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ABSTRACT

The prognosis of patients with human epidermal growth factor receptor-2 (HER2)-overexpressed metastatic
breast cancer (MBC) has improved drastically following the development of anti-HER2 therapies. We question
what factors are involved in the improved outcome by the treatment. One hundred and two MBC patients
who received chemotherapy were classified into groups according to breast cancer subtype: luminal/HER2-nega-
tive (n = 50), HER2 (n = 26), and triple-negative subtypes (n = 26). Clinicopathologic features and clinical out-
comes of the groups were compared. Disease-free intervals in the triple-negative group were significantly shorter
than those in the other two groups. Age, tumor grade, the number of disease sites, and prior chemotherapeutic
regimens did not differ among the groups. As a result, median overall survival was significantly longer in the
HER2 and luminal/HER2-negative groups than in the triple-negative group (114, 68, and 18 months, respectively,
p < 0.001). To determine key factors underlying favorable outcomes of the HER2 group, the HER2 group was
further divided into two subgroups, luminal-HER2 and non-luminal-HER2 groups, according to their hormone
receptor status, and clinical outcomes were compared. Median overall survival from the time of diagnosis of MBC
in the luminal-HER2 group was significantly longer than that in the non-luminal-HER2 group (not reached and
39 months, respectively, p = 0.048), and was as favorable as shown in the luminal/HER2-negative group. In con-
clusion, the prognosis and survival of patients with HER2-overexpression receiving anti-HER2 therapy improved
considerably in the luminal-HER?2, but not in the non-luminal-HER2 group.
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1 Introduction

The clinical and biological heterogeneity of breast cancer has necessitated classification into three
subtypes based on biomarker expression of hormone receptor and human epidermal growth factor
receptor-2 (HER2): luminal/HER2-negative, HER2, and triple-negative breast cancer. Compared with the
luminal/HER2-negative subtype, the HER2 and triple-negative subtypes exhibit aggressive behaviors and
poor prognoses [1,2]. However, in a recent paradigmatic shift, differences in prognosis for the different
subtypes have become more distinct because of novel, improved treatments [3]. In particular,
developments of anti-HER2 therapies have drastically improved survival in patients with HER2-
overexpressed breast cancer in the metastatic and adjuvant settings [4—7].

Combined administration of trastuzumab and anti-cancer cytotoxic agents has shown good therapeutic
efficacy in HER2-overexpressed primary breast cancer and metastatic breast cancer (MBC) [8]. As
previously reported, the mortality rate in patients with HER2-overexpression after operation has decreased
to 35%-50% in adjuvant settings, and survival of patients with HER2-overexpressed MBC has doubled
following the introduction of trastuzumab in combination with cytotoxic agents [5]. Since it became
available, trastuzumab has become part of the standard therapeutic regimen for HER2-overexpressed breast
cancer. Subsequently, the tyrosine kinase inhibitor lapatinib has become available more recently: it has
demonstrated good efficacy to improve survival in patients with HER2-overexpressed MBC [9]. More
recently, the humanized monoclonal antibody pertuzumab directed against the HER2 extracellular domain
[10,11], and the antibody-drug conjugate trastuzumab emtansine (TDM-1), which incorporates trastuzumab
with the microtubule-inhibitory agent emtansine [12], have demonstrated favorable therapeutic efficacies. In
the Phase 3 trials, both therapeutics prolonged the survival of patients with HER2-overexpressed MBC
relative to conventional anti-HER2 therapeutics. Thus, physicians have a variety of treatment options in
anti-HER2 therapeutics at their disposal for specific patient subpopulations.

Here, we compared clinicopathological features and therapeutic outcomes of patients with HER2-
overexpressed MBC, with those of patients with other (i.e., luminal type and triple-negative) breast
cancer subtypes.

