The Breast 67 (2023) 1-7

BREAST

Contents lists available at ScienceDirect

The Breast

journal homepage: www.journals.elsevier.com/the-breast

ELSEVIER

t.)

Check for

Comparison of clinicopathological characteristics and response to ol
neoadjuvant chemotherapy between HER2-low and HER2-zero
breast cancer

Shuling Zhou™"", Ting Liu®', Xiaying Kuang®, Tiantian Zhen , Huijuan Shi®, Ying Lin ™,

Nan Shao®

@ Department of Breast Surgery, The First Affiliated Hospital, Sun Yat-sen University, 58 Zhong Shan Er Lu, Guangzhou, 510080, China
b Laboratory of Surgery, The First Affiliated Hospital, Sun Yat-sen University, 58 Zhong Shan Er Lu, Guangzhou, 510080, China
¢ Department of Pathology, The First Affiliated Hospital, Sun Yat-sen University, 58 Zhong Shan Er Lu, Guangzhou, 510080, China

ARTICLE INFO ABSTRACT

Keywords:

HER2-low breast cancer
Neoadjuvant chemotherapy
Pathological complete response

Novel anti-HER2 antibody-drug conjugates trastuzumab deruxtecan (DS-8201a) showed its effect in previously-
treated HER2-low metastatic breast cancer, suggesting a promising future in HER2-low breast cancer. We
retrospectively reviewed the clinicopathological data of 325 patients with stage I-III HER2 negative breast
cancer who received neoadjuvant chemotherapy in the First Affiliated Hospital of Sun Yat-sen University from
January 2016 to June 2021. In general, 91 patients (28.0%) were HER2-zero, and 234 patients (72.0%) were
HER2-low. The pathological complete response (pCR) rate of the entire cohort was 17.3%. The pCR rate was
16.7% in HER2-low group, and 18.9% in HER2-zero group, showing no significant difference. Patients with
HER2-low tumors had significantly longer overall survival (OS) than patients with HER2-zero tumors. ER status
was the affecting factor of OS in HER2-low patients in both univariate and multivariate analysis. In conclusion,
evidence for HER2-low BC as a distinct entity is insufficient, and more efforts are needed to standardize the
scoring of HER2-low breast cancer.

Survival

1. Introduction

In the era of precision medicine, human epidermal growth factor
receptor 2 (HER2) is an important therapeutic and prognostic biomarker
of breast cancer (BC), which is positive in 15%-20% of BC [1].
Anti-HER2 targeted therapy, including monoclonal antibodies, tyrosine
kinase inhibitor (TKI), and antibody-drug conjugates (ADC) targeting
HER2, has brought dawn to HER2 positive patients [2-6], while HER2
negative breast cancer patients failed to benefit from traditional
anti-HER2 treatment in clinical practice [7]. With the emergence of ADC
targeting HER2 and the release of the result of DESTINY-Breast 04
(ClinicalTrials.gov Identifier: NCT03734029) study [8], we begin to pay
more attention to HER2-low breast cancer.

The expression of HER2 is generally detected by immunohisto-
chemistry (IHC), combined with in situ hybridization (ISH) to detect the
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amplification of ERBB2 gene. According to American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP) Clinical
Practice Guideline, HER2 positive is defined as HER2 IHC result of 3+,
or 2+ with ISH detected ERBB2 gene amplification [9]. The widely
accepted definition of HER2-low was HER2 IHC 1+ or 2+ with negative
ISH results [10-16]. Studies have shown that HER2-low breast cancer
accounted for 45%-55% of all breast cancer [17]. HER2-low patients
can’t benefit from conventional HER2-targeted drugs such as trastuzu-
mab and pertuzumab [7,18,19]. However, the results of DESTINY-Breast
04 showed that previously-treated HER2-low metastatic breast cancer
patients treated with trastuzumab deruxtecan (DS-8201a), an ADC drug
targeting HER2, had longer progress-free survival (PFS) and overall
survival (OS) compared with patients treated with chemotherapy of
physicians’ choice [8]. There are several ongoing clinical trials
comparing DS-8201a with the standard regimen in HER2-positive early
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i 372 stage |-l HER2 negative (i.e., IHC 0, 1+ or 2+ and !
! FISH non-amplified) breast cancer patients receiving !
NACT in FAHSYSU were screened H

" Occult breast cancer (n=2)and )
bilateral breast cancer (n=15)
. were excluded

Patients who received only i
neoadjuvant endocrine therapy «———
_ were excluded (n =6) :

Cases lacking pathological IHC
results were excluded (n = 6)

A total of 325 cases of stage |-l HER2 negative breast
cancer receiving NACT were included, including 211 cases
of HER2 low positive BC and 114 cases of HER2 zero BC.

