3 frontiers ‘ Frontiers in Immunology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Qi Zhao,
University of Macau, China

REVIEWED BY

Bihui Cao,

The Second Affiliated Hospital of
Guangzhou Medical University, China
Yaming Shan,

Jilin University, China

*CORRESPONDENCE
Jing Jing
ji_zcy@vip.163.com
Xiujing He
hexiujing@scu.edu.cn

SPECIALTY SECTION

This article was submitted to
Cancer Immunity

and Immunotherapy,

a section of the journal
Frontiers in Immunology

RECEIVED 16 September 2022
ACCEPTED 14 October 2022
PUBLISHED 27 October 2022

CITATION

Xu'Y, Zuo F, Wang H, Jing J and He X
(2022) The current landscape of
predictive and prognostic biomarkers
for immune checkpoint blockade in
ovarian cancer.

Front. Immunol. 13:1045957.

doi: 10.3389/fimmu.2022.1045957

COPYRIGHT

© 2022 Xu, Zuo, Wang, Jing and He.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Immunology

TYPE Mini Review
PUBLISHED 27 October 2022
po110.3389/fimmu.2022.1045957

The current landscape of
predictive and prognostic
biomarkers for immune
checkpoint blockade In
ovarian cancer

Yufei Xu, Fengli Zuo, Huiling Wang, Jing Jing* and Xiujing He*

Laboratory of Integrative Medicine, Clinical Research Center for Breast, State Key Laboratory of
Biotherapy, West China Hospital, Sichuan University and Collaborative Innovation Center, Chengdu,
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Immune checkpoint blockade (ICB) therapy has evoked a prominent shift in
anticancer therapy. Durable clinical antitumor activity to ICB has been
observed in patients with ovarian cancer (OC). However, only a subset of
patients derive clinical benefit, and immune-related adverse events (irAEs)
caused by ICB therapy can lead to permanent tissue damage and even fatal
consequences. It is thus urgent to develop predictive biomarkers to optimize
patient outcomes and minimize toxicity risk. Herein, we review current
predictive and prognostic biomarkers for checkpoint immunotherapy in OC
and highlight emerging biomarkers to guide treatment with ICB. The prevalent
biomarkers, such as PD-L1 expression status, tumor-infiltrating lymphocytes,
mutational burden, and immune gene signatures, are further discussed. We
provide a state-of-the-art survey on prognostic and predictive biomarkers for
checkpoint immunotherapy and offer valuable information for guiding
precision immunotherapy
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Introduction

Immune checkpoint blockade therapies (ICBs) can circumvent tumor-mediated
immune suppression and reinvigorate antitumor immune responses, in contrast with
conventional therapeutic strategies that exert direct cytotoxicity against tumor cells (1, 2).
Immune checkpoint inhibitors (ICIs) that target the programmed cell death protein-1 (PD-
1)/programmed death receptor ligand-1 (PD-L1) axis or cytotoxic T lymphocyte antigen 4
(CTLA4) have achieved impressive success against various cancer types (3). ICIs have
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achieved remarkable clinical activity with durable disease control
across multiple advanced tumors (4). Accordingly, several ICIs
have been approved by the United States Food and Drug
Administration (FDA) for patients with malignancies, including
melanoma, lung cancer, triple-negative breast cancer (TNBC),
colorectal cancer, gastric cancer, renal cell cancer, head and neck
squamous cell cancer, bladder cancer, lymphoma and so on (5).
Albeit substantial advancements in clinical therapy, only a
minority of patients receiving ICIs derive benefits. In addition,
ICB therapy is significantly restricted by the occurrence of
immune-related adverse events (irAEs), resulting from immune
hyperactivation and subsequent immune homeostasis
disturbance. Severe adverse events can lead to permanent
disorders and can be lethal in some cases (6). Therefore, there is
intense interest in developing predictive and prognostic
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biomarkers for ICI therapy to better understand the benefits
and risks driven by ICB and effectively select patients.

