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Correlation between EGFR and c-erbB-2 Oncoprotein Status
and Response to Neoadjuvant Chemotherapy in Cervical

Carcinoma

Jae Wook Kim, Young Tae Kim, and Dong Kyu Kim

—— Abstract

Neoadjuvant chemotherapy prior to definitive radical surgery or radiotherapy may be effective in reducing tumor volume
or clinical stage and may even enhance pelvic control and survival. However, there are significant limitations to the use
of neoadjuvant therapy in the non-responder group. They include delayed total treatment course, the presence of drug
resistant clones which result in accelerated tumor growth, and limited bone marrow reserve for subsequent definitive therapy.
Thus, there is a need to identify parameters providing a more precise indication of the response to neoadjuvant chemotherapy
in patients with invasive cervical cancer. From Jan. 1995 to Jan. 1996, neoadjuvant chemotherapy with 3 courses of cisplatin
and vincristine was used in 32 patients with invasive cervical cancer (FIGO stage Ib to IIlb; tumor size greater than 2
cm). Prior to chemotherapy, quantitative tissue levels of epidermal growth factor receptor (EGFR) and c-erbB-2 oncogene
protein were measured by using an enzyme-linked immunosorbent assay (ELISA). Tumor size was estimated before and
after chemotherapy. Relations between oncoproteins and reductions of tumor size were evaluated. Tumor size prior to
neoadjuvant chemotherapy did not show any correlation with either the concentrations of EGFR or c-erbB-2 oncoprotein.
As well, the tumor reduction index did not manifest any correlation with EGFR, it did had an inverse linear correlation
with the c-erbB-2 oncoprotein levels (Rs= —0.71, P<0.05). The results of this study suggest that c-erbB-2 oncoprotein
is associated with a reduced response to neoadjuvant chemotherapy in primary treatment of invasive.cervical cancer and

may be useful in directing therapeutic approaches.
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INTRODUCTION

Cancer of the uterine cervix is the most common
malignancy in Korean women. The incidence rate of
cervical cancer in Korea is low before 25 years of age,
but it increases after age 35, reaching a peak in the
60th year. It accounts for 29.9 cases per 100,000
population.1 Although early-stage cervical carcinoma
can be treated successfully with definitive surgery or
radiation therapy, carcinoma of the cervix has been
demonstrated to have a high treatment failure rate
and poor survival in association with risk factors
including advanced statge,2 regional lymph node me-
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tastasis”® and bulky tumor.*’

The use of neoadjuvant chemotherapy in cervical
cancer prior to definitive local therapy seems to be
of therapeutic interest. There have been considerable
clinical trials using neoadjuvant chemotherapy in
cervical cancer over the past 20 years. Several phase
II trials have obtained encouraging results using
induction chemotherapy to treat locally advanced
cervical carcinoma.”’ Recently, 6 randomized trials of
various regimens of neoadjuvant chemotherapy for
patients with carcinoma of the cervix have been
reported.s’lo'14 However, except for the results of
Sardi et al. none of these results has shown any
advantages for pelvic control or survival. These find-
ings prompted us to investigate the parameters
providing a more precise indication of the response
to neoadjuvant chemotherapy for this disease.

It has been established over recent decades that the
molecular mechanisms implicated in the development
and uncontrolled proliferation of cancers involve
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abnormalities of oncogenes and growth factor-re-
ceptor systems. As our knowledge of the role of
regulatory genes in oncogenesis increases, the quanti-
tation of their expressed products will undoubtedly
find increased clinical utility. Amplification of certain
- oncogenes or an increase in their oncoproteins have
been shown to have prognostic significance in several
cancers.” "