Fig. 1. Flow chart of case inclusion and exclusion. NACT: neoadjuvant
chemotherapy; FAHSYSU: the First Affiliated Hospital of Sun Yat-sen Univer-
sity; IHC: immunohistochemistry; BC: breast cancer.

Table 1
Clinicopathological parameters of included patients divided by HER2 status.
Variable HER2-low HER2-zero Overall P
(n = 234) (n=91) (n = 325)
Age (median 47.0 [40.0, 46.0 [38.0, 46.0 [40.0, 0.6457t
[IQR]) 53.0] 54.0] 53.0]
HR Status (%).
Negative 87 (37.2) 54 (59.3) 141 (43.4) 0.0005:
Positive 147 (62.8) 37 (40.7) 184 (56.6)
Grading (%).
Grade [ 19 (8.1) 1(1.D 20 (6.2) 0.0048 x
Grade II 105 (44.9) 29 (31.9) 134 (41.2)
Grade III 55 (23.5) 31 (34.1) 86 (26.5)
Missing 55 (23.5) 30 (33.0) 85 (26.2)
T stage (%).
cT1 10 (4.3) 6 (6.6) 16 (4.9) 0.7413
cT2 130 (55.6) 54 (59.3) 184 (56.6)
cT3 57 (24.4) 17 (18.7) 74 (22.8)
cT4 33 (14.1) 13 (14.3) 46 (14.2)
Missing 4(1.7) 1(1.D 5(1.5)
N stage (%).
cNO 33 (14.1) 13 (14.3) 46 (14.2) 0.8319
cN1-3 198 (84.6) 76 (83.5) 274 (84.3)
Missing 3(1.3) 2(2.2) 5(1.5)
Clinical Stage (%).
1 2(0.9) 1(1.1) 3(0.9) 0.4708
2 88 (37.6) 37 (40.7) 125 (38.5)
3 140 (59.8) 49 (53.8) 189 (58.2)
Missing 4(1.7) 4(4.4) 8(2.5)
Histological Type (%).
No special type 6 (2.6) 4(4.49) 287 (88.3) 0.5166
Invasive lobular 206 (88.0) 81 (89.0) 10 (3.1)
Other 22 (9.4) 6 (6.6) 28 (8.6)
AR status (%).
Positive 115 (49.1) 49 (53.8) 76 (23.4) 0.4569
Negative 59 (25.2) 17 (18.7) 164 (50.5)
Missing 60 (25.6) 25 (27.5) 85 (26.2)
Ki67 status (%).
<20% 67 (28.6) 15 (16.5) 82 (25.2) 0.0072
20.1%-30.0% 40 (17.1) 8(8.8) 48 (14.8)
>30% 126 (53.8) 68 (74.7) 194 (59.7)
Missing 1(0.4) 0 (0.0) 1(0.3)

Data are described as n (%) or median [IQR]. {Mann-Whitney test for continuous
data. {Fisher’s exact test for data with 2 categories. % y? test for data with more
than two categories. HR: hormone receptor; AR: androgen receptor.

The Breast 67 (2023) 1-7

—— 7:;;

HER2-zero, HR-positive
n=37, 11.4%

HER2-low, HR-positive
n=147,45.2%

HER2-low, HR-negative
n=87, 26.8%

Fig. 2. Distribution of HER2 negative patients based on HR and HER2 status.

breast cancer (DESTINY-Breast 05 and DESTINY-Breast 11), and clinical
trials concerning early-stage HER2-low breast cancer are still recruiting
(ClinicalTrials.gov Identifier: NCT05165225). With more and more ADC
drugs targeting HER2 in breast cancer being researched and developed
[15], whether HER2-low breast cancer is a real entity worth researching
and discussing.

