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Background

Human epidermal growth factor 2 (HER2)-low breast cancer, which is defined as HER2 1+ or 2+ in immunohistochemistry without gene amplification, accounts for a considerable part of all breast cancers. However, it remains controversial whether HER2-low breast cancer is a distinct entity. Our aim was to compare the clinicopathological features and survival outcomes between HER2-zero and HER2-low early breast cancer.



Methods

The study was a retrospective analysis that enrolled 1,039 patients with available HER2 expression data in a single institute from 2013 to 2014, of whom 262 HER2-positive patients were excluded from the subsequent analysis. The remaining patients were divided into HER2-zero and HER2-low groups. Each group was further categorized into a hormone receptor (HR)-positive and an HR-negative subgroup. Clinicopathological characteristics were collected and compared between HER2-zero and HER2-low groups. The primary endpoint was disease-free survival (DFS) and overall survival (OS), which were analyzed using the Kaplan–Meier method with log-rank test, landmark analysis, and Cox proportional hazards model.



Results

A total of 777 non-HER2-positive patients were included in this analysis, of whom 126, 552, 53, and 46 patients were HR-positive/HER2-zero, HR-positive/HER2-low, HR-negative/HER2-zero, and HR-negative/HER2-low, respectively. No significant difference in DFS and OS was detected between the HER2-zero group and the HER2-low group when paired by HR status. Landmark analysis with a time point set at 5 years indicated that HR-positive/HER2-low patients had a better DFS compared with HR-positive/HER2-zero patients after 5 years (p = 0.0047). HER2-low status was an independent prognostic factor for DFS after 5 years [hazard ratio (HR) 0.31, 95% confidence interval (CI) 0.13–0.75, p = 0.01].



Conclusion

The clinicopathological characteristics and prognosis of HER2-zero and HER2-low breast cancer were similar regardless of HR status. Patients with HR-positive/HER2-low tumors tended to have a better DFS than their HR-positive/HER2-zero counterparts after 5 years.
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Introduction

According to the latest global cancer burden statistics, breast cancer is currently the most frequently diagnosed malignancy in women (1), which is regarded as a curable disease in the early stage. Traditionally, breast cancer is divided into four different subtypes according to the positivity or negativity of hormone receptor (HR) and human epidermal growth factor 2 (HER2), namely, HR+/HER2-, HR+/HER2+, HR-/HER2+, and HR-/HER2-. Distinct molecular classification leads to the heterogeneity of breast cancer, and the patient-tailored treatment based on it is widely used in clinical practice (2, 3). HER2-positive breast cancer accounts for 15%–20% of the entire breast cancer and is related to poor prognosis (4). The introduction of HER2-targeted therapy comprising monoclonal antibodies, tyrosine kinase inhibitors (TKIs), and antibody–drug conjugates (ADCs) dramatically improved the outcomes of patients with HER2-positive tumors (5).

At present, the estimation of HER2 status is conducted on the basis of the American Society of Clinical Oncology (ASCO)/College of American Pathologist (CAP) guidelines (6), using immunohistochemistry (IHC) and/or in situ hybridization (ISH). The guidelines defined HER2 IHC 3+ or IHC 2+ with ISH+ as HER2-positive and HER2 IHC 1+ or IHC 2+ with ISH- as HER2-negative. It is observed that there also exists HER2 expression in HER2-negative tumors, but in smaller levels (HER2-low status), which might be different from HER2-zero and HER2-positive breast cancer in treatment pattern and prognosis.

Until now, the definition of HER2-low status is varied across different studies without formal nomenclature. Earlier studies usually defined the “moderate HER2 expression” as HER2 IHC 2+/ISH- (7, 8), while most of the latest studies also categorize HER2 IHC 1+ as HER2-low status (9). It is estimated that HER2-low breast cancer occupies about 45%–55% of all breast cancers (9). With the emergence of trastuzumab duocarmazine (10) and trastuzumab deruxtecan (11), as well as the implementation of their clinical trials, HER2-low breast cancer has attracted more and more attention. Recent studies implied that HER2-low breast cancer might be a distinct kind with different gene profiles (12) and biological characteristics (13). So far, the clinical implication of HER2-low breast cancer remains disputable. Several studies indicated that patients with HER2-low tumors experienced poorer survival compared with HER2-zero counterparts (7, 8, 14, 15), entailing more aggressive treatment. Other studies, however, showed that no significant difference was detected between HER2-zero and HER2-low breast cancer (12, 16–18). Also, there were studies revealing better survival of HER2-low breast cancer (13, 19). Given this, we conducted a retrospective analysis attempting to determine whether there exist differences between HER2-low and HER2-zero breast cancer.



