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Abstract: Despite the development of HER2-targeted drugs, achieving favorable outcomes for
patients with HR+/HER2+MBC remains challenging. This study utilized Bayesian Network Meta-
analysis to compare the efficacy and safety of anti-HER2 combination regimens. The primary analysis
focused on progression-free survival (PFS), while secondary analyses included objective response
rate, overall survival (OS) and the incidence rate of grade 3/4 adverse events (AEs). A comprehen-
sive search across seven databases identified 25 randomized controlled trials for inclusion in this
meta-analysis. For patients eligible for endocrinotherapy, our findings revealed that dual-target
combined endocrine therapy, such as Her2-mAb+Her2-mAb+Endo (HR = 0.38; 95%CrI: 0.16–0.88)
and Her2-mAb+Her2-tki+Endo (HR = 0.45; 95%CrI: 0.23–0.89), significantly improved PFS com-
pared to endocrine therapy alone. According to the surface under the cumulative ranking curves
(SUCRAs), Her2-mAb+Her2-mAb+Endo and Her2-mAb+Her2-tki+Endo ranked highest in terms of
PFS and OS, respectively. For patients unsuitable for endocrine therapy, anti-HER2 dual-target com-
bined chemotherapy, such as Her2-mAb+Her2-mAb+Chem (HR = 0.76; 95%CrI: 0.6–0.96) and Her2-
mAb+Her2-tki+Chem (HR = 0.48; 95%CrI: 0.29–0.81), demonstrated significant improvements in PFS
compared to Her2-mAb+Chem. The results were the same when compared with Her2-tki+Chem.
According to the SUCRAs, Her2-mAb+Her2-tki+Chem and Her2-mAb+Her2-mAb+Chem ranked
highest for PFS and OS, respectively. Subgroup analyses consistently supported these overall findings,
indicating that dual-target therapy was the optimal approach irrespective of treatment line.

Keywords: HR-positive; HER2-positive; metastatic breast cancer; targeted therapy; Bayesian network
meta-analysis

1. Introduction

According to GLOBOCAN 2020 [1], breast cancer has, for the first time, surpassed lung
cancer as the most common cancer in women, posing a significant threat to their physical
and mental health. While the development of new drugs targeting Human Epidermal
growth factor Receptor 2 (HER2) has gradually improved patient outcomes, individualized
differences still prevent us from achieving desired prognoses. Approximately 15–20% of
breast cancers overexpress HER2, and nearly half of HER2+ breast cancers also express
hormone receptors (HRs), such as estrogen receptor positive (ER+) and/or progesterone
receptor positive (PR+) [2]. HR+/HER2+ breast cancer represents a unique subtype with
distinct clinical presentations, physiological behaviors, and therapeutic sensitivities com-
pared to HER2-overexpressing breast cancer. Over time, HR+/HER2+ patients experience
a gradual increase in the risk of recurrence following anti-HER2 treatment. This under-
scores the pressing need for increased attention, especially for HR+/HER2+ metastatic
breast cancer (MBC). Maximizing clinical benefits for these specific subtype patients is an
imminent issue that requires resolution.
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In the case of progressive, recurrent metastatic breast cancer, treatment options must
be selected based on the patient’s condition and prior medications. The 2022 NCCN
Breast Cancer v3 guidelines outline systemic therapy principles for ER+/PR+HER2+ re-
current unresectable or stage IV breast cancer. These options include systemic chemother-
apy plus anti-HER2-targeted therapy, as well as endocrine therapy with or without
anti-HER2-targeted therapy [3]. For patients with HR+/HER2+ metastatic breast cancer
(MBC), combining anti-HER2 therapy with chemotherapy has demonstrated survival
benefits in advanced systemic therapy. Additionally, endocrine-based therapy has re-
ceived widespread recommendations. Clinical trials such as TANDEM [4], EGF30008 [5],
and eLEcTRA [6], which explored single-target combinations with endocrine therapy,
reported progression-free survival (PFS) ranging from approximately 4.8 to 14.1 months
and overall survival (OS) ranging from approximately 28.5 to 33.3 months. Studies
involving dual-target combinations with endocrine therapy, such as ALTERNATIVE [7]
and PERTAIN [8], showed PFS ranging from approximately 5.7 to 18.9 months. Further-
more, beyond anti-HER2 combined with endocrine therapy or chemotherapy, promising
therapeutic prospects are emerging for HR+/HER2+MBC through the use of combi-
nation drugs, including Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors and mTOR
(mammalian target of rapamycin) inhibitors [9].

