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Abstract. High grade epithelial ovarian carcinoma is an aggressive tumor. 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-ESO1. A
cohort of 274 patients is used. We compare the IHC expression with age, stage, ascites status, family history of cancer, disease
free survival (DFS) and overall survival (OS). EGFR expression is significantly correlated with family history and worse OS.
HLA-G is associated with worse OS. To confirm the results of EGFR and HLA-G, a second separated cohort of 248 patients is
used. Positive EGFR expression again shows worse OS, while HLA-G expression has worse prognostic trend. CD70 has a worse
OS trend. C-MET and NY-ESO1 do not have any clinical correlations. EGFR can potentially serve as target in future clinical
immune therapy trials.
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1. Background1

Among all gynecological cancer types, ovarian carci-2

noma has the worst prognosis and the highest mortality3

rate [1]. Histologically, it consists of several distinct4

subtypes, including high grade serous carcinoma, en-5

dometroid carcinoma, clear cell carcinoma, and mu-6

cinous carcinoma. Rare high grade subtypes include7
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malignant mixed Mullerian tumor (MMMT), undiffer- 8

entiated carcinoma, and mixed type carcinoma [2]. Due 9

to the aggressiveness of the disease and the absence 10

of early symptoms, the five-year survival rate is less 11

than 50% [3]. Current first-line treatment includes cy- 12

toreductive surgery and platinum-based chemotherapy. 13

However, patients frequently experience recurrence due 14

to platinum resistance [4,5]. 15

Therefore, immunotherapy and targeted therapies can 16

potentially serve as new treatments for ovarian car- 17

cinoma. Immunotherapy enhances the attack of im- 18

mune system on neoplastic cells through different ap- 19

proaches: immunostimulatory cytokines, tumor antigen 20
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Fig. 1. EGFR results in cohort 1.

vaccines, antibodies targeting immunosuppressive lig-21

ands expressed by tumor cells and immune checkpoint22

inhibition. The immune system utilizes the immune23

checkpoints (e.g., CTLA-4, PD-1, HHLA2, B7-H4, and24

TIM-3) to recognize self-cells versus foreign-cells. The25

expression of immune checkpoints within the tumor26

cells helps evade the attack by T cells. The cytotoxicity27

of T cells toward tumor cells is restored by blocking the28

immune checkpoints [6,7].29

Membrane proteins make up approximately 30% of30

total human proteins and they play roles in various phys-31

iological and pathological functions [8]. Tumor derived32

membrane proteins may serve as potential biomark-33

ers in early diagnosis. They can also be used to as-34

sess disease progression and prediction for treatment35

response [8]. EGFR, HLA-G, CD70, c-MET and NY-36

ESO1 have been found to play certain roles in tumor37

genesis and immune evasion in different tumor types.38

Reports have shown membranous expression of these39

markers in ovarian carcinoma. However, the clinical40

significance is not fully understood.41

2. Objective 42

In our study, we conduct IHC studies of five previ- 43

ously mentioned markers with associated immunother- 44

apy on two large cohorts of ovarian carcinoma. Subse- 45

quently, we correlate their expression with the survival 46

rates. 47

3. Materials and methods 48

3.1. Study population 49

In this study, two cohorts of patients were utilized. 50

The first cohort comprised a total of 418 female pa- 51

tients with various ovarian tumor types, with 274 of 52

them diagnosed with high grade ovarian carcinoma. 53

The second cohort included 453 female patients with 54

different ovarian tumors, of which 248 were diagnosed 55

with high grade ovarian carcinoma. Patient data was 56
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Fig. 2. HLA results in cohort 1.