2 Methods

2.1 Patients

Data from 102 patients with recurrent or MBC who were treated with various chemotherapeutic regimens at
Kagawa University Hospital between February 2005 and October 2017, were retrospectively analyzed. Patients
with MBC who had not received chemotherapy were not included in this study. The patients were allocated to
one of three groups according to their hormone receptor and HER2 status: lumina/HER2-negative (n = 50),
HER2 (n = 26), and triple-negative subtypes (n = 26). Clinicopathological features and treatment outcomes
were compared between subtypes. All patients with HER2-overexpressed MBC received anti-HER2-targeted
agents such as trastuzumab, lapatinib, pertuzumab, or TDM-1 in the metastatic settings.

The research protocol for this study complied with the guidelines of the Ethics Committee at Kagawa
University Hospital and was approved by the review board (HEISEI23-085), and conformed to the
provisions in the Declaration of Helsinki in 1995. We received written informed consent from all of the
study participants.

2.2 Evaluation of Therapeutic Efficacy and Safety

During treatment, tumor responses were assessed every 2 to 3 months by physical examination and
computed tomography, magnetic resonance imaging, or bone scan according to the Response Evaluation
Criteria in Solid Tumors. Complete response (CR) was defined as the absence of evidence of disease;
partial response (PR) was defined as a reduction of >50% in the product of the two largest perpendicular
diameters of the target lesions; progressive disease (PD) was defined as an increase in tumor size by
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>25% or presence of a new lesion. Clinical responses that did not meet any of the abovementioned definitions
were classified as stable disease (SD). CR and PR are classified as objective responses (OR); CR, PR, and SD
are defined as disease control (DC); and CR, PR, and SD observed for a duration of >6 months are defined
as clinical benefit (CB). Responses were evaluated to the most effective therapeutic regimen if patients
received two or more regimens for MBC. Several clinical outcome parameters examined: time to
treatment failure (TTF) was defined as the duration from initiation to treatment discontinuation; time to
progression (TTP) was defined as the duration between initiation of treatment and disease progression or
death by any cause; overall survival (OS) was defined as the duration between initiation of treatment and
death by any cause. For patients who had received two or more cytotoxic regimens for MBC, time to
events was calculated from the start of the most effective regimen. Additionally, OS was calculated from
the time of diagnosis of MBC to death by any cause, designated as OS from MBC. Toxicity was assessed
according to version 3.0 of the National Cancer Institute Common Toxicity Criteria.

2.3 Statistical Analysis

We used Mann-Whitney U test or standard chi-square procedures for comparisons of two groups. The
effects of baseline characteristics, clinical responses, and prognostic parameters on the risk of progression or
death were assessed using Kaplan-Meier survival analysis and log-rank tests of significance. A 95%
confidence interval for the median of each variable was calculated using the method of Brookmeyer et al. [13].
Differences with P < 0.05 were considered as to be significant; all performed statistical tests were two-sided.
SPSS statistical software (SPSS Inc., Tokyo, Japan) was used for all analyses.

3 Results

3.1 Baseline Characteristics of Patients

Patients were allocated to three subtype groups according to the hormone receptor and HER2 status of
their tumors: luminal/HER2-negative, HER2, and triple-negative subtype groups. Baseline characteristics of
patients of each group were established (Tab. 1). Disease-free intervals of patients were significantly shorter
in patients of the triple-negative subtype group (25 months) than those of patients in the luminal/HER2-
negative (52 months, p = 0.0007) or HER2 groups (37 months, p = 0.044). Other factors such as tumor
grade, numbers of metastatic sites or administered chemotherapeutic regimens, and the proportion of
patients with visceral diseases were not different among the groups.

Table 1: Baseline demographic and tumor characteristics of each patient subtype

luminal/ p- HER2 p- triple- p-value*
HER2- value value negative
50 26 26

Age 60 (36-86) 0.349 55(27-78) 0.687 58 (32-79) 0.687

Disease-free interval (M) 52 (6-228) 0.882 37 (13-260) 0.044 25 (10-63) 0.0007
Tumor grade (mean + SD) 2.09 £0.85 0.070 2.67+0.67 0.285 2.22+097 0.73

No. metastatic sites 2.00 £ 1.05 0.874 2.04+094 0.791 196+1.11 0.886
(mean + SD)

Visceral lesion (%) 54.0 0.532 64.0 0.169 423 0.337
Prior anthracycline/taxane 32.7 0.453 435 0.752  46.2 0.253
(%)

No. chemotherapy (mean + SD) 3.06 + 1.63 0.731 3329+1.69 0.217 338=+1.30 0.26]

No. chemotherapy for MBC  2.55 £ 1.51 0.829 258+1.73 0.822 2.554+1.17 096
(mean + SD)

Note: * luminal vs. triple-negative.