Studies about HER2-low patients treated with neoadjuvant chemo-
therapy (NACT) were rarely reported. The current retrospective studies
[20-22] on HER2-low breast cancer’s response to NACT had different
reports about pathological complete response (pCR) rate and survival,
therefore, we reviewed data from our center. The purpose of this article
is to compare the differences in clinicopathological characteristics, pCR
rate, and survival of HER2-low and HER2-zero BC.

2. Materials and methods
2.1. Cohort and study design

We included a retrospective cohort consisting of patients with early
HER2-negative BC who were treated in the First Affiliated Hospital of
Sun Yat-sen University (FAHSYSU) from January 2016 to June 2021
(Fig. 1). All patients were treated with anthracycline- and taxane-based
NACT before surgery and pCR was used to measure response to NACT.
The included patients with HER2-negative BC were divided into HER2-
low (defined as HER2 IHC1+ or IHC2+ with negative FISH detection)
[10-16] and HER2-zero (defined as HER2 IHCO) groups for further
analysis.

2.2. Patient characteristics

Hormone receptor (HR) positive was defined as estrogen receptor
(ER) and/or progesterone receptors (PR) expressing cells percentage
>10% by IHC. Androgen receptor (AR) positive was defined as AR
expressing cells percentage >80% by IHC [23]. Evaluation of the staging
was based on the 8th edition American Joint Committee on Cancer
(AJCC) Cancer Staging Manual.

2.3. Treatment protocols

NACT regimens received in this study were based on anthracycline
and paclitaxel. The operation mode was determined based on the actual
condition and wishes of patients, including but not limited to modified
radical mastectomy, breast-conserving surgery, etc.
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Fig. 3. The pCR rate in HER2-low and HER2-zero
breast cancer. Stratified analyses according to
different HR, ER, and AR status showed similar pCR
rates between HER2-low and HER2-zero patients (p >
0.1). Caption: Hormone receptor positive was defined
as estrogen receptor (ER) and/or progesterone recep-
218 tor (PR) expressing cells percentage >10% by IHC. ER
positive was defined as ER expressing cells percentage
>10% by IHC. AR positive was defined as AR
expressing cells percentage >80% by IHC. Intra-group
differences in pCR rate were analyzed using the chi-
square test. No significant difference was found in
each group.
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2.4. Outcomes and follow-up

Pathological complete response was defined as absence of invasive
disease in breast and lymph nodes as shown by hematoxylin-eosin
staining after NACT (i.e., pTO/pTis pNO) [24]. The adapted survival
indicators were overall survival (OS) and disease-free survival (DFS). OS
was defined as the time from the date of first admission to the hospital to
the date of death (any causes). DFS was defined as the time from the date
of first admission to the hospital to the date of event defined as the first
documented relapse or metastasis of the disease.

2.5. Statistical analysis

We used R 4.2.1 and SPSS 27.0.0 software for statistical analysis. The
continuous data were described as median [IQR], and Mann Whitney’s
test was used for inter group comparison of quantitative data. Cate-
gorical data were described as n (%), and Fisher’s exact test or chi square
test were used for comparison between groups. Chi square test was used
to compare the pCR rates between the HER2-low and HER2-zero groups.
Factors influencing pCR rate of NACT were analyzed by logistic
regression. The survival probability was described by Kaplan-Meier
method. The survival between HER2-low patients and HER2-zero pa-
tients was compared by log-rank test. Cox proportional hazard model
analysis was performed to analyze prognostic factors in the whole
cohort, HER2-low patients, and HER2-zero patients.

3. Result

3.1. Clinicopathological characteristics between HER2-low and HER2-
zero BC patients

Of the 325 women eligible for the present study (Fig. 1), 91 patients
(28.0%) were HER2-zero, and 234 patients (72.0%) were HER2-low,
among which there were 118 patients (50.4%) with HER2 IHC1+ and
116 patients (49.6%) with HER2 IHC2+/FISH non-amplified. The clin-
icopathological characteristics were shown in Table 1. One hundred and
forty-seven cases were HR positive among the HER2-low population (n
= 234), accounting for 62.8%, while 37 cases were HR-positive among
HER2-zero patients (n = 91), accounting for 40.7% (p < 0.001). The
distribution of patients based on the HER2 expression and HR status was
shown in Fig. 2. The proportion of HER-low increased as ER and AR
expression got higher (p < 0.001) (Supplementary Fig. 1).

