
Abstract. Background: Chemotherapy with trastuzumab,
pertuzumab and docetaxel (TPD regimen) is now strongly
recommended as a treatment option for first-line therapy for
advanced human epidermal growth factor receptor (HER)2-
positive breast cancer. In this study, we analyzed the
expression of HER 1–4 proteins, and investigated whether or
not their expression was predictive of the response of
advanced HER2-positive breast cancer to chemotherapy with
the TPD regimen. Patients and Methods: The study consisted
of 29 cases in which TPD regimen chemotherapy was
carried out from September 2013 to November 2015. The
expression levels of estrogen receptor (ER), progesterone
receptor (PgR), Ki67, HER1, HER2, HER3 and HER4 were
evaluated using immunostaining employing needle biopsy
specimens. Results: The overall response rate (ORR) was
significantly higher in the HER3-positive group than in the
HER3-negative group (p=0.002). In prognostic analysis, the
HER3-positive group showed a significant progression-free
survival extension over the HER3-negative group (p=0.042,
log-rank). In univariate analysis, objective response
(p=0.004, hazard ratio(HR)=0.123) and positive HER3
expression (p=0.023, HR=0.279) significantly contributed to
extension of progression-free survival interval. Conclusion:
HER3 expression may be a useful factor for predicting the
response of HER2-positive breast cancer to chemotherapy
with the TPD regimen.

Breast cancer (BC) treatment can now be individualized for
different subtypes depending on the tumor biology, with
these intrinsic subtypes mainly determined by estrogen
signals and human epidermal growth factor receptor 2
(HER2) signals (1). The survival of patients with HER2-BC
depends greatly on signal transduction from the HER2
protein (2). Conventionally, HER2 protein expression is a
known marker of poor prognosis (2-4). Trastuzumab and
other anti-HER2 therapies, however, greatly improve the
prognosis for HER2-BC, and HER2 protein expression is
now regarded as a highly significant predictive factor for
therapeutic effect (5, 6). Pertuzumab, which like trastuzumab
is a humanized monoclonal antibody, came onto the market
in 2012 (7), and the antibody-drug conjugate trastuzumab
emtansine has further greatly improved the prognosis for
HER2-BC (8). Chemotherapy with the TPD regimen
(trastuzumab, pertuzumab and docetaxel) is now strongly
recommended as a treatment option for first-line therapy for
advanced HER2-BC (9).

Trastuzumab binds to extracellular domain IV of HER2,
whereas pertuzumab binds to extracellular domain II of
HER2, thereby blocking downstream signal transduction by
blocking dimerization with other members of the HER family
(7). Pertuzumab blocks signal transduction downstream of
HER2 that is activated by the HER3 ligand heregulin more
effectively than does trastuzumab (10). This tumor growth-
inhibiting effect is believed to be due to blocking of the
phosphatidylinositol-3 kinase–protein kinase B pathway
downstream from HER2 via blocking of the formation not
only of HER2–HER2 homodimers but also of HER2–HER3
heterodimers, as well as to the activation of antibody-
dependent cell-mediated cytotoxicity at a level similar to that
of trastuzumab. In experiments in mice engrafted with a
human breast cancer cell line with high levels of HER2
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expression, pertuzumab exhibited an equivalent tumor
growth-inhibiting effect to that of trastuzumab, and their
combined use resulted in a stronger tumor growth-inhibiting
effect (11). The addition of pertuzumab has also been shown
to inhibit the regrowth of tumors that have grown when
treated with trastuzumab alone (11).

The curing of advanced or metastatic BC is difficult,
except for a few cases. For this reason, the objective of
treatment is commonly the prolongation of survival, with the
aim of maintaining the quality of life (12). It is therefore
essential to both minimize the rate of adverse events
accompanying treatment and to improve the symptoms
associated with tumor progression. Moreover, BC is a very
diverse disease regarding tumor biology, as stated above,
with wide variation among individuals regarding sensitivity
to anticancer drugs. Accordingly, in order to achieve
maximum results from chemotherapy, it is necessary to
predict the efficacy of treatment and select the optimum
pharmacotherapy according to the characteristics of both the
patient and the tumor. There is therefore a need for the
identification of useful biomarkers that are capable of
predicting the therapeutic effect when advanced HER2-BC
is treated with chemotherapy using the TPD regimen.

