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Objective

To explore the clinicopathological features of patients with ultra-low expression of human epidermal growth factor 2 (HER-2) in breast cancer and its impact on prognosis





Methods

Data from 1024 patients with primary breast cancer having HER-2 ultra-low expression from January 01, 2018, to December 31, 2018, were collected and analyzed retrospectively. The clinicopathological features and prognosis were compared using a chi-squared test or Fisher exact probability method. COX regression analysis and log-rank test were used to explore the factors related to the postoperative 5-year survival rate. All analytical data were defined as statistically significant (P < 0.05).





Results

Overall survival (OS) was higher in the HER-2 ultra-low group compared to the low expression group (P = 0.022). The tumor diameter, lymph node metastasis (LNM), and Ki67 expression were factors affecting DFS in the HER-2 ultra-low expression group (P < 0.05). The tumor diameter and LNM were risk factors affecting the OS (P < 0.05) in the HER-2 ultra-low expression group. LNM and Ki67 expression were risk factors affecting DFS (P < 0.05) in the HER-2 low expression group. LNM was considered an independent risk factor affecting OS (P < 0.05).





Conclusion

Breast cancer with HER-2 ultra-low expression has differences in the clinicopathological features. Breast cancer with HER-2 low expression is more aggressive and has a worse prognosis. This study provides a reference to consider in the treatment of HER-2-low and -ultra-low expression breast cancer.
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Introduction

Breast cancer is currently the leading malignant cancer diagnosed among women, with incidences accounting for about 11.7% of the total number of new cases of cancer, as per the updated Global Cancer statistics of the International Agency for Research on Cancer (IARC) for 2020. Although the diagnosis and treatment strategies of breast cancer are constantly evolving with advances cited in The Times, the mortality rate remains high at 6.9% among all cancer deaths (1). The prognosis among breast cancer patients varies based on the molecular subtypes; therefore, precision medicine has currently gained increased attention.

Based on the pathology, experts at the 2013 St. Gallen International Breast Cancer Conference have categorized breast cancer into four molecular subtypes, viz. Luminal A, Luminal B, triple-negative (TNBC), and human epidermal growth factor receptor 2 positive (HER-2+) (2). HER-2 is an important driver gene for breast cancer and shows tyrosine kinase activity. It is also an important predictor of prognosis. Its expression levels are indicative of the efficacy of anti-HER-2 therapeutic drugs in breast cancer. Overexpression of HER-2 is associated with highly aggressive tumors and poor prognosis (3). With the availability of broad range anti-HER-2 drugs, such as trastuzumab, lapatinib, pertuzumab, pyrotinib, and trastuzumab emtansine (T-DM1), the prognosis among patients with HER-2+ early and advanced breast cancer has significantly improved (4).

In recent years, the focus on breast cancer with HER-2-low expression has increased with evolving research on decitabine, a novel antibody-drug conjugate (ADC) drug. According to the testing guidelines of the 2022 American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP), HER-2 low expression is defined as a breast cancer subgroup having immunohistochemistry (IHC) score of 1+ or 2+ and negative for fluorescence in situ hybridization (FISH−) test (5). Previously, patients with HER-2 low expression were often classified as having HER-2− breast cancer. Further, patients with HER-2 low expression were treated with anti-HER-2 drugs, such as trastuzumab and T-DM1. In the DESTINY-Breast04 study involving patients with advanced breast cancer and HER-2 low expression who had previously received first- or second-line hormone receptor-positive (HR+) endocrine therapy, trastuzumab deruxtecan (T-DXd) significantly improved the progression-free survival (PFS) and overall survival (OS) compared with physician-selected chemotherapy (median PFS [mPFS], 10.1 months vs 5.4 months, P < 0.05). The median OS was 23.9 months versus 17.5 months. T-DXd showed a favorable therapeutic effect and survival benefit in HER-2-low expression cases (6). However, in HER-2− breast cancer, some breast cancer cells expressed different levels of HER-2 on the surface. The DAISY study (NCT04132960) enrolled patients with HER-2 non-expression, including those with HER-2 ultra-low expression. Ultra-low expression is defined as a subgroup having an IHC score close to 1+, but not completely HER-2− (faint staining in ≤10% cells). An objective response rate (ORR) seen with T-DXd drugs warrants the re-review and reclassification of the concept of HER-2 low breast cancer (7). The recent DESTINY-Breast06 study further explores the efficacy and safety of T-DXd in patients with HER-2 low and ultra-low expression and HR+ advanced breast cancer refractory to endocrine therapy and without chemotherapy. The data of this study are expected to increase the understanding of the diagnosis and treatment landscape in HER-2 ultra-low expression (8). Our retrospective analysis aimed to understand whether the clinicopathological features and prognosis of patients with HER-2 low and ultra-low subtypes are similar.

In this regard, we retrospectively analyzed and compared the clinicopathological characteristics along with prognosis among patients with HER-2 low and ultra-low expression breast cancer. With this study, we hope to provide a basis for a better clinical treatment landscape of breast cancer patients with HER-2 ultra-low expression.





Materials and methods




Patient data

Data of patients with HER-2 ultra-low or low expression breast cancer who underwent surgery in the Breast Center of the Fourth Hospital of Hebei Medical University in China between January 1, 2018, and December 31, 2018, were collected for follow-up and analysis.

