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ABSTRACT

Objectives: The classification of human epidermal growth factor receptor 2 (HER2)-low breast cancer has
gained clinical relevance following the success of antibody-drug conjugates in this subgroup. However, its
prognostic and predictive role, particularly in hormone receptor-positive (HR+) early breast cancer treated
with neoadjuvant chemotherapy (NACT), remains unclear. This study aimed to evaluate the impact of HER2-
low versus HER2-0 status on pathological complete response (pCR) and disease-free survival (DFS) in HR+
breast cancer patients undergoing NACT.

Methods: A total of 216 HR+ and HER2-negative early breast cancer patients treated with NACT at Tokat
Gaziosmanpasa University Hospital between January 2014 and January 2024 were retrospectively analyzed.
HER2-low was defined as IHC 1+ or 2+ without gene amplification by FISH. pCR was assessed via the Miller-
Payne grading system. Survival analyses were conducted using the Kaplan-Meier method; multivariate analyses
were performed using Cox regression.

Results: Of the 216 patients, 30 (13.9%) achieved pCR. There was no statistically significant difference in
pCR (P=0.83) or DFS (P=0.12) between HER2-0 and HER2-low groups. However, patients with ER <10%
had significantly higher pCR rates (P=0.005). Achieving pCR was associated with longer DFS (P=0.045).
Conclusions: HER2-0 and HER2-low subgroups exhibited similar responses to NACT in HR+ breast cancer.
Low ER expression was independently associated with higher pCR. Larger prospective studies are warranted
to further define the biological and clinical implications of HER2 expression levels in early-stage HR+ breast
cancer.
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he second leading cause of mortality for
women and the most frequent type of cancer
overall is breast cancer (BC) [1]. Conse-
quently, a large proportion of patients are detected at
an early stage thanks to early screening programmes
in many countries [2]. Hormone receptor-positive

(HR+) BC, defined by the expression of immunohis-
tochemical positivity for the estrogen (ER) and/or
progesterone (PR) receptor, is the most common sub-
type. It accounts for approximately 70% of all breast
cancer patients [3, 4]. Neoadjuvant chemotherapy
(NACT) is used primarily in individuals with biolog-
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ically aggressive tumours, including triple-negative
breast cancer (TNBC), human epidermal growth factor
receptor 2 (HER2)-positive BC, and in individuals
having ER (+)/HER2 (-) BC diagnosed with high-risk
clinicopathological features. NACT reduces the stage
of the tumour and allows breast and axillary surgery
to be reduced. It is increasingly being used to enable
breast-conserving surgery (BCS) to be performed, thus
avoiding mastectomy [5].

Although response to NACT is prognostic in all
tumour types, TNBC and HER2 (+) BC had notably
greater pathological complete response (pCR) rates
than luminal subtypes [6]. pCR rates are much lower
in ER (+)/HER2 (-) breast cancer. It is linked to a
pathological full reaction, improved survival and
lower recurrence rates [7]. Therefore, pCR is a surro-
gate marker.

In the light of information from anti-HER2 anti-
body-drug conjugate (trastuzumab deruxtecan) re-
search studies, new subsets such as HER2-low and
HER2-ultra-low have emerged [8-10]. There are stud-
ies in the literature suggesting that the biology, histo-
logical, and proliferative values of HER2-low and
HER2-0 tumors vary [11, 12]. The effect of HER2-
low/HER2-0 status in reaction to neoadjuvant treat-
ment is of interest. In our research, our aim was to
investigate the effect of HER2-0/HER2-lowistatus on
pCR and disease-free survival (DFS) after NACT in
HR (+) BC.

METHODS

Patient Selection
The data of patients who were identified and handled
for BC at Tokat Gaziosmanpasa University Hospital
between January 2014 and January 2024 were retro-
spectively evaluated. ER, PR, HER2 and Ki67 values
were analysed immunohistochemically. Patients with
HER2 immunohistochemistry (IHC) values of 0, 1+
and 2+ and no amplification of genes determined by
fluorescent situ hybridisation (FISH) were considered
HER2-negative. Individuals having HER2 values of
1+ and 2+ were categorised as ‘HER2-low’. All pa-
tients underwent clinical staging with ultrasound and
mammography preoperatively.

BC individuals determined as PRipositive or neg-
ative, ER positive, HER2 negative or low expression,

and who received neoadjuvant chemotherapy (NACT)
were analyzed in the research. Individuals having bilat-
eral BC, male gender and distant metastatic disease
were excluded. Variables such as tumour size,
menopausal status, age, pathological axillary lymph
node (ALN) count, clinical stage, receptor status, HER2
status, Ki67 level, and histological grade were analysed.