Most of the HER2-low tumors were grade I and II, lower than that of
the HER2-zero population (p < 0.01). Ki-67 expression level in HER2-
low breast cancer was significantly lower than that in the HER2-zero
population (p < 0.01). As for age, AR status, clinical stage, and histo-
logical type, no significant difference between the HER2-low and the
HER2-zero groups were found.

3.2. Efficacy of neoadjuvant chemotherapy between HER2-low and
HER2-zero BC patients

Among the 318 cases eligible to evaluate response to NACT, the pCR
rate of the entire cohort, the HER2-low group, and the HER2-zero group
was 17.3%, 16.7%, and 18.9%, respectively, showing no significant
difference between the two groups (p = 0.374, Fig. 3). Stratified ana-
lyses according to different HR, ER, and AR status showed similar pCR
rates between HER2-low and HER2-zero patients (p > 0.1, Fig. 3).

The HER2-low status was not significantly associated with pCR (OR
= 0.859, 95% CI: 0.456-1.616, p = 0.637, Table 2). The factors that
affected pCR rate in HER2 negative patients included ER/PR status, Ki-
67, AR status, and T stage. After adjusting confounding factors, PR status
(OR = 0.251, 95% CI: 0.069-0.907, p = 0.035), AR status (OR = 0.256,
95% CI: 0.070-0.937, p = 0.040), and lymph node (LN) status (OR =
0.325, 95% CI: 0.112-0.943, p = 0.039) remained significantly associ-
ated with pCR in HER2-negative patients.

ER/PR status, AR status, Ki67, and N stage were the significant
influencing factors of pCR in the HER2-low group, while in the HER2-
zero group, only PR was the significant influencing factor of pCR, but
none of the above factors were statistically significant after adjusting
confounding factors (Table 2).

3.3. Survival analysis

The median follow-up time was 29.3 months (IQR: 25.5-33.1). In
general, we detected 49 locoregional and distant recurrences (28 cases
in HER2-low group and 18 cases in HER2-zero group) and 29 death
events (13 cases in HER2-low group and 16 cases in HER2-zero group).
The 3-year overall survival (OS) and disease-free survival (DFS) rate of
the included patients was 89.1% (95% CI: 85.0%-93.2%) and 82.0%
(95% CI: 76.7%-87.3%), respectively.

Patients with HER2-low BC had a significantly longer OS than pa-
tients with HER2-zero BC, and the effect of HER2 status was quantified
in the univariate and multivariate COX regression analysis (HR = 0.302,
95% CI: 0.144-0.631, p = 0.001, Fig. 4, Table 3). HER2-low patients had
a longer DFS than HER2-zero patients but with no statistical difference
(HR = 0.573, 95% CI: 0.317-1.038, p = 0.066). Stratified analyses ac-
cording to ER and AR status is shown in Supplementary Figs. 2-4. The
OS advantage of HER2-low over HER2-zero remained significant in ER-
negative patients (p = 0.046) and AR-negative patients (p = 0.005).
HER2-low status has no significant impact on DFS in patients with
different ER and AR status.

We further investigated the prognostic factors in HER2-low and
HER2-zero patients (Table 3). For OS, ER-positive status was the only
factor affecting survival in HER2-low patients (p = 0.012), and the
significance remained after adjusting confounding factors (HR = 0.082,
95% CI: 0.013-0.533, p = 0.009). Both ER-positive status (HR = 0.197,
95% CI: 0.045-0.866, p = 0.032) and PR-positive status (HR = 0.221,
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Table 2

Logistic analysis of pCR in HER2-low and HER2-zero patients.

