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Abstract

With a substantial success of immune checkpoint inhibitor such as anti-CTLA-4
antibodies and anti-PD-L1/PD-1 antibodies, cancer immunotherapy is now
drawing a broad attention. In ovarian cancer, several trials have already shown a
promising result of anti-PD-L1/PD-1 therapy. In addition, basic research using
ovarian cancer cell line has demonstrated a rationale of immune checkpoint inhi-
bition against ovarian cancer. Nevertheless, given the extraordinary cost of using
these drugs and relatively low response rate, it is still unclear whether immuno-
therapy can be widely applied and used for the treatment of ovarian cancer. In
order to promote immunotherapy, development of effective biomarkers that can
predict response of immune checkpoint inhibitors is most important. At the same
time, appropriate handling of immunotherapy-specific adverse effects, that has
also been noted in clinical trials, is another important issue. If we could solve
these problems, immunotherapy will serve as a major treatment modality for
ovarian cancer in the future.
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13.1 Introduction

Ovarian cancer is the leading cause of mortality from gynecological malignancies.
Because ovarian cancer is generally diagnosed at late stages, it is commonly spread
into the peritoneal cavity at the time of diagnosis. Therefore, treating advanced dis-
ease is the main focus of ovarian cancer therapies. During the past two decades, the
standard medical treatment for ovarian cancer has been surgical cytoreduction and
cytotoxic chemotherapy, especially the combination of carboplatin and paclitaxel.
The effective combination of thorough debulking surgery and recent development
of chemotherapies has significantly improved the outcomes of patients with ovarian
cancer. Nevertheless, achieving a complete cure remains difficult. Recently, in addi-
tion to conventional cytotoxic chemotherapeutic reagents, novel molecular targeted
drugs have been employed in many malignant tumors, including ovarian cancer.
Prospective studies have demonstrated that bevacizumab, an antiangiogenic reagent
that acts against vascular endothelial growth factor (VEGF), is clinically effective in
ovarian cancer in both adjuvant and recurrent settings [1, 2]. The “Japan Society of
Gynecologic Oncology guidelines 2015 for the treatment of ovarian cancer includ-
ing primary peritoneal cancer and fallopian tube cancer” recommends bevacizumab
as a molecular targeting drug to be considered to use in combination with chemo-
therapy in these settings [3]. Olaparib, an inhibitor of the enzyme poly ADP ribose
polymerase (PARP), has also been reported to be promising in treating BRCA-
positive ovarian cancer [4].

Cancer immunotherapy has been expected to be a promising modality for solid
tumors. Since ovarian cancer biology is deeply associated with microenvironment
in the abdominal cavity, altering the intraperitoneal environment is thought to be
useful as a treatment strategy. As described below, the immune microenvironment
in the abdominal cavity also significantly affects ovarian cancer progression.
Therefore, several immunotherapy clinical trials for ovarian cancer have been con-
ducted. However, the results were not as effective as expected [5]. Very recently, a
novel type of immunotherapy that targets the CD28/CTLA-4 family, especially the
programmed cell death ligand-1 (PD-L1)/programmed cell death-1 (PD-1) signal-
ing pathway, has been introduced and was found to be surprisingly effective in
many solid tumors, including malignant melanoma and lung cancer [6, 7]. This
class of drugs is known as immune checkpoint inhibitors and is creating a new fron-
tier in cancer treatment.

13.2 Before Inmune Checkpoint Inhibition: Conventional
Immunotherapies Against Ovarian Cancer

More than 50 clinical trials (including phase III trials) of immunotherapy for ovar-
ian cancer have been conducted thus far. There are many immune therapies, which
generally can be classified into four types (Table 13.1). One is to activate the host’s
own anticancer immunity by some means (Table 13.2). The so-called cancer vac-
cine belongs to this category, which consists of therapies such as the peptide vaccine
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Table 13.1 Classification of conventional immunotherapy

Non-specific (activate
systemic immunity, relatively
old)

Biological response modifier

Specific (target cancer cells
or cancer-specific antigens,
Specificity activation relatively old)

Cancer vaccine
Dendritic cell therapy

Active immunization (to elicit
immunity in vivo)

