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The Role of HER2 in Metastatic Breast Cancer Treated with a
Combination of Taxanes and Cisplatin

Hung-Chih Hsu, MD; Hsien-Kun Chang, MD; Yung-Chang Lin, MD; Sheu Hseu', MD;
Jen-Shi Chen, MD; Tsai-Shen Yang, MD; Hung-Ming Wang, MD; Wen-Chi Shen, MD

Background:

Methods:

Results:

Conclusions:

A combination of taxanes and cisplatin have shown modest activity as sec-
ond-line chemotherapy in breast cancer patients who have been exposed to
anthracyclines. The purpose of this study was to retrospectively assess
whether HER?2 is associated with clinical sensitivity or with prognostic sig-
nificance in breast cancer patient groups who had received chemotherapy
with taxanes and cisplatin.

Patients were treated either with docetaxel 60 mg/m?2 or paclitaxel 175 mg/m?
in combination with cisplatin 50 mg/m?2 every 3 weeks. The tumor specimens
were checked for estrogen receptor (ER), progestrone receptor (PR), and
HER?2 status by immunohistochemical stain. Prognostic factors such as per-
formance status, status of metastases, history of prior anthracycline response,
and biomarkers such as ER and HER2 were analyzed.

Ninety patients were eligible for HER2 assessment. Only eighty-five patients
were eligible for response assessment. The overall response rate to
chemotherapy with the taxanes/cisplatin regimen was 52%. In patients who
were HER2-positive, the response rate was 62% and in HER2-negative
patients, it was 46%, p = 0.17. Univariate analysis showed no prognostic fac-
tors were significant in predicting a response to chemotherapy. In addition, it
appeared that there was no difference in time to progression and overall sur-
vival based on HER?2 status.

Our results indicated that HER2 status is independent of a response to a tax-
anes/cisplatin combination and is also not a prognostic factor for survival.
(Chang Gung Med J 2009,32:33-41)
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In metastatic breast cancer patients who have been
exposed to anthracyclines, taxanes are the first
choices when disease recurs or progresses. A number
of taxane-based regimens have been reported in the
therapy for metastatic breast cancer." In one study,

a regimen that included platinum had much less
activity as a second-line chemotherapy than as a
first-line drug.” However, there is an interest in com-
bining platinum with taxanes for several reasons,
based on the different mechanisms of action, lack of
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cross-resistance in vitro®” and reported efficacy in
certain solid tumors, such as non-small cell lung can-
cer.® Several phase I and II trials have investigated
the combination of taxanes/platinum (cisplatin or
carboplatin) in metastatic breast cancers with or
without prior exposure to anthracyclines. In general,
efficacy of this combination was significant with
major response rates in advanced breast cancer
patients in the 40-70% range.“'” Despite the
improvement in response rate as a second-line thera-
py, about half of patients did not benefit from such a
regimen with modest toxicity.

The HER2 gene encodes a transmembrane
growth factor receptor that belongs to the epidermal
growth factor receptor (EGFR) tyrosine kinase sub-
family. Activation of this protein results in the phos-
phorylation of signal transduction, as well as, regula-
tion of apoptosis via bcl-2."*"» The HER2 protein is
overexpressed in approximately 30% of breast can-
cers. Overexpression of the HER2 gene plays a sig-
nificant role in breast cancer pathogenesis, and the
phenomenon is commonly regarded as a predictor of
a poor prognosis in early breast cancer. HER2 over-
expression has been linked to more sensitivity and/or
resistance to hormone therapy and chemotherapeutic
regimens, such as those using cyclophosphamide,
methotrexate, and fluorouracil (CMF), than anthracy-
cline-based chemotherapy.'*'> Breast cancer patients
with HER2-positive tumors seem to benefit from
anthracycline-based adjuvant chemotherapy."”
Recently, success in the development of a monoclon-
al antibody against HER2, trastuzumab, to treat
HER2-positive breast cancer patients has highlighted
the importance of HER2 in the management of breast
cancer."®'” Nevertheless, the predictive value of tax-
ane sensitivity is not yet clear."® Although controver-
sies exist, data from some laboratory and clinical tri-
als of trastuzumab indicate that HER2-positive status
confers chemoresistance to certain chemotherapeutic
agents such as paclitaxel. One of the molecular
mechanisms of HER2 -mediated paclitaxel resistance
is that overexpression of the HER2 receptor leads to
deregulation of the G2/M cell cycle check-point that
inhibits paclitaxel-induced apoptosis.”® Yu has
shown that trastuzumab can effectively sensitize
HER2-positive breast cancer cells to paclitaxel by
reversing the antiapoptotic function of HER2. In
addition, HER2 exposure has been associated with
resistance to cisplatin in a breast cancer cell line."”
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Preclinical data also suggested a synergistic effect of
trastuzumab and cisplatin through trastuzumab-
induced inhibition of the repair of cisplatin-induced
DNA damage® and an association between HER2
signaling and cisplatin- related DNA repair.®"
Therefore, HER2 could be a potential predictive fac-
tor for the response to a taxanes/cisplatin combina-
tion. In some phase II clinical trials, the addition of
trastuzumab to a combination of cisplatin and tax-
anes led to a good clinical response in patients with
HER2-positive breast cancer.***

