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Abstract

Background: ER+HER2+ breast cancer requires most types of systemic therapies
perioperatively. However, treatment resistance is often experienced. The current study
investigated the predictive and prognostic value of intratumoral heterogeneity and con-
ventional clinicopathological factors in patients with ER+HER2+ breast cancer.
Methods: This research included two patient cohorts with ER+HER2+ breast
cancer. Cohort A included patients who underwent surgery without neoadjuvant
chemotherapy (NAC). Cohort B comprised patients who received NAC followed by
surgery. Intratumoral heterogeneity was assessed via ER and HER2 double staining,
and the number of cells stained with different patterns of ER and HER2 was counted.
Results: In total, 11 of 92 tumors in cohort A and four of 45 tumors in cohort
B consisted exclusively of double-positive (ER+ and HER2+) cells (homogene-
ous). The rest had different combinations of cells (heterogeneous). The patho-
logical complete response (pCR) rates differed based on tumoral cell components
but not intratumoral heterogeneity. The pCR rate of tumors with ER—HER2+
cells but without HER2— cells was higher than that of others (45.5% vs 4.3%;
p =0.0013). Low ER and PgR Allred scores indicated better pCR rates than high
scores (p =0.0005 and 0.024, respectively). Multivariate analysis showed that the
ER Allred score and cell component of ER—HER2+ cells without HER2— cells
were independent predictors of pCR (p =0.0055 and 0.0081, respectively).

In cohort B, posttreatment Ki67, but not pCR, was a prognostic factor of DFS
and OS (p =0.028 and 0.017, respectively). The prognostic value of combined
posttreatment Ki67 and pCR was superior to that of either alone. Combined pCR
and posttreatment Ki67 had an independent prognostic value for DFS and OS
(p =0.0068 and 0.0101, respectively).

Conclusions: In ER+HER2+ breast cancer, the presence of ER—HER2+ cells with-
out HER2— cells was independently associated with pCR. Combined posttreatment
Ki67 and pCR can be more precise in predicting prognosis than pCR alone.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION

The intrinsic subtypes of breast cancer based on gene
expression profiling, as proposed by Perou et al., are cor-
related with treatment response and prognosis. Therefore,
they are useful in determining appropriate treatment
strategies.'™ In clinical practice, immunohistochemistry-
based estrogen receptor (ER)/progesterone recep-
tor (PgR)/human epidermal growth factor receptor 2
(HER2)/Ki67 examinations can be used to classify breast
cancer based on four major subtypes, which are useful for
treatment decision-making.®” ER+HER2+ breast cancer
requires systemic therapies, such as chemotherapy, anti-
HER?2 therapy, and endocrine therapy, perioperatively.® 3
However, patients often experience treatment resistance.

In the NeoSphere and NeoALTTO trials, patients with
HER2+ breast cancer received chemotherapy and anti-
HER2 therapy preoperatively. Results showed that the
hormone receptor-negative group had a higher pCR rate
than the hormone receptor-positive group.'*'* Therefore,
ER+HER2+ breast cancers are less sensitive to chemother-
apy plus anti-HER2 therapy than ER—-HER2+ cancers.

The intratumoral heterogeneity, in which the histology
of cancer differs spatially and temporally within the same
tumor, can cause treatment resistance.'®'” A comprehen-
sive genomic analysis of cancer using next-generation
sequencing has shown the heterogeneity of cancer with
genotypic and phenotypic diversity, which is associated
with treatment resistance and cancer recurrence and me-
tastasis.'®** ER + HER2+ tumors may contain mixed ER+
and HER2+ cancer cells at various proportions, which can
cause intratumoral heterogeneity. We hypothesized that
this can be a mechanism underlying treatment resistance.

The current study assessed intratumoral heterogeneity
by counting single cells via ER and HER2 double staining.
Further, the predictive and prognostic value of intratu-
moral heterogeneity and other conventional clinicopath-
ological factors in patients with ER+HER2+ breast cancer
was investigated.