collected from electronic medical records and labora-57

tory information systems spanning from 1987 to 2006.58

We extracted information such as ovarian cancer di-59

agnoses, patient ages, AJCC stages, ascites presence,60

family history, DFS intervals, OS times, and survival61

statuses.62

3.2. Tissue microarray (TMA) construction and63

Immunohistochemistry64

Formalin-fixed, paraffin-embedded (FFPE) tissue65

blocks from the two cohorts were retrieved from the66

MD Anderson Cancer Center storage room. The tis-67

sue blocks had been stored under ambient conditions at68

approximately 24◦C. H&E stained sections from each69

patient were reviewed by a pathologist to identify rep-70

resentative tumor areas. TMAs were constructed by71

taking one to two core samples from the identified ar-72

eas on the FFPE blocks and assembled on the TMA-73

paraffin blocks. The extraction of the tissue from FFPE74

blocks and the mapping of the TMA blocks were per- 75

formed using a precision instrument (Beecher Instru- 76

ments, Silver Spring, MD, USA). For each case, one 77

to two 1 mm wide and 5 mm deep samples were col- 78

lected and mapped in the TMA blocks. The final TMAs 79

consisted of seven blocks, each containing from 100 to 80

148 punches. Four-micrometer thick sections from each 81

TMA block were stained with EGFR, CD70, c-MET, 82

HLA-G, and NY-ESO1 IHC. 83

EGFR antibody clone 31G7 from Abnova with a 84

1:20 dilution, CD70 antibody clone E3Q1A from Cell 85

Signaling with a 1:50 dilution, c-MET antibody clone 86

SP44 from Ventana with a 1:1 dilution, HLA-G anti- 87

body clone 3H2678 from US Biological Life Sciences 88

with a 1:100 dilution, and NY-ESO1 antibody clone 89

E978 from Santa Cruz Biotechnology with a 1:100 dilu- 90

tion were used to perform immunohistochemical stains 91

on the TMAs. HLA-G was incubated in Citrate buffer, 92

while EGFR, NY-ESO1, c-Met, and CD70 were incu- 93

bated in Tris-EDTA buffer. The staining process was 94
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Fig. 3. CD70 results in cohort 1.

performed at MD Anderson Cancer Center immunohis-95

tochemical laboratory.96

The results were stratified as either negative (no stain-97

ing or non-specific staining) or positive (> 1% mem-98

branous staining for EGFR, CD70, and C-MET; > 1%99

cytoplasmic staining for HLA-G and NY-ESO1).100

Descriptive statistics, Kaplan Meier curves, and sur-101

vival analysis were performed using GraphPad Prism102

v.8.4.3 software (La Jolla, CA).103

3.3. Institutional review board statement104

The study was conducted according to the guidelines105

of the Declaration of Helsinki and approved by the106

Institutional Review Board of MD Anderson Cancer107

Center (protocol code: LAB11-0418, date of approval:108

6/7/2011).109

4. Results110

In the first cohort, 274 out of 418 patients were di-111

agnosed with high grade ovarian carcinoma. The age 112

ranged from 21.7 years to 92.4 years. The diagnoses 113

were further categorized into 210 high grade serous 114

carcinoma, 11 MMMT, 44 mixed malignant carcinoma, 115

and 9 undifferentiated carcinoma. Of the 274 patients, 116

254 had advanced AJCC stage at the time of diagnosis 117

(stages III & IV) and 13 had low stage (stages I & II). 118

Documentation of ascites was recorded for 199 patients: 119

184 with clinical symptoms of ascites versus 15 with- 120

out. Detailed family cancer history was recorded for 251 121

patients: 130 with family history of some forms of can- 122

cer versus 121 without. The disease-free survival time 123

(from treatment to recurrence of or death due to ovarian 124

carcinoma) ranged from 2.4 months to 65.8 months. 125

The overall survival time (from treatment to death due 126

to ovarian carcinoma) ranged from 0.3 months to 279 127

months. 186 patients died due to high grade ovarian 128

carcinoma, and 88 patients either survived or died due 129

to other causes (Table 1). 130

In the first cohort, 41 cases were positive for EGFR 131

and 233 cases were negative. For HLA-G, 13 cases 132
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Table 1
Clinical information of cohort 1

Number of patients 274
Types of carcinoma 210 high grade serous 11 MMMT 44 mixed type carcinoma 9 undifferentiated carcinoma
Age range 27.5–92.4 years old
Stages 13 low stage (I & II) 254 high stage (III & IV)
Ascites 184 with ascites 15 without ascites
Family history of any cancer types 130 with family history 121 without family history
Disease free survival range 2.4–65.8 months
Overall survival time 0.3–279 months
Survival status 186 died from ovarian carcinoma 88 alive/died from other causes

Fig. 4. C-MET results in cohort 1.