c-erbB-2 oncoprotein is a 185-KDa membrane-
bound glycoprotein. It is a receptor on the cytoplas-
mic membrane that is homologous to the epidermal
growth factor receptor (c-etbB-1). The c-erbB-2 onco-
gene was independently discovered by several groups
and consequently is referred to by various names,
including HER-2" and nen.”*” Opverexpression of c-
erbB2 has been demonstrated in 4% to 38% of
patients with cervical cancer and has been found by
most, but not all, investigators to be associated with
poor prognosis.zz'24 There have been a few studies
suggesting that overexpression of growth factor re-
ceptors may be associated with resistance to che-
motherapy in cancer patients.zs’26 Allred et al. showed
that for some unknown reasons breast cancer patients
with high c-erbB-2 levels showed resistance to ad-
juvant chemotherapy.”’ In addition, Tsai et al. have
recently reported that increased resistance to the
cytotoxicity of doxorubicin and cisplatin was directly
related to increased c-erbB-2 expression in non-small
cell lung cancer cell lines.”

In this study, we aimed to assess the relation of
EGFR and c-erbB-2 oncoprotein expression in re-
sponse to neoadjuvant chemotherapy in patients with
cervical carcinoma.

MATERIALS AND METHODS
‘Patient entry criteria

Between January 1995 and January 1996, we
enrolled 32 patients with histologically-invasive car-
cinoma of the uterine cervix. Eligibility criteria con-
sisted of age less than 70 years with no other medical
problem, a performance status greater than 70% in
the Karnofsky scale, and a lesion size greater than 2
cm in maximum diameter measured by colposcopy
and cervicography. Patients must not have received
prior chemotherapy or radiotherapy. Other require-
ments were normal bone marrow reserve (hemoglobin
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above 10 g/dL, leukocyte count more than 4,000/
mma, platelet count more than 100,000/mm3), renal
function (blood urea nitrogen below 25 mg/dL, serum
creatinine less than 1.5 mg/dL), liver function
(bilirubin less than 1.5 mg/dL, transaminases less than
50 IU/L) and informed consent of the subjects.
Staging evaluation included a complete medical his-
tory and physical examination, complete blood counts,
biochemistries, chest x-ray, electrocardiogram, cysto-
scopy, intravenous pyelogram, and recto-sigmoido-
scopy. Magnetic resonance imaging of the abdomen
and pelvis was optional. Laboratory analyses and chest
roentgenogram were repeated before each course of
chemotherapy. The International Federation of Gyne-
cology and Obstetrics staging criteria were used in
this study.

Measurement of EGFR and c-erbB-2 oncoprotein

Fresh cervical tissue samples were obtained from
these patients before neoadjuvant chemotherapy and
assayed as previously described.”® Shortly after colpo-
scopy-guided removal of cervical tissue, tissue speci-
mens were stored at —70°C until processed. A por-
tion of each tissue to be assayed for EGFR and
c-etbB-2 oncoprotein status was examined to confirm
the histological diagnosis of each cervical lesion.

For tissue preparation, after stripping blood and
necrotic tissue, the obtained tissue samples were
thawed on ice, placed in 10 volumes of ice-cold
receptor buffer - 10 mM Tris HCL (pH 7.4), 1.5 mM
EDTA, 10% glycerol, and 0.1% sodium azide and
homogenized. The resulting mixtute was centrifuged
at 1,000 —2,000 G for 10 minutes at room tempera-
ture, after which the supernatant was recovered. The
total  protein measured in the prepared supernatant
was measured by Lowry et al's method.” The
Oncogene enzyme immunoassay is a sandwich type
immunoassay involving a mouse monoclonal capture
antibody with rabbit antiserum as a detector. The
microtiter assay plates coated with anti-EGFR mono-
clonal antibody and anti-c-ertbB-2 monoclonal anti-
body were . incubated “with specimen (tissue super-
natant) and the standard, respectively. During incu-
bation, the receptor proteins present in the specimen
ot the standard were bound to the solid phase and
the unbound materials present in the specimen were -
removed by fluid aspiration and washing. Antibodies
conjugated with horseradish peroxide were incubated
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with the plates:and when the receptor proteins were
present in the specimen, the conjugates were bound
to the receptors in the plate. Unbound conjugate was
removed by aspiration, and the plates were washed.
The plates were next incubated with enzyme sub-
strate solution (hydrogen peroxide and O-phenyl-
enediamine) to develop color which reflected the
amount of bound EGFR and c-etbB-2 oncoprotein
conjugates, respectively. The enzyme reactions were
stopped by the addition of 2.5 N sulfuric acid and
the intensity of the color developed was read using
a spectrophotometer set at 490 nm. The intensity of
the color formed was proportional to the concen-
tration of receptors in the sample. A standard curve
was obtained by plotting the standards concentration
according to the absorbance, and the values of speci-
mens were determined from the curve. The concen-
tration of the EGFR and c-erbB-2 were calculated in
fmole/mg cytosol protein by dividing the concen-
tration of receptors by the concentration of cytosol
protein. The cut-off points were 250 fmole/mg
membrane protein for EGFR and 1,500 fmole/mg
cytosol protein for c-erbB-2 oncoprotein.