The key inclusion criteria for selecting the cases were (1) confirmed pathological diagnosis of invasive breast cancer; (2) measurable tumor diameter using ultrasound or magnetic resonance imaging; (3) HER-2 low or ultra-low expression confirmed by IHC; and (4) availability of complete follow-up and clinicopathological data. The key criteria for excluding cases were (1) males with breast cancer; (2) receiving neoadjuvant chemotherapy or endocrine therapy prior to surgery; (3) distant metastasis or other malignant tumors found during general examination prior to surgery; (4) synchronous or metachronous bilateral breast cancer.

All patients had undergone breast ultrasound, mammography, and bilateral breast-enhanced magnetic resonance imaging prior to surgery to evaluate the primary tumor and lymph node status. Computed tomography and whole-body bone radionuclide computed tomography was done to exclude distant metastasis or other malignant tumors.





Tumor characteristics

Data on disease pathology for all patients were obtained from the Department of Pathology of our hospital. The estrogen receptor-positive (ER+) status of tumors was defined as positive IHC staining of >1% cells. Further, the ER positivity between 1% and 9% was defined as ER-weakly positive (ER-low). The progesterone receptor positive (PR+) status was defined as positive IHC staining of >20% of cells. ER- or PR-positive was defined as HR-positive. The HER-2+ status was defined as having an IHC score of 3+ or 2+ and FISH+; HER-2 low expression was defined as having an IHC score of 1+ or 2+ and FISH−; and HER-2− was defined as having an IHC score of 0. HER-2− negative cells showed no HER-2 protein staining, or ≤10% of invasive cells showed incomplete weak cell membrane staining. TNBC was defined as having an IHC score of 0 and FISH−. In this study, HER-2 ultra-low expression was defined as invasive cells showing at least ≤10% membrane protein staining or incomplete weak membrane staining. Ki67 is a nuclear protein associated with cell proliferation. Low Ki67 expression was defined as a score of ≤30% and high Ki67 expression as a score of >30%. The T stage was categorized based on tumor size as T1 (<5 cm), T2 (> 2 ≤5 cm), T3 (> 5 cm), and T4 (any size with direct extension to the chest wall or skin). The axillary lymph node stage was categorized as N0 (0+ axillary lymph nodes), N1 (metastasis to 1–3 axillary lymph nodes), N2 (metastasis to 4–9 axillary lymph nodes), and N3 (metastasis to ≥10 axillary lymph nodes). Metastasis was categorized as M0 (no clinical or radiographic evidence of distant metastasis) and M1 (clinical or radiographic evidence of distant metastasis with histologically confirmed metastases of >2 mm). The histological type was determined according to the World Health Organization classification (5).





Follow-up and outcome variables

Patients were followed up through outpatient review, hospitalization, and telephone. The follow-up began on the first postoperative day and ended on January 31, 2023, or death, whichever came first. Disease-free survival (DFS) was defined as the time from postoperative day 1 to the first detection of recurrence and/or metastasis. OS was defined as the time from postoperative day 1 to death or the end of follow-up, whichever came first.





Statistical analyses

The follow-up data were grouped to establish a database. The Statistical Package for the Social Sciences (SPSS) software, Version 26.0, was used for statistical analyses. The Chi-square test or Fisher’s exact test was used to compare the clinicopathological characteristics, recurrence, metastasis, and survival between Her-2 low and ultra-low groups. A univariate COX regression analysis was used to analyze the influence of related factors on the 5-year survival rate of patients after surgery. The Kaplan–Meier method was used to generate the survival curve, and a log-rank test was used to compare the prognosis between the two groups. COX regression was used for multivariate analysis. All analyzed data were presented as P < 0.05, which was defined as statistically significant.






Results




Patient characteristics

A total of 1024 patients who underwent breast cancer surgery in the Breast Center of the Fourth Hospital of Hebei Medical University from January 1, 2018, to December 31, 2018, met the inclusion criteria. Among them, 27 patients were lost to follow-up, with a loss rate of 2.7%. The follow-up duration ranged from 4 months to 61 months, and the median follow-up duration was 53 months. HER-2 ultra-low expression was seen in 249 patients (24.9%) and HER-2 low expression in 748 patients (75.1%). Local recurrence or distant metastasis was reported in 29 cases (11.6%) in the HER-2 ultra-low group and in 60 cases (8.0%) in the HER-2 low expression group. In the HER-2 ultra-low expression group, 17 (6.8%) deaths due to local recurrence or distant metastasis and 2 (0.8%) deaths due to other causes were reported. In the HER-2 low expression group, 26 (3.4%) deaths due to local recurrence or distant metastasis, and 7 (0.9%) due to other causes were reported.