Table 2
IHC results for cohort 1

Positive Negative
EGFR 41 233
CD70 11 263
C-MET 39 235
HLA-G 13 261
NY-ESO1 23 251

stained positive while 261 cases stained negative For133

CD70, 11 cases stained positive while 263 cases stained134

negative. For C-MET, 39 cases stained positive while135

235 cases stained negative. For NY-ESO1, 23 cases 136

stained positive while 251 cases stained negative (Ta- 137

ble 2). 138

EGFR-positive and negative stains were stratified 139

into different groups based on age (< 51 versus > 51 140

years old), AJCC stage (low versus high), clinical symp- 141

toms of ascites and family cancer history. The only 142

group that had clinical significance was the one related 143

to family cancer history, with the p-value of 0.01. The 144

other three groups did not demonstrate any clinical sig- 145

nificance (p-value > 0.05). Additionally, Kaplan-Meier 146
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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 1–152.7 months
Overall survival time 0.3–227 months
Survival status 72 died from ovarian carcinoma 176 alive/died from other causes

Fig. 5. NY-ESO1 results in cohort 1.

Fig. 6. EGFR expression vs DFS (left) and OS (right) in cohort 2.
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Fig. 7. HLA-G expression vs DFS (left) and OS (right) in cohort 2.

curves were used to compare the DFS and OS in EGFR147

positive and EGFR-negative cases. No clinical signifi-148

cance was observed with respect to DFS intervals (p-149

value = 0.70; EGFR-positive median of 9.8 months ver-150

sus EGFR-negative median of 8.5 months). However,151

there was clinical significance in term of OS rate (p-152

value < 0.0001; EGFR-positive median of 24 months153

versus EGFR-negative median of 43.1 months) (Fig. 1).154

The same statistical analysis was performed for155

HLA-G. There was no significant difference between156

HLA-G status versus age, AJCC stage, clinical symp-157

toms of ascites, and family history of cancer. In ad-158

dition, HLA-G staining pattern is not associated with159

DFS. However, with the OS, HLA-G-positive expres-160

sion is associated with shorter survival compared to161

HLA-G negative expression (p-value = 0.027; HLA-G-162

positive median of 21.4 months versus HLA-G-negative163

median of 41 months) (Fig. 2).164

For CD70, C-MET, and NY-ESO1 immunohisto-165

chemical stains, there was no significant difference be-166

tween each individual stain versus age, AJCC stage,167

clinical symptoms of ascites, and family history of can-168

cer. Furthermore, the Kaplan-Meier curve showed that169

there was no correlation between each stain versus DFS170

and OS (Figs 3–5).171

A second separate cohort was used to confirm the172

association between DFS and OS versus EGFR and173

HLA-G staining patterns. In this cohort, 248 out of 453174

females were diagnosed with high grade ovarian carci-175

noma. The age ranged from 39.7 years to 85.4 years.176

The diagnoses were categorized into 218 high grade177

serous carcinoma, 5 MMMT, 24 mixed malignant car-178

cinoma, and 1 undifferentiated carcinoma. The DFS179

intervals ranged from 1 to 152.7 months, and the OS180

ranged from 0.6 to 227 months. 72 patients died from181

ovarian carcinoma, and 176 patients died from other182

causes or are still alive (Table 3). For EGFR, Kaplan-183

Meier curve showed no clinical significance with the184

DFS intervals (p-value = 0.66; EGFR-positive median185

of 21.3 months versus EGFR-negative median of 16.65186

months). However, there was clinical significance with 187

the OS rate (p-value = 0.01; EGFR-positive median of 188

58.5 months versus EGFR-negative median of 135.5 189

months) (Fig. 6). For HLA-G analysis there was no 190

clinical significance in both DFS (p-value = 0.8) and 191

OS rates (p-value = 0.46) (Fig. 7). 192

5. Discussion/conclusion 193

Ovarian epithelial tumors are generally separated into 194

two major categories: type I versus type II. Type I car- 195

cinoma follows a step-wise progression from benign 196

histology to borderline tumors to low grade malignancy. 197

Molecularly, these tumors are associated with KRAS, 198

BRAF, PTEN, PIK3CA or ARID1A mutations. Clin- 199

ically, they grow locally, metastasize late, and behave 200

in a less aggressive manner [9]. Type II carcinoma, 201

on the other hand, is frequently discovered at an ad- 202

vanced stage and is more aggressive. Molecularly, it is 203

associated with TP53 mutations, hypermethylation, or 204

BRCA1/2 mutations [10]. Histologically, it consists of 205

high grade serous carcinoma, mixed type carcinoma, 206

malignant mixed Mullerian tumor, and undifferenti- 207

ated carcinoma. In this study, we compare the clinical 208

data of patients with high grade carcinoma against the 209

immunohistochemical expression of EGFR, HLA-G, 210

CD70, NY-ESO1, and C-Met, in the hope that they can 211

be used as biomarkers or part of the therapeutic regime 212

in the future. 213

5.1. EGFR 214

Epidermal growth factor receptor (EGFR) is a re- 215

ceptor tyrosine kinase protein that functions in cell de- 216

velopment, autophagy and metabolism regulation. Mu- 217

tations in EGFR have been associated with different 218

cancer types, such as lung, colon, and pancreas [11,12]. 219

In our analysis, we find an association between EGFR 220

staining and family history of different cancer types. 221
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This supports the idea that EGFR plays a vital role in222