Manipulating the immune environment with ICIs is an
attractive therapeutic approach for antitumor therapy in
ovarian cancer (OC) (Figure 1). There has been considerable
progress in utilizing ICB therapy for OC over the past few years
(Table 1; Supplementary Table S1). However, there is still
confusion regarding patient selection and the choice of
therapeutic regimen for patients with OC, underscoring the
need for effective biomarkers to predict response and
remission. In this review, we attempt to summarize published
original research and clinical trials involving biomarker
assessment in OC receiving ICI therapy and discuss ongoing
efforts to develop predictive biomarkers of responsiveness
and outcomes.
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Biomarker development for immune-checkpoint inhibitor therapy in ovarian cancer. Key elements in biomarker development for immune
checkpoint inhibitors therapy are briefly described, including PD-L1 expression, genomics alterations, immune cell infiltration, and

transcriptomic signatures.
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PD-L1 expression

Direct measurement of PD-L1 expression is a logical
biomarker for predicting response to anti-PD-1/PD-L1
therapies. PD-L1 immunohistochemistry (IHC) assay is now
FDA-approved as a companion diagnostic biomarker to select
patients most likely to benefit from ICI treatment for multiple
cancer types, such as non-small cell lung cancer(NSCLC),
metastatic TNBC, and melanoma (5).

The predictive value of PD-L1 expression was assessed in OC
patients treated with anti-PD-1/PD-L1 antibodies (Table 1).
KEYNOTE-100 (NCT02674061) investigated the clinical activity
of pembrolizumab in patients with recurrent advanced OC and
introduced PD-LI stain score as a predictive biomarker, in which
patients with higher PD-L1 expression (combined positive score>10)
had an increased overall response rate (ORR) and prolonged overall
survival (OS) with pembrolizumab (8). More recently, Sanborn et al.
evaluated the efficacy and safety of varlilumab plus nivolumab in
patients with advanced solid tumors (10). Significantly, an absolute
increase of 5% or more in tumor PD-LI expression induced by
treatment tended to improve progression-free survival (PFS) in OC
(7.4 months vs. 3.5 months, p=0.07), whereas baseline pretreatment
PD-LI expression was not associated with ORR (10). Prespecified
biomarker analysis in the JAVELIN-200 trial revealed a trend for
prolonged PFS with the addition of avelumab to pegylated liposomal
doxorubicin (PLD) compared with PLD alone among OC patients
with PD-L1-positive tumors (12). Nevertheless, several trials yielded
inconsistent or even contradictory results regarding the role of PD-L1
expression as a marker for predicting response to ICB and clinical
outcomes in OC. Liu et al. (15) obtained the opposite results in
evaluating the predictive and prognostic value of PD-L1 expression in
recurrent OC patients receiving nivolumab and bevacizumab. Even
patients with PD-L1-negative tumors (10/22) had higher therapeutic
activity than those with PD-L1-positive expression (2/14) (15). In
addition, several studies have shown that the expression of PD-L1
was not predictive of ICI outcome and prognosis in OC patients (36,
38-43). Potential reasons for these paradoxical results include the
inability to accurately reflect PD-L1 status due to PD-L1 expression
transiency and heterogeneity, differences in the disease status of
patients, the poor uniformity between various detection assays, and
thelack of standardized criteria and thresholds for assessing positivity
(3,44, 45). Therefore, PD-L1 status is likely insufficient to determine
the suitability of ICI therapy for OC patients. Further refinement of
the use of PD-L1 expression status as a robust biomarker for
checkpoint immunotherapy is warranted.