At present, some clinical trials have been published. However, due to their repre-
sentation as a small portion of the population with HER2+MBC, these studies had small
sample sizes and lack sufficient evidence to establish the efficacy and safety of combi-
nation therapy regimens involving HER2-targeted drugs. Moreover, the diverse array
of anti-HER2 drugs and combinations complicates direct comparisons of randomized
controlled trials (RCTs) in clinical settings, and consensus on superiority or inferiority
remains elusive. Additionally, Two published network meta-analyses on anti-HER2+
combination therapy for HER2+ABC are constrained by their exclusive focus on com-
bination chemotherapy, limited HR+ subgroup sample size, and incomplete research
indicators, rendering them inadequate for comprehensive analysis [10,11]. Given these
limitations, this study aims to employ Bayesian Network Meta-analysis to compare
the efficacy and safety of anti-HER2-based combination regimens both directly and
indirectly for HR+/HER2+ ABC. We have chosen the Bayesian model because it offers
more precise and flexible parameter estimates, addressing issues such as instability
and bias often observed in frequentist methods. Additionally, Bayesian methods enjoy
widespread endorsement and adoption [12,13]. The goal of this research is to provide
dependable evidence-based support for clinical practice.

2. Methods

This study is registered with PROSPERO as identifier CRD42022378369. We conducted
this systematic review following the PRISMA-2020 guidelines and the PRISMA extension
statement for network meta-analysis (PRISMA-NMAs) [14,15].

2.1. Search Strategy and Selection Criteria

We systematically searched seven databases, including PubMed, the Cochrane Library,
Web of Science, EMBASE, Sinomed, CNKI, and WANFANG, to identify all the relevant
literature published between 1 January 2000 and 23 November 2022. Our search terms
included the following terms: (Breast neoplasms), (Human epidermal growth factor re-
ceptor 2 positive), (Progesterone receptor positive OR Estrogen Receptors positive OR
Hormone receptor positive OR Triple positive breast cancer), and (Randomized controlled
trial OR controlled study). The combination of these terms was used to search relevant
articles. To ensure comprehensiveness, a two-person search approach was employed, and
any discrepancies were discussed and resolved. The full search strategy is provided in
Supplementary Methods Table S1.

The following eligibility criteria were applied to identify relevant studies: (a) Patients
diagnosed with advanced/metastatic breast cancer confirmed by histopathology, with
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molecular confirmation of ER+ and/or PR+ and HER2+. (b) Studies with a controlled trial
design, regardless of the presence of randomization, allocation concealment, or blinding.
(c) Studies reporting at least one of the following outcomes: objective response rate (ORR),
PFS, OS, and the incidence rate of grade 3/4 adverse events (grade 3/4 AEs). Primary
endpoint: PFS measures the duration from randomization or treatment initiation until
disease progression or death from any cause. Secondary endpoints: ORR: calculates the
percentage of patients in the analysis set who achieved a complete or partial response.
OS measures the time from randomization or treatment start to death from any cause.
Incidence of adverse events graded as 3 or 4: This endpoint assesses the occurrence and
severity of adverse events associated with the treatment. The following criteria led to study
exclusion: (a) Ongoing studies without sufficient available data. (b) Meta-analyses, letters,
case reports, and reviews. (c) Duplicate publications in different journals. Preference was
given to full papers, but in cases where only abstracts with adequate results were available,
those studies were included in the analyses. If multiple publications reported results for the
same patient cohort, the most recent publication was utilized for analysis. Two investigators
used Endnote X9 software for the literature management and employed the software’s
de-duplication function to remove duplicate articles. Subsequently, both investigators
independently screened the literature at the title, abstract, and full-text levels to determine
study inclusion based on the criteria. Inclusion decisions were cross-checked by the two
investigators, and in case of any disagreements, a third investigator independently assessed
whether to include the study.