We, therefore, hypothesized that given that the mechanism
of action of pertuzumab involves the formation of dimers of
HER2 with other HER family proteins, HER family
expression may be predictive of its therapeutic effect. In this
study, we analyzed the expression of HER1-4 proteins, and
investigated whether or not their expression was predictive
of the response of advanced HER2-BC to chemotherapy with
the TPD regimen.

Patients and Methods

Patient background. The study consisted of 29 cases in whom TPD
regimen chemotherapy was carried out from September 2013 to
November 2015 at the Osaka City University Hospital, Osaka,
Japan. The median follow-up time was 497 days (range= 91-1015
days). The overall response rate (ORR), clinical benefit rate (CBR),
disease control rate (DCR), overall survival (OS) and progression-
free survival (PFS) were calculated regarding the efficacy of this
regimen. Breast cancer was confirmed histologically by core needle
biopsy and staged by systemic imaging studies using computed
tomography, ultrasonography, and bone scintigraphy. Additionally,
based on the immunohistochemical expression of estrogen receptor
(ER), progesterone receptor (PgR), HER2 and Ki67, the tumors
were categorized into immunophenotypes of luminal A (ER-positive
and/or PgR-positive, HER2-negative, Ki67-low), luminal B (ER-
positive and/or PgR-positive, HER2-positive: Luminal HER2) (ER-
positive and/or PgR-positive, HER2-negative, Ki67-high), HER2
enriched (ER-negative, PgR-negative, and HER2-positive), and
TNBC (negative for ER, PgR and HER2) (1).

For the TPD regimen, the loading dose of trastuzumab was 8
mg/kg and that of pertuzumab was 840 mg. The maintenance dose
of trastuzumab was 6 mg/kg and that of pertuzumab was 420 mg

every 3 weeks until disease progression. The dose of docetaxel was
75 mg/m2/3 weeks for six cycles; however, patients who were not
healthy enough for this dose received 60 or 50 mg/m2 of docetaxel
as an initial dose. If their doctors decided that it was possible to
continue to give docetaxel and reduce cancer, the patients
underwent another six cycles, while, if serious side-effects were
found, docetaxel was reduced by 20 or 25% or discontinued. This
protocol was repeated until progressive disease (PD) was detected
or a severe adverse event requiring discontinuation of the
scheduled chemotherapy was noted. The chemotherapy was
administered on an outpatient basis in all cases. The antitumor
effect was evaluated based on the criterion for therapeutic effects
conforming to the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 (13).

The morphology of the tumor was evaluated using conventional
hematoxylin and eosin staining, and the expression levels of ER,
PgR, Ki67, HER1, HER2, HER3 and HER4 were evaluated using
immunostaining employing a core needle biopsy specimen obtained
prior to the start of chemotherapy with the TPD regimen. The
pathological diagnosis was made by several experienced
pathologists specialized in cancer. 

This study was conducted at the Osaka City University Graduate
School of Medicine, Osaka, Japan, according to the Reporting
Recommendations for Tumor Marker prognostic Studies (REMARK)
guidelines and a retrospectively written research, pathological
evaluation, and statistical plan (14). This study was a retrospective
chart review study. Written informed consent was obtained from all
patients. This research conformed to the provisions of the
Declaration of Helsinki of 2013. The study protocol was approved
by the Ethics Committee of Osaka City University (#926).

Immunohistochemistry. Samples taken before administration of the
TPD regimen were analyzed. In the case of untreated metastatic BC,
the core needle biopsy for diagnosis as BC was analyzed. In
recurrent cases, the core needle biopsy for diagnosis as recurrent or
the surgical specimen of first-line treatment was analyzed.

Immunohistochemical studies were performed as previously
described (15, 16). The tumor specimens were fixed in 10%
formaldehyde solution and embedded in paraffin, after which they
were cut into 4-μm-thick sections and mounted on glass slides. The
slides were deparaffinized in xylene and heated for 20 minutes in
Target Retrieval Solution (Dako, Carpinteria, CA, USA) at 105˚C
and 0.4 kg/m2 using an autoclave. The specimens were then
incubated with 3% hydrogen peroxide in methanol for 15 minutes
to block the endogenous peroxidase activity and were subsequently
incubated with 10% normal goat or rabbit serum to block
nonspecific reactions.