232 Oncologie, 2021, vol.23, no.2

3.2 Comparison of the Efficacy of Treatment and Clinical Outcomes among Cancer Subtypes

Response rates to treatment in the HER2 group were significantly higher than those in the triple negative
group (76% and 26.9%, respectively, p = 0.0017; Tab. 2) but not significantly different from those in the
luminal/HER2-negative group (76% and 50.0%, respectively, p = 0.077). As evident from the response
rates, clinical benefit and disease control rates were significantly lower in the triple negative group than in
the other two groups. The median OS from the time of the most effective administered regimen as well as
TTF or TTP were significantly shorter in the triple-negative group than in the HER2 and luminal/HER2-
negative groups (OS: 18, 114, and 68 months, respectively, p < 0.001; TTF: 5, 12, and 15 months,
respectively, p < 0.001; TTP: 6, 25, and 35 months, respectively, p < 0.001; Tab. 2 and Fig. 1). Moreover,
the median OS from MBC was significantly shorter in the triple-negative group than in the HER2 and
luminal/HER2-negative groups (20, 114, and 102 months, respectively, p < 0.001; Tab. 2 and Fig. 1). The
prognostic factors described above were not significantly different in the HER2 and luminal/HER2-negative
groups. These results indicate that patients with HER2-overexpressed MBC, specifically those with luminal-
HER2 MBC showed improved prognosis due to advances in anti-HER2 therapy. The frequency of grade
3 or 4 adverse events that occurred during treatment for MBC did not differ between subtypes.

Table 2: Comparison of responses to treatment and clinical outcomes across subtypes

luminallHER2-  p-valuer HER2  p-value triple-negative  p-value*

RR (%) 50.0 0.077 76 0.0017 269 0.056
CBR (%) 7.6 0392 91 0.002 423 0.002
DCR (%) 87.8 0.699 95 0.038 654 0.022
TTF (M) 15 0.182 12 <0.001 5 <0.001
TTP (M) 35 0.604 25 <0.001 6 <0.001
0S (M) 68 0.642 114 <0.001 18 <0.001
0S fro, MBC (M) 102 0.763 114 <0.001 20 <0.001
G3/4 AE (%) 9.1 0.550 15.0 0.928 16 0.454

Note: * luminal vs. triple-negative.

3.3 Identification of Key Factors Responsible for Favorable Outcomes in the HER2 Group by

Anti-HER?2 Therapy

To determine if a particular subpopulation of the HER2 group was prone to favorable outcomes, the
HER?2 group was further stratified into two subgroups: luminal-HER2 and non-luminal-HER2 according
to their hormone receptor status, and clinical outcomes were compared. Demographic and tumor
characteristics were balanced across the two subgroups (Tab. 3). Although there was a trend that patients
with luminal-HER2 MBC were younger than those with non-luminal-HER2 MBC, there were no
significant subgroup differences. The proportion of patients who were pretreated with anthracycline and
taxane or the number of chemotherapeutic interventions for breast cancer or MBC also did not differ
between the two subgroups.
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Figure 1: Comparison of clinical outcomes of patients across subtypes: A, time to treatment failure; B, time
to progression; C, overall survival; D, overall survival from the time of diagnosis of MBC

Table 3: Comparison of baseline demographic and tumor characteristics, responses to treatment, and clinical
outcomes between the luminal HER2 and non-luminal HER2 subgroups