Passive immunotherapy (to elicit

immunity in vitro)

cell therapy

Lymphokine-activated killer

Natural killer cell therapy

Table 13.2 Clinical trials for ovarian cancer—active immunotherapy

Therapy
FR-specific gene-
modified T-cell therapy

HER2-/MUC|-derived
peptide sensitized DC
vaccine

HER2-derived peptide
vaccine
HER2-derived peptide
vaccine

NY-SO-1-derived peptide

vaccine

NY-SO-1derived peptide

vaccine

P53-derived peptide
vaccine

P53-derived peptide
vaccine

P53-derived peptide
sensitized DC vaccine

P53-derived peptide
vaccine + low-dose
cyclophosphamide
Mannan-MUCI fusion
protein sensitized DC
vaccine

Immune response
FR-specific IFN-y
production

Specific IFN-y-
producing T cell,
specific CTL activity
in 2/3

specific [FN-y-
producing T cell in 1/1
Immune response in
ELISPOT in 1/2

specific antibody in
10/13, peptide specific
T cell in 3/5
Peptide-specific T cell
in 7/9

Peptide-specific T cell
in 20/20

Immune response in
tetramer assay in 9/13

Immune response in
tetramer assay in 5/6

Immune response in
ELISPOT in 9/10

Specific IFN-y-
producing T cell in
9/10

Clinical response

No objective
response

2/3 SD

PD

PD in 2/2

CR in 1 (at least)

Remission-free in

3/9

SD in 2/20

Median OS, 40.8M

Median OS, 29.6M

SD in 2/10

SD > 10Y in 2/10

Cancer specific-antibodies

Report

Kershaw, Clin
Cancer Res, 2006;
12:6106

Brossart P, Blood,
2000; 96:3102

Murray, Clin Cancer
Res, 2002; 8:3407
Knutson, Clin
Cancer Res, 2002;
8:1014

Odunsi, Pro NAS,
2007; 104:12,837

Diefenbach, Clin
Cancer Res, 2008;
14:2740

Leffers, Int J
Cancer, 2009;
125:2104

Rahma, Cancer
Immunol
immunother, 2012;
61:373

Rahma, Cancer
Immunol
immunother, 2012;
61:373

Vermeij, Int J
Cancer, 2012;
131:E670
Loveland, Clin
Cancer Res, 2006;
12:869

(continued)
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Table 13.2 (continued)

Therapy Immune response Clinical response Report

MUC1-specific Thl-type MUCI-specific CTL in CR in 1/4 Dobrzanski, Cancer

CD4+ effector cell all Immunol

therapy Immunother, 2012;

61:839

WT-1 peptide vaccine Delayed cutaneous SD in 2/6 Ohno, Anticancer
hypersensitivity in 5/6 Res, 2009; 29:4779

Anti-CA-125 idiotypic Specific anti-anti- Significant Wagner, Clin

antibody (ACA125, idiotypic antibody in prognostic Cancer Res, 2001;

abagovomab) 28/42 improvement in 7:1154
patient with
immune response
Significant
prognostic
improvement in
patient with

immune response

Anti-CA-125 idiotypic
antibody (ACA125,
abagovomab)

Reinartz, Clin
Cancer Res, 2004,
10:1580

Specific anti-anti-
idiotypic antibody in
81/119

Tumor cell sensitized Specific IFN-y- >SD response in 4/6 Hernando, Cancer

DC vaccine producing T cell in 2/6 Immunol
Immunother, 2002;
51:45

and dendritic cell therapies. The peptide vaccine is the most popular because it is
relatively easy to produce. Cancer antigens including HER2/new, p53, MUCI,
NY-ESO-1, and WT-1 have also been used to target ovarian cancer. While dendritic
cell therapy theoretically has potent vaccine efficacy, the process of its ex vivo
amplification and efficient antigen stimulation is technically difficult and not suit-
able for large-scale production. Another category of immunotherapy is “passive
immunotherapy,” which primarily comprises antibody therapies (Table 13.3).
Developing therapeutic antibodies is expensive and time consuming because of
strict quality control requirements. However, once developed, these antibodies are
suitable for large-scale production. Therefore, this category is now regarded as the
most important among immunotherapies. Among the available immunotherapies,
antibodies that target ovarian cancers include the anti-CA-125 antibody, anti-folate
receptor antibody, and double antibodies against EpCAM and CD3.