Treatment plan and outcome measures

All subjects were treated with the following che-
motherapeutic schedule: cisplatin 50 mg/m’ intra-
venously (IV) on day 1 with previous hydration; and
vincristine 1 mg/m2 IV on day 2. Treatment courses
were repeated every 10 days for a total of three
cycles.

All patients underwent colposcopy and cervico-

Cervical carcinoma
Initial tumor size measurement by colpophotography

Analysis of tumor marker :
SCClevel,
urine polyamine

Quantification of
oncogene products :
EGFR, c-erbB-2

Neoadjuvant chemothezrapy
Cisplatin'50 mg/M2
Vincristine 1mg/M
q 10 days x 3 cycles

Response measurement to chemotherapy

Statistical analysis by Spearman rank correlation test

Fig. 1. Schematic diagram of study design.

graphy to measure the cervical lesion size in cen-
timeters at the time of staging and duting the second
and third admission for treatment. Three weeks after
the third admission, the maximal tumor diameters
were finally measured using colpophotography (Fig.
1). We used World Health Organization (WHO)
guidelines for response criteria throughout the study.”
We defined objective response as follows: complete
response (CR) - complete resolution of all disease
lasting at least 1 month; partial response (PR) - a
decrease of greater than or equal to 50% in linear
tumor measurement; stable disease (SD) - a decrease
of less than 50% or an increase of less than 25% in
the ‘lesions; and progressive disease (PD) - 25% or
more increase in the size of one or more lesions, or
appearance of new lesions. The change in lesion size
was used as a clinical marker for the assessment of
treatment effect. Tumor reduction index (TRI) was
defined as follows: TRI = (initial maximal tumor size
- tumor maximal size after neoadjuvant chemother-
apy) X 100/initial tumor size. Statistical analysis was
carried out by chi-square 2X2 contingency tables
with Yates' correction, Mann-Whitney U test, and
Spearman rank correlation test. Differences were
considered significant when the probability of error
was below 5% (p<0.05).

RESULTS
Patient characteristics

Patient age ranged from 35 to 66 years with a
median of 49.5 years. Regarding distribution accord-
ing to stage, patients with stage II cervical carcinoma
were the most numerous, accounting for 20 cases.
According to cell type, 27 contained squamous cells
and 3 were adenocatcinomas. When categorized by
menstrual status, 17 cases of cervical carcinoma were
premenopausal and 15 cases were postmenopausal.
Positivity of EGFR and c-etbB-2 were found in 20
of 32 (62.5%) patients and in 17 of 32 (53.1%) cases,
respectively (Table 1).