Tumor-infiltrating immune cells

TIICs can serve as an index to monitor the tumor
microenvironment (TME) and play an increasingly important
role in the immune response against cancer (46). Therefore,
TIICs have also been speculated to be surrogate biomarkers for
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ICB immunotherapy in many types of cancer, including OC
(Table 1). A comprehensive analysis of immune cells in patients
with epithelial ovarian cancer (EOC) revealed a positive
correlation between the infiltration of immune cells and the
clinical outcome of EOC (16). The density of tumor-infiltrating
lymphocytes (TILs), specifically CD8" T cells, is a solid positive
prognostic indicator for multiple cancer types regardless of ICI
therapy. In fact, CD8 expression in tumors was predictive of
clinical benefit with avelumab plus PLD treatment in OC (12).
Of note, patients with dual PD-L1-positive and CD8-positive
tumors seemed to benefit more from combination treatment
than subgroups defined by only one of these biomarkers (12).
Another potential predictor of ICI response is tumor-infiltrating
mast cells (TIMs) within a tumor (Table 1). In high-grade
plasmacytoid ovarian cancer (HGSOC), stromal TIMs (sTIMs)
abundance was negatively associated with the ICB response (18).
Remarkably, tumors with low sTIMs had enhanced effector
functions of CD8" T cells (18). This finding was corroborated
in short-term HGSOC organoids. The effector molecules
(GZMB and IFN-y) on CD8" T cells were marginally
increased in organoids derived from low sTIMs tumors,
compared to organoids from high sTIMs tumors (18). Overall,
the abundance of sTIMs predicts a dismal prognosis in HGSOC
patients treated with anti-PD-1 therapy.

Except for the spatial position and density of TIICs, their
phenotype and activation status also impact the clinical benefit
of ICIs (3). The immune-inflamed phenotype is usually
accompanied by the expression of PD-L1 on infiltrating
immune cells and tumor cells, which is associated with a
better response to ICI therapy (3). In a trial investigating
combination regimens with anti-PD-L1 antibody in women’s
cancers, a trend toward a positive association of treatment
response with the degree of PD-L1-positive TILs was observed
(39). In contrast, melanoma patients with PD-L1-positive TILs
had a significantly worse prognosis than those with PD-L1-
negative TILs (P = 0.008) (47). Further investigations are needed
to determine whether PD-L1-positive TILs are suitable to serve
as predictors of ICB effectiveness. In addition, other non-
neoplastic cells in the TME are also non-negligible, which are
probably of biological significance. Therefore, increased
awareness of the role of these distinct TME compartments is
needed for comprehensive biomarker development to predict
ICB response and prognosis.

Mutation and genomics alterations

Tumor development and progression generally occur along
with the acquisition and accumulation of mutations (45).
Neoantigens generated by mutations may lead to T-cell
infiltration, thereby better response to immunotherapy (48). In
fact, several studies have attempted to evaluate somatic
mutations as biomarkers for predicting ICB response in OC
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TABLE 1 Predictive and prognostic biomarkers for checkpoint immunotherapy in ovarian cancer.

Categories Biomarker

PD-L1 tumor PD-L1

expression

tumor PD-L1
expression

tumor PD-L1
expression

tumor PD-L1
expression

PD-L1 expression
both in tumor cells
and immune cells
tumor PD-L1
expression

tumor PD-L1
expression

tumor PD-L1
expression

TIICs immune cell

infiltration

CD8 expression

immune score

stromal tumor
infiltrating mast
cells (sTIMs)
the ratio of
peripheral CD8
*PD1'Ki67" T
cells to TMB
ARIDI1A loss/
mutation

Mutation and
genomics
alteration

mutational
signature 3

fraction of genome
altered (FGA)

APOBEC3A
expression

Transcriptomic
signature

immune-related
genes

signal transducer
and activator of
transcription 1
(STAT1)

CAPG expression
LAYN expression
TGF-B score

NAD*
metabolism-related
genes (NMRGs)
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Association
with favorable
clinical
outcome
positive
positive
positive

positive

positive

potentially positive

potentially positive

negative

positive

positive

positive

negative

positive

positive

positive

positive

positive

positive

potentially positive

negative
negative

negative

negative

Predictive ~ Tissue type Possible Trial Treatment
versus  for biomarker  assay type
prognostic  assessment  for biomarker
assessment