13.2.1 Active Immunotherapy for Ovarian Cancer (Table 13.2)

13.2.1.1 Immunotherapy that Targets MUC1

MUCTI is highly expressed in many ovarian cancers and has been a primary target
candidate for immunotherapy. Dobrzanski and colleagues conducted phase I and
phase II studies by using a Th1 type of self-replenishing CD4+ T cells producing
IL-10 and IFN-y to combat recurrent ovarian cancer [8]. One of the four cases
showed remission, and another showed a tumor-bearing survival of 16 weeks;
however, the remaining two cases died of cancer within 3—5 months. T cells from
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Table 13.3 Clinical trials for ovarian cancer—passive immunotherapy

Therapy

Anti-CA-125 Ab
(B43.13; oregovomab)
Anti-CA-125 Ab
(B43.13; oregovomab)

Anti-CA-125 Ab
(B43.13; oregovomab)

Anti-CA-125 Ab

Case
32

20 (recurrent)

145 (post-remission)

373 (post-remission)

Clinical response

>SD response in six with

Ab2-positive case
Significant prognostic
improvement in patient
with immune response
No PFS improvement,
but significant

prognostic improvement

in patient with immune
response
No PFS improvement

Report

Baum, Cancer, 1994;
73(3 Suppl): 1121
Gordon, Gynecol
Oncol, 2004; 94:
340

Berek, J Clin
Oncol, 2004,
22:3507

Berek, J Clin

(B43.13; oregovomab) Oncol, 2009;
27:418

Anti-CA-125 Ab 40 (stage III/IV) Braly, J

(B43.13; oregovomab) Immunother, 2009;
32:54

Anti-FraAb 25 (recurrent, SD in 9, CA-125 Konner, Clin

(MORADb-003; refractory) decrease in 2 Cancer Res, 2010;

farletuzumab) 16:5288

Anti-EpCAM x 23 (with ascites) No need of Burges, Clin Cancer

anti-CD3 Ab abdominocentesis in Res, 2007; 13:3899

(catumaxomab) 22/23

Anti-EpCAM x 129 (with ascites) Prolonged duration to Heiss, Int J Cancer,

anti-CD3 Ab next abdominocentesis 2010; 127:2209

(catumaxomab)

Anti-EpCAM x 45 (recurrent, PRin 1,SDin 7 Baumann, Gynecol

anti-CD3 Ab refractory) Oncol, 2011;

(catumaxomab) 123:27

long-term survivors showed IFN-y production and an increase in the number of
memory cells and TNF family ligands. Moreover, the therapy was likely to con-
tribute to the survival of ovarian cancer patients by affecting the percentage of
the regulatory T-cell subsets and by improving the number of memory CD4+ T
cells.

13.2.1.2 Vaccine Therapy with p53 Peptide

Genetic aberrations of p53 and abnormal accumulation of p53 protein have been
observed in the majority of serous ovarian cancers. In a cohort of stage III, stage IV,
and recurrent ovarian cancer patients with no obvious disease, Rahma et al. com-
pared one group directly administered with p53(264—272) peptide (group A) and
another group administered with dendritic cells expressing the p53(264-272) pep-
tide (group B) in a phase II study in the USA [10] and observed a tumor immune
response in 69% of the group A patients and 83% of the group B patients.
Progression-free survival (PFS) was 4.2 months and 8.7 months, respectively.
Because there was no significant difference, they concluded that simple subcutane-
ous administration may be sufficient.
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On the other hand, a Dutch research group conducted a phase II study for recur-
rent ovarian cancer by using a vaccine comprising a long-chain peptide of p53
(p53-synthetic long peptide, p5S3-SLP). Only two of the 20 cases showed stable
disease, and they did not show a p53-specific immune response. The researchers
concluded that there was no obvious effect of p53 peptide on improving the subse-
quent chemosensitivity or PFS [9, 10].

13.2.1.3 Immunotherapy Targeting HER2-Derived Peptide

Since HER?2 is known to be highly expressed in many ovarian cancers, it is consid-
ered a good immunotherapy target. However, there was no significant clinical effect
observed with by a vaccine using p369-p377 (Table 13.2). Although the trial or
similar attempts using the DC vaccine are ongoing, a clinically useful vaccine has
not been developed.

13.2.1.4 Vaccine Therapy Targeting WT-1
WT-1 is known to be expressed in more than half of serous ovarian cancers. A phase
II trial use a WT-1 peptide as a vaccine against ovarian cancer has been performed
in Japan. In 12 cases of treatment-resistant ovarian cancer, SD was noted in three
cases, and the remaining nine cases were PD [11].