Another gene, excision repair cross comple-
menting-group 1 (ERCC1), encodes nucleotide-exci-
sion repair (NER) endonuclease protein and offers
resistance to platinum therapy in other cancers such
as ovarian cancer, lung cancer and colorectal can-
cer.®” Its relationship with cisplatin resistance in
breast cancer®™ has not been proved and needs fur-
ther study.

In our previous work, a phase II randomized
trial was performed to compare paclitaxel versus
docetaxel with cisplatin in 101 patients with failed
anthracycline treatment®® This study was conducted
prior to the introduction of trastuzumab in this coun-
try. Thus, it provided us an opportunity to address the
role of HER2 in patients with metastatic breast can-
cer (MBC). Therefore, we conducted this study to
retrospectively assess whether HER2-positive status
is associated with clinical sensitivity or with prog-
nostic significance in this patient group.

METHODS

The study groups were patients with either a
recurrent or metastatic breast cancer with measurable
disease. They had failed at least one type of anthra-
cycline treatment, either as adjuvant or palliative
chemotherapy. Other eligibility criteria included an
Eastern Cooperative Oncology Group (ECOG) per-
formance status < 2, age = 18 years, and adequate
hematological, hepatic and renal function. Patients
were treated with either docetaxel (60 mg/m2) or
paclitaxel (175 mg/m?2) in combination with cisplatin
(50 mg/m2) every 3 weeks. In patients who had
received anthracycline treatment in an adjuvant set-
ting, taxane/cisplatin was the first-line chemotherapy
for recurrent or metastatic disease, and in patients
with failure of anthracycline treatment for recurrent
or metastatic disease, taxane/cisplatin was the second
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line chemotherapy for recurrent or metastatic dis-
ease. The study was approved by the Institutional
Review Board of Chang Gung Memorial Hospital.
The response evaluation was based on World Health
Organization (WHO) criteria and was evaluated
every 3 cycles. Partial and complete clinical respons-
es were classified as responsive, while stable disease
and progressive disease were classified as non-
responsive. The tumor specimens were retrieved
from archival paraffin block. Only primary breast
tumors that had not been exposed to any chemothera-
peutic agent were selected. Immunohistochemical
(IHC) stains were performed on formalin fixed,
paraffin embedded sections using standardized pro-
cedures using an autostainer (Ventana Medical
System Inc., AZ, U.S.A.) for estrogen receptor (ER)
and progesterone receptor (PR) (Novocastra 1:200),
and HER2 oncoprotein (DAKO 1:1000). For inter-
pretation of HER2 staining, a score of 3+ was given
when more than 10% of the tumor cells showed a
strong and complete membrane staining, while weak
to moderate membrane staining was considered 2+.
Weak and incomplete membrane staining was given
a score of 1+. Only a score of 3+ was classified as
positive, and HER2-negative status was defined as a
score of 0, 1+, and 2+.