neoplastic development, not limited to a specific type.223

Furthermore, with the association of family history, mu-224

tations in EGFR may be part of the syndromic cause for225

carcinoma. We also performed an analysis to associate226

the staining pattern of EGFR to other clinical data (age,227

clinical symptoms of ascites, and staging), but we found228

no correlation.229

Additionally, we demonstrate that EGFR expression230

is significantly associated with a worse OS rate, with231

a median of 24 months versus 43.1 months in non-232

EGFR patients. To confirm the result, a separate cohort233

is used, and a similar outcome is concluded: EGFR ex-234

pression is associated with a shorter median survival of235

58.5 months, while the non-EGFR population is asso-236

ciated with a longer median survival of 135.5 months.237

Our result is inconsistent with Mehner’s study, which238

has a sample size of 488. Her study concludes that there239

is no association between EGFR staining patterns and240

survival outcomes. However, Mehner’s study incorpo-241

rates different types of ovarian epithelial carcinoma242

(low grade serous, mucinous, endometrioid, clear cell,243

high grade serous, and mixed type) [13]. Our study,244

on the other hand, is more specific for high grade car-245

cinoma (high grade serous, MMMT, mixed type, and246

undifferentiated). Thus, the difference in tumor type247

selection could explain the disparity between the two248

studies.249

Preclinical study of anti-EGFR antibody shows250

promising results, as tumor cells exhibit increased sen-251

sitivity to NK cell-mediated antibody-dependent cel-252

lular cytotoxicity [14]. With the correlation of worse253

prognosis, EGFR can serve as a potential biomarker254

and therapeutic marker in the future.255

5.2. HLA-G256

Human leukocyte antigen-G (HLA-G) is expressed257

within the placental and embryonic tissues. It plays a258

role in the tolerance of the maternal immune system259

by inhibiting the differentiation, proliferation, and cy-260

tokine release from different immune cell types. It is261

postulated that tumor cells use HLA-G to evade im-262

mune surveillance [15]. HLA-G mRNA and protein lev-263

els, as well as immunohistochemical expression, have264

been found in greater quantity in high stage and high265

grade epithelial ovarian cancer [16,17]. In our analysis,266

we do not find any correlation between HLA-G expres-267

sion and age, clinical symptoms of ascites, advanced268

AJCC stage, or DFS intervals. When analyzing the OS269

rate, a correlation between positive HLA-G expression270

and worse OS rate is observed (p-value = 0.02; 21.4 271

months versus 41 months). However, the analysis in the 272

second cohort yielded a contradicting result, with no 273

correlation (p-value = 0.46). Nevertheless, the trend is 274

promising, as the HLA-G negative expression seems to 275

have a better survival trend. 276

Literature review of HLA-G associated survival rates 277

has yielded mixed results. The conclusion from Jung’s 278

study suggests an unfavorable prognosis, while Rutten’s 279

study shows the contrary. The discrepancy might be due 280

to different sample selections. Jung’s cohort includes 281

both type I and II ovarian carcinoma, while Rutten’s 282

cohort includes only type II ovarian carcinoma [16,18]. 283

In addition, both our study and Rutten’s study use tissue 284

microarrays, but with different methods of scoring. Rut- 285

