical studies, high densities of
intraepithelial TIL is correlated with increased survival in primary tumours of HGSC patients,
indicating that intraepithelial TIL is an independent prognosis factor even before chemotherapy**
49.224.29 - In our study, we showed that following chemotherapy (in the absence of
immunomodulatory therapies), there was an increase in intraepithelial TIL. This is encouraging,
as HGSC patients may gain a more active anti-tumour immune response from standard
treatment, an effect that could potentially be enhanced by immunotherapy. Given that our results
showed increases in potentially exhausted PD-1" T cells, a possible combination therapy would
be to administer anti-PD-1 immunotherapy, which has recently gained FDA approval (Merck’s
Pembrolizumab), to patients following carboplatin plus paclitaxel chemotherapy to relieve T cell

exhaustion and enhance the activity of intraepithelial CD8* T cells.
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Figure 18. Recruitment of TIL following chemotherapy in HGSC. Chemotherapy recruits
T cells (CD4 and CD8) and CD20+ B cells into the tumour epithelium. Tumours exposed to
chemotherapy also increases in cytotoxic CD8+ TIA-1+ T cells and PD-1+ T cells following
treatment. However, immunosuppressive cells such as Tregs and macrophages remain
unchanged in their infiltration.

4.2. Future directions

4.2.1. Association of neoadjuvant TIL with survival

Many studies have correlated TIL with survival in HGSC, yet few have investigated
whether this association still stands following standard treatment*- %3126 A few studies have
investigated whether TIL can predict tumour responses to chemotherapy, such as the correlation
of TIL and anthracycline responses in breast cancer’*>26%-2¢7. But only one has explored whether
TIL are associated with response to chemotherapy in HGSC?®, 1t is critical to determine which
immune subsets are associated with survival in tumours that have been exposed to chemotherapy.
From this, we can design immunotherapies that promote immunosurveillance at the time of
remission. For example, patients who have a strong CD8" T cell response might benefit from

cancer vaccines, whereas patients who have high infiltration of Tregs and PD-1" T cells may
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benefit from immune modulatory therapies such as anti-CTLA-4 or anti-PD-1.

Our lab is currently investigating whether TIL patterns in chemotherapy-treated tumours
are associated with survival in HGSC patients. We have assembled three HGSC cohorts to
investigate this question. In addition to the cohort described here, we are analysing 40 cases of
neoadjuvant-treated tumours from Princess Margaret Hospital in Toronto. We will assess the
prognostic significance of the markers studied here, including CD3, CDS8, CD20, TIA-1, PD-1,
and FoxP3. This will be the first study to extend findings on CD20, TIA-1, and PD-1 to survival

analysis in neoadjuvant-treated patients.

4.2.2. Characterizing the functional status of PD-1" T cells following chemotherapy

The results presented here indicate the need for further study regarding the functional
status of TIL following chemotherapy. Experiments investigating PD-1 mechanisms in HGSC
could provide justification for PD-1 blockade in ovarian cancer treatment. The increase in PD-1*
TIL following chemotherapy in our study raises the question whether the majority of cytotoxic
T cells, such as CD8" TIA-1" T cells, are exhausted, although PD-1 can also serve as a marker
for tumour-reactive T cells??!:2%, The first possibility is that PD-1 may be a marker for tumour-
specific CTLs, whereby, it can be used in future clinical settings to identify patients who could
benefit from immunotherapy. Although this concept is still in its infancy, it has been recently
demonstrated by the Rosenberg and Odunsi groups?"-?*, and more studies are still needed to
confirm and validate its specificity and sensitivity as a biomarker. The second possibility is
that if PD-1 is up-regulated on TIA-1" T cells, this would imply that exhausted CTLs have
the potential to initiate an immune response against tumours but are unable to do so because
of active immunosuppression from tumours with up-regulated PDL1/2 expression. If TIL are
indeed immunosuppressed and rendered dysfunctional, therapies such as anti-PD-1 (Merck’s
Pembrolizumab) would be appropriate for restoring a robust anti-tumour immune response.
Additionally, it would also provide compelling evidence for combining PD-1 blockade with
chemotherapy and other immunotherapy regimens, such as tumour vaccines. To address if