Primary monoclonal antibodies directed against ER (clone 1D5,
dilution 1:80; Dako), PgR (clone PgR636, dilution 1:100; Dako),
Ki67 (clone MIB-1, dilution 1:00; Dako), HER1 (clone EGFR. 25,
dilution 1:100; Novacastra Laboratories Ltd., Newcastle upon Tyne,
UK), HER2 (HercepTest™; Dako), HER3 (clone RTJ2, dilution
1:150; Abcam, Cambridge, UK), and HER4 (c-ERBB-4/HER4,
polyclonal, dilution 1:120; Lab Vision Corporation, Fremont, CA,
USA) were used. The tissue sections were incubated with each
antibody for 70 minutes at room temperature or overnight at 4˚C
and were then incubated with horseradish peroxidase-conjugated
anti-rabbit or anti-mouse Ig polymer as a secondary antibody
[HISTOFINE (PO)™ kit; Nichirei, Tokyo, Japan]. The slides were
subsequently treated with streptavidin–peroxidase reagent and
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incubated in phosphate-buffered saline–diaminobenzidine and 1%
hydrogen peroxide (v/v), followed by counterstaining with Mayer’s
hematoxylin. Positive and negative controls for each marker were
used according to the supplier’s data sheet.

Immunohistochemical scoring. Immunohistochemical scoring was
performed by two pathologists. The cut-off value for ER and PgR
positivity was ≥1% positive tumor cells with nuclear staining (17).
HER2 expression was scored according to the accepted grading
system (0, no reactivity or membranous reactivity in fewer than
10% of cells; 1+, faint/barely perceptible membranous reactivity in
≥10% of cells or reactivity in only part of the cell membrane; 2+,
weak to moderate complete or basolateral membranous reactivity in
≥10% of tumor cells; or 3+, strong complete or basolateral
membranous reactivity in ≥10% of tumor cells). HER2 expression
was considered positive if the immunostaining score was 3+, or in
cases where the score was 2+ and included gene amplification
determined using fluorescent in situ hybridization (FISH). For FISH
analyses, each copy of the HER2 gene and its centromere 17
(CEP17) reference were counted. The interpretation followed the
criteria of the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) guidelines for HER2 IHC
classification for BC: considered positive if the HER2/CEP17 ratio
was higher than 2.0 (18). A Ki67-labeling index with 14% of tumor
cells with nuclear staining was considered positive (1, 19). To
evaluate HER1, HER3, and HER4, the four fields that were most
stained were at a magnification of ×400. All cancer cells in the
fields were classified one by one into ‘non-staining’, ‘weak’,
‘moderate’, ‘strong’.

Receiver operating characteristic (ROC) curve analysis was
performed to select the most appropriate cut-off values for HER1,
HER3 and HER4 to stratify patients at high risk of malignancy-
related recurrence. The score with the maximum sensitivity and
specificity was selected as the optimal cut-off value. For HER1, the
rate of weak or stronger staining membrane of tumor cells was
evaluated (Figure 1a). In addition, tumor cell cytoplasmic and
membranous HER3 and HER4 staining were scored. The rate of
moderate or more staining for HER3 and that of weak or more for
HER4 was evaluated (20) (Figure 1b and c). 

Statistical analysis. Continuous data are reported as the median
(range). Statistical analysis was performed using the JMP software
package (SAS, Tokyo, Japan). ROC curve analysis was performed
to select the most appropriate cut-off values for HER1, HER3 and
HER4 to stratify patients at high risk of malignancy-related
recurrence. The relationship between HER1, HER3, and HER4
proteins and overall response was examined using the chi-square
test (or Fisher’s exact test when necessary) for trends, as
appropriate. The Kaplan–Meier method was used to estimate the
values of OS and PFS. The OS and PFS values were compared
using the log-rank test. PFS was evaluated on a daily basis and was
set as the period from the date of treatment commencement to the
earlier of the date of death or confirmation of PD. The Cox
proportional hazards model was used to compute univariate and
multivariate hazard ratios for the study parameters with 95%
confidence intervals (CI) and was used in a backward stepwise
method for variate selection in multivariate analysis. In all of the
tests, a p-value of less than 0.05 was considered statistically
significant. Cut-off values for different biomarkers included in this
study were chosen before statistical analysis.
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Figure 1. Immunohistochemical determination of human epidermal
growth factor receptor (HER)1, HER3 and HER4 (400×). For HER1
(a), the rate of weak or stronger staining membrane of tumor cells was
evaluated. In addition, tumor cell cytoplasmic and membranous HER3
(b) and HER4 (c) staining were scored. The rate of moderate or more
staining for HER3 and that of weak or more for HER4 was evaluated.



