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Abstract. High grade epithelial ovarian carcinoma is an aggressive timor. Treatment includes platinum therapy, however it recurs
in most patients due to therapy resistance. In this project, we study the immunohistochemical (IHC) expression of five potential
biomarkers/prognostic markers in high grade epithelial ovarian carcinoma: EGFR, HLA-G, CD70, c-MET, and NY-ESOI1. Al
cohort of 274 patients is used. We compare the IHC gxpression with age, stage, ascites status, family history of cancer, disease
free survival (DFS) and overall survival (OS). EGER expression is significantly correlated with family history and worse OS.
HLA-G is associated with worse OS. To confirin theesults of EGFR and HLA-G, a second separated cohort of 248 patients is
used. Positive EGFR expression again shows worsé OS, while HLA-G expression has worse prognostic trend. CD70 has a worse|
OS trend. C-MET and NY-ESO1 do notthave-any clinical correlations. EGFR can potentially serve as target in future clinical
immune therapy trials.
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1. Background malignant mixed Mullerian tumor (MMMT), undiffer-

entiated carcinoma, and mixed type carcinoma [2]. Due

Among all gynecological cancer types, ovarian carci-
noma has the worst prognosis and the highest mortality
rate [1]. Histologically, it consists of several distinct
subtypes, including high grade serous carcinoma, en-
dometroid carcinoma, clear cell carcinoma, and mu-
cinous carcinoma. Rare high grade subtypes include
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to the aggressiveness of the disease and the absence
of early symptoms, the five-year survival rate is less
than 50% [3]. Current first-line treatment includes cy-
toreductive surgery and platinum-based chemotherapy.
However, patients frequently experience recurrence due
to platinum resistance [4,5].

Therefore, immunotherapy and targeted therapies can
potentially serve as new treatments for ovarian car-
cinoma. Immunotherapy enhances the attack of im-
mune system on neoplastic cells through different ap-
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months

vaccines, antibodies targeting immunosuppressive lig-
ands expressed by tumor cells and immune checkpoint
inhibition. The immune system'utiliZes the immune
checkpoints (e.g., CTLA-4, PD-1, HHLA2, B7-H4, and
TIM-3) to recognize self-cells versus foreign-cells. The
expression of immune checkpoints within the tumor
cells helps evade the attacK'by T cells. The cytotoxicity
of T cells toward tumor cells is restored by blocking the
immune checkpoints [6,7].

Membrane proteins make up approximately 30% of
total human proteins and they play roles in various phys-
iological and pathological functions [8]. Tumor derived
membrane proteins may serve as potential biomark-
ers in early diagnosis. They can also be used to as-
sess disease progression and prediction for treatment
response [8]. EGFR, HLA-G, CD70, c-MET and NY-
ESOL1 have been found to play certain roles in tumor
genesis and immune evasion in different tumor types.
Reports have shown membranous expression of these
markers in ovarian carcinoma. However, the clinical

EGFR positive EGFR negative
Age <51 10 48 p=0.58
Age >51 31 185
High stage 40 214 p=043
Low stage 1 12
Ascites 19 165 p=0.25
No ascites 3 12
Family history of cancer 25 105 p=0.01
No family history of cancer 10 111
— 100 100
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Fig. 1. EGFR results in cohort 1.

months

2. Objective

In our study, we conduct IHC studies of five previ-
ously mentioned markers with associated immunother-
apy on two large cohorts of ovarian carcinoma. Subse-|
quently, we correlate their expression with the survival
rates.

3. Materials and methods
3.1. Study population

In this study, two cohorts of patients were utilized.
The first cohort comprised a total of 418 female pa-
tients with various ovarian tumor types, with 274 of
them diagnosed with high grade ovarian carcinoma.
The second cohort included 453 female patients with
different ovarian tumors, of which 248 were diagnosed

significance is not fully understood

with high grade ovarian carcinoma. Patient data was
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HLA negative IHC
HLA-G IHC results

Months

collected from electronic medical records and labora-
tory information systems spanning frem 1987 to 2006.
'We extracted information suchsas ovarian cancer di-
agnoses, patient ages, AJCC.stages, ascites presence,
family history, DFS intervals, OS times, and survival
statuses.

