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Original Study

EGFR and HER-2/neu Expression in Gallbladder

Carcinoma: An Institutional Experience
R. Hadi, M.C. Pant, N. Husain, A. Singhal, R. Khurana, G.R. Agarwal, S. Masood, N.P. Awasthi

Dr. Ram Manohar Lohia Institute of Medical Sciences, Lucknow—226010, Uttar Pradesh, India

Abstract

Background

Gallbladder cancer (GBC) is the most common
malignancy of the biliary tract in India. Despite the
recent advancement in the understanding of the
cancer biology, the disease still remains a therapeutic
challenge with poor prognosis and low survival.
Surgery is the primary modality of treatment and rest
of the modalities are basically adjuvant in nature.
This study was performed to evaluate the epidermal
growth factor receptor (EGFR) and human epidermal
growth factor receptor—2 (HER—2/neu) expression in
GBC.

Methods

The present study was prospective and done in
tertiary super—specialty institute of northern India.
This was a pilot study, and at the time of completion,
29 samples were found suitable which were later
submitted for EGFR and HER-2/neu evaluation.
The sample includes both cases of GBC (n=18)
and cholecystitis (n=11) as control. (Table 1) After
performing necessary processing, slides were
incubated with primary antibody (EGFR) ready to use
(RTU) BioGenex, India and HER—2/neu dilution 1:600,
Dakopatts (Denmark). Then slides were incubated
with secondary antibody (Real Envision Detection Kit,
Dakopatts, Denmark). Finally in mounted slides, cell
membrane staining was used to assess positivity for
EGFR and HER-2/neu.

Results

EGFR was positive in 21/29 (72.41%) overall, out
of which 14/18 (77.78%) positive in cases and 7/11
(63.64%) positive in control. (Table 1, 3)(Figure 2)

For HER—2/neu, it was positive in 21/29 (72.41%)
overall, just like in EGFR mentioned above, but
positive 12/18 (66.67%) in cases and 9/11 (81.82%)
in control respectively. (Table 1, 3)(Figure 3)

Conclusion

Despite the efforts by many investigators,
GBC continues to represent a major challenge
in oncology. Surgical resection remains the only
curative treatment for this disease. The roles of
radiation, chemoradiation, and chemotherapy in
neoadjuvant and adjuvant settings remained to be
defined in prospective studies. With further studies
based on molecular understanding and developing
new targeted therapies, we will be in better position
to manage GBC and increase the survival rate.
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Background

GBC is the most common malignancy of the biliary
tract in India. Despite the recent advancement in the
understanding of the cancer biology, the disease still
remains a therapeutic challenge with poor prognosis
and low survival. High EGFR expression, tumor node
metastasis (TNM) stage and preoperative serum
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carbohydrate antigen 19.9 (CA 19.9) were retained
as independent predictors of overall survival. @
Surgery plays a pivotal role in its management with
radiotherapy and chemotherapy as an adjuvant
setting. Understanding the molecular events in
gallbladder carcinogenesis may provide novel
targeted therapeutic approach. @
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EGFR is a protein kinase receptor involved in
the signal transduction affecting various cellular
activities such as metabolism, transcription, cell
cycle progression, apoptosis and differentiation.
Studies from Asia and Australia have demonstrated
EGFR overexpression in GBC. There is a trend toward
shorter survival in patients (pts), having more poorly
differentiated tumors with greater intensity of EGFR
expression.

HER-2, also known as Neu, ErbB-2, CD340
(cluster of differentiation 340) or p185,isa protein that
in humans is encoded by the ERBB2 gene. C—ErbB-2
protein is present mostly at surface epithelium in
large and septal bile ducts but negative in hyperplasia
or atypical hyperplastic bile duct epithelium which
do not correlate with the histopathological grade or
tumor stage. Overexpression of the gene product
occurs in one fourth to about two thirds of carcinoma
of biliary tract (BTC) and may be used as phenotypic
marker for neoplastic transformation with a worse
prognosis. @ In one study it was found that GBC
rarely overexpress HER—2/neu using the HercepTest
@ and no pt. co—expressed EGFR and HER—2/neu. ©
Genomic instability due to Myc (c—Myc) amplification
may cause specific amplification of EGFR and/or
ERBB2. Myc amplification is found only in 3.7% of
the GBC cases but this information might be useful
for tailored target therapy in the future. ©