Prognostic factors, such as performance status,
status of metastases (sites, number of metastases),
history of prior anthracycline response, and biomark-
ers such as ER and HER?2 status on IHC studies were
analyzed. The differences in variables between
HER2-positive and HER2-negative patients were
analyzed with measures of ANOVA. Except for the
age, which was analyzed by t-test, the associations
between response and categorical variables were
analyzed by chi-square or Fisher’s exact test. The
time to progression (TTP) was measured from the
date of treatment to the date of progression. The sur-
vival time was calculated from the date of treatment
to the date of death. Both TTP and survival curves
were established by the Kaplan-Meier method. The
differences in TTP and survival between HER2-posi-
tive patients and HER2-negative patients were ana-
lyzed by log-rank test. A p value of less than 0.05
was considered significant. All reported p values
were two-sided. The statistical values in this study
were analyzed using SPSS v12.0 software.
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RESULTS

A total of 90 patients whose HER?2 status was
available were included for analysis. The patients
were grouped into HER2-positive (with a score of
3+) and HER2-negative (with a score of 0, 1+, 2+)
groups. Clinical data on the patients and tumors are
summarized in Table 1. There were more HER2-neg-
ative patients in the metastatic setting with previous
anthracycline treatment than in the adjuvant setting
(p = 0.039).

Response to chemotherapy

All patients received either paclitaxel/cisplatin
or docetaxel/cisplatin chemotherapy for MBC.
Eighty-five patients were eligible for response
assessment. Another five patients were not eligible
because they had only bone metastases. The overall
response rate was 52%. In HER2-positive patients,
the response rate was 62% and in HER2-negative
patients, it was 46%, p = 0.17. For patients whose
anthracycline response could be assessed retrospec-
tively, there was no difference in the response rate
between HER2-positive and HER2-negative patients
(42% vs. 41%, p = 0.785). Univariate analysis
showed that performance status, lines of chemothera-
py, visceral organ involvement, liver metastasis, ER
status and taxane regimens were all not significant
factors in predicting a response to chemotherapy
(Table 2). We further looked at the two different tax-
ane-based regimens. In 40 patients who were treated
with docetaxel/cisplatin, 11/17 (64%) HER2-positive
patients responded, while 14/23 (60%) HER2-nega-
tive patients responded, as well. For patients with
paclitaxel/cisplatin, 7/12 (58%) HER2-positive
patients, and 12/33 (36%) HER2-negative patient
responded, p = 0.3.

Survival

As of this report, disease in all patients has
recurred. All patients were included for survival
analysis. For HER2-positive patients, the median
TTP was 265 days (95% CI: 182 to 348 days), while
for patients with negative HER2, the median TTP
was 215 days (95% CI: 140 to 290 days), p = 0.73.
The median overall survival for HER2-positive
patients was 699 days (95% CI: 440 to 958 days),
and for HER2-negative patients, 715 days (95% CI:
625-809, p = 0.73). In the docetaxel/cisplatin group,



Table 1. Patient and Tumor Data

HER2- HER2-
Feature positive negative  p value
(N =30) (N =60)
Age
Mean 49.57 46.52
Range 26-63 25-73 0.187
PS (ECOG)
0 8(26.7%) 9 (15.0%)
1 20 (66.7%) 39 (65.0%)
2 2(6.6%) 12(20.0%) 0.267
Previous anthracyclines
Adjuvant 12 (40%) 11 (18.3%)
Metastatic 18 (60%) 49 (81.7%) 0.039
Chemotherapy regimen
Docetaxel 17 (56.7%) 25 (41.7%)
Paclitaxel 13 (43.3%) 35(58.3%) 0.19
No. of metastases
1 8 (26.7%) 11 (18.3%)
2 12 (40%) 31 (51.7%)
3 9 (30%) 13 (21.7%)
4 1 (3.3%) 58.3%) 0467
Site of metastases
Liver (Yes) 11 (36.7%) 19 (31.7%)
(No) 19 (63.3%) 41 (68.3%) 0.64
Lung (Yes) 16 (53.3%) 27 (45%)
(No) 14 (46.7%) 33 (55%) 0.46
Lymph node (Yes) 14 (46.7%) 27 (45%)
(No) 16 (53.3%) 33 (55%) 0.88
Bone (Yes) 16 (53.3%) 43 (71.7%)
(No) 14 (46.7%) 17 (28.3%) 0.08
Chest wall/breast (Yes) 6 (20%) 15 (25%)
(No) 24 (80%) 45 (75%)  0.60
Visceral organ involvement
Yes 22 (73.3%) 41 (68.3%)
No 8(26.7%) 19 (31.7%) 0.62
Estrogen receptor
Negative 24 (80%) 30 (50%)
Positive 5(16.7%) 29 (48.3%) 0.004
Missing 1(3.3%) 1 (1.7%)
Progesterone receptor
Negative 22 (73.3%) 32 (53.3%)
Positive 7(23.4%) 26 (43.4%) 0.06
Missing 1 (3.3%) 2 (3.3%)
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Table 2. Response Rate according to Patient and Tumor

