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Epithelial ovarian cancer (EOC) is the most lethal gynecological malignancy worldwide, and
is responsible for more than 100,000 deaths per year. EOC is a heterogeneous disease and
includes with multiple histological subtypes [1]. High-grade serous ovarian cancer
(HGSOC), the most common histologic subtype, accounts for more than 70% of EOC and
portends the worst prognosis. The majority of HGSOC patients are diagnosed at advanced
stage Il or 1V disease with metastasis throughout the abdomen and pelvis [2]. Surgical
debulking and platinum-based chemotherapy have been the first-line therapy for patients
with HGSOC for more than 30 years. Although initial response is often excellent, the
disease usually recurs within 2-5 years as tumor cells develop resistance to chemotherapy
[3]. Numerous favorable prognostic indicators for HGSOC have been reported, including
early stage, optimal surgical debulking and sensitivity to platinum based chemotherapy [4].
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Emerging evidence has shown that host immunity significantly influences cancer prognosis,
and can be assessed by evaluating systemic inflammatory response and tumor-infiltrating
immune cells [5,6]. Neutrophil-to-lymphocyte ratio (NLR) is known as a reliable measure of
systemic inflammation and has predictive value in the early diagnosis of many types of
cancer, including pancreatic, colorectal and ovarian cancers. Elevated levels of NLR have
been associated with poor prognosis in cancer patients [7]. Serum lactate dehydrogenase
(LDH) level has been shown to correlate with systemic inflammation and serves as a
prognostic predictor of overall survival (OS) in several tumor types. Previous work suggests
that serum LDH level can predict OS in patients with pancreatic cancer after chemotherapy
[6]. In ovarian cancer patients, an earlier study suggested that serum LDH level in cancer
patients was significantly higher than the LDH levels in patients with benign tumors [8].
However, the prognostic value of serum LDH in ovarian cancer has not been clarified.

Ovarian cancer is defined as an immunogenic tumor that exhibits a spontaneous antitumor
immune response. Tumor-infiltrating lymphocytes (TILs) have long been known to exist in
the ovarian tumor micro-environment and strongly correlate with favorable prognosis [9,10].
TILs are a type of white blood cells, and include T-cells, B-cells, macrophages or natural
killer cells, localized in tumor islets and stroma. TILs are thought to play an important role
in the control of tumor growth by activating anti-tumor immune response. Tumor cells are
sampled by antigen presenting cells (APCs), and tumor-specific antigens are processed in
APCs and presented to T-cells, which are then activated to CD8" cytotoxic T-cells to directly
recognize and eliminate tumor cells or CD4™" helper T-cells which regulate immune response
through cytokine secretion and stimulation of other immune cells. Thus, in theory, tumor-
infiltrating T-cells, in particular CD4* and CD8* T cells are strong prognostic indicators of
clinical outcomes. Other investigators have shown that the presence of CD3* T-cells in EOC
correlate with improved clinical outcomes [10]. Sato et al. demonstrated the prognostic
significance of the ratio of CD8* T cells versus FOXP3+ Treg cells in ovarian cancer [11].
Several subsequent studies confirmed that the presence of CD8* T cells was associated with
improved survival in ovarian cancer patients [12,13]. Although CD4* T cells are usually
non-cytotoxic, they can help recruit and activate CD8* T cells to contribute to anti-tumor
response. Several reports indicate that the presence of CD4* TILs also correlate with
improved outcomes in ovarian cancer patients [12].

In this issue, Mauricio et al. evaluated systemic inflammation status by measuring NLR and
serum LDH level in a cohort of 128 HGSOC patients. Consistent with previous reports, they
found that patients with increased NLR had significantly lower progression-free survival
(PFS) and lower overall survival (OS) [14]. Moreover, in a multivariate analysis, HGSOC
patients with higher serum levels of LDH displayed significantly lower OS but not PFS.
These authors found a correlation between elevated NLR and increased LDH, suggesting
that changes in these two parameters may be the result of increased systemic inflammation.
Nevertheless, the results indicate that systemic inflammation is an early determinant of OS
in HGSOC [14]. Although similar conclusions have been drawn by previous studies, this
study confirms the notion that increased systemic inflammation correlates with poor survival
in HGSOC in a cohort of Chilean patients.
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Next, to study the prognostic value of TILs, the authors quantified the amounts of CD3",
CD4" and CD8™ T cells in both tumor islets and stroma by immunohistochemistry staining.
Intraepithelial CD3 correlated with better OS and PFS in both univariate and multivariate
analyses. Both intraepithelial CD4 and CD8 were associated with better OS and PFS in
univariate analysis; and the analysis using multivariate Cox modeling confirmed that
intraepithelial CD4 was independently associated with better PFS and OS. Intraepithelial
CD8* was associated only with improved PFS but not OS. Overall, the authors concluded
that tumor-infiltrating CD4" and CD8* T cells positivity correlate with patient survival in
HGSOC [14]. In addition, programmed death-ligand 1 (PD-L1) expression was quantified
and found to be associated with improved PFS and OS in the cohort, which was unexpected
based on previous reports [14]. All in all, the study suggests that a combined score using
systemic inflammation and TILs may be a better prognostic factor for HGSOC.

