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Purpose

Human epidermal growth factor receptor 2 (HER2) is vital for breast cancer prognosis. The aim of this study was to analyze the clinicopathological data of HER2-negative breast cancer patients receiving neoadjuvant chemotherapy and the associated factors affecting the pathological complete response rate (pCR) and prognosis.





Methods

Clinical data of 173 patients with primary HER2-negative breast cancer, who initially received neoadjuvant chemotherapy followed by surgical treatment at the Breast Surgery Department of Bethune Hospital in Shanxi Province from January 2012 to December 2022, were collected.





Results

Compared to HER2-0 patients, HER2-low patients had higher T staging (p = 0.008), higher Ki67 proliferation index (p < 0.001), lower N staging (p = 0.001), and lower pCR rate (p < 0.001). Univariate analysis revealed that T stage, TNM stage, HR status, HER2 status, and Ki67 are risk factors that affect the pCR rate in HER-2 negative. Multivariate analysis identified HR status as an independent predictor of pCR rate. Kaplan–Meier survival curves showed that menstrual status, N staging, T staging, TNM staging, and pCR status affected the prognosis of HER2-low breast cancer patients (p < 0.05).





Conclusion

HER2-low breast cancer exhibits distinct biological behaviors, suggesting personalized treatment approaches.
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1 Introduction

Human epidermal growth factor receptor 2 (HER2) is a critical prognostic and predictive biomarker for breast cancer. All newly diagnosed patients with primary or metastatic breast cancer should be tested for HER2 protein levels by immunohistochemistry (IHC) and/or gene expression by in situ hybridization (ISH) to guide clinical treatment (1–3). Currently, HER2-positive breast cancer is defined when HER2 expression is 3+ or 2+ IHC score, and gene amplification is detected by ISH. Patients with HER2-positive tumors can be treated with HER2 pathway-blocking drugs that have significantly improved the clinical outcomes of HER2-positive breast cancer (4). Strikingly, 10–20% of breast cancer tumors are HER2-positive, and 80–90% are HER2-negative (5, 6). Patients with HER2-low status - defined as IHC scores 2+ and 1+ with negative ISH were considered to be HER2-negative. This group of patients was similar to HER2 non-expressing (HER2-0) patients, wherein none could benefit from the anti-HER2 therapy. The results of clinical trials of new antibody-drug conjugates (ADCs), such as T-DXd, suggested that the beneficiary population includes HER2-positive patients; also, the drugs show efficacy in HER2-low breast cancers (7, 8). These findings indicated that anti-HER2 therapy based on ADCs is efficacious in patients with low HER2 expression, further confirming that this group is not equivalent to the HER2-0 group and may have unique biological behaviors and therapeutic strategies.

HER2-low breast cancers account for approximately 45%–55% of all breast cancers (9). Owing to the large proportion of patients with HER2-low breast cancer, developing precision medicine strategies and improving survival in these patients is an urgent requisite that requires knowledge of the clinical characteristics and prognosis of these patients. Hitherto, only a few studies have focused on the clinicopathological characteristics of individuals with low HER2 expression and the relevance and prognosis of factors influencing the pathological complete response (pCR) with neoadjuvant chemotherapy. Thus, the present study aimed to analyze the clinicopathological data of HER2-0 breast cancer patients receiving neoadjuvant chemotherapy, further analyze the relevant factors affecting the pCR and prognosis of HER2-low breast cancer, and provide a basis for clinical research and the development of novel targeted drugs for precise treatment.




2 Information and methods



2.1 Clinical data

Clinical data of 173 patients with primary HER2-negative breast cancer treated surgically after initial neoadjuvant chemotherapy at the Breast Surgery Department of Bethune Hospital in Shanxi Province from January 2012 to December 2022 were collected. All patients had completed a dose-dense anthracycline sequential paclitaxel-based neoadjuvant chemotherapy regimen.

The inclusion criteria were as follows: ① women > 18-years-old; ② all of them underwent hollow-core needle puncture to identify breast cancer and confirm HER2-negative expression by IHC before chemotherapy; ③ met the indications of the Chinese Association Against Cancer (CAC) Breast Cancer Diagnostic and Treatment Guidelines and Criteria for neoadjuvant chemotherapy; ④ received neoadjuvant chemotherapy and underwent surgery after completing the established cycles of chemotherapy; ⑤ provided complete clinical data.