The p53 positivity increased with increasing
grade while C—ErbB-2 positivity decreased with
increasing grade of GBC. Mean age in C—ErbB-2
positive cases were lesser as compared to negative

Figure 1: Adenocarcinoma gallbladder. H&E, 10X

cases, while p53 did not show such association with
age. C—ErbB—2 overexpression in adenoma and
younger age group indicates its role as an early event
in carcinogenesis of gallbladder. @ Co—expression
of p53 and C—ErbB-2 suggests that alterations of
these genes might act in concert in the neoplastic
transformation. ®

With the recent success of EGFR targeted therapies
in other solid tumors that over—expressed EGFR, it
may now be appropriate to evaluate agents targeting
this pathway either as single agent, or in combination
with standard chemotherapy in GBC. However, k—ras
mutation in pts with BTC (cholangiocarcinoma—
intrahepatic—peripheral or hilar and extra—hepatic,
GBC and ampullary carcinoma) warrants further
investigations as use of EGFR inhibitors grows.

Methods

The present study is prospective and done in
tertiary super—specialty institute of northern India.
This is a pilot study, and at the time of completion
29 samples were submitted for EGFR and HER-2/
neu evaluation including both cases of GBC and
cholecystitis pts as control. (Table 1). Until date,
all the gallbladder pts which were fit for this study
were taken for the project. The inclusion criteria
were adults, both sexes, all cases (metastatic,
locally advanced or inoperable gallbladder), no other
associated malignancies and no prior treatment in
any form (surgery, chemotherapy and radiotherapy)
with Karnofsky Performance Scale (KPS)> 50.

Figure 2: Adenocarcinoma gallbladder showing positive
staining for EGFR (>90%, 3+). IHC, 40X
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Patient (Total) Adenocarcinoma (Cases) Cholecystitis (Control)
29 18 11
Age(Years) 30-70 24-65
Median 48 50

Male 3 3
Female 15 8

EGFR Positive 77.78% (14/18) 63.64% (7/11)
HER-2/neu Positive 66.67% (12/18) 81.82% (9/11)
Table 1. Patient Characteristics

Intensity  Pattern of staining

0 no staining

1+ Distinct membrane staining visible at 40X magnification only

2+ Distinct membrane staining visible at 10X magnification only

3+ Distinct membrane staining visible at 5X magnification only

Table 2. Interpretation of intensity of EGFR and HER-2/neu immunohistochemistry

Assessment: After clinical and radiological
assessment of the pt., tissue biopsy was done for
confirmation of diagnosis. Bleeding, clotting and
coagulation profile was done. Pt. was kept on empty
stomach on the day of procedure. Consent of the pt.
was taken after explaining the procedure and the
complications related to it. At the time of procedure, it
was mandatory that pt. was positioned appropriately,
preferably supine to allow optimal condition for an
adequate and safe biopsy. Under ultrasonographic
guidance, examination performed with SA 800
(Medison) USG machines, having 3.5 MHz sector
(mechanical) probe. Doppler imaging was also
applied to the field to ensure the absence of large
blood vessels in the plane. Once adequate imaging
of the liver and gallbladder fossa has occurred, the
biopsy was performed on all inoperable cases with
18 G Quick Core Cooks Biopsy Gun under aseptic
technique and local anesthesia. At the time of biopsy,
precaution was taken that the biopsy needle should
pass in the same directional plane as the ultrasound
transducer signal. Once the procedure was over, pt.
was monitored for 1 hour prior to discharge for any
complications. No complications were found in any

pt. except mild pain at local site which was managed
symptomatically.

The specimen was sent for tissue biopsy and
was kept in tissue bank for EGFR and HER- 2/neu
evaluation which was finally analyzed along with
postoperative tissue specimen of operable cases of
cholecystitis as control.