ten’s study stratifies the staining results by adding the 286

score of staining percentage (0-5) and intensity (0-3). 287

Positive HLA-G staining has a score of > 7. We think 288

that this method might decrease the sensitivity of the 289

HLA-G immunohistochemical stain. In our study, we 290

consider positive staining as any cytoplasmic staining. 291

Irrespective of the scoring method, the conclusion re- 292

garding the prognostic significance of HLA-G is still 293

undetermined. 294

5.3. CD70 295

CD70 is a membranous protein that belongs to the 296

tumor necrosis factor family, its activation leads to cel- 297

lular proliferation. CD70 expression is associated with 298

cisplatin resistance and decreased survival rates in ovar- 299

ian carcinoma [19]. Additionally, CD70 antibody-drug 300

conjugate has shown to inhibit the proliferation of ovar- 301

ian carcinoma cells that express CD70 both in vitro and 302

in vivo [20]. Therefore, CD70 has the potential to be a 303

biomarker and therapeutic marker. However, our study 304

only has 11 cases with CD70 positivity. Analysis of 305

CD70 expression does not correlate with age, AJCC 306

stage, clinical symptoms of ascites, DFS, or OS rate 307

(all p-values > 0.05). Nevertheless, the OS curve aligns 308

with the literature studies, with positive CD70 expres- 309

sion showing a worse OS trend than negative CD70. 310

The lack of a significant p-value in our analysis might 311

be due to the selection bias. During the construction of 312

tissue microarray, only a minute portion of the entire 313

ovarian carcinoma is randomly selected for each case. 314

Because of tumor heterogeneity, the representation on 315

the tissue microarray might not accurately represent the 316

IHC expression of the remaining carcinomatous cells. A 317

further study with more comprehensive tissue selection 318

is recommended to assess the clinical significance of 319

CD70. 320
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5.4. C-MET321

C-mesenchymal-epithelial transition factor (c-MET)322

is a tyrosine kinase receptor that plays a role in em-323

bryogenesis and tissue regeneration [21]. Normally,324

hormone regulation promotes c-MET and HGF to en-325

hance the proliferation of the ovarian surface to repair326

the area damaged by ovum expulsion. In ovarian carci-327

noma, hormonal regulation is lost, leading to constant328

activation from c-MET and HGF signaling. This re-329

sults in proliferation, stromal invasion, and metastasis330

of the carcinoma. Thus, c-MET could serve as a poten-331

tial biomarker [22]. In our study, we do not find any332

correlation of c-MET expression and advanced age (in-333

directly related to hormonal regulation), clinical symp-334

toms of ascites, or advanced stages (indirectly related335

to metastasis). There is also no association of c-MET336

with DFS or OS rate. Therefore, c-MET might not be337

an ideal candidate for ovarian carcinoma biomarker.338

5.5. NY-ESO1339

New York esophageal squamous carcinoma 1 (NY-340

ESO1) is expressed at the fetal level within the germ341

cells. As the germ cells undergo spermatid differenti-342

ation, NY-ESO1 expression is physiologically lost. Its343

expression is affected by tumor grade, stage, or thera-344

peutic intervention [23]. NY-ESO1 expression is also345

associated with poor clinical outcome in ovarian carci-346

noma [24]. However, our study does not find any asso-347

ciation between NY-ESO1 expression and age, clinical348

