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Abstract: Ovarian cancer has a dismal prognosis. Standard treatment following surgery relies on platinum-
based chemotherapy. However, sizeable percentages of patients are unresponsive. Identification of markers
predicting response to chemotherapy might help select eligible patients while sparing unresponsive ones
treatment-associated toxicity. Cancer/testis antigens (CTA) are expressed by healthy germ cells and malignant
cells of diverse histological origin. This expression profile identifies them as attractive targets of cancer
immunotherapies. We analyzed correlations between expression of MAGE-A10 and New York esophageal-1
cancer (NY-ESO-1) CTAs at protein level and effectiveness of platinum-based chemotherapy in patients with
advanced-stage high-grade serous ovarian carcinoma (HGSOC). MAGE-A10 and NY-ESO-1 protein expression
was analyzed by immunohistochemistry (IHC) in formalin-fixed, paraffin-embedded samples from 93 patients
with advanced-stage HGSOC treated at our institutions between January 1996 and December 2013. Correlation
between expression of these markers and response to platinum-based chemotherapy, evaluated according to
RECIST 1.1 criteria, platinum sensitivity, measured as platinum free interval (PFI), progression free (PFS) and
overall survival (OS) was explored. MAGE-A10 protein expression predicts unresponsiveness to platinum-
based chemotherapy (p=0.005), poor platinum sensitivity (p<0.001), and poor PES (p<0.001) and OS (p<0.001).
Multivariate analysis identifies MAGE-A10 protein expression as independent predictor of poor platinum
sensitivity (p=0.005) and shorter OS (p<0.001). Instead, no correlation was observed between NY-ESO-1 protein
expression and response to platinum-based chemotherapy (p=0.832), platinum sensitivity (p= 0.168), PFS
(p=0.126) and OS (p=0.335). MAGE-A10 protein expression reliably identifies advanced-stage HGSOC
unresponsive to platinum-based chemotherapy. Targeted immunotherapy could represent an important
alternative therapeutic option in these cancers..
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1. Introduction

Ovarian cancer is the most lethal of all gynecologic malignant tumors. It is often diagnosed at a
late stage and 5-year overall survival (OS) rate is around 45% [1].

The international standard of care for women with advanced ovarian cancer is represented by
surgical resection, which is usually followed by platinum-based chemotherapy. Platinum-based drug
combinations are also included in second-line chemotherapy protocols for the treatment of patients
with platinum-sensitive, but relapsing ovarian cancers [2].

However, in 20-40% of patients platinum-based chemotherapy is ineffective [2] and salvage
chemotherapy administered to these patients is also frequently characterized by low response rates.

A multiplicity of molecular mechanisms have been suggested to underlie resistance to platinum-
based treatment. They might include altered expression of platinum transporter proteins,
overexpression of detoxificating compounds, and enhanced DNA repair processes (3).

On the other hand, administration of platinum-based treatments has widely been shown to be
frequently accompanied by severe side effects, including nephrotoxicity, neurotoxicity, and, most
importantly, myelosuppression, resulting in anemia, reduction of platelet counts and impaired
immune responses (4).

Identification of markers of potential clinical use predicting resistance to platinum-based
chemotherapy is urgently needed, to spare unnecessary toxicity to patients with unresponsive
cancers, and to envisage alternative treatments of these malignancies.

In previous studies (5), we have shown that high E-cadherin expression, as detectable by
standard immunohistochemistry (IHC) techniques, reliably identifies advanced high grade serous
ovarian cancers (HGSOC) responding to platinum-based chemotherapy. These results critically
contribute to the selection of patients taking advantage of these treatments, but fail to provide clues
favoring the development of alternative therapies of potential interest for unresponsive patients.

Notably, immunotherapies based on immunological checkpoint blockade (ICB) are known to be
poorly effective in HGSOC (6), possibly due to a relatively low mutational burden (7), resulting in
limited generation of neo-antigens (8).