Figure 3: Adenocarcinoma gallbladder showing positive
staining for HER- 2/ neu (70%, 2+). IHC, 20X
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Authors EGFR EGFR Positive HER-2/ HER-2/neu Positive  References
Positive  (Cholecystitis) neu Positive (Cholecystitis)
(GBC) (GBC)
Kamel D et al 1993 10.00%(3/10) 0.00% (0/4) 8)
Lee CS et al 1995 100.00% 64.00 (7/11) (25)
(13/13)
Chow NH et al 1995 63.60% 63.00% (29/46) (3)
(711)
Zhou YM et al 2003 70.70% 0.00% (0/10) (13)
(41)
Matsuyama S et al 2004 11.70% (4)
Nakazawa K et al 2005 8.10% 15.70% (15)
Moon WS et al 2005 11.00% 62.00% (23)
Chaube A et al 2006 25.00 (10) (7)
Kawamoto T et al 2007 31.20% 12.50% (2+) 9
Kaufman M et al 2008 93.75% 5)
(15/16)
Ooi A et al 2009 11.34% 14.43% (6)
(11/97) (14/97)
Harder J et al 2009 60.71% 41.13% (24)
(34/56) (51/124)
Shafizadeh N et al 2010 80.00% 4.00% (2/51) (10)
(41/51)
Chang PY et al 2010 100.00 (19)
(3/3)
Pignochino Y et al 2010 38.5% 10.00% (16)
Present study 2013 77.78%  63.64% (7/11) 66.67% 81.82% (9/11)
(14/18) (12/18)

Table 3. Comparison between different studies showing EGFR and HER-2/neu Positivity

Present study had 18 samples of cases, (14 Gun
biopsy specimens and 4 open biopsy specimen in
pts, who were found inoperable after laparotomy)
and 11 post—cholecystectomy specimens not
having malignancy, as control. Material adequate
for immunohistochemical (IHC) studies was present
in all 29 cases, and was subjected to IHC studies.
Diagnosis of adenocarcinoma gallbladder was
confirmed in 18 biopsy samples (Figure 1) and
cholecystitis in 11 pts. (Table 1)

[HC Evaluation: In the pathology laboratory,
serial 4 p sections were cut from the tissue block
and fixed overnight at 60°. Dewaxing was done by

immersing the warm slides in xylene twice. After that
slides were immersed in graded alcohol 100%, 70%
and 50% and distilled water for 5 minutes. Blocking
was done in 50 ml methanol and 1.5 ml H202 for
30 minutes and washed with distilled water for 5
minutes. Antigen retrieval was done in pre—warm
citrate buffer (pH 6.0) at 90°c for 90 minutes. Slides
were cooled for 30 minutes at room temperature and
washed 3 times in Tris—buffer (pH 7.5).

Slides were incubated in primary antibody EGFR
ready to use (RTU) BioGenex, India and HER—2/neu
dilution 1:600, Dakopatts (Denmark) overnight and
washed three times in Tris—buffer (pH 7.5) again
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followed by incubation with secondary antibody
(Real Envision Detection Kit, Dakopatts, Denmark)
for 30 minutes. After 3 washings of Tris—buffer (pH
7.5) slides were incubated in chromogen (DAB -3,
3’—diaminobenzidine tetra hydrochloride) buffer in
1:50 ratio followed by 3 washings of distilled water.
Slides were then counterstained with haematoxylin
followed by washing and air dried for 15-20
minutes. Finally the slides were mounted with DPX.
Cell membrane staining was used to assess positivity
for EGFR and HER 2/neu.

The interpretation of staining for EGFR and HER—
2/neu was reported as percent positive cells and
intensity of staining. For percent positive cells, total
number of cells staining positive out of 100 cells was
counted and an average of 10 high power fields was
reported. The intensity of staining was interpreted
as per Table 2.

Data analysis: We compared EGFR and HER-2/
neu expression using of Fisher’s exact test statistical
method. We used the words ‘two tailed’ or ‘two
sided’ for P value calculation. Analysis was done on
MS Excel spreadsheet software. Significance was at
P value of .05.