3.2. Tissue microarray (TMA) construction and
Immunohistochemistry

Formalin-fixed, paraffin-embedded (FFPE) tissue
blocks from the two cohorts were retrieved from the
MD Anderson Cancer Center storage room. The tis-
sue blocks had been stored under ambient conditions at
approximately 24°C. H&E stained sections from each
patient were reviewed by a pathologist to identify rep-
resentative tumor areas. TMAs were constructed by
taking one to two core samples from the identified ar-
eas on the FFPE blocks and assembled on the TMA-
paraffin blocks. The extraction of the tissue from FFPE

HLA-G positive | HLA-G negative
Age <51 4 54 p=0.39
Age >51 9 207
High stage 13 241 p=0.40
Low stage 0 13
Ascites 11 173 p=0.91
No ascites 1 14
Family history of cancer 121 p=0.20
No family history of cancer 117
- 100
9
: g
2 = HLA-G+ z ° = HLAGH+
2 - HLAG- £ - HLAG-
§ p value =0.11 2 50 p value = 0.02
& § 2
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z
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Fig.2. HLA results in cohort 1.

months

blocks and the mapping of the TMA blocks were per-
formed using a precision instrument (Beecher Instru-
ments, Silver Spring, MD, USA). For each case, one
to two 1 mm wide and 5 mm deep samples were col-
lected and mapped in the TMA blocks. The final TMAS
consisted of seven blocks, each containing from 100 to
148 punches. Four-micrometer thick sections from each
TMA block were stained with EGFR, CD70, c-MET,
HLA-G, and NY-ESO1 IHC.

EGFR antibody clone 31G7 from Abnova with a
1:20 dilution, CD70 antibody clone E3Q1A from Cell
Signaling with a 1:50 dilution, c-MET antibody clone|
SP44 from Ventana with a 1:1 dilution, HLA-G anti-
body clone 3H2678 from US Biological Life Sciences
with a 1:100 dilution, and NY-ESO1 antibody clone|
E978 from Santa Cruz Biotechnology with a 1:100 dilu-
tion were used to perform immunohistochemical staing
on the TMAs. HLA-G was incubated in Citrate buffer,
while EGFR, NY-ESO1, c-Met, and CD70 were incu-

bated in Tris-EDTA buffer. The staining process was
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CD70 IHC results
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| CD70 negative IHC
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CD70 positive CD70 negative

Age <51 4 54 p=0.21
Age >51 7 209
High stage 9 245 p=0.44
Low stage 1 12
Ascites 7 177 p=0.44
No ascites 0 15
Family history of cancer 3 127 p=0.16
No family history of cancer 7 114
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performed at MD Anderson Cancer Center immunohis-
tochemical laboratory.

The results were stratified as either neégative (no stain-
ing or non-specific staining).orpositive (> 1% mem-
branous staining for EGFR; CD70, and C-MET; > 1%
cytoplasmic staining fort HIYA-G and NY-ESO1).
Descriptive statistics, Kaplan Meier curves, and sur-
vival analysis were performed using GraphPad Prism
v.8.4.3 software (La Jolla, CA).

3.3. Institutional review board statement

The study was conducted according to the guidelines
of the Declaration of Helsinki and approved by the
Institutional Review Board of MD Anderson Cancer
Center (protocol code: LAB11-0418, date of approval:
6/7/2011).

4. Results

Fig.3. CD70 results in cohort 1.

T T 1
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months

agnosed with high grade ovarian carcinoma. The age|
ranged from 21.7 years to 92.4 years. The diagnoses
were further categorized into 210 high grade serous
carcinoma, 11 MMMT, 44 mixed malignant carcinoma,
and 9 undifferentiated carcinoma. Of the 274 patients,
254 had advanced AJCC stage at the time of diagnosis
(stages III & IV) and 13 had low stage (stages I & II).
Documentation of ascites was recorded for 199 patients:
184 with clinical symptoms of ascites versus 15 with-
out. Detailed family cancer history was recorded for 251
patients: 130 with family history of some forms of can-
cer versus 121 without. The disease-free survival time
(from treatment to recurrence of or death due to ovarian
carcinoma) ranged from 2.4 months to 65.8 months.
The overall survival time (from treatment to death due
to ovarian carcinoma) ranged from 0.3 months to 279
months. 186 patients died due to high grade ovarian
carcinoma, and 88 patients either survived or died due
to other causes (Table 1).

