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Prognostic effect of epidermal growth factor
receptor gene mutations and the aberrant
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Objectives: We herein assessed the influence of Epidermal Growth Factor Receptor (EGFR) gene mutations on EGFR
expression levels, downstream mediators such as Akt or ERK and overall survival in patients with ovarian cancer.

Results: Twenty-nine EGFR gene mutations were detected in 24 of 102 patinets (23.5%). EGFR mutations were ob-
served in 27.9% (19/68) in serous adenocarcinomas, 15.0% (3/20) in clear cell adenocarcinomas and 66.7% (2/3) in mu-
cinous adenocarcinomas, while no mutations were observed in endometrioid adenocarcinomas (0/11). Protein expres-
sion of EGFR, pAkt and pERK were detected in 47 (46.1%), 49 (48%) and 17 (16.7%) of patients, respectively. EGFR gene
mutations, EGFR and pERK expression were not associated with a poor prognosis. In a multivariate analysis, a High pAkt
expression was found to be a significant predictor for both the progression free survival (p = 0.017) and overall survival
(p =0.025).

Study Design: EGFR mutation status was analyzed by direct sequencing in 102 Japanese ovarian cancer patients. The
EGFR expression, phosphorylated Akt (pAkt) and phosphorylated ERK (pERK) were determined by immunohistochemistry.

Conclusion: EGFR gene mutations were frequently observed in not only non-small-cell lung cancer (NSCLC), but also
in ovarian cancer in Japanese patients. The selective EGFR inhibitor Gefitinib might therefore offer some benefit in pa-
tients with EGFR mutations in ovarian cancer. Our results indicate that the Akt, but not necessarily EGFR, is one of the
most important target in the response of the platinum-based chemotherapy and prognosis for ovarian cancer patients.

Introduction

Ovarian cancer is the most frequent cause of cancer-related
deaths among all gynecological cancers. Approximately 70% of
all patients with ovarian cancer are diagnosed at an advanced
stage. The current management of patients with advanced disease
involves optimal surgical debulking followed by chemotherapy.
The current standard chemotherapeutic approach for ovarian
cancer patients includes platinum-based regimens. Although
this treatment is highly effective, 60-80% of women still die
of this disease.! The main reasons for poor prognosis are a high
recurrence rate and resistance to second-line chemotherapeutics.
Therefore, the development of new therapies is critical for treat-
ment of ovarian cancer patients.

The Epidermal Growth Factor Receptor (EGFR) is involved
in many cellular processes including cell proliferation, motil-
ity, adhesion and angiogenesis via the activation of principally
two pathways: Phosphatidylinositol-3 Kinase (PI3K)/Akt path-
way, and the External signal-Regulated Kinase (ERK) path-
way. EGFR is widely expressed in a variety of human tumors
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including head and neck cancer, breast cancer, non-small-cell
lung cancer (NSCLC) and ovarian cancer? and is a promising
target for cancer therapy. The EGFR is reported to be present in
33-75% of ovarian cancers® and has been implicated in both the

growth and progression of this disease.**

Given the importance
of this receptor in both ovarian cancer growth and progression,
EGEFR therefore represents a good target for anticancer drug
development.

Recent several studies showed that in the NSCLC, a kinase
domain mutation of the EGFR gene was predictive for significant
clinical responses to the selective EGFR inhibitor Gefitinib.”*?
Although Paez et al. reported that EGFR mutations were more
frequent in adenocarcinoma than in other NSCLCs, and were
more frequent in patients from Japan than those from the
United States (28 vs. 2%),'" there were only four mutations of
the EGFR gene in ovarian cancer patients worldwide as previ-
ously reported.*®!¥1¢ In ovarian cancer, a phase II trial to assess
Gefitinib as a single agent was well-tolerated but had minimal
activity in patients with recurrent ovarian cancer or primary peri-

16

toneal carcinoma.'® However, the efficacy of a large number of
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Table 1. Patient characteristics

No of patients (%)

Variables
n=102
Histological type
Serous 68 (65.7)
Clear cell 20 (19.6)
Endometrioid 11 (10.8)
Mucinous 3(2.9)
FIGO stage
Il 9(8.8)
1 78 (76.5)
IV 15 (14.7)
Type of chemotherapy
Platinum based 95 (93.1)
Other regimen 0(0.0)
No chemotherapy 7 (6.9)

EGEFR gene mutation-positive patients treated with the selective
EGEFR inhibitor Gefitinib in ovarian cancer remains unclear.