Results

The results of immuno—histochemical analysis
of 29 pts of Gallbladder are adenocarcinoma 18/29
(62.07%) as cases (Figure 1) and cholecystitis
11/29 (37.93%) as control. For EGFR, it was overall
positive in 21/29 (72.41%) pts, but positive in 14/18
(77.78%) in cases (Figure 2) and 7/11 (63.64%) in
control respectively. (Table 1, 3)

¢ |n positive cases (n=14), subset of expression
was 1+ in 1/14 (7.14%), 2+ in 5/14 (35.71%)
and 3+ in 8/14 (57.15%) while

e |n positive control (n=7), subset of expression
was 1+ in 5/7 (71.42%), 2+ in 1/7 (14.29%) and
3+in1/7 (14.29%)

When we applied the two tailed test between the
cases and control for EGFR, p value=0.4327. The
association between the above group and outcomes
was considered to be not statistically significant.
Likewise overall HER—2/neu was positive in 21/29
(72.41%) pts, out of which 12/18 (66.67%) positive
in cases (Figure 3) and 9/11 (81.82%) positive in
control. (Table 1, 3)

¢ |n positive cases (n=12), subset of expression
was 1+ in 0/12 (00.00%), 2+ in 5/12 (41.67%)
and 3+ in 7/12 (58.33%).

¢ |n positive control (n=9), subset of expression
was 1+in 1/9 (11.11%), 2+ in 5/9 (55.56%) and
3+ in 3/9 (33.33%).

e When we applied the two tailed test between
the cases and control for HER-2/neu, p
value=0.6706. The association between the
above group and outcomes was considered to
be not statistically significant.

e |n 17/29, (58.62%) of pts, sample express both
EGFR and HER-2/neu together, out of which
10/17, (58.82%) were cases and 7/17, (41.18%)
were control. The two—tailed P value equals
0.7513. The association between groups and
outcomes was considered to be not statistically
significant.

e n 4/29, (13.79%) of pts sample didn’t express
neither EGFR nor HER—2/neu out of which 2/4,
(50.00%) are cases and 2/4, (50.00%) are
control. The two—tailed P value equals 1.0000.
The association between groups and outcomes
is considered to be not statistically significant.

Review

BTCs are uncommon in the United States but
are endemic in South America and Asia. These are
aggressive tumors associated with poor prognosis
and survival. Standard chemotherapy often offers
minimal benefit. Activation of HER-2/neu and/
or EGFR are important in breast, colon, and lung
cancer with exploration of its role in BTCs has been
going on. © HER—2/neu expression is uncommon in
these tumors % but our study did not support this
version. HER-2/neu activates the Akt/NF-kappa
B anti—apoptotic cascade to confer resistance to
Tumor Necrosis Factor (TNF) on cancer cells which
ultimately reduce host defense against neoplasia. "

EGFR signaling has recently been implicated in
the genesis and progression of cholangiocarcinomas.
EGFR mutations were more common in intra—
hepatic or poorly differentiated tumors. Differences
in age, sex, stage at diagnosis and survival was not
observed between mutation positive and negative
pts. Therefore a highly selected application of the
EGFR kinase inhibitor would be therapeutically
effective in these pts. (2
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Cholelithiasis and cholecystitis were closely
related to GBC. The positive expression rates of
epidermal growth factor (EGF) and EGFR were higher
in GBC and dysplasia than in simple hyperplasia
and normal gallbladder tissue. Proliferating cell
nuclear antigen (PCNA) counting score tended to
increase with the severity of mucosa change degree.
Significant positive correlation was shown between
EGF, EGFR and PCNA.

There is increasing evidence that overexpression
of tyrosine kinase growth factor receptors such as
ErbB—2, EGFR and Met may play important roles in
the development of BTC. Increased ErbB—2/EGFR
heterodimer formation, activation of mitogen—
activated protein kinase, and up-regulation of
cyclooxygenase—2 level (mRNA and protein) were
observed in gallbladder epithelium. @ It is proposed
that the new adjuvant chemotherapies could be
directed to BTC in which ErbB-2 and EGFR are
overexpressed. (9

EGI-1 cell line is highly sensitive to gemcitabine
and combination with gefitinib further increases the
anti—proliferative effect of gemcitabine. In TFK1 and
TGBC1-TKB cells, the efficacy of gemcitabine is
increased with addiction of sorafenib and everolimus.
In TGBC1-TKB cells, lapatinib also has a synergic
effect with gemcitabine. HuH28 becomes responsive
if treated in combination with erlotinib and sensitive
to lapatinib as a single agent. (®

In one case report, complete response in GBC to
erlotinib plus gemcitabine, which does not require
mutation of EGFR gene (wild type genotype). "
Presence of k—ras mutation may alter erlotinib
efficacy, the combination of bevacizumab and
erlotinib may be a therapeutic alternative in pts with
advanced BTC.(® Cetuximab containing therapy
might be an effective treatment for advanced BTC in
the pts who have wild type k—ras.

