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Overexpression of the HERZ/neu Gene: A New Therapeutic
Possibility for Patients With Advanced Gallbladder Cancer

lvan Roa,' Gonzalo de Toro,? Kurt Schalper,® Xabier de Aretxabala,* Chaitanya Churi,® Milind Javle®

ABSTRACT

BACKGROUND: The HER2/neu gene is a proto-oncogene that com pre-
dict the response to treatment with trastuzumab, pertuzumab, and
lapatinib. This study was conducted to determine the frequency of
HER2/neu overexpression and to identify a subgroup of patients with
gallbladder comcer who would benefit from targeted therapy.

METHODS: Pctients with gallbladder cancer (n = 187; 165 women cnd
22 men) with a recorded follow-up of at least 5 years were included,
along with control subjects (n = 75). An automated immunohistochem-
ical technique was used with an onti-ErbB2 ontibody. Scoring was
conducted according to the CAP/ASCO (College of American Patholo-
gists/American Society of Clinical Oncology) criteria for breast cancer.

RESULTS: Overexpression of HER2/neu was observed in 12.8% of the
cases. Of those, 0% were mucosal, 14.3% muscular, 12.8% subserosal,
and 10.6% serosal. In 20% of the cases, equivocal staining was ob-
served. Overexpression was more frequent in the advonced concers
and in the better differenticted tumors (13.8% and 17.4%, respectively),
but the difference was nonsignificant. The patients with overexpression
of HER2/neu had a worse overall survival, when compared with those
who had no expression at 5 years (34% vs. 41%).

CONCLUSION: This is the single largest study of HER2 /neu expression in
gallbladder cancer to use commonly accepted scoring criteria. The
results indicate that HER2/neu overexpression occurred in 14% of the
advonced gallbladder cancer cases. This subgroup may benefit from
inhibitors of the HER2/neu pathway.
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ortality secondary to gallbladder cancer
Mcontinues to be an important public
health concern in Chile.! Among the causes
of cancer mortality in Chile, gallbladder
cancer is the second most common in
women and the sixth most common in
men, with an incidence of 26.2 and 9.4/
100,000 and a mortality rate of 15.6 and
6.0/100,000, respectively.??

The HERZ/neu gene is a transforming
gene homologous to the V-ERB gene of avian
erythroblastosis. The subsequent cloning of
two other related human genes identified a
four-member receptor family referred to as
EGFr (Herl, erbB1), HER2 (erbB2, HER2/
neu), HER3 (erbB3), and HER4 (erbB4).4®
These receptors cooperate in the regulation
of different processes, including cell prolif-
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eration, differentiation, and survival.®” The
HERZ/neu gene is located on the 17q12-
g21 chromosomal region and acts as an
oncogene. Its amplification mainly trans-
lates into protein overexpression.® The
HER2/neu receptors undergo dimerization
and transphosphorylation of their intracel-
lular domains, which transactivate numer-
ous intracellular signaling molecules and
adaptor proteins (Shc), which in turn lead
to the activation of a large variety of down-
stream pathways, such as RAS-RAF-MEK-
ERK1/2 and PI3k-AKT-mTOR, with various
biological effects.®'® The overexpression of
the HER2/neu protein, either as the prod-
uct of gene amplification or transcriptional
deregulation, is observed in approximately
20-30% of breast and ovarian cancers."!
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Breast cancers can have up to 25-50 cop-
ies of the HER2 gene, and up to a 40-100-
fold increase in HERZ2 protein, resulting in 2
million receptors expressed at the tumor
cell surface.'?'3 This deregulation gives the
tumor cell a proliferative advantage, a ca-
pacity that it can maintain in most cases
during the progression of the disease from
the invasive phase and results in distant
metastases.'*'S The overexpression and
amplification of HERZ/neu has also been
shown in other cancers, including gastric,
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esophageal, and endometrial, and in those
tumors, it is also associated with a worse
prognosis.'®1®