The exclusion criteria were as follows: (1) male; (2) inflammation, bilateral, lactation, and pregnancy breast cancer; (3) combined with other severe complications and malignant tumors; (4) intolerant of and; (5) chemotherapy while receiving other breast cancer-related treatments; (6) chemotherapy without surgical treatment; (7) distant metastases.

Relevant clinical data of patients, including age, menstrual status, body mass index (BMI), axillary and clavicular region lymph node status, T stage, N stage, TNM stage, hormone receptor (HR) status, Ki67, and tumor pathology type, were collected. The present study was approved by the institutional internal Ethics Review Board.




2.2 Treatment programs

Eight-cycle ddEC-ddP regimen: epirubicin 100 mg/m2, cyclophosphamide 600 mg/m2, one cycle every 14 days, four cycles followed by sequential four cycles of paclitaxel 175 mg/m2, one cycle every 14 days.




2.3 Immunohistochemical assessment

According to the guidelines of the American Society of Clinical Oncology (ASCO) and the College of American Pathologists (CAP)3, IHC-based HER2-negative is defined as HER2 0 or HER2 1+ or HER2 2+ and fluorescence in situ hybridization (FISH) negative. HER2-low indicates that the IHC result was 1+ or 2+, and the FISH result was negative (10). HER2 was accessed using HER2 antibody 4B5 (Roche, Basel, Switzerland) and ISH-techniques and classified according to the ASCO/CAP guidelines available during the different time periods (1–3). Estrogen receptor (ER) positivity and progesterone receptor (PR) positivity were standardized as ≥ 1% positive staining, whereas HR positivity was defined as ER or PR positivity.




2.4 Efficacy and survival analysis

The main objective of this study was to investigate the factors influencing the efficacy and prognosis of neoadjuvant chemotherapy in patients with HER2-low breast cancer. pCR was defined as the absence of invasive cancer residue in the breast and axillary lymph nodes. Only residual carcinoma in situ was classified as pCR. Disease-free survival (DFS) was defined as the time from surgery to all types of disease progression (including local recurrence, distant metastasis, neoplastic tumors, or death due to tumors). Follow-up time was calculated from the definitive pathological diagnosis to follow-up for up to five years.




2.5 Statistical methods

Statistical analyses were performed using R 4.3.2 and SPSS 25 software. Quantitative data that conformed to normal distribution were expressed as mean, whereas qualitative data were expressed as number of cases (percentage) [n (%)]. Univariate analyses were performed using t-test, chi-square test, Fisher’s exact test, univariate logistic regression model, and univariate Cox proportional regression model. Multivariate analyses used logistic and Cox proportional regression models. Survival curves were plotted using the Kaplan–Meier method. The test threshold was defined as a = 0.05.





3 Results



3.1 Comparison of clinicopathological features of differential HER2 protein expression

A total of 173 patients with HER2-negative breast cancer [including 127 (73.41%) patients with HER2-low and 46 (26.59%) patients with HER2-0] were recruited in this study (Figure 1). The median age of all patients was 50.09 years. 91/173 (52.60%) patients were in premenopausal status. Based on the IHC expression of HER2 (0, 1+, 2+), the patients were divided into HER2-0 and HER2-low to determine the differences in the clinicopathological features between the two subgroups. Compared to HER2-0 patients, HER2-low patients had higher T-stage (p = 0.008), higher Ki67 index (p < 0.001), lower N-stage (p = 0.001), and lower pCR rate (p < 0.001). The cohort comprised 79.19% luminal type (HR-positive) and 20.81% triple-negative breast cancer (TNBC) type (HR-negative) patients. A higher percentage of HR positivity was detected in the HER2-low group (p < 0.001) and was significantly frequent in the luminal type (83.9% vs. 16.1%) (Table 1).




Figure 1 | CONSORT diagram for study entry.




Table 1 | Clinical and pathological data of HER2-negative breast cancer patients.






3.2 Predictive factors for pCR

39/173 HER2-negative patients achieved pCR, with an overall rate of 22.54%. Univariate analysis identified T stage, TNM stage, HR status, HER2 status, and Ki67 as risk factors affecting the pCR rate. Moreover, patients with lower T stage, lower TNM stage, low Ki67, negative HR, and HER2-0 were likely to achieve pCR. Multifactorial analysis revealed that HR status has a significant effect on pCR and is an independent predictor of pCR rate: 13% in HR-positive (luminal type) patients compared to 58% in HR-negative (TNBC type) patients [odds ratio (OR) = 0.155, 95% confidence interval (95% CI): 0.052–0.464, p < 0.001]. The pCR rate of patients in the HER2-0 and HER2-low groups was 50% and 12.6%, respectively, indicating that the difference between the two groups was not statistically significant after multifactorial analysis (p = 0.086) (Table 2).