CTLs such as CD8* TIA-1" T cells are exhausted, multi-colour immunohistochemistry using a



triple-coloured stain observing CD8, TIA-1, and PD-1 markers would identify the proportion

of exhausted intraepithelial CTLs present in the tumour. In future studies where frozen tumour
tissue is available, T cells can be isolated and the functional status of the intraepithelial CD8"
TIA-1" PD-1" CTLs prior to and following chemotherapy can be assessed using flow cytometry
with CD103 (intraepithelial marker), and additional exhaustion markers (such as LAG-3 and
TIM-3) to differentiate transiently and terminally exhausted T cells??:?7. This flow cytometry
data could provide convincing evidence that exhausted CTLs found within tumours are
exhausted after chemotherapy. Additional experiments using isolated CD8" TIA-1"PD-1"
CTLs co-cultured with autologous tumour would also allow for the assessment of their cell lysis
activity and IFN-y production as indicators for anti-tumour response®?!.

The assessment of PD-L1 expression dynamics in tumours before and after chemotherapy
is also important. THC on FFPE tissue could provide further understanding of the association
between PD-1" TIL and PD-L1 expression following treatment. A caveat of using IHC to
analyse PD-L1 expression is the lack of a reliable antibody against PD-L1. Currently, the
antibody providing the best staining is produced in Liepeng Chen’s laboratory and not available
commercially?'* 2, Together, these experiments can provide better understanding of the
PD-1 mechanism in HGSC, as well as justification for using PD-1 blockade in ovarian cancer

treatment.

4.2.3. Chemokines and their involvement in attraction of TIL following chemotherapy
Chemokines are signalling proteins that attract immune cells and other cells. The
increased TIL density following chemotherapy suggests that chemoattractants may be released
during the course of treatment. From a biological perspective, it would be interesting to
elucidate the predominant chemokines that are released during the course of chemotherapy as
well as their cellular source. This could facilitate the development of therapies that enhance
the production of chemokines and attract TIL to tumours. In an in vivo study looking at
murine melanoma tumours, temozomide was found to induce CD3" T cell infiltration as well

as enhanced expression of CCL5, CXCL9, and CXCL10 chemokines*”. CCLS5 is a chemokine87



that attracts cells of the innate immune system, such as NK cells and MDSC, whereas CXCL9
and CXCL10 attract CTLs** 3!, The authors of this study also performed global transcriptome
analysis of tumours from melanoma patients who received dacarbazine therapy, and found
increased expression of CCL5, CXCL9, and CXCL10 in chemotherapy-sensitive tumours®*.

In our matching neoadjuvant cohort, we can investigate the change in gene expression of these

chemokines in FFPE tissue using NanoString technology**

, a recently developed technology
to study gene expression from mRNA extracted from FFPE tissue. Based on the findings from
our IHC data, we hypothesize that there will be an up-regulation of CXCL9, CXCL10, as well

as CXCL13, which is a B cell chemoattractant, in post-chemotherapy tumours versus pre-

chemotherapy samples.

4.2.4. Potential combination therapies

With advances in genomics and molecular biology, new discoveries in gene mutations,
tumour-antigens, and further elucidation of immunostimulatory and immunosuppressive factors
in the tumour microenvironment, we are gaining a broader picture of the different players
involved in cancer progression and regression. For example, the PARP inhibitor olaparib can
effectively induce cell death in tumours by inhibiting the remaining DNA repair pathways in
BRCA deficient tumours''* !>, Interestingly, tumours with BRCA mutations are correlated with
increased TIL infiltration*®. Moreover, chemotherapy has been shown to increase PD-1" TIL
within the tumour, indicating a possible future treatment plan would involve the combination of
PARP inhibitors with anti-PD-1 therapies to effectively target the DNA repair system as well as
relieving T cell exhaustion. More research is still needed to target these tumours, leaving room

for immunotherapy development.

4.3. Conclusion
The integration of immunotherapies into standard treatment for HGSC remains a
challenge. One must consider the state of the tumours and their sensitivity towards immune

attack, the active immunosuppression within the tumour microenvironment, the modulation of
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the immune system and the tumour microenvironment by chemotherapy, and the tumour reactive
capability of T and B cells post-treatment.