Methods


Patients

This retrospective research enrolled patients with early breast cancer who had undergone surgical procedures in Cancer Hospital, Chinese Academy of Medical Sciences (CHCAMS) between January 2013 and December 2014. Newly diagnosed women with definite surgery records and confirmed pathological assessments were considered eligible. Patients without available HER2 status were excluded from the analysis. Clinicopathological features including age, menopausal status, histological type, grade, TNM stage, estrogen receptor (ER) status, progesterone receptor (PgR) status, Ki-67 index, topoisomerase IIα (TOP2A) expression, and adjuvant treatment (endocrine therapy, radiotherapy, and chemotherapy) were extracted from the medical records. This study received approval from the Ethics Committee of CHCAMS and was conducted in accordance with the Declaration of Helsinki. All the participants signed informed consent forms.



Pathological Assessment

HER2 protein expression was determined by IHC and was stratified as IHC 0, IHC 1+, IHC 2+, and IHC 3+. Samples with IHC 2+ were subsequently subjected to fluorescence in situ hybridization (FISH) to detect the HER2 gene amplification. Based on the outcomes of IHC and FISH, HER2 status was classified into three groups: HER2-zero (IHC 0), HER2-low (including IHC 1+ and IHC 2+/FISH-negative), and HER2-positive (IHC 2+/FISH-positive and IHC 3+). Tumors were regarded as ER- or PgR-positive if ER or PgR ≥ 1%. HR-positive was defined as ER- and/or PgR-positive while both ER- and PgR-negative were considered as HR-negative. All the procedures were performed according to the ASCO/CAP guidelines (6, 20). The initial pathological diagnosis of operative specimens was utilized for data analysis.



Statistical Analysis

The baseline clinicopathological variables were presented as frequencies and percentages. The relation between clinicopathological characteristics and HER2 status was determined by chi-square test or Fisher’s exact test for categorical variables and by Mann–Whitney’s test for continuous variables. Disease-free survival (DFS) was defined as the time from the primary diagnosis to disease recurrence or death from any cause. Overall survival (OS) was defined as the interval from breast cancer diagnosis to death from any cause or the last follow-up. The Kaplan–Meier method was used to generate the survival curves. The difference in DFS and OS was accessed by log-rank test. In case that the scenario did not conform to the proportional hazards assumption, landmark analysis was conducted to assess survival outcomes within and after a designated time point, which was known as landmark time. The cutoff time point was chosen based on visual inspection of the Schoenfeld residual plots and Kaplan–Meier curves. The univariate and multivariate Cox proportional hazards model was employed to identify prognostic factors. The variables with Wald’s p-value < 0.2 in the univariate analysis were selected for subsequent multivariate analysis. A two-tailed p-value of less than 0.05 was considered statistically significant. All data analysis was performed using SPSS version 23.0 (SPSS, Chicago, IL, USA) and R software version 4.1.1 (http://www.r-project.org).




Results


Clinicopathological Features

A total of 1,091 patients diagnosed with early-stage breast cancer between January 2013 and December 2014 were identified, among which 52 HER2 IHC2+ patients with unknown FISH results and 262 HER2-positive patients were excluded. A total of 777 patients with HER2-zero or HER2-low tumors were eventually analyzed (Figure 1). The details are provided in Supplementary Table 1. In particular, the percentage of older patients (age ≥ 70) was lower in the HER2-low group (p = 0.02). As for the pathological characteristics, tumor grade tended to be advanced in the HER2-zero group (grade III, 35.20% vs. 18.39%, p < 0.001). The rate of HR positivity in the HER2-low group was significantly higher (92.31% vs. 70.39%, p < 0.001). The Ki-67 index and TOP2A expression seemed to be lower in the HER2-low group (Ki-67 ≤ 30%, 74.58% vs. 59.68%, p < 0.001; TOP2A ≤ 60%, 96.66% vs. 92.74%, p < 0.001). There was no statistical significance in the tumor size and lymph node status between these two groups. Regarding the treatment, more patients (85.12%) in the HER2-low group received endocrine therapy (p < 0.001) while no difference was detected in radiotherapy and chemotherapy.