Akt and ERK are important downstream signaling mol-
ecules of EGFR." However, it remains to be elucidated whether
Akt, ERK and EGFR are indeed the most important molecules
associated with either the response of anticancer agents or the
prognosis of ovarian cancer. In vitro assays have shown that a
mutation in the tyrosine kinase domain of the EGFR protein
resulted in stronger activation of its signaling cascade.”" To
date, many investigators extensively studied the associations
between EGFR mutation and the downstream molecules such
as Akt and ERK in lung cancer cell line and revealed that EGFR
mutation is almost always accompanied with enhanced signal-
ing of intracellular cascades in preclinical setting.'®*' We there-
fore hypothesized that Akt and ERK may be phosphorylated
at higher frequencies in tumors with EGFR mutations than
in tumors without EGFR mutations, and such activation may
correlate with poor prognosis. Therefore, to clarify the clinical
significance of EGFR-related molecular markers in ovarian can-
cers, we investigated EGFR gene mutations and expression as
well as activation of downstream molecules using clinical tumor
specimens from ovarian tumors of cancer patients. Finally, we
assessed mutated EGFR association with clinicopathological
factors and treatment outcomes.

Results

Mutation analysis of EGFR gene in ovarian carcinomas. Clinical
and pathological data for the patients are shown in Table 1.
Of the 102 investigated patients, 9, 78 and 15 were categorized
as Stage II, IIT and IV, respectively. Of the 102 cases, 68 were
histopathologically diagnosed to have serous adenocarcinoma,
20 clear cell carcinoma, 11 endometrioid adenocarcinoma and
3 mucinous adenocarcinoma. All patients underwent adjuvant
chemotherapy with platinum-based agents. Twenty-nine EGFR
gene mutations were detected in 24 of 102 patients (23.5%); 16
patients had exon 18 mutations, 3 patients had exon 19 mutations
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and 8 patients had exon 21 mutations. The mutation types are
shown in Table 2. In exon 18, 17 point mutations were detected,
including 12 missense mutations and 5 silent mutations. Three
tumors had the same point mutation at codon 703: CTC to
CCC. In exon 19, two tumors had the same type mutation result-
ing in an in-frame deletion, removing amino acids 746 through
750 (delE746-A750), which is the major type of EGFR mutation
in NSCLC. One patient harbored the silent point mutation at
codon 744: ATC to ATT. In exon 21, 9 point mutations, includ-
ing 6 missense mutations and 3 silent mutations, were detected.
One tumor had the point mutation at codon 858: CTG to CGG,
which is also the major type of EGFR mutation in NSCLC
tumors.

Correlation with clinicopathological features and molecu-
lar markers. In tumor specimens obtained by surgical resection,
EGEFR, pAkt and pERK protein expression was positive in 47
(46.1%), 49 (48%) and 17 (16.7%) of the 102 patients. A rep-
resentative example of the immunostaining analysis is shown in
Figure 1. EGFR expression was detected mainly in the mem-
brane and pAkt and pERK expression were detected mainly in
the cytoplasm of tumor specimens. We examined the relation-
ships between the clinicopathological factors and the EGFR gene
mutation status or the immunohistochemical staining patterns,
which are listed in Table 3. No significant associations between
EGEFR, pAkt or pERK expression status and any clinicopatholog-
ical factors were observed. However, EGFR gene mutation status
was significantly related to histological type (p = 0.04). EGFR
mutations were observed 27.9% (19/68) in serous adenocarci-
nomas, 15.0% (3/20) in clear cell adenocarcinomas and 66.7%
(2/3) in mucinous adenocarcinomas, while no mutations were
observed in endometrioid adenocarcinomas (0/11).

Impact of molecular markers on survival. We next examined
the staining intensity of various markers and patient survival.
The median survival time for all patients was 5.5 years. Overall
survival curves were stratified according to FIGO stage, EGFR
protein expression, pAkt expression, pERK expression and EGFR
gene mutation status (Fig. 2). A univarite analysis revealed a high
tumor pAkt expression along with the FIGO stage to be signifi-
cantly associated with a poor outcome regarding both the pro-
gression-free survival (p = 0.01) and overall survival (p = 0.05).
However, pERK expression (data not shown), EGFR expression
and EGFR gene mutation status was not significantly related to
survival time, respectively.