symptoms of ascites, or advanced stages (indirectly re-349

lated to metastasis). NY-ESO1 also does not correlate350

with DFS or OS rates. Therefore, NY-ESO1 might not351

be an ideal candidate for tumor marker.352

With the total sample size of 522 from two sepa-353

rate cohorts, our study is the largest clinicopathological354

study of EGFR, HLA-G, CD70, c-MET, and NY-ESO1355

expressions in high grade ovarian carcinoma. The sam-356

ple size strongly supports the clinical significance of357

EGFR and HLA-G expression in predicting a worse358

prognosis. CD70, c-MET, and NY-ESO1, on the other359

hand, do not correlate with prognosis.360

Unlike Her-2, the five immunohistochemical stains361

that we analyze do not have consensus interpretation.362

In different EGFR studies, methods that have been used363

include low (< 10% positivity) versus high (> 10%);364

membranous versus cytoplasmic; 1+ to 3+ score; and365

any > 1% staining [20,25–27]. HLA-G interpretations366

include positive membranous or combined membranous367

and cytoplasmic, and low-middle-strong [15,17]. CD70368

also has similar interpretations [19,28]. C-Met has a 369

standard score for gastric tumors, from 0 (< 50% with 370

weak membranous staining) to 3+ (> 50% with strong 371

membranous staining) [29]. However, there is currently 372

no standard score for ovarian tumors. For NY-ESO1 373

interpretation, one study from Roswell Park Cancer In- 374

stitute stratifies membranous or cytoplasmic staining 375

as negative (< 5%) to 4+ (> 75%) [24]. Our study 376

stratified the result into negative versus positive. Posi- 377

tive expression includes > 1% membranous staining for 378

EGFR, CD70, c-MET; or > 1% cytoplasmic staining 379

for HLA-G and NY-ESO1. Since staining is performed 380

on tissue microarrays, only a small portion of the tumor 381

from each case is presented. Due to the heterogeneity 382

of ovarian epithelial tumors, using a higher percentage 383

of stained tumor cells to be considered positive might 384

decrease the sensitivity of the study. Therefore, we de- 385

cide to use > 1% membranous or cytoplasmic staining 386

to be positive. 387

We analyzed a panel of membrane markers including 388

EGFR, HLA-G, CD70, c-MET, and NY-ESO1 using 389

the largest cohort of ovarian cancer. We found that im- 390

munohistochemical expressions of EGFR are associ- 391

ated with worse prognosis. The expression of HLA-G 392

also correlates with poor prognosis, either statistically 393

significant or trend. Although CD70 expression has no 394

statistically significant association with prognosis, it 395

does follow the trend of poor prognosis. C-MET and 396

NY-ESO1 do not have any correlation with OS rate or 397

other clinical data. 398

Targeted therapy, such as EGFR inhibitors (erlotinib, 399

cetuximab or lapatinib), has proven to be non-effective 400

in ovarian carcinoma treatment [30]. However, the re- 401

sults from this study can be helpful for designing fu- 402

ture clinical immunotherapy trials, especially for EGFR 403

and HLA-G and their roles in immune regulation. They 404

can be used as a prerequisite study prior to placing pa- 405

tients with disease recurrence on immunotherapy. In 406

addition, if there are fruitful results in clinical trials, 407

these biomarkers can be incorporated into routine clini- 408

cal pathology practice. They are as affordable as other 409

diagnostic immunohistochemical markers. 410
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