Figure 1 | Representative IHC images of HER2-zero and HER2-low breast cancers. (A) IHC images of HER2-zero breast cancer. (B) IHC images of HER2-low breast cancer (magnification ×200 in each picture). IHC, immunochemistry.



The included patients were then divided according to HR status (Table 1). HR-positive and HR-negative patients accounted for 87.26% and 12.74%, respectively. In the HR-positive subgroup, HER2-low patients tended to be older (age ≥ 70) and have a higher PgR-positive rate compared with HER2-zero patients (p = 0.009 and p = 0.019, respectively). Other baseline characteristics were comparable between two subgroups. In the HR-negative subgroup, all features were similar in HER2-zero and HER2-low patients.


Table 1 | Baseline characteristics stratified by HR status.





Prognosis Analysis

The median follow-up time was 78 months (95% CI, 76.43–79.57 months). In the overall population, HER2-zero and HER2-low patients had comparable DFS and OS (5-year DFS, 83.9% vs. 85.2%, p = 0.183; 5-year OS, 93.0% vs. 95.3%, p = 0.585) (Supplementary Figure 1). Survival outcomes were further analyzed according to HR status. In the HR-positive subgroup, the DFS and OS of HER2-low patients were similar to HER2-zero counterparts (5-year DFS, 85.5% vs. 84.6%, p = 0.206; 5-year OS, 95.5% vs. 94.3%, p = 0.776) (Figure 2). Analogous results were yielded in the HR-negative subgroup between the HER2-low and HER2-zero population (5-year DFS, 81.9% vs. 80.1%, p = 0.819; 5-year OS, 90.6% vs. 89.8%, p = 0.880) (Figure 3).




Figure 2 | DFS and OS in HR-positive/HER2-zero and HR-positive/HER2-low patients. (A) DFS in HR-positive/HER2-zero and HR-positive/HER2-low patients. (B) OS in HR-positive/HER2-zero and HR-positive/HER2-low patients.






Figure 3 | DFS and OS in HR-negative/HER2-zero and HR-negative/HER2-low patients. (A) DFS in HR-negative/HER2-zero and HR-negative/HER2-low patients. (B) OS in HR-negative/HER2-zero and HR-negative/HER2-low patients.



Landmark analysis was introduced afterwards with a time point setting at 60 months. In the HR-positive cohort, HER2-low patients had a significantly better DFS compared with HER2-zero patients after 5 years (p = 0.0047) while the same outcome did not occur within 5 years (p = 0.604) (Figures 4A, B). No difference was observed regarding OS within and after 5 years (Figures 4C, D). As for the HR-negative cohort, two subgroups had a similar DFS and OS in the landmark analysis (Figure 5).




Figure 4 | Landmark analysis of DFS and OS in HR-positive/HER2-zero and HR-positive/HER2-low patients. (A) DFS in HR-positive/HER2-zero and HR-positive/HER2-low patients within 60 months. (B) DFS in HR-positive/HER2-zero and HR-positive/HER2-low patients after 60 months. (C) OS in HR-positive/HER2-zero and HR-positive/HER2-low patients within 60 months. (D) OS in HR-positive/HER2-zero and HR-positive/HER2-low patients after 60 months.






Figure 5 | Landmark analysis of DFS and OS in HR-negative/HER2-zero and HR-negative/HER2-low patients. (A) DFS in HR-negative/HER2-zero and HR-negative/HER2-low patients within 60 months. (B) DFS in HR-negative/HER2-zero and HR-negative/HER2-low patients after 60 months. (C) OS in HR-negative/HER2-zero and HR-negative/HER2-low patients within 60 months. (D) OS in HR-negative/HER2-zero and HR-negative/HER2-low patients after 60 months.