Overall (n = 318)

HER2 zero (n = 89)

HER2-low (n = 236)

univariate analysis multivariate analysis univariate analysis multivariate analysis

multivariate analysis

univariate analysis

OR (95% CI)

p

OR (95% CI)

p

OR (95% CI)

p

OR (95% CI)

p

OR (95% CI)

p

OR (95% CI)

1.038(0.460-2.339) 0.929

0.637

0.859(0.456-1.616)

HER2 status

low vs zero
ER status

0.000 0.736(0.185-2.927) 0.664  0.441(0.115-1.386) 0.186 3.494(0.452-27.007)  0.231  0.245(0.126-0.458) 0.000  1.187(0.391-3.599) 0.762

0.193(0.086-0.404)

positive vs negative

PR status

0.000  0.289(0.059-1.412) 0.125 0.214(0.032-0.837) 0.051 0.169(0.018-1.577) 0.119  0.186(0.082-0.377) 0.000  0.251(0.069-0.907) 0.035

0.175(0.068-0.396)

positive vs negative

Ki-67

0.003  3.778(0.775-18.429)  0.100  3.797(0.681-71.344)  0.214 0.803(0.045-14.229)  0.881  7.348(2.601-30.806)  0.001 2.935(0.774-11.137)  0.113

9.216(2.695-57.839)

>20% vs < 20%

0.067  0.193(0.010-1.108) 0.128 0.150(0.007-3.004) 0.215  0.142(0.034-0.413) 0.002  0.256(0.070-0.937) 0.040

0.231(0.048-1.106)

0.007

0.128(0.020-0.454)

AR status

positive vs negative

LN status

0.057 0.325(0.112-0.943) 0.039

0.487(0.236-1.054)

0.016  0.300(0.083-1.083) 0.066  1.230(0.284-8.547) 0.803

0.352(0.152-0.852)

N1-3 vs NO

T stage

0.584(0.120-2.858) 0.507

0.024

0.190(0.030-0.643)

0.713

0.739(0.107-3.147)

0.988

T4 vs T1-3

Age

0.066
0.812

0.973(0.944-1.002)

0.266

0.973(0.924-1.021)

0.151
0.834

0.974(0.938-1.010)

0.883(0.340-2.746)

0.397

0.462(0.082-3.548)

1.147(0.360-5.103)

Histological type
NST vs Other

0.513

0.467(0.023-3.475)

0.993

0.921

1.133(0.050-11.414)

Histological type

Invasive lobular vs Other

OR: odds ratio; ER: estrogen receptor; PR: progesterone receptor; AR: androgen receptor; NST: no special type.
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95% CI: 0.050-0.975, p = 0.046) associated with better OS in HER2-zero
patients, but the significance lost in multivariate analysis. For DFS, ER
status (HR = 0.432, 95% CI: 0.205-0.911, p = 0.027), T stage (p =
0.042), and AR status (HR = 0.224, 95% CI: 0.052-0.967, p = 0.045)
were prognostic factors in HER2-low patients, and T stage (HR = 4.126,
95% CI: 1.375-12.378, p = 0.011) remained a prognostic factor in
multivariate analysis, while no factors were identified associated with
DFS in HER2-zero patients.

4. Discussion

In the current clinical practice, HER2-low BC is classified either as
HR-positive BC or TNBC, and the presence of low HER2 expression is not
considered a factor in treatment decision-making. However, with the
emergence of novel anti-HER2 ADC, the treatment paradigm for HER2
negative BC would be shifted. Previous studies have revealed that HER2-
low BC could be a new disease entity with distinct clinical and biological
characteristics. More data concerning HER2-low BC were warranted to
discover its unique biology. In this study, we included a total of 325
patients with stage I-III HER2 negative BC in our center. All the patients
were treated with anthracycline- and taxane-based NACT followed by
breast surgery. Of them, 234 patients (72%) were HER2-low, 91 patients
(28%) were HER2-zero, and the proportion of HER2-low and HER2-zero
BC was similar to some of the previous reports [25-27]. The proportion
of HER2-low BC was different from other studies [28,29]. We found that
HER2-low BC was associated with higher proportion of positive HR
status, lower tumor grade, and lower Ki-67 expression levels compared
with HER2-zero BC. Though not predictive of pCR rates after NACT,
HER2-low status was an independent prognostic factor for OS and
associated with better survival in HR-negative patients. Distinct prog-
nostic factors were identified in HER2-low patients. Overall, our study
provided new evidence about HER2-low BC, which may be less likely a
unique disease entity.