In the first cohort, 41 cases were positive for EGFR

In the first cohort, 274 out of 418 patients were di-

and 233 cases were negative. For HLA-G, 13 cases
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Table

Clinical information of cohort 1

I

274
210 high grade serous

Number of patients
Types of carcinoma

Age range 27.5-92.4 years old
Stages 13 low stage (I & II)
Ascites 184 with ascites

Family history of any cancer types
Disease free survival range
Overall survival time

Survival status

130 with family history
2.4-65.8 months
0.3-279 months

11 MMMT

186 died from ovarian carcinoma

44 mixed type carcinoma 9 undifferentiated carcinoma

254 high stage (Il & IV)

15 without ascites
121 without family history

88 alive/died from other causes

C-MET IHC results

C-MET negative IHC |

stained positive while 261 cases stained negative For
CD70, 11 cases stained positive while 263 cases stained
negative. For C-MET, 39 cases stained positive while

CD70 positive CD70 negative
Age <51 12 46 p=0.11
Age >51 27 189
High stage 34 220 p=0.32
Low stage 3 10
Ascites 18 166 p=0.22
No ascites 3 12
Family history of cancer 21 109 p=0.14
No family history of cancer 12 109
= 100 100
§ 75 § 75
E -# C-MET+ .g -= C-MET+
; 50 -~ C-MET- % 50 e C-MET-
": pvalue =0.54 H p value =0.28
0 25 g 25
g 8
a T T — T 1 0 —
0 20 40 60 80 0 100 200 300
months months
Fig. 4. C-MET results in cohort 1.
Table 2 . .
235 cases stained negative. For NY-ESOI1, 23 cases
THC results for cohort 1 K . K K ;
— - stained positive while 251 cases stained negative (Ta-
Positive  Negative ble 2
EGFR 41 233 €2). N ) _ _
CD70 11 263 EGFR-positive and negative stains were stratified
C-MET 39 235 into different groups based on age (< 51 versus > 51
HLA-G 13 261 years old), AJCC stage (low versus high), clinical symp-
NY-ESO1 23 251

toms of ascites and family cancer history. The only|
group that had clinical significance was the one related
to family cancer history, with the p-value of 0.01. The
other three groups did not demonstrate any clinical sig-

nificance (p-value > 0.05). Additionally, Kaplan-Meier
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Table 3

Clinical information of cohort 2
Number of patients 248
Types of carcinoma 218 high grade serous 6 MMMT 24 mixed type carcinoma 1 undifferentiated carcinoma
Age range 39.7-85.4 years old

Disease free survival range
Overall survival time
Survival status

1-152.7 months
0.3-227 months

72 died from ovarian carcinoma

176 alive/died from other causes

NY-ESO1 IHC results in cohort 1

NY-ESO1 negative IHC |

NY-ESO1 NY-ESO1
positive negative
Age <51 2 56 p=0.13
Age >51 21 195
High stage 21 233 p=0.38
Low stage 2 11
Ascites 16 168 p =0.55
No ascites 2 13
Family history of cancer 10 120 p=0.53
No family history of cancer 12 109
— 100 100
B -
£ € s
z = NY-ESO1+ 2 = NY-ESO1+
§ 50 e~ NY-ESO1- % 50 e~ NY-ESO1-
‘i p value = 0.84 = p value =0.16
§ 25 g 25
a 0
v T T T 1 v T T 1
0 20 40 60 80 0 100 200 300
months months

Fig. 5. NY-ESOl results in cohort 1.
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Fig. 6. EGFR expression vs DFS (left) and OS (right) in cohort 2.
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curves were used to compare the DFS and OS in EGFR
positive and EGFR-negative cases. No clinical signifi-
cance was observed with respect to DFS intervals (p-
value = 0.70; EGFR-positive median of 9.8 months ver-
sus EGFR-negative median of 8.5 months). However,
there was clinical significance in term of OS rate (p-
value < 0.0001; EGFR-positive median of 24 months
versus EGFR-negative median of 43.1 months) (Fig. 1).