Analysis of clinicopathological characteristics of HER-2 ultra-low and low expression groups

The age range was 28-79 years (median, 53 years) and 25-86 years (median, 55 years) for the HER-2 ultra-low and low groups, respectively. The age parameters were divided into two groups <55 years and ≥55 years. In the HER-2 ultra-low group, 145 (58.2%) cases were younger than 55 years. In the HER-2 low group, 372 (39.7%) cases were younger than 55 years old. Compared with the HER-2 low group, the age of onset for patients in the HER-2 ultra-low group was lower (P < 0.05). In the HER-2 ultra-low group, 123 (49.4%) cases were categorized as having T1 tumor size, 116 (46.6%) cases as T2, 8 (3.2%) cases as T3; and 2 (0.8%) cases as T4. In the HER-2 low group, 285 (38.1%) cases were categorized as T1 tumor size, 404 (54.1%) cases as T2, 59 (5.7%) cases as T3, and 16 (2.1%) cases as T4. The HER-2 ultra-low group included patients who have a smaller tumor diameter and a high proportion of early postoperative T stage compared to the HER-2 low group (P < 0.05). The HER-2 ultra-low group had 113 (45.4%) cases of pTNM stage I, 113 (45.4%) cases of stage II, and 23 (9.2%) cases of stage III. The HER-2 low group included 265 (35.4%) cases of stage I and 397 (53.1%) cases of stage II. The proportion of early pTNM stage cases was higher in the ultra-low group than that in the low group (P < 0.05). In the HER-2 ultra-low group, 9 (3.6%) cases were histopathological grade I, 112 (45%) cases were grade II, 81 (32.5%) cases were grade III, and 47 (18.9%) cases had other histological grades. In the HER-2 low group, 54 (7.2%) were grade I, 466 (62.3%) cases were grade II, 111 (14.8%) cases were grade III, and 117 (15.6%) cases had other histological grades. The proportion of histological grade III cases in the HER-2 ultra-low group was significantly higher than that in the HER-2 low group (P < 0.001). High p53 expression was seen in 77 (30.9%) cases in the HER-2 ultra-low group and in 117 (15.6%) cases in the HER-2 low group. The expression intensity of p53 in the HER-2 ultra-low group was higher (P < 0.001). Further, 138 (55.4%) cases had high type II topoisomerase (TOPOII) expression in the HER-2 ultra-low group, whereas 320 (42.8%) cases had high TOPOII expression in the HER-2 low group. The expression intensity of TOPOII in the ultra-low group was higher (P < 0.05). High Ki67 expression was seen in 167 (67.1%) cases in the HER-2 ultra-low group and in 407 (54.4%) cases in the HER-2 low group. The expression intensity of Ki67 in the HER-2 ultra-low group was higher (P < 0.001). In the HER-2 ultra-low group, 182 (73.1%) cases were ER+ and 161 (67.4%) cases were PR+. In the HER-2 low group, 672 (89.2%) cases were ER+ and 605 (80.9%) cases were PR+. The positivity rates of ER and PR in the HER-2 ultra-low group were significantly lower than those in the low group (P < 0.001). However, there was no significant difference in lymph node metastasis between the two groups (P = 0.736; Table 1). The type of surgery is also related to the HER-2 expression. The number of cases that underwent breast-conserving surgery with axillary lymph node dissection (ALND, 3.2%) and breast-conserving surgery with sentinel lymph node biopsy (SLNB, 31.3%) in the HER-2 ultra-low group was significantly higher compared to the HER-2 low group (breast-conserving surgery+ALND, 1.6%; breast-conserving surgery+SLNB, 17.1%). The number of cases that underwent mastectomy with SLNB (40.1%) and modified radical mastectomy (41.2%) in the HER-2 low group was significantly higher compared to the HER-2 ultra-low group (mastectomy+SLNB, 34.9%; modified radical mastectomy, 30.5%).


Table 1 | Clinical and pathological features of the HER-2 ultra-low and HER-2 low expression groups.







Analysis of prognosis in the HER-2 ultra-low and low expression groups

Local recurrence or distant metastasis was reported in 29 (11.6%) cases in the HER-2 ultra-low group and in 60 (8%) cases in the HER-2 low group. There was no significant difference in the 5-year recurrence or metastasis rate between the HER-2 ultra-low and low groups (11.6% vs 8.0; P = 0.082; Table 2).


Table 2 | Relationship between HER-2 expression intensity and prognosis.



For the triple-negative breast cancer (TNBC) subgroup, recurrence and metastasis events were seen in 11 (16.4%) cases in the HER-2 ultra-low group and 7 (9.2%) cases in the HER-2 low group. In the HR+ subgroup, recurrence and metastasis events were seen in 18 (9.9%) cases with HER-2 low expression and in 53 (7.9%) cases with HER-2 ultra-low expression. A subgroup analysis showed that there was no significant difference in recurrence or metastasis between the HER-2 ultra-low and low groups within the TNBC and HR+ subgroups (P < 0.05; Table 2).

The Kaplan–Meier method was used to generate the survival curve of the overall population. The 5-year DFS survival curve of the HER-2 ultra-low and low groups had a trend of separation, and the difference did not reach statistical significance (P = 0.068; Figure 1). The OS rate of HER-2 ultra-low group was lower than that of the HER-2 low group (P = 0.022; Figure 2).




Figure 1 | Comparison of the 5-year DFS rates between the HER-2 ultra-low and low expression groups.






Figure 2 | Comparison of 5-year OS rates between the HER-2 ultra-low and low expression groups.



The results of the univariate COX regression analysis showed that lymph node metastasis, tumor diameter, and Ki67 expression were risk factors affecting the 5-year DFS rates in patients with ultra-low HER-2 expression (P < 0.05; Table 3). Tumor diameter and lymph node metastasis were risk factors affecting the 5-year OS rate in patients with HER-2 ultra-low expression (P < 0.05; Table 3). Lymph node metastasis was considered an independent risk factor affecting the 5-year OS rate in patients with HER-2 ultra-low expression (P < 0.05; Table 3).