Table 2 | Impact of clinicopathological characteristics on pCR rate.



The analysis of factors influencing the pCR rate in the HER2-low subgroup revealed HR status as its independent predictor. The pCR rate was 42% in the HR-negative group and 10% in the HR-positive group (OR = 0.080, 95% CI: 0.015–0.421, p = 0.003; Table 3).


Table 3 | Impact of clinicopathological characteristics on pCR rate in the HER2-low patients.






3.3 Survival analysis of low HER2 expression

68/173 patients had recurrence, metastasis, or were deceased; 6/68 were HER2-0, and the remaining 62 were HER2-low patients. The five-year DFS was 51.18% for HER2-low patients and 86.96% for patients in the HER2-0 group, and the difference was statistically significant (p < 0.001). Univariate Cox regression model analysis of overall survival in patients with low HER2 expression revealed that age, menstrual status, N stage, T stage, TNM stage, and pCR were factors that affected the prognosis of breast cancer patients (p < 0.05). Indicators with statistically significant results from univariate analysis were included in the Cox regression model for multivariate analysis. The results showed that N-stage, T-stage, and pCR were independent factors for the prognosis of patients with low HER2 expression breast cancers (p < 0.05) (Table 4).


Table 4 | Survival analysis in HER2-low patients.



Survival curves were plotted using the Kaplan–Meier method, and the results showed that menstrual status, N stage, T stage, TNM stage, and pCR factors affected the prognosis of HER2-low breast cancer (p < 0.05). The five-year DFS of premenopausal and postmenopausal patients was 58.5% and 43.5%, respectively (p = 0.017) (Figure 2A). The five-year DFS of the N0, N1, N2, and N3 groups was 64.6%, 36.1%, 38.9%, and 37.5%, respectively (p < 0.01) (Figure 2B). The five-year DFS of the T2, T3, and T4 groups was 65.8%, 34.5%, and 15.8%, respectively (p < 0.01) (Figure 2C). The five-year DFS reached 57.7% and 40.8% in TNM stages II and III, respectively (p < 0.01) (Figure 2D). Furthermore, the five-year DFS of patients with low HER2 expression who achieved pCR and those who were non-pCR after neoadjuvant therapy was 71.1% and 42.7%, respectively (p = 0.024) (Figure 2E).




Figure 2 | Kaplan-Meier survival curves show that Menstruation (A), cN (B), cT (C), cTNM (D), pCR (E) status are all factors affecting the prognosis of patients with Her2-low breast cancer.







4 Discussion

Recently, HER2 low-expressing breast cancer has gained increasing attention with the development of novel anti-HER2 targeted agents. HER2-low early-stage breast cancer appears to be a distinct biological entity. Further analysis revealed that factors such as menstrual status, N stage, T stage, TNM stage, and pCR affect the prognosis of patients with HER2-low breast cancer.

Previous studies have reported different clinical features of HER2-low breast cancer. Patients with low HER2 expression were often lymph node-positive. In addition, ductal histology revealed higher tumor grading and proliferation (11) characterized by the clinicopathological characteristics of breast cancers with varied levels of HER2 protein. Patients stratified according to HER2 status had similar age, menopausal status, and pathological stage distributions; however, statistical differences were noted in their histological types, histological grades, HR status, and Ki67 expression levels. Denkert et al. collected data of 2,310 patients with HER2-0 primary breast cancer from four prospective neoadjuvant clinical trials (12) and observed distinct clinical features of HER2-low breast cancer, such as significantly higher HR positivity, significantly lower Ki-67 expression, and lower pCR with neoadjuvant chemotherapy but longer overall survival. Another study (13) demonstrated that in patients with HR-positive breast cancer, HER2-low breast cancer was associated with fewer T4 tumors, high histologic grade, and negative lymphatic infiltration. In patients with TNBC, HER2-low was associated with a high lymph node ratio and positive lymphatic invasion. The current study showed that HER2-low patients had high T stage, high Ki67 index, low N stage, low pCR rate after neoadjuvant chemotherapy, high HR positivity, and high proportion of luminal type. Although the current findings were in line with previous studies, which concluded that HER2-low breast cancer has different clinicopathological features from HER2-0, there is no consensus on the specific manifestations.