The same statistical analysis was performed for

HLA-G. There was no significant difference between
HLA-G status versus age, AJCC stage, clinical symp-
toms of ascites, and family history of cancer. In ad-
dition, HLA-G staining pattern is not associated with
DFS. However, with the OS, HLA-G-positive expres-
sion is associated with shorter survival compared to
HLA-G negative expression (p-value = 0.027; HLA-G=
positive median of 21.4 months versus HLA-G-negative
median of 41 months) (Fig. 2).
For CD70, C-MET, and NY-ESO1 immunohisto-
chemical stains, there was no significant.difference be-
tween each individual stain versus age, AJCC stage,
clinical symptoms of ascites, and family/history of can-
cer. Furthermore, the Kaplan-Meier curve showed that
there was no correlation between‘each stain versus DFS
and OS (Figs 3-5).

A second separate cohort was used to confirm the
association between DFS and OS versus EGFR and
HLA-G staining patterns. In this cohort, 248 out of 453
females were diagnosed with high grade ovarian carci-
noma. The age ranged from 39.7 years to 85.4 years.
The diagnoses were categorized into 218 high grade
serous carcinoma, 5 MMMT, 24 mixed malignant car-
cinoma, and 1 undifferentiated carcinoma. The DFS
intervals ranged from 1 to 152.7 months, and the OS
ranged from 0.6 to 227 months. 72 patients died from
ovarian carcinoma, and 176 patients died from other
causes or are still alive (Table 3). For EGFR, Kaplan-
Meier curve showed no clinical significance with the
IDFS intervals (p-value = 0.66; EGFR-positive median

Fig. 7. HLA-G expression vs DFS (left) and OS (right) in cohort 2.

1004
g
= 76 = HLAG+
% — HLAG-
S 50 \
@ \
= \
g 26 \
o) ‘\ p value = 0.46
0 T - T T T 1
1] 50 100 160 200 260

months

months). However, there was clinical significance with
the OS rate (p-value = 0.01; EGFR-positive median of
58.5 months versus EGFR-negative median of 135.5
months) (Fig. 6). For HLA=G analysis there was no
clinical significance in both,DFS (p-value = 0.8) and
OS rates (p-value =*0.46) (Fig. 7).

5. Discussion/conclusion

Ovarian épithelial tumors are generally separated into
two.major categories: type I versus type II. Type I car-
cinoma follows a step-wise progression from benign
histology to borderline tumors to low grade malignancy.
Molecularly, these tumors are associated with KRAS,
BRATF, PTEN, PIK3CA or ARID1A mutations. Clin-
ically, they grow locally, metastasize late, and behave
in a less aggressive manner [9]. Type II carcinoma,
on the other hand, is frequently discovered at an ad-
vanced stage and is more aggressive. Molecularly, it is
associated with TP53 mutations, hypermethylation, or
BRCA1/2 mutations [10]. Histologically, it consists of]
high grade serous carcinoma, mixed type carcinoma,|
malignant mixed Mullerian tumor, and undifferenti-
ated carcinoma. In this study, we compare the clinical
data of patients with high grade carcinoma against the
immunohistochemical expression of EGFR, HLA-G,
CD70, NY-ESO1, and C-Met, in the hope that they can
be used as biomarkers or part of the therapeutic regime
in the future.

5.1. EGFR

Epidermal growth factor receptor (EGFR) is a re-
ceptor tyrosine kinase protein that functions in cell de-
velopment, autophagy and metabolism regulation. Mu-
tations in EGFR have been associated with different
cancer types, such as lung, colon, and pancreas [11,12].
In our analysis, we find an association between EGFR|

of 21.3 months versus EGFR-negative median of 16.65

staining and family history of different cancer types
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This supports the idea that EGFR plays a vital role in
neoplastic development, not limited to a specific type.
Furthermore, with the association of family history, mu-
tations in EGFR may be part of the syndromic cause for
carcinoma. We also performed an analysis to associate
the staining pattern of EGFR to other clinical data (age,
clinical symptoms of ascites, and staging), but we found
no correlation.