2.2. Data Extraction and Quality Assessment

Data extraction was conducted independently by two researchers (Qian and Chen).
Microsoft Excel was used to record the data from the included studies. The following
information was extracted: title, first author, journal name, publication date, the literature
type, sample size, age, treatment lines, ER status, PR status, menopausal status, presence of
visceral metastasis, drug name, route of administration, dosage, treatment cycle, outcomes,
and follow-up period. For studies involving dichotomous variables, we extracted the
number of events, the number of non-events, and the total number of events. Continuous
variables were extracted as mean and standard deviation. Survival data were expressed as
Hazard Ratio (HR) along with their corresponding 95% confidence interval (CI).

Following CONSORT guidelines [16], the quality assessment of randomized controlled
studies was conducted using the Revised Cochrane risk-of-bias tool. This tool evaluated
several domains of potential bias, including Bias in randomization, Bias in deviation from
established intervention, Bias in missing outcome data, Bias in outcome measurement, and
Bias in selective reporting outcomes. This rigorous evaluation ensured the methodological
quality of the studies and enhanced the reliability of the findings.

2.3. Data Synthesis and Statistical Analysis

In this study, statistical analysis was conducted using the following software: StataSE
software (version 17.0), RevMan (version 5.0), and R (version 4.2.2) with the ‘getmc’ and
‘rjags’ packages. Studies with treatment groups that could not be linked to other interven-
tions were excluded. Comparison-corrected funnel plots were used to detect publication
bias. The random effects model was chosen for analysis, and the error information criterion
(DIC) of the random or fixed models was presented. Heterogeneity of results was assessed
using I2, with I2 > 50% and p < 0.05 suggesting significant heterogeneity. Multiple treatment
options were compared, and the surface under the cumulative ranking curve (SUCRA) was
calculated to determine the merits of the treatment options. A higher SUCRA value indi-
cated a better treatment option. If there were no apparent inconsistencies between global
and local analyses, the consistency model was selected. Sensitivity analysis was employed
to assess the robustness and dependability of the combined outcomes in the meta-analysis.
Fitting analysis was performed under fixed and random models for sensitivity analysis.
Minimal alteration in the results pre- and post-analysis indicated low sensitivity and stable
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outcomes. Conversely, significant differences or contradictions in the findings suggested
high sensitivity and unstable results. All statistical tests were two-sided, and p < 0.05 was
considered to denote statistical significance.

2.4. Subgroup Analysis

We conducted subgroup analyses for HER2+/HR+ advanced breast cancer based on
the number of treatment lines, dividing patients into two groups: ‘treatment line 1’ and
‘treatment line >1’. Our analysis included endpoints such as PFS and OS. ‘Treatment line 1’
was defined as having no prior anti-tumor treatment in the advanced breast cancer stage,
while ‘treatment line >1’ was defined as having completed at least one prior systemic
anti-tumor treatment in the advanced stage.

3. Results
3.1. Characteristics of the Included Study

The literature search and screening process was summarized in Figure 1. A total
of 5620 articles were initially identified from 7 databases. Ultimately, the network
meta-analysis included 25 RCTs, involving a total of 5958 patients. Table 1 provides
an overview of the 25 RCTs included in this analysis. All these studies were multi-
center, with 17 of them being international multi-center trials. The study design included
3 three-arm trials and 22 two-arm trials. The participants in the studies had a median
age of over 50 years. The median follow-up duration was 31 months, ranging from 8.5
to 52.9 months. Among the included studies, 8 (32%) specifically focused on patients
with advanced line 1 disease, while 4 studies included patients with line 3 disease or
beyond. The remaining studies enrolled patients with at least line 1 disease. Regarding
therapeutic interventions, chemotherapy was investigated in 14 studies, while endocrine
therapy was examined in 10 studies. Anti-HER2-targeting therapy was evaluated in
25 studies, including monoclonal antibody (mAb), tyrosine kinase inhibitor (TKI), and
antibody-drug conjugates (ADC) in 18, 11, and 4 studies, respectively. Other targeted
therapies assessed included CDK4/6 inhibitor (2 studies), PD-1 inhibitor (1 study), and
mTOR inhibitor (1 study). The quality of the included RCTs was assessed using Cochrane
quality assessments, as shown in Figure 2.

