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The studies evaluating the impact of Her2 levels in neoadjuvant setting have conflicting data. The 
aim of the study was to evaluate the prognostic impact of Her2 status in early triple negative breast 
cancer(TNBC). In the study TNBC patients who were treated with neoadjuvant chemotherapy (NAC) 
and surgery were analyzed retrospectively. The primary aim of the study was to analyze the impact of 
Her2 status(Her2-0 and Her2-low) on pathological complete response (pCR). The secondary objectives 
were disease free survival (DFS) and overall survival (OS). 620 female triple negative breast cancer 
patients were evaluated. 427 patients (68.9%) had Her2-0 and 193(31.1%) had her2-low pathology. 
The pCR rates were similar between Her2-0 and Her2-low patients (33.0% vs. 27.5%, p = 0.098). 
Although Her2-0 group has better DFS (106 vs. 50 months, p = 0.002), in multivariate analysis it had 
a HR of 0.74 (p = 0.06). In addition, OS was similar (131 vs. 105 months, p = 0.13) with a HR of 0.88 
(p = 0.61). In multivariate analysis; presence of LVI (HR:2.2 (95% CI 1.1–3.5) p = 0.001), Clinical stage T1/
T2 (HR:0.39 (95% CI 0.2–0.6) p < 0.001) and lymph node negativity (HR:0.35 (95% CI 0.1–0.9) p = 0.03) 
were independent factors for OS. Although there were pathological and clinical differences, the pCR, 
DFS and OS were similar between Her2-0 and Her2-low TNBC patients. The importance of Her2 status 
of TNBC in neoadjuvant setting should be further studied.

1Department of Medical Oncology, Ordu University School of Medicine, Ordu, Turkey. 2Department of Medical 
Oncology, Muğla Sıtkı Koçman University School of Medicine, Muğla, Turkey. 3Department of Medical Oncology, 
Sakarya University School of Medicine, Sakarya, Turkey. 4Department of Medical Oncology, Kocaeli University 
School of Medicine, İzmit, Turkey. 5Department of Medical Oncology, Karadeniz Technical University School of 
Medicine, Trabzon, Turkey. 6Department of Medical Oncology, Celal Bayar University School of Medicine, Manisa, 
Turkey. 7Department of Medical Oncology, Çukurova University School of Medicine, Adana, Turkey. 8Department 
of Medical Oncology, Kartal Training and Research Hospital, İstanbul, Turkey. 9Department of Medical Oncology, 
Antalya Training and Research Hospital, Antalya, Turkey. 10Department of Medical Oncology, Okmeydanı Training 
and Research Hospital, İstanbul, Turkey. 11Department of Medical Oncology, Aydın Adnan Menderes University 
School of Medicine, Aydın, Turkey. 12Department of Medical Oncology, Dicle University School of Medicine, 
Diyarbakır, Turkey. 13Diyarbakır Training and Research Hospital, Department of Medical Oncology, Diyarbakır, 
Turkey. 14Department of Medical Oncology, Bakırköy Sadi Konuk Training and Research Hospital, İstanbul, Turkey. 
15Department of Medical Oncology, Dokuz Eylül University School of Medicine, İzmir, Turkey. 16Department of 
Medical Oncology, Bezm-i Alem Vakıf University School of Medicine, İstanbul, Turkey. 17Department of Medical 
Oncology, Necmettin Erbakan University School of Medicine, Konya, Turkey. 18Department of Medical Oncology, 
Dr. Abdurrahman Yurtaslan Oncology Training and Research Hospital, Ankara, Turkey. 19Department of Medical 
Oncology, Recep Tayyip Erdoğan University School of Medicine, Rize, Turkey. 20Department of Medical Oncology, 
Kahramanmaraş Necip Fazıl City Hospital, Kahramanmaraş, Turkey. 21Ankara Bilkent City Hospital, Department of 
Medical Oncology, Ankara, Turkey. 22Department of Medical Oncology, Fırat University School of Medicine, Elazığ, 

OPEN

Scientific Reports |        (2024) 14:23556 1| https://doi.org/10.1038/s41598-024-75293-5

www.nature.com/scientificreports

http://orcid.org/0000-0002-8253-5046
http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-44448-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-44448-1&domain=pdf


Turkey. 23Department of Medical Oncology, Koç University School of Medicine, İstanbul, Turkey. 24Department 
of Medical Oncology, İstanbul Arel University School of Medicine, İstanbul, Turkey. 25Department of Medical 
Oncology, Acıbadem Kent Hospital, İzmir, Turkey. 26Department of Medical Oncology, Ankara University School of 
Medicine, Ankara, Turkey. 27Department of Medical Oncology, Selçuk University School of Medicine, Konya, Turkey. 
28Department of Medical Oncology, Alanya Alaittin Keykubat University School of Medicine, Antalya, Turkey. 
29Faculty of Medicine, Department of Medical Ongology, Mugla Sıtkı Koçman University, Kötekli Mh. Marmaris 
Yolu Bulvarı No: 55 Menteşe, Muğla 48000, Turkey. email: alkanali@yahoo.com