2 | PATIENTS AND METHODS

2.1 | Patient cohorts

This is a retrospective observational study that in-
cluded two patient cohorts with ER+HER2+ breast can-
cer. Cohort A included patients without neoadjuvant

chemotherapy (NAC). The inclusion criteria were:
unilateral invasive breast cancer that received surgi-
cal removal between January 2008 and December 2011
and ER+HER2+ breast cancer. The exclusion criteria
were: preoperative systemic therapy administered and
incisional biopsy performed at other hospitals. By reas-
sessment of surgical specimen, no invasive cancer re-
maining, ER-negative cancer or HER2-negative cancer
were also excluded. Cohort B comprised patients who
received NAC. The inclusion criteria were: primary
breast cancer that received surgery between January
2009 and December 2013, stage I-I1II, HER2-positive
breast cancer, and NAC administered. The exclusion
criteria were: needle biopsy performed at other hospitals
and ER-negative breast cancer.

2.2 | Treatments

Patients with ER+HER2+ breast cancer were treated
based on the National Comprehensive Cancer Network
guidelines (Table S1).%

Neoadjuvant systemic therapy regimens comprised
four cycles of CEF (cyclophosphamide 500 mg/m?, epi-
rubicin 100 mg/m?, and 5-fuorouracil 500 mg/m?, q3w)
or six cycles of CAF (cyclophosphamide 500mg/m?
adriamycin 50mg/m? and 5-fuorouracil 500mg/m?
q3w), followed by four cycles of tri-weekly docetaxel
at a dose of 75mg/m? or 12cycles of weekly paclitaxel
at a dose of 80mg/m? Trastuzumab was concurrently
added to the taxane regimen. In adjuvant therapy, four
cycles of AC (adriamycin 60 mg/m?, cyclophosphamide
600 mg/m?, q3w) or four cycles of AC, followed by tax-
ane, were used.

2.3 | Histopathological examination

We selected tissue blocks with the largest invasive can-
cer foci in the surgical specimen of patients in cohort
A. ER, PgR, and HER2 immunohistochemistry, HER2
dual color in situ hybridization, and ER and HER2 dou-
ble staining were performed. Table S2 shows the anti-
bodies used. In ER/HER2 double staining, ER in the cell
nucleus was detected as a red signal and HER2 in the
cell membrane as a brown signal. This allowed the si-
multaneous evaluation of ER and HER?2 in a single cell.
We classified cancer cells into four types, which were
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as follows: ER+HER2— cells; ER+HER2+ cells; ER—
HER2+ cells; and ER—HER2- cells. We calculated the
percentage of each cell type by counting mostly at least
1000 cells. Biopsy specimens obtained prior to NAC and
surgical specimens collected after NAC from patients in
cohort B were used. Ki67 staining was performed based
on the report of the International Working Group on
Ki67 in Breast Cancer.”® The pathological response was
assessed as grade 0-3 according to the histopathologi-
cal criteria for the assessment of therapeutic response
in breast cancer by the Japanese Breast Cancer Society
(Table S3).%° pCR was defined as, regardless of the pres-
ence of in situ lesions, the disappearance of invasive
cancer nests in the breast.

2.4 | Follow-up and prognosis

We collected data on the characteristics of patients, such
as clinical findings, treatment, pathological factors, and
posttreatment follow-ups, from the medical records.

2.5 | Statistical analysis

Differences in clinicopathological characteristics between
the groups were assessed using the chi-square test for cat-
egorical variables.

The Kaplan-Meier curves were obtained, and the
log-rank test was applied to compare the survival dis-
tributions of two populations. p-values of <0.05 were
considered statistically significant. All statistical anal-
yses were performed using the JMP14 software (SAS
Institute).