Multivariate survival analysis. Using the Cox proportional
hazards models, we conducted a multivariate analysis to assess
the predictive value of the tumor EGFR gene mutation status.
In addition, the EGFR expression, pAkt expression and pERK
expression were analyzed for the progression free survival and
overall survival. We also included the following known prognos-
tic variables: FIGO stage and initial histological type (serous and
endometrioid vs. clear and mucinous). A high pAkt expression
(99% CI, 1.11-2.93; p = 0.017) along with the FIGO stage (99%
CL, 2.29-6.94; p < 0.001) were found to be significant predic-
tor variables of the progression free survival. Regarding overall
survival, a high pAkt expression (99% CI, 1.08-3.14; p = 0.025)
along with the FIGO stage (99% CI, 2.20-7.14; p < 0.001) were
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Table 2. Type of EGFR gene mutations

No Exon Type of sequence alteration
1 18 Substitution
2 18 Substitution
3 21 Substitution
4 18 Substitution

21 Substitution
° 21 Substitution

18 Substitution
° 21 Substitution
7 18 Substitution
8 19 Deletion
9 19 Deletion
10 18 Substitution

18 Substitution

i 18 Substitution
12 18 Substitution
13 21 Substitution
14 18 Substitution
15 18 Substitution

18 Substitution

e 19 Substitution

18 Substitution

K 21 Substitution
18 18 Substitution
19 21 Substitution

20 18 Substitution

21 18 Substitution

22 21 Substitution

23 18 Substitution

24 21 Substitution

identified to be significant predictors. The results of multivariate
survival analyses are also summarized in Table 4.

Discussion

It has been reported that EGFR gene mutations in ovarian can-

cer present only four mutations in 318 patients (1.26%);**

' however, in the present study, we found 29 mutations in 24
Japanese patients (23.5%). In previous studies of ovarian cancer,
Schilder et al. reported two multinucleotide in-frame deletions
that eliminated four amino acids (LREA) encoded by exon 19 in
57 patients (3.5%).' Lassus et al. and Stadlmann et al. reported
one insertion mutation (codon 772-775; YVMA) in 198 patients
(0.51%) and one point mutation (codon 787; ACG to ACT) in 11
patients (9.1%) in exon 20 of EGFR.*¢ In this study, two of the
EGFR mutations we observed were the deletion of E746-A750
mutation, and we found that the remaining 27 mutations were
nucleotide substitutions in exons 18, 19 and 21, which were not
previously described. To our knowledge, this is the first report
to describe tumors which harbor various EGFR mutations in
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2235-2249del GGA ATT AAG AGA AGC
2235-2249del GGA ATT AAG AGA AGC

Nucleotide alteration Amino acid alteration

2174C>G 725(ACG-ATG) Thr-Met
2073T>C 691(CCT-CCC) Pro-Pro

2573T>G 858(CTG-CGG) Leu-Arg
2091A>G 697(GAA-GAG) Glu-Glu
2494C>T 832(CGC-TGC) Arg-Cys
2604A>T 868(GAA-GAT) Glu-Asp
2160C>A 720(TCC-TCA) Ser-Ser

2556G>T 852(AAG-AAT) Thr-Met
2173A>G 725(ACG-GCG) Thr-Ala

E746-A750 deletion
E746-A750 deletion

2112G>A 704(TTG-TTA) Leu-Leu
2108T>C 703(CTC-CCC) Leu-Pro
2159C>T 720(TCC-TTC) Se-Phe

2099A>G 700(AAC-AGC) Asn-Ser
2506C>A 836(CGC-AGC) Arg-Ser
2123A>G 708(AAG-AGG) Lys-Arg
2165C>A 722(GCG-GTG) Ala-Val
2159C>T 720(TCC-TTC) Ser-Phe
2232C5A 7A4(ATC-ATT) lle-lle

2161G>A 721(GGT-AGT) Gly-Ser
2597A>G 866(GAG-GGG) Glu-Gly
2108T>C 703(CTC-CCC) Leu-Pro
2559C>T 853(ATC-ATT) lle-lle