Cancer is a serious public health problem with increasing incidence, morbidity and mortality rates all over 
the world1. Breast cancer (BC) is the most common cancer in women. According to Globocan 2020, 23.9% of 
cancers diagnosed in women in our country are BC. The second most common cause of cancer mortality in 
our country and in the USA is BC1,2. Breast cancer is divided into five basic subgroups based on their estrogen 
receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (Her2) expressions. 
These groups are named as luminal A, luminal B, basal-like, claudin- low and Her2 positive3. ER, PR, and HER2 
status are determined by using immunohistochemistry (IHC) and/or in situ hybridization (ISH). While Her2 
3 + with IHC and ISH-positive when IHC is 2 + indicates HER2-positive; HER2 IHC 0, 1 + or IHC 2 + with 
ISH-negative are accepted as HER2-negative. The hormone receptor (HR)-positive, Her2(-) group accounts for 
60%, the HR-positive, Her2(+) group accounts for 15%, the HR-negative, Her2(+) for 5%, and the HR-negative, 
HER2-negative (triple-negative) groups make up 20% of all cases. Since the treatment targets and prognoses 
of these groups are different, there are also variations in their treatment approaches4. Although TNBC is not a 
single entity and its molecular subtyping has been analyzed in many studies, the most accepted classification is 
basal-like 1 and 2, mesenchymal-like and luminal androgen subtypes, refining it into four subgroups4,5.

In recent years, there have been studies indicating that HER2 expression levels may present distinct 
characteristics in terms of treatment response and prognosis. The studies concluded that there is a significant 
difference between Her2-0 (IHC score of 0) and Her2-low (IHC score of 1 + or 2 + without detecting ERBB2 
gene amplification) patients6–9. Her2-low tumors have Her2 proteins on their cell surface, but these levels are 
insufficient to classify them as HER2-positive. 45–55% of all breast cancer cases are in the HER2-low status8. 
HER2 amplification can be found in luminal and molecular apocrine subsets. It is associated with strong 
androgen receptor expression in TNBC and represents 22–33% of TNBC cases10.

The prognostic properties of Her2-low group have been studied in several studies and Her2-low BC has been 
associated with a better overall survival (OS) when compared to her2-0 BC11. In addition, the analysis of its 
association with histopathological characteristics revealed that it is associated with hormone receptor positivity, 
lower grade, lower Ki67 and lower pCR rates12. However, in most of the studies in the literature, there is no 
difference in pCR rates between her2-0 and her2-low groups5,13–15. The study by Miglietta et al. showed more 
pCR rates in her2-0 (33.6%) vs. Her-2 low group (21.4%)16. In addition, in TNBC patients, a 10.4% conversion 
from Her2-0 to her2-low and 24.0% from Her2-low to Her2-0 were reported. In the study by Kang et al. after 
NAC there was a 18% conversion from Her2-0 to Her2-low and a 40% conversion from Her2-low to Her2-013. 
In the literature the prognostic impact of Her2-low group has been broadly studied in heterogenous groups 
and most of the data was explorated from the early BC series. However, the inclusion of all BC subgroups 
and the heterogeneity in chemotherapeutics used are important limitations of these studies. In most of the 
studies in the literature, ER positive and negative patients have been included. As a result, there are numerous 
confounders in them. TNBC patients are unique to study the prognostic impact of Her2 levels because excluding 
the heterogeneity from the ER/PR-positive BC characteristics and treatment modalities makes TNBC patients 
an ideal sample. Furthermore, the broad use of neoadjuvant strategies in TNBC and the use of pathological 
complete response (pCR) as a primary endpoint make them well-suited for testing the prognostic impact of 
HER2 levels. The only study in pure TNBC patients was performed by Demogue et al. They concluded that 
HER2 status was not significantly associated with pCR( 41.8% vs. 35.7%, p = 0.28)5. The aim of our study was to 
evaluate the prognostic impact of Her2 status in early TNBC.

Material/method
In the study TNBC patients who were treated with neoadjuvant chemotherapy (NAC) and surgery were analyzed 
retrospectively. The inclusion criteria were being over the age of 18, a diagnosis of breast cancer with TNBC 
histology (defined as ER and PR status less than 1% and HER2 0, 1 positive, or HER2 2 + with negative FISH/
ISH), early stage disease (T1-4a, N0-3, M0 disease according to UICC criteria), history of neoadjuvant systemic 
therapy and operated after neoadjuvant therapy between January 2015- June 2016. The Exclusion criteria 
were metastatic disease, the patients who were not amenable to surgery after NAC, history of preoperative 
radiotherapy, patients with a previous cancer diagnosis or concurrent second primaries, male patients, patients 
with incomplete pathological data.