(A)

Unilateral invasive breast cancer
(n=2,754)

[

ER-positive HER2-positive breast cancer
(n=165)

Exclusion(n=13)
* preoperative systemic therapy(n=61)
+ after incisional biopsy at other hospitals(n=2)

in pathological re-assessment using a new specimen,
* no invasive cancer nests(n=3)

* ER negative(n=3)

* HER2 negative(n=4)

ER-positive HER2-positive breast cancer cases included in the analysis
(n=92)

2.6 | Ethical statement

This study was approved by the institutional review board
and the ethical committee of the Japanese Foundation
for Cancer Research (IRB-2018-1100). Patients’ informed
consent was waived by the ethical committee since this
study was a retrospective investigation.

3 | RESULTS

3.1 | Heterogeneity in ER + HER2+
breast cancer

In total, 2754 patients had unilateral invasive breast
cancer and received surgery between January 2008 and
December 2011, of whom 165 had ER + HER2+ breast
cancer. Out of these patients, 61 patients with preopera-
tive systemic therapy, two patients who underwent inci-
sional biopsy at other hospitals, three patients without
evaluable invasive lesion in the surgical specimen, and
three and four patients with ER— and HER2— cancer,
respectively, on pathological reassessment were ex-
cluded. Hence, 92 patients were included in cohort A
(Figure 1A). For cohort B, 5314 patients with primary
breast cancer received surgery between January 2009
and December 2013, of whom 163 had stage I-III, HER2-
positive breast cancer that received NAC. Out of these
patients, 66 patients who underwent needle biopsy at
other hospitals before NAC and 52 patients with ER—
cancer were excluded. Thus, cohort B comprised 45 pa-
tients (Figure 1B).

Intratumoral heterogeneity was assessed by examining
the ER and HER?2 status of a single cell in each specimen

(B) Primary breast cancer
(n=5314)

I
Stage |- I HER2-positive breast cancer

with neoadjuvant systemic therapy(NST)
(n=163)

Exclusion(n=66)
needle biopsy prior to NST was
performed in another hospital

ER-positive HER2-positive breast cancer cases ER-negative HER2-positive
included in the analysis breast cancer cases
(n=45) (n=52)

FIGURE 1 Flowchart of patient inclusion. (A) Cohort A. (B) Cohort B.
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(Figure 2). Most tissues comprised at least two different
types of cells (heterogenous tumors). Meanwhile, only 11
(12%) of 92 tissues in cohort A and 4 (8.9%) of 45 tissues
in cohort B consisted exclusively of double-positive (ER+
and HER2+) cells (homogeneous tumors) (Figure 3A,B).
Two (2.2%) tumors in cohort A and none in cohort B did
not have double-positive cells. No significant differences
in clinicopathological characteristics according to intratu-
moral heterogeneity were observed in cohort A (Table 1).
Meanwhile, the clinical nodal status and axillary sur-
gery types differed between the two groups in cohort B
(Table 2).

FIGURE 2 ERand HER2 double
staining. ER in the nucleus is detected

as a red signal and HER2 on the cell
membrane is as a brown signal. (A) ER+
HER2— cells. (B) ER+ HER2+ cells. (C)
ER— HER2+ cells. (D) ER—HER2— cells.

(A)

Homogenous Hetero&cnous
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3.2 | Predictive factor of pCR in
ER + HER2+ breast cancer

The predictive value of intratumoral heterogeneity and
the other clinicopathological factors of pCR was exam-
ined in cohort B. First, the predictive value of intratu-
moral heterogeneity for pCR was assessed. Because the
statistical power was too low due to a small number in
the homogeneous group, the statistical analysis compar-
ing between homogeneous and non-homogeneous groups
was not performed but no clear association was observed
between intratumoral heterogeneity and pCR. Next, we
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FIGURE 3 Proportion of each cell type in individual patients. (A) Cohort A. (B) Cohort B.
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TABLE 1 Clinicopathological characteristics by intratumoral
heterogeneity in cohort A.