Neoadjuvant Chemotherapy (NACT)

A standard taxane and anthracycline-based
chemotherapy regimen was applied in the study. The
treatment protocol was four courses of doxorubicin
(60 mg/m?) and cyclophosphamide (600 mg/m?) fol-
lowed by weekly paclitaxel (80 mg/m?) or four courses
of docetaxel (75-100 mg/m?) for 12 weeks. Postoper-
atively, all patients had adjuvant endocrine treatment,
and all individuals who had BCS were advised to get
adjuvant radiation.

Evaluation of NACT Response

Response to chemotherapy was evaluated with the
routinely used Miller-Payne grading system. The
Miller-Payne system is given in the following:

(1) Grade 1: No change or some alteration to in-
dividual malignant cells but no reduction in overall
cellularity.

(2) Grade 2: A minor loss of tumour cells but over-
all cellularity still high; up to 30% loss.

(3) Grade 3: Between an estimated 30% and 90%
reduction in tumour cells.

(4) Grade 4: A marked disappearance of tumour
cells such that only small clusters or widely dispersed
individual cell remain; more than 90% loss of tumour
cells.

(5) Grade 5: No malignant cells identifiable in sec-
tions from the site of the tumour; only vascular fibro-
elastic stroma remains often containing macrophages.
However, ductal carcinoma in situ (DCIS) may be
present [12].

In the postoperative histopathological evaluation,
tumour stage (ypT), lymph node stage (ypN), residual
tumour size, surgical margins, number of removed and
metastatic ALNs were analysed after NACT. pCR has
been described as a lack of invasive tumor in breast
tissue and metastasis in lymph nodes (ypTO0, ypNO).

Statistical Analysis
SPSS 22.0 software was used for the statistical an-
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alyze of the data (SPSSilnc., Chicago, Illinois). For com-
parative data, Fisher's exact test and chi-square tests
were employed. Amongst the numerical parameters
across two independent conditions, those with normal
distribution were analysed by Student's t-test, and those
without normal distribution were analysed by the Mann-
Whitney U test. The univariate log-rank test was used to
assess the impact of prognostic variables on pathological
complete response. The 95% confidence interval (CI)
was used to compute the hazard ratio (HR). The Cox

proportional hazards model was used for multivariate
analysis to assess the impact of prognostic variables on
pathological complete response. To make an assessment
regarding the prognostic variables influencing patholog-
ical complete response, both univariate and multivariate
analyses were conducted using a logistic regression
model. Survival studies were conducted using the Ka-
plan-Meier technique. DFS was defined as the interval
between the first diagnosis and the death or recurrence
of the disease. The significance level was set as < 0.05.

Table 1. Data on pathological and clinical characteristics

HER?2 status
Total HER2-0 HER2-Low P value
(n=216) (n=63) (n=153)

Diagnosis age (year) Median (min-max) 50 (28-87)
<50 years, n (%) 113 (52.3) 27 (42.9) 86 (56.2) 0.099
>50 years, n (%) 103 (47.6) 36 (57.1) 67 (43.8)

Menopausal status, n (%) Premenopausal 112 (51.8) 23 (36.5) 89 (58.2) 0.004
Postmenopausal 104 (48.2) 40 (63.5) 64 (41.8)

N stage, n (%) NX and NO 18 (8.3) 7 (11.7) 11 (7.5) 0.414
NI1-N2-N3 189 (87.5) 53 (88.3) 136 (92.5)

T stage, n (%) TX and T1 62 (28.7) 19 (31.1) 43 (29.3) 0.868
T2-T3-T4 146 (67.5) 42 (68.9) 104 (70.7)

Clinical stage, n (%) I 4(1.8) 2(3.4) 2(1.4) 0.631
II 125 (57.8) 35(59.3) 90 (62.1)
I 75 (34.7) 22 (37.3) 53 (36.5)

Grade (n=189), n (%) Grade 1 and 2 154 (71.2) 43 (79.6) 111 (75.5) 0.579
Grade 3 47 (21.7) 11 (20.4) 36 (24.5)

ER Status 1-9% 52.3) 3(4.8) 2(1.3) 0.307
10-40% 11 (5.2) 3(4.8) 8(5.2)
>40% 200 (92.5) 57 (90.4) 143 (93.5)