Abbreviation: PS: performance status.

Characteristics
Response rate p value
Regimen
Docetaxel/Cisplatin 62.5% (25/40) 0.083
Paclitaxel/Cisplatin 42.2% (19/45)
Chemotherapy
First-line 57.7% (15/26) 0.491
Second-line 49.2% (29/59)
ECOG status
0 54.9% (39/71) 0.246
1 35.7% (5/14)
Visceral organ involvement
Yes 58.3% (14/24) 0.479
No 49.2% (30/61)
Liver involvement
Yes 58.2% (32/55) 0.119
No 40.0% (12/30)
Lung involvement
Yes 50.0% (21/42) 0.829
No 53.5% (23/43)
ER status
Positive 52.8% (28/53) 0.477
Negative 48.4% (15/31)
PR status
Positive 56.0% (28/50) 0.641
Negative 45.5% (15/33)
HER2
Positive 60.7% (17/28) 0.260
Negative 47.4% (27/57)

the median TTPs for HER2-negative and positive
patients were 320 and 329 days, respectively .In the
paclitaxel/cisplatin group, TTPs were 190 and 223
days, respectively. It appeared that there was no dif-
ference in TTP and survival according to HER2 sta-
tus.

DISCUSSION

We performed this retrospective clinicopatho-
logical study of HER2 as a potential marker that
might indicate clinical responsiveness to a second-
line taxane/cisplatin chemotherapy regimen. Our
study has shown HER2 expression is not related to
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chemosensitivity to taxanes/cisplatin, time to disease
progression or overall survival in MBC patients who
have been treated with anthracyclines. Our study did
not support pre-clinical findings that HER? is associ-
ated with drug resistance to taxanes and cisplatin.
This result further elucidates the discrepancy
between bench and clinical studies. Additionally,
HER2-positive status is associated with a higher
number of negative steroid receptors when compared
with HER2-negative patients with MBC. This phe-
nomenon may result from a natural selection bias
rather than the biological significance of HER2 in
patients with metastatic breast cancer.

In addition, our study showed that there were
more HER2-negative patients who received anthra-
cycline treatment for metastasis than received it as
adjuvant therapy. However, this result does not seem
compatible with clinical data and it is due to selec-
tion bias. In the adjuvant group in our study, all
patients had disease recurrence within one year after
adjuvant therapy with anthracyclines, which means
they were more likely to be refractory to adjuvant
therapy in general adjuvant group treated with
anthracycline. More samples are needed to confirm
this.

Although there are several molecular markers
with prognostic utility in breast cancer, few have
been evaluated as predictors of response to treat-
ment. The most paramount are ER and PR, which
predict response to endocrine therapy. HER2 has
accrued the most attention because several lines of
clinical and pre-clinical evidence have suggested that
HER2-positive status might be associated with poor
prognosis, aggressive clinical courses and possible
drug resistance."*'® However, a few clinical reports
have found that HER2-positive status was not associ-
ated with responsiveness except for a study from Di
Leo et al.®” They compared 176 patients who were
randomized to either docetaxel or doxorubicin
chemotherapy. They found HER2-positive patients
tended to respond to docetaxel more than doxoru-
bicin, while HER2-negative patients had at least
equal activity with doxorubicin and docetaxel.
However, the results did not support the hypothesis
that HER2-positive status is associated with poor
response to taxane in vitro study. In fact, from our
study, HER2-positive patients tended to respond to
taxane/cisplatin more than HER2-negative patients,
but this was not associated with statistical signifi-
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cance.