Table 3 | COX regression analysis of factors influencing DFS and OS in HER-2 ultra-low expression.








Discussion

The treatment landscape for breast cancer was positively impacted by the molecular classification of subtypes initially proposed by Professor Charles Perou in 2000: luminal (HR+), basal (HR− and HER-2−), and HER-2 overexpression (HR− and HER-2+). The work by Axel Ullrich et al. on HER-2 in 2019 opened new prospects in clinical research and oncology practice. HER-2 is a tyrosine kinase receptor of the human epidermal growth factor receptor family. Homo- or heterodimerization between receptors activates downstream signaling cascades, triggering the proliferation, migration, invasion, and survival of cancer cells. The extracellular domain (ECD) of HER-2 protein is composed of four subdomains: I, II, III, and IV. The therapeutic effects of several HER-2 directed monoclonal antibody drugs, such as trastuzumab, pertuzumab, and small molecule tyrosine kinase inhibitors (TKIs), mainly stem from interactions with the different domains of the ECD.

The Food and Drug Administration (FDA) approved trastuzumab in 1990 for the treatment of HER-2+ metastatic breast cancer. As the first humanized monoclonal antibody against HER-2, trastuzumab binds to the ECD IV of HER-2 (9), thereby inhibiting the downstream intracellular HER-2 signaling pathway, arresting the cell cycle, and mediating antibody-dependent cytotoxicity (10). Although use of trastuzumab has improved the treatment outcomes in HER-2+, a large number of patients still develop drug resistance and breast cancer recurrence. Early studies have shown that targeting multiple domains of HER-2 receptor can synergistically exert anti-tumor effects. Pertuzumab was thus developed as a second humanized HER-2 monoclonal antibody. Unlike trastuzumab. which binds to subdomain IV of HER-2 ECD, pertuzumab binds to subdomain II of the HER-2 ECD and inhibits heterodimerization between (1) HER-2 and HER-1 and (2) HER-3 and HER-4, thereby blocking downstream tumor signaling (11). In 2017, the FDA approved the combination of pertuzumab and trastuzumab for patients with HER-2+ early-stage breast cancer at a high risk of recurrence. The combination of trastuzumab and pertuzumab blocks the HER-2 signaling pathway, which has helped establish its first-line status in anti-HER-2+ breast cancer treatment. TKIs can bind to the ECD of HER-2 and block the adenosine triphosphate-binding site of tyrosine kinase, thereby blocking downstream signal transmission and inhibiting the proliferation of cancer cells (12). TKIs are low molecular weight agents that can penetrate the blood-brain barrier, which is more advantageous in preventing and treating brain metastasis (12). Lapatinib, pyrotinib, and tucatinib are some examples of TKIs.

In 2013, the FDA approved T-DM1 for the treatment of HER-2+ metastatic breast cancer, making it the first ADC-class drug for solid tumor treatment. The payload can be delivered directly to the target cancer cells. The development of ADC drugs has provided multi-line treatment options for metastatic HER-2+ breast cancer. T-DM1 is a specific, potent, and stable combination of trastuzumab and microtubule inhibitor DM1 (a maytansine derivative) joined by a stable MCC (maleimidocaproyl (mc) and maleimidomethyl cyclohexane-1-carboxylate) linker (13). T-DM1 monotherapy has replaced traditional chemotherapy combined with targeted therapy. It has shown a good survival benefit in patients who are refractory to trastuzumab and pertuzumab combination therapy in the advanced stage and who do not achieve a complete pathological response after neoadjuvant chemotherapy. As the second approved drug in the ADC class for breast cancer, T-DXd has a higher drug-to-antibody ratio than T-DM1, with a linker that can be cleaved. The payload of T-DXd is a TOPOI inhibitor having high membrane permeability. Irrespective of HER-2 expression, T-DXd can penetrate the cell membrane and kill the surrounding cancer cells, known as the bystander effect (14).

The DS8201-A-J101 study showed that in patients with advanced breast cancer having low HER-2 expression, T-DXd treatment resulted in an ORR of 37.0% and an mPFS of 11.1 months after a median of 7.5 lines of previous treatment. The median disease control time was 10.4 months (15). These findings led to the concept of HER-2 low expression. The TROPICS-02 study showed that in the population with low HER-2 expression, sacituzumab govitecan could significantly prolong PFS in patients. A subgroup analysis showed that sacituzumab govitecan improved the survival benefit of patients with low HER-2 expression and HER-2 non-expression, which was consistent with the study population (16). In addition, the results of DESTINY-Breast04 phase III clinical trial showed that the mPFS and OS of patients receiving T-DXd were significantly higher than those of patients receiving physician-chosen chemotherapy (6). Exploring T-DXd in the treatment of HER-2 low-expression breast cancer has become a topic of increased focus. Considering the clinical benefit of T-DXd in breast cancer with HER-2 low expression, the scope of anti-HER-2 treatment has been extended from HER-2+ to HER-2 low expression or ultra-low expression. To date, there are no guidelines to clearly define the subtypes of breast cancer with low HER-2 expression. The current and ongoing studies have adopted the definition of low HER-2 expression in breast cancer as having an IHC score of 1+ or 2+ and no amplification of the HER-2 gene based on ISH. Therefore, the accurate classification of low HER-2 expression mainly depends on the sensitivity and reliability of the detection method. Currently, two semi-quantitative methods are commonly used to determine the expression levels of HER-2 in clinical practice. However, both assays have limitations, leading to non-consensus in the classification of breast cancers with low HER-2 expression. More specifically, the results of IHC and ISH are influenced by various factors before and during the analysis. Currently, in the clinical set-up, formalin-fixed, paraffin-embedded tissue sections are used in IHC and ISH assays. Studies have shown that formalin fixation may result in the visualization of reduced protein expression; therefore, IHC and other detection methods may underestimate HER-2 protein expression in tissues (17). A study showed (18) that in a cohort of 500 samples, 28.0% of the samples were determined to be IHC 1+ or 2+ using the 4B5 antibody compared to 11.6% seen after using HercepTest™. Only 21.6% of patients classified as IHC 1+ or 2+ using the 4B5 antibody showed consistent results when tested using HercepTest. In addition, factors, such as antibody clone, enzyme activity, reaction time, temperature, and substrate concentration, have a significant impact on HER-2 staining intensity, thereby affecting the HER-2 test results (19).

