
Abstract. Background/Aim: The aim of the present study
was to compare human epidermal growth factor receptor 2
(HER2) expression before and after trastuzumab-based
chemotherapy in patients with advanced HER2-positive
gastric cancer. Materials and Methods: We assessed HER2
expression using immunohistochemistry and/or fluorescence
in situ hybridization in pre-treatment biopsied specimens and
post-treatment resected specimens obtained from seven
patients with advanced HER2-positive gastric cancer
receiving trastuzumab-based chemotherapy. Results: Four
patients maintained the HER2-positive status and three
patients had a change in HER2 expression from positive to
negative. In patients showing the loss of HER2 expression
after treatments, HER2-positive tumor cells with a dominant
histological type disappeared, and HER2-negative tumor
cells with another dominant histological type were identified.
Conclusion: HER2 expression can change after trastuzumab-
based chemotherapy in patients with advanced HER2-
positive gastric cancer. Continuous monitoring of HER2
expression after treatments may be utilized to determine
whether the continued use of trastuzumab is advisable.

Gastric cancer is the fifth most common cancer worldwide
(1). For many patients, their disease has become inoperable
by the time they are diagnosed, or their disease recurs after
curative resection (2). For patients with advanced,
unresectable cancer, systemic chemotherapy is generally
prescribed as the primary therapy (3).

Human epidermal growth factor receptor 2 (HER2) is
associated with cell proliferation, apoptosis and differentiation
(4). A study by Bang et al. demonstrated that HER2-targeting
therapy using trastuzumab and standard chemotherapy is the
standard treatment for advanced HER2-positive gastric cancer
patients (5). However, a recent chemotherapy study has found
that patients who responded well received surgery as a part of
a multimodality treatment strategy (6). In addition, a number
of reports have demonstrated that chemotherapy including
trastuzumab made it possible to perform successful
gastrectomy in unresectable HER2-positive patients (7-10),
and some studies examining breast cancer have suggested that
HER2 positivity may be lost after neoadjuvant therapy with
or without trastuzumab (11, 12). However, few reports to date
have assessed the loss of HER2 expression after trastuzumab-
based chemotherapy in patients with advanced HER2-positive
gastric cancer. In the present study, we investigated the
expression pattern of HER2 in surgically resected specimens
obtained from patients undergoing chemotherapy including
trastuzumab. Moreover, we compared changes in HER2
expression status before and after treatments.

Materials and Methods
Patients. The present study received approval from the Ethics
Committee of Kagoshima University, and all patients provided a written
informed consent for the use and publication of their information.
Fourteen patients with HER2-positive advanced/recurrent gastric cancer
received trastuzumab-based chemotherapy between February 2011 and
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May 2015 at the Department of Digestive Surgery, Breast, and Thyroid
Surgery, at the University of Kagoshima Hospital in Kagoshima, Japan.
All patients were evaluated via blood examinations, esophago -
gastroduodenoscopy, computed tomography (CT), and PET/CT before
starting treatment. Eleven patients were classified as stage IV based on
the International Union Against Cancer (UICC) criteria of tumor-node-
metastasis (TNM) classification for gastric cancer (13), three patients
were diagnosed with recurrence after gastrectomy, two patients showed
lymph node metastases, and one patient showed liver metastasis. Of the
14 patients, five patients underwent radical gastrectomy because of the
downstaging of their disease, one patient underwent gastrectomy
because of the tumor bleeding without enough downstaging, and one
patient underwent surgical resection of liver metastasis. Consequently,
seven patients were enrolled in the present study. Detailed
clinicopathological characteristics of the patients are shown in Table I.
We used the Japanese classification of gastric carcinoma: 3rd English
edition (14) to express the dominant histological type of the tumor cells.
Criteria for HER2 positivity were defined as an immunohistochemistry
(IHC) score of 3+ or an IHC score of 2+ showing fluorescence in situ
hybridization (FISH) positive results (5, 15). All seven patients were
diagnosed as HER2-positive using tumor biopsies or tumor resection
specimens prior to treatments; six patients were classified as HER2
IHC 3+, and one patient was classified as HER2 IHC 2+ showing FISH
positive results.

