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Background

This study aimed to retrospectively analyse the pathological response and safety of combining albumin-bound paclitaxel (nab-paclitaxel) or docetaxel with anti-HER2 therapy as a neoadjuvant treatment for HER2-positive breast cancer.





Methods

From June 2020 to August 2023, 225 HER2-positive breast cancer patients who underwent radical surgery following neoadjuvant treatment were enrolled in this study. The patients were divided into two groups based on the drugs they received: the nab-paclitaxel group (n=166, receiving nab-paclitaxel + platinum along with trastuzumab and pertuzumab) and the docetaxel group (n=59, receiving docetaxel + platinum along with trastuzumab and pertuzumab). The pathological response and adverse events related to the drugs were collected and evaluated in both groups.





Results

In the nab-paclitaxel group, the rates of breast and total pathological complete response (bpCR and tpCR) were significantly greater than those in the docetaxel group (69.27% vs. 47.45%, P=0.003; 68.67% vs. 45.76%, P=0.002). For patients who did not achieve pCR after chemotherapy, the pathological response of chemotherapy was analysed using MP grading and RCB grading. The results showed that there was a statistically significant difference between the two groups (P<0.05). Multivariate analysis revealed that therapeutic drugs, clinical stage, ER status, and Ki-67 level were independent predictors of pCR. The nab-paclitaxel group had a significantly greater proportion of patients with peripheral sensory neuropathy than did the docetaxel group (58.43% vs. 38.98%, P=0.035), while the docetaxel group had a greater proportion of patients with allergies and elevated ALT (31.93% vs. 69.49%, P=0.000; 23.49% vs. 40.68%, P=0.021).





Conclusions

Our real-world study revealed that nab-paclitaxel combined with anti-HER2 therapy was an effective neoadjuvant therapy for HER2-positive breast cancer. The multivariate analysis revealed that chemotherapy drugs, clinical stage, ER status, and Ki-67 level was the significant factor influencing treatment outcome. These findings offer a valuable reference for the neoadjuvant treatment of patients with HER2-positive breast cancer.
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1 Introduction

Neoadjuvant therapy is extensively utilized in the treatment of breast cancer, particularly in cases of human epidermal growth factor receptor 2 (HER2)-positive breast cancer and triple-negative breast cancer (1, 2). The advancement of anti-HER2 therapy in recent years has significantly enhanced the overall prognosis for patients with HER2-positive breast cancer (3). In the early NOAH study, a combination of chemotherapy and trastuzumab demonstrated a substantial 21% increase in the pathological complete response (pCR) rate, providing a crucial foundation for neoadjuvant treatment in HER2-positive breast cancer (4). Additionally, another study revealed that the pCR rates were 31%, 23%, and 49% when trastuzumab, pertuzumab, and their combinations were used, respectively (5). The Neosphere trial documented an 18% pCR rate with trastuzumab and pertuzumab, but when combined with docetaxel, the pCR rate increased to 49% (6). These results indicated that the inclusion and/or combination of chemotherapy and anti-HER2 therapy can improve the pCR rate.

Albumin-bound paclitaxel (nab-paclitaxel), a preparation of paclitaxel that binds to albumin, does not require a solvent (7). Studies have shown that when administered at the same dose, nab-paclitaxel reaches tumours at a concentration 1.3 times greater than that of solvent-based paclitaxel, leading to more powerful antitumour effects (8, 9). In a previous report, we observed that nab-paclitaxel was more effective at achieving a pCR rate than docetaxel in patients with HER2-negative breast cancer (10). That study revealed that the pCR rate of patients receiving nab-paclitaxel regimens was 36.71%, which exceeded the rate of 20% achieved with docetaxel regimens. With these positive results, nab-paclitaxel may be considered a new option for combination therapy with anti-HER2 agents.