With increasing research on the subtypes, breast cancer with low HER-2 expression constitutes a molecularly diverse and clinically heterogeneous group, including the majority of HR+ tumors. Horisawa et al. (20) found that 90.2% of tumors with low HER-2 expression were HR+, and Miglietta et al. (21) found that low HER-2 expression was more common in HR+ tumors than in triple-negative tumors, both in primary and recurrent or metastatic tumors. Compared to HER-2 0 or 1+ breast cancer types, HER-2 2+ and ISH− had significantly increased tumor size, lymph node positivity, high histological grade, and high Ki67 index. In a study on non-metastatic TNBC, 83.8% of the tumors were HER-2−, and only 16.2% of the tumors showed low HER-2 expression (22). A pooled analysis of 2310 patients with HER-2− breast cancer from four prospective clinical trials using neoadjuvant therapies showed that compared with HER-2− type, HER-2-low had a relatively lower histological grade (grade III) and lower Ki-67 score. In the present study, 672 (89.8%) cases were HR+ and 76 (10.2%) cases were triple-negative in patients with low HER-2 expression; 182 (73.1%) cases were HR+ positive and 67 (26.9%) cases were triple-negative in patients with ultra-low HER-2 expression. The majority of HER-2 low and ultra-low expression tumors were HR+. The study also found that the HER-2 ultra-low group had a relatively higher histological grade III and higher Ki67 score compared to the HER-2 low group.

The HER-2 low group has shown a higher OS rate in the present analysis. The genetic differences between low HER-2 expression and HER-2− tumors may be responsible for the clinicopathological diversity between the two groups. Schettini et al. (23)[24] reported that lumen-related genes, such as BCL2, BAG1, Forkhead box A1 (FOXA1), and ESR1, were significantly up-regulated in the HER-2 low expression tumors compared to HER-2− tumors. In contrast, basal and proliferation-related genes, such as CCNE1, MKI67, and EXO1, were significantly down-regulated. This study also quantified HER-2 gene amplification in 774 breast cancer patients using the next-generation sequencing assay and reported that patients with HER-2 overexpression or low expression had a significantly higher copy number amplification of other genes, including CDK12, retinoic acid receptor, alpha (RARA), and Speckle Type BTB/POZ Protein (SPOP), compared to HER-2− patients. This could be indicative of the different mutational profiles of these populations.

Currently, the poor prognosis of patients with HER-2+ breast cancer despite effective anti-HER-2 targeted therapy is a recognized fact; however, the prognosis of patients with low HER-2 expression remains inconclusive. Horisawa et al. (20) investigated 4918 breast cancer cases and found no statistically significant difference in the prognosis of patients with low HER-2 expression and HER-2−, regardless of the HR status. Gampenrieder et al. (24) analyzed data from 1729 patients with metastatic breast cancer and concluded that low HER-2 expression had no significant effect on the OS in HR+ or triple-negative subgroups compared to HER-2− subgroup. A retrospective study showed that in patients with high genomic risk, the OS and DFS rates of early breast cancer with low HER-2 expression are significantly higher than those of the HER-2− group (25). Rossi et al. (26) studied 1150 breast cancer patients and showed that the DFS of the patients with the HER-2 IHC 2+ and ISH− type had a worse prognosis compared to those with the HER-2 IHC 0 or 1+ type. Ignatov et al. (27) also reported that HER-2 2+ and FISH− were poor prognostic markers in patients. Further, large clinical studies are needed to evaluate the HER-2 intensity in patient prognosis. In this study, the subgroup analysis showed that there was no statistically significant difference in recurrence and metastasis rates between patients with ultra-low and low HER-2 expression regardless of the HR status. Although there was no significant difference in the 5-year DFS rates between the two groups, there was a trend of separation in the 5-year DFS rates between the HER-2 ultra-low and low groups, as indicated on the Kaplan–Meier survival curve. It may be related to fewer patients enrolled in the HER-2 ultra-low expression group and a shorter follow-up time. The 5-year OS of the HER-2 low group was higher than that of the ultra-low group, which may be related to the higher pathological stage of the HER-2 low group and a higher expression intensity of p53, TOPOII, and Ki67. Breast cancer with an ultra-low expression of HER-2 was found to be more aggressive and had a worse prognosis.