This is the first study to investigate the cytotoxic phenotype of intraepithelial CTLs and
the effects of neoadjuvant chemotherapy on the immune composition in HGSC. Additionally,
we are the first to report that T cells are not the only players that are involved in the immune
infiltration into the tumour epithelium, but intraepithelial B cells, cytotoxic TIA-17, and PD-1*
immune cells are also key players in intraepithelial immune infiltration that are influenced by

chemotherapy in HGSC.
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Appendices

Appendix A.
Spearman’s r correlations between the presence of total CD8" GzmB™ T cells and total CD8" T
cells and GzmB" immune cells.
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Appendix B.

Power analysis was performed on 12 immune markers (excluding cleaved caspase-3, MHC I, and
MHC II) because these markers had absolute cell quantifications. The types of cells presenting
cleaved caspase-3 were unidentifiable (they were collectively termed apoptotic bodies), and
MHC I and II were scored on intensity levels.

Sensitivity Analysis (the level of effect size detection with 80% power)

Number of Alpha (¢) Sample Size Effect Size (mean of the differences
markers standard/deviation of differences
1 0.05000 26 0.57
2 0.02500 26 0.64
3 0.01667 26 0.67
4 0.01250 26 0.70
5 0.01000 26 0.72
6 0.00833 26 0.74
7 0.00714 26 0.75
8 0.00625 26 0.76
9 0.00556 26 0.78
10 0.00500 26 0.78
11 0.00455 26 0.79
12 0.00417 26 0.79

With a sample size of n=26, one is predicted to be able to detect an effect size of 0.8 with 80%
confidence after adjustment to account for multiple testing.

t tests - Means: Wilcoxon signed-rank test (matched pairs)
Tail(s} = Two. Parent distribution = Normal. o err prob = 0.004. Power (1- err prob) = 0.8
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For my results, I have 80% power to detect a standardized effect size of 0.8.

t tests - Means: Wilcoxon signed-rank test (matched pairs)
Tail(s} = Two. Parent distribution = Normal. Total sample size = 26. o err prob = 0.004
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Appendix C.

Multiple testing analysis for intraepithelial TIL density, total cell count, absolute intraepithelial cell count, and absolute stromal cell count following
chemotherapy in all tumour sites (n=26). Unadjusted P values represent Wilcoxon matched-pairs test prior to multiple testing, and adjusted P values
represent Wilcoxon matched-pairs test after multiple testing use (false discovery rate).

P values Intraepithelial Total cell count Intraepithelial cell Stromal cell count
density count

Markers Unadjusted Adjusted | Unadjusted Adjusted | Unadjusted  Adjusted | Unadjusted Adjusted
CDla 0.8169 0.8946 0.5269 0.6022 0.2647 0.4538 0.9237 0.9237
CD3 0.0039 0.0140 0.1048 0.2096 0.0806 0.2418 0.2472 0.4467
CD4 0.0102 0.0187 0.3122 0.4541 0.1358 0.3034 0.7172 0.9237
CD8 0.0067 0.0147 0.0382 0.1222 0.1517 0.3034 0.0382 0.1528
CD20 0.0004 0.0044 0.0585 0.1560 0.0058 0.0696 0.0532 0.1596
CD56 0.8946 0.8946 0.0832 0.1902 0.5097 0.6796 0.2485 0.4467
CD68 0.4834 0.5908 0.3976 0.4914 0.7312 0.7977 0.5651 0.8476
CD103 0.0275 0.0432 0.2304 0.3686 0.6386 0.7663 0.2606 0.4467
FoxP3 0.1563 0.2149 0.9842 0.9842 0.9315 0.9315 0.8893 0.9237
GzmB N/A N/A 0.0060 0.0449 0.3799 0.5698 0.0096 0.1152
TIA-1 0.0024 0.0132 0.0085 0.0449 0.0420 0.1680 0.0307 0.1528
PD-1 0.0051 0.0140 0.1445 0.2569 0.0414 0.1680 0.8374 0.9237
Cleaved caspase-3 tumour ) ) 0.3993 0.4914 i i ) ]
cells
Cleafved caspase-3 apoptotic ) ) 0.0007 0.0112 i i i )
bodies
MHC I - - 0.7141 0.7617 - - - -
MHC 11 - - 0.0112 0.0448 - - - -

P values are calculated using Wilcoxon matched pairs test with Pratt’s method and bolded values indicate statistical significance of P<0.05, P<0.01, P<0.001
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Appendix D.