Lastly, we conducted univariate and multivariate analysis of prognosis in the overall population, the HR-positive subgroup, and the HR-negative subgroup. The results are summarized in Supplementary Tables 2, 3, 4. The Cox regression analysis in different time segments was also performed. In HR-positive patients, HER2-low status was a significant prognostic factor for a better DFS compared with HER-zero status after 5 years (HR 0.31, 95% CI 0.13–0.75, p = 0.01) (Table 2), while HER2 status did not display similar predictive effects for HR-positive patients in other cases (Supplementary Tables 4, 5).


Table 2 | Univariate and multivariate analysis of variables correlated with DFS in HR-positive patients within and after 5 years.






Discussion

Breast cancer has always been at the forefront of precision therapy; one of the representative examples is the targeted therapy for HER2-positive breast cancer. The advent of novel ADCs makes it possible for patients with moderate HER2 expression, a rather huge population, to benefit from anti-HER2 therapy (9). Nevertheless, there is an ongoing debate on whether HER2-low breast cancer is a distinct entity, but there is a lack of data on this subject, particularly in a Chinese population. A recent published study by our institution analyzed the HER2-low breast cancer in the metastatic setting and concluded that HER2 low expression was related to a better OS (21). In the present study, we focused on early-stage patients, comparing the clinicopathological characteristics and prognosis between HER2-zero and HER2-low breast cancer with a different HR status. In particular, we found that HER2-low breast cancer tended to have a better DFS compared with HER2-zero breast cancer in the HR-positive cohort in the long term.

In this retrospective analysis, 1,039 patients with early-stage breast cancer had available HER2 status, 57.56% of whom had HER2-low breast cancer. The proportion was in line with previous studies by and large (9). The demographics, pathology, and treatment patterns within the 777 non-HER2-positive breast cancer patients were compared. A prominent feature of breast cancer with low HER2 expression was a sizeable increase in the positive rate of HR compared with HER2-zero counterparts (92.31% vs. 70.39%, p < 0.001), which was relatively higher than other reported data (64.0%–90.2%) (12, 13, 16, 22). At the genetic level, recent data showed that HER2-low breast cancers had a higher expression of luminal-related genes compared with HER2-zero tumors (12). Additionally, in our study, other pathological features such as tumor grade and Ki-67 index were different between HER2-zero and HER2-low groups, the differences of which disappeared when the overall population is further divided according to HR status. In the HR-positive population, there were fewer older patients (age ≥ 70, 4.53% vs. 12.70%) and more PgR-positive patients (95.65% vs. 90.48%) in the HER2-low subgroup, while in the HR-negative population, all the recorded features were balanced in the HER2-zero and HER2-low subgroups. We speculated that the significant imbalance in HR positivity resulted in the difference between HER2-zero and HER2-low baseline characteristics. Many other studies also discussed patients with a different HER2 status in a distinguished HR background (13, 16), and the clinicopathological features of HER2-low breast cancer are not fully elucidated so far. A newly published research based on Chinese women with breast cancer (n = 523) implied that the HER2-low expression was associated with distinct clinical and molecular features (such as lower Ki-67 expression and particular types of gene mutation) (23). Our present study did not support the idea that HER2-low breast cancer was different from HER2-zero regarding biology. Whether HER2-low breast cancer harbors more aggressive features remains unclear in view of the mixed results from different studies (12, 13, 24).