Results

Clinical effects of TPD regimen chemotherapy. Twenty-nine
patients who underwent chemotherapy using the TPD
regimen against inoperable or metastasis/recurrent BC were
included. The gender was female in all cases, with a median
age of 62 (range=31-78) years. A total of 20 patients (69.0%)
were suffering from visceral metastases at chemotherapy
administration. The site of metastasis included, in decreasing
order: lung in 11 cases (37.9%); bone in 12 (41.4%); liver in
7 (24.1%); brain in three (20.3%); lymph node in 11
(37.9%); and soft tissue in 11 (37.9%). Regarding intrinsic
subtypes, 17 cases (58.6%) were the HER2-enriched type,
and 12 cases (41.4%) were the luminal HER2 type (Table I).
The clinical effects of eribulin were as follows: ORR=86.2%
(25/29); CBR=89.7% (26/29); and DCR=93.1% (27/29).
When analyzed according to the intrinsic subtype, the ORR
was 88.2% (15/17) in the HER2-enriched cases and 83.3%
(10/12) in the luminal HER2 cases (Table II).

HER1, HE 3, and HER4 expression in patients with advanced
HER2-positive BC. The HER1, HER3 and HER4 cut-off
values for PFS were 28.6 [area under the ROC curve
(AUC)=0.566, 95% CI=0.350-0.782, p=0.559;
sensitivity=61.11%, specificity=72.73%), 33.9 (AUC=0.533,
95% CI=0.295-0.775, p=0.753; sensitivity=83.33%,
specificity=54.55%), and 65.4 (AUC=0.629, 95% CI=0.424-
0.834, p=0.252; sensitivity= 61.11%, specificity=72.73%),
respectively (Figure 2). Of the 29 patients with HER2-BC, 14
(48.3%) were in the HER1-positive group, 19 (65.5%) were
in the HER3-positive group, and 14 (48.3%) were in the
HER4- positive group. The ORR was significantly higher in
the HER1-positive group than in the HER1 negative group
(p=0.038). Similarly, the HER3-positive group had a
significantly higher ORR than the HER3-negative group
(p=0.002) (Table III). In addition, HER1 expression was
significantly correlated with HER3 (p=0.027) and HER4
expression (p=0.015). In prognostic analysis (Figure 3), the
HER3-positive group had a significant PFS extension over
the HER3-negative group (p=0.042, log-rank). However, the
HER3-positive group showed no significant OS extension
over the HER3-negative group (p=0.054, log-rank). There
was no significant difference in PFS and OS between
expression level in HER1 and HER4 groups. In univariate
analysis, objective response (hazard ratio(HR)=0.123,
p=0.004) and positive HER3 expression (HR=0.279,
p=0.023) significantly contributed to extension of the PFS
interval (Table IV; Figure 4). An objective response was also
an independent factor for good prognosis (HR=0.205,
p=0.045) in multivariate analysis; however, positive HER3
expression was not an independent factor in this analysis
(HR=0.766, p=0.802).
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Table I. Demographical data of 29 patients treated with chemotherapy
using trastuzumab, pertuzumab and docetaxel for advanced human
epidermal growth factor receptor (HER)-2-positive breast cancer.

Parameters (n=29)                                                                    Value