predictive tumor IHC NCT02674061 pembrolizumab

predictive tumor IHC NCT02674061 pembrolizumab

predictive tumor IHC NCT02674061 pembrolizumab

both tumor IHC NCT02335918 varlilumab +
nivolumab

both tumor IHC NCT02580058 avelumab vs.
avelumab +
PLD vs. PLD

predictive tumor - NCT03558139 magrolimab +
avelumab

predictive tumor IHC NCT02865811 pembrolizumab
+ PLD

predictive tumor IHC NCT02873962 nivolumab +
bevacizumab

prognostic tumor RNA-seq - -

both tumor IHC NCT02580058 avelumab vs.
avelumab +
PLD vs. PLD

both tumor NanoString NCT02657889 niraparib +
pembrolizumab

prognostic tumor IHC - -

prognostic blood DNA sequencing NCT03029598 carboplatin +
atezolizumab

predictive tumor DNA sequencing - -

both tumor DNA sequencing NCT02657889 niraparib +
pembrolizumab

both tumor DNA Sequencing - -

both tumor qPCR - -

prognostic tumor RNA-seq - -

predictive tumor qPCR - -

both tumor RNA-seq - -

both tumor RNA-seq - -

prognostic tumor RNA-seq - avelumab/
nivolumab/
pembrolizumab

both tumor RNA-seq - -
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TABLE 1 Continued
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Categories Biomarker Association  Predictive  Tissue type Possible Trial Treatment References
with favorable  versus  for biomarker  assay type
clinical prognostic  assessment  for biomarker
outcome assessment
m6A-related gene  potentially both tumor qPCR - - (29)
signature negative
CXCL9 positive prognostic tumor IHC - - (30)
CXCL11 positive both tumor RNA-seq - - (31)
CXCL13 positive both tumor IHG; IF - - (32)
potentially positive both tumor RNA-seq - - (33)
Peripheral increased IFNy positive predictive blood RNA-seq NCT02484404 durvalumab + (34)
blood production olaparib
biomarkers increased levels of  negative predictive blood CA-125 test - - (35)
CA-125
reduced levels of  potentially predictive blood CA-125 test NCT01772004 avelumab (36)
CA-125 negative
elevated VEGFR3  negative predictive blood RNA-seq NCT02484404 durvalumab +  (34)
levels olaparib
ctDNA negative both blood bespoke ctDNA NCT02644369 pembrolizumab  (37)

assays

THC, immunohistochemistry; IF, immunofluorescence; TIICs, tumor-infiltrating immune cells; PLD, pegylated liposomal doxorubicin; CA-125, cancer antigen-125; ctDNA, circulating

tumor DNA; +, combination therapy; -, not available; /, or.

(Table 1). ARID1A mutation or loss was associated with
immune microenvironmental factors in clear cell ovarian
cancer (CCC), suggesting that ARIDIA status has potential as
a biomarker to guide decisions concerning patient selection for
ICB therapy in CCC (20). The phase I/II trial (NCT02657889)
reported two novel biomarkers for the combination of poly
(adenosine diphosphate-ribose) polymerase (PARP) and PD-1
inhibitors in the treatment of platinum-resistant OC (17).
Mutational signature 3 reflected homologous recombination
deficiency (HRD) status, and positive immune score (IS) was a
surrogate of interferon-primed exhausted CD8" T cells in TME.
Specifically, the presence of one or both of the above alternative
markers was associated with significantly prolonged PFS (HR =
0.32), while concurrent absence showed no response to PARP/
PD-1 inhibitors(ORR= 0%) (17).

Another metric, known as tumor mutation burden (TMB), is
a strong predictor of ICB efficacy. Unfortunately, its predictive
performance in OC is disappointing. No significant correlation
was found between TMB and immunotherapy response in
recurrent OC (21). Furthermore, BRCA1/2 mutations and
HRD status also did not predict the clinical benefit of ICI in
heavily pretreated patients with OC (21). Notably, additional
exploratory analyses identified the fraction of genome altered
(FGA) as a promising biomarker of response to ICI in OC, which
can characterize global copy number alterations. High FGA was
significantly associated with improved OS (HR = 0.49; log-rank
P = 0.01) and PES (HR = 0.54; log-rank P = 0.014) after ICI
therapy in OC (21). The optimal cutoff for defining high vs. low
FGA is unclear; therefore, the predictive capacity of FGA
warrants further validation.
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TMB was also explored in the phase I/II trial (NCT03029598),
which evaluated pembrolizumab and carboplatin for recurrent or
refractory ovarian, fallopian tube, or primary peritoneal cancer (19).
Stratification by the ratio of peripheral CD8"PD17Ki67" T cells to
tumor burden at baseline yielded a significant survival advantage.
Patients with a low ratio (<0.0375) had a median OS of only 8.72
months, while those with a high ratio (>0.0375) had a significantly
longer median OS of 18.37 months (p=0.0099). However, no
significant survival difference was observed when using
CD8"PD1'Ki67" T cell (p=0.53) or tumor burden alone (p=0.24)
as stratification criteria (19). Overall, TMB alone does not clearly
discriminate responders from non-responders in OC patients treated
with ICIs.