Treatment and histological evaluation. Combination chemotherapy
including trastuzumab consisted of three different regimens, as
follows: 1) a capecitabine plus modified cisplatin (mXP) regimen,
using a 3-week course of capecitabine (2000 mg/m2/day) taken orally
on days 1-14, with cisplatin (60 mg/m2) given intravenously on day
1; 2) a paclitaxel with S-1 (S1+PTX) regimen, using a 4-week course
of paclitaxel (120 mg/m2) given intravenously on days 1 and 15, and
TS-1 (80 mg/m2) taken orally on days 1-14; and 3) a docetaxel,
cisplatin, and S-1 (DCS) regimen, using a 4-week course of docetaxel
(40 mg/m2) given intravenously on day 1, cisplatin (60 mg/m2) given
intravenously on day 1, and TS-1 (80 mg/m2) taken orally on days 1-
14. A 3-week course of trastuzumab (8 mg/kg loading dose followed
by 6 mg/kg) was given intravenously on day 1 to every regimen.
Histological response evaluation of resected tumors was performed
using the Japanese classification of gastric carcinoma 3rd English
edition (14), and tumors were classified as grades 0, 1a, 1b, 2, or 3
with the following criteria: grade 0, no evidence of treatment effect;
grade 1a, viable tumor cells remain in more than 2/3 of the tumor
area; grade 1b, viable tumor cells remain in more than 1/3, but less
than 2/3 of the tumor area; grade 2, viable tumor cells remain in less
than 1/3 of the tumor area; grade 3, no viable tumor cells.

Immunohistochemistry. Pre-treatment biopsied specimens and post-
treatment resected specimens were used for IHC analysis. All
paraffin-embedded specimens were cut in 4 μm sections using a
conventional histological technique and transferred to a slide.
Immunohistochemical staining was performed using a Hercept test
kit (Dako, Carpinteria, CA, USA) according to the manufacturer’s
protocol using an automatic immunostainer (Dako). Staining
intensity was evaluated using the 0 to 3+ scale according to the
Hercept test scoring criteria (15). In surgical specimens, a score of
0 was determined if there was no reactivity or membranous reactivity
in <10% of tumor cells. A score of 1+ was determined if faint or
barely perceptible membranous reactivity occurred in ≥10% of tumor
cells, and the cells were reactive only in part of the membrane. A

score of 2+ was determined if weak to moderate complete or
basolateral membranous reactivity occurred in ≥10% of tumor cells.
A score of 3+ was determined if moderate to strong, complete or
basolateral membranous reactivity occurred in ≥10% of tumor cells.
In biopsy specimens, when membrane reactivities were observed in
at least one cancer cell cluster (≥5 cells), scores of 1+, 2+, and 3+
were determined, regardless of the percentage of immunoreactive
area. The IHC scoring was performed by an experienced pathologist
(T.H), who was blinded to the clinical details of individual patients.

Fluorescence in situ hybridization. FISH was performed using the
Abbott PathVysion HER2 DNA Probe Kit protocol (Abbott
Laboratories, Abbott Park, Des Plaines, IL, USA) according to the
manufacturer’s instructions. HER2 gene amplification status was
evaluated by counting the HER2 and CEP17 signals in 20 adjacent
interphase tumor cell nuclei that were examined with fluorescent
microscopes and appropriate filters. A HER2:CEP17 ratio of ≥2.0
was considered positive for HER2 amplification.

Results
Trastuzumab-based chemotherapy and histological
responses. Table II lists the results of the present study in
detail. The mean cycle number of trastuzumab therapy
before the operation was 7.6 (range=1-16, median: 8). Two
patients treated a single time with trastuzumab therapy were
also treated three to four times with DCS combination

ANTICANCER RESEARCH 40: 75-80 (2020)

76

Table I. Clinicopathological characteristics.

Characteristics                                                                       n

Gender
   Male                                                                                   5
   Female                                                                                2
Age (range)                                                                  59.9 (42-70)
Histological type before treatments
   tub1                                                                                     2
   tub2                                                                                     2
   por                                                                                      3
Metastatic site
   Lymph node                                                                       4
   Liver                                                                                   3
   Peritoneum                                                                         2
   Lung                                                                                   1
Combined chemotherapy
   S1+PTX                                                                             3
   DCS                                                                                    3
   mXP                                                                                   1
Surgical method
   Distal gastrectomy                                                             3
   Total gastrectomy                                                              2
   Proximal gastrectomy                                                        1
   Hepatectomy                                                                      1

tub1: Well differentiated adenocarcinoma; tub2: moderately differentiated
adenocarcinoma; por: poorly differentiated adenocarcinoma; PTX:
paclitaxel; DCS: docetaxel, cisplatin plus S-1; mXP: modified
capecitabine plus cisplatin.



therapy. Out of a total of seven patients, two patients were
found to have a histological grade of 1b, three patients had
a grade of 1a, and two patients had a grade of 0.