Additionally, we demonstrate that EGFR expression
is significantly associated with a worse OS rate, with
a median of 24 months versus 43.1 months in non-
EGFR patients. To confirm the result, a separate cohort
is used, and a similar outcome is concluded: EGFR ex-
pression is associated with a shorter median survival of
58.5 months, while the non-EGFR population is asso-
ciated with a longer median survival of 135.5 months.
Our result is inconsistent with Mehner’s study, which
has a sample size of 488. Her study concludes that there
is no association between EGFR staining patterns and
survival outcomes. However, Mehner’s study incorpo-
rates different types of ovarian epithelial carcinoma
(low grade serous, mucinous, endometrioid, clear cell,
high grade serous, and mixed type) [13]. Our study,
on the other hand, is more specific for high grade car-
cinoma (high grade serous, MMMT, mixed type, and
undifferentiated). Thus, the difference in tumor type
selection could explain the disparity between the two.
studies.

Preclinical study of anti-EGFR antibody,_ ‘shows
promising results, as tumor cells exhibit increased sen-
sitivity to NK cell-mediated antibody-dependent cel-
lular cytotoxicity [14]. With the correlation of worse
prognosis, EGFR can serve as agpotential biomarker
and therapeutic marker in the fdtute.

5.2. HLA-G

Human leukocyte antigen-G (HLA-G) is expressed
within the placental and embryonic tissues. It plays a
role in the tolerance of the maternal immune system
by inhibiting the differentiation, proliferation, and cy-
tokine release from different immune cell types. It is
postulated that tumor cells use HLA-G to evade im-
mune surveillance [15]. HLA-G mRNA and protein lev-
els, as well as immunohistochemical expression, have
been found in greater quantity in high stage and high
grade epithelial ovarian cancer [16,17]. In our analysis,
we do not find any correlation between HLA-G expres-
sion and age, clinical symptoms of ascites, advanced
IAJCC stage, or DFS intervals. When analyzing the OS

ate, a correlation between positive HLLA-G expression

and worse OS rate is observed (p-value = 0.02; 21.4
months versus 41 months). However, the analysis in the
second cohort yielded a contradicting result, with no
correlation (p-value = 0.46). Nevertheless, the trend is
promising, as the HLA-G negative expression seems to
have a better survival trend.

Literature review of HLA-G associated survival rates
has yielded mixed results. The conclusion from Jung’s
study suggests an unfavorable prognosis, while Rutten’s
study shows the contrary. The discrepancy might be due|
to different sample selections. Jung’s cohort includes
both type I and II ovarian carcinoma, while Rutten’s
cohort includes only type II ovarian carcinoma [16,18].
In addition, both our study and Rutten’s study use tissue
microarrays, but with differentymethods of scoring. Rut-
ten’s study stratifies the staining results by adding the
score of staining petcentage (0-5) and intensity (0-3).
Positive HLA-G staining has a score of > 7. We think
that this method might decrease the sensitivity of the
HLA-G immunohistochemical stain. In our study, we
consider positive staining as any cytoplasmic staining.
Irrespective-of the scoring method, the conclusion re-
garding the prognostic significance of HLA-G is still
undetermined.

53. CD70

CD70 is a membranous protein that belongs to the
tumor necrosis factor family, its activation leads to cel-
lular proliferation. CD70 expression is associated with
cisplatin resistance and decreased survival rates in ovar-
ian carcinoma [19]. Additionally, CD70 antibody-drug
conjugate has shown to inhibit the proliferation of ovar-
ian carcinoma cells that express CD70 both in vitro and
in vivo [20]. Therefore, CD70 has the potential to be a
biomarker and therapeutic marker. However, our study|
only has 11 cases with CD70 positivity. Analysis of|
CD70 expression does not correlate with age, AJCC
stage, clinical symptoms of ascites, DFS, or OS rate
(all p-values > 0.05). Nevertheless, the OS curve aligns
with the literature studies, with positive CD70 expres-
sion showing a worse OS trend than negative CD70.
The lack of a significant p-value in our analysis might
be due to the selection bias. During the construction of]
tissue microarray, only a minute portion of the entire
ovarian carcinoma is randomly selected for each case.
Because of tumor heterogeneity, the representation on
the tissue microarray might not accurately represent the
THC expression of the remaining carcinomatous cells. A
further study with more comprehensive tissue selection
is recommended to assess the clinical significance of]
CD70
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5.4. C-MET

C-mesenchymal-epithelial transition factor (c-MET)
is a tyrosine kinase receptor that plays a role in em-
bryogenesis and tissue regeneration [21]. Normally,
hormone regulation promotes c-MET and HGF to en-
hance the proliferation of the ovarian surface to repair
the area damaged by ovum expulsion. In ovarian carci-
noma, hormonal regulation is lost, leading to constant
activation from c-MET and HGF signaling. This re-
sults in proliferation, stromal invasion, and metastasis
of the carcinoma. Thus, c-MET could serve as a poten-
tial biomarker [22]. In our study, we do not find any
correlation of c-MET expression and advanced age (in-
directly related to hormonal regulation), clinical symp-
toms of ascites, or advanced stages (indirectly related
to metastasis). There is also no association of c-MET
with DFS or OS rate. Therefore, c-MET might not be
an ideal candidate for ovarian carcinoma biomarker.