Age
Median (range)
Menopausal status
Premenopausal
Postmenopausal
Surgery type of breast
Partial mastectomy
Mastectomy

Surgery type of axilla

Sentinel lymph node

biopsy
Axillary dissection
pT stage
pT1
pT2
pT3
PN stage
pNO
pN1
pN2
pN3
pStage
IA
ITA
1IB
IITA
I1IB
IIIC
Histological subtype

Invasive ductal
carcinoma

Invasive lobular
carcinoma

Other special type
Nuclear grade
1
2
3
PgR
Negative
Positive
HER2
3+
2+
Lymphatic invasion
Negative

Positive

Homogenous
(%) (n =11)

54(45-67)

4(36.4)
7(63.6)

6 (54.5)
5(45.5)

8 (72.7)

3(27.3)

9 (81.8)
2(18.2)
0(0)

8 (72.7)
1(9.1)
1(9.1)
1(9.1)

7(63.6)
3(27.3)
1(9.1)
0 (0)

0 (0)
0(0)

11 (100)

1(9.1)
6 (54.5)
4(36.4)

8 (72.7)
3(27.3)

10 (90.9)
1(9.1)

9(81.8)
2(18.2)

TERUYA ET AL.
TABLE 1 (Continued)
Homogenous Heterogenous
Heterogenous (%) (n=11) (%) (n=81) pvalue
(%) (n=81)  pvalue Chemotherapy
No 5(45.5) 19(23.5) 0.23
53 (26-82) Yes 6 (54.5) 62 (76.5)
Anti-HER2 therapy
40 (49.4) 0.62 No 5(45.5) 18 (22.2) 0.28
41 (50.6) Yes 6 (54.5) 61 (75.3)
Unknown 0(0) 2(2.5)
43(53.1) 0.82 Endocrine therapy
38 (46.9) No 2(18.2) 5(6.2) 0.54
Yes 9(81.8) 75 (92.6)
50 (61.7) 0.71 Unknown 0(0) 1(1.2)
Radiotherapy
31(38.3) None 8(72.7) 55 (67.9) 0.98
Conserved breast 2(18.2) 20 (24.7)
61(75.3) 0.92 Chest wall and 1(9.1) 6(7.4)
19 (23.5) lymph node area
1(1.2)
investigated the predictive value of each cell component
52(64.2) 083 according to ER and HER2 status (Table 3). The pres-
24(296) ence of ER —HER2+ cells was associated with a good pCR
gy rate (30.6%). Meanwhile, the presence of ER+HER2—
L2 cells or ER —HER2— cells was correlated with poor pCR
rates (5.3% for ER+HER2—, 7.1% for ER—HER2-).
42(51.9) 0.68 Thus, the presence of HER2— cells have poor pathologi-
24(29.6) cal response. In fact, tumors with ER —HER2+ cells but
10(12.3) without HER2— cells had a good pCR rate (45.5%, 10/22)
4(4.9) (Table 4). Tables S4 and S5 depict the clinicopathological
0(0) characteristics of cohorts A and B, respectively, according
1(1.2) to cell component (presence of ER—HER2+ cells without
HER2- cells). In cohort B, the presence of ER—HER2+
76 (93.8) 0.89 cells and the absence of HER2— cells were associated with
a high pathological stage, negative PgR status, and HER2
2(2.5) protein expression of 3+ (Table S5).
Next, the association between conventional clinico-
3(3.7) pathological factors, including ER, PgR, HER2, and nu-
clear grade (NG), and pCR was examined. The cutoff
6 (7.4) 0.68 values of ER and PgR Allred scores were set at 7 and 5,
38 (46.9) respectively, based on the Youden index via receiver op-
37 (45.7) erating characteristic curve analysis. As shown in Table 4,
low ER and PgR Allred scores indicated better pCR rates.
44 (54.3) 0.406 Meanwhile, HER2 expression and NG were not associated
37 (45.7) with pCR. Then, multivariate analyses were performed. In
model A, factors with a p <0.05 in the univariate analy-
52.(64.2) 015 sis were included in the multivariate analysis. In model
29(35.5) B, pathological stage and HER2 protein expression were
further included to adjust for pathological stage, PgR sta-
tus, and HER2 expression, which were associated with
:Z 22’:; 0297 cell component in cohort B (Table S5). Logistic regres-

sion analysis showed that the ER Allred score and cell
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TABLE 2 Clinicopathological characteristics in cohort B.