Relation of response to oncoproteins status
Of 17 c-etbB-2 positive tumors, only 4 showed
partial response, compared with 10 of 15 c-erbB-2

negative tumors (p<0.05). Of 20 EGFR positive
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tumors, 10 revealed a partial response, compared with
4 of 12 EGFR negative tumors (not significant)
(Table 2). Levels of c-erbB-2 oncoprotein were signi-
ficantly higher in the 18 non-responding patients
than in 14 responding patients (median {range} 2870
{908 — 7055} vs 1248 [755—2165)) fmole/mg cyto-
sol protein; p<0.05). There was no significant dif-
ference in EGFR levels between EGFR-positive re-
sponders -and non-responders.

Table 1. Patient Characteristics at Study Entry

Characteristics Number of
cases (%)

Age (years)

Median 49.5

Range 35—66
Menopausal status

Premenopause 17 (53.1)

Postmenopause 15 (46.9)
Performance status®

70—80% 2 (6.2)

90— 100% 30 (93.8)
Clinical stage

I 6 (18.8)

I 20 (62.5)

111 6 (18.8)
Histology

Squamous carcinoma 27 (84.4)

Adenocarcinoma 3 (9.4)

Adenosqﬁamous carcinoma 2 (6.2)
EGFR

Positive 20 (62.5)

Negative 12 (37.5)
c-erbB-2 oncoprotein

Positive 17 (53.1)

Negative 15 (46.9)
*Karnofsky.

Table 2. Relation of Response to Oncoprotein Status

Correlation between tumor size and oncoprotein
status

The measured EGFR values and the initial tumor
size showed a slight positive correlation (Rs=0.39)
without any statistical significance (Fig. 2). We could
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Fig. 2. Correlation between EGFR and tumor size.

87 Rs=0.1004
A
A
= 6 a
5 A A
@ A AA M A A
@ A
S 44 A A A
g A A
= A A AN
A
2-A A A
0 T T T 1
0 2000 4000 6000 8000

c-erb-2 Oncoprotein (fmole/mg protein)

Fig. 3. Correlation between c-erbB-2 oncoprosein and tumor size.

Response EGFR (+) EGFR (—) EGFR (+) EGFR (—)
c-etbB-2 (—) c-erbB-2 (—) c-erbB-2 (+) c-ertbB-2 (+)
Complete response 0 0 0 0
Partial response® 8 2 2 2
Stable disease 3 2 6 5
Progressive disease 0 0 1 1

*p<0.05, c-etbB-2 (—) vs. c-etbB2 (+).
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Fig. 5. Correlation between c-erbB-2 oncoprotein and tumor re-
duction index.

not demonstrate any positive correlation between
c-erbB-2 oncoprotein and the initial tumor size (Fig.
3). No significant correlation was found between
EGFR and the tumor reduction index (Rs=—0.08)
(Fig. 4). However, c-etbB-2 oncoproteins and the
" tumor reduction index did show an inverse linear
correlation (Rs=—0.71, p<0.05) (Fig. 35).

DISCUSSION

Surgery and radiotherapy, the traditional corner-
stones -of management for patients with cervical
cancer, have been considered to constitute the optimal
therapeutic modalities. Much progress has been made
in the early detection and control of cervical car-
cinomas since the introduction of the Papanicolaou

test. However, for patients with advanced stage,
regional lymph node metastases and bulky tumor, the
prognosis is poor even after surgety or radiation
therapy.””

These unsatisfactory results have prompted in-
vestigators to introduce induction chemotherapy as an
initial therapeutic approach for patients with cervical
carcinoma.”" The use of neoadjuvant chemotherapy
is one of several studies being investigated to attempt
to improve pelvic control and survival results. Al-
though the initial use of chemotherapy in cervical
cancer prior to definitive local therapy seems to be
of therapeutic interest, significant theoretical limita-
tions are associated with induction chemotherapy. A
delay in Jocal treatment due to drug-resistance may
promote tumor growth, compromise subsequent sur-
gery and/or radiotherapy, allow dissemination of mi-
crometastases due to compromised host immunity,
accelerate growth of drug-resistant cell lines, and
cause treatment failure by direct toxic effect of
chemotherapeutic agents. Thus, this led to the search
for a new therapeutic approach to potentiate the
neoadjuvant chemotherapy.