More recently, adoptive immunotherapies, based on the transfer of gene engineered T cells
expressing chimeric antigen receptors (CAR) have been proposed for the treatment of advanced
ovarian cancers and associated peritoneal carcinomatosis (9). However, an important obstacle for the
development of adequate protocols is represented by the relative paucity of tumor “specific” markers
expressed by HGSOC cells, significantly increasing the risk of “on target, off tumor” side effects (9).

Cancer-testis antigens (CTA) are a family of proteins highly expressed in germinal cells and
cancers of different histological origin (10-12)including ovarian cancers (13)

Members of the melanoma-associated antigen-A (MAGE-A)CTA subfamily are overexpressed
in many cancers andhave been suggested to be involved in tumor progression, metastasis, and
resistance to treatment, and to be associated with poor prognosis also in ovarian cancers (13-14).
Remarkably, MAGE-A10 is one of the most immunogenic CTA, and specific cellular immune
responses have been observed in peripheral blood of healthy donors and patients with cancer (15,
16).

New York esophageal squamous cell carcinoma-1 (NY-ESO-1) is another well-characterized
CTA, expressed in numerous malignancies including ovarian cancers (17, 18). Notably, specific
humoral and cellular immune responses have repeatedly been reported, and anti-NY-ESO-1
vaccination has been proposed for ovarian cancer treatment (18).

We hypothesized that targeted immunotherapies could provide innovative therapeutic options
for patients with platinum-resistant HGSOC. To begin to explore this issue, in this study we assessed
the expression of highly immunogenic MAGE-A10 and NY-ESO-1 CTAs, at the protein level, in
advanced stage HGSOC and we investigated its correlation with responsiveness to first-line
platinum-based chemotherapy.
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2. Materials and Methods

2.1. Study Design

This study is based on an updated analysis of a previously investigated cohort of patients (5),
focusing on 93 patients with histologically confirmed FIGO III and IV HGSOC (19) treated at the
Clinical Hospital Centre Split and General Hospital Zadar, Croatia, between January 1996 and
December 2013. All patients had undergone debulking surgery followed by first line platinum-based
chemotherapy. Inclusion in the study required availability of primary tumor specimens collected at
initial laparotomy and full medical data.

Patients were classified according to FIGO stage (19), tumor grade (20), residual tumor after
primary surgery (21), age of patients, chemotherapy regimens and number cycles of chemotherapy,
as previously described (5). Response rates, progression free (PFS) and overall survival (OS) data
were obtained from histopathological reports and patients’ medical records.

2.2. Chemotherapy Treatment

A large majority of patients (n=83, 89%) received paclitaxel plus platinum combinations. In
particular, 81 (87%) patients received paclitaxel plus cisplatin/carboplatin (TC) every three weeks or
as dose-dense (DD) TC and 2 (2%) patients received cisplatin, gemcitabine and paclitaxel (TCG). All
other patients (n=10, 11%), received cisplatin-based chemotherapy without paclitaxel. In particular, 7
(8%) patients were administered cisplatin, doxorubicin and cyclophosphamide (CAP), 2 (2%)
cisplatin and cyclophosphamide (CC) and 1 (1%) patient received cisplatin only (5).

Among all patients, 60 (65%) were administered 6 cycles of chemotherapy and 33 (35%) received
more than 6 cycles of treatment. Response to platinum-based chemotherapy was defined according
to RECIST 1.1 criteria (22).

Sensitivity to treatment was defined according to platinum free interval (PFI) as platinum-
refractory, platinum-resistant and platinum-sensitive according to standard criteria (2, 5, 23).

The Ethical Committee for Biomedical Research of the Clinical Hospital Split and School of
Medicine approved this research to be in compliance with the Helsinki Declaration (reference number
49-1/06).

2.3. Immunohistochemical Staining

Immunohistochemistry (IHC) was performed as previously detailed (24) on 4 um thick sections
from paraffin embedded tissues, usingas primary reagents, monoclonal antibodies (mAb) 3GA11
(anti MAGE-A10) and D8.38 (anti NY-ESO-1) (25, 26) on an automated system Ventana BenchMark
Ultra autostainer (Roche, Tucson, AZ, USA). Sections of normal human testes served as positive
controls. Cells were considered positive if staining was detectable in either the cytoplasm or the
nuclei, or both, regardless of intensity. Percentages of positive tumor cells were evaluated by two
pathologists. The cut-off point for positive tumor classification was any convincing
cytoplasmic/nuclear expression in  10% tumor cells.