Trastuzumab is a human monoclonal antibody targeting HER2 that induces antibody-dependent cell-mediated cytotoxicity and inhibits signal transduction (11, 12). Previous studies have shown that neoadjuvant therapy using reference trastuzumab (Herceptin®, Roche, USA) has a significant effect on the prognosis of early-stage breast cancer patients (13). Zercepac (HLX02, Fuhong Hanlin Pharmaceutical Co., Ltd., China) is the first Chinese monoclonal antibody highly similar to the reference trastuzumab and has good potential for reducing tumour cell proliferation and survival (14). Recently, Zercepac demonstrated effectiveness equivalent to that of reference trastuzumab for HER2-positive recurrent or metastatic breast cancer in a phase III multicentre clinical trial (15). However, more studies are needed to evaluate its potential effectiveness in neoadjuvant therapy.

In China, nab-paclitaxel has not been used for a long time, and the effectiveness and safety of nab-paclitaxel combined with anti-HER2 agents for treating HER2-positive breast cancer patients need further clinical observation. Consequently, we conducted this real-world study to assess the pathological response and safety of nab-paclitaxel or docetaxel combined with anti-HER2 therapy for the treatment of HER2-positive breast cancer.




2 Patients and methods



2.1 Patients

This retrospective study was conducted at the Affiliated Hospital of Qingdao University and focused on HER2-positive breast cancer patients who underwent neoadjuvant treatment followed by radical surgery. The study included patients who met the following criteria: (1) aged ≥18 years, (2) HER2-positive, (3) diagnosed with invasive breast cancer, (4) clinical stage II-III, (5) underwent radical surgery for breast cancer, and (6) received TCbHP therapy (taxane + platinum combined with trastuzumab and pertuzumab, 6 cycles) prior to surgery. Patients who had received any type of therapy before neoadjuvant treatment, had synchronous or previous in situ or invasive breast cancer, inflammatory breast cancer, male breast cancer, bilateral breast cancer, chronic or acute inflammatory disease, kidney insufficiency, mental disease, or autoimmune disease were excluded. This study enrolled consecutive patients who met the inclusion criteria from June 2020 to August 2023, resulting in the initial identification of 246 patients. Women who had received other treatments before therapy (n=4), had unavailable treatment records (n=5), had a history of other tumours (n=4), experienced severe complications (n=3), or were lost to follow-up (n=5) were excluded. Finally, the analysis focused on 225 HER2-positive breast cancer patients who were available for analysis (Figure 1). Patients were categorized into either the docetaxel group (n=59) or the nab-paclitaxel group (n=166) based on the medication they received. The treatment involved administering either nab-paclitaxel (Qilu Pharmaceutical Co., Ltd., China) at a dose of 260 mg/m2 or docetaxel (Kelun Pharmaceutical Co., Ltd., China) at a dose of 75 mg/m2, along with carboplatin (Qilu Pharmaceutical Co., Ltd., China) at the AUC5. Additionally, all patients received trastuzumab at a dose of 8 mg/kg in the first cycle, 6 mg/kg in subsequent cycles, and pertuzumab (Perjeta, Roche, USA) at a dose of 840 mg in the first cycle and 420 mg g in subsequent cycles every 3 weeks. The physicians determined the specific doses and schedules for the treatment based on the diagnosis and treatment guidelines. Subsequently, the patients underwent radical surgery 3-4 weeks after completing the last neoadjuvant treatment.




Figure 1 | The procedure for screening and grouping patients.



Before starting neoadjuvant treatment, a core needle biopsy was performed to obtain a pathological diagnosis. Immunohistochemistry was used to evaluate the levels of estrogen receptor (ER), progesterone receptor (PR), HER2, and Ki-67. A positive expression of ER or PR was defined as a rate of 1% or higher. According to the ASCO/CAP guidelines, HER2 positivity was defined as a score of 3+ on immunohistochemistry or a score of 2+ on FISH amplification. The Ki-67 level was calculated as the percentage of tumour cells showing positive nuclear staining. The classification of ki-67 in this article relies on St. Gallen consensus (16). This study was approved by the Medical Ethics Review Board of the Affiliated Hospital of Qingdao University (QYFY WZLL 28131). It should be noted that this study was a retrospective analysis, and the ethics committee waived the need for informed consent. Patient information has been anonymized in this article to protect privacy.