13.2.1.5 Active Inmunotherapy Targeting CA-125

Because CA-125 is a specific protein that is expressed in a majority of ovarian can-
cers, it has been considered to be a good immunotherapy target. Aside from orego-
vomab (which will be discussed later), another potential immunotherapy for CA-125
includes the use of an anti-idiotypic antibody against the anti-CA-125 antibody
ACA-125 (abagovomab). Since ACA-125 is structurally similar to CA-125, it was
expected that abagovomab would elicit antitumor immunity against CA-125 if
administered as a vaccine. Wagner et al. reported that in 42 patients with recurrent
ovarian cancer, the immune response after administration of abagovomab (which
was measured as the production of Ab3) was correlated with improved prognosis
[12]. Reinartz et al. also reported that in 119 patients with ovarian cancer, individu-
als with a good immune response showed a significantly better outcome [13].

13.2.2 Passive Immunotherapy for Ovarian Cancer (Table 13.3)

13.2.2.1 Passive Inmunotherapy with Anti-CA-125 Antibody

Large-scale development of the immunotherapy reagent oregovomab, a mouse
monoclonal antibody B43.13 against CA-125, has been produced. The initial
exploratory study showed that among the patients administered oregovomab,
patients in whom anti-idiotypic antibodies (Ab2) and T-cell immunity have been
induced showed a better tendency of prognosis and elicited the expected immuno-
therapeutic response to oregovomab (Table 13.3). Then, Berek et al. conducted a
randomized phase II trial in which oregovomab was administered as a maintenance
therapy to 145 patients with recurrent ovarian cancer after postoperative TC therapy.
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This study showed that the PFS of patients with increased Ab2 levels was
18.8 months, while that of the cases with a weak immune reaction was 6.1 months;
the PFS of the placebo group was 10.3 months [14]. Unfortunately, a phase III trial
with 373 cases failed to reproduce the results of the phase II study [15]. Thus, a
single use of oregovomab did not show an apparent clinical effect. However, another
research group indicated that based on the results of a randomized phase II study of
40 cases of ovarian cancer, the combination of paclitaxel/carboplatin chemotherapy
with oregovomab may augment antitumor immunity [16].

13.2.2.2 Immunotherapy with an Antibody Against the Folate
Receptor

Elevated expression of folate receptor «, which is thought to be involved in cancer
growth, has been shown in ovarian cancer as well as in many other cancers. A treat-
ment effect with anti-folate receptor antibodies against ovarian cancer has been
reported in expiratory clinical trials (Table 13.3). In 2007, MORAb-003 (farletu-
zumab), a humanized antibody against folate receptor, was developed by Morphotek,
Inc. In the phase I study for platinum-resistant ovarian cancer, 36% of patients
maintained SD [17]. Furthermore, phase II trials for platinum-sensitive and
platinum-resistant ovarian cancer have been reported. Currently, a phase III trial
using the combination of chemotherapy and farletuzumab is underway [18].

13.2.2.3 Immunotherapy Using Antibodies Against EpCAM
and CD3

Another promising passive immunotherapy for ovarian cancer targets epithelial cell
surface antigen (EpCAM). Catumaxomab is a double antibody against both EpCAM
and CD3. Heiss et al. examined the inhibitory effect of catumaxomab on cancerous
ascites and showed that the period to next puncture was significantly extended in the
administration group [19]. Furthermore, Baumann et al. reported the clinical effect
of catumaxomab in ovarian cancer [20] (Table 13.3).