The prognosis of HER2-low breast cancer remains disputable at present. We analyzed the DFS and OS in the HER2-zero and HER2-low entities, both in the overall population and in the HR-positive/negative subgroups. However, no significant differences in DFS and OS were detected between patients with HER2-zero or HER2-low tumors regardless of HR status. The outcomes were consistent with a study from Japan (16). However, newly published data from Korea showed that breast cancer−specific survival (BCSS) instead of OS was better in HER2-low entity in spite of the HR status (24). Another multicenter study demonstrated that HER2-low breast cancer showed both better relapse−free survival (RFS) and OS in a non-metastatic setting (25). The relatively small sample size and the short follow-up time contributed to the differences between their studies and ours. Furthermore, we found that the Kaplan–Meier curves between two groups crossed each other, which indicated that it might violate the assumption for the proportional hazards model. Thus, we performed landmark analyses with the designated time point at 60 months. Results signified that the HER2-low group had a better DFS than the HER2-zero group in HR-positive patients after 60 months (p = 0.0047), while no marked difference was detected within 60 months (p = 0.604). We also performed Cox regression in divided time intervals to determine whether HER-low expression could predict the prognosis. Results showed that HER2-low expression was an independent prognostic factor for DFS after 5 years with a reduced risk of 69% compared with HER2-zero expression (HR 0.31, 95% CI 0.13–0.75, p = 0.01). We did not obtain similar outcomes in HR-positive patients regarding OS. The same scenario like ours could also been seen in another study that showed that the disparity in DFS widened after 5 years between HER2-zero and HER2-low groups in HR-positive patients (26). Likewise, a recent large-scale study indicated that better RFS of HER2-low patients emerged in the HR-positive subgroup with longer follow-up after 6 years (25). Although it did not reach statistical significance, Horisawa et al. found that HER2-low patients (n = 3,169) tended to have a better prognosis than those in the HER2-zero group (n = 838) regardless of HR status, and it seemed that the better prognosis of the HER2-low population became increasingly apparent as time went on (16).

Notably, the better prognosis of HER2-low tumor only presented in the HR-positive patients based on current evidence. One previous study by Mutai et al. also compared the prognosis between the HER2-zero and HER2-low group in early-stage luminal disease and found that HER2-low expression was related to a better OS, DFS, and distant disease-free survival (DDFS) in women with high genomic risk (19). A recent study illustrated the PAM50 intrinsic subtype profiles of HER2-low tumors and concluded that the gene expression between HER2-zero and HER2-low tumors was dramatically different within HR-positive disease while no difference was detected in TNBC, justifying that HR-positive/HER2-low tumors were a more distinct biological entity than HR-negative/HER2-low tumors (12). Another study utilizing similar methods also emphasized the significance of considering HR status in the HER2-low classification (26). It was still unclear why HR-positive/HER2-low breast cancer patients had a better DFS in the long run. The following explanations might partly account for it. On the one hand, compared with HER2-zero tumors, HER2-low tumors consisted of more HER2-enriched subtypes (26), which was a predictive factor for prognosis (27). The possible reduced aggressiveness and other intricate unknown biology of HER2-low breast cancer might also be attributed to its better prognosis (24). Previous exploratory analyses from the phase III ExteNET trial (NCT00878709) showed the greater efficacy of neratinib, an irreversible pan-HER TKI, in the HR-positive population (28). The elaborate cross-talk between HR and HER2 was believed to play a role in it (29). We speculated that a similar mechanism also applied to HER2-low tumors since they also had some extent of HER2 expression (30), but undoubtedly more research into it was warranted. Of note, we utilized the primary pathological diagnosis in this analysis, while HER2 status is actually dynamic. Two similar studies showed that the HER2-low expression evolved from primary to recurrent breast cancer (30) and between early and advanced-stage breast cancer (31), which indicated that a second biopsy might be necessary during the disease progression for suitable treatment options.

So far, ADCs showed a promising future in treating HER2-low breast cancer due to their particular structures (32). Take trastuzumab deruxtecan (T-DXd, DS-8201a) as an example; a phase Ib study that enrolled 54 patients with heavily pretreated HER2-low metastatic breast cancer (MBC) showed a median progression-free survival (PFS) of 11.1 months (11). The latest data presented at the 2021 San Antonio Breast Cancer Symposium (SABCS) disclosed the results of DAISY, a phase II study that assessed the activity of T-DXd in advanced breast cancer (ABC) with different extents of HER2 expression. The study further confirmed the efficacy of T-DXd in HER2-low MBC with a best overall response (BOR) of 37.5% (27/72) and a median PFS of 6.7 months (33). Other ADCs such as trastuzumab duocarmazine (SYD985) (10) and RC 48-ADC (34) also proved to be effective in treating HER2-low breast cancer. Obviously, the clinical trials evaluating the efficacy of these drugs were primarily designed for MBC. In view of the success in MBC, the investigators also evaluated the necessity of advancing treatment with novel ADCs to early-stage breast cancer. However, based on the current state of knowledge, the present outcome did not support the notion.

