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For patients with HER2-positive metastatic breast cancer (MBC) who have experienced tyrosine kinase inhibitor (TKI) failure, 

treatment options include novel anti-HER2 antibody-drug conjugates (ADCs) and the combination of pertuzumab and 

trastuzumab (HP) with chemotherapy. Prior investigations by our group demonstrated considerable efficacy of novel anti-HER2 

ADCs in this population. However, no direct comparative data exist evaluating novel anti-HER2 ADCs versus HP plus 

chemotherapy. This study aimed to assess and contrast the efficacy and safety of these two therapeutic approaches in patients 

after TKI failure. Patients with HER2-positive MBC treated with either novel anti-HER2 ADCs or HP combined with 

chemotherapy from January 2019 to August 2023, all with prior TKI exposure, were included. The primary endpoint was 

progression-free survival (PFS), while secondary endpoints included objective response rate (ORR), clinical benefit rate (CBR), 

and safety profiles. 

Among 150 eligible patients, 83 received novel anti-HER2 ADCs (36 with trastuzumab deruxtecan [T-Dxd] and 47 with other 

ADCs), and 67 received HP with chemotherapy. Median PFS was 7.0 months in the ADC group and 8.9 months in the 

HP+chemotherapy group, with ORRs of 51.8% versus 26.9% and CBRs of 69.9% versus 65.7%, respectively. Subgroup 

analysis indicated improved PFS with T-Dxd compared to HP plus chemotherapy. The most frequent grade 3–4 adverse events 

were neutropenia and gastrointestinal toxicity in both cohorts. In HER2-positive MBC patients following TKI failure, both 

novel anti-HER2 ADCs and HP combined with chemotherapy provide moderate efficacy with manageable toxicity. Novel anti-

HER2 ADCs are recommended as the preferred option, while HP plus chemotherapy remains a viable alternative, particularly 

where ADCs are less accessible. 
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Introduction 

Human epidermal growth factor receptor 2 (HER2) acts 

as both a driver gene and a therapeutic target in breast 

cancer, with anti-HER2 therapies markedly improving 

patient outcomes [1, 2]. In HER2-positive MBC, the 

introduction of the PHILA regimen has led Chinese 

guidelines to recommend frontline dual blockade using 

the TKI pyrotinib with trastuzumab and chemotherapy 

[3]. Phase III trials PHENIX and PHOEBE confirmed 

pyrotinib’s notable efficacy in patients who failed prior 

trastuzumab therapy [4, 5], resulting in increased TKI 

usage in this population in China. 

Antibody-drug conjugates (ADCs) have become central 

to second-line and later therapies for HER2-positive 

MBC. The EMILIA study established T-DM1 as a 

standard second-line treatment internationally [6], while 

DESTINY-Breast03 repositioned T-Dxd (trastuzumab 

deruxtecan, DS8201) as a preferred option, now 

incorporated into major guidelines worldwide [7]. In 

China, where T-DM1 access has historically been 

limited, T-Dxd and HP with chemotherapy represent 

practical second- and third-line options, although 
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accessibility and coverage issues exist. The PFS 

advantage reported in PHILA supports the frontline use 

of domestic TKIs in trastuzumab-sensitive or resistant 

cancers. 

For patients progressing after TKI therapy, continuous 

anti-HER2 strategies remain essential to inhibit HER2-

driven pathways [8, 9]. According to the Chinese Society 

of Clinical Oncology (CSCO) Breast Cancer Guidelines 

2023, HP plus chemotherapy may be employed after TKI 

failure in pertuzumab-naïve patients, although this 

recommendation is supported by limited evidence [10, 

11]. The PHEREXA study examined pertuzumab in 

trastuzumab-resistant cases but did not show definitive 

benefit [11]. Our previous work demonstrated that novel 

anti-HER2 ADCs achieve substantial efficacy in TKI-

resistant patients [12]; however, no randomized trials 

have compared this with HP plus chemotherapy. This 

study therefore aimed to directly evaluate and contrast 

the effectiveness and safety of these two regimens in 

HER2-positive MBC patients after TKI failure. 