13.2.3 Problems Toward the Development and Clinical
Application of Inmunotherapy

As described above, there have been continuous attempts to develop immunother-
apy for ovarian cancer, and recently, clinical efficacy has been shown in some
instances. However, despite a long history of immunotherapy against solid cancers,
the effect of cancer immunotherapy has been limited because there are several prob-
lems in its development. Every time new knowledge of tumor immunity was discov-
ered in the basic fields, the new idea of immunotherapy was usually evaluated in
preclinical trials with animal experiments similar to the process of evaluating other
anticancer reagents. In this step, in vivo mouse models play an important role as an
immunotherapy model, but there is inherent problem with the use of mouse models
as the evaluation system. The use of established cancer cell lines along with pure
mouse strains is thought to mimic the immune reaction of human immunity. This
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experimental system has been established using cancer cell lines from a wide vari-
ety of organs. The effect of the immunotherapies is validated in animal models as
the preclinical phase and is eventually administered to actual cancer patients in
clinical trials. However, in most cases, only a small percentage of the patients show
efficacy despite a marked effect in the animal experiments. One of the reasons is
that the immune reaction is a highly complex biological phenomenon compared to
chemotherapy agents. In the case of chemotherapy agents, a mouse model system
using transplanted tumor has much in common with human cancers, and the effec-
tiveness of a therapy in animal experiments may predict clinical efficacy. In con-
trast, animal models of cancer immunotherapy are only a simplified model of the
true complex tumor immunity in humans, and there is a large gap between them. For
example, an established murine cell line often grows rapidly in vivo, but human
cancers can maintain a state of dormancy for years. Such differences may influence
the evaluation of tumor immunity.

Second, the evaluation method in clinical trials is also challenging regarding the
clinical efficacy of immunotherapy. With chemotherapy agents, evaluating the
tumor size may be associated with long-term efficacy. However, in case of immuno-
therapy, an initial antitumor effect does not necessarily correspond to the final clini-
cal efficacy. Compared to conventional chemotherapies, immunotherapy requires a
longer time interval to elicit an antitumor effect. However, we are unaware of the
exact signaling mechanisms in the immune system, and we do not have a reliable
method to predict the final effect of immunotherapy. Similar to other molecularly
targeted drugs, it is important to develop effective predictive biomarkers in order to
efficiently implement immunotherapy.

13.3 Immune Checkpoint Inhibition in Ovarian Cancer

Several years ago, a novel immunotherapy attracted a great deal of attention. A
therapy using an anti-PD-1 antibody, which inhibits the binding of PD-L1 to PD-1,
was used for malignant melanoma, renal cancer, and lung cancer. The first trial
showed that the antibody had a high antitumor effect not only in melanoma and
renal cancer (which have high immunogenicity) but also in lung cancer, which is not
considered to be immunogenic [21, 22].

13.3.1 Basic Mechanism of Function of Inmune Checkpoint
Molecules

Generally, an immune reaction to antigens (including cancers) is initiated with anti-
gen recognition by antigen-presenting cells (APCs) such as dendritic cells (cogni-
tive phase). Following antigen recognition, dendritic cells migrate to lymph nodes
and present specific antigens to T cells via MHC class II molecules. As a result, T
cells, including CD8-positive cytotoxic T cells, recognize the existence of cancer
and become activated in a tumor-specific manner via the T-cell receptor (TCR). This
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Fig. 13.1 Tumor immune escape hypothesis. This hypothesis is proposed to explain why sys-
temic immunotherapy has not been successful. According to the hypothesis, by using unknown
mechanism, e.g., expressing some immunoinhibitory molecules, tumor cells keep their local
immune environment in immunosuppressive state. Therefore, even if we can successfully elicit
potent systemic antitumor immunity, it does not effectively reach tumor cells

interaction between the MHCs on APCs and TCRs on T cells is called the “first
signal.” At the same time, a “second signal” is sent via interaction of specific mol-
ecules known as immune checkpoint molecules. If this interaction occurs between
B7 and CD28, active immunity is initiated. In contrast, if the interaction occurs
between B7 and CTLA-4 (cytotoxic T lymphocyte-associated protein 4), there is
inhibition of the immune response [23].

This type of pro-/anti-immune mechanism also exists in local immunity when T
cells recognize their targets (effector phase). During this phase, the interaction
between PD-1 on T cells and PD-L1 on target cells is thought to result in the attenu-
ation of the immune response. Therefore, if tumor cells express PD-L1, there is a
reduction in the immune attack by T cells [24] (Fig. 13.1).

These immunoinhibitory molecules are considered to serve as cancer immune
escape machinery; thus, inhibition of these signals is expected to be a target for
potent immunotherapies (Fig. 13.1).

