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Purpose: Triple-positive breast cancer is defined by estrogen
receptor, progesterone receptor, and human epidermal growth
factor receptor 2 (HER2) positivity. Several systemic breast
cancer therapies target hormonal and HER2 responsiveness.
We compared clinical outcomes of triple-positive disease with
those of HER2-enriched and luminal HER2-negative disease
and investigated the clinical efficacy of anti-HER2 therapy for
triple-positive disease. Methods: We retrospectively compared
overall and recurrence-free survival among cases included in
the Korean Breast Cancer Society (KBCS) and Seoul St. Mary’s
Hospital breast cancer registries and the therapeutic efficacy
of trastuzumab for triple-positive and HER2-enriched cases.
Results: KBCS registry data (2006-2010; median follow-up, 76
months) indicated that patients with triple-positive breast can-
cer had intermediate survival between those with luminal A and
HER2-enriched subtypes (p<0.001). Trastuzumab did not im-
prove overall survival among patients with triple-positive breast

cancer (p=0.899) in contrast to the HER2-enriched subtype
(p=0.018). Seoul St. Mary’s Hospital registry data indicated
similar recurrence-free survival outcomes (p<0.001) and a lack
of improvement with trastuzumab among patients with triple-
positive breast cancer (median follow-up, 33 months; p=
0.800). Multivariate analysis revealed that patients with triple-
positive breast cancer had better overall survival than those
with HER2-enriched disease and similar survival as those with
the luminal A subtype (triple-positive: hazard ratio, 1.258, p=
0.118; HER2-enriched: hazard ratio, 2.377, p<0.001). Conclusion:
Our findings showed that anti-HER2 therapy was less benefi-
cial for treatment of triple-positive breast cancer than for
HER2-enriched subtypes of breast cancer, and the triple-posi-
tive subtype had a distinct prognosis.

Key Words: Breast neoplasms, ErbB-2 receptor, Estrogen receptors, Hormones,
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INTRODUCTION

Breast cancer is a heterogeneous disease of multiple sub-
types with distinct morphologies and clinical implications. In
clinical practice, these breast cancer subtypes can be distin-
guished using immunohistochemistry (IHC) to detect expres-
sion of the estrogen receptor (ER), progesterone receptor (PR),
and c-erbB-2 receptor, and fluorescence or silver in situ hybrid-
ization (FISH or SISH, respectively), which is used to identify
the human epidermal growth factor receptor 2 (HER2) gene
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locus. The resulting breast cancer classification system has led
to the application of multiple systemic therapeutic strategies.
The term “triple-positive” breast cancer was first introduced
by Vici et al. [1] to describe a distinctive subtype. It is defined
as a luminal HER2 tumor that expresses both the ER and PR.
This type of tumor also expresses high HER?2 levels and exhib-
its a biologically distinct phenotype and specific clinical be-
havior. In current clinical settings, systemic therapeutic ap-
proaches for triple-positive breast cancer comprise hormone
receptor (HR)-specific hormonal therapies, HER2-directed
therapy, and systemic chemotherapy; these may include other
therapeutic approaches and may be applied in all cases, except
in patients with early stage breast cancer who have good prog-
nostic factors [2]. Previous clinical data of patients with
HER2-positive breast cancer have demonstrated better prog-
nostic outcomes with HR-positive than HR-negative disease
[3]. Additionally, previous clinical and experimental data have
revealed that HER2-directed therapy is less effective for HR-
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positive/HER2-positive breast cancer but may prolong surviv-
al. This outcome may be supported by the finding that cross-
talk between the ER and HER2 pathways plays a role in resis-
tance to endocrine therapy [4-11].

Despite these earlier findings, previous clinical data ob-
tained from patients with HER2-positive breast cancer have
been limited owing to their focus on HR positivity. Previous
results suggest that only a subset of HR-positive/HER2-posi-
tive breast cancers do not undergo significant reduction due
to HER2-directed therapy. Therefore, a more detailed analysis
is needed to identify the distinct characteristics of triple-posi-
tive breast cancer. Here, we investigated the clinical outcomes
of triple-positive breast cancer relative to HER2-enriched/HR-
negative and HR-positive/HER2-negative breast cancer, as
well as the therapeutic efficacy of anti-HER2 therapy (trastu-
zumab) for triple-positive breast cancer, using patient data
from two South Korean breast cancer data registries.

METHODS

Patients and data selection

In this retrospective study, we analyzed data from two dif-
ferent clinical breast cancer data registries in South Korea. The
Korean Breast Cancer Society (KBCS) breast cancer registry is
a nationwide multicenter registry of data collected from South
Korean hospitals between 2006 and 2010. The KBCS ap-
proved our research objective and request for data in October
2016. From this registry, we included patients who received

CMC data
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an initial diagnosis of breast cancer and underwent breast
cancer treatment surgery during the registry period. Patients
with ductal carcinoma in situ were excluded. Our study in-
cluded 31,266 patients, of which 1,740 patients had triple-
positive breast cancer (Figure 1). Overall survival (OS) data
were collected from the Korean National Statistical Informa-
tion Service, which records the dates of death and other clini-
cal and demographic data of patients.