PR Status Positive 186 (86.1) 55 (88.7) 131 (86.2) 0.823
Negative 28 (12.9) 7 (11.3) 21 (13.8)

Ki-67 (n=199), n (%) <20 % 79 (36.5) 26 (45.6) 53 (37.3) 0.337
>20 % 120 (55.5) 31 (54.4) 89 (62.7)

Surgery type, n (%) Mastectomy 136 (62.9) 42 (66.7) 94 (61.4) 0.536
Breast conserving 80 (37.1) 21 (33.3) 59 (38.6)

pCR Yes 30(13.9) 8(12.7) 22 (14.4) 0.831
No 186 (86.1) 55 (87.3) 131 (85.6)

Data are shown as median (minimum-maximum) or n (%). ER=estrogen receptor, PR=progesterone receptor, HER2=human

epidermal growth factor receptor 2
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RESULTS

The study included 216 patients. The median follow-
up (mFU) time was 37 months. The median age of the
participants was 50 years (min-max: 28-87). The num-
ber of premenopausal patients was 112 (51.8%). The

number of patients with positive lymph nodes (N1-2-
3) was 189 (87.5%). The clinical and pathological
characteristics are presented in Table 1. There were
5(2.3%) patients with ER 1-9%, 11 patients (5.2%)
with ER 10-40%, and 200 (92.5%) patients with ER
over 40%. PR was negative in 28 (12.9%) patients.

Table 2. Clinicopathological characteristics and oncological outcome with respect to pathologic

complete response achievement

PCR achievement

Total Yes No P value
(n=216) (n=30) (n=186)

Diagnosis age (year) <50 years 113 18 (15.9) 95 (84.1) 0.433
>50 years 103 12 (11.7) 91 (88.3)

Menopausal status, n (%) Premenopausal 112 17 (15.2) 95 (84.8) 0.694
Postmenopausal 104 13 (12.5) 91 (87.5)

N stage, n (%) NX and NO 18 1(5.6) 17 (94.4) 0.478
N1-N2-N3 189 27 (14.4) 162 (85.7)

T stage, n (%) TX and T1 62 6(9.7) 56 (90.3) 0.377
T2-T3-T4 146 22 (15.1) 124 (84.9)

Clinical stage, n (%) I 4 0(0) 4 (100) 0.651
II 125 18 (18.4) 107 (85.6)
i 75 9 (12.0) 66 (88.0)

Grade (n=189), n (%) Grade 1 and 2 154 16 (10.4) 138 (89.6) 0.029
Grade 3 47 11 (23.4) 36 (76.6)

ER positivity, n (%) 1-9% 5 3 (60) 2 (40) 0.001
10-40% 11 4(36.4) 7 (63.6)
>40% 200 23 (11.5) 177 (88.5)

PR status Positive 186 27 (14.5) 159 (85.5) 0.385
Negative 28 2(7.1) 26 (92.9)

HER2 score HER2-0 63 8 (12.7) 55 (87.3) 0.831
HER2-Low 153 22 (14.4) 131 (85.6)

Ki-67 (n=212), n (%) <20 % 79 5(6.3) 74 (93.7) 0.047
>20 % 120 20 (16.7) 100 (83.3)

Surgery type, n (%) Mastectomy 136 19 (14.0) 117 (86.0) 0.99
Breast 80 11 (13.8) 69 (86.2)
conserving

Relaps Yes 34 2(5.9 32 (94.1) 0.182
No 182 28 (15.4) 154 (84.6)

DFS (months), median (SE, 95%CI) NR 91.9 (81.81-101.95) 0.045

ER=estrogen receptor, PR=progesterone receptor, HER2=human epidermal growth factor receptor 2, pCR=pathologic

complete response
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One hundred and twenty patients (55.5%) had Ki67 >
20% (Table 1).

Regarding the type of surgery performed, 136
(62.9%) patients underwent mastectomy and 80
(37.1%) patients underwent breast-conserving surgery.
While 30 (13.9%) patients had pathological complete
response, 186 (86.1%) patients did not achieve pCR.

When we looked at the distribution of clinical and
pathological characteristics of HER2-0 and HER2-
Low groups, only the number of premenopausal pa-
tients was not normally distributed (P=0.004). The rate
of premenopausal patients was higher in the HER2-

low group (58.2%).
According to the results of univariate analysis, tumour
grade, ER and Ki67 percentages were seen to be the
elements affecting pCR (P=0.029, P=0.001 and
P=0.047, respectively). According to the results of
multivariate analysis, only low ER receptor percentage
was found to be a factor affecting pCR (P=0.005). Pa-
tients with ER receptor percentage less than 10% had
3.7 times more pCR (Table 2).