2.2 Pathological response and toxicity assessments

Evaluations of the effectiveness of neoadjuvant treatment were conducted every 2 cycles using ultrasonography or MR imaging. The pathological reports were independently reviewed by 2 pathologists to determine the category. The response to neoadjuvant treatment was assessed according to RECIST version 1.1. Total pathological complete response (tpCR) was defined as the absence of any pathological evidence of residual invasive carcinoma in both the breast and axillary lymph nodes (ypT0/isN0 status). A breast pathological complete response (bpCR) was defined as the absence of any pathological evidence of residual invasive carcinoma in the breast (ypT0/is status). The Miller-Payne (MP) system, which consists of 5 severity grades, was employed in the study to assess the degree of tumour reduction, with higher grades indicating a greater reduction. Grade 5 corresponds to a complete pathological response in breast cancer (17). The pathological response of treatment was also analysed using the residual cancer burden (RCB) grading system, which involves classification into levels 0-3 based on guidelines from the International Breast Collaboration Group (18). Adverse events were collected and graded using CTCAE 5.0.




2.3 Statistical analysis

The primary endpoint of this study was the PCR. The comparisons of clinical and pathological characteristics were made using Fisher’s exact test or Pearson’s chi-square test. Logistic regression models were used for both univariate and multivariate analyses. We first conducted a single factor analysis, and then conducted the multivariate logistic analysis based on the differences identified from the single factor analysis(P<0.05). Data analysis was performed using SPSS software version 19.0, with a significance level of P<0.05.





3 Results



3.1 Basic patient characteristics

This study analysed a total of 225 patients, with 166 receiving nab-paclitaxel-based treatment and 59 receiving docetaxel-based regimens. The baseline characteristics of all patients are presented in Table 1. The average age of the patients in the nab-paclitaxel group was 49.49 ± 8.88 years, while that in the docetaxel group was 51.76 ± 12.83 years. The two groups had similar basic features, including age (P=0.213), sides (P=0.244), menstruation status (P=0.363), tumour size (P=0.555), histological grade (P=0.261), lymph node status (P=0.914), clinical stage (P=0.057), ER status (P=0.689), PR status (P=0.986), PR status (P=0.635), Ki-67 level (P=0.292), and targeted therapy (P=0.165).


Table 1 | Basic characteristics of patients.






3.2 Pathological response

Following neoadjuvant therapy, the bpCR rate in the nab-paclitaxel group was 69.27% (115/166), which was significantly greater than the 47.45% (28/59) in the docetaxel group (P=0.003). Similar findings were observed for tpCR, for which the tpCR rate was 68.67% (114/166) in the nab-paclitaxel group, which was significantly greater than the 45.76% (27/59) in the docetaxel group (P=0.002). Subgroup analysis revealed that among patients with a tumour size >3 cm, the nab-paclitaxel group achieved higher rates of bpCR and tpCR than did the docetaxel group (P<0.05). Additionally, subgroup analysis revealed that in the nab-paclitaxel group, patients with a positive lymph node grade, clinical stage III disease, ER-negative status, PR negative status, HER2 status, IHC 3+ status, and Ki67 ≤ 20% achieved a significantly greater pCR rate than did those receiving docetaxel (P<0.05) (Table 2). Furthermore, when comparing the pathological response of reference trastuzumab and Zercepac combined with taxane in treating HER2-positive breast cancer, both reference trastuzumab and Zercepac combined with nab-paclitaxel resulted in higher tpCR rates than did treatment combined with docetaxel alone (69.15% vs. 46.88%, P=0.040; 69.80% vs. 44.44%, P=0.021).


Table 2 | Comparison of pathological complete response rates between the both groups.



To assess the pathological response of chemotherapy in patients who did not achieve pCR, we utilized MP grading and RCB grading. In the nab-paclitaxel group, Grade 1 partial response occurred in 1.20% of patients, Grade 2 partial response in 6.63%, Grade 3 partial response in 10.24%, and Grade 4 partial response in 12.65%. For the docetaxel group, Grade 1 partial response was reported in 5.08% of patients, Grade 2 in 6.78%, Grade 3 in 22.03%, and Grade 4 in 18.64% among HER2-positive patients, and this difference was found to be statistically significant (P=0.039). Additionally, RCB analysis was conducted to evaluate the breast masses and axillary lymph nodes postchemotherapy. In the nab-paclitaxel group, RCB 1 partial response was observed in 9.64% of patients, RCB 2 in 16.87%, and RCB 3 in 4.82%. For the docetaxel group, RCB 1 partial response was reported in 15.25% of HER2-positive patients, RCB 2 in 28.81%, and RCB 3 in 10.17% (Figure 2), showing a statistically significant difference (P=0.023).