2122A5G 708(AAG-GAG) Lys-Glu
2108T>C 703(CTC-CCC) Leu-Pro
2472C>A 824(GGC-GGA) Gly-Gly
2136C>T 712(TTC-TTT) Phe-Phe
2481C>T 827(TAC-TAT) Tyr-Tyr

ovarian cancer and we have demonstrated that EGFR muta-
tions are frequent in ovarian cancers from Japanese patients.
These results might indicate that EGFR mutations are affected
by ethnic variations, in line with previous studies on NSCLC."
Interestingly, histological analysis revealed that no mutations are
present in endometrioid adenocarcinoma, suggesting that EGFR
mutations might differ across histological types. However, there
is little evidence thus far to validate these hypotheses, which will
require future studies. Moreover, previous studies on the rela-
tionship between EGFR overexpression and clinicopathological
characteristics, the patient response to chemotherapy and sur-
vival have shown conflicting results in ovarian cancers.”*** In
our immunohistochemical analysis, we also did not find any sta-
tistically significant associations between EGFR expression and
prognosis, or between EGFR mutations and protein expression.
Recently, some investigators have reported EGFR gene mutation-
positive patients in NSCLC to demonstrate the greatest progres-
sion-free survival and overall survival benefit from the selective
EGEFR inhibitor Gefitinib.”” Schilder et al. reported Phase II
study data describing that 4 of 27 patients treated with Gefitinib
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Figure 1. Representative examples of immunohistochemically stained sections positive for EGFR (A and B), pAkt (C and D) and pERK (E and F) in tumor
specimens ([A, C and E], x20 original magnification; [B, D and F] x40 original magnification). Scale bars represent 100 pm.
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Table 3. Correlation with clinicopathological features and molecular markers

Variables(%) EGFR protein EGFR mutation pAkt pERK
positive negative p value positive negative p value positive negative p value positive negative p value
Histology 0.15 0.04 0.17 0.61
serous 29(61.7) 39(70.9) 19(79.2) 49(62.8) 36(73.5) 32(60.4) 10(58.8) 58(68.2)
clear cell 13(27.7) 7(12.7) 3(12.5) 17(21.8) 7(14.3)  13(24.5) 5(29.4) 15(17.6)
endometrioid  3(6.4) 8(14.5) 0(0.0) 11(14.1) 6(12.2)  5(9.4) 2(11.8) 9(10.6)
mucinous 2(4.2) 1(1.9) 2(8.3) 1(1.3) 0(0.0) 3(5.7) 0(0.0)  3(3.6)
Stage 0.83 0.95 0.03 0.37
1 4(8.5)  5(9.1) 2(8.3)  7(9.0) 2(4.1)  7(13.2) 0(0.0)  9(10.6)
11 35(74.5) 43(78.2) 18(75.0) 60(76.9) 43(87.8)  35(66.0) 14(82.4) 64(75.3)
I\ 8(17.0) 7(12.7) 4(16.7) 11(14.1) 4(8.1)  11(20.8) 3(17.6) 12(14.1)
Recurrence 0.52 0.24 0.10 0.64
=6M 10(21.3) 10(18.2) 6(25.0) 14(17.9) 12(24.5)  8(15.1) 3(17.6) 17(20.0)
>6M 23(48.9) 33(60.0) 15(62.5) 41(52.6) 29(59.2) 27(50.9) 11(64.8) 45(52.9)
= 14(29.8) 12(21.8) 3(12.5) 23(29.5) 8(16.3)  18(34.0) 3(17.6) 23(27.1)
5-year survival 0.84 0.15 0.16 0.27
alive 17(36.2) 22(40.0) 6(25.0) 33(42.3) 15(30.6)  24(45.3) 4(23.6) 35(41.2)
dead 30(73.8) 33(60.0) 18(75.0) 45(57.7) 34(69.4) 39(54.7) 13(76.4) 50(58.8)

had a progression-free survival of more than 6 months, including
one partial responder (4%) in ovarian cancers.'® The authors also
reported that the response rate for patients with EGFR-positive
tumors was only 9% (1 of 11), and did not find any associa-
tion between EGFR mutations and Gefitinib sensitivity in ovar-
!¢ Lacroix et al. also reported that the response of
patients with platinum-resistant ovarian cancers to Gefitinib was
independent of EGFR mutational status." However, these stud-
ies could not evaluate the efficacy of a large number of EGFR
gene mutation-positive patients treated with the selective EGFR
inhibitor Gefitinib in ovarian cancer. We did not find any sig-

ian cancers.