Materials and Methods  

Study population 

This investigation included female patients diagnosed 

with HER2-positive metastatic breast cancer (MBC) who 

received treatment at the Breast Cancer Ward, 

Department of Oncology, Chinese People’s Liberation 

Army General Hospital, between January 2019 and 

August 2023. Eligible participants had complete clinical 

records and an ECOG performance status of 0–1. HER2 

positivity was confirmed by immunohistochemistry 

(IHC) or FISH (HER2+++), or by evaluating the primary 

tumor if a metastatic biopsy was unavailable. Patients 

were required to have at least one measurable 

extracranial lesion or osteolytic/mixed bone metastases 

and normal organ function (heart, liver, kidney, lungs) 

according to RECIST 1.1 criteria. Prior treatment with 

pyrotinib was considered a failure if discontinued due to 

disease progression, adverse events, or patient decision. 

Patients had to have received a minimum of six weeks of 

either novel anti-HER2 ADC therapy or HP combined 

with chemotherapy, along with at least one treatment 

response assessment. Patients were excluded if they had 

symptomatic brain metastases, other active malignancies, 

or serious comorbid conditions. 

Clinical data, including demographic information, prior 

therapy history, treatment responses, and adverse events, 

were obtained from electronic medical records. The final 

follow-up was conducted on August 1, 2023. 

Treatment regimens and dose adjustments 

Patients in the novel anti-HER2 ADC cohort received 

agents such as T-Dxd or other ADCs with similar 

mechanisms. Standard dosing schedules were followed: 

T-Dxd 3.6 mg/kg every three weeks; RC48 2.0 mg/kg 

every 2 weeks; MRG002 2.6 mg/kg every three weeks; 

ARX788 1.5 mg/kg every three weeks. 

In the HP plus chemotherapy group, patients received 

trastuzumab (loading 8 mg/kg, then 6 mg/kg q3w) and 

pertuzumab (loading 840 mg, then 420 mg q3w) 

combined with chemotherapeutic agents, including 

docetaxel (75 mg/m² q3w), paclitaxel-albumin (260 

mg/m² on days 1 and 8 q3w), vinorelbine (25 mg/m² on 

days 1 and 8 q3w), or gemcitabine (1000 mg/m² on days 

1 and 8 q3w). After 6–8 chemotherapy cycles, regimens 

were modified or discontinued by senior oncologists 

based on efficacy and tolerability; endocrine therapy was 

considered according to hormone receptor status. 

Endpoints and assessments 

The primary endpoint was progression-free survival 

(PFS), measured from the start of treatment to 

radiologically confirmed progression or death. 

Secondary endpoints included objective response rate 

(ORR), clinical benefit rate (CBR), and safety. ORR 

encompassed complete and partial responses, while CBR 

included responses plus stable disease lasting ≥6 months. 

Tumor assessments were conducted every two cycles per 

RECIST 1.1. Adverse events were recorded throughout 

treatment and graded using CTCAE version 4.0. 

Statistical analysis 

Continuous variables were analyzed using t-tests or 

Wilcoxon rank-sum tests, and categorical variables—

including ORR and CBR—were compared using χ² or 

Fisher’s exact tests. Kaplan-Meier analysis was 

employed for PFS, with the log-rank test for 

comparisons. Hazard ratios (HRs) and 95% confidence 

intervals (CIs) were derived from Cox proportional 

hazards models. Subgroup analyses for PFS were 

conducted using Cox regression and visualized in forest 

plots with GraphPad Prism 7.0. Two-sided P values 

<0.05 were considered statistically significant. 

Results and Discussion 
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Patient characteristics 

A total of 150 patients were included, with a median age 

of 48 years (range 25–89). The novel anti-HER2 ADC 

group (n=83) received T-Dxd (36 patients, 43.4 percent), 

MRG002 (24 patients, 28.9 percent), ARX788 (13 

patients, 15.7 percent), and RC48 (10 patients, 12.0 

percent). In the HP plus chemotherapy group (n=67), 47 

patients (70.1 percent) received taxanes, 11 (16.4 

percent) received vinorelbine, and 9 (13.4 percent) 

received gemcitabine. 