Van Poznak et al. studied 144 patients with
metastatic breast cancer treated with single-agent
paclitaxel using THC methods to detect HER2.
However, there was no significant association
between HER?2 status and response to paclitaxel.®
Hamilton et al. analyzed 114 patients with metastatic
breast cancer treated with anthracyclines and taxanes
by THC as well. Again, no association between
HER?2 expression and response to chemotherapy was
noted.”” Sjostrom et al.“®” also studied 131 patients
with metastatic breast cancer and found HER2-posi-
tive tumors were not uniformly more sensitive to tax-
anes and claimed that HER2-positive status was not
a predictive factor of response to taxane. In addition,
Azambuja et al also reviewed a decade of research
regarding the role of HER2 in taxane-based
chemotherapy and concluded that the predictive
value of HER2 in taxane-based chemotherapy has
not been validated.®"

Studying HER2 gene amplification by fluores-
cent in situ hybridization (FISH) was believed to be
more clinically relevant than using IHC methods,
and was used to evaluate the response to a combina-
tion of doxorubicin and paclitaxel in 49 patients with
MBC in a prospective study.?” Patients with
HER2-amplified tumor specimens had a higher
probability of achieving a complete response and a
longer duration of response than patients whose
tumor specimens lacked this amplification. However,
the clinical relevance of the co-amplification of
HER?2 and the topoisomerase Ila (topo Ila) gene,
which has been associated with sensitivity to anthra-
cylines such as doxorubicin, should be empha-
sized.®** The largest study that has ever been done
was by Konecny et al.*> They used FISH to study
297 patients treated either with paclitaxel/epirubicin
or cyclophosphamide/epirubicin in a randomized
trial. Patients with HER2-positive tumors had a sig-
nificant response using the paclitaxel/epirubicin regi-
men. Among HER2-positive patients, using paclitax-
el resulted in better disease free survival and overall
survival. Their study echoed the previous study.
However, the relationship of HER2 with topo Ila,
rather than the influence of HER2 alone, could not
be completely excluded. Whether HER2-positive sta-
tus predicts a response to a taxane/anthracycline
combination is an interesting area for further explo-
ration.



To our knowledge, only one study published to
date has assessed HER2 expression and response to
single-agent taxane as primary therapy. Estevez et al.
evaluated the predictive role of HER2 protein
expression using THC in 56 patients with AJCC
Stage II and III breast carcinoma who received pre-
operative weekly docetaxel. They found that HER2-
positive status was not predictive of response to ther-
apy.©® It is interesting to note that five of the six
patients who achieved a partial clinical response had
HER2-negative tumor specimens. Formenti et al.®”
studied a total of 36 patients with locally advanced
breast cancer treated with paclitaxel and radiation. A
pathological response in the mastectomy specimen
was achieved in 12 of these 36 patients (33%). Only
tumors with low HER2/neu gene expression were
associated with a pathological response. They con-
cluded that HER2 expression cannot yet be applied
clinically as a predictive factor for response in
advanced breast cancer.

In an adjuvant setting, Guarneri et al.*® studied
patients treated with high-dose chemotherapy and
autologus stem cell support. Despite a high complete
response rate, HER2-positive status was associated
with a shorter median time to progression. However,
this could just reflect the nature of HER2 patients
rather than the correlation with chemosensitivity.

Our study had a confounding factor, since this
regimen was a combination of taxanes and platinum.
So, our results should be interpreted to mean there is
no association between HER2-positive status and
response to a taxane/cisplatin regimen, rather than a
response to single taxanes. It is possible that the syn-
ergetic effect of this combination may overcome
HER?2 drug resistance. However, there is a lack of
such evidence from laboratory study. Instead, HER2
has been linked with cisplatin resistance in vitro.
Therefore, specifically, the results of our study
should conclude that HER?2 status is independent of
the response to or prognosis of a cisplatin/taxanes
combination in patients with MBC.

In conclusion, although HER2-positive status is
a known prognostic factor in early breast cancer, it is
not a predictive factor for response to chemotherapy
with taxanes or a prognostic factor for patients with
MBC. In light of current clinical data, HER2-posi-
tive status should be considered a predicting factor
for trastuzumab therapy only.
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