In patients with advanced breast and gas-
tric cancer, which are known to overexpress
or amplify the HERZ/neu gene, HER2/neu
receptor blockers have already been incorpo-
rated into conventional chemotherapy, using
monoclonal antibodies, such as trastuzumab
and pertuzumab, or tyrosine kinase inhibitors
associated with EGFr or HER2/neu, such as
lapatinib.'®2%2! |n most studies, a favorable,
albeit limited, response to the treatment
has been shown.?22 These results have
created new expectations for the use of
molecularly targeted agents for colon and
lung cancer.'7?*?5 |n gallbladder cancer,
there have been few reports regarding the
overexpression and amplification of HERZ/
neu. However, small case numbers limited
these studies, and the results are difficult to
interpret because of the variety of criteria
used to determine protein overexpres-
sion.26-38

The overexpression of HER2/neu has
been described by using immunohistochem-
ical scores, and various protocols have been
developed to measure the intensity of the
staining and/or the number of immuno-
stained cells. In breast®® and gastric*® can-
cers, the HER2/neu scoring system is rela-
tively standardized; however, this is not the
case with other HER2/neu-expressing can-
cers. Immunohistochemical overexpres-
sion has been restricted in breast cancer to
those cases with complete membrane pos-
itivity in at least 30% of the tumor cells of
the infiltrating component®®; however, the
HER2/neu scoring criteria used in gastric
cancer have caused greater ambiguity.#'4?
Considering the significance of gallbladder
cancer in Chile and the potential therapeu-
tic impact of targeted therapy for patients
with advanced gallbladder cancer, a com-
prehensive assessment of HER2/neu over-
expression in this population is needed.

MATERIALS AND METHODS

Cases and Controls

Included in the study were 187 patients with
primary gallbladder adenocarcinomas diag-
nosed at the Temuco Regional Hospital, the
Puerto Montt Regional Hospital, and the Di-
agnostic Center of Temuco in Chile. From
these centers, a surgical pathologist selected
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formalin-fixed, paraffin-embedded tumor
samples. As a control arm, 75 nontumorous
gallbladders were used, obtained from elec-
tive cholecystectomies for gallstones or other
surgical procedures. All pathology samples
were anonymized. The study was approved
by the Ethics Committee of the sponsoring
institution and the Ethics Advisory Committee
of the National Council of Science and Tech-
nology (CONICYT).

Preparation of Tissue Microarrays
Three areas of the tumor were selected from
each of the samples and marked in sections
previously stained with hematoxylin and eo-
sin (H&E) with a Nikon object marker. For the
preparation of the tissue microarrays (TMAs),
the Semiautomated Tissue MicroArrayer (Pa-
thology Devices, Inc.) was used with 2-mm
needles. The tissue cores were extracted
from the donor block and placed on the re-
ceiving block. The inclusions were processed
at 55°C for 30 minutes, to obtain adhesion
between the samples and the receiving
block.

Immunohistochemical Technique

A standard technique for fixing tissue in for-
malin and embedding it in paraffin was used.
The 4-um-thick histologic sections obtained
from the TMAs were deparaffinized and hy-
drated in decreasing alcohol concentrations.
Antigens were recovered by exposure to mi-
crowaves in citrate buffer (pH 6.0) and
washed in PBS (pH 7.4). The monoclonal
antibody anti-ErbB2 (NCL-CB11; Novocas-
tra) was used at a dilution of 1:40. The pri-
mary antibody was incubated at room tem-
perature for 60 minutes and then incubated
with the complex Super Picture Polymer De-
tection Kit (Zymed) in a Dako autostainer.

Methods for Measuring
Positivity

Positivity was measured according to the
CAP/ASCO (College of American Patholo-
gists/American Society of Clinical Oncology)
guidelines summarized in Table 1. We used
the same immunohistochemical criteria for
HER2/Neu positivity as has been used in
breast cancer, given their widespread ac-
ceptance in the scientific literature.3®

Statistical Analysis
Statistical comparisons were performed with
X tests. Fisher's exact test was used for the
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analysis of contingency tables and analysis of
variance for the averages. Correlations with
survival and prognosis were examined with
Kaplan-Meier actuarial survival curves and
log rank tests. Statistical significance was set
at P < .05.

RESULTS

The group with cancer comprised 187 cases;
the patients’ characteristics are summarized
in Table 2. The majority (88%) were
women, with an average age of 61.6 years
(SD *=13.5); the average age of the men
was 69.0 years (SD +14.3) (Table 2A). The
difference between the ages of the men
and women was statistically significant
(P = .02). All the cases involved adenocar-
cinomas. Sixteen percent of the cases in-
volved early tumors (14 mucosal carcino-
mas and 14 with muscular involvement
only) and 84% were more advanced (125
subserosal and 34 serosal carcinomas)
(Table 2B). Deeper tumor infiltration oc-
curred at a higher age than did purely mu-
cosal involvement of the cancer that oc-
curred at an earlier age (P < .001). Only
12% of the tumors were well differentiated,
with the great majority being moderately
(67%) or poorly (21%) differentiated
(Table 2C).

The immunohistochemical staining score
for HER2/neu in the 75 control subjects was
0 in 40 (53.3%) cases, 1+ in 28 (37.3%),
and 2+ in 7 (9.3%) (Table 3). In the control
group, no case was observed that could
have been considered unequivocally posi-
tive (3+). Of the gallbladder cancer speci-
mens, 90 (48.1%) stained negative, 35
(18.7%) were 1+, 38 (20.3%) were 2+,
and 24 (12.8%) were considered positive
(3+) for overexpression of HER2/neu. Ta-
ble 3 contains a summary of the intensity of
the HER2/neu lesion in relation to the level
of tumor infiltration in the gallbladder wall.
Positivity in the mucosal carcinomas was
not observed; however, 14.3% with mus-
cular involvement only, 12.8% of the sub-
serosal, and 17.6% of the serosal carcino-
mas showed 3+ positivity, with a frequency
of 12.8% for the entire group and 13.8%
for the more advanced (subserosal and se-
rosal) carcinoma groups. Overexpression of
HER2/neu was more frequently found in
the well-differentiated (17.4%) tumors than
in those that were poorly differentiated
(10.3%); nevertheless, the difference was

www.myGCRonline.org

43



. Roa, et al.

Table 1. HER2/neu scoring guidelines
Breast cancer®
Score HER2 Overexpression
0 Negative/no staining: staining in <10% of tumor cells Negative
1 Negative/faint: barely perceptible incomplete membrane staining in >10% of tumor cells Negative
2 Equivocal/weak to moderate: complete membrane staining in >10% of tumor cells Equivocal
3 Positive/strong: complete membrane staining in >30% of tumor cells Positive
Gastric cancer®
Score Surgical specimen staining pattern Biopsy specimen staining pattern HER2 Overexpression
0 No reactivity or membranous reactivity in No reactivity in any tumor cell Negative
<10% of tumor cells
1 Faint or barely perceptible membranous Tumor cell cluster with faint or barely Negative
reactivity in 10% or more of tumor cells; perceptible membranous reactivity,
cells are reactive in only part of the irrespective of percentage of tumor cells
membrane stained
2 Weak to moderate, complete basolateral or Tumor cell cluster with weak to moderate, Equivocal
lateral membranous reactivity in 10% or complete basolateral or lateral membranous
more of tumor cells reactivity, irrespective of percentage of
tumor cells stained
3 Strong, complete basolateral or lateral Tumor cell cluster with strong, complete Positive
membranous reactivity in 10% or more of basolateral or lateral membranous
tumor cells reactivity, irrespective of
percentage of tumor cells stained
Table 2. Patients’ information and Table 3. Infiltration level and HER2/neu score
histologic data 0 1 2 3 Total % (3+)
A. Gender distribution Tumor infiltration
n Mucosal 5 2 0 14 0
Gender (total) Mean age SD
Muscular 4 4 4 2 14 14.3
Female 165 61.6 13.5
Subserosal 67 18 24 16 125 12.8
Male 22 69.0 14.3
Serosal 14 6 8 6 34 17.6
Total 187 62.5 14.4
Total 90 35 45 24 187 12.8
B. Tumor infiltration level in relation to Chronic cholecystitis 40 28 7 0 75 0

gender and age

n Mean
Depth (total) Female age
Mucosal 14 14 51.1
Muscular 14 12 63.4
Subserosal 125 110 63.2
Serosal 34 29 64.1

C. Histological differentiation and gender

Grade (tolt1al) Female Male
Well 23 20 3
Moderate 125 110 15
Poor EY 55 4
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not significant (P = .3). The early carcino-
mas (mucosal and muscular) had a lower
incidence of HER2/neu overexpression,
compared with the advanced-stage carci-
nomas (subserosal and serosal) (7.1% vs.
13.8%); however, this difference was not
statistically significant, given the small sam-
ple of patients. Actuarial survival at 5 years
(Figure 1) was 100% in the patients with
mucosal carcinomas, 93% in those with
muscular involvement only, and 32% and
5% in those with subserosal and serosal
carcinomas, respectively. At 70 months of
follow-up, all the patients with serosal car-
cinomas had died. The patients with tu-
mors that overexpressed HERZ2/neu

showed an actuarial survival of 34% at 5
years, in comparison with 41% of those
who had negative tumors (Figure 2). This
difference in survival of 7% at 5 years was
also not statistically significant.

DISCUSSION

Our results showed overexpression of HER2/
neu in 12.8% of the patients with gallbladder
cancer and in 13.8% of patients with the
deeper infiltrating cancers, who could benefit
from HER2/neu-directed monoclonal anti-
bodies, such as trastuzumab and pertu-
zumab, or tyrosine kinase inhibitors such as
lapatinib. Although HER2/neu expression in
this disease has been reported by others, our
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Figure 1. HER2/neu immunohistochemical staining: (A) focal, weak (1+) positivity in the superficial area of the mucosa in pyloric metaplasia; (B) positive basolateral
membrane staining (2+) in intestinal metaplasia; and (C, D) gallbladder adenocarcinoma with strong membrane-positive staining (+3) in more than 30% of the tumor

cells.

stringent criteria for HER2/neu positivity as
well as our large sample adds to the strength
of our findings. Our results are difficult to
compare with those of other published series,
considering the variation in criteria used for
the evaluation of HER2/neu positivity in the
literature. 228 Some of these studies have
reported extremely contradictory data that
are difficult to interpret, such as those of
Toledo et al,® with positivity in 91.7% of
nontumorous gallbladder mucosa in the ar-
eas of intestinal metaplasia, 90% of carci-
nomas in situ, and 33% of advanced car-
cinomas. In this study, despite these
remarkable statistics, gene amplification
with hybridization techniques was not suc-
cessfully demonstrated in any of the cases,
which raises questions about the interpre-
tation of the positivity and specificity of the
antibody used—variations of which have
already been reported.®® Other investiga-
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tors have reported HER2/neu positivity be-
tween 2% and 33%, but, as we indicated,
with positivity evaluation criteria that cannot
be compared and with those used for a
small number of observations.?=3! Table 4
summarizes the published results of HER2/
neu and gallbladder cancer. The criteria
used to establish positivity or overexpres-
sion in cases have varied despite the use of
a similar immunohistochemical platform.
The use of different primary antibodies and
the absence of processing and interpreta-
tion guidelines have facilitated the disparity
in results. Puhalla et al? observed a greater
degree of overexpression in gallbladder tu-
mors with better differentiation and deeper
tumor infiltration. Patients with tumors that
overexpressed HER2/neu had a 7% lower
survival at 5 years than those whose tumors
did not. Although these differences are not
statistically significant, they are similar to

those described for other cancers, where
the tumors associated with HER2/neu over-
expression exhibited more aggressive be-
havior 4424445

Our preliminary results may justify con-
ducting controlled clinical trials of targeted
therapy in patients with advanced gallbladder
cancer with overexpression of HER2/neu, to
demonstrate the value of such therapy in this
group of patients who currently have few
therapeutic options and a terrible prognosis.
In addition, it is important to determine the
correlation between overexpression of the
protein and the degree of HERZ/neu gene
amplification by means of hybridization in
situ, as noted in breast and stomach cancer,
wherein 3+ immunohistochemical positivity
correlates with gene amplification in more
than 85% of cases.*®¢47 However, in gall-
bladder cancer, this consistency has not
yet been demonstrated. It must also be
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Figure 2. Top: actuarial survival of the total group according to the level of tumor infiltration of the gallbladder wall; bottom: survival curves in patients with (positive) and
without (negative) HER2 overexpression. Patients with overexpression had a worse survival rate; however, the difference was not significant.
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Table 4. Summary of published results of Her2/neu and gallbladder cancer
GBC Fish

Authors IHC platform cases (n) HER-2/Neu Scoring EE Results Comments

Matsuyama et al®*  DAKO 43 Intensity of membrane staining ND 1+:23% No correlation with grade
(1+ to 3+)

2+:4.7%
3+:4.7%

Kim et al*® DAKO 71 Percentage of staining cells (1+: ND  1+: 64% High expression correlated with
5-33%; 2+: 34-66%; poor survival
3+:>67%)

2+:27%
3+: 9%

Nakazawa et al®® Nichirei 89 Intensity of staining:cytoplasmic ~ Yes  2+: 9%, 3+: 6.7% All 3+ IHCs were FISH+; 5
(1+) or membrane (1+ to cases (56%) 2+ were
3+) FISH+

Harder et al?® DAKO 34 Membrane (1+ to 3+) only Yes 1+:21% All 3+ confirmed on FISH
when 10% or more positive
cells

2+: 18%
3+:3%

Puhalla et al?® DAKO 56 membrane staining (+ or —) ND  12% correlated with advanced T
stages

Chaube et al® NCL-CerbB2 clone 78 Cytoplasm/ membrane staining ND  +:25% Inverse correlation with grade

CB11 cells

Kumari et al*’ DAKO 97 Complete membrane staining ND  3+:10% Xanthogranulomatous
>10% cells: 3+; incomplete inflammation was inversely
membrane: 2+ correlated with Her-2

over-expression
2+: 4%

Kawamoto et al® DAKO 77 Complete membrane staining > Yes 3+and 2+: 31,2% strong correlation between
HER-2/neu IHC and FISH
positivity

10%:3+
Toledo et al®? Novocastra 22 Membrane staining >30% of the Yes 33% AC All cases FISH negative
NCLCBE-356 gallbladder epithelium
90% CIS
91.7 IM
AC, advanced carcinoma; CIS, carcinoma in situ; ND, not done; FISH, fluorescence in situ hybridization; GBC, gallbladder cancer; IHC, immunohistochemistry;
IM, intestinal metaplasia.

pointed out that 20% of gallbladder can-
cers have equivocal expression; these
cases could be analyzed for amplification of
the HER2/neu gene.®

The advent of next-generation sequenc-
ing technologies has identified ErbB2 mu-
tations in some solid tumors. These activat-
ing mutations also appear to respond to
targeted therapies and deserve further ex-
ploration in gallbladder cancer. There are
regional differences in HER2 amplification
status between Asian and Western popula-
tions with gastric cancer. Whether these
differences also apply to gallbladder cancer
should be investigated further. Finally, we
conclude that more than 10% of patients
with advanced gallbladder cancers in Chile
could benefit from treatment of HER2/neu,
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and clinical trials of a targeted therapy
should be encouraged.
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