HER2 expression and pathological change in resected specimens
after trastuzumab-based chemotherapy. Before treatment, six
patients were classified as HER2 IHC 3+, and one patient was
classified as IHC 2+ showing FISH positive results. We observed
a change in the HER2 score of resected specimens after
trastuzumab-based chemotherapy; three patients were classified
as IHC 3+, one patient was classified as IHC 2+ showing FISH
positive results, and three patients were classified as IHC 0.
While HER2-positive tumor cells were the dominant histological
type in six out of seven patients before treatment, three of the
seven patients (42.9%) showed negative HER2 expression in
resected specimens after trastuzumab-based chemotherapy. Based
on the HER2 status after treatment, we divided patients into two
groups: the maintained HER2 expression group and the loss of
HER2 expression group. There was no change in the dominant
histological type for any of the four patients in the maintained
HER2 expression group (Figure 1a and b). For the three patients
in the loss of HER2 expression group, HER2-positive tumor cells
with the dominant histological type identified before treatment
disappeared, but HER2-negative tumor cells with another
dominant histological type appeared (Figure 1c and d).

Recurrence. All four patients in the maintained HER2
expression group had a recurrence at 3.4-8.8 months after
gastrectomy (average: 6.2 months). One patient had a brain
metastasis 8.8 months after gastrectomy, and brain tumors were
surgically removed; HER2 expression in the brain metastasis
was positive (IHC score: 3+). Of the three patients in the loss
of HER2 expression group, two patients had a recurrence at
9.9-11.9 months after gastrectomy or liver resection (average:
10.9 months). One patient had skin metastasis 9.9 months after

gastrectomy, and metastatic tumors were surgically removed.
HER2 expression in skin metastasis was negative (IHC score:
0). Remaining patient in the loss of HER2 expression group
had no recurrence for 24.1 months after gastrectomy.

Discussion

To the best of our knowledge, few studies have focused on
the loss of HER2 expression in resected specimens collected
from patients with advanced HER2-positive gastric cancer
treated with trastuzumab-based chemotherapy. In the present
study, we demonstrated that in three out of seven patients
(42.9%), HER2-positive tumor cells in resected specimens
disappeared after trastuzumab-based chemotherapy. To date,
several investigators have reported the loss of HER2
positivity in 29%-61% of biopsied tumors and 21%-42% of
surgical specimens obtained from patients with gastric
cancer, after trastuzumab-based chemotherapy (16-20).
Consequently, these results are consistent with our findings
showing loss of HER2 positivity (42.9%).

The biological mechanism for the loss of HER2 positivity after
trastuzumab-based chemotherapy remains unclear. However,
several reasons for this loss of HER2 expression have been
proposed in patients with advanced HER2-positive gastric cancer
after trastuzumab-based chemotherapy. Firstly, intratumoral
HER2 heterogeneity may be a key issue in understanding loss of
HER2 positivity. When assessing HER2 expression in patients
with gastric cancer, we should consider the possibility of false-
negative results when HER2 expression is detected via IHC. The
incidence of heterogeneous HER2 overexpression was reported
to be 69%-75% in patients with HER2-positive gastric cancer
evaluated via IHC (21-23). Accordingly, a false-negative result
for HER2 expression may be caused by assessing IHC in a
portion of a tumor using biopsied specimens. As such, Tominaga
et al. demonstrated that using five tumor biopsy specimens from

Kijima et al: Change of HER2 Expression in Advanced Gastric Cancer

77

Table II. HER 2 expression before and after trastuzumab-based chemotherapy.

Case                                                Before treatments                                        After treatments                                                              Recurrence  

               Primary/           HER2          Histological       HER2           HER2          Histological          HER2        Therapeutic              Site            HER2 
              recurrence           IHC                   type            positive          IHC                   type                positive         response                                     IHC
                                                                                         cells                                                                 cells

1              Primary              3+                    tub2               tub2               3+                tub2>por           tub2, por              1b                     Brain              3+
2              Primary              3+            por>sig>tub2       tub2               3+            por>tub2>sig           tub2                  1a                Peritoneum          -
3              Primary              3+                     por                por                3+                     por                    por                   1a                     Liver               -
4              Primary       2+ (FISH+)            tub1               tub1        2+ (FISH+)       tub1>tub2         tub1, tub2              0                Lymph Node         -
5              Primary              3+                tub2>por           tub2                0                      por                      -                      0                       Skin                0
6              Primary              3+           por>tub2>tub1       por                 0                tub1>muc                 -                     1a             No Recurrence       -
7            Recurrence            3+                tub1>por           tub1                0                      por                      -                    1b                     Lung               -

tub1: Well differentiated adenocarcinoma; tub2: moderately differentiated adenocarcinoma; por: poorly differentiated adenocarcinoma; sig: signet-
ring cell carcinoma; muc: mucinous adenocarcinoma.



the proximal part of the tumor is advisable when performing
HER2 testing in gastric cancer (24).