Overall, baseline characteristics were largely balanced 

between groups, including rates of liver, lung, and brain 

metastases. Notably, multiple metastatic sites (≥3) were 

more frequent in the ADC group compared with the HP 

plus chemotherapy group (62.7 percent vs 31.3 percent, 

P < .001). A higher proportion of patients in the ADC 

cohort had undergone three or more prior lines of anti-

HER2 therapy compared to the HP cohort (54.2 percent 

vs 32.8 percent, P = .008). All patients had previously 

received trastuzumab and pyrotinib, and prior therapy 

efficacy was similar, except that pertuzumab exposure 

was higher in the ADC group (74.7%) (Table 1). 

 

Figure 1. Flowchart depicting the selection of 150 

female patients with HER2-positive metastatic breast 

cancer who received treatment with either novel anti-

HER2 ADCs or the HP plus chemotherapy regimen. 

Abbreviations: HER2= human epidermal growth 

factor receptor 2; ADCs= antibody-drug conjugates; 

HP+C= pertuzumab + trastuzumab + chemotherapy; 

TKI= tyrosine kinase inhibitor. 

Table 1. Baseline demographics and clinical profiles of 150 women with HER2-positive metastatic breast cancer 

receiving either novel anti-HER2 ADCs or HP+C 

Characteristic HP+C Group (N = 67) ADC Group (N = 83) P-value 

Age at diagnosis (years)   .787 

Median (range) 48 (25–72) 48 (25–89)  

Younger than 50 37 (55.2%) 44 (53.0%)  

50 or older 30 (44.8%) 39 (47.0%)  

Hormone receptor expression   .981 

Negative 30 (44.8%) 37 (44.6%)  

Positive 37 (55.2%) 46 (55.4%)  

Stage at initial diagnosis   .225 

Stage I 8 (11.9%) 9 (10.8%)  

Stage II 30 (44.8%) 31 (37.3%)  
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Stage III 24 (35.8%) 27 (32.5%)  

Stage IV 5 (7.5%) 16 (19.4%)  

Extent of metastasis   <.001 

Fewer than 3 lesions 46 (68.7%) 31 (37.3%)  

Three or more lesions 21 (31.3%) 52 (62.7%)  

Metastatic sites    

Liver involvement 31 (46.3%) 42 (50.6%) .598 

Lung involvement 36 (53.7%) 48 (57.8%) .615 

Brain involvement 22 (32.8%) 20 (24.1%) .236 

Bone involvement 36 (53.7%) 44 (53.0%) .930 

Prior anti-HER2 therapies    

Trastuzumab alone 67 (100%) 83 (100%) – 

Trastuzumab + Pertuzumab 0 (0%) 62 (74.7%) <.001 

Pyrotinib 67 (100%) 83 (100%) – 

Lapatinib 29 (43.3%) 18 (21.7%) <.001 

Lines of previous anti-HER2 treatment   .008 

Up to 3 lines 45 (67.2%) 38 (45.8%)  

More than 3 lines 22 (32.8%) 45 (54.2%)  

Observed benefits from previous treatment    

Response to Trastuzumab 50 (74.6%) 63 (75.9%) .857 

Response to TKIs 52 (77.6%) 58 (69.9%) .287 

Abbreviations: ADCs= antibody-drug conjugates; HER2= human epidermal growth factor receptor 2; HP+C= pertuzumab + trastuzumab + 

chemotherapy; TKI= tyrosine kinase inhibitor. 

 

Efficacy 

By August 2023, the median duration of follow-up was 6 

months, ranging from 2 to 25.6 months. In the cohort 

receiving novel anti-HER2 ADCs, 24 patients (28.9%) 

remained on therapy, while 58 patients (69.9%) 

discontinued treatment due to disease progression, and 1 

patient (1.2%) stopped therapy because of interstitial 

lung disease. Among patients treated with HP plus 

chemotherapy, only 5 individuals (7.5%) continued 

treatment, whereas 62 patients (92.5%) discontinued due 

to disease progression. Complete responses (CR) were 

not observed in either treatment group. Partial response 
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(PR) was achieved in 51.8% of patients receiving anti-

HER2 ADCs compared to 26.9% in the HP+C group, 

while stable disease (SD) was observed in 43.4% versus 

64.2%, respectively. The overall response rate (ORR) 

was significantly higher in the anti-HER2 ADC group 

compared with the HP+C group (51.8 percent vs 26.9 

percent, P = .002), whereas the clinical benefit rate 

(CBR) did not differ significantly between the two 

groups (69.9 percent vs 65.7 percent, P = .583) (Table 2). 