Non-Luminal p- Luminal p- Luminal/HER2(-)
HER2 value HER2 value
13 13 50
Age 61 0.092 52 0.136 60
Disease-free interval (M) 36 0.324 43 0.616 52
Tumor grade 2.85+0.40 0.300 2.5+0.87 0.487 2.09 = 0.85
No. meta (mean = SD) 2.10+0.73 0.698 2.0=x1.11 1.000 2.0<£1.05
Visceral lesion (%) 61.5 1.000 61.5 0.629 54.0
AT'-pretreatment (%) 333 0.418 50.0 0.266 32.7
No. CT® (mean + SD) 33+£1.97 0.963 3.3 +£1.36 0.677 3.06 = 1.63
No. CT for MBC (mean = SD) 2.6 + 1.38 0.866 2.6 £2.02 0.961 2.55+1.51
Response rate (%) 50.0 0.010 100 0.004 49.0
CBR (%) 75.0 0.097 100 0.100 77.6
DCR (%) 83.3 0.186 100 0.247 87.8
TTF (M) 12 0.092 24 0.737 15
TTP (M) 30 0.755 25 0.791 35
0OS (M) 35 0.066 114 0.103 68
OS from MBC (M) 39 0.048 NR.T 0.225 102
G3/4 adverse event (%) 11.1 0.668 18.2 0.586 9.3

Note: § anthracycline and taxane; § chemotherapy; T not reached.
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As to the efficacy of treatment in patients with HER2-overexpressed MBC, response rates in patients
with luminal-HER2 MBC were significantly higher than those with non-luminal HER2 or luminal/HER2-
negative MBC (luminal-HER2 vs. non-luminal-HER2, 100% vs. 50.0%, respectively, p = 0.01; luminal-
HER2 vs. luminal/HER2-negative, 100% vs. 49.0%, respectively, p = 0.004, Tab. 3). There were no
significant differences in response rates between the non-luminal-HER2 and luminal/HER2-negative
groups. Although median TTF, TTP, or OS from the date of the most effective administered regimens did
not differ between the luminal-HER2 and non-luminal-HER2 groups, median OS from the date of
diagnosis of MBC was significantly longer in the luminal-HER2 group than in the non-luminal-
HER?2 group (not reached vs. 39 months, respectively, p = 0.048, Tab. 3 and Fig. 2). No difference was
found in median OS from the date of diagnosis of MBC between the luminal-HER2 and luminal/HER2-
negative group (not reached vs. 102 months, respectively, p = 0.225).

3.4 Adverse Events

Of 102 patients studied, eighty-nine patients (87.3%) showed at least one grade 3 or 4 adverse
events (data not shown). There was no patient who died as a result of adverse events. The most frequent
adverse events were neutropenia (74 out of 89 patients, 85.4%). The frequency of grade 3 or 4 adverse
events during treatment for MBC did not differ among the subtypes (Tab. 2). Also, the frequency of

grade 3 or 4 adverse events did not differ between the luminal-HER2 and luminal/HER2-negative group
(p = 0.668, Tab. 3).