Figure 2 | Pathological response of neoadjuvant treatment for HER2-positive breast cancer. The bpCR (A) and tpCR (B) of nab-paclitaxel or docetaxel combination with anti-HER2-therapy in HER2-positive breast cancer. The MP grading (C) and RCB grading (D) of nab-paclitaxel or docetaxel combination with anti-HER2-therapy in HER2-positive breast cancer.






3.3 Outcome associated with pCR

The bpCR rate was 63.56% (143/225), and the tpCR rate was 62.67% (141/225). The univariate logistic analysis results showed that chemotherapy drugs, clinical stage, ER status, PR status and Ki-67 level were associated with bpCR and tpCR (all P<0.05, Tables 3, 4). We then conducted the multivariate logistic analysis based on the differences identified from the single factor analysis. The outcomes of the multivariate logistic regression analysis for bpCR and tpCR are shown in Tables 5, 6. Multivariate analysis revealed that the nab-paclitaxel group exhibited significantly improved bpCR and tpCR compared with the docetaxel group (P<0.05). The results indicated that chemotherapy drugs, clinical stage, ER status, PR status, and Ki-67 level were independent predictors of bpCR (all P<0.05). Furthermore, the multivariate analysis revealed that chemotherapy drugs, clinical stage, ER status, and Ki-67 level was the significant factor influencing tpCR (all P<0.05).


Table 3 | Univariate analysis of bpCR according to subgroups.




Table 4 | Univariate analysis of tpCR according to subgroups.




Table 5 | Multivariate analysis of bpCR.




Table 6 | Multivariate analysis of tpCR.






3.4 Adverse events

Safety as the second endpoint of this study. All patients enrolled in the study completed 6 cycles of TCbHP therapy within both groups. The drug-related adverse events were mild and are listed in Table 7. The most commonly observed adverse reaction during neoadjuvant treatment was fatigue, with an incidence of 68.67% in the nab-paclitaxel group and 59.32% in the docetaxel group. However, there was no statistically significant difference between the two groups (P=0.154). Peripheral sensory neuropathy was more prevalent in the nab-paclitaxel group (58.43% vs. 38.98%, P=0.035), whereas the incidence of allergies in this group was lower than that in the docetaxel group (31.93% vs. 69.49%, P=0.000). Additionally, the occurrence of elevated ALT was significantly lower in the nab-paclitaxel group than in the docetaxel group (23.49% vs. 40.68%, P=0.021). Other drug-related adverse events, such as diarrhoea, neutropenia, vomiting, dizziness, intermittent fever, infusion-related reactions, decreased appetite, elevated AST, anaemia, oral mucositis, and difficulty breathing were similar in both groups (P>0.05).


Table 7 | Treatment-related adverse events.







4 Discussion

The standard neoadjuvant treatment option for HER2-positive breast cancer has become the combination of chemotherapy and anti-HER2 therapy (19, 20). Nab-paclitaxel shows superior effects in advanced breast cancer and advantages in neoadjuvant therapy (8). The objective of this retrospective study was to evaluate the pathological response and safety of nab-paclitaxel or docetaxel combined with anti-HER2 therapy for the treatment of HER2-positive breast cancer.