Several limitations should be considered when interpreting the results. To begin with, this was a retrospective analysis with some potential bias due to its nature. Secondly, the sample size was relatively small especially for the HR-negative population. HER2 IHC2+ patients without available FISH results were excluded from this analysis, which might lead to patient selection bias to some extent. In addition, the IHC evaluation of HER2 was short of a central pathological review and results might vary from person to person. Moreover, it was difficult to fully distinguish HER2-zero tumors from HER2 IHC 1+ tumors using the current detection techniques (35), which could impair the credibility of our research. Despite these limitations, we reported the clinicopathological features and survival outcome of HER2-low entity and hoped that it could deepen the understanding of HER2-low breast cancer.



Conclusion

In conclusion, our study showed that the clinicopathological characteristics between HER2-zero and HER2-low breast cancer were basically consistent in HR-positive or HR-negative settings, respectively. Landmark analysis indicated that patients with HR-positive/HER2-low tumors had a superior DFS compared with their HR-positive/HER2-zero counterparts after 5 years.
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Reference
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Reference
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Reference
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DFS, disease-free survival: HR, hormone receptor; HER2, human epiderma growth factor receptor 2; TOP2A, topoisomerase Il alpha.
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16%-30%
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Adjuvant endocrine therapy
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Tamoxifen
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Adjuvant chemotherapy
Yes
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HR-positive N = 678 p-value HR-negative N = 99
HER2-zero HER2-low HER2-zero HER2-low
N =126 N =552 N =53 N =46
No. Percent (%) No. Percent (%) No. Percent (%) No. Percent (%)
50 (30-88) 50 (24-86) 0955 50 (33-81) 53 (28-75)
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0.371
50 39.68 230 41.67 21 39.62 19 40
49 38.89 224 40.58 24 45.28 19 42.22
24 19.06 94 17.03 8 15.09 8 17.78
3 2.38 4 0.72 0 0 0 0
0.505
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8 6.35 27 4.89 - = = =
0.019
114 90.48 528 95.65 2 & z =
12 9.62 24 4.35 = = = =
0.468
42 33.33 178 3225 2 3.77 4 8.7
51 40.48 253 45.83 7 13.21 11 23.91
33 26.19 121 21.92 44 83.02 31 67.39
0.378
100 79.37 461 83.51 13 24.53 17 36.96
22 17.46 82 14.86 31 58.49 18 39.13
4 3.17 9 1.63 9 16.98 1" 23.91
0.119
108 85.71 505 91.49 3 5.66 4 8.7
54 42.86 239 43.30 1 1.89 2 4.35
52 41.27 236 42.75 2 3.77 2 4.35
2 1.59 30 5.43 0 0 0 0
13 10.32 31 5.62 49 92.45 41 89.13
5 397 16 29 1 1.89 1 217
0.464
49 38.89 244 442 23 54.72 20 43.48
70 55.56 286 51.81 29 43.4 25 54.35
7 5.56 22 3.99 1 1.89 1 217
0.355
7 61.11 369 66.85 47 88.68 41 89.13
10 7.94 al 7.43 1 1.89 0 0
22 17.46 73 13.22 25 47.17 20 43.48
45 35.71 255 46.2 21 39.62 21 45.65
44 34.92 170 30.8 5 9.43 4 8.7
5 397 13 2.36 1 1.89 1 217

p-value

0.133
0.513

0.402

0.085

0.544

0.094

0.911

0.218

0.157

0.85

0.608

HR, hormone receptor; HER2, human epiderma growth factor receptor 2; ER, estrogen receptor; PgR, progesterone receptor; TOP2A, topoisomerase Il alpha; Als, aromatase inhibitors.

Bold values indicate statistically significant results.





OEBPS/Images/fonc-12-906011-g002.jpg
H
-
fuone
o
.
{.
i
i

HERZ status = HERZaw - HERZiow.

=021
'DFS (months) !
Numoerat sk
s T o7 ™ o
s s e e o
075 (ene)
VERQ s+ e - vesion
=078
05 ot
Numoerat sk
s w s 3 P
s sr s o