Epidermal growth factor receptor (EGFR) is a 170
KDa membrane-bound glycoprotein encoded by the
c-erbB-1 oncogene. It was first purified from the
A431 cell line which was derived from an epidermoid
carcinoma of the vulva.”’* EGFR is 2 member of the
growth factor receptor family of protein tyrosine
kinases, a class of cell cycle regulatory molecules. The
gene for the human EGFR is located on chromosome
7.” In the mid 1980s, the c-erbB-2 oncogene was
revealed by several investigators. The nex oncogene
was detected as a mutated transforming gene in
neuroblastomas induced by ethylnitrosurea treatment
of fetal rats.”®”' The c-etbB-2 was a human gene
discovered by its homology to the retroviral gene
v-etbBB.”® HER-2 was isolated by screening a human
genomic DNA library for homology with v-erbB."”
When the DNA sequences were subsequently de-
termined, c-erbB-2, HER-2, and nex were found to
represent the same gene. The c-erbB-2 oncogene is
located on human chromosome 17q21 and encodes
for c-erbB-2 m-RNA (4.6 kb), which translates c-
erbB-2 oncoprotein (p185).46 This oncoprotein is a
glycoprotein which is a normal component of cyto-
plasmic membranes.

EGFR and c-erbB-2 have been reported as in-
dependent prognostic factors in various human tu-
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22,36-39 .
morts. In breast cancer cases, the overexpression

of these oncogenes was reported to be related to the
degree of response to chemothempy.‘io'42 Nicholson et
al. reported that in recurrent breast cancer patients
the response to adjuvant hormone therapy was poor
when the initial EGFR level was high, and showed
the possible use of the EGFR level as the prognostic
index for predicting the therapeutic response.43
However, Harris's work in 1990 showed no cor-
relation between EGFR and the response rate to a
single agent chemotherapy using mitoxantrone.”’ Our
study also showed no correlation between EGFR and
the tumor reduction index, suggesting that the sole
measurement of EGFR may not be sufficient to
predict the response to neoadjuvant chemotherapy.

There have been a few studies suggesting that

overexpression of c-etbB-2 may be associated with

resistance to chemotherapy in patients with breast
cancer.””® Gusterson studied 1,506 cases of breast
cancer and reported that the overexpession of c-
erbB-2 resulted in a poor response to chernotheraqay.26
Allred et al. showed that for some unknown reasons
breast cancer patients with high c-etbB-2 levels
showed resistance to adjuvant chemotherapy.” In
addition, Tsai et al. have recently reported that
increased resistance to the cytotoxicity of doxorubicin
and cisplatin was directly related to increased c-
erbB-2 expression in non-small cell lung-cancer cell
lines.”’

Our analysis of oncogene products in cervical
cancer suggests that neoadjuvant chemotherapy may
not result in a similar benefit for all patients with
cervical “carcinoma. It appears that patients with
nonexistent or low c-erbB-2 expression may derive
the greatest benefit from neoadjuvant chemotherapy.
In contrast, no benefit from chemotherapy was ob-
served in patients whose tumors overexpress c-erbB-2.
This study showed an inverse proportional correlation
between the level of c-erbB-2 oncoprotein and the
tumor reduction index. That is, tumors with a high
level of c-erbB-2 oncogene products showed no
reduction of tumor size to three courses of neo-
adjuvant chemotherapy.

The results obtained in this study raise two possible
explanations. The first is the possibility that the doses
of chemotherapeutic agents used might have been too
low to exert a significant antitumor effect in their
own. Muss et al.* reported that overexpression of
c-etbB-2 may be a useful marker to identify patients
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who are most likely to benefit from high doses of
adjuvant chemotherapy. The importance of drug dose
for the response to cancer chemotherapy continues to
be extensively studied.”” The concept of dose intensity
emphasizes the dose per unit time of drug delivery.
For combination chemotherapy regimens, the clinical
outcome depends per unit time, drug disposition, the
resulting toxicity profile, and inherent tumor-cell
sensitivity.