Homogenous, Heterogeneity,

(%) n=4 n =41 (%) p value
Age
Median (range) 55(53-74) 53 (31-67)
Menopausal status
Premenopausal 0(0) 17 (41.5) 0.274
Postmenopausal 4 (100) 24 (58.5)
Clinical T category at diagnosis
T1 1(25) 5(12.2) 0.959
T2 2(50) 25 (61)
T3 0(0) 8(19.5)
T4 1(25) 3(7.3)
Clinical N category at diagnosis
NO 2 (50) 1(2.4) 0.00959
N1 2 (50) 25 (61)
N2 0(0) 1(2.4)
N3 0(0) 14 (34.1)
Stage
II 3(75) 20 (48.8) 0.633
11 1(25) 21(51.2)
Surgery type of breast
Partial mastectomy 0(0) 10 (24.4) 0.624
Mastectomy 4(100) 31 (75.6)
Surgery type of axilla
Sentinel lymph node 2 (50) 1(2.44) 0.035
biopsy
Sampling 0(0) 1(2.44)
Axillary dissection 2 (50) 39(95.1)
Histological subtype
Invasive ductal 4(100) 39 (95.1) 0.413
carcinoma
Special type 0(0) 2(4.8)
Nuclear grade
1 2(50) 13 (31.7) 0.865
2 1(25) 10 (24.4)
3 1(25) 18 (43.9)
PgR
Negative 0(0) 24 (58.5) 0.086
Positive 4 (100) 17 (41.5)
HER2
3+ 4(100) 32(78) 0.694
24 0(0) 9(22)
Ki67 at baseline
Median (range) 41.3(27-49.4) 35.7 (4-80.3)
Anti-HER2 drug
Yes 4(100) 41 (100)
Pathological tumor response Grade
0 55(53-74) 53 (31-67) 0.274
la 0(0) 17 (41.5)
1b 4(100) 24 (58.5)
2a 1(25) 5(12.2)
2b 2 (50) 25(61)
3 00 8(19.5) (Continues)
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TABLE 2 (Continued)

Homogenous, Heterogeneity,

(%) n=4 n=41(%) p value
Posttreatment Ki67
Median (range) 6.3 (0-35.5) 5.8 (0-85.6)
TABLE 3 Cell component and pCR.
pCR
Cell component pCR non-pCR rate (%)
ER+HER2+ 11 34 24.4
ER+HER2— 1 18 5.3
ER—-HER2+ 11 25 30.6
ER -HER2—- 1 13 7.1

component were independent predictors of pCR in model
A (p = 0.0055 and 0.0081, respectively). In model B, cell
component of ER—HER2+ cells without HER2— cells
were an independent predictor of pCR even after adjust-
ing for pathological stage, PgR status, and HER2 protein
expression (p = 0.0098).