Our data showed that about two-thirds of HER2-low patients were
HR-positive, while only 40.7% of the HER2-zero tumors were HR-
positive, which was concordant with previous reports [30,31]. Pa-
tients with HER2-low BC tend to have lower histological grades and
lower Ki-67 expression, according to our analysis. Denkert et al. [21]
reported similar characteristics and supplemented that HER2-low BC
carried a reduced number of TP53 mutations compared with HER2-zero
tumors. More evidence is needed to support HER2-low as a distinct
biological entity.

The pCR rate from our center showed no difference between HER2-
low and HER2-zero patients, concordant with logistic regression anal-
ysis indicating that HER2-low status was not predictive for pCR. Simi-
larly, Domergue et al. [22] and Leite et al. [20] showed that the pCR rate
of NACT was not significantly different between HER2-low and
HER2-zero groups. However, a pooled analysis of four prospective,
neoadjuvant clinical trials (GeparSepto, NCT01583426; GeparOcto,
NCT02125344; GeparX, NCT02682693; Gain-2 neoadjuvant,
NCT01690702) [21] demonstrated that HER2-low tumors had a signif-
icantly lower pCR rate than HER2-zero tumors, pCR rate being 29.2%
(321/1098) and 39.0% (473/1212), respectively. The discrepancy in
PCR rate may be partly due to the different regimens used in those
studies. Whether novel anti-HER2 ADC could be used in HER2-low tu-
mors in the context of NACT to improve pCR rate is worth further
research.

According to our data, HER2-low tumors had a significantly longer
OS than HER2-zero tumors. Survival differences between HER2-low and
HER2-zero BC varied across studies. Single-center studies such as Xu HC
et al. [32] and Zhang GC et al. [30] detected no significant difference in
DFS and OS between the two groups, and Rosso et al. [33] reported
longer OS in HER2-low tumors compared with HER2-zero. Multicenter
studies [28,29] about early HER2-negative breast cancer from Asia
demonstrated better outcomes in HER2-low tumors than HER2-zero
tumors. Patients with HER2-low tumors were associated with a higher
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Fig. 4. Kaplan-Meier’s survival curve of HER2-low and HER2-zero patients. P values are from the stratified log-rank test and Cox regression.

frequency of luminal disease, more grade I/II tumors, and a lower
expression of Ki-67, which suggested a less aggressive characteristic
than HER2-zero tumors that may explain the survival benefit in
HER2-low patients. Further basic research was warranted to investigate
the biology of HER2-low BC.

The proportion of HER-low BC increased as the ER or AR expression
got higher in our research, suggesting that HER2-low BC may have
interaction with the signal pathway of ER and AR. Expression of HER2
and its downstream pathway such as MAPK may have crosstalk with ER-
mediated tumor cell regulation [34]. Furthermore, the androgen re-
ceptor pathway may be a potential target in triple-negative breast can-
cer, and there are literatures providing biological insight into the
luminal androgen receptor (LAR) subtype of TNBC. Jiang YZ et al. [35]
represented 4 transcriptome-based subtypes in TNBC and pointed out
that the LAR subtype was highly prevalent in Asian women and was
enriched with ERBB2 mutation. We found that pCR rate of AR negative
tumor (22.6%) was significantly higher than AR positive tumor (4.0%)
(p < 0.001), regardless of HER2 status or ER status, and AR status was
found to be associated with pCR and DFS in the entire cohort and
HER2-low tumors, but not in HER2-zero tumors (Tables 2 and 3). When
classifying our patients based on ER status and AR status, patients with
ER-/AR + tumors had longer DFS than other groups (Supplementary
Fig. 4), which is concordant with previous report [23]. The clinical role
of AR in the HER2-low BC needs further study.

5. Conclusion

In conclusion, our study suggests that there was no significant dif-
ference in the pCR rate between HER2-low group and HER2-zero group
treated with anthracycline- and taxane-based NACT. Patients with
HER2-low tumors had significantly longer OS than patients with HER2-
zero tumors. ER status was the affecting factor of OS in HER2-low pa-
tients in both univariate and multivariate analysis. Although HER2-low
BC could benefit from anti-HER2 ADC, evidence for HER2-low BC as a
distinct entity is insufficient and more efforts are needed to standardize
the scoring of HER2-low BC.
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Table 3

Univariate and multivariate COX-regression of overall survival (OS), and disease-free survival (DFS) in HER2-low and HER2-zero patients.