Age, years                                     Median (range)               62 (31-78)
Degree of progression, n (%)      Locally advanced             9 (31.0%)
                                                      Visceral metastases        20 (69.0%)
Stage, n (%)                                  III                                      3 (10.4%)
                                                      IV                                    11 (37.9%)
                                                      Recurrence                     15 (51.7%)
Site of metastases, n (%)             Lung                               11 (37.9%)
                                                      Bone                               12 (41.4%)
                                                      Liver                                 7 (24.1%)
                                                      Brain                                 3 (10.3%)
                                                      Lymph node                   11 (37.9%)
                                                      Soft tissue                       11 (37.9%)
Treatment line, n (%)                   First                                 17 (58.6%)
                                                      Other                               12 (41.4%)
Estrogen receptor, n (%)              Negative                         18 (62.1%)
                                                      Positive                           11 (37.9%)
Progesterone receptor, n (%)       Negative                         20 (69.0%)
                                                      Positive                             9 (31.0%)
Ki-67, n (%)                                  Negative                         16 (55.2%)
                                                      Positive                           13 (44.8%)
HER1, n (%)                                 Negative                         15 (51.7%)
                                                      Positive                           14 (48.3%)
HER3, n (%)                                 Negative                         10 (34.5%)
                                                      Positive                           19 (65.5%)
HER4, n (%)                                 Negative                         15 (51.7%)
                                                      Positive                           14 (48.3%)
Intrinsic subtype, n (%)               HER2-enriched              17 (58.6%)
                                                      Luminal HER2               12 (41.4%)

TPD: Trastuzumab, pertuzumab, docetaxel.

Table II. Clinical effects of chemotherapy with trastuzumab, pertuzumab
and docetaxel by breast cancer subtype.

                                 All breast                        Intrinsic subtype
                              cancer (n=29)
                                                           HER2-enriched     Luminal HER2 
                                                            (n=17, 58.6%)       (n=12, 41.4%)

ORR                        25 (86.2%)             15 (88.2%)             10 (83.3%)
CBR                        26 (89.7%)             16 (94.1%)             10 (83.3%)
DCR                        27 (93.1%)             17 (100%)              10 (83.3%)
CR                             3 (10.3%)               3 (17.6%)               0 (0%)
PR                           22 (75.9%)             12 (70.6%)             10 (83.3%)
SD >24 weeks          1 (3.4%)                 1 (5.9%)                 0 (0%)
SD                             1 (3.4%)                 1 (5.9%)                 0 (0%)
PD                             2 (6.9%)                 0 (0%)                    2 (16.7%)
NE                             0 (0%)                    0 (0%)                    0 (0%)

ORR: Objective response rate; CBR: clinical benefit response; DCR:
disease control rate; CR: complete response; PR: partial response; SD:
stable disease; PD: progressive disease; NE: not evaluable; HER: human
epidermal growth factor receptor. 



Discussion

The results of the Clinical Evaluation of Pertuzumab and
Trastuzumab (CLEOPATRA) trial transformed the treatment
strategy for advanced HER2-BC, making chemotherapy with
the TPD regimen the first-line treatment (7, 9). However,
factors other than HER2 that are predictive of sensitivity to
anti-HER2 treatment for HER2-BC have yet to be identified,
and a search for biomarkers determing which specific
subgroups will have improved prognosis by drug therapy
targeting HER2 is required. The existence of biomarkers
capable of distinguishing those patients for whom the
addition of pertuzumab will be more effective would enable
expensive drugs to be used more efficiently, making a major
contribution to reducing the burden on patients with
advanced HER2-BC. However, although a biomarker study
carried out as a substudy in the CLEOPATRA trial did
investigate serum markers, and the mRNA and protein
expression of the HER family receptors and their ligands, no
factors were identified as being useful in predicting response
to treatment (21). In this study, we analyzed HER1, HER3,
and HER4 protein expression and investigated their
association with response to chemotherapy with the TPD
regimen and prognosis and we identified an association
between HER3 expression and both therapeutic effect and
prognosis. The difference between our study and the
CLEOPATRA trial substudy was the method for determining
the cutoff values for immunohistochemical staining. The
cutoff values for immunohistochemical analysis used in the
CLEOPATRA trial substudy were evaluated in terms of H
scores (21). We also carried out a similar evaluation, and
found no significant difference in PFS and OS (data not
shown). We therefore used ROC analysis to set the
respective cutoff values, and, by using these values we found
that HER3 expression to be a significant biomarker for
response to TPD therapy.