13.3.2 Immune Checkpoint Inhibition as a Cancer
Immunotherapy

In 1999, clinical trials using the anti-CTLA-4 antibodies ipilimumab and tremelim-
umab were initiated [25, 26]. Ipilimumab is a humanized IgG1-type anti-CTLA-4
antibody and is currently used clinically to treat malignant melanoma. On the other
hand, antibodies against PD-1/PD-L1 have been used in various cancers [6, 21, 22].
Nivolumab is a current treatment for malignant melanoma and lung cancer in Japan
and the USA, and pembrolizumab has also been approved for use against these
cancers in the USA. In addition, the anti-PD-L1 antibody atezolizumab is adminis-
tered to treat urothelial cancer. At present, many immune checkpoint inhibitors are
being developed and are expected to have clinical applications in the near future.
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13.3.3 Rationale of Inmune Checkpoint Inhibition in
Ovarian Cancer

Failure of conventional cancer immunotherapies has brought forth the idea of an
immune escape mechanism in tumors. According to this theory, cancer cells actively
alter and attenuate their local micro-immune environment by expressing immuno-
suppressive molecules (Fig. 13.2a). Thus, simply strengthening the immunity of the
whole body is insufficient to achieve a therapeutic effect due to the local immune
escape mechanism (Fig. 13.1). We and other researchers have shown that the local
immune environment, especially tumor infiltration of CD8+ T cells, is closely asso-
ciated with outcome of patients with ovarian cancer [27-29]. Furthermore, we
showed that PD-L1 expression in ovarian cancer is a prognostic factor for ovarian
cancer, and its expression is negatively associated with CD8+ T-cell infiltration,
suggesting that the expression of PD-L1 in tumor cells plays a major role in the sup-
pression of local immunity [29].

In addition, we performed an in vivo study. When PD-L1 expression was knocked
down in PD-L1-high mouse ovarian cancer cells, the cells became less immuno-
genic; moreover, in a mouse xenograft model, the tumor grew more rapidly, leading
to shorter survival [30, 31].

Immune
che Qoihf‘ Attack

' inhibitor

Atterjuate

T cell T cell

Fig. 13.2 Concept of immune checkpoint inhibition. (a) Some of the cancer cells express PD-L1
on their surface, and through PD-L1/PD-1 interaction, they send a signal to attenuate antitumor
immunity of cytotoxic T cells. (b) If immune checkpoint inhibitors such as anti-PD-1 antibody can
block PD-L1/PD-1 interaction, tumor immunity will be restored, and cytotoxic T cells will regain
capability to attack cancer cells
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Matsuzaki et al. reported that tumor-infiltrating NY-ESO-1-specific CD8+ T cells
are negatively regulated by LAG-3 and PD-1 in human ovarian cancer [32].
Expression of LAG-3 and PD-1 on CD8+ T cells was upregulated by IL-10, IL-6,
and tumor-derived antigen-presenting cells. Dual blockade of LAG-3 and PD-1 dur-
ing T-cell priming efficiently augmented the proliferation of and cytokine production
by NY-ESO-1-specific CD8+ T cells. Krempski et al. reported that tumor-infiltrating
programmed death receptor-1+ dendritic cells mediate immunosuppression in ovar-
ian cancer [33]. PD-1 blockade in mice bearing ovarian cancer cells substantially
reduced the tumor burden and increased the effector Ag-specific T-cell responses.
Thus, multiple basic/preclinical studies convinced us that inhibition of PD-L1/PD-1
signaling in ovarian cancer could be an effective treatment strategy (Fig. 13.2b).

13.3.4 Clinical Application of Imnmune Checkpoint Inhibitors
in Ovarian Cancer (Table 13.4)

13.3.4.1 Clinical Trials Using Anti-PD-1 Antibodies

In 2010, we initiated the first clinical trial of nivolumab, a humanized anti-PD-1 anti-
body, for ovarian cancer. It was a principal investigator-initiated, phase II trial in
patients with platinum-resistant refractory ovarian cancer [34]. A total of 20 patients
were included, and they received one of two doses every 2 weeks up to 1 year: 1 mg/
kg for ten patients and 3 mg/kg for ten patients. Among the 20 patients, the best over-
all response rate was 15% (2 CR and 1 PR), and the disease control rate was 45%. The