5.5. NY-ESO1

New York esophageal squamous carcinoma 1 (NY-
ESOL1) is expressed at the fetal level within the germ
cells. As the germ cells undergo spermatid differenti-
ation, NY-ESO1 expression is physiologically lost. Its
expression is affected by tumor grade, stage, or theras
peutic intervention [23]. NY-ESO1 expression is also
associated with poor clinical outcome in ovarian/catci-
noma [24]. However, our study does not finds/any ‘asso-
ciation between NY-ESOI expression anddage,.clinical
symptoms of ascites, or advanced stage$ (inditectly re-
lated to metastasis). NY-ESO1 also/doesnot correlate
with DFS or OS rates. Therefore,/NY-ESO1 might not
be an ideal candidate for tumot.marker.

With the total sample size of*522 from two sepa-
rate cohorts, our study is‘the largest clinicopathological
study of EGFR, HLA-G, €D70, c-MET, and NY-ESOl1
expressions in high grade ovarian carcinoma. The sam-
ple size strongly supports the clinical significance of
EGFR and HLA-G expression in predicting a worse
prognosis. CD70, c-MET, and NY-ESOI, on the other
hand, do not correlate with prognosis.

Unlike Her-2, the five immunohistochemical stains
that we analyze do not have consensus interpretation.
[n different EGFR studies, methods that have been used
include low (< 10% positivity) versus high (> 10%);
membranous versus cytoplasmic; 14 to 3+ score; and
any > 1% staining [20,25-27]. HLA-G interpretations
include positive membranous or combined membranous
and cytoplasmic, and low-middle-strong [15,17]. CD70
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standard score for gastric tumors, from 0 (< 50% with|
weak membranous staining) to 3+ (> 50% with strong
membranous staining) [29]. However, there is currently|
no standard score for ovarian tumors. For NY-ESO1
interpretation, one study from Roswell Park Cancer In-
stitute stratifies membranous or cytoplasmic staining
as negative (< 5%) to 4+ (> 75%) [24]. Our study
stratified the result into negative versus positive. Posi-
tive expression includes > 1% membranous staining for|
EGFR, CD70, ¢c-MET; or > 1% cytoplasmic staining
for HLA-G and NY-ESOI. Since staining is performed
on tissue microarrays, only a small portion of the tumor]
from each case is presented. Due to the heterogeneity|
of ovarian epithelial tumors, using a higher percentage
of stained tumor cells to be considered positive might
decrease the sensitivity of the study. Therefore, we de-
cide to use > 1% membranous or cytoplasmic staining
to be positive.

We analyzed apan€lof membrane markers including
EGFR, HLA-G, CD70, c-MET, and NY-ESO1 using
the largest cohort of ovarian cancer. We found that im-
munohistochemical expressions of EGFR are associ-
ated with worse prognosis. The expression of HLA-G
alsorcorrelates with poor prognosis, either statistically|
significant or trend. Although CD70 expression has no
statistically significant association with prognosis, if
does follow the trend of poor prognosis. C-MET and
NY-ESOI do not have any correlation with OS rate or]
other clinical data.

Targeted therapy, such as EGFR inhibitors (erlotinib,
cetuximab or lapatinib), has proven to be non-effective
in ovarian carcinoma treatment [30]. However, the re-
sults from this study can be helpful for designing fu-
ture clinical immunotherapy trials, especially for EGFR
and HLA-G and their roles in immune regulation. They|
can be used as a prerequisite study prior to placing pa-
tients with disease recurrence on immunotherapy. In
addition, if there are fruitful results in clinical trials,
these biomarkers can be incorporated into routine clini-
cal pathology practice. They are as affordable as other
diagnostic immunohistochemical markers.
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