The study was approved by the Muğla Sıtkı Koçman University school of Medicine Clinical Research Ethical 
committee on 07.06.2023 with approval number of E-728855364-050.01.04-616132. After receiving approval 
from institutional review boards as an extension study, the data from 25 oncology centers in Turkey was 
collected. The data from the centers was collected between July 2023 and January 2024. Due to its retrospective 
design of the study informed consent was not obtained and this was also approved by Muğla Sıtkı Koçman 
University school of Medicine Clinical Research Ethical committee. All methods were performed in accordance 
with the relevant guidelines and regulations. During data collection, the patient clinical parameters, disease 
parameters, treatment characteristics and data for endpoints were collected. The age, ECOG performance score, 
menopausal status, comorbidities of the patients were noted. In terms of disease characteristics; tumor location, 
initial clinical TNM staging and histopathological properties (Her2, lymphovascular invasion (LVI), perineural 
invasion (PNI), androgen receptor (AR), ki67, grade) were recorded. As treatment characteristics; the NAC 
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regimens, presence of neoadjuvant immunotherapy, the type of surgery, axillary approach, adjuvant treatment 
modalities were collected. The primary aim of the study was to analyze the impact of Her2 status on pCR. Her2 
evaluation was conducted on biopsy specimens before neoadjuvant treatment by pathologists. HER2-low was 
defined as IHC 1 + or IHC 2 + without Her2 gene amplification, as measured by in situ hybridization9. IHC 0 
was defined as Her2-0. Pathological complete response(pCR) was the primary objective and defined as [ypT0 
or ypTis] and [pN0sn or ypN0] in pathological evaluation after surgery. The secondary objectives were disease-
free survival (DFS) and overall survival (OS) of the patients. DFS was defined as the time from diagnosis to the 
earliest locoregional or distant disease recurrence and OS was defined as the time from diagnosis to death from 
any cause17.

In addition to the impact of Her2 status on pCR, DFS and OS; other clinical and histopathological parameters 
were included in the analysis. For the statistical purposes, they were categorized. The ages of the patients were 
grouped with a cutoff of 65. Menopausal status was recorded according to the “menopause” definition criteria18. 
Because of the high frequency of invasive ductal pathology, histopathological findings were grouped as invasive 
ductal vs. other. As in most studies, the Ki-67 cut-off value was set at 20%. Most patients received either 
conventionally scheduled or intensified dose-dense anthracycline-taxane-based neoadjuvant chemotherapy. 
Because dose-dense(DD) regimens are the preferred standard regimens, the analysis was performed as standard 
vs. others. Since the PDL-1 status was available in only 28 patients and AR positivity was present in only 126 
patients, they were not included in the statistical analysis. In addition, the tumor infiltrating lymphocyte status 
and BRCA status were not used in the analysis due to inadequate data.

Statistical analysis
Baseline characteristics of the patient group were described using proportions for dichotomous and categorical 
variables. Differences between continuous variables were assessed with the Student t-test and non-parametric 
tests for repeated measures (Friedman Test). The chi-square or Fisher exact tests were used to analyze the 
relationship between parameters and pCR cases. The statistically significant factors were further tested. The 
multivariate analysis was performed by logistic regression modeling. The effects of factors on DFS and OS were 
investigated by using the log ranks test. The Kaplan- Meier survival estimates were calculated. The multivariate 
analysis of statistically significant parameters was further performed by Cox-regression modeling.

All analyses were performed using SPSS 22.0 for Windows (IBM Corp., Armonk, NY). P- value of less than 
0.05 was considered as statistically significant.

Results
In the analysis; 620 female triple negative breast cancer patients were evaluated. The median age was 49(20–85) 
and 48.5% of them were post-menopausal (Table 1). 219(35.3) of them had at least one comorbidity, the most 
common comorbidity was hypertension (22.4%) and 98.9% of the patients had good performance scores at the 
initial presentation. The most common histopathology was invasive ductal carcinoma and half of the tumors 
originated from upper- outer quadrant. The clinical staging revealed that 64% of them were T2 and 81.1% had 
axillary lymph node metastases. While 338 (54.5%) patients had clinical stage II BC, 249(33.4%) had stage III 
BC. The pathological evaluation revealed that half of the cases were grade III and in accordance with it 87.3% of 
the cases had ki67 of more than 20%. There were LVI in 27.6% and PNI of 11.6% of the study population.

In the study cohort; 427 patients (68.9%) had Her2-0 and 193(31.1%) had her2-low IHK. The 
clinicopathological comparison of the two groups showed that there were more elderly patients (16.6 vs. 8.7, 
p = 0.003) and more lymph node positive patients (86.5% vs. 78.7%, p = 0.013) in her2-low group. However, PNI 
was less documented in her2-low patients (7.3% vs. 13.6%, p = 0.014). All other clinical and pathological features 
were similar between the groups. In terms of neoadjuvant treatment modalities, the patients treated with dose-
dense anthracycline + Taxane regimens were more in Her2-0 group (52.2% vs. 42.5, p = 0.039) (Table 2). Only 
a minority of them had neoadjuvant immunotherapy(12, 1.9%). While Breast conserving surgeries were more 
in Her2-0 patients (47.1% vs. 33.2%, p = 0.005), lymph node dissections were similar between groups (54.9 vs. 
45.1, p = 0.11).