2.4. Statistical Analysis

Correlations between clinical- pathological parameters and MAGE-A10 or NY-ESO-1 positivity,
as defined above, were analyzed by using Chi-squared tests. Patients survival was evaluated by using
Kaplan-Meier survival curves, and differential survival was investigated by using Log-rank tests.
Multivariate Cox’s proportional hazard’s analysis was used to explore the potential ability of MAGE-
A10 or NY-ESO-1 protein expression to predict responsiveness to platinum-based chemotherapy. In
all cases <0.05 p values were considered statistically significant. All analyses were conducted by using
SPSS version 16.0 software package.
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3. Results

3.1. Demographics and Clinical-Pathological Characteristics

A total of 93 patients with advanced HGSOC were included in the study. In particular, tumors
from 72 patients (77%) were of FIGO III stage and tumors from 21 patients (23%) were of FIGO IV
stage. Median age of patients was 57 years (IQR: 37-79 years). Median follow-up was of 60 (IQR: 4-
175) months. Clinical-pathological characteristics of these patients, including FIGO stage, surgery
outcome, chemotherapy regimens and number of treatment cycles, response to treatment, PFS and
OS, as obtained from histopathological reports and patient medical records, are reported in Table 1.

Table 1. Demographics and clinical-pathological characteristics.

Disease status at the end of follow-up

Total Dead Alive Alive
) without
(N=93) (N=67) with r;c_urrence recurrence
(N=9) (N=17)
Age (median, IQR) 57(37-79) 59(37-79) 62(49-75) 54(44-76)
PFS (median, IQR) 16(4-175) 14(4-109) 22(8-42) 37(16-175)
OS (median, IQR) 40(7-175) 36(7-144) 44(34-83) 69(37-175)
FIGO stage (N, %) 1 72(77) 50(75) 6 16(94)
v 21(23) 17(25) 3 1(6)
Surgery (N, %) Optimal 14(15) 0 4 10(15)
Suboptimal 75(81) 9 12 54(80)
Unknown 4(4) 0 1 3(4)
Chem"theraj/”? cycles (N, <6 60(64) 5 16 39(58)
>6 33(36) 4 1 28(42)
Response to chemotherapy CR 62(66,7) 40(59,7) 6 16
(N, %)
PR 1(11,8) 8(11,9) 2 1
SD 5(5,4) 5(7,5) 0 0
PD 15(16,1) 14(20,9) 1 0

N: number; PFS: progression free survival; OS: overall survival; CR: complete response; PR: partial response;
SD: stable disease; PD: progressing disease.

A total of 67 patients (72%) had died and 26 (28%) were alive at the end of the follow-up (2016).
Out of alive patients, 9 (35%) had developed recurrence despite ongoing adjuvant treatment, and 17
(65%) remained without disease recurrence.

3.2. Immunohistochemistry

As previously reported (24), MAGE-A10 immunostaining was mainly detectable in nuclei of
malignant cells, whereas NY-ESO-1 specific mAb mainly stained cytoplasm (Figure 1). All in all,
MAGE-A10 immunostaining was positive in 47 (50%) advanced HGSOC, and NY-ESO-1 in 33 tumors
(35%). Co-expression of both CTA was observed in 23 (24.7%) cancers.
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Figure 1. MAGE-A10 and NY ESO protein detection by IHC staining in ovarian tumor samples. (A)
Positive MAGE-A10-specific IHC staining; (B) Negative MAGE-A10-specific IHC staining; (C)
Positive NY ESO-specific IHC staining; (D) Negative NY ESO-specific IHC staining. Original
magnification x200.