Another possible explanation for our findings is
inadequate assessment of response. Several assessment
techniques evaluating the change in tumor volume
including. pelvic examination,”’ ultrasonographic as-
sessment,’ magnetic resonance imaging technique,‘”’48
and colpo-cervicography,™"> have been used to de-
termine the response to chemotherapy in cervical
cancer patients. However, a comparison of response
rates in cervical cancer is difficult because noninvasive
tumor measurements are less precise than surgical
evaluations. Although recent reports suggest that
magnetic resonance imaging techniques might be-
come an important method in evaluating tumor
volume even in the endophytic type of cervical cancer,
it is also important to consider the financial costs in
selecting the patients. Compared to such circum-
stances, cervicography is an objective, easy to per-
form, and precise method of assessment. Therefore, in
this study, bidimensional tumor measurements from
cervicography of every patient were obtained, but
there were difficulties in cases of endophytic type
cervical cancer.

In conclusion, this study suggests that c-erbB-2
oncoprotein is associated with a reduced response to
neoadjuvant chemotherapy in the primary treatment
of invasive cervical cancer and may be useful in
directing therapeutic approaches.

REFERENCES

1..Kim JB, Park IS, Ahn YO. Cancer incidence in Seoul,
Korea: Results of implementation study of Seoul cancer
registry. J Korean Med Sci 1995;10:74-80.

2. Perez CA, Breaux S, Madoc-Jones JM. Radiation therapy
alone in the treatment of cercinoma of the cerix. Analysis
of tumor recurrence. Cancer 1983;51:1391-1402.

3. Piver MS, Chung WS. Prognostic significance of cervical
lesion size and pelvic node metastasis in cervical car-
cinoma. Obstet Gynecol 1975;46:507-10.

4. Burghardt E, Pickel H, Haas J. Prognostic factors and
operative treatment of stage Ib to IIb cetvical cancer. Am



N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Oncoproteins and Response to Neoadjuvant Chemotherapy

J Obstet Gynecol 1987;156:988-96.

. Sardi J, Sananes C, Giaroli A. Results of a prospective
randomized trial with neoadjuvant chemotherapy in stage
Ib, bulky, squamous carcinoma of the cervix. Gynecol
Oncol 1993;49:156-65.

. Friedlander M, Kaye SB, Sullivan A. Cervical carcinoma:
a drug responsive tumor - experience with combined cis-
platin, vinblastine and bleomycin therapy. Gynecol Oncol
1983;16:275-81.

. Kim DS, Moon H, Hwang YY. Preoperative adjuvant
chemotherapy in the treatment of cervical cancer stage Ib,
Ila and IIb with bulky tumor. Gynecol Oncol 1988;29:
321-32.

. Giaroli A, Sananes C, Sardi JE. Lymph-node metastases
in carcinoma of the cervix uteri: response to neoadjuvant
chemotherapy and its impact on survival. Gynecol Oncol
1990;39:34-9.

. Tobias J, Buxton EJ, Blackledge G. Neoadjuvant bleo-

mycin, ifosfamide and cisplatin in cervical cancer. Cancer

Chemother Pharmacol 1990;26 Suppl:59-62.
Chauvergne J, Rohart J, Heron J. Randomized phase III

trial of neoadjuvant chemotherapy (CT) and radiotherapy

(RT) versus RT in stage IIB, III carcinoma of the cervix:

A cooperative study of the French oncology centers

[abstract}. Proc Am Soc Clin Oncol 1988;7:524.
Cardenas J, Olguin A, Figneroa F. Randomized neoadju-

vant chemotherapy in cervical carcinoma stage IIB: PEC+

RT vs RT {abstract]. Proc Am Soc Clin Oncol 1991;10:

620.