We also obtained data collected from April 2009 through
March 2016 by Seoul St. Mary’s Hospital of the Catholic Medical
Center (CMC data). From this registry, we included patients
who received a new diagnosis of breast cancer and underwent
primary breast cancer surgery at Seoul St. Mary’s Hospital and
for whom clinicopathologic data were available. Patients with
inoperable stage IV breast cancer and ductal carcinoma i situ
were excluded. The analysis finally included 2,216 patients
from this registry. Recurrence-free survival (RFS) was defined
as the time from the initial diagnosis of breast cancer to the
first recurrence (including locoregional and distant recur-
rences) or the last follow-up. This study was approved by the
Institutional Review Board of Seoul St. Mary’s Hospital (KC
17RED10533). Informed consent from the patients was not
required.

Classification of intrinsic molecular subtypes

In this study, the breast cancer molecular subtypes were
identified using IHC for ER, PR, HER2, and Ki-67 prolifera-
tive index. In the CMC dataset, an Allred score of >3 indicat-

KBCS data

Seoul St. Mary’s Hospital Breast
Cancer Registry
(April 2009-March 2016)

724 Luminal A like
169 Triple-positive
206 HER2-enriched
355 TNBC

Korean Breast Cancer Society
Breast Cancer Registry
(January 2006-December 2010)

2,575 Luminal A like
1,740 Triple-positive
2,789 HER2-enriched
4,170 TNBC

Endpoints of the study:

RFS in CMC cohort (Lum-A vs. Triple (+) vs. HER2 vs. TNBC)
OS in KBCS cohort (Lum-A vs. Triple (+) vs. HER2 vs. TNBC)
Verification of trastuzumab efficacy in triple-positive breast cancer

Figure 1. Schematic diagram of the study cohorts, intrinsic subtype distributions, and list of study endpoints.
CMC=Seoul St. Mary’s Hospital of the Catholic Medical Center; KBCS =Korean Breast Cancer Society; TNBC =triple-negative breast cancer;
RFS =recurrence-free survival; Lum-A=Iuminal A subtype; HER2 =human epidermal growth factor receptor 2; OS=overall survival.
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Clinical Differences in Triple-Positive Breast Cancer Subtype

ed ER and PR positivity; all Allred scores in this dataset
ranged from 3 to 8. THC or FISH was used to evaluate HER2
status. HER2 positivity was defined as an IHC score of 3+. For
cases with equivocal IHC CMC (2+), the samples were retest-
ed via single-probe SISH (CMC and KBCS data) or FISH
(KBCS data only). For Ki-67 expression, a level of <14% was
considered low.

Breast cancer molecular subtypes were classified according
to the 14th St. Gallen International Expert Consensus [12] as
follows: (1) luminal A: ER and/or PR positive, HER2 negative,
and low Ki-67 (<14%); (2) HER2 enriched: HER2 positive,
and ER and PR negative; (3) triple-negative breast cancer
(TNBC): ER, PR, and HER2 negative; (4) triple-positive: ER,
PR, and HER2 positive; and (5) luminal B: ER and/or PR posi-
tive, HER2 negative or positive, and high Ki-67 (>14%). All
cancers were staged according to the seventh edition of the
American Joint Committee on Cancer (AJCC) staging manual.

Clinical endpoints and statistical analysis

The primary endpoint was a comparison of prognostic out-
comes between patients with triple-positive breast cancer and
those with other molecular subtypes. For this endpoint, we
obtained RFS outcomes from CMC data and OS outcomes
from KBCS data. The secondary endpoint was the efficacy of
anti-HER?2 therapy (i.e., trastuzumab) for triple-positive breast
cancer.

Clinicopathologic features were assessed using the Student
t-test, chi-square test, and Fisher exact test. Differences in fol-
low-up times among the intrinsic subtypes were calculated
using one-way analysis of variance. Cumulative survival prob-
abilities were estimated using Kaplan-Meier analysis, and dif-
ferences in survival rates were compared using the log-rank
and generalized Wilcoxon tests. Additionally, multivariate
analysis was performed using the Cox proportional hazards
model. All variables are described as hazard ratios and 95%
confidence intervals (Cls). A two-sided p-value of <0.05 was
considered significant. All statistical analyses were performed
using IBM SPSS software version 22.0 for Windows (IBM
Corp., Armonk, USA).

RESULTS

During a mean follow-up period of 35.49+21.72 months,
169 of 2,216 patients in the CMC registry were identified as
having triple-positive breast cancer, whereas 206 and 724 pa-
tients were identified as having HER2-enriched and luminal
A disease, respectively (Supplementary Table 1, available on-
line). The various clinicopathologic characteristics and an
analysis of these three subtypes are described in Supplemen-
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tary Table 1. During the study period, recurrences were re-
ported in 11 of 169 patients (6.5%) with triple-positive breast
cancer, 29 of 724 patients (4.0%) with the luminal A subtype,
and 22 of 206 patients (10.7%) with the HER2-enriched sub-
type.