The present study also analyzed the factors influencing the efficacy of neoadjuvant chemotherapy in HER2-negative patients. HR status was an independent predictor of pCR rate, whereas differential HER2 protein expression did not affect the pCR rate in multivariate analysis. In our study, we found that among all patients with HER2-negative breast cancer undergoing neoadjuvant treatment, HR-negative patients exhibited a higher pCR rate, which is consistent with previous research findings. For HR-positive, HER2-negative patients, chemotherapy can reduce the size of HR-positive tumors, aiding in optimizing surgical options. However, compared to histological types with higher proliferation rates, such as triple-negative breast cancer, it is more challenging for HR-positive breast cancer to achieve pathological complete response. On the other hand, univariate analysis revealed a pCR rate of 12.6% in HER2-low patients and 50% in HER2-0 patients (p < 0.001); however, the difference was not statistically significant after multivariate analysis (p = 0.086). Our study also suggested that HER2-low is less likely to achieve pCR in patients with HER2-0 breast cancer, consistent with previous findings (12, 14). Denkert et al. showed that HER2-low-positive tumors had a significantly lower pCR rate than HER2-0 tumors [321/1098 (29.2%) vs. 473/1212 (39.0%), p = 0.0002) (12). Another study found that HER2-low patients had significantly lower pCR rates with neoadjuvant chemotherapy than HER2-0 patients (15.9% vs. 37.5%, p = 0.042) (14). HER2-low tumors are frequently HR-positive (9), which was confirmed in our cohort with 79.19% of HR-positive tumors. This high proportion of HR-positive breast cancer explains our low pCR rate of 22.54%, which is lower than that expected for TNBC or HER2-positive tumors (15).

Finally, our study also analyzed the factors affecting the prognosis of HER2-low patients. Currently, the prognosis of HER2-overexpressing breast cancer is controversial. Denkert et al. concluded that patients with HER2-low-positive tumors had a significantly longer DFS than those with HER2-0 tumors [three-year rate: 83.4% (95% CI: 80.5–85.9) vs. 76.1% (95% CI: 72.9–79.0)] (12). Tarantino et al. (16) and other previous studies (17, 18) did not demonstrate marked differences in pCR rate or clinical outcomes between HER2-low and HER2-0 in multivariate analysis. Furthermore, we found that the five-year DFS was 51.18% in HER2-low patients and 86.96% in the HER2-0 group (p < 0.001). These conflicting results make distinguishing between HER2-low and HER2-0 difficult when using the traditional HER2 scoring system. The HER2 assay identified patients with HER2 overexpression tumors who benefited from trastuzumab; however, it has a limitation when evaluating the low levels of HER2 expression (19). This phenomenon could be ascribed to the wide variable incidence of HER2-low in retrospective studies: from 16.2% (20) to 64.4% (21). These findings suggested that precise diagnostic methods are essential to distinguish HER2-low breast cancer from HER2-0 breast cancer. The current study analyzed the factors affecting the prognosis of HER2-low patients; menstrual status, N-stage, T-stage, TNM-stage, and pCR affected the prognosis of patients with HER2-low breast cancer (p < 0.05). These results also provided a theoretical basis for evaluating the prognosis of HER2-low breast cancer patients after neoadjuvant chemotherapy.

Nevertheless, the present study has several limitations, such as the small sample size, its retrospective nature, absence of central pathological review and patient inclusion across a large time period, during which different guidelines for HER2 testing and interpretation were in use. It also provides some clues to the clinical and biological behaviors of the HER2-low breast cancer population that has a low pCR rate after neoadjuvant therapy and could benefit from new therapies. Currently, long-term follow-up of patients is limited; therefore, caution should be exercised while interpreting survival associations.




5 Conclusions

The current results have significant implications for future diagnostic concepts, a general understanding of the disease, and the development of new therapeutic strategies. The market launch of novel ADC drugs represented by T-DXd, especially the DESTINY-Breast 04 study results, has put forth a novel perspective on the diagnosis and treatment of HER2-low breast cancer. Both clinical and basic research have shown that HER2-low breast cancer exhibits distinct biological behaviors that may be associated with prognosis. This study also suggested that HER2-low breast cancer constitutes a significant proportion of the population and differs from HER2-0 in terms of clinicopathological features and prognostic characteristics, providing novel insights for individualized precision treatment of low HER2-expressing breast cancer patients.
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BMI 173 0.758 0.236 1.091(0.945,1.261)

Menstruation 0.851 0.924

Premenopause 91 20(0.22) Reference

Postmenopausal 82 ‘ 19(0.23) 0.925(0.189,4.542)