Surgery is also an important factor associated with HER-2 expression. Our results showed that breast-conserving surgery with ALND (3.2%) and breast-conserving surgery with SLNB (31.3%) was usually performed in the HER-2 ultra-low group. However, mastectomy with SLNB (40.1%) and modified radical mastectomy (41.2%) was usually performed in the HER-2 low group. Thus, we believed that HER-2 expression is related to the stage and grade of breast cancer. Stage and grade are important factors affecting surgery type.

A clinical study showed that T-DXd still had a certain ORR in patients with advanced breast cancer having an extremely low expression of HER-2, which was the first time that the concept of HER-2 ultra-low expression was proposed. At present, HER-2 ultra-low expression is still classified as HER-2− breast cancer, and there is a lack of relevant literature on breast cancer with HER-2 ultra-low expression. Based on our present retrospective analysis, there are some differences in the clinicopathological characteristics between HER-2 ultra-low and low expression cases. The 5-year OS rate of the HER-2 low expression group was significantly higher than that of the HER-2 ultra-low expression group. Whether HER-2 ultra-low expression breast cancer can be classified as a new subtype to distinguish from HER-2− breast cancer still needs to be supported by clinical evidence. The biological characteristics of breast cancer with low- or ultra-low HER-2 expression have not been elucidated. In the future, HER-2 testing may shift to focus on HER-2 low expression or ultra-low expression.





Conclusions

There are differences in the clinicopathological features of breast cancer with HER-2 ultra-low and low expression types. HER-2 low expression was associated with more aggressive tumors and had a worse prognosis compared to HER-2 ultra-low expression. This study provides a reference to consider in the treatment of breast cancer with HER-2-low and -ultra-low expression. However, there are some limitations in our study. First, our study is a retrospective analysis. Insufficient sample size and statistical power may have biased the results. Second, patients were followed up through outpatient review, hospitalization, and telephone. Data on adjuvant treatment was not retrieved, and data on concomitant diseases were missing. These two factors may impact PFS and OS. Third, due to missing information, some indicators and difference of gene expression could not evaluate further, for example, TOPOII. More studies are still needed to study how these indicators and genes affect the prognosis and the mechanism. Finally, we only explored the characteristics of the population in China and did not consider people from other regions. Further studies are still needed to verify the characteristics of HER-2 ultra-low breast cancer.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Author contributions

CG performed study concept and design, revised the manuscript and make final approval of the version. JS and LZ performed IHC staining, analyzed data, interpretated result and wrote the manuscript. All authors contributed to the article and approved the submitted version.




Acknowledgments

We thank Bullet Edits for editing this manuscript.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Goldhirsch, A, Winer, EP, Coates, AS, Gelber, RD, Piccart-Gebhart, M, Thürlimann, B, et al. Personalizing the treatment of women with early breast cancer: highlights of the St Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 2013. Ann Oncol (2013) 24(9):2206–23. doi: 10.1093/annonc/mdt303

3. Pons, L, Hernández, L, Urbizu, A, Osorio, P, Rodríguez-Martínez, P, Castella, E, et al. Pre- and post-neoadjuvant clinicopathological parameters can help in the prognosis and the prediction of response in HER2+ and triple negative breast cancer. Cancers (Basel) (2023) 15(12):3068. doi: 10.3390/cancers15123068

4. Shagisultanova, E, Gradishar, W, Brown-Glabberman, U, Chalasani, P, Brenner, AJ, Stopeck, A, et al. Safety and efficacy of tucatinib, letrozole and palbociclib in patients with previously treated HR+/HER2+ breast cancer. Clin Cancer Res (2023) 23:CCR-23-0117. doi: 10.1158/1078-0432.ccr-23-0117

5. Giordano, SH, Franzoi, MAB, Temin, S, Anders, CK, Chandarlapaty, S, Crews, JR, et al. Systemic therapy for advanced human epidermal growth factor receptor 2-positive breast cancer: ASCO guideline update. J Clin Oncol (2022) 40(23):2612–35. doi: 10.1200/jco.22.00519

6. Modi, S, Jacot, W, Yamashita, T, Sohn, J, Vidal, M, Tokunaga, E, et al. Trastuzumab deruxtecan in previously treated HER2-low advanced breast cancer. N Engl J Med (2022) 387(1):9–20. doi: 10.1056/NEJMoa2203690

7. Lee, J, and Park, YH. Trastuzumab deruxtecan for HER2+ advanced breast cancer. Future Oncol (2022) 18(1):7–19. doi: 10.2217/fon-2021-0550

8. Tang, Y, Tang, F, Yang, Y, Zhao, L, Zhou, H, Dong, J, et al. Real-time analysis on drug-antibody ratio of antibody-drug conjugates for synthesis, process optimization, and quality control. Sci Rep (2017) 7(1):7763. doi: 10.1038/s41598-017-08151-2

9. Hudis, CA. Trastuzumab–mechanism of action and use in clinical practice. N Engl J Med (2007) 357(1):39–51. doi: 10.1056/NEJMra043186

10. Maadi, H, Soheilifar, MH, Choi, WS, Moshtaghian, A, and Wang, Z. Trastuzumab mechanism of action; 20 years of research to unravel a dilemma. Cancers (Basel) (2021) 13(14):3540. doi: 10.3390/cancers13143540