In the analysis of pathological results; pCR rates were similar, 33.0% vs. 27.5%(p = 0.098) in Her2-0 and Her2-
low groups, respectively (Fig. 1). pCR rates were similar in different her2 groups (33%, 26.8% and 28.1% in Her2-
0, Her2-1 + and Her2-2+, respectively, p = 0.37). The other clinical and histopathological factors associated with 
pCR rates revealed that low grade (grade 1) TNBC patients had more pCR when compared to grade 2–3. (54.2% 
vs. 30.4, p = 0.015) (Table 3). In addition, absence of LVI or PNI were found to have more pCR rates, 37.0% and 
33.0%, respectively. T1-2 tumors (34.8%) and, consistent with it, stage 1–2 TNBC cases (34.8%) had more pCR 
rates. For the analysis the neoadjuvant regimens were divided in to groups to compare the standard of care to 
others. In terms of neoadjuvant regimens, DD-regimens provided more pCR rates (38.6% vs. 24.3%, p < 0.001). 2 
weekly DD-regimens were more effective when compared with 3 weekly anthracycline plus taxane combination 
(38.6% vs. 26.6%, p = 0.001). In the multivariate analysis of factors associated with pCR revealed a OR of 1.15 
(95%CI 0.7–1.7, p = 0.47) for Her2-0 cases. Invasive ductal carcinoma histopathology (OR of 1.63, 95% CI 1.0- 
2.5, p = 0.03), Grade 1 histology (OR of 2.63, 95% CI 1.08–6.3, p = 0.032), Absence of LVI (OR of 2.80, 95% CI 
1.6–4.6, p < 0.01) and treatment with DD- regimen(OR of 2.06, 95%CI 1.4–2.9, p < 0.01) were associated with 
higher pCR rates(Table 3).

The median follow-up was 31 months (95%CI 28.3–33.6)). The median DFS was 77 months (95%CI 53.0- 
100.9). 2-year and 5-year DFS rates were 72.5% and 55.5%, respectively. The median DFS was 50.0 months 
(95%CI 28.9–89.0) in Her2-low group and 106 months (95%CI 79.5- 132.4) in Her2-0 group (p = 0.002) (Fig. 2). 
5- year DFS rates were 44.8% and 57.8% in her2-low and Her2-0 groups, respectively. Cox regression analysis 
showed that Her2-0 doesn’t have statistically significant impact on DFS (HR: 0.74(95% CI 0.5–1.01) p = 0.063) 
(Table 4). In multivariate analysis; clinical Lymph node negativity (HR: 0.48 (95% CI 0.2–0.8) p = 0.01), Ki67 
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Characteristics

Her2-O (n,%) Her2-low (n,%)

P

Total (n,%)

(427,68.9) 193 (31.1) 620 (100)

Age (median, range) 48 (20-85) 50 (26-83) 0.051 49 (20-85)

>65 years 37 (8.7) 32 (16.6) 0.003 69 (11.1)

Postmenopausal 202 (47.3) 99 (51.3) 0.20 301 (48.5)

ECOG PS

0 321 (75.2) 130 (67.4) 451 (72.7)

1 101 (23.7) 61 (31.6) 162 (26.1)

2 5 (1.2) 2 (1.0) 0.06 7 (1.1)

Comorbidity present 156 (36.5) 63 (32.6) 0.19 219 (35.3)

Hypertension 94 (22.0) 45 (23.3) 0.39 139 (22.4)

Diabetes Mellitus 25 (5.9) 10 (5.1) 0.53 35 (5.6)

Coronary heart disease 25 (5.9) 13 (6.7) 0.39 38 (6.1)

COPD 8 (1.9) 4 (2.1) 0.54 12 (1.9)

Tumor Location

Upper- outer quadrant 216 (50.6) 96 (49.7) 312 (50.3)

Upper-inner quadrant 75 (17.6) 32 (16.6) 107 (17.3)

Lower-outer quadrant 58 (13.6) 22 (11.4) 80 (12.9)

Lower-inner quadrant 29 (6.8) 15 (7.8) 44 (7.1)

Periareolar 24 (5.6) 11 (5.7) 35 (5.6)

Multifocal/
multicentric 25 (5.9) 17 (8.8) 0.78 42 (6.8)

Histopathology

Invasive ductal 339 (79.4) 151 (78.2) 490 (79.0)

Other 88 (20.6) 42 (21.8) 0.41 130 (21.0)

Grade

1 19 (4.4) 5 (2.6) 24 (3.9)

2 172 (40.3) 78 (40.4) 250 (40.3)