nificant associations between EGFR mutations and survival time
in ovarian cancer patients treated with platinum-based chemo-
therapeutics, although these eligible patients were not treated
with the selective EGFR inhibitor Gefitinib. According to the
current clinical studies on NSCLC,™” Gefitinib might therefore
be highly effective for the treatment of ovarian cancer patients
with EGFR mutations. Further studies will thus be required to
determine whether the response rate of ovarian cancer patients
with EGFR gene mutations can increase using the selective
EGFR inhibitor Gefitinib.

In this study, the overexpression of pAkt correlated with the
progression-free survival for patients with ovarian cancer. Akt is
regulated by many factors including Her2/neu, Platelet-Derived
Growth Factor Receptor and BCR-ABL in tumor cells.?® These
relationships suggest that Akt may be activated by upstream
molecules other than EGFR in ovarian cancer. Altomare et
al. demonstrated that positive expression of the pAkt protein
was related to the degree of differentiation and clinical stage
of ovarian cancer.”” Consistent with the Guo et al. study, pAkt
was involved in invasion and metastasis of ovarian cancers.?®
Moreover, the Akt inhibitor API-2 has recently been described
as an effective treatment in animal models of ovarian cancers.?
According to previous studies, Akt activation might be a key
step in the development and/or progression of ovarian cancer.
We previously reported that Akt is a key molecule for anticancer
drug resistance and clarified that EGFR, as well as alterations
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in Ake, are associated with resistance to platinum- and taxane-
based chemotherapy and Akt inactivation sensitized human
ovarian cancer cells to Cisplatin and Paclitaxel.?*** Moreover,
Gefitinib inhibited the activation of Akt and ERK in lung can-
cer cell lines.?* These results indicated that the Akt cascade, but
not necessarily EGFR, is a promising target for development of
chemotherapeutic drugs for the treatment of ovarian cancer. In
the response of the platinum-based chemotherapy and prog-
nosis for ovarian cancer patients, we would like to emphasize
the importance of the Akt cascade. Further studies will thus
be required to determine whether the response rate of ovarian
cancer patients can be increased by using such molecular target-
ing strategies.

In conclusion, we herein demonstrated that EGFR gene muta-
tions are frequent in not only NSCLC, but also ovarian epithe-
lial cancer in Japanese patients, but they do not correlate with
either the EGFR protein expression or clinical outcome. The
administration of Gefitinib to patients with ovarian cancer might
therefore offer some benefits when selecting patients with EGFR
mutations. However, this hypothesis still need to be confirmed
in the context of a prospective study. Taken together, the EGFR
mutation status was not associated with Akt activation, and the
molecular factor which correlates with survival is Akt. The inhi-
bition of the Akt pathway may therefore be a potentially useful
molecular target in ovarian cancer.

Material and Methods

Patients. The inclusion criteria were 102 primary epithelial
ovarian cancer patients (FIGO [International Federation of
Gynecology and Obstetrics]? stages 11, IIT and IV) who under-
went a surgical resection in the Department of Gynecology of
Osaka Medical College Hospital in Japan between 1991 and
2005 and were treated postoperatively with platinum-based
chemotherapy. In all cases, an effort was made to perform
optimal surgical cytoreduction and adequate staging, which
included, at least, total abdominal hysterectomy with bilateral
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calculated using the log-rank test.

Figure 2 (See previous page). Survival curves with Kaplan-Meier method of 102 ovarian cancer patients. Progression-free survival and overall sur-
vival of patients according to FIGO stage (A), EGFR gene mutation status (B), EGFR expression status (C) and pAkt expression status (D). p values were

salpingoophrectomy, omentectomy, peritoneal washings and ret-
roperitoneal lymphadenectomy. The histology of all carcinomas
was determined by a gynecological pathologist according to the
WHO criteria (World Health Organization).?® The Institutional
Review Board approved this study and informed consents were
obtained from all patients.