11. Scheuer, W, Friess, T, Burtscher, H, Bossenmaier, B, Endl, J, and Hasmann, M. Strongly enhanced antitumor activity of trastuzumab and pertuzumab combination treatment on HER2-positive human xenograft tumor models. Cancer Res (2009) 69(24):9330–6. doi: 10.1158/0008-5472.can-08-4597

12. Duchnowska, R, Loibl, S, and Jassem, J. Tyrosine kinase inhibitors for brain metastases in HER2-positive breast cancer. Cancer Treat Rev (2018) 67:71–7. doi: 10.1016/j.ctrv.2018.05.004

13. Mano, M. Trastuzumab emtansine: a game changer in HER2-positive early breast cancer. Future Oncol (2020) 16(32):2595–609. doi: 10.2217/fon-2020-0219

14. Ogitani, Y, Aida, T, Hagihara, K, Yamaguchi, J, Ishii, C, Harada, N, et al. DS-8201a, A novel HER2-targeting ADC with a novel DNA topoisomerase I inhibitor, demonstrates a promising antitumor efficacy with differentiation from T-DM1. Clin Cancer Res (2016) 22(20):5097–108. doi: 10.1158/1078-0432.ccr-15-2822

15. Jerusalem, G, Park, YH, Yamashita, T, Hurvitz, SA, Modi, S, Andre, F, et al. Trastuzumab deruxtecan in HER2-positive metastatic breast cancer patients with brain metastases: A DESTINY-breast01 subgroup analysis. Cancer Discovery (2022) 12(12):2754–62. doi: 10.1158/2159-8290.cd-22-0837

16. Rugo, HS, Bardia, A, Tolaney, SM, Arteaga, C, and Schmid, P. TROPiCS-02: A Phase III study investigating sacituzumab govitecan in the treatment of HR+/HER2-metastatic breast cancer. Future Oncol (2020) 12):16. doi: 10.2217/fon-2020-0163

17. Press, MF, Slamon, DJ, Flom, KJ, Park, J, Zhou, JY, and Bernstein, L. Evaluation of HER-2/neu gene amplification and overexpression: comparison of frequently used assay methods in a molecularly characterized cohort of breast cancer specimens. J Clin Oncol (2002) 20(14):3095–105. doi: 10.1200/jco.2002.09.094

18. Meric, F, Hung, MC, Hortobagyi, GN, and Hunt, KK. HER2/neu in the management of invasive breast cancer. J Am Coll Surg (2002) 194(4):488–501. doi: 10.1016/S1072-7515(02)01121-3

19. Hicks, DG, Buscaglia, B, Goda, H, McMahon, L, Natori, T, Turner, B, et al. A novel detection methodology for HER2 protein quantitation in forMalin-fixed, paraffin embedded clinical samples using fluorescent nanoparticles: an analytical and clinical validation study. BMC Cancer (2018) 18(1):1266. doi: 10.1186/s12885-018-5172-1

20. Horisawa, N, Adachi, Y, Takatsuka, D, Nozawa, K, Endo, Y, Ozaki, Y, et al. The frequency of low HER2 expression in breast cancer and a comparison of prognosis between patients with HER2-low and HER2-negative breast cancer by HR status. Breast Cancer (2022) 29(2):234–41. doi: 10.1007/s12282-021-01303-3

21. Miglietta, F, Griguolo, G, Bottosso, M, Giarratano, T, Lo Mele, M, Fassan, M, et al. Evolution of HER2-low expression from primary to recurrent breast cancer. NPJ Breast Cancer (2021) 7(1):137. doi: 10.1038/s41523-021-00343-4

22. Jacot, W, Maran-Gonzalez, A, Massol, O, Sorbs, C, Mollevi, C, Guiu, S, et al. Prognostic value of HER2-low expression in non-metastatic triple-negative breast cancer and correlation with other biomarkers. Cancers (Basel) (2021) 13(23):6059. doi: 10.3390/cancers13236059

23. Schettini, F, Chic, N, Brasó-Maristany, F, Paré, L, Pascual, T, Conte, B, et al. Clinical, pathological, and PAM50 gene expression features of HER2-low breast cancer. NPJ Breast Cancer (2021) 7(1):1. doi: 10.1038/s41523-020-00208-2

24. Gampenrieder, SP, Rinnerthaler, G, Tinchon, C, Petzer, A, Balic, M, Heibl, S, et al. Landscape of HER2-low metastatic breast cancer (MBC): results from the Austrian AGMT_MBC-Registry. Breast Cancer Res (2021) 23(1):112. doi: 10.1186/s13058-021-01492-x

25. Mutai, R, Barkan, T, Moore, A, Sarfaty, M, Shochat, T, Yerushalmi, R, et al. Prognostic impact of HER2-low expression in hormone receptor positive early breast cancer. Breast (2021) 60:62–9. doi: 10.1016/j.breast.2021.08.016

26. Rossi, V, Sarotto, I, Maggiorotto, F, Berchialla, P, Kubatzki, F, Tomasi, N, et al. Moderate immunohistochemical expression of HER-2 (2+) without HER-2 gene amplification is a negative prognostic factor in early breast cancer. Oncologist (2012) 17(11):1418–25. doi: 10.1634/theoncologist.2012-0194