oS

HER2-low

HER2-zero

Overall

univariate analysis

multivariate analysis

univariate analysis

multivariate analysis

univariate analysis

multivariate analysis

Hazard Ratio (95% CI) p Hazard Ratio (95% CI) p Hazard Ratio (95% CI) p Hazard Ratio (95% CI) P Hazard Ratio (95% CI) p Hazard Ratio (95% CI) p
HER?2 status - - - - - - - - 0.302(0.144-0.631) 0.001  0.428(0.202-0.908) 0.027
low vs zero
ER status 0.220(0.068-0.716) 0.012  0.082(0.013-0.533) 0.009  0.197(0.045-0.866) 0.032  0.329(0.031-3.529) 0.358  0.173(0.07-0.425) 0.000 0.160(0.041-0.628) 0.009
positive vs
negative
PR status 0.503(0.163-1.548) 0.231 2.576(0.470-14.123) 0.276  0.221(0.050-0.975) 0.046  0.465(0.042-5.111) 0.531  0.301(0.128-0.706) 0.006  1.425(0.394-5.161) 0.589
positive vs
negative
T stage 1.741(0.479-6.330) 0.400  3.526(0.842-14.771) 0.085 1.182(0.336-4.153) 0.794 1.108(0.311-3.948) 0.874  1.464(0.596-3.597) 0.406
T4 vs T1-3
LN status 0.483(0.131-1.784) 0.275  0.505(0.130-1.960) 0.323 1.005(0.284-3.561) 0.994  0.961(0.256-3.610) 0.952  0.639(0.259-1.576) 0.331
N1-3 vs NO
Ki-67 1.493(0.410-5.445) 0.543 1.335(0.302-5.903) 0.703 1.689(0.643-4.435) 0.287
>20% vs < 20%
AR status 0.997(0.183-5.448) 0.998 0 0.998 0.357(0.080-1.597) 0.178
positive vs
negative
Age 1.009(0.949-1.073) 0.781 0.999(0.956-1.044) 0.960 1.005(0.967-1.044) 0.814
DFS
HER2-low HER2-zero Overall
univariate analysis multivariate analysis univariate analysis multivariate analysis univariate analysis multivariate analysis
Hazard Ratio (95% CI) p Hazard Ratio (95% CI) p Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P Hazard Ratio (95% CI) p
HER2 status - - - - - - - - 0.573(0.317-1.038) 0.066 0.683(0.326-1.433) 0.314
low vs zero
ER status 0.432(0.205-0.911) 0.027  0.541(0.094-3.113) 0.492  0.672(0.252-1.797) 0.429  1.068(0.232-4.91) 0.932  0.471(0.261-0.847) 0.012  0.890(0.258-3.071) 0.854
positive vs
negative
PR status 0.600(0.283-1.273) 0.183  0.960(0.155-5.948) 0.965  0.576(0.205-1.621) 0.296  0.549(0.102-2.941) 0.483  0.558(0.306-1.017) 0.057  0.907(0.258-3.186) 0.879
positive vs
negative
Ki-67 2.460(0.853-7.100) 0.096  1.504(0.472-4.791) 0.490 1.620(0.372-7.050) 0.520  0.977(0.188-5.070) 0.978  2.313(0.980-5.459) 0.056  2.081(0.685-6.327) 0.196
>20% vs < 20%
AR status 0.224(0.052-0.967) 0.045  0.311(0.069-1.412) 0.130  0.244(0.031-1.899) 0.178 0.226(0.069-0.744) 0.014  0.297(0.085-1.033) 0.056
positive vs
negative
T stage 2.339(1.030-5.312) 0.042  4.126(1.375-12.378) 0.011  1.250(0.360-4.339) 0.725 1.888(0.959-3.719) 0.066  2.431(1.024-5.772) 0.044
T4 vs T1-3
LN status 0.699(0.266-1.840) 0.468 1.753(0.401-7.672) 0.456 0.949(0.424-2.123) 0.898
N1-3 vs NO
Age 1.016(0.975-1.058) 0.458 0.958(0.920-0.999) 0.043  0.959(0.920-1.000) 0.050  0.986(0.957-1.016) 0.361

OS: overall survival; DFS: disease-free survival; ER: estrogen receptor; PR: progesterone receptor; AR: androgen receptor.
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