3.3. Response to Chemotherapy

All patients were administered cis-platinum in combination with additional chemotherapeutics
in 26 cycles of treatment (see above). A full analysis of responsiveness to treatment has previously
been reported (5). Briefly, according to RECIST 1.1 criteria, 62 (66.7%) patients showed a CR, 11
(11.8%) a PR, and in 5 (5.4%) patients SD represented the best response to treatment. In contrast, 15
(16,1%) patients were unresponsive and PD was evident (Table 1).

Regarding sensitivity to first-line platinum-based chemotherapy, defined as PFI, tumors from
58 (62.4%) patients appeared to be sensitive, 23 (24.7%) resistant, and 12 (12.9%) refractory.To
facilitate further analyses, patients with resistant and refractory disease were combined into one
group of “resistant” subjects.

Median PFS was of 16 months (IQR range 4-175 months) and median OS was of 40 months (IQR
range 7-175 months)(5).

3.4. Correlation between CTA Expression and Response to Chemotherapy

MAGE-A10 expression appeared to significantly predict unresponsiveness to first line platinum-
based chemotherapy (p=0.005) and poor sensitivity to platinum treatment (p<0.001) (Table 2).
Accordingly, MAGE-A10 expression in tumor cells was associated with significantly poorer PFS
(p<0.001) and OS (p<0.001) (Figure 2).

Table 2. Correlation between CTA expression and response to chemotherapy.

N(%)
Response to chemotherapy
CR+PR=OR  SD+PD X2 p
Positive 30(41) 17(85) 10.4

MAGE A-10 0.001

Negative 43(59) 3(15)
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NY-ESO-1

Chemotherapy sensitivity

Positive
Negative

Sensitive
Resistant

25(34)
48(66)

58(80)
15(20)

8(40) 0.045
12(60)
0 39
20(100)

d0i:10.20944/preprints202308.1681.v1

0.832

<0.001

N: number; PFS: progression free survival; OS: overall survival; CR: complete response; PR: partial response;
SD: stable disease; PD: progressing disease.
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Figure 2. Overall survival and MAGE-A10 expression.
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Multivariate analysis showed that, together with patients’ age and tumor stage, MAGE-A10
expression by tumor cells is an independent predictor of unresponsiveness to first-line platinum

treatment (p=0.005) (Table 3).

On the same line, multivariate analysis of sensitivity to platinum, evaluated as PFI, showed that
MAGE-A10 expression in tumor cells independently predicted poor sensitivity to treatment (Table

4)

Instead, no correlation was observed between NY-ESO-1 and response to first line platinum-
based chemotherapy (p=0.832), platinum sensitivity (p= 0.168) and patients’ PFS (p=0.126) or OS

(p=0.335).

Table 3. Multivariate analysis of the age of patients, FIGO stage and expression of MAGE A-10 on
objective response on first-line chemotherapy in 93 patients with advanced-stage high-grade serous

ovarian cancer.

HR (95%CI) p
Age 42 (1.2-14.6) 0.025
Stage 5.7 (1.6-21) 0.007
MAGE A10 7.4 (1.8-29.8) 0.005



https://doi.org/10.20944/preprints202308.1681.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 August 2023 d0i:10.20944/preprints202308.1681.v1

Table 4. Multivariate analysis of the impact of FIGO stage, chemotherapy cycles and expression of
MAGE A-10 on chemotherapy sensitivity in 93 patients with advanced-stage HGSOC.

HR (CI 95%) p
Stage 3.1(1.0-9.9) 0.050
MAGE A10 6(2.2-16.4) <0.001
Chemotherapy cycles 1.8 (0.65-4.8) 0.265

4. Discussion

Advanced ovarian cancers are characterized by poor prognosis. Following surgery, treatment
mainly relies on platinum-based chemotherapy. Yet, sizeable percentages of patients do not respond
to treatment, and molecular mechanisms underlying unresponsiveness are largely unclear [2—4,27—
29].