3 236 (55.3) 110 (57.0) 0.53 346 (55.8)

Ki67 (median, range) 60.0 (1-97) 60.0 (1-100) 0.46 60.0 (1-100)

Ki67>20% 375 (87.8) 166 (86.0) 0.30 541 (87.3)

Ki67>60% 220 (51.5) 99 (51.3) 0.51 319 (51.5)

LVİ present 111 (26.0) 60 (31.1) 0.11 171 (27.6)

PNI present 58 (13.6) 14 (7.3) 0.014 72 (11.6)

cT

T1 39 (9.1) 25 (13.0) 64 (10.3)

T2 282 (66.0) 115 (59.6) 397 (64.0)

T3 76 (17.8) 35 (18.1) 111 (17.9)

T4 30 (7.0) 18 (9.3) 0.31 48 (7.7)

cN (positive) 336 (78.7) 167 (86.5) 0.013 503 (81.1)

N0 91 (21.3) 26 (13.5) 117 (18.9)

N1 197 (46.1) 106 (54.9) 303 (48.9)

N2 108 (25.3) 47 (24.4) 155 (25.0)

N3 31 (7.3) 14 (7.3) 0.091 45 (7.3)

Stage

1A 6 (1.4) 6 (3.1) 12 (1.9)

1B 0 (0) 0 (0) 0 (0)

2A 91 (21.3) 33 (17.1) 124 (20.0)

2B 149 (34.9) 66 (34.2) 215 (34.7)

3A 106 (24.8) 49 (2.4) 155 (25.0)

3B 44 (10.3) 24 (12.4) 68 (11.0)

3C 31 (7.3) 15 (7.8) 0.57 46 (7.4)

Table 1.  Patient and disease characteristics. COPD: chronic obstructive pulmonary disease ECOG OS: Eastern 
Cooperative Oncology Group Performance score, LVİ: lymphovascular invasion, PNI: perineural invasion.
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levels (> 20%)(HR:0.63 (95%Cı 0.4–0.9, p = 0.016) and treatment with DD- regimen (HR:0.69 (95%CI 0.5–0.9), 
p = 0.02) are independent factors for DFS.

Pathological complete response was an important predictor of DFS. While mDFS of pCR patients had not 
been reached, non-PCR had 56 months (95% CI 44.7–67.2) of mDFS. Both in Her2-low and Her2-0 groups pCR 
provided better mDFS. In her2-low patients; mDFS of 32 months vs. NR and in her2-0 patients 58 months vs. 
NR (p < 0.001) (Fig. 3).

Fig. 1.  Pathological complete response rates in Her2-0 and Her2-low groups (Her2-1 + and Her2-2+).

 

Characteristics

Her2-O (n,%) Her2-low (n,%)

P

Total (n,%)

(427,68.9) 193 (31.1) 620 (100)

Neoadjuvant regimens

Dose dense anthracycline- taxane 223 (52.2) 80 (41.5) 303 (41.5)

Anthracycline- taxane 161 (37.7) 92 (47.7) 253 (40.8)

Others 43 (10.1) 21 (10.9) 0.039 21 (10.9)

Neoadjuvant immunotherapy 11 (2.6) 1 (0.5) 0.071 12 (1.9)

Surgery

Mastectomy 226 (52.9) 129 (66.9) 355 (57.3)

Breast Conserving surgery 201 (47.1) 64 (33.2) 0.005 265 (42.7)

Lymph Node surgery

Dissection 197 (46.1) 106 (54.9) 303 (48.9)

Sentinel sampling 230 (54.9) 87 (45.1) 0.11 317 (52.2)

Pathological complete response 141 (33.0) 53 (27.5) 0.098 194 (31.3)

Adjuvant radiotherapy 380 (89.0) 161 (83.4) 0.038 541 (87.3)

Adjuvant Capecitabine 179 (41.9) 84 (43.5) 0.38 263 (42.4)

Table 2.  Systemic and surgical treatment modalities.
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Characteristics pCR (n, %) p

Multivariate analysis

Odds ratio 95% CI p

Age

>65 years 22 (31.9)

< 65 years 172 (31.2) 0.50

Postmenopausal 97 (32.2)

Premenopausal 97 (30.4) 0.62

ECOG PS

0 145 (32.2)

1-2 49 (30.2) 0.18 1.14 0.7- 1.7 0.53

Comorbidity

Absent 134 (33.4)

Present 60 (27.4) 0.12 1.28 0.84 1.9 0.20

Tumor Location

Upper-outer quadrant 101 (32.4)

Upper-inner quadrant 36 (33.6)

Lower-outer quadrant 27 (33.8)

Lower-inner quadrant 12 (27.3)

Periareolar 10 (28.6)

Multifocal/multicentric 8 (19.0) 0.54

Histopathology

Invasive ductal 159 (32.4)

Other 35 (26.9) 0.13 1.62 1.0- 2.5 0.039

Grade

Grade 1-2 101 (36.9)