Souhami L, Gil RA, Allan S. Randomized trial of chemo-

therapy followed by pelvic radiotherapy versus radio-

therapy alone in stage IIIB carcinoma of the cervix. J Clin

Oncol 1991;9:970-7.

Tattersall MHN, Ramirez C, Coppleson M. A randomized
trial comparing platinum-based chemotherapy followed by
radiotherapy vs radiotherapy alone in patients with locally
advanced cervical cancer. Int J Gynecol Oncol 1992;2:
244-51.

Kumar L, Kaushal M, Nandy BM. Chemotherapy followed

by radiotherapy versus radiotherapy alone in locally ad-

vanced cervical cancer: A randomized study. Gynecol

Oncol 1994;54:307-15.

King CR, Draus MH, Aaronson SA. Amplification of a

novel v-erbB-related gene in a. human mammary car-

cinoma. Science 1985;229:974-6.

Cowley GP, Smith J, Gusterson BA. Increased epidermal

growth factor receptors on human squamous carcinoma

cell lines. Br J Cancer 1986;53:223-9.

Fisher DA, Lakshmanan J. Metabolism and effects of epi-

dermal growth factor and related growth factors in

mammals. Endocr Rev 1990;11:418-22.

Hynes NE, Stern DF. The biology of erbB-2/neu/HER-2

and its role in cancer. Biochim Biophys Acta 1994;1198:
165-84.

Coussens L, Yang-Feng TL, Liao YU, Chen L, Gray A,

McGrath J. Tyrosine-kinase receptor with extensive ho-

mology to EGF receptor shares chromosomal location with

new oncogene. Science 1985;230:1132-9.

20

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.
31.

32.

33.
34.

35.

36.

37

213

. Shih C, Padhy LC, Murray M, Weinberg RA. Transform-
ing genes of carcinomas and neuroblastomas introduced
into mouse fibroblasts. Nature 1981;290:261-7.
Bargmann CI, Hung MC, Weinberg RA. The new onco-
gene encodes an epidermal growth factor receptor-related
protein. Nature 1986;319:226-30.

Berchuck A, Rodriguez G, Kamel A, Soper JT, Clarke-
Pearson DL, Bast RC. Expression of epidermal growth
factor receptor and HER-2/Neu in normal and neoplastic
cervix,vulva, and vagina. Obstet Gynecol 1990;76:381-7.
vanDam PA, Lowe D, Watson J. Multiparameter flow cy-
tometric quantitation of epidermal growth factor receptor
and c-erbB-2 oncoprotein in normal and neoplastic tissues
of the female genital tract. Gynecol Oncol 1991;42:
256-63.

Hale RJ, Buckley H, Fox H. Prognostic value of c-erbB-2
expression in uterine cervical carcinoma. J Clin Pathol
1992;45:594-7.

Allred DC, Clark GM, Tandon AK, Tormey CD, Osborne
CK, McGuire WL. HER-2/neu in node negative breast
cancer: Prognostic significance of overexpression influenced
by the presence of in situ carcinoma. J Clin Oncol 1992;
10:599-605.

Gusterson BA, Goldhirsch GA, Price KN, Styles J, Ru-
denstam CM, Reed R, et al. Prognostic importance of
c-erbB-2 expression in breast cancer. J Clin Oncol 1992;
10:1049-56.

Tsai CM, Chang KT, Perng RP, Mitsudomi T, Chen MH,
Kadoyama C, et al. Correlation of intrinsic chemo-
resistance of non-small cell lung cancer cell lines with
HER-2/neu gene expression but not with ras gene mu-
tations. J Natl Cancer Inst 1993;85:897-901.

Kim JW, Kim YT, Kim DK, Song CH, Lee JW. Expres-
sion of epidermal growth factor receptor in carcinoma of
the cervix. Gynecol Oncol 1996;60:283-7.

Lowry OH, Rosebrough NJJ, Farr AL. Protein measure-
ment with the folin phenol reagent. J Biol Chem 1951,
193:265-9.