In all subtypes of TILs, CD8* T cells are considered as a critical component with the most
antitumor activity. CD8" T cells execute tumor clearance by several mechanisms. First, they
can recognize the specific antigens expressed on tumor surface, release cytotoxic molecular
granzyme B and perforin, which are delivered into tumor cells and induce tumoral apoptosis.
Second, CD8* T cells can induce cancer cell death through the Fas/Fas ligand pathway.
Third, cytokines released by CD8* T cells, such as IFNy and TNFa, can have antitumor
activities by inducing cancer cell senescence. Therefore tumor-infiltrating CD8* T cells are
associated with improved survival in almost all solid tumor types [15]. However, tumor
progression can still occur despite the presence of tumor-reactive CD8* T cells in the tumor
microenvironment. We now know that cancer cells can create an immunosuppressive
microenvironment by releasing inhibitory cytokines, expressing inhibitory molecules and
recruiting immunosuppressive cells to down-regulate the antitumor activity of CD8* T cells
[16]. The PD-L1 and PD-1 pathway is one of the major inhibitory regulators mediating
suppression of T cells. PD-L1 is widely expressed on tumor, stromal and immune cells. Its
receptor PD-1 is expressed on T cells, including CD8* T cells, inhibits effector T-cell
activity mainly in the effector phase in peripheral tissues and the tumor microenvironment
[17]. PD-L1 and PD-1 engagement can drive CD8* T cells into exhaustion. Exhausted CD8*
T cells thus exhibit defects in proliferation and decreased cytokine production and cytotoxic
functions. Antibodies targeting either PD-1 or PD-L1 result in abrogation of the inhibitory
signal, thus restoring the function of CD8* T cells and mediating tumor regression [17].

To date, the immunotherapy utilizing PD-L1 and PD-1 blockades have become the most
promising treatment modality for numerous types of cancer, including melanoma, lung
cancer, kidney cancer, bladder cancer, head and neck cancers, and Hodgkins lymphoma [18].
The application of PD blockade in EOC is still being tested in clinical trials. TILs, as the
basis of effective PD blockade therapy, have also been recognized as a predictive biomarker
for immunotherapy response. Mauricio et al.’s study confirms the correlation between CD8*
T cells and improved outcome in patients with HGSOC, further highlighting the promise of
immunotherapy in the treatment of ovarian cancer. Data from current studies also suggests
that single-agent PD blockade is promising in EOC, but the overall response rate is much
lower compared with clinical responses achieved in melanoma, lung cancer and renal cell
cancer [19]. This suggests other immunosuppressive mechanisms may contribute to the
resistance toward PD blockade in EOC. Combinatorial therapeutic strategies will be required
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to unleash the maximal antitumor immune response in the management of this disease [20].
Combining PD blockade with other biologic agents is now recognized as one of the most
promising anti-neoplastic therapeutic strategies. For EOC, the combination of PD(L)-1
antibodies with PARP inhibitors, VEGF inhibitors or conventional chemotherapy have
achieved good response in clinical trials and demonstrate excellent clinical potential in
ovarian cancer.

Another immunotherapy strategy is adoptive T-cell transfer, which consists of the infusion of
ex vivo-expanded tumor-specific T cells generated from TILs or genetically modified T
cells, such as chimeric antigen receptor (CAR) expressing T cells. ACT functions by directly
increasing the number of tumor-reactive CD8" effector T cells in tumor [21]. To date, two
CAR T-cell therapies have been approved for the treatment of refractory diffuse large B-cell
lymphoma (DLBCL) and refractory B-cell precursor acute lymphoblastic leukemia (ALL).
ACT strategies have been also tested in preclinical ovarian cancer models, and are currently
being investigated in early phase trials in EOC. Neoantigen-derived cancer vaccines, as
another novel immunotherapy strategy, have recently been tested in patients with melanoma.
These studies indicate that neoantigen vaccines can expand the repertoire of neoantigen-
specific CD4* and CD8* T cells and mediate tumor regression [22,23]. Therefore,
neoantigen vaccines represent another novel strategy of personalized immunotherapy for
patients with EOC.

In conclusion, the infiltration of T cells into the tumor microenvironment is a favorable
prognostic feature for EOC. A high density of intratumoral CD4* or CD8" T cells is
associated with longer PFS and OS. Intratumoral T cells are also the basis of cancer
immunotherapy. Current immunotherapy strategies, including checkpoint blockade, ACT
and cancer vaccine, all converge on the tumor-specific T cells, especially CD8" T cells.
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