Grade 3 93 (26.9) 0.009 2.24 1.13-5.8 0.037

Ki67

>20% 170 (31.4)

<20% 24 (30.4) 0.48

>60% 92 (30.6)

<60% 102 (32.0) 0.38

LVİ

Absent 166 (37.0)

Present 28 (16.4) <0.001 2.8 1.6-4.6 <0.001

PNI

Absent 181 (33.0)

Present 13 (18.1) 0.006 1.12 0.5-2.2 0.75

Her2 Status

Her2- 0 141 (33.0)

Her2- Low 53 (27.5) 0.098 1.15 0.7-1.7 0.47

cT

T 1-2 160 (34.7)

T 3-4 34 (21.4) 0.001 1.55 0.99-2.4 0.054

cN

Negative 43 (36.8)

Positive 151 (30.0) 0.15 1.04 0.6-1.6 0.85

Stage

1-2 122 (34.8)

3 72 (26.8) 0.02

Neoadjuvant regimens

Dose dense anthracycline- taxane 117 (38.6)

Anthracycline- taxane 60 (23.7)

Others 17 (26.6) 0.001

Dose dense regimen* 117 (38.6)

Other 77 (24.3) <0.001 2.06 1.4-2.9 <0.001

Neoadjuvant immunotherapy

Present 4 (33.3)

Absent 190 (31.3) 0.54
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Fig. 2.  The outcomes of DFS and OS according to Her-2 status.

 

Table 3.  Factors associated with pCR rates *dose dense regimens include 2 weekly anthracycline/
cyclophosphamide plus taxane.
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The median OS was 131 months (95% CI 97.1- 164.8). The 5-year and 10-year OS rates were 74.6% and 
34.3%, respectively. The median OS was 105 months (95%Cı 95.3- 114.6) in Her2-low group and 131 months 
(95% CI 95.7- 166.2) in Her2-0 group(p = 0.13). 5-year OS rates were 62.8% and 75.7% in Her2-low and Her2-0 
groups, respectively. In the multivariate analysis of the factors associated with OS revealed a HR:0.88 (95%CI 
0.5–1.4, p = 0.61) for Her2-O group (Table 4). Presence of LVI (HR:2.2 (95% CI 1.1–3.5) p = 0.001), Clinical stage 
T1/T2 (HR:0.39 (95% CI 0.2–0.6) p < 0.001) and lymph node negativity (HR:0.35 (95% CI 0.1–0.9) p = 0.03) 
were independent factors for OS.

Discussion
Recently there have been numerous data indicating that Her2-low BC is a heterogenous group in terms of 
prognosis and systemic treatment response8. With the documentation of anti-her2 therapies in Her2-low 
metastatic BC, more data has emerged and directed our attention to neoadjuvant setting. Until now, the HER2 
test has been examined in all patients as it is a prognostic and predictive marker in patients diagnosed with 
invasive BC. Indeed, the impressive outcomes of clinical trials involving new antibody-drug conjugates like 
trastuzumab deruxtecan and trastuzumab duocarmazine have sparked increased interest in the HER2-low 
subgroup19. This has opened up a field of research to explore whether this group may actually represent a distinct 
biological subtype. Therefore, we aimed to investigate the effect of HER2 status on pCR in locally advanced BC 
patients who received neoadjuvant chemotherapy. In our study, we aimed to analyze the prognostic impact of 
Her2 status in 620 early triple negative breast cancer patients. The baseline characteristics of Her2-0 and Her2-
low patients were similar, except the percentage of elderly patients, clinical lymph node positive patients and PNI 
present patients. The pCR rates were similar between Her2-0 and Her2-low patients (33.0% vs. 27.5%, p = 0.098). 
Although Her2-0 group has better DFS (106 vs. 50 months, p = 0.002), in multivariate analysis it had a HR of 0.74 
(p = 0.06). In addition, OS was similar (131 vs. 105 months, p = 0.13) with a HR of 0.88 (p = 0.61).

Many studies have defined the Her2-low group as a distinct subgroup with different characteristic features14,15. 
The analysis of histopathological characteristics revealed that it is associated with more hormone receptor 
positivity15,20–24, lower grade15,20–26, lower Ki6712,15,20,23–25, more IDC histopathology20,23,27, more LVI25. In 
terms of clinical characteristics, Her2 low pathologies were associated with postmenopausal patients28, more 
T1/T2 disease25,26, lower N0 frequency at the initial diagnosis23,25,26 and obese patients25. In our cohort, there 
were more elderly patients (16.6% vs. 8.7%, p = 0.003) and LN positive patients (86.5% vs. 78.7%, p = 0.013) in 
her2-low group. In addition, they have less PNI in the initial pathological evaluation (7.3% vs. 13.6%, p = 0.014).