27. Ignatov, T, Eggemann, H, Burger, E, Fettke, F, Costa, SD, and Ignatov, A. Moderate level of HER2 expression and its prognostic significance in breast cancer with intermediate grade. Breast Cancer Res Treat (2015) 151(2):357–64. doi: 10.1007/s10549-015-3407-2




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Shi, Zhang and Geng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1210314-g001.jpg
cumulative survival

100

90

80

70

60

DFS

20 40
DFS. months

60

— HER-2 ultra-low
— HER-2 low





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        HER-2 ultra-low breast cancer: exploring the clinicopathological features and prognosis in a retrospective study

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patient data

          



          		

            Tumor characteristics

          



          		

            Follow-up and outcome variables

          



          		

            Statistical analyses

          



        



        



        		

          Results

        

          		

            Patient characteristics

          



          		

            Analysis of clinicopathological characteristics of HER-2 ultra-low and low expression groups

          



          		

            Analysis of prognosis in the HER-2 ultra-low and low expression groups

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Recurrence/ HER-2 ultra-low, HER-2 low, n

metastasis n (%) (%) P
Total 0.082
Yes ‘ 29 (11.6) 60 (8.0)

No 22 (88.4) 688 (92.0)

TNBC subgroup ‘ 0.195
Yes 11 (16.4) 7(92)

No 56 (83.6) 69 (90.8)

iy
Yes 18 (9.9) ‘ 53 (7.9)

No 164 (90.1) 619 (92.1)





OEBPS/Images/fonc.2023.1210314_cover.jpg
& frontiers | Frontiers in Oncology

HER-2 ultra-low breast cancer: exploring
the clinicopathological features and
prognosis in a retrospective study





OEBPS/Images/table3.jpg
Characteristics

Univariate COX analyses

OR

95% Cl

P

DFS
Multivariate COX analyses

OR 95% Cl P

Univariate COX analyses

OR

95% Cl

P

(0
Multivariate COX analyses

OR 95% Cl P

Ki67
ER

PR

P53
TOPOII
Age

Histological stage

2297

1.947

3.231

0.598

0.676

0.832

1.329

0.86

0.828

1.297~4.069

1.337~2.833

1.124~9.287

0.282~1.265

0.325~1.405

0.368~1.879

0.628~2.815

0.460~1.607

0.528~1.298

OR, odds ratio; Cl, confidence interval.

0.004

0.001

0.029

0.179

0.294

0.658

0.457

0.637

1.469 0.783~2.754 0231

179 1.163~2.754 0.008

3.15 1.084~9.153 0.035

2483

2.148

2138

0.703

0.424

1.407

0.769

0774

1.308~4.713

1.342~3.439

0.612~7.471

0.260~1.902

0.308~2.129

0.121~1.479

0.519~3.811

0.345~1.717

0.429~1.395

0.005

0.001

0.234

0.488

0.669

0.178

0.502

0.522

0.394

1.938 0.929~4.044 0.078

1.883 1.095~3.238 0.022






OEBPS/Images/fonc-13-1210314-g002.jpg
cumulative survival

100

90

80

70

60

20

40
OS,months

60

— HER-2 ultra-low
— HER-2 low





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/table1.jpg
HER-2 ultra-low, HER-2 low,

Characteristics n (%) n (%) P

Age (y) ‘ 0.02

<55 145 (58.2%) 372 (49.7%)

255 104 (41.8%) 376 (50.3%)

T stage ‘ 0.007

1 123 (49.4%) 285 (38.1%)

2 116 (46.6%) 404 (54.1%)

3 8 (3.2%) 59 (5.7%)

4 2 (0.8%) 16 (2.1%)

N stage 0.736
' 0 ‘ 167 (67.1%) 482 (64.5%)

1 63 (25.3%) 200 (26.7%)

2 14 (5.6%) 42 (5.6%)

3 5 (2.0%) 24 (3.2%)

Histological stage <0.001

1 9 (3.6%) 54 (7.2%)

il 112 (45.0%) 466 (62.3%)

11 81 (32.5%) 111 (14.8%)

Others 47 (18.9%) 117 (15.6%)

PTNM

1 113 (45.4%) 265 (35.4%) 0.019

il 113 (45.4%) 397 (53.1%)

11 23 (9.2%) 86 (11.5%)

P53 <0.001

<10% 172 (69.1%) 631 (84.4%)

>10% 77 (30.9%) 117 (15.6%)

TOPOII 0.001

<20% 111 (44.6%) 428 (57.2%)

>20% 138 (55.4%) 320 (42.8%)

Ki67 ‘ <0.001

<30% 82 (32.9%) 341 (45.6%)

>30% 167 (67.1%) 407 (54.4%)

ER <0.001

Positive 182 (73.1%) 672 (89.8%)

Negative 67 (26.9%) 76 (10.2%)

PR <0.001

Positive 161 (67.4%) 605 (80.9%)

Negative 88 (35.3%) 143 (19.1%)

Surgery type <0.001 ‘

f:f;:y?:i;“g“g 8 (3.2%) 12 (16%)

f::;::y‘f;‘;;’;i"g 78 (31.3%) 128 (17.1%)

Mastectomy+SLNB 87 (34.9%) 300 (40.1%)

Modified zadical 76 (30.5%) 308 (41.2%)

mastectomy

SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection.