 

Table 2. Efficacy comparison between novel anti-HER2 ADCs and HP+C 

Response Type HP+C (n = 67) Anti-HER2 ADCs (n = 83) P-value 

Complete response (CR) 0 0 – 

Partial response (PR) 18 (26.9%) 43 (51.8%)  

Stable disease (SD) 43 (64.2%) 36 (43.4%)  

SD lasting ≥6 months 26 (38.8%) 17 (20.5%)  

Progressive disease (PD) 6 (9.0%) 4 (4.8%)  

Objective response rate (ORR) 18 (26.9%) 43 (51.8%) .002 

Clinical benefit rate (CBR) 44 (65.7%) 58 (69.9%) .583 

Abbreviations: ADCs= antibody-drug conjugates; HER2= human epidermal growth factor receptor 2; HP+C= pertuzumab + trastuzumab + 

chemotherapy; CR= complete response; PR= partial response; SD, stable disease; PD, progressive disease; ORR= objective response rate; CBR= 

clinical benefit rate. 

 

The median progression-free survival (PFS) was 7.0 

months for patients receiving novel anti-HER2 ADCs 

and 8.9 months for those in the HP+C group, with no 

statistically significant difference observed between the 

two treatments (HR = 0.75; 95 percent CI, 0.53–1.08; P 

= .126, (Figure 2)). Subgroup analyses using forest plots 

showed consistent PFS outcomes across all examined 

categories, including age, hormone receptor status, 

menopausal status, the number of prior anti-HER2 

therapy lines, presence of visceral metastases, and prior 

responses to trastuzumab or tyrosine kinase inhibitors 

(Figure 3).  
Figure 2. Kaplan-Meier curves depicting 

progression-free survival (PFS) in patients receiving 

novel anti-HER2 ADCs versus HP+C. 

Abbreviations: ADCs= antibody-drug conjugates; 

CI= confidence interval; HER2= human epidermal 

growth factor receptor 2; HP+C= pertuzumab + 

trastuzumab + chemotherapy; mo= months. 
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Figure 3. Subgroup analysis of progression-free 

survival (PFS) across different patient groups. 

Abbreviations: ADCs= antibody-drug conjugates; 

CI= confidence interval; HER2= human epidermal 

growth factor receptor 2; HP+C= pertuzumab + 

trastuzumab + chemotherapy; mo= months; TKI= 

tyrosine kinase inhibitor. 

For further subgroup evaluation, patients were 

categorized into three cohorts: 36 patients received T-

Dxd, 67 received HP combined with chemotherapy, and 

47 received other novel anti-HER2 ADCs. PFS was 

analyzed across these groups, showing median values of 

12.0 months for the T-Dxd group, 8.9 months for the 

HP+C group, and 7.0 months for the other ADCs group. 

A statistically significant improvement in PFS was 

observed for T-Dxd compared with HP+C (HR = 0.59; 

95 percent CI, 0.37–0.94; P = .028, (Figure 4)). 

 

Figure 4. Kaplan-Meier curves comparing 

progression-free survival (PFS) among patients 

treated with HP+C, T-Dxd, and other novel anti-

HER2 ADCs. Abbreviations: ADCs= antibody-drug 

conjugates; CI= confidence interval; HER2= human 

epidermal growth factor receptor 2; HP+C= 

pertuzumab + trastuzumab + chemotherapy; mo= 

months. 

Safety 

The safety profiles of both treatment groups are 

summarized in Table 3. Overall, the novel anti-HER2 

ADCs group experienced a higher frequency of grade 3–

4 adverse events compared with the HP+C group, 

particularly nausea and vomiting (both 10.8 percent), 

leukopenia (9.6 percent), and diarrhea (8.4 percent). 

Interstitial pneumonia occurred in five patients receiving 

ADCs, including one grade 4 case that led to study 

withdrawal. In the HP+C group, the most common grade 

3–4 adverse events were nausea (17.9 percent), 

neutropenia (16.4 percent), and vomiting (14.9 percent). 