When analysing DFS according to pCR, the me-
dian DFS of pCR participants was not reached,
whereas the median DFS of non-pCR patients was

Table 3. Variables influencing pathologic complete response

Univariate Multivariate
OR, 95%CI P value OR, 95% CI P value
Diagnosis age (year) <50 years 0.69 (0.31-1.52) 0.365
>50 years
Menopausal status Premenopausal 0.79 (0.36-1.739 0.573
Postmenopausal
N stage NX and NO 2.83 (0.36-22.17) 0.321
NI1-N2-N3
T stage TX and T1 1.65 (0.63-4.30) 0.30
T2-T3-T4
Clinical stage I 0.93 (0.42-2.06) 0.87
I
11
Grade (n=189) Grade 1 and 2 2.63 (1-12-6.17) 0.02 0.98 (0.32-2.99) 0.97
Grade 3
ER positivity 1-9% 0.27 (0.12-0.60) <0.001 0.27 (0.11-1.67) 0.005
10-40%
>40%
PR Status Positive 0.45 (0.10-2.02) 0.29
Negative
HER2 score Her2-0 0.86 (0.36-2.06) 0.74
Her2-Low
Ki-67 (n=212) >20 % 2.96 (1.06-8.25) 0.03 2.48 (0.74-8.33) 0.13
<20 %
Surgery type Mastectomy 0.98 (0.44-2.18) 0.96

Breast conserving

ER=estrogen receptor, PR=progesterone receptor, HER2=human epidermal growth factor receptor 2, pCR=pathologic

complete response, OR=0dds ratio, CI=confidence interval
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Fig. 1. Associations between pathological complete response and disease-free survival.

91.9 (81.81-101.95) months, which was statistically cally better in the HER2-0 group. The 3-year and 5-

significant (P=0.045, Table 3 and Fig. 1). year DFS of HER2-0 patients were 88.7% and 86%,
There was no variation in pCR (P=0.83) or DFS respectively, while those of HER2-Low patients were

(P=0.12) between the HER2-0 and HER2-low groups 83.2% and 69.6% (Table 4).
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1,07
I THERZ-0
= THERZ-LCWY
——HERZ-0-censored
—t—HER2-LOW-censored
0,5
e e —
"
Z
>
5 0,67
oY
@
(1]
L=
'S
[]
n
04
[ 1]
;i
]
0,24
0,0
s 1 4 S 444 d 1T
=1 k3 = (=] =2} [=] ka _-h [=2] [=] =] (] E
=] [=} [=} [=} [=] [=] =} =} =} = o R oy
(=] (=] (=] (=] [=] (=] (=] (=] [=] [=] [=] [=]
[=] [=] [=] [=]
Time, Months

Fig. 2. Associations between HER2 status and disease-free survival.
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DISCUSSION

HER2 low BC is a popular topic. Concern in HER2
low subgroups has grown after trastuzumab-deruxte-
can's effectiveness in the HER2 low and extreme low
subgroups was demonstrated [10]. We shared this in-
terest and investigated the status influence of HER2
on complete response in HR (+) BC patients receiving
NACT. It was shown that there was no varitation
among HER2-0 and low subgroups regarding pCR
and DFS. The DFS was longer for individuals who at-
tained pCR than for those who could not. When the
factors influencing pCR were analysed, low ER was
found to be the factor influencing pCR.

pCR rates with neoadjuvant chemotherapy are
lower in HR(+) tumours compared to HER2(+) and
TNBC tumours [12, 13]. Complete response rates do
not exceed 20% in the literature [12]. In our study,
there was a pCR rate of 13% in accordance with the
literature.

Zhou et al. [14] showed that HER2-0 and HER2-
low groups had similar pCR values in a study of 325
patients receiving NACT. Similar results were found
in another study of 855 patients conducted in Brazil
[15]. In the meta-analysis of 2310 patients by Denkert
et al. [16], the relationship between HER2-0 and
HER2-low pCR in individuals with HR(+) and TNBC
was analysed. It was seen that individuals with HER2-
low in the general population and HR(+) had lower
pCR rates. Baez-Navarro ef al. [17] showed the same
results in a study of 11721 individuals. de Moraes et
al. [18] performed one of the largest meta-analyses on
this topic. In this study, which included 70104 patients,
it was shown that HER2-0 patients had a better pCR
than HER2-low individuals. This was also true in the
HR(+) subgroup. Although there are investigations in
the literature showing no variation in pCR among

Table 4. Disease-free survival outcomes

HER2-0 and HER2-low patients [19, 20], large meta-
analyses suggest that HER2-0 patients have better pCR
rates. The fact that there was no difference in pCR
among the two groups in our study may be explained
by the relatively small size of our patient population.