Transcriptomic signatures

Gene expression analysis can uncover global tumor and
microenvironment features, providing promise for predicting
the clinical benefit of checkpoint inhibitor strategies. Multiplex
characterization of the TME and gene expression signatures
have been proposed as effective methods to dissect the immune
contexture and cancer cell-intrinsic features. According to TME
information derived from transcriptome data of OC, Li et al. (23)
established immune cell infiltration (ICI) scores and an
immune-related gene prognostic model to predict the clinical
benefits of OC patients undergoing immunotherapy. Signal
transducer and activator of transcription 1 (STAT1) has been
demonstrated to be associated with TME. A recent study found
that STAT1 expression was positively correlated with PD-L1
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expression and had the potential to predict the response to ICB
in patients with EOC (24). Integrins are transmembrane
receptors that mediate the connection between cells and their
external environment (49-51).

Several immune-related gene signatures have been
confirmed to predict the immunotherapeutic response in OC.
The TGEF-f regulated signaling pathway was noted to contribute
to immunotherapy resistance in OC (27). A significant negative
correlation between the TGF-f3 score and ICI-PFS was observed
in OC, with an ICI-PFS of 16.6 months in the low TGF-f3 score
group compared to 2.65 months in the high TGF-f score group
(p = 0.0012). As the most common RNA modification, N6-
methyladenosine (m6A) plays a key role in epigenetics (52). A
risk model based on m6A-related targets has an excellent clinical
prognostic stratification effect in advanced OC. Importantly, the
high- and low-risk groups divided by this model have significant
differences in TME contexture, suggesting that this model may
be able to predict immunotherapy response in OC (29).

Chemokines have essential roles in modulating immune
homeostasis and inflammatory responses (53). Accumulating
findings suggest that chemokines can influence cancer cell
proliferation, invasion, angiogenesis, and therapy resistance by
recruiting immune cells and modulating the TME (54, 55). The
prognostic and predictive values of the CXC chemokine family have
been addressed in the setting of OC, including CXCL9, CXCL11, and
CXCL13 (Table 1). Tumors with high CXCL9 expression had
significantly prolonged OS, implying the feasibility of CXCL9
expression as a novel prognostic marker for high-grade serous
ovarian cancer (HGSC) (30). Similarly, Fan et al. (33) found a
significant positive correlation between the expression of CXCL13,
FCRLA, PLA2G2D, and MS4A1 and a better prognosis of OC.
Meanwhile, these potential therapeutic genes could reflect OC
immune status and allow better predictions of who will respond to
ICIL Furthermore, Yang etal. (32) examined the therapeutic effects of
CXCL13 and PD-1 blockade in human HGSC tumors and mouse
models. They found that CXCL13 can augment the efficacy of PD-1
checkpoint blockade in HGSC by shaping the antitumor
microenvironment. CXCL13 can facilitate CXCR5'CD8" T-cell
recruitment to tertiary lymphoid structures. Furthermore, the
combination of CXCL13, CD8, and CXCR5 was confirmed as a
potential prognostic indicator or response biomarker for ICB therapy
in patients with HGSC. CXCL11 expression has been demonstrated
as a biomarker for predicting the response to anti-PD-1/PD-L1
therapy in a clinical trial of OC (31). In OC patients with HRD,
tumors with high CXCL11 expression had a more robust immune
response to PD-L1 blockade than those with low CXCL11
expression. Notably, the tumor-infiltrating immunophenotype and
neoantigen burden were significantly elevated in CXCL11-
high tumors.