3.3 | Prognostic analysis of ER+ HER2+
breast cancer

The prognostic values of clinicopathological factors in
both cohorts were analyzed. In cohort A, none of the
factors, including pT, pN, ER, PgR, HER2, NG, and cell
component, had a prognostic significance on DFS or OS
(Table 5). Because the statistical power was too low due
to a small number in the homogeneous group, the sta-
tistical analysis comparing between homogeneous and
non-homogeneous groups was not performed. In co-
hort B, the aforementioned factors, including cell com-
ponent, were not correlated with DFS. Meanwhile, cN
and HER2 were associated with OS. In this cohort where
patients received NAC, pCR was not associated with
either DFS or OS. However, posttreatment Ki67 was a
prognostic factor of both DFS and OS (Figure 4A,B,
Table 5). If pCR and posttreatment Ki67 were combined,
patients with either pCR or a posttreatment Ki67 of
<15% had a significantly better DFS and OS than those
without (p = 0.0036 and 0.0026, respectively; Figure 4C).
Combined pCR and posttreatment Ki67 had a superior
association with survival to either pCR or posttreat-
ment Ki67 alone (Table 5). Factors with a p <0.1 in the
univariate analyses were included in the multivariate
analysis in which ccombined pCR and posttreatment
Ki67, but not posttreatment Ki67 alone, was included.
Results showed that combined pCR and posttreatment
Ki67 had an independent prognostic value for DFS and
OS (p = 0.0068 and 0.0101, respectively).
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Chi Multivariate logistic

TABLE 4 Clinicopathological factors

. and pCR.
Non. pCR square regression
PCR PCR rate p value Model A Model B
Clinical T
T1-2 8 25 24.2% 0.96 — —
T3-4 3 9 25.0%
Clinical N
NO 0 3 0% 0.19 = =
N1-3 11 31 26.2%
Stage
I 4 19 17.4% 0.26 - 0.46
11T 7 15 31.8
ER Allred Score
>7 2 26 7.1% 0.0005 0.0055 0.0071
<6 9 8 52.9%
PgR Allred Score
>5 2 19 9.5% 0.024 0.11 0.12
<4 9 15 37.5%
HER2
2+ 1 8 11.1% 0.27 = 0.30
3+ 10 26 27.8%
NG
1,2 8 18 30.8% 0.24 — —
3 3 16 15.8%
NG
1,2 8 18 30.8% 0.24 == ==
3 3 16 15.8%
Cell component
ER—-HER2+ 10 12 45.5% 0.0013 0.0081 0.0098
without
HER2—-
Others 1 22 4.3%

Note: Statistically significant p values are shown in bold.

4 | DISCUSSION

The current study examined intratumoral heterogene-
ity via ER and HER2 double staining to simultaneously
validate the expression of ER and HER2. Results showed
that cell component, rather than intratumoral heteroge-
neity, affected response to NAC. Further, the presence of
ER—HER2+ cells and the absence of HER2— cells indi-
cated good pathological response even after adjusting for
factors associated with cell component, which included
pathological stage, PgR status, and HER2 protein expres-
sion. This result might be understandable considering
that ER— tumors have higher pCR rates than ER+ tumors
among patients with HER2+ breast cancers in clinical tri-
als' and that HER2+ tumors respond better to NAC (plus

trastuzumab) than HER2— tumors.*” Currently, the omis-
sion of breast surgery after NAC is being tested for patients
with good response to NAC in clinical trials.”® Therefore,
determining the cell components of ER+HER2+ breast
cancer tumors can be useful if surgical omission is applied
after the validation of our study results.

Previous studies have reported an association between
intratumoral heterogeneity and treatment response,'®
which was not shown in this study. Most of the previous
studies used genetic analyses to see heterogeneity but this
study used the expression of two markers, ER and HER2,
and, thus, the biological meanings of heterogeneity can
be different. In addition, the number in the homogeneous
group was very small in this study, which made it difficult
to make a reasonable comparison between homogeneous
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TABLE 5 Prognostic analysis of ER-positive HER2-positive breast cancer.