No grade 5 events were reported in either group. All 

adverse events were either resolved or improved with 

appropriate supportive care, and no treatment-related 

deaths occurred. Overall, the safety profile for both 

regimens was considered manageable. 

 

Table 3. Treatment-emergent adverse events in the two treatment arms (n, %) 

Adverse event HP+C (n = 67) Novel anti-HER2 antibody-drug conjugates (n = 83) 

 Any grade Grade 3–4 Any grade Grade 3–4 

Leukopenia 27 (40.3) 5 (7.5) 29 (34.9) 8 (9.6) 

Neutropenia 23 (34.3) 11 (16.4) 24 (28.9) 7 (8.4) 

Anemia 18 (26.9) 5 (7.5) 32 (38.6) 6 (7.2) 
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Thrombocytopenia 10 (14.9) 3 (4.5) 17 (20.5) 5 (6.0) 

Elevated transaminase levels 19 (28.4) 4 (6.0) 16 (19.3) 3 (3.6) 

Diarrhea 47 (70.1) 0 18 (21.7) 7 (8.4) 

Constipation 15 (22.4) 0 15 (18.1) 1 (1.2) 

Nausea 50 (74.6) 12 (17.9) 58 (69.9) 9 (10.8) 

Vomiting 29 (43.3) 10 (14.9) 37 (44.6) 9 (10.8) 

Fatigue 48 (71.6) 4 (6.0) 50 (60.2) 5 (6.0) 

Decreased appetite 28 (41.8) 0 33 (39.8) 0 

Peripheral neuropathy 28 (41.8) 3 (4.5) 21 (25.3) 5 (6.0) 

Interstitial lung disease 0 0 5 (6.0) 1 (1.2) 

LVEF decrease (<50% or 

≥15% decline from baseline) 
1 (1.5) 0 0 0 

Abbreviations: ADCs= antibody-drug conjugates; HER2= human epidermal growth factor receptor 2; HP+C= pertuzumab plus trastuzumab plus 

chemotherapy; LVEF= left ventricular ejection fraction. 

 

The advent of new therapeutic agents has expanded 

options for later-line management of HER2-positive 

metastatic breast cancer (MBC). Identifying the optimal 

treatment strategy is particularly critical for patients who 

have experienced failure with tyrosine kinase inhibitors 

(TKIs). This study represents the first real-world analysis 

comparing novel anti-HER2 antibody–drug conjugates 

(ADCs) with trastuzumab plus pertuzumab (HP) 

combined with chemotherapy in patients after TKI 

failure. Our findings revealed a notable difference in 

overall response rate (ORR) between the novel anti-

HER2 ADCs and the HP plus chemotherapy group, 

whereas median progression-free survival (PFS) and 

clinical benefit rate (CBR) did not differ significantly 

between the two cohorts. Subgroup analyses further 

demonstrated that PFS remained comparable across age 

groups, hormone receptor status, menopausal status, 

number of prior anti-HER2 therapy lines, presence of 

visceral metastases, benefit from prior trastuzumab 

therapy, and prior TKI efficacy. Safety profiles were 

acceptable in both groups, with no unexpected toxicities 

or treatment-related deaths observed. 

In this cohort, median PFS was 7.0 months for the novel 

anti-HER2 ADCs group and 8.9 months for the HP plus 

chemotherapy group (P = .126). In contrast, randomized 

controlled trials (RCTs) of T-Dxd have reported median 

PFS ranging from 16.4 to 25.1 months, with ORRs 

between 60.9% and 79.7% [7, 13]. The lower median 

PFS observed in our study likely reflects two main 

factors. First, RCTs typically enroll highly selected 

patient populations, whereas real-world patients often 

present with more comorbidities and higher tumor 

burden, which can reduce observed treatment efficacy 

[14, 15]. For example, 89 percent of patients in our novel 

anti-HER2 ADCs group had visceral metastases, 

compared with 70% in the DESTINY-Breast03 trial. 