In early TNBC, the standard treatment strategy has been neoadjuvant therapy for many years. Residual 
cancer burden and pCR are highly prognostic for disease recurrence and survival. As a result, pCR is the primary 
objective in most of the neoadjuvant trials29. The impact of pCR on DFS has been clearly documented in our 
study (Fig. 3). In the trials evaluating the impact of Her2 status in neoadjuvant setting, pCR has been used as 
the primary objective. However, nearly all neoadjuvant studies have included both the HR positive and negative 
patients. Because of the heterogeneity of the cohorts, the statistical powers of the studies are low. In our study, 
especially including triple negatives, even excluding the ER 1–10% patients, we have provided an important data 
for TNBC.

In the literature, the rates of pathological complete response (pCR) between the HER2-low and HER2-zero 
groups are contradictory. However, in most of the studies in the literature, there is no difference in pCR rates 
between her2-0 and her2-low groups5,13,14. When triple negative subgroups are analyzed in those studies, in 

Characteristics

DFS OS

Univariate Multivariate Univariate Multivariate

HR (95%CI) Cox p HR (95%CI) Cox p HR (95%CI) Cox p HR (95%CI) Cox p

Age (>65) 1.09 (0.6-1.7) 0.71 1.95 (1.1-3.3) 0.015 1.2 (0.6-2.4) 0.45

ECOG-0 0.87 (0.6- 1.1) 0.38 0.67 (0.3-0.8) 0.008 0.86 (0.5-1.4) 0.55

Histopathology-IDC 1.08 (0.7-1.5) 0.65 1.00 (0.5-1.6) 0.99

Grade 1-2 0.77 (0.5-1.8) 0.71 0.29 (0.04-2.1) 0.22

Ki-67(>20%) 0.60 (0.4-0.8) 0.006 0.63 (0.4-0.9) 0.016 1.44 (0.7-2.8) 0.29

LVİ- present 1.58 (1.1-2.1) 0.002 1.37 (0.9-1.9) 0.072 1.5 (1.6-3.7) <0.001 2.2 (1.3-3.5) 0.001

PNİ- present 1.46 (0.9-2.1) 0.061 0.92 (0.5-1.5) 0.76 2.03 (1.2-3.3) 0.006 0.75 (0.3-1.4) 0.38

Her2-0 0.63 (0.4-0.8) 0.002 0.74 (0.5-1.01) 0.063 0.73 (0.4-1.1) 0.14 0.88 (0.5-1.4) 0.61

T stage- T1/T2 0.63 (0.4-0.8) 0.003 0.81 (0.5-1.1) 0.22 0.30 (0.2-0.4) <0.001 0.39 (0.2-0.6) <0.001

Lymph node 
negative 0.36 (0.2-0.6) <0.001 0.48 (0.2-0.08) 0.01 0.23 (0.09-0.57) 0.002 0.35 (0.1-0.9) 0.03

DD regimen 0.54 (0.4-0.7 <0.001 0.69 (0.5-0.9) 0.02 0.72 (0.4-1.09) 0.12 1.1 (0.7-1.8) 0.49

Surgery- BCS 0.72 (0.5-0.9) 0.038 0.91 (0.6-1.2) 0.59 0.62 (0.3-0.9) 0.04 0.78 (0.4-1.3) 0.36

Axillary surgery- 
SLN 0.64 (0.4-0.8) 0.005 0.86 (0.6- 1.2) 0.39 0.62 (0.3-0.9) 0.041 0.90 (0.5-1.4) 0.68

Table 4.  Univariate and Multivariate Cox analysis of disease free survival and overall survival. BCS: breast 
conserving surgery, DD: dose-dense ECOG: Eastern Cooperative Oncology Group, IDC: invasive ductal 
carcinoma, LVI: lymphovascular invasion, PNI: perineural invasion, SLN: Sentinel lymph node.
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the majority of them pCR are rates are similar between Her2-0 and Her2-low patients6,15,20–22,28,30,31. In these 
studies, pCR rates ranges between 14.2 and 51%. Because all of these studies were in retrospective design, the 
heterogeneity in treatment modalities which are missing in most of them, may be the cause of this broad range 
of pCR.

After the integration of DD- regimens into practice, we have obtained pCR rates of > 50%. When we have a look 
at the highest pCR studies, Leite et al. showed 51% vs. 47% pCR in Her2-low and Her2-0, respectively(p = 0.64)30. 
52.7% of the patients were treated with standard DD regimens. Ilie et al. reported 47% vs. 35% pCR rates in Her2-
0 and Her2-low cases, respectively(p = 0.08)31. In this study, DD- regimens were not mentioned. 46% of them 
were treated with neoadjuvant anthracycline + taxanes. In the study by Domergue et al., in which solely TNBC 
patients were included, pCR rates were 35.7% vs. 41.8% in her2-low and Her-0 patients, respectively(p = 0.28)5. 