As mentioned earlier, the KBCS data included 31,266 cases,
among which 1,740 were identified as triple-positive breast
cancer, 2,789 as the HER2-enriched subtype, and 2,575 as the
luminal A subtype (Figure 1). During a mean follow-up peri-
od of 73.58 months, 120 (6.9%), 344 (12.3%), and 109 patients
(4.2%) with triple-positive, HER2-enriched, and luminal A
breast cancer, respectively, died (Table 1). The various clinico-
pathologic characteristics are described in Table 1.

Table 1. Clinical and pathologic characteristics of patients of the Korean
Breast Cancer Society cohort

Subtype
Characteristic Triple-positive  Luminal A HER2-enriched p-value
(n=1,740) (h=2,575) (h=2,789)
No. (%) No. (%) No. (%)
Age at diagnosis (yr) <0.001
<40 215 (12.4) 222 (8.6) 298 (10.7)
40-49 854 (49.1) 1,135 (44.0) 793 (28.4)
50-59 442 (25.4) 673 (26.1) 1,117 (40.1)
>60 229 (13.2) 545 (21.2) 581 (20.8)
pT stage <0.001
T 957 (65.00 1,710(66.4) 1,531 (54.9)
T2 680 (39.1) 744 (28.9) 1,070 (38.4)
T3 75 (4.3) 86 (3.3) 126 (4.5)
T4 28 (1.6) 35(1.4) 62 (2.2)
pN stage <0.001
NO 958 (56.0) 1,627 (64.8) 1,671 (61.1)
N1 471 (27.5) 628 (25.0) 599 (21.9)
N2 186 (10.9 183(7.3) 241 (8.8)
N3 96 (5.6) 73(2.9) 224 (8.2)
M stage 0.078
MO 1,691(98.4) 2,533(98.9) 2,719(98.2)
M1 27 (1.6) 27(1.1) 49(1.8)
TNM stage <0.001
| 495 (31.7) 917 (41.7) 876 (34.9
Il 727 (46.5) 929 (42.3) 1,068 (42.5) 5
Il 313(20.0) 325 (14.8) 626 (24.9)
\% 27(1.7) 27(1.2) 49(2.0)
Ki-67 (%) 2593+19.98 6.21+£3.77 32.07+21.91 <0.001
Histologic grade <0.001
Gt 180 (11.2) 855 (36.5) 77 (3.1)
G2 806 (50.3) 1,293 (65.2) 902 (36.7)
G3 615 (38.4) 194 (8.3) 1,480 (60.2)
Trastuzumab 162 (9.3) 3(0.1) 262 (9.4) <0.001
treatment
Death 120 (6.9) 109 (4.2) 344 (12.3)  <0.001
Follow-up 75.82+19.50 75.77+18.64 72.62+21.42 <0.0017

duration (mo)*

HER2 =human epidermal growth factor receptor 2.
*Mean + SD; 'Dunnett T3 method and one-way analysis of variance; luminal A
vs. triple-positive, p=1.000; others, p<0.001.
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Survival outcomes of patients with triple-positive, luminal A,
and HER2-enriched breast cancer

The results of univariate analysis of RES and OS are listed in
Table 2. The RES of patients with triple-positive, luminal A,
and HER2-enriched breast cancer was calculated using CMC
data. During a mean follow-up period of 35.88 +21.90 months,
patients with the triple-positive subtype showed intermediate
REFS between those of patients with luminal A and HER2-
enriched subtypes (Figure 2A). Although patients with triple-
positive breast cancer had significantly better RES outcomes
than those with the HER2-enriched subtype (generalized
Wilcoxon test, p=0.025), we observed no significant differ-
ence between patients with the triple-positive and luminal A
subtypes (generalized Wilcoxon test, p=0.315).

We then used KCBS data to calculate OS among patients
with triple-positive, luminal A, and HER2-enriched breast
cancer. Similarly, during a median follow-up period of 76
months, patients with triple-positive breast cancer showed an
intermediate OS between those of patients with the luminal A
and HER2-enriched subtypes (log-rank test; triple-positive vs.
luminal A, p<0.001; triple-positive vs. HER2-enriched, p <
0.001) (Figure 2B). Considering the natural disease course
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without anti-HER2 therapy among patients with triple-posi-
tive and HER2-enriched subtypes in the KBCS registry, better
survival outcomes were observed in patients with the triple-
positive subtype than in those with HER2-enriched breast
cancer (log-rank test; triple-positive vs. HER2-enriched,
p<0.001) (Figure 2C). These survival outcomes demonstrate
that triple-positive breast cancer has a better prognosis than
HER2-enriched breast cancer, regardless of OS and RFS.