Univariate (log rank test)

Univariate (log rank test)

DFS (p value) OS (p value)
Cohort A
pT T1vs T2-3 0.71 0.94
PN NOvs N1-3 0.86 0.47
ER >7vs <6 0.50 0.70
PgR >5vs <4 0.92 0.15
HER2 2+ vs 3+ 0.81 0.72
NG 1,2vs3 0.81 0.56
Cell component ER— HER2+ without HER2— vs others ~ 0.47 0.93

Multivariate (Cox regression)

DFS (p value) OS (p value) DFS (p value) OS (p value)
Cohort B (NAC cohort)
cT T1-2vs T3-4 0.065 0.105 0.073 —
cN NOvs N1-3 0.13 0.019 — 0.058
ER >7 vs <6 0.43 0.95 — —
PgR 25vs <4 0.13 0.53 — —
HER?2 2+ vs 3+ 0.17 0.018 — 0.0221
NG 1,2vs3 0.36 0.33 — —
Cell component ER— HER2+ without 0.17 0.078 — 1.0
HER2- vs others
pCR PCR vs non-pCR 0.18 0.31 — -
Post Ki67 <15% vs others 0.028 0.017 — -
PCR +post Ki67 pCR or post Ki67 <15% vs 0.0036 0.0026 0.0068 0.0101
others

Note: Statistically significant p values are shown in bold.

and heterogeneous groups. Further research is needed to
clarify the clinical value of heterogeneity assessed by the
method in this study.

In this study, pCR was not a prognostic factor of
ER+HER2+ breastcancer, and posttreatment Ki67 was as-
sociated with DFS and OS. The prognostic impact of pCR
differs based on breast cancer subtype. A meta-analysis of
HER2+ breast cancer showed that the difference in sur-
vival between patients with pCR and those without was
greater in hormone receptor-negative breast cancer than
in hormone receptor-positive breast cancer (hormone
receptor-negative: HR, 0.29 [95%PI, 0.24-0.36], hormone
receptor-positive: HR, 0.52 [95%P]I, 0.4-0.66]).%° Another
pooled analysis reported a similar result.”” This may ex-
plain, to some extent, our result showing that pCR had
no prognostic impact in ER+HER2+ breast cancer, with
consideration of our small sample size. Posttreatment
Ki67 has an impact on survival.’** Furthermore, pa-
tients with hormone receptor-positive breast cancer who
achieved a posttreatment Ki67 of <15% has been reported
to have a favorable DFS, which is comparable with that

of patients who achieved pCR. However, this finding was
not observed in patients with hormone receptor-negative
breast cancer.*! Thus, the prognostic impact of posttreat-
ment Ki67 also differs based on breast cancer subtype,
and it is greater in hormone receptor-positive breast can-
cer. Our results showed that a combined analysis of post-
treatment Ki67 and pCR could provide better surrogacy
for survival than pCR alone in ER + HER2+ breast can-
cer. Thus, posttreatment Ki67 and pCR, rather than pCR
alone, can achieve a more accurate prognostic prediction
of ER+HER2+ breast cancer. Nevertheless, future clini-
cal trials should be conducted to validate this notion.

The current study had several limitations. First, the
sample size, particularly in cohort B, was small. Thus, our
results, including those of the prognostic analyses, should
be interpreted with caution. Second, the assessment of
cell components was not simple, and hundreds of single
cells should be counted cautiously. However, artificial in-
telligence has been making a significant advancement in
image analyses and can be useful for the assessment of
cell components in ER+HER2+ breast cancer.
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FIGURE 4 Survival analyses in cohort B. (A) Survival curves according to pathological response. (a) DFS: disease-free survival, (b) OS:

overall survival. (B) Survival curves according to posttreatment Ki67. (a) DFS: disease-free survival, b) OS: overall survival. (C) Survival

curves according to combined pathological response and posttreatment Ki67. (a) DFS: disease-free survival, (b) OS: overall survival.

5 | CONCLUSION

In ER+HER2+ breast cancer, cell component influenced
treatment response. That is, the presence of ER—-HER2+
cells and the absence of HER2— cells were associated with
a good pCR rate. Furthermore, combined posttreatment
Ki67 and pCR can be more precise in predicting progno-
sis than pCR alone. However, a larger prospective study
should be conducted to validate these results.
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