Fig. 3.  The DFS according to pCR status in Her2-0 and Her2-low groups.
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In this cohort, only 13% of the patients were treated with DD- regimens. In our analysis, DD regimens were 
found to be independent predictor of pCR. In consistent with the previous data, we had also similar pCR rates 
in Her2-0 and Her2-low patients (33.0% vs. 27.5%, p = 0.098). Although %41.5 of the patients were treated with 
DD regimens and 40.8% with 3 weekly anthracycline- taxane combination, our pCR rates were low as expected. 
This could be related with the histopathological differences of our patients when compared to the literature. Only 
1.3% of the patients had immunotherapy which has not been discussed in the previous studies. However, it is 
very low to be included in the analysis. In multivariate analysis of factors predicting pCR, IDC histology, grade 1 
cases, absence of LVI and treatment with DD regimens were found to be independent factors.

The impact of Her2 status on DFS and OS was the secondary objectives of our study. Similar analyses have 
been performed in previous mentioned studies. In most of the studies, the multivariate analyses concluded that 
DFS and OS were similar between Her2-0 and Her2-low patients15,22,23,28,30,31. Some of the studies showed a 
better DFS and OS in Her2-low patients in multivariate analysis20,21,23,25. Till now, there are two meta-analysis 
that have analyzed these heterogenous studies. The meta-analysis by Tang et al. revealed that Her2-low HR 
negative patients had better DFS and pCR rates. But, the OS was similar11. The meta-analysis by Ergun et al. 
showed that there was no difference between HER2-low and HER2-zero in terms of pCR in early-stage TNBC. 
However, HER2-low was found to be associated with prolonged DFS and OS26. When compared to data, in our 
cohort pCR rates were higher in Her2-0 group, but statistically non-significant. It was same in the study which 
was held only in TNBC by Domergue et. al5. They have also presented statistically non-significant better DFS 
and OS in Her2-0 cases. Our data confirmed the results of this unique study with a higher sample size. In the 
multivariate analysis of factors predicting OS, presence of LVI showed poor survival outcomes, as expected. In 
addition, T1/T2 stage and absence of clinical lymph nodes at the initial evaluation resulted in better OS. The 
history of DD- regimen was statistically insignificant (HR:1.1, p = 0.49).

Anthracyclines and taxanes were the most preferred chemotherapy regimen, with dose-dense regimens 
being slightly more preferred in HER2-0 compared to the HER2-low group (52% vs. 41.5%). We believe that 
patients with Her2 0 were in more advanced stages at diagnosis, which is why clinicians preferred dose-dense 
treatments more in these patients. Although this may introduce a bias in the HER2-0 group, it has not resulted 
in a difference in terms of pCR between the HER2-0 and Her2-low groups. Since the responses to neoadjuvant 
treatment were not different between the two groups, there was no difference between the groups in terms 
of the preferred surgery and LND, but HER2-0 patients had slightly more breast conserving surgery when 
compared to HER2-low group, probably reflecting the higher proportion of pCR in HER2-0 group. Especially 
the Helena research and other previous studies, because of their retrospective design, treatment regimens were 
not standard and DD- regimens constitute a small part of the analyses. For example in the study by Jin et al. the 
pCR rates are similar in her2-0 and her2-low patients15 They put ER status of less than 10% into ER- group and 
the standard neoadjuvant regimens are TEC and EC which are not the current practice. In our study, the use of 
more standardized regimens is an important strength of it when compared to previous studies.

In the last decade there has been a surge in the anti-Her2 treatment options. As we have been trying to 
understand the characteristics of her2-low BC, a new definition for her2-0 emerged. “Her2 ultra low” is defined 
to select a group of patients who can be for antibody- drug conjugates against Her2. It is immunohistochemically 
characterized by faint/barely perceptible and incomplete staining in < 10% of tumor cells without amplification 
on FISH32. We have still limited data about its prognostic impact. In the following years, we will learn learn more 
about its properties in TNBC.

Although our study has numerous strengths, there were also a few limitations. While trying to get more 
sample size, we have collected data from 25 centers. Some of the patient records were missing. Because of that, 
TIL, androgen receptor, BRCA status and PD-L1 levels couldn’t be included in the analysis. In addition, pathology 
specimens were evaluated by different pathology centers. Unfortunately, we couldn’t get a Her2 retesting in one 
pathology center and a central laboratory revision. There is a well-defined discordance between institutions in 
terms Her2. This discordance has been reported to be higher in Her2-0 and Her2- low patients. So, the accuracy 
of Her2 testing may have confounded the results. The post-surgery IHC of Her2 also couldn’t be included in the 
analysis, because of the missing data. This may provide important data in terms of prognosis.

Conclusion
In our study, we analyzed the prognostic impact of Her2 status in 620 early triple negative breast cancer patients. 
Although there were pathological and clinical differences, the pCR, DFS and OS were similar between Her2-0 
and Her2-low patients. The importance of Her2 status in neoadjuvant setting should be further studied.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available due to ethical issues 
but are available from the corresponding author on reasonable request.
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