N stage 0.072 0.269

0 73 18(0.25) Reference

i 57 17(0.30) 0.401(1.107,1.498)

i 28 3(0.11) 0.301(0.036,2.542)
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T stage 0.046 0.441

I-11 119 33(0.28) Reference

ity 33 ‘ 3(0.09) 0.419(0.087,2.018)
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n 105 ‘ 31(0.30) Reference
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HR 0.000 0.001
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Ki67 0.000 0.100
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HER2 0.000 0.086

HER2-0 46 23(0.50) Reference

HER2-low 127 16(0.13) 0.270(0.061,1.205)
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Age 0.012 0.909 0.998(0.961,1.036)
BMI 0.299
Menstruation 0.019 0.269 1.597(0.696,3.664)
N stage 0.000 0.000 1.859(1.345,2.570)
T stage 0.000 0.000 3.113(2.088,4.640)
TNM stage | 0000 0.506 0.782(0.379,1.613)
Supraclavicular lymph nodes 0471
HR 0973
Ki67 0.184
Pathological types 0.877

pCR 0.031 0.027 0.347(0.136,0.886)
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Age 127 0.709 0751 1.018(0.912, 1.137)
BMI 127 0.385 0417 1.091(0.884,1.347)
Menstruation 0919 0928

Premenopause 65 8(0.12) Reference
Postmenopausal 62 8(0.13) 1.103(0.133,9.169)
N stage 0372 0.326

0 65 10(0.15) Reference

1 36 3(0.08) 0.171(0.026,1.107)
i 18 3(0.17) 0.653(0.033,12.962)
1 8 0(0.00) I 0
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L-II 79 13(0.16) Reference

it 29 2(0.07) 0.289(0.030,2.791)
v 19 1(0.05) 0.836(0.057,12.186)
TNM stage 0.240 0.170

i 78 12(0.15) Reference

hits 49 4(0.08) 0.163(0.012,2.176)
Supraclavicular lymph nodes 0.999 0.999

No 123 16(0.13) Reference

Yes 4 0(0.00) 0

HR 0.004 0.003

- 12 5(0.42) ' Reference

+ 115 11(0.10) 0.080(0.015,0.421)
Ki67 0.615 0427

<20% 5 1(0.20) Reference

220% 122 15(0.12) 0.350(0.026,4.672)
Pathological types 0.140 0.022

IDC 121 14(0.12) Reference

ICc 6 2(0.33) 29.961

(1.634,549.363)
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Clinicopathological
features

HER2
HER2-0 (N=46)

Total (N=173)
HER2-low (N=127)

Statistics(t/x?/R)

Age 47.65 + 10.84 50.98 + 11.05 50.09 + 11.06 -1.757 0.081
BMI 25.03 + 3.77 25.69 + 3.46 2551 +3.54 -1.072 0.285
Menstruation 0.386 0.534
Premenopause 26(56.52%) 65(51.18%) 91(52.60%)
Postmenopausal 20(43.48%) 62(48.82%) 82(47.40%)
N stage 16.499 0.001
0 8(17.39%) 65(51.18%) 73(42.20%)
1 21(45.65%) 36(28.35%) 57(32.95%)
i 10(21.74%) 18(14.17%) 28(16.18%)
it 7(15.22%) 8(6.30%) 15(8.67%)
T stage 9.680 0.008
I-IT 40(86.96%) 79(62.20%) 119(68.79%)
il 4(8.70%) 29(22.83%) 33(19.08%)
v 2(4.35%) 19(14.96%) 21(12.14%)
TNM stage 0.105 0.746
I 27(58.70%) 78(61.42%) 105(60.69%)
it 19(41.30%) 49(38.58%) 68(39.31%)
Supraclavicular lymph nodes 0.000 1.000
Yes 1(2.17%) 4(3.15%) 5(2.89%)
No 45(97.83%) 123(96.85%) 168(97.11%)
HR 37.407 0.000
- 24(52.17%) 12(9.45%) 36(20.81%)
+ 22(47.83%) 115(90.55%) 137(79.19%)
Ki67 63.486 0.000
<20% 26(56.52%) 5(3.94%) 31(17.92%)
>20% 20(43.48%) 122(96.06%) 142(82.08%)
Pathological types 0.221 0.638
IDC 43(93.48%) 121(95.28%) 164(94.80%)
ILC 3(6.52%) 6(4.72%) 9(5.20%)

‘ pCR 27.053 0.000
CR 23(50.00%) 16(12.60%) | 39(22.54%)
PR 23(50.00%) 111(87.40%) 134(77.46%)