Miller AB, Hoogstraten B, Staquet M. Reporting results
of cancer treatment. Cancer 1981;47:207-14.

Cohen S. The epidermal growth factor (EGF). Cancer 1983;
51:1787-91.

Carpenter G, Zendegui JG. Epidermal growth factor, its
receptor and related proteins. Exp Cell Res 1986;164:1-
10.

Carpenter G. Receptors for EGF and other polypeptide mi-
togens. Ann Rev Biochem 1987;56:881-914.

Yarden Y, Ullrich A. Growth factor receptor tyrosine ki-
nase. Ann Rev Biochem 1988;57:443-78.

Fukushige SI, Matsubara KI, Yoshida M, Sasaki M, Suzuki
T, Semba K. A novel v-erbB-related gene, c-etbB-2 on
human chromosome 17 and its amplification in a gastric
cancer cell line. Mol Cell Biol 1986:6:955-8.

Battaglia F, Scambia G, Pacini PB, Baiocchi G, Perrone
L, Lacobelli S, et al. Epidermal growth factor receptor
expression in gynecological malignancies. Gynecol Obstet
Invest 1989;27:42-4.

. Kohler M, Janz 1, Wintzer HO, Wagner E, Bauknecht

Yonsei Med | Vol. 40, No. 3, 1999



214

T. The expression of EGF receptors, EGF-like factors and
c-myc in ovarian and cervical carcinomas and their po-
tential clinical significance. Anticancer Res 1989;9:1537-
48.

38. Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG,

39.

Keith DE, et al. Studies of the HER-2/neu protooncogene
in human breast and ovarian cancer. Science 1989;244:
707-12.

Press MF, Jones LA, Godolphin W, Edwards CL, Slamon
DJ. Her-2/neu oncogene amplification and expression in
breast and ovarian cancers. Prog Clin Biol Res 1990;354A:
209-21.

40. Tandon AK, Clark GM, Chamness GC, Ullrich A, Mc-

41.

42,

Guire WL. HER-2/neu oncogene protein and prognosis in
breast cancer. J Clin Oncol 1989;7:1120-8.

Harris AL. Epidermal growth factor receptor: a marker
of early relapse in breast cancer: interactions with neu. Eur
J Cancer 1990;26:154-9.

Paik S, Hazan R, Jisher ER, Sass RE, Fisher B, Redmond
C, et al. Pathologic findings from the national surgical
adjuvant breast and bowel progect: Prognostic significance
of erbB-2 protein overexpression in ptimary breast cancer.
J Clin Oncol 1990;8:103-12.

43.

44.

45.

46.

47.

48.

Jae Wook Kim, et al.

Nicholson S, Sainsbury JRC, Halcrow P, Chambers P,
Farndon JR, Harris AL. Expression of epidermal growth
factor receptors associated with lack of response to end-
ocrine therapy in recurrent breast cancer. Lancet 1989;28:
182-4.

Muss HB, Thor AD, Berry DA, Kute T, Liu ET, Koerner
F, et al. c-erbB-2 expression and response to adjuvant
therapy in women with node-positive early breast cancer.
N. Engl J Med 1994;330:1260-6.

Hryniuk WM. Average relative dose intensity and the im-
pact on design of clinical trials. Semin Oncol 1987;14:
65-74.

Schweitzer AL, Stern DF, Vaidyanathan L. The neu onco-
gene. An erb-B-related transforming genes of carcinomas
and gene encoding a 185,000-M tumor antigen. Nature
1984;312:513-9.

Hricak H, Lacey CG, Samdles LS. Invasive cervical car-
cinoma: comparison of MR imaging and surgical findings.
Radiology 1988;166:623-31.

Burghardt E, Hofmann HMH, Ebner F. Magnetic reso- -
nance imaging in cervical cancer: a basis for objective
classification. Gynecol Oncol 1989;33:611-7.

Yonsei Med J Vol. 40, No. 3, 1999