It is known that HR (+) BC has a lower response
rate to neoadjuvant treatment compared to TNBC [21,
22]. Dieci et al. [23] showed that ER-negative (<1%)
and ER-low (1-9%) TNBC patients had similar pCR
rates and emphasised that the ER-low group should be
classified as TNBC. Similarly, another study showed
that patients with ER-low and ER(-) TNBC had simi-
lar pCR rates [24]. Fuji et al. [25] showed in a study
of 3055 patients that the pCR probability of patients
with ER <10% tumours was notably greater than that
of patients with ER>10% tumours. In the study of
PAMS0 testing to predict NACT response, it was
found that individuals with ER-low had TNBC like
behaviour and should be treated with chemotherapy.
It was shown that pCR rates were greater in individu-
als with ER-low [26]. Similarly, in our study, pCR
scores were significantly greater in the ER-low group.

There are many studies in the literature that have
investigated the relation among Ki67 levels and pCR.
Rapoport et al. [27] showed in a research of 208 indi-
viduals that pCR rates were notably better in individ-
uals with Ki67>40. A similar result was observed in a
research of 522 patients by Fasching ef al. [28]. The
findings of the research by Akdag et al. [5] were con-
sistent with those documented in the available re-
search. Although the pCR rates of patients with Ki67
> 20% were better in our study, they lost significance
in multivariate analysis.

Tumour grade is another parameter for predicting
pCR. Fisher et al. [29] showed that higher tumour
grade was linked with greater pCR in a study of 1523
patients. Similar outcomes were seen in the Jones et

Whole cohort Subgroup analysis
HER2-0 HERE2-Low P value
Disease free survival Median (months) Not reached Not Reached Not reached
3 years (%) 85 88.7 83.2 0.12
5 years (%) 74 86 69.6
mFU (months) 37

HER2= human epidermal growth factor receptor, FU=follow-up
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al. [22]. Similarly, the study of Ring et al. [21] con-
firmed this. Although the pCR rates of patients with
tumour grade 3 were better in our study, it lost its sig-
nificance in multivariate analysis. The small number
of patients may have reduced the statistical power of
the study and may have caused this.

There are studies within the source material show-
ing that individuals having HR (+) who had pCR got
better survival outcomes than those who could not
achieve pCR [13, 28]. A meta-analysis of 27895 pa-
tients by Spring et al. [30] also showed that the DFS
was noticeably longer for those who attained pCR. In
this current research, the median DFS of those who at-
tained pCR was not reached, whereas the median DFS
of those who attained pCR was 92 months, which was
statistically significant.

Although there are mixed outcomes in the source
material about the relationship among HER2-0 and
HER2-low status and pCR, large meta-analyses suggest
that the HER2-0 group has better pCR rates [20]. How-
ever, the similar pCR rates of both groups in our study
and the existence of studies with similar results empha-
sise the requirement for more study to clarify the intri-
cate relationship between HER2-low status and HER2-0
and other tumor features in determining prognosis and
responsiveness to therapy. Based on the current clinical
and pathological data, our study offers insightful infor-
mation; nevertheless, more research will clarify the
many biological traits and prognostic consequences
linked to the HER2-0 and HER2-low subgroups.

Limitations

When evaluating the findings, it is important to
take into account the many limitations of our study.
First, our findings may not be as generalizable to
broader populations due to its retrospective nature and
single-center methodology. Second, the relatively
small sample size is a limitation that may affect the
statistical power of multivariate analyses and requires
careful interpretation. Notwithstanding these draw-
backs, we think that our research offers useful empir-
ical information that will further knowledge of
HER2-0 and HER2-low early BC.

CONCLUSION

Our study concludes that NACT-treated individuals

who had early HR (+) HER2-low and HER2-0 BC had
comparable DFS and pCR rates. In line with previous
research, we found that those who attained pCR had
longer DFS. More significantly, our multivariate
analysis revealed that low ER % was linked to pCR
on its own. To validate these findings, explore the un-
derlying biological processes, and facilitate the cre-
ation of more individualized treatment plans for
individuals in these categories, further extensive
prospective investigations are required.
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