Multivariate analysis

After identifying significant differences in RFS and OS be-
tween the triple-positive and HER2-enriched subtypes, we
performed multivariate analyses to adjust for interactions be-
tween other factors. Details of the multivariate analysis of
KBCS data are shown in Table 3. In this group, we observed
no significant difference in OS between patients with triple-
positive and luminal A subtypes (p=0.118; hazard ratio, 1.258;
95% CI, 0.944-1.677). In contrast, we observed significantly
worse OS among patients with HER2-enriched and ER-posi-
tive/PR-negative/HER2-positive subtypes than OS in patients
with the luminal A subtype (hazard ratio, 2.377, p <0.001; and
hazard ratio, 1.978, p <0.001, respectively). As such, the prog-

Table 2. Univariate analysis of overall survival and recurrence-free survival among the triple-positive, luminal A, and HER2-enriched breast cancer sub-
types

Overall survival (KBCS data) Recurrence-free survival (CMC data)

Variable Subtype
No. of events Mean (95% Cl) (mo) p-value* No. of events Mean (95% Cl) (mo) p-value’
Total Triple- positive 120/1,740  120.223 (118.943-121.503)  Reference 11/169 83.189 (78.838-87.540)  Reference
Luminal A 109/2,575  134.960 (133.923-135.997)  <0.001 29/724 84.149 (78.838-87.540) 0.315
HER2-enriched  344/2,789  121.215(119.938-122.491)  <0.001 22/206 74.938 (71.393-78.482) 0.025
Stage Triple-positive 13/495 124,165 (122.372-125.957)  Reference 1/64 85.750 (83.628-87.872)  Reference
Luminal A 16/917 133.850 (132.508-135.193) 0.290 6/418 83.700 (82.666-84.733) 0.413
HER2-enriched 35/876 130.093 (128.802-131.938) 0.144 2/75 81.692 (78.543-84.842) 0.186
Il Triple-positive 41/727 114.963 (113.340-116.585)  Reference 4/76 85.182 (79.807-90.557)  Reference
Luminal A 41/929 135.093 (133.605-136.580) 0.257 10/229 83.649 (80.944-86.354) 0.971
HER2-enriched  120/1,896  101.084 (99.733-102.436) <0.001 10/95 67.417 (63.040-71.795) 0.095
i Triple-positive 45/313 99.433 (96.801-102.064)  Reference 6/29 59.699 (48.804-70.593)  Reference
Luminal A 37/325 105.404 (102.772-108.035) 0.293 13/73 67.353 (61.320-73.385) 0.505
HER2-enriched  146/519 88.016 (85.068-90.965) <0.001 10/36 57.791 (47.300-68.281) 0.202
IV Triple-positive 26/18 56.840 (45.351-68.329) Reference N/A N/A N/A
Luminal A 9/27 102.031 (87.081-116.982) 0.001 N/A N/A N/A
HER2-enriched 34/49 48.806 (37.827-59.785) 0.355 N/A N/A N/A
Trastuzumab (5 Triple-positive 112/1,678  120.197 (118.879-121.515) 0.899 6/64 82.942 (77.057-88.827) 0.927
) 8/162 94.200 (92.287-96.113) Reference 5/99* 77.560 (72.925-82.196)  Reference
() HER2-enriched  329/2,527  120.751 (119.403-122.099) 0.018 97 73.802 (67.642-79.962) 0.497
(+) 15/262 91.847 (89.708-93.985) Reference 12/128° 70.939 (67.162-74.715)  Reference

HER?2 =human epidermal growth factor receptor 2; KBCS=Korean Breast Cancer Society; CMC=Seoul St. Mary's Hospital of the Catholic Medical Center;
Cl=confidence interval; N/A=not assessed.

*p-values were estimated using the log-rank test; Tp-values were estimated using the generalized Wilcoxon test; *6 Cases of trastuzumab data were missed in
triple-positive group; $7 Cases of trastuzumab data were missed in HER2-enriched group.
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1.0 erttns
08
» 06 Intrinsic subtype
o m Luminal A
m Triple-positive
04 w HER2
0.2 [ Generalized Wilcoxon test
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02 Log-rank test
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0 . . . .
50 100 150 200
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Figure 2. Survival outcomes of patients with triple-positive, luminal A,
and human epidermal growth factor receptor 2 (HER2)-enriched breast
cancer. (A) Recurrence-free survival (RFS) among the intrinsic subtypes.
Data were obtained from the cohort of Seoul St. Mary’s Hospital of the
Catholic Medical Center. (B) Overall survival (OS) among intrinsic sub-
types in the Korean Breast Cancer Society cohort (2006-2010). (C) OS
among intrinsic subtypes in the Korean Breast Cancer Society cohort
(2006-2010). Patients not treated with anti-HER2 therapy in the triple-
positive and HER2-enriched groups.