Following ligand binding, HER family receptors form
dimers and exhibit tyrosine kinase activity (22, 23). HER2
is not bound by a specific ligand, but does form dimers and
plays a central role as a partner in dimerization either with
other members of the HER family (heterodimerization) or
with itself (homodimerization), (24). Dimers containing
HER2 exhibit strong signal transduction, which is strongest
for the HER2–HER3 heterodimer (25). Attention has focused
on the expression of HER2-containing dimers (such as the
HER2−HER2 homodimer and the HER1−HER2 and
HER2−HER3 heterodimers) as factors predictive of the
response to anti-HER2 therapy. In experiments using BC cell
lines, trastuzumab suppressed cell growth induced by the
HER2−HER2 homodimer more strongly than that induced
by heterodimers, whereas pertuzumab inhibited that induced
by the HER2−HER3 heterodimer more strongly than that
induced by the HER2−HER2 homodimer (26). Trastuzumab
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Figure 2. Receiver operating characteristic curve analysis of human
epidermal growth factor receptor (HER) expression. The HER1, HER3
and HER4 cut-off values for progression-free survival (PFS) were 28.6
[area under the receiver operating characteristic curve (AUC)=0.566;
sensitivity=61.11%; specificity=72.73%] (a), 33.9 (AUC=0.533;
sensitivity=83.33%; specificity=54.55%) (b), and 65.4 (AUC=0.629;
sensitivity=61.11%; specificity=72.73%) (c), respectively.
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Figure 3. Kaplan–Meier analysis of overall (OS) (a, c, e) and progression-free (PFS) (b, d, f) survival stratified by level of human epidermal growth
factor receptor (HER)1, HER3 and HER4 expression in breast cancer. The HER3-positive group showed a significant PFS extension over the HER3-
negative group (b). However, the HER3 positive group showed no significant OS extension over the HER3 negative group (e). There was no
significant difference in PFS and OS in the HER1 and HER4 expression level groups (a, c, d, f). Log-rank p-values are shown.
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Table III. Correlation between clinicopathological features and human epidermal growth factor receptor (HER)-1, HER3, and HER4 expression in
29 patients with advanced HER2-positive breast cancer.

Parameters                                              HER1                                                          HER3                                                         HER4

                                                Positive          Negative        p-Value         Positive          Negative       p-Value        Positive        Negative      p-Value
                                                 (n=14)              (n=15)                                 (n=19)             (n=10)                               (n=14)            (n=15)

Age at treatment
   ≤62 Years                           9 (64.3%)         6 (40.0%)         0.204        11 (57.9%)       4 (40.0%)         0.377        9 (64.3%)       6 (40.0%)        0.204
   >62 Years                           5 (35.7%)         9 (60.0%)                            8 (42.1%)        6 (60.0%)                          5 (35.7%)       9 (60.0%)
Degree of progression
   Locally advanced               6 (42.9%)         3 (20.0%)         0.197         7 (36.8%)        2 (20.0%)         0.369        6 (42.9%)       3 (20.0%)        0.197
   Visceral metastases            8 (57.1%)        12 (80.0%)                          12 (63.2%)       8 (80.0%)                          8 (57.1%)      12 (80.0%)
Stage
   IIIC or IV                           7 (50.0%)         7 (46.7%)         0.864         9 (47.4%)        5 (50.0%)         0.897        6 (42.9%)       8 (53.3%)        0.589
   Recurrence                         7 (50.0%)         8 (53.3%)                           10 (52.6%)       5 (50.0%)                          8 (57.1%)       7 (46.7%)
Hormone receptor
   Positive                               5 (35.7%)         7 (46.7%)         0.566         7 (36.8%)        5 (50.0%)         0.512        4 (28.6%)       8 (53.3%)        0.189
   Negative                             9 (64.3%)         8 (53.3%)                           12 (63.2%)       5 (50.0%)                         10 (71.4%)      7 (46.7%)
Treatment line
   First                                   10 (71.4%)        7 (46.7%)         0.189        14 (73.7%)       3 (30.0%)         0.023       11 (78.6%)      6 (40.0%)        0.036
   Other                                   4 (28.6%)         8 (53.3%)                            5 (26.3%)        7 (70.0%)                          3 (21.4%)       9 (60.0%)
Ki67
   Negative                             9 (64.3%)         7 (46.7%)         0.358        11 (57.9%)       5 (50.0%)         0.697        7 (50.0%)       9 (60.0%)        0.604
   Positive                               5 (35.7%)         8 (55.3%)                            8 (42.1%)        5 (50.0%)                          7 (50.0%)       6 (40.0%)
HER1
   Negative                                  ND                   ND                                 7 (36.8%)        8 (80.0%)         0.027        4 (28.6%)      11 (73.3%)       0.015
   Positive                                                                                                   12 (63.2%)       2 (20.0%)                         10 (71.4%)      4 (26.7%)
HER3
   Negative                             2 (14.3%)         8 (53.3%)         0.027              ND                  ND                               2 (14.3%)       8 (53.3%)        0.027
   Positive                              12 (85.7%)        7 (46.7%)                                                                                             12 (85.7%)      7 (46.7%)
HER4
   Negative                             4 (28.6%)        11 (73.3%)         0.015         7 (36.8%)        8 (80.0%)         0.027             ND                 ND                  
   Positive                              10 (71.4%)        4 (26.7%)                           12 (63.2%)       2 (20.0%)
ORR
   No                                        0 (0.0%)          4 (26.7%)         0.038          0 (0.0%)         4 (40.0%)         0.002         1 (7.1%)        3 (20.0%)        0.333
   Yes                                    14 (100.0%)      11 (73.3%)                         19 (100.0%)      6 (60.0%)                         13 (92.9%)     12 (80.0%)