Baseline disease characteristics and prior treatment 

history may also contribute to efficacy differences [16, 

17]. Second, only 40% of patients in the novel anti-HER2 

ADCs cohort received T-Dxd; the remaining patients 

were treated with other novel anti-HER2 ADCs, many of 

which are still under clinical investigation with unclear 

efficacy. To account for this, we subdivided the novel 

anti-HER2 ADCs cohort into a T-Dxd group and an 

“other ADCs” group and compared each to the HP plus 

chemotherapy group. The analysis showed statistically 

significant differences between the T-Dxd group and the 

HP plus chemotherapy group, which may partly reflect 

the limited sample size and absence of interaction 

analysis. 

The combination of trastuzumab and pertuzumab with 

chemotherapy is established as the standard first-line 

therapy for HER2-positive metastatic breast cancer 

(MBC). In the CLEOPATRA trial, this regimen extended 

median progression-free survival (PFS) from 12.4 to 18.7 

months and achieved a median overall survival (OS) of 

57.1 months [18, 19], while the PUFFIN study confirmed 

comparable benefits in a Chinese cohort [20]. However, 

since pertuzumab only became available in China in 

2019, many patients initially receive trastuzumab plus 

chemotherapy, leaving limited data on the use of the dual 

antibody combination in later lines of therapy [10]. The 

PHEREXA trial, which investigated pertuzumab after 

prior trastuzumab failure, did not show a survival 

advantage [11]. Additionally, it is well-established that 

the efficacy of anti-HER2 therapies generally diminishes 
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as treatment lines progress [21, 22]. In the present study, 

median PFS for patients receiving HP plus chemotherapy 

was 8.9 months, notably shorter than first-line outcomes 

from CLEOPATRA and PUFFIN [19, 20], yet similar to 

the PFS observed in the novel anti-HER2 ADC cohort. 

From a practical perspective, drug accessibility and 

reimbursement policies in China make HP plus 

chemotherapy a common choice for many patients. 

Subgroup analyses indicated that previous response to 

trastuzumab or TKIs did not significantly affect 

outcomes, with PFS remaining comparable between the 

novel anti-HER2 ADCs and HP plus chemotherapy 

groups. Prior reports in TKI-resistant populations 

showed that trastuzumab alone achieved a median PFS of 

only 3.4 months [22]. The observed benefit in the HP 

group may be explained by complementary mechanisms 

of action: trastuzumab inhibits ligand-independent 

HER2-HER3 signaling [23], whereas pertuzumab blocks 

ligand-dependent HER2-HER3 signaling [24]; their 

combination achieves broader suppression of HER2-

mediated pathways [25]. These findings support the 

notion that dual-target therapy combined with 

chemotherapy can achieve superior PFS compared to 

single-target approaches [22]. Efforts are ongoing to 

identify patient populations most likely to benefit from 

this combination through translational research. 

Regarding safety, both treatment strategies primarily 

caused hematologic and gastrointestinal adverse events, 

consistent with prior studies [7, 20]. Grade 3–4 toxicities 

occurred more frequently in the novel anti-HER2 ADC 

group, exceeding rates reported in DESTINY-Breast03 

[7], likely reflecting cumulative effects of tumor burden, 

prior therapy, and treatment intensity. Interstitial lung 

disease occurred in five ADC-treated patients, including 

one grade 4 event, which resolved with drug 

discontinuation and supportive care, highlighting the 

importance of close monitoring [26]. In the HP plus 

chemotherapy cohort, hematologic and hepatic adverse 

events were mainly attributed to chemotherapy, and no 

clinically significant cardiotoxicity was observed [20]. 

This study has limitations, including its retrospective 

design, small sample size, potential selection bias, and 

lack of randomization, which may confound the 

interpretation of outcomes. Nevertheless, it provides 

meaningful insights into real-world treatment options for 

patients with HER2-positive MBC following TKI failure. 

Conclusion 

In patients with HER2-positive MBC who progressed 

after TKI therapy, both novel anti-HER2 ADCs and dual 

anti-HER2 antibody plus chemotherapy demonstrated 

moderate efficacy with manageable toxicity. While novel 

anti-HER2 ADCs should be considered the preferred 

option, dual antibody therapy with chemotherapy 

remains a viable alternative for patients with restricted 

access to ADCs. 
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