Table 13.4 Clinical trials for ovarian cancer—immune checkpoint inhibitor

Target Antibody Code name Phase Trial identifier Company
CTLA-4 Ipilimumab YervoyR, LI NCTO01611558 Bristol-Myers
MDX-010 Squibb
Tremelimumab  Ticilimumab, 1 NCTO01975831 MedImmune/
CP-675,206 AstraZeneca
PD-1 Nivolumab OpdivoR, 1T UMINO000005714 Bristol-Myers
BMS-936558, Squibb/Ono
MDX1106
Pembrolizumab  KeytrudaR I NCT02054806 Merck
MK-3475,
lambrolizumab
Pidilizumab CT-011 1 NCT01386502 Cure Tech
MEDI0680 AMP-514 I NCT02013804 Amplimmune/
GlaxoSmithKline
PD-L1 MS-936559 MDX1105 I NCT00729664 Bristol-Myers
Squibb
Atezolizumab MPDL3280A I NCT02174172 Roche/Genentech
Durvalumab MEDI4736 I NCT01693562 MedImmune/
AstraZeneca
Avelumab MSB0010718C 1 NCTO01772004 Merck Serono/

Pfizer
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median overall survival was 20.0 months, and the median PFS was 3.5 months at the
end of trial. Two patients with CR showed no evidence of disease for over 1 year.

A phase Ib clinical trial of pembrolizumab, another humanized anti-PD-1 anti-
body, was conducted as part of the KEYNOTE-028 trial, which included 26 patients
with recurrent ovarian cancer. In the interim analysis, response rate was 11.5%
(1 CR and 2 PR), and the disease control rate was 34.6% [35].

13.3.4.2 Clinical Trials Using Anti-PD-L1 Antibodies
Avelumab is a human anti-PD-L1 antibody with naive Fc receptor. A phase I trial for
775 patients with recurrent ovarian cancer was conducted [36]. The overall response
rate was 10.7% (0 CR and 8 PR), and the disease control rate was 54.7%. Another
phase I trial using a different human anti-PD-L1 antibody, BMS-936599, included 17
ovarian cancer patients, and the response rate was 6.9% (0 CR, 1 PR) [22].

In addition to these trials, many trials testing anti-PD-1 and anti-PD-L1 antibod-
ies for ovarian cancer are ongoing, as shown in Table 13.1.

13.4 Problems with Current Trials of Inmunotherapy

There is no doubt that immunotherapy has great potential and is a promising
approach for future cancer treatments, including ovarian cancer, but there are also
many issues to be addressed.

13.4.1 Biomarker to Predict Efficacy of Inmune Checkpoint
Inhibitors

Considering the extraordinarily high cost of immune checkpoint inhibitors, identi-
fying the ideal patient who would most benefit from this treatment is mandatory. For
this purpose, a search for effective biomarkers to identify patients who are expected
to have favorable response is necessary. In ovarian cancer, clear cell histology is
often associated with a chemoresistant phenotype. However, at least several cases in
early trial have shown that a clear cell histology has a good response to immune
checkpoint inhibitors [34]. Thus, the histology of ovarian cancers may not predict
the response of these drugs.

The first biomarker candidate is the expression of PD-L1 on tumor cells. Studies
have reported that PD-L1 expression on ovarian cancer cells is associated with worse
prognosis [6, 29]. Moreover, several clinical trials studying melanoma and non-squa-
mous cell lung cancer showed that PD-L1 expression was correlated with an antitumor
response upon anti-PD-1 antibody treatment [6]. By contrast, PD-L1 expression was not
shown to be predictive of a response in other trials, including a phase II ovarian cancer
trial [34]. These conflicting data may be ascribed to the different anti-PD-L1 antibodies
used to evaluate PD-L1 expression. However, it may also be possible that PD-L1
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expression cannot serve as a predictive factor in some cancers. Further studies that either
use multiple antibodies or standardize the evaluation methods are necessary.

Another promising candidate of predictive biomarkers is the so-called mutation
burden of cancer cells. It is well known that the frequency of mutations is high in
melanoma and lung cancer, in which immune checkpoint inhibition is effective. It
was reported that in colorectal cancer patients, the treatment response was signifi-
cantly better in patients with deficiencies in DNA mismatch repair [37]. There is
currently no data on whether mutation burden could also serve as a predictive
marker in ovarian cancer; however, BRCA gene mutations in ovarian cancer are
associated with hypermutations within the tumors and clinically associated with a
favorable outcome [38]. Therefore, BCRA may be a good candidate as a predictive
biomarker of immune checkpoint inhibition.