4 Discussion

Amplification of HER2 genes or overexpression of HER2 proteins occur in 15% to 30% of primary
breast tumors and are associated with short survival or poor prognosis for patients [14—16]. However,
once anti-HER2 targeted therapy such as trastuzumab, lapatinib, or pertuzumab became clinically
available, prognosis of patients has considerably improved [8—12]. More recently, an antibody-drug
conjugate of trastuzumab and cytotoxic agents such as trastuzumab emtansine and trastuzumab
deruxtecan demonstrated substantial improvements in survival of patients with resistance to anti-
HER2 therapy [17,18]. In this study, clinical outcomes of three patient groups with MBC, based on the
breast cancer subtypes, were compared: luminal/HER2-negative, HER2, and triple-negative MBC. The
prognosis of patients in the HER2 and in the luminal/HER2-negative group were equally favorable
(Fig. 1 and Tab. 2). Several studies have documented that clinical outcomes of patients with HER2-
overexpressed MBC receiving trastuzumab (i.e., anti-HER2 treatment) combined with chemotherapy
greatly improved compared with those in patients treated with standard chemotherapy (i.e., without anti-
HER2 treatment) [1,4,5,8]. These findings suggest that the biological aggressiveness of the HER2-
overexpressed breast cancer controlled predominantly by HER2 gene products may be attenuated by the
inhibition of HER2 signaling and that aggressive tumors may be turned into slower-growing ones, like
the ones seen in patients with luminal/HER2-negative cancer. In the present study, the proportion of
patients responding to treatment in the HER2 group (76%) was much higher than that in the luminal/
HER2-negative (50.0%) and triple negative groups (26.9%) (Tab. 2). In response to anti-HER2 agents
combined with cytotoxic agents, three quarters of the patients showed apparent shrinkage of tumors,
regardless of tumor grades, number of disease sites, prior treatment with anthracycline/taxane, or the
number of previous chemotherapeutic interventions (Tab. 1). These results support previous findings that
combined regimens of standard chemotherapy and trastuzumab improved multiple clinical outcome
parameters in patients with HER2-overexpressed MBC, including response rates, TTP, and OS compared
with standard chemotherapy alone [19]. Reflecting the favorable responses to treatment in patients with
HER2-overexpressed MBC, all therapeutic outcome parameters, i.e., TTF, TTP, and OS, of these patients
were significantly prolonged compared with those of patients with triple-negative cancer and similar to
those of patients with luminal/HER2-negative cancer (Fig. 1 and Tab. 2).
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Figure 2: Comparison of clinical outcomes between patients with luminal HER2 and patients with non-
luminal HER2 MBC: A, time to treatment failure; B, time to progression; C, overall survival; D, overall
survival from the time of diagnosis of MBC

To identify which factors mediate favorable outcomes in the HER2 group following anti-HER2 targeted
therapy, we compared clinical outcomes of the luminal-HER2 and non-luminal HER2 groups. The response
rates of luminal-HER?2 patients receiving anti-HER2 therapy were significantly higher than those of non-
luminal HER2 patients and luminal/HER2-negative patients (Tab. 3). This indicates that all patients with
luminal HER2 breast cancer experienced favorable responses at least once in metastatic settings. As a
result, survival from the time of diagnosis with MBC was significantly longer in the luminal-HER2 group
than in the non-luminal HER2 group, but did not differ from survival in the luminal/HER2-negative
group. The data suggest that the improved prognosis of patients with HER2-overexpressed MBC, as
shown in this study, mainly depends on patients with luminal-HER2 MBC showing improved survival,
but not on patients with non-luminal HER2 MBC who did not show any benefit from the anti-
HER?2 therapy. To the best of our knowledge, only a few studies have investigated the factors responsible
for the improved prognosis of HER2-overexpressed MBC by anti-HER2 targeted therapy. In these
studies, patients with primary breast cancer were examined for their prognosis after adjuvant therapy
comprising chemotherapeutic agents and trastuzumab [1,6,20]. Two studies demonstrated that patients
with luminal-HER2 breast cancer benefited from trastuzumab-containing regimens in contrast to
patients with non-luminal HER2 cancer. However, the second analysis of the Hera trial demonstrated that
patients with high estrogen receptor expression/low HER2 expression did not benefit from trastuzumab
treatment [20]. In metastatic settings, Bonotto et al. [3] reported that among HER2-overexpressed
patients, those with hormone receptor-positive MBC showed significantly longer PFSs and OSs than
those with hormone receptor-negative MBC. This lends support to our hypothesis that cancer cells
expressing hormone receptors tend to behave less aggressively than cancer cells without hormone
receptor expression if HER2-associated signaling cascades are inhibited by anti-HER2 therapy. Further
analyses should clarify the exact molecular mechanisms underlying these therapeutic effects. This is the
first report to demonstrate in detail (a) that patients with luminal-HER2 MBC receiving anti-
HER2 therapy showed improvements in survival to levels seen in patients with luminal/HER2-negative
MBC and (b) that patients with non-luminal HER2 MBC did not benefit from anti-HER?2 therapy.
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In conclusion, prospects for patients with HER2-overexpressed MBC, particularly of the luminal-
HER2 subtype, have greatly improved since anti-HER2 targeted therapy became available. However,
because tumors of the non-luminal HER2 cancer subtype are unresponsive to this treatment, novel
approaches are required for these patients.
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