Markers associated with sensitivity of ovarian cancer cells to treatment have been identified by
us and others. In particular, E cadherin downregulation and overexpression of epithelial-to-
mesenchymal transition (EMT) genes are known features of unresponsive tumors (5,
29).Accordingly, enhanced tumor cell de-differentiation is known to underlie resistance to different
types of chemotherapy in a variety of malignancies (30), thus suggesting that treatments based on
administration of conventional anti-cancer compounds might be poorly effective.

On the other hand, notably, immunotherapy based on immunological checkpoint blockade also
appears to be largely in effective in ovarian cancers.

Innovative approaches are urgently needed.

CTA are a large family of tumor associated antigens expressed in healthy germ cells and in a
variety of human cancers (11-14). As such, they do represent attractive candidates for cancer
immunotherapy. In particular, MAGE-A10 and NY-ESO-1 are highly immunogenic CTA and specific
immune responses have repeatedly been observed in patients bearing cancers expressing these
antigens (14-17).

Physiological functions of CTA are by and large still unclear. Data on MAGE-A, the best studied
CTAs, suggests that they are involved in early oncogenesis, and in the regulation of cell cycle
progression and cellular apoptosis [10]. Expression MAGE-A and NY-ESO-1 proteins has previously
been shown to be associated with poor prognosis by us and others in a variety of cancers of different
histological origin [11-14,31]. Moreover, interestingly, overexpression of CTA genes has also been
suggested to correlate with resistance to chemotherapy in head and neck cancers, in medulloblastoma
[32-35]. Intriguingly, defined established tumor cell lines expressing MAGE-A CTA have been
reported to be platinum resistant [36].

Regarding ovarian cancers, expression of MAGE-A4, MAGE-A9, MAGE-A10 and NY-ESO-1
proteins in tumor cells has previously been reported to be associated with poor prognosis [14,37-39],
but no data regarding sensitivity to chemotherapy treatment have been provided.

Here we report that MAGE-A10 protein expression in ovarian cancer surgical specimens reliably
predicts unresponsiveness to first line platinum-based chemotherapy and poor sensitivity to
platinum treatment. Accordingly, consistent with previous reports (14), MAGE-A10 protein
expression is associated to significantly poorer PFS and OS. Most importantly, multivariate analysis
of our data indicates that MAGE-A10 protein expression qualifies as predictor of resistance to
treatment independently from age et FIGO stage.

Ins contrast, we did not observe any correlation between NY-ESO-1 protein expression and
response to first-line platinum-based chemotherapy, platinum sensitivity or patients” PFS and OS.

To the best of our knowledge, this is the first study evaluating the impact of MAGE-A10 protein
expression on HGSOC chemosensitivity. Therefore, MAGE-A10 could represent a novel biomarker
identifying a more aggressive phenotype. Further analysis could be made in patients with secondary
cytoreduction and contribute to clinical decisions regarding the implementation of radical surgery
procedures [40].
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Limitations of our report should be acknowledged. They include a small number of patients and
a relatively short follow-up time. Nevertheless, although validation and mechanistic studies are
warranted, our results could be of high clinical relevance. First, assessment of MAGE-A10 protein
expression might help to identify patients with platinum-resistant tumors, thereby sparing them
chemotherapy-associated adverse effects. On the other hand, considering the high immunogenicity
of MAGE-A1J, it is tempting to speculate that immunotherapy specifically targeting this CTA, based
on vaccination or adoptive immunotherapy with engineered T cells expressing a MAGE-A10-specific
HLA-restricted T-cell receptor [41] might powerfully complement platinum-based chemotherapy, by
eliminating resistant cells. Admittedly, a similar therapeutic approach should be considered
cautiously, because, so far, adoptive immunotherapy has shown relatively modest results in the
treatment of solid tumors (42). Moreover, most worryingly, anti-MAGE-A3 adoptive
immunotherapy has been reported to be associated with neurological toxicity (43). However,
intraperitoneal administration of T cells engineered to express a MAGE-A10-specific HLA-restricted
T-cell receptor might prove of particular interest in cases of ovarian cancer-associated peritoneal
carcinomatosis (44), typically characterized by a paucity of therapeutic options.
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