13.4.2 How to Combine Novel Inmunotherapies with Other
Treatments

A realistic issue in the application of immunotherapies for clinical practice is how
to combine them with other treatments, including conventional chemotherapy or
molecularly targeted therapies. In ovarian cancer, the response rate of first-line che-
motherapy is relatively high, and chemotherapy is thought to maintain its status as
the primary treatment for ovarian cancer. Therefore, it is important to know whether
a combination of chemotherapy and immunotherapy is more effective. By using a
mouse model, we have shown that some chemotherapy reagents induce PD-L1
expression on cancer cells, and the combination of chemotherapy and anti-PD-L1
antibodies increases the efficacy of treatment, possibly by inducing a cytotoxic
immune reaction after chemotherapy [39]. A phase II clinical trial of the combina-
tion of paclitaxel/carboplatin chemotherapy with pembrolizumab in ovarian cancer
is ongoing (NCT02520154).

Other combinations of immunotherapy with radiation therapy, molecularly
targeted reagents, and other cancer immunotherapies have also been consid-
ered. Preclinical studies indicated that radiotherapy can enhance the efficacy of
the blockade of CTLA-4 and PD-1 [40, 41]. In addition, several clinical cases
and retrospective studies suggest that radiotherapy may enhance the efficacy of
the immune checkpoint blockade [42], and there are prospective trials under-
way to address this possibility. Molecularly targeted therapy is another emerg-
ing treatment for various cancers. A combination of this therapy with immune
checkpoint inhibition is currently under investigation, but early reports indi-
cate issues with adverse effects [43]. Several trials such as the combination of
an anti-CTLA-4 antibody with a PARP inhibitor (NCT02571725) or an anti-
PD-L1 antibody with bevacizumab (NCT02659384) are ongoing. Finally, one
of the most promising combination strategies is the combination of two differ-
ent immunotherapies. Concomitant CTLA-4 and PD-1 blockades in patients
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with melanoma resulted in a highly durable response rate and an impressive
overall survival [44]. A phase II trial of the combination treatment of an anti-
PD-L1 antibody and an anti-CTLA-4 antibody for ovarian cancer is underway
(NCT02261220).

13.4.3 Handling Immune-Specific Adverse Events

With increasing data regarding immune checkpoint inhibition for various can-
cers, it is becoming clear that there are adverse effects specific to immunother-
apy. Immune-specific adverse effects likely arise from general immunologic
enhancement and thus include dermatological, gastrointestinal, hepatic, endo-
crine, and other less common inflammatory events [44, 45]. The most clinically
relevant events are diarrhea/colitis, endocrinopathies affecting the pituitary,
adrenal, and thyroid glands and pneumonitis. Treatments of these adverse effects
generally involve temporary immunosuppression with corticosteroids, tumor
necrosis factor-a antagonists, mycophenolate mofetil, or other agents [46].
However, no standard treatment strategy has been established. In addition, early
detection and initiation of treatment against adverse reactions are believed to be
important.

13.5 Conclusion: Future Directions

Immunotherapy, especially immune checkpoint inhibition targeting PD-1/PD-L1, has
been shown to improve the outcome of patients with a variety of malignancies.
Ovarian cancer is obviously another malignancy that should be examined to deter-
mine the efficacy of immune checkpoint inhibitors; presently, many clinical trials
addressing this question are ongoing. One of the advantages of immunotherapies is
their durability. Once the patient is responsive to immunotherapy, the patient is often
cured instead of simply prolonging survival. However, there are still many obstacles
to be solved in order to apply immunotherapy for the clinical management of ovarian
cancer. First, considering the high cost of these drugs, we should attempt to find an
effective biomarker (companion marker) to select patients. Second, we should become
more familiar with immune-specific adverse effects, which are significantly different
from those of chemotherapy. Third, we should pursue the best way to implement
immunotherapies, especially regarding combinations with other treatments. To
address these three problems, it is necessary to more thoroughly understand the bio-
logical consequences of immunotherapy in human cancers, including the use of basic
research. Further understanding of the mechanisms involved in immunological
manipulation may lead us to personalized and more finely tuned immunotherapy in
the future (Fig. 13.3).
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Fig. 13.3 Future direction of the cancer immunotherapy. Firstly, to obtain effective cancer immu-
notherapy, improvement of both systemic and local immunities is mandatory. Then, further com-
bination with other cancer treatments including chemotherapy should be optimized. Establishment
of evaluation method of tumor immunity is also important, which should lead to optimization and
personalization of immunotherapy. As a result, we can apply immunotherapy in future daily
practice
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