TNBC =triple-negative breast cancer.
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Table 3. Multivariate analysis of data from the Korean Breast Cancer
Society registry

*

Characteristic Hazard ratio 95% Cl p-value
Age (yr)

<40 1.000 Reference -

>40 0.935 0.796-1.099 0.416
T stage

T 1.000 Reference -

T2 1.167 0.975-1.398 0.092

T3 1.652 1.285-2.124 <0.001

T4 3.080 2.345-4.045 <0.001
N stage

NO 1.000 Reference -

N1 1.648 1.367-1.988 <0.001

N2 1.530 1.121-2.088 0.007

N3 2.251 1.667-3.038 <0.001
TNM stage'

| 1.000 Reference -

Il 1.433 1.092-1.881 0.009

Il 2.670 1.821-3.913 <0.001

\% 10.348 6.880-15.563 <0.001
Histological grade

1 1.000 Reference -

2 1.130 0.822—1.552 0.452

3 1.399 1.016-1.928 0.040
Subtype

Luminal A 1.000 Reference -

Triple-positive 1.258 0.944-1.677 0.118

HER2-enriched 2.377 1.853-3.048 <0.001

TNBC 3.352 2.637-4.260 <0.001

ER(+)/PR(-/HER2(+) 1.978 1.425-2.744 <0.001
Trastuzumab therapy

Triple-positive 0.856 0.369-1.988 0.718

HER2-enriched 0.441 0.252-0.773 0.004

Cl=confidence interval; HER2 =human epidermal growth factor receptor 2;
TNBC=triple-negative breast cancer; ER =estrogen receptor; PR=progesterone
receptor.

*p-values were determined using a Cox regression forward conditional step-
wise model; "TNM stages were determined according to the 7th edition of the
American Joint Committee on Cancer staging system.

nosis of triple-positive breast cancer more closely resembled
that of the luminal A subtype. Moreover, trastuzumab therapy
did not prolong the OS in patients with triple-positive breast
cancer (p=0.718; hazard ratio, 0.856; 95% CI, 0.369-1.988)
but did significantly prolong OS in patients with the HER2-
enriched subtype (p=0.004; hazard ratio, 0.441; 95% CI,
0.252-0.773). However, multivariate analysis of CMC data did
not confirm significant differences in RFS among the triple-
positive, luminal A, and HER2-enriched subtypes.

Survival differences among patients with triple-positive,

luminal A, and HER2-enriched breast cancer in the same stage
The 8th edition of the AJCC staging system was recently in-
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troduced. This newer version combines the conventional ana-
tomic stage and the newly developed “prognostic stage” to
more precisely determine prognosis. The prognostic stage in-
corporates various biologic factors such as ER, PR, HER2 ex-
pression, and histological grade and reflects the differences in
disease prognosis according to the expression statuses of these
markers. Applying the newer prognostic staging system might
advance the cancer stage from a conventional anatomic stage,
according to the HR and HER2 status. Therefore, we com-
pared OS among triple-positive, luminal A, and HER2-en-
riched breast cancer at each conventional anatomic stage (i.e.,

Stage |
1.0 = +
_%.H_ -vw—m-mmw'—._
Wy
08 Subtype
. Luminal A

1 Triple-positive
HER2-enriched
06 | - TNBC

8 -+ Luminal A: censored
=+ Triple-positive: censored
HER2-enriched: censored
04 -+ TNBC: censored
0.2 [ Triple-positive - Luminal A : p=0.290
Triple-positive - HER2 1p=0.144
Triple-positive - TNBC ~ : p<0.001
0 1 1 1 1 1
25 50 75 100 125
Follow-up time (mo) Q
Stage lll
b %
08
06 1 Subty
ubtype
8 _n Luminal A

- Triple-positive
HER2-enriched
04 -1 TNBC

=+~ Luminal A: censored
-+ Triple-positive: censored
HER2-enriched: censored
02 | -+ TNBC: censored
) Triple-positive - Luminal A : p=0.293
Triple-positive - HER2 1 p<0.001
Triple-positive - TNBC ~ : p<0.001

0 1 1 1 1 1 1
20 40 60 80 100 120

Follow-up time (mo) e
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AJCC staging system, 7th edition) using the KBCS dataset.

At stage I, we observed no differences in OS among the tri-
ple-positive, luminal A, and HER2-enriched subtypes (p=
0.290), and only TNBC was associated with a poor prognosis
(p<0.001). However, at stages II and III (AJCC staging sys-
tem, 7th edition), the OS curves differed according to ER, PR,
and HER?2 statuses (Table 3). Here, the OS curve of triple-
positive breast cancer resembled that of the luminal A subtype
(stage II, p=0.257; stage III, p=0.293); the HER2-enriched
and TNBC subtypes had worse OS than triple-positive breast
cancer at both stages (stage II, p<0.001; stage III, p<0.001).

Stage Il
08 |- Subtype
- Luminal A

- Triple-positive
HER2-enriched
06 -1 TNBC

8 =+ Luminal A: censored
=+ Triple-positive: censored
HER2-enriched: censored
04 -+ TNBC: censored
0.2 [ Triple-positive - Luminal A : p=0.257
Triple-positive - HER2 : p<0.001
Triple-positive - TNBC ~ : p<0.001
O 1 1 1 1
50 100 150 200
Follow-up time (mo) e
Stage IV
Subtype
1.0 1 Luminal A
-1 Triple-positive
HER2-enriched
-nTNBC
08 =+ Luminal A: censored
=+ Triple-positive: censored
HER2-enriched: censored
=+ TNBC: censored
06
[99)
o
04
02
Luminal A - Triple-positive : p=0.001
Luminal A - HER2 1 p<0.001
Luminal A - TNBC : p<0.001
O 1 1 1 1 1