A comparison of adjusted statistical significances following multiple testing (false discovery rate) in immune infiltration following chemotherapy in

extra-pelvic sites only and all tumour sites.

P-values Extra-pelvic sites only (n=18) All tumour sites (n=26)

Marker Density Total IT S Density Total IT S
CDl1a 0.5693 0.3140 0.3990 0.5157 0.8946 0.6022 0.4538 0.9237
CD3 0.0188 0.0357 0.3990 0.1726 0.0140 0.2096 0.2418 0.4467
CD4 0.3922 0.7763 0.8072 0.8046 0.0187 0.4541 0.3034 0.9237
CD8 0.0569 0.0357 0.5208 0.0240 0.0147 0.1222 0.3034 0.1528
CD20 0.0180 0.0357 0.2076 0.0240 0.0044 0.1560 0.0696 0.1596
CD56 0.9355 0.1957 0.8072 0.2026 0.8946 0.1902 0.6796 0.4467
CDe68 0.5197 0.5134 0.2379 0.9070 0.5908 0.4914 0.7977 0.8476
CD103 0.2648 0.3717 0.8072 0.1726 0.0432 0.3686 0.7663 0.4467
FoxP3 0.9355 0.7918 0.8072 0.7633 0.2149 0.9842 0.9315 0.9237
Granzyme B 0.5691 0.0064 0.7442 0.0096 N/A 0.0449 0.5698 0.1152
TIA-1 0.0144 0.0299 0.2076 0.0240 0.0132 0.0449 0.1680 0.1528
PD-1 0.0417 0.1625 0.2379 0.9070 0.0140 0.2569 0.1680 0.9237
cl. Casp-3 tumour cells 0.1625 - - - 0.4914 - -
cl. Casp-3 apoptotic cells 0.0016 - - - 0.0112 - -
MHC I 0.9999 - - - 0.7617 - -
MHC 11 0.1607 - - - 0.0448 - -

P values are calculated using Wilcoxon matched pairs test with Pratt’s method and bolded values indicate statistical significance of P<0.05, P<0.01, P<0.001
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Appendix E.

Hierarchical clustering to assess associations between TIL subsets in pre-chemotherapy tumours.
A heatmap illustrates the intraepithelial TIL densities in pre-chemotherapy tumours from the
matching cohort (n=26). Unsupervised clustering algorithm with complete-linkage method

and Euclidean distances was used. The rows represent patient cases and columns represent TIL
markers indicating 0 (blue) to 62 (orange).
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Appendix F.
Hierarchical clustering to assess associations between TIL subsets in post-chemotherapy

tumours. A heatmap illustrates the intraepithelial TIL densities in post-chemotherapy tumours
from the matching cohort (n=26). Unsupervised clustering algorithm with complete-linkage

method and Euclidean distances was used. The rows represent patient cases and columns
represent TIL markers indicating 0 (blue) to 146 (orange).
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Appendix G.

Intraepithelial TIL density cut-offs using X-tile to differentiate patients between high and low
TIL densities. Monte-Carlo P value indicates if the cut-point is robust in segregating patients
into low and high TIL densities. Chi-sq Hi/Lo is the chi square test for the survival curves

generated using the cut-offs.

Marker Cut-Point Monte-Carlo P value Chi-sq Hi/Lo

CD3
CD8
CD20
TIA-1
PD-1
FoxP3

6.50
2.15
0.30
4.10
1.67
0.28

0.4028
0.4795
0.2542
0.4028
0.5839
0.5839

2.3210
1.5341
3.1684
2.6284
0.7461
1.1917
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Appendix H.

Kaplan-Meier analysis of change in TIL infiltration following chemotherapy. For each graph,
cases that have increased-de novo responses or 2-fold increase TIL (blue), 2-fold decrease (red),
and 0 or sustained TIL (black) following chemotherapy.
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