3.2. Network Meta-Analysis
3.2.1. Network Diagrams

This study analyzed four outcome indicators and created network structure diagrams.
Due to the absence of direct comparisons between certain treatments, ORR, PFS, and OS
were separated into two sections. The results revealed 4 regimens for ORR#1 (Figure 3A)
and 3 regimens for ORR#2 (Figure 3B), 5 regimens for PFS#1 (Figure 3C) and 11 regimens
for PFS#2 (Figure 3D), 4 regimens for OS#1 (Figure 4A) and 6 regimens for OS#2 (Figure 4B),
and 9 regimens for the incidence rate of grade 3/4 AEs (Figure 5). For all indicators, studies
on different targeted drugs did not produce an effective closed loop.

3.2.2. Efficacy

Due to the absence of direct comparisons between certain treatments, PFS, OS, and
ORR were separated into two sections, namely PFS#1 and PFS#2, ORR#1 and ORR#2, OS#1

and OS#2. ‘1’ represents the combination of anti-Her2 therapy with endocrine treatment,
while ‘2’ primarily represents the combination of anti-Her2 therapy with chemotherapy or
CDK4/6 inhibitors.

The Bayesian network meta-analysis of PFS was divided into two parts. The results
for PFS#1 are presented in Table 2 and Figure S1, revealing that double-target combined
endocrine therapies, Her2-mAb+Her2-mAb+Endo (HR = 0.38; 95%CrI: 0.16–0.88) and
Her2-mAb+Her2-tki+Endo (HR = 0.45; 95%CrI: 0.23–0.89), significantly improved PFS in
MBC compared to Endo alone. However, single-target combined endocrine therapies such
as Her2-tki+Endo (HR = 0.65; 95%CrI: 0.39–1.06) and Her2-mAb+Endo (HR = 0.69; 95%CrI:
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0.45–1.05) did not significantly improve PFS in patients with HR+/HER2+MBC compared
to Endo alone. According to the SUCRAs (Figure S2), for PFS#1, the treatments can be
ranked as follows: Her2-mAb+Her2-mAb+Endo (SUCRA = 87.9%) > Her2-mAb+Her2-
tki+Endo (SUCRA = 79.1%) > Her2-tki+Endo (SUCRA = 44.1%) > Her2-mAb+Endo (SU-
CRA = 36.3%) > Endo (SUCRA = 2.5%).
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Table 1. Basic characteristics of the included studies.

Author/Year Trial Name Study Design
Median

Follow-Up
(m)

Total
pts Treatment-Line Median Age Intervention Control Main Outcome

André 2022 [17] monarcHER O, R, P2 52.9 237 ≥3 55.3
Group 1: Abemaciclib+
Trastuzumab+Fulvestrant
Group 2: Abemaciclib+Trastuzumab

Trastuzumab+Standard of Care
Single Agent Chemotherapy ORR, PFS, OS, Safety

Schwartzberg 2010 [5] EGF30008 DB, R, P3 22.8 219 1 60 Letrozole+Lapatinib Letrozole+Placebo ORR, PFS, OS, Safety
Takano 2018 [18] WJOG6110B/ELTOP O, R, P2 44.6 54 ≥1 58 Trastuzumab+Capecitabine Lapatinib+Capecitabine PFS
Awada 2016 [19] NEfERT-T O, R, P2 23 251 ≥1 55 Neratinib+Paclitaxel Trastuzumab+Paclitaxel PFS

Harbeck 2016 [20] LUX-Breast 1 O, R, P3 9.3 147 1–2 52.2 Afatinib+Vinorelbine Trastuzumab+Vinorelbine PFS

Rimawi 2018 [8] PERTAIN O, R, P2 31 258 1 61.6