25 50 75 100 125
Follow-up time (mo) 0

Figure 3. Overall survival (OS) among luminal A, triple-positive, human epidermal growth factor receptor 2 (HER2)-enriched and triple-negative breast
cancer (TNBC) subtypes in the Korean Breast Cancer Society cohort (2006-2010), according to the 7th edition of the American Joint Committee on
Cancer staging system for breast cancer. OS was estimated using Kaplan-Meier survival analysis. (A) Stage |, (B) stage Il, (C) stage Ill, and (D) stage IV.
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At stage IV (i.e., patients who underwent surgery for local
control of the primary tumor), only those with the luminal A
subtype had good OS (luminal A vs. triple-positive subtypes,
p=0.001; luminal A vs. HER2-enriched subtypes, p<0.001;
luminal A vs. TNBC subtypes, p<0.001) (Table 2 and Figure
3). According to our results, the prognosis varies according to
the intrinsic subtype, even in the same anatomic stage, and
triple-positive breast cancer has greater likelihood of being
downstaged, when the newer prognostic staging system (8th
edition of the AJCC staging system) is adopted, if it is accom-
panied by the luminal A subtype.
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Efficacy of trastuzumab therapy for triple-positive breast
cancer

To address the mechanism of crosstalk between the HER2
and ER signaling pathways, we evaluated the efficacy of
trastuzumab for triple-positive breast cancer relative to HER2-
enriched breast cancer. Using KBCS data, trastuzumab ther-
apy did not significantly improve OS among patients with tri-
ple-positive breast cancer (Kaplan-Meier analysis, p=0.899)
(Table 2), regardless of tumor stage (Kaplan-Meier analysis,
stage I, p=0.727; stage II, p=0.969; stage III, p=0.512) (Figure
4). In contrast to the results obtained for patients with triple-
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Figure 4. Efficacy of trastuzumab for triple-positive breast cancer in the Korean Breast Cancer Society cohort (2006-2010). Cases were staged ac-
cording to the 7th edition of the American Joint Committee on Cancer staging system for breast cancer. Overall survival (OS) was estimated using
Kaplan-Meier survival analysis. (A) Stage |, (B) stage I, (C) stage Ill, and (D) stage IV.
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positive breast cancer, those with the HER2-enriched subtype
experienced significant improvement in OS with trastuzumab
therapy (p=0.018) (Table 2), particularly patients with stage
I1I breast cancer (p=0.018) (Supplementary Figure 1, avail-
able online). However, only a small number of patients re-
ceived trastuzumab therapy in stages I and IV for both triple-
positive and HER2-enriched breast cancer subtypes (Figure 4
and Supplementary Figure 1). Therefore, interpretation of the
above results requires caution.

We also investigated the effect of trastuzumab therapy on
RFS using CMC data. However, during a median follow-up
period of 32 months, trastuzumab treatment did not improve
breast cancer recurrence among patients with triple-positive
breast cancer (p=0.562) (Table 2), regardless of the breast
cancer stage (stage I, not assessed; stage II, p=0.738; stage III,
p=0.356) (Supplementary Table 2, available online).

DISCUSSION

In this study, we identified the prognostic characteristics
and responses to trastuzumab in two cohorts of South Korean
patients with triple-positive breast cancer from a large multi-
center breast cancer registry and a single-center data registry.
With respect to RFS and OS, triple-positive breast cancer ex-
hibited prognostic features comparable to those of the luminal
A subtype and more favorable than those of the HER2-en-
riched subtype. However, although multivariate analysis of
KBCS data confirmed the OS findings, a similar analysis of
CMC data failed to uphold the statistical differences in RFS
among the different breast cancer subtype. This discrepancy
might be attributable to the lack of follow-up data in the CMC
registry (median follow-up, 35 months). Notably, the KBCS
data were derived from a multicenter cohort registry and rep-
resented the characteristics of breast cancer in South Korea.
The KBCS data demonstrated that triple-positive breast can-
cer has distinct characteristics and a prognosis more similar to
that of the luminal A subtype than that of the HER2-enriched
subtype.

In the 8th edition of the AJCC staging system, ER, PR, and
HER? statuses are reflected in the prognostic stage. Using the
Surveillance, Epidemiology, and End Results 18 database,
Wang et al. [13] found that restaging based on this most-re-
cent system led to downstaging of the anatomic stage in 81.3%
of triple-positive breast cancers, with no upstaging for cases of
anatomic stage III (i.e., locally advanced) breast cancer. Simi-
larly, our data suggest the importance of the ER/PR/HER2
status and indicate that this newly developed prognostic stage-
based system provides accurate prognostic information, espe-
cially regarding triple-positive breast cancer. These results
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suggest that an unconventional therapeutic approach may be
useful.