ND: Not determined ORR: overall response rate. *Chi-square test comparing parameters among positive and negative groups in each HER family.

Table IV. Univariate and multivariate analysis of progression-free survival in 29 patients with advanced human epidermal growth factor receptor
(HER)-2-positive breast cancer.

                                                                                                                                       Univariate analysis                                 Multivariate analysis

Parameters                                                                                                   Hazard ratio        95% CI         p-Value    Hazard ratio        95% CI      p-Value

Age at treatment                 ≤62 vs. >62 years                                                1.101          0.315-3.679       0.874                                                           
Degree of progression        Locally advanced vs. visceral metastases          1.153          0.333-5.268       0.832                                                           
Stage                                   IIIC or IV recurrence                                          1.481          0.447-5.659       0.526                                                           
Hormone receptor              Positive vs. negative                                            0.814          0.245-2.833       0.732                                                           
Treatment line                     First vs. other                                                       1.285          0.369-4.278       0.677                                                           
Ki67                                    Negative vs. positive                                           0.942          0.271-3.129       0.920                                                           
HER1                                  Negative vs. positive                                           0.313          0.069-1.085       0.068                                                           
HER3                                  Negative vs. positive                                           0.279          0.094-0.828       0.023            0.802          0.195-3.939    0.766
HER4                                  Negative vs. positive                                           0.294          0.064-1.024       0.054                                                           
Objective response             Yes vs. no                                                             0.123          0.038-0.470       0.004            0.205          0.039-0.963    0.045

CI: Confidence interval.



has been found to be more effective in the treatment of
patients with high levels of expression of the HER2−HER2
homodimer (26), and it is possible that confirmation of
HER2−HER3 heterodimer expression may help predict the
therapeutic effect of combination chemotherapy with
pertuzumab. Our results thus suggest that HER3 expression
in HER2-BC may represent a biomarker for predicting the
therapeutic effect of combination chemotherapy with
pertuzumab. In this study, we found that HER3 expression
can predict the response of advanced HER2-BC to
chemotherapy with the TPD regimen.

The coexpression of HER3 and HER2 is important for
BC cell proliferation, and BCs express both HER3 and
HER2 (27). In mice, the induction of HER2 overexpression
in tumors also increases HER3 expression (28). HER3
signaling is believed to increase in compensation when the
signaling of other members of the HER family are blocked
(29). However, the clinical significance of HER3 expression
in BC has not been established, with some studies reporting
that it is a poor prognostic factor (30) and others identifying
it as a beneficial factor (31). In this study, we found HER3
to be correlated with HER1 and HER4 expression, a result
that suggests the existence of crosstalk within the HER
family signal network (32). This crosstalk may be connected
with resistance mechanisms such as the activation of

alternate pathways, and may contribute to the acquisition of
resistance to treatment with chemotherapy using the TPD
regimen.

The limitations of this study were that it was a
retrospective cohort study, and the sample size was small.
Nevertheless, we used real-world data based on actual
clinical practice, and this study is significant as the first
investigation indicating the possibility of HER3 expression
as a useful factor for predicting the response of HER2-BC to
chemotherapy with the TPD regimen.
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Figure 4. Forest plots of the results of progression-free survival analysis. In univariate analysis, objective response (p=0.004, HR=0.123) and
positive human epidermal growth factor receptor (HER) 3 expression (p=0.023, HR=0.279) significantly contributed to extension of the progression-
free survival interval.
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