The recent phase Ill study showed longer survival
with gemcitabine and cisplatin than gemcitabine
alone. Lapatinib is an oral inhibitor of EGFR and
Her2/neu with evidence of activity in a number of
tumor types. In a case report, dramatic response has
been quoted to Panitumumab and Bevacizumab in
widespread metastatic GBC.

Further understanding of the molecular
mechanism of carcinogenesis coupled with more
extensive genetic profiling of GBC pts will help to
assess the therapeutic relevance of targeting a
specific pathway. @V

TGF-alpha overexpression is present in most
GBC but with no significant differences in expression
between different tumor grades. None of the cases
of gallbladder dysplasia or chronic cholecystitis
had strong TGF-alpha expression and this was
significantly different from the carcinomas. No
statistically significant correlation between TGF-
alpha expression with pt. survival or tumor recurrence
was found. Correlation was found between TGF-
alpha and EGFR expression in gallbladder and biliary
tract tumors. @

Conclusion

Although anatomically BTCs are related and
have similar metastatic patterns, each has a
distinct clinical presentation, molecular pathology
and prognosis. Surgical resection remains the only
curative treatment for this disease. The roles of
radiation, chemoradiation, and chemotherapy in
neoadjuvant and adjuvant settings remained to be
defined in prospective studies. Further understanding
of the molecular events in gallbladder carcinogenesis
may provide new novel targeted therapeutic
approaches as well as prediction of getting cancer
in cholecystectomy pts, but needs more robust
research in this regard.

Acknowledgement

This study was the intramural project of the
institute of 2 years duration and was funded by the
institute (IEC No. 11/11). The title of the project was
EGFR and HER-2/neu expression in Gallbladder
carcinoma. Author was the principal investigator and
the other authors are co—investigators.

References

1. Sergeant G, Lerut E, Ectors N, Hendrickx T, Aerts R, Topal
B. The prognostic relevance of tumor hypoxia markers in
resected carcinoma of the gallbladder. Eur J Surg Oncol.
2011; 37:80-6.

Rai R, Tewari M, Kumar M, Singh AK, Shukla HS. P53: its
alteration and gallbladder cancer. European Journal of
Cancer Prevention. 2011; 20: 77-85.

18



G. J. 0. Issue 20, 2016

10.

11.

12.

13.

14.

15.

Chow NH, Huang SM, Chan SH, Mo LR, Hwang MH, Su
WC. Significance of c—erbB—2 expression in normal and
neoplastic epithelium of biliary tract. Anticancer Res.
1995; 15:1055-9.

Matsuyama S, Kitajima Y, Sumi K, Mori D, Satoh T, Miyazaki
K. Gallbladder cancers rarely overexpress HER—2/neu,
demonstrated by Hercep test. Oncol Rep.2004 ;11:815-9

Kaufman M, Mehrotra B, Limaye S, White S, Fuchs
A, Lebowicz Y et al. EGFR Expression in Gallbladder
Carcinoma in North America. Int J Med Sci 2008; 5: 285—
291.

0oi A, Suzuki S, Nakazawa K, Itakura J, Imoto I, Nakamura
H et al. Gene amplification of Myc and its Coamplification
with ERBB2 and EGFR in gallbladder adenocarcinoma.
Anticancer Res.2009; 29:19-26.

Chaube A, Tewari M, Garbyal RS, Singh U, Shukla HS.
Preliminary study of p53 and c—erbB—2 expression in
gallbladder cancer in Indian patients’ manuscript id:
8962091628764582. BMC Cancer.2006; 10:126.

Kamel D, Paakko P, Nuorva K, Vahakangas K, Soini Y. p53
and c—erbB-2 protein expression in adenocarcinomas
and epithelial dysplasias of the gallbladder. J Pathol. 1993;
170:67-72.

Kawamoto T, Krishnamurthy S, Tarco E, Trivedi S, Wistuba
Il, Li D et al. HER Receptor Family: Novel Candidate for
Targeted Therapy for Gallbladder and Extrahepatic Bile
Duct Cancer. Gastrointest Cancer Res. 2007; 1:221-7.