Triple-positive breast cancer is considered a subset of the
HER2-enriched subtype, characterized by coexpression of the
ER and PR. As noted earlier, Vici et al. [1] provided the first
definition and description of this subtype in 2015 in a review
addressing ER and PR status-based differences in tumor biol-
ogy and clinical outcomes of HER2-positive breast cancer.
They concluded that triple-positive breast cancer might be
driven primarily by the HR status and thus would biologically
behave like HER2-negative/HR-positive breast cancer. How-
ever, previous studies have mainly focused on the biomolecu-
lar status of HER2-positive/HR-positive (i.e., ER- or PR-posi-
tive) breast cancer rather than triple-positive tumors. For ex-
ample, Untch et al. [3] demonstrated trastuzumab efficacy in
the HR-negative and HR-positive cohorts in the HERA trial,
and Perez et al. [14] reported the effects of trastuzumab in a
comparison of HR-negative and HR-positive groups from the
NSABP B-31 and NCCTG N9831 trials (4-year disease-free
survival rates, HR-negative vs. HR-positive, 81.6% vs. 89.4%).
Both studies demonstrated that patients with HER2-positive/
HR-positive disease had more favorable prognoses than those
with the HER2-enriched subtype and revealed the poor effi-
cacy of trastuzumab therapy in the former group.

The current consensus is that adjuvant and neoadjuvant an-
ti-HER?2 therapies are effective for patients with HER2-posi-
tive breast cancer, irrespective of the HR status [10,15-18].
Therefore, the National Comprehensive Cancer Network
Guidelines, Version 1.2017 [2], state that endocrine therapy is
recommended as an initial treatment for patients with HR-
positive/HER2-positive breast cancer whereas adjuvant che-
motherapy with trastuzumab is strongly recommended for
patients with tumors of >1 c¢m in size or node-positive dis-
ease. Additionally, the European School of Oncology-the
European Society for Medical Oncology second international
consensus guidelines [19] suggest that for patients with ER-
positive/HER2-positive advanced breast cancer for whom en-
docrine therapy is selected over chemotherapy, the addition of
anti-HER2 therapy should be considered when initiating en-
docrine therapy [10]. Nonetheless, the paradigm of chemo-
therapy plus anti-HER2 therapy remains the mainstay of
treatment for advanced HER2-positive breast cancer, regard-
less of the HR status. Recent evidence, however, suggests an
inverse correlation between the HER2 positive status and HR-
positive status, which consequently reduces the efficacies of
both hormonal and anti-HER?2 therapies [4,6,20,21]. These
results demonstrate the low efficacy of anti-HER2 therapy for
HR-positive/HER2-enriched breast cancer.

Several mechanisms distinguish triple-positive breast can-
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cer from other subtypes. One such mechanism involves cross-
talk between the ER and HER2 pathways, both of which have
been shown to play roles in not only acquired resistance to
endocrine therapy but also resistance to anti-HER2 therapy
[5,22,23]. Previously, Shou et al. [24] described the mecha-
nism underlying tamoxifen resistance associated with in-
creased ER/HER2 crosstalk in ER-positive/HER2-positive
breast cancer. Furthermore, increased bidirectional ER/HER2
crosstalk converts tamoxifen into an agonist by which ER ac-
tivates growth factor signaling only in ER-positive/HER2-
positive breast cancer [25]. Another mechanism involves the
ability of breast tumors to alternate between ER and HER2 as
the dominant signaling pathway. Additionally, triple-positive
breast cancer predominantly utilizes the ER pathway and con-
sequently behaves like the HR-positive/HER2-negative sub-
type [20,23,26-29]. In triple-positive breast cancer, this ER
dominance is enhanced by PR positivity, as the PR pathway
has a key role in the distinctive characteristics of triple-posi-
tive breast cancer. Notably, in a previous adjuvant/neoadju-
vant endocrine trial, the PR exhibited a significant prognostic
value, as breast cancers expressing both HRs were found to
have a more favorable prognosis [30].

This study has several limitations. First, the follow-up dura-
tion in the CMC dataset was rather short. Second, the KBCS
data registry contains missing data regarding HER2 positivity
(particularly FISH/SISH) and Ki-67 expression. Third, the
proportion of patients who received trastuzumab therapy in
the KBCS dataset was <10% of patients with HER2-positive
breast cancer, therefore, our results did not reflect the recent
trend associated with anti-HER2 therapy for HER2-positive
breast cancer. Most patients in the KBCS dataset who received
trastuzumab therapy had stage II or III lymph node-positive
breast cancer. However, to our knowledge, our study is the
first to evaluate trastuzumab efficacy and prognostic charac-
teristics in a cohort of patients with triple-positive breast can-
cer from a multicenter breast cancer data registry.