In addition, several genes have been demonstrated to be
associated with immunotherapy efficacy and prognosis in OC
(Table 1). For example, Capping Actin Protein, Gelsolin-Like
(CAPG) (25) and Layilin (LAYN) (26) appeared to be indicators of
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ICI outcome. Tumors with high CAPG or LAYN expression showed a
significantly shorter survival time. In a study, the predictive
significance of NAD" metabolism-related genes (NMRGs) on
immunotherapy response in patients with OC was examined. The
high-risk score obtained by the NMRG-based model was also
associated with a poorer prognosis (28). Apolipoprotein B mRNA
editing enzyme catalytic subunit 3A (APOBEC3A) has been
recognized as an indicator of genomic instability and may aid in
predicting the prognosis and response to immunotherapy in OC (22).

Peripheral blood biomarkers

In recent years, there has been great interest in developing blood-
derived predictive biomarkers of ICI response, owing to its
convenient and non-invasive sampling (56). Cancer antigen 125
(CA-125) is an important tumor biomarker specific to OC (57); thus,
several studies have carried out exploratory research on the predictive
role of CA-125 in OC patients treated with ICIs (Table 1). A phase II
trial (NCT02608684), designed for evaluating the combination of
pembrolizumab and chemotherapy in platinum-resistant OC, found
CA-125 to be a reliable marker that reflected response and
progression (42). In a retrospective study of EOC patients treated
with ICI (35), the magnitude of increase in CA-125 levels within the
first 12 weeks of treatment was significantly smaller in patients with
clinical benefit than in those without benefit, suggesting a possible
predictive role for the degree of CA-125 increase. In a phase 1b study
of avelumab in patients with heavily pretreated OC, 12 patients with
an objective response, of whom all 7 patients evaluable for CA-125
levels showed decreased CA-125 concentrations (36).

Dynamic monitoring of circulating tumor DNA (ctDNA) in
plasma samples offers a meaningful direction for biomarker
identification for immunotherapy in OC patients (37). A satisfying
finding was that ctDNA concentration was related to clinical
response and benefit, although the effect sizes were modest (37).
Additionally, in a phase II trial of olaparib combined with
durvalumab for OC, increased IFNYy production and elevated
VEGEFR3 levels in blood samples showed positive and negative
correlations with PFES, respectively (p=0.023; p=0.017) (34).

Conclusion and future directions

The clinical trials and original research outlined above have
shown that classical biomarkers derived from the TME and tumor
intrinsic features, such as PD-L1 expression, TMB, TIICs, and
transcriptomic signatures, were correlated with ICI response and
outcome in OC. Although these findings are intriguing, the
implementation of these classical biomarkers has been hampered
by inconsistencies and limitations. Promisingly, new biomarkers
often designed as substitutes or complements to conventional
biomarkers are constantly emerging, such as microbiome, tertiary
lymphoid structures (TLSs), and tumor-associated antigens (TAAs).
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The potential of microbiome and its derived metabolome as
biomarkers for predicting the efficacy of immunotherapy has been
validated in melanoma (58), lung cancer (59), hepatobiliary cancer
(60), and colorectal cancer (61). Several studies have demonstrated
that clinical outcomes of immunotherapy for solid tumors are
strongly correlated with the presence of TLSs, suggesting that TLSs
may bea valid predictive indicator in the future (62). Elevated levels of
carcinoembryonic antigen (CEA) have also been reported to
negatively correlate with the prognosis of resected NSCLC patients
receiving ICB therapy (63). More recently, a comprehensive
predictive model for ICB response was developed across 16
different cancer types, which included the features of peripheral
blood such as platelets, neutrophil-to-lymphocyte ratio, albumin, and
hemoglobin (HGB) (64). These studies provide new perspectives to
develop new biomarkers for OC patients treated with ICB therapy.
The predictive values of these biomarkers in OC remain to be
validated in routine clinical settings.

As evidenced by the fact that a single biomarker is often
insufficient to determine the suitability of ICI therapy for OC
patients, the combination of different biomarkers may be more
valuable in predicting the clinical prognosis and therapeutic
response to immunotherapy. Indeed, it has been proposed that the
incorporation of dynamic and static biomarkers could improve
decision-making to design tailored immunotherapy strategies.
Moreover, the development of relevant biomarkers for the toxicity
prediction of ICB therapy has become a research hotspot and is
expected to offer effective ways to uncouple immunotherapy toxicity
from its antitumor activity.
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