Shafizadeh N, Grenert JP, Sahai V, Kakar S. Epidermal
growth factor receptor and HER-2/neu status by
immunohistochemistry and  fluorescence in  situ
hybridization in adenocarcinomas of the biliary tree and
gallbladder. Human Pathology. 2010; 41: 485-492.

Zhou BP, Hu MC, Miller SA, Yu Z, Xia W, Lin SY et al. HER—
2/neu blocks tumor necrosis factor— induced apoptosis
via the Akt/NF-kappa B pathway. J Biol Chem. 2000;
275:8027-31.

Gwak GY, Yoon JH, Shin CM, Ahn YJ, Chung JK, Kim YA et
al. (2005) Detection of response predicting mutations in
the kinase domain of the epidermal growth factor receptor
gene in cholangiocarcinomas. Journal of Cancer Research
and clinical Oncology 131; 10: 649-652.

Zhou YM, Li YM, Cao N, Feng Y, Zeng F. Significance of
expression of epidermal growth factor (EGF) and its
receptor (EGFR) in chronic cholecystitis and gallbladder
carcinoma. Ai Zheng. 2003; 22: 262-5.

Kiguchi K, Carbajal S, Chan K, Beltran L, Ruffino L, Shen
J et al. Constitutive expression of ErbB—2 in gallbladder
epithelium results in development of adenocarcinoma.
Cancer Res 2001; 61: 6971-6.

Nakazawa K, Dobashi Y, Suzuki S, Fujii H, Takeda Y, Ooi A.
Amplification and Overexpression of c—erbB—2, epidermal
growth factor receptor, and c—met in biliary tract cancers.
J Pathol. 2005; 206: 356—-65.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Pignochino Y, Sarotto I, Peraldo—Neia C, Penachioni
JY, Cavalloni G, Migliardi G et al. Targeting EGFR/
HER2 pathways enhances the antiproliferative effect of
gemcitabine in biliary tract and gallbladder carcinomas.
BMC Cancer. 2010; 10:631.

Mody K, Strauss E, Lincer R, Frank RC. Complete response
in gallbladder cancer to erlotinib plus gemcitabine does
not require mutation of the epidermal growth factor
receptor gene: a case report. BMIC Cancer. 2010; 10:570.

Lubner SJ, Mahoney MR, Kolesar JL, Loconte NK, Kim GP,
Pitot HC et al. Report of a multicenter phase Il trial testing
a combination of biweekly bevacizumab and daily erlotinib
in patients with unresectable biliary cancer: a phase |l
Consortium study. J Clin Oncol. 2010; 28:3491-7.

Chang PY, Cheng MF, Lee HS, Hsieh CB, Yao NS. Preliminary
experience of cetuximab in the treatment of advanced—
stage biliary tract cancer. Onkologie. 2010; 33:45-7.

Elizabeth Riley, Harry Carloss. Dramatic Response to
Panitumumab and Bevacizumab in Metastatic Gallbladder
Carcinoma. Oncologist 2011; 16:e1—e2.

Zhu AX, Hong TS, Hezel AF, Kooby DA. Current Management
of Gallbladder Carcinoma. The Oncologist. 2010 ;15 :168—
181

Lee CS.Transforming growth factor alphaimmunoreactivity
in human gallbladder and extrahepatic biliary tract
tumours. Eur J Surg Oncol. 1998; 24:38-42.

Moon WS, Park HS, Lee H, Pai R, Tarnawski AS, Kim KR et
al. Co—expression of cox—2, C—met and beta—catenin in
cells forming invasive front of gallbladder cancer. Cancer
Res Treat.2005; 37:171-6.

Harder J, Waiz O, Otto F, Geissler M, Olschewski M,
Weinhold B et al. EGFR and HER2 expression in advanced
biliary tract cancer. World J Gastroenterol.2009; 15:4511—
7.

Lee CS, Pirdas A. Epidermal growth factor receptor
immunoreactivity in gallbladder and extrahepatic biliary
tract tumours. Pathol Res Pract. 1995; 191:1087-91.

19



	cover+toc
	cover
	toc

	pp12-19_HadiR