The GeparSepto trial demonstrated that weekly nab-paclitaxel is more effective than solvent-based paclitaxel followed by cyclophosphamide plus epirubicin as neoadjuvant therapy in breast cancer, as it significantly improves the pCR rate and disease-free survival (21, 22). It is believed that the albumin-mediated delivery of nab-paclitaxel may enhance its transportation to tumours, improve tolerability, reduce infusion time, and eliminate the need for preoperative prophylactic medication. In a trial involving metastatic breast cancer patients, patients treated with nab-paclitaxel had a greater response rate and longer progression time than patients treated with paclitaxel (23, 24). Previous studies have shown that the safety of nab-paclitaxel is acceptable, but there is a lack of direct comparisons between nab-paclitaxel and docetaxel. The aim of this study was to evaluate the clinical benefits and adverse events of nab-paclitaxel as a neoadjuvant therapy in HER2-positive breast cancer patients. In the present study, we found that nab-paclitaxel combined with anti-HER2 therapy resulted in higher pCR rates than docetaxel group. For all patients, the bpCR rate was 63.56%, and the tpCR rate was 62.67%. We also noticed that the PCR rate in the current study was lower than that in previous studies (TRAIN-2 and TRYPHAENA). In the TRAIN-2 study, a pCR rate of 68% was achieved after 9 cycles of TCbHP treatment (24). The TRYPHAENA study also confirmed a pCR rate of 66.2% after 6 cycles of TCbHP treatment (25). In the present study, the patients enrolled generally had late clinical stage disease, and 93.8% of patients had lymph node metastasis. The proportion of PCR products is also related to the number of cycles of chemotherapy. In this study, patients received 6 cycles of chemotherapy, while patients received 9 cycles of chemotherapy in the TRAIN-2 study (23). Neosphere and Peony utilized the THP regimen for HER2-positive breast cancer and reported a lower pCR rate of only 39.3% (6, 26). These studies further support the important role of platinum drugs in the treatment of HER2-positive breast cancer. Our findings additionally indicated that therapeutic drugs, clinical stage, ER status, and Ki-67 level were all independent predictors of pCR. Ki-67 is an indicator of tumour proliferation, and we found that Ki-67>20% resulted in a higher bPCR rate than Ki-67 ≤ 20% (68.0% vs. 48.0%) in this study. We further found that patients with Ki-67>20% benefitted more from nab-paclitaxel than those with Ki-67 ≤ 20% (71.2% vs. 61.76%). Furthermore, we compared the effectiveness of domestically produced Zercepac with that of the reference trastuzumab. Our data demonstrated that the pCR of HER2-positive breast cancer patients treated with nab-paclitaxel combined with reference trastuzumab was comparable to that of patients treated with Zercepac.

Previous studies have shown that nab-paclitaxel is associated with a greater incidence of peripheral sensory neuropathy, clinical safety and adverse reactions (27, 28). In contrast to docetaxel, nab-paclitaxel does not utilize nonionic surfactants to dissolve paclitaxel. These surfactants are known to cause toxicity and encapsulate paclitaxel in solvent-based micelles. This could be due to the unaffected delivery of nab-paclitaxel by solvents, as higher doses can be administered in comparison to docetaxel (29). TCbHP is a chemical treatment that is accompanied by severe side effects, with leukopenia being the most commonly observed adverse reaction. Furthermore, allergies and nausea are also frequent adverse reactions. The toxicity characteristics observed in this study closely resemble those found in the GeparSepto and ETNA studies (23). The nab-paclitaxel group had a greater incidence of peripheral sensory neuropathy, while the docetaxel group was more prone to allergies. In the GeparSepto study, adjusting the dose of nab-paclitaxel from 150 mg/m2 to 125 mg/m2 resulted in a decrease in the incidence of grade 3-4 peripheral sensory neuropathy from 15% to 8% in the nab-paclitaxel group (30). Moreover, other drug-related adverse events, such as nausea, joint pain, and difficulty breathing, were similar between the both groups.

This study has several potential limitations that should be considered. First, this was a retrospective study within a single institution, and the sample size was relatively small. We have predicted the power of the analysis using STATA software. When the α value is set to 0.1, the power of the analysis can reach 0.8. We believe this can meet the sample size required for the study. Second, due to its expensive price, nab-paclitaxel did not receive widespread application in the early stage. After the launch of domestically produced drugs in China, nab-paclitaxel have been widely used, our cases were mainly included in 2022 and 2023, this study did not include follow-up data or analyse long-term survival rates. In the future, larger samples and longer follow-up periods are needed to verify these results.

In conclusion, our real-world study revealed that nab-paclitaxel combined with anti-HER2 therapy was an effective neoadjuvant therapy for HER2-positive breast cancer. The multivariate analysis revealed that clinical stage, ER status, and Ki-67 status was the significant factor influencing treatment outcome. The results provide a valuable reference for the neoadjuvant treatment of patients with HER2-positive breast cancer.
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