In conclusion, triple-positive breast cancer possesses dis-
tinct clinical and biological characteristics and should be con-
sidered separately from other HER2-positive breast cancers
when considering therapeutic approaches. In this study, we
identified the following points. First, triple-positive breast
cancer behaves more like luminal subtypes than HER2-en-
riched subtypes, indicating that anti-hormonal therapy should
be primarily considered over other therapeutic agents. Sec-
ond, anti-HER?2 therapy (trastuzumab) appears to be less ben-
eficial for triple-positive breast cancer, especially in stages II
and III, than for HER2-enriched subtypes. Hence, anti-HER2
therapy might be considered an overtreatment in patients
with triple-positive breast cancer. Overall, our results suggest
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that despite several previous and ongoing studies concerning
HER2-positive breast cancer, the triple-positive subtype re-
quires additional attention and consideration as a distinct in-
trinsic subtype.
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Supplementary Table 1. Baseline characteristics of patients included in the data registry of the Seoul St. Mary’s Hospital of the Catholic Medical

Center
Subtype
Characteristic Triple-positive Luminal A HER2-enriched Luminal B with HER2(-) p-value
(n=169) (h=724) (n=206) (n=668)
No. (%) No. (%) No. (%) No. (%)
Age at diagnosis (yr) <0.001
<40 26 (15.4) 64 (8.8) 9 9.2) 81(12.1)
40-49 66 (39.1) 252 (34.9) 42 (20.4) 241 (36.1)
50-59 44 (26.0) 232 (32.0) 102 (49.5) 200 (29.9)
>60 33(19.5) 176 (24.2) 43(20.9) 146 (21.9)
BMI (kg/m?) 0.389
<185 8(4.7) 29 (4.0) 5(2.4) 24 (3.6)
18.5-22.9 83 (49.1) 326 (45.0) 81(39.3) 274 (41.0)
23-24.9 37 (21.9) 166 (22.9) 50 (24.3) 165 (23.2)
225 41(24.3) 203 (28.0) 70 (34.0) 215(32.2)
pT stage <0.001
T1 91 (63.8) 528 (72.9) 104 (50.5) 390 (58.4)
T2 67 (39.6) 165 (22.8) 82 (39.9) 248 (37.1)
T3 8(4.7) 25(3.5) 16(7.8) 25(3.7)
T4 3(1.8) 3(0.4) 2(1.0) 2(0.3
Tis 0 3(0.4) 2(1.0) 1(0.1)
pN stage 0.002
NO 97 (67.4) 512 (70.7) 117 (56.8) 445 (66.6)
N1 45 (26.6) 151 (20.9) 58 (28.2) 162 (24.3)
N2 15(8.9) 43 (6.9) 18(8.7) 35(5.2)
N3 12(7.1) 18 (2.5) 13 (6.3) 26 (3.9
TNM stage <0.001
| 64 (37.9) 418 (57.7) 75 (36.4) 307 (46.0)
[ 76 (45.0) 232 (32.0) 95 (46.1) 293 (43.9)
i 29 (17.2) 74(10.2) 36 (17.5) 68(10.2)
EGFR <0.001
Negative 135 (86.0) 638 (90.0) 102 (61.5) 553 (83.8)
Positive 22 (14.0) 71(10.0) 96 (48.5) 107 (16.2)
Recurrence 11(6.5) 29 (4.0) 22 (10.7) 42 (6.3 0.001
Follow-up duration (mo)* 36.79+23.97 39.49+21.57 35.95+20.33 31.18+20.66 0.001"

HER2 =human epidermal growth factor receptor 2; BMI=body mass index; EGFR = epidermal growth factor receptor.

*Mean + SD; "One way ANOVA.
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Supplementary Table 2. Trastuzumab efficacy for triple-positive breast
cancer in CMC data according to the stage

Stage RFS* p-value

| Log-rank (Mantel-Cox) Not assessed
Il Log-rank (Mantel-Cox) 0.738

Il Log-rank (Mantel-Cox) 0.356

CMC=Seoul St. Mary’s Hospital of the Catholic Medical Center; RFS=
recurrence-free survival.
*Kaplan-Meier survival analysis of RFS.

http://ejbc.kr

Sun Hyong You, et al.

https://doi.org/10.4048/jbc.2018.21.e53



Clinical Differences in Triple-Positive Breast Cancer Subtype

Stage | Stage Il
08 08
06 06
o Trastuzumab status " Trastuzumab status
(@] B Treat(-) (n=864) @) M Treat(-) (=932
m Treat(+) (=12) m Treat(+) (n=136)
04 04
02 Log-rank p=0.522 02 Log-rank p=0.072
0 1 1 1 1 1 O 1 1 1 1 1 1
25 50 75 100 125 20 40 60 80 100 120
Months Q Months e
Stage lll Stage IV
1.0 1.0
08 08
0.6 06
o Trastuzumab status » Trastuzumab status
o B Treat(-) (n=454) o B Treat(-) (1=47)
W Treat(+) (n=65) m Treat(+) (N=2)
04 r 04
02 Log-rank p=0.018 02 Log-rank p=0.155
0 1 1 1 1 1 1 O 1 1 1 1 1 1
20 40 60 80 100 120 20 40 60 80 100 120

Months G Months 0

Supplementary Figure 1. Efficacy of trastuzumab for human epidermal growth factor receptor 2 (HER2)-enriched breast cancer in the Korean Breast
Cancer Society cohort (2006-2010). Cases were staged according to the 7th edition of the American Joint Committee on Cancer staging system for
breast cancer. Overall survival (OS) was estimated using Kaplan-Meier survival analysis. (A) Stage |, (B) stage I, (C) stage lll, and (D) stage IV.
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