PCR amplification and analysis of EGFR gene muta-
tions. Genomic DNA was extracted from microdissected tissue
obtained from paraffin-embedded tissue samples. Nested poly-
merase chain reaction (PCR) method was performed for the 3
exons (exons 18, 19 and 21) encoding the tyrosine kinase domain
of the EGFR. We used primers as follows: exon 18, forward
5-GAC CCT TGT CTC TGT GTT CTT GT-3), reverse-1
5 TAT ACA GCT TGC AAG GAC TCT-3, reverse-2 5-CCA
GAC CAT GAG AGG CCC TG-3'; exon 19, forward 5-CAG
ATC ACT GGG CAG CAT GT-3', reverse-1 5-AGG GTC
TAG AGC AGA GCA GC-3), reverse2 5-GCC TGA GGT
TCA GAG CCA T-3'; exon21, forward 5'-CAT GAT GAT CTG
TCC CTC ACA G-3), reverse-1 5'-CTG GTC CCT GGT GTC
AGG AA-3' and reverse-2 5-GCT GGC TGA CCT AAA GCC
ACC-3". PCR conditions were as follows: 94°C for 3 min, 35
cycles of 94°C for 30 sec, 58°C for 30 sec and 72°C for 1 min
and a final cycle of 72°C for 5 min. PCR products were purified
and directly sequenced using the BigDye Terminator v1.1 Cycle
Sequencing Kit (Applied Biosystems) with ABI PRISM 3130
Genetic Analyzer (Applied Biosystems).

Immunohistochemistry. Tumor samples were formalin-fixed
and embedded in paraffin. EGFR expression was analyzed using
the EGFR pharm Dx kit (Dako Cytomation). pAkt and pERK
were analyzed as follows: briefly, Tumor sections were incu-
bated at 4°C for 18 h with the phospho-AKT specific antibodies
phospho-Akt(Serd73)(736E11), at a 1:50 dilution (Cell signal-
ing Technology) and Phospho-p44/42(Thr202)(Tyr204), at a
1:200 dilution (Cell signaling Technology). Evaluation of the
immunohistochemical data was performed by two independent
pathologists who were blinded to clinicopathological data. An
overexpression of EGFR, pAkt and pERK was defined to exist if
70% or more of the tumor cells exhibited the cytoplasmic and/or
nuclear staining or membranous staining.

Statistical analysis. Statistical analyses in this study were
carried out with the StatView statistical software package

Table 4. Multivariate analysis for survival rates

Variables HR 95% ClI p value
Overall survival
Stage (II/11I/1V) 3.967 2.203-7142  <0.001

Histology (serous + .endometrioid/ 1570  0.778-3.166 0.208

clear + mucinous)

EGFR mutation (positive/negative) 1.465 0.819-2.622 0.198
EGFR expression (positive/negative) 1176  0.691-2.002 0.549
pERK expression (positive/negative)  1.279  0.685-2.391 0.439
pAkt expression (positive/negative)  1.840  1.078-3.142 0.025
Progression free survival

Stage (II/1I/1V) 3989  2.293-6.940  <0.001

Histology (serous + gndometrioid/ 0901  0.458-1774 0.764

clear + mucinous)

EGFR mutation (positive/negative) 1.307 0.764-2.236 0.329
EGFR expression (positive/negative)  1.041 0.639-1.696 0.872
pERK expression (positive/negative)  1.046  0.573-1.907 0.884
pAkt expression (positive/negative)  1.805 1.113-2.930 0.017

(SAS Institute, Cary, NC USA). Fisher’s exact probability test
was used for evaluating correlations between immunohisto-
chemical and clinical data. The end points investigated were the
progression-free and overall survivals (PFS and OS). The pro-
gression-free survival was defined as the time from the first day
of chemotherapy until the first of either death from any cause or
disease progression (based on an increase in the CA 125 levels
and/or on the findings of imaging studies). Overall survival was
defined as time from the first day of chemotherapy to death from
any cause.

Univariate and multivariate analyses of the progression free
survival and overall survival were determined with the Kaplan-
Meier method using a log-rank test and the Cox proportional
hazards model, respectively. Differences with p values of less than
0.05 were considered to be statistically significant.
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