Secondly, the number of HER2 negative tumor cells may
increase after trastuzumab-based chemotherapy. Recent studies
in breast cancer patients have indicated that trastuzumab-based
chemotherapy has a significant impact on loss of HER2
positivity, and have suggested that treatment-induced clonal
selection, biological modification, and tumor heterogeneity

could explain this impact (25, 26). HER2-positive gastric tumor
cells have been shown to have higher chemosensitivity
compared with HER2-negative gastric tumor cells (27). In the
present study, only HER2-positive tumor cells with the
dominant histological type disappeared in the loss of HER2
expression group, while HER2-negative tumor cells with a
different histological type appeared. Moreover, the present study
suggested that HER2-negative tumor cells after trastuzumab-
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Figure 1. Representative staining for HER2 status. (a, b) Biopsied specimens before chemotherapy and (c, d) resected specimens after chemotherapy in
the maintained HER2 expression group (Case 1). (a) Hematoxylin and eosin (HE) staining indicated a moderately differentiated tubular adenocarcinoma
(tub2) (original magnification: ×200). (b) HER2 immunohistochemistry (IHC) was scored as 3+ (original magnification ×200). (c) HE findings indicated
a tub2 and poorly differentiated adenocarcinoma (por) (original magnification: ×200). (d) HER2 IHC was scored as 3+ (original magnification: ×200).
(e, f) Resected gastric specimen before trastuzumab-based chemotherapy and (g, h) resected liver metastatic specimens after chemotherapy in the loss of
HER2 expression group (Case 7). (e) HE staining indicated a mixed type of well differentiated tubular adenocarcinoma (tub1) and por (original
magnification: ×200). Tumor cells showing tub1 and por were identified in the upper and lower areas of the dotted line, respectively. (f) HER2 IHC
findings indicated a strong basolateral membranous reactivity only in tumor cells with tub1; there was no membranous reactivity in any tumor cells with
por. HER2 IHC was scored as 3+ (original magnification: ×200). (g) HE findings indicated a por (original magnification: ×200). (h) HER2 IHC findings
indicated no membranous reactivity in any tumor cells. HER2 IHC was scored as 0 (original magnification: ×200).



based chemotherapy represent a dominant histological type
because of low chemosensitivity. To the best of our knowledge,
the present study is the first to examine histological tumor cells
associated with chemoresistance as an important factor for loss
of HER2 positivity after trastuzumab-based chemotherapy.
Interestingly, Jordan et al. reported that oxidative stress or
cytotoxic chemotherapy enhances the transition from HER2-
positive to HER2-negative in circulating tumor cells from breast
cancer (28). These findings suggest that tumor cells with
different chemosensitivity may enhance HER2 alteration from
positive to negative after trastuzumab-based chemotherapy.

The third key issue is the effect of formalin fixation
conditions. Saeki et al. reported that the use of fixatives other
than 10% neutral buffered-formalin significantly reduce the
HER2 overexpression rate (18). In the present study, neutral
buffered-formalin at 10% and 20% was used for HER2 IHC in
six and one out of seven patients, respectively. In fact, the one
patient that showed HER2-negative detection in HER2 IHC
was assessed using 20% neutral buffered-formalin fixation
conditions. Accordingly, higher formalin concentrations may
reduce HER2 immunoreactivity. Additional research is needed
to clarify the biological mechanism and clinical significance of
HER2 loss related to HER2-targeted therapy in patients with
advanced HER2-positive gastric cancer.

In the present study, we evaluated HER2 expression in
recurrent sites of brain and skin obtained from two patients
with disease recurrence after trastuzumab-based chemotherapy
followed by gastrectomy. One patient showed HER2-positive
status in all of his pre-therapeutic biopsied specimens, resected
gastric specimens after trastuzumab-based chemotherapy, and
recurrent brain specimens. Another patient showed HER2-
positive status in his biopsied sample and HER2-negative
status in both resected primary gastric tumors and skin
metastasis after treatment. These findings suggest that HER2
status could change even in recurrent sites after treatments.

Several reports have indicated that breast cancer patients
showing loss of HER2 expression after trastuzumab-based
chemotherapy have a lower relapse-free survival rate than
those who maintained HER2 expression (11, 12). On the
other hand, Seo et al. reported that loss of HER2 expression
after trastuzumab-based chemotherapy was not significantly
associated with worse progression in gastric cancer (16).
Similarly, we did not observe a difference in relapse-free
survival between the maintained HER2 expression group and
the loss of HER2 expression group (data not shown). These
results may depend on differences in tumor biology between
gastric cancer and breast cancer (22).

Our study had several limitations. This study was
conducted on a small patient sample, in a single institution.
Furthermore, various systemic chemotherapy regimens with
trastuzumab before surgical treatments were used in these
patients. Accordingly, further multicenter validation studies
are warranted to confirm our results.

In conclusion, the present study demonstrated an alteration
in HER2 expression after trastuzumab-based chemotherapy in
patients with advanced HER2-positive gastric cancer. Since
little is understood about the clinical impact of HER2 loss, re-
assessment of HER2 expression after trastuzumab-based
chemotherapy is important to deliver appropriate therapy in
patients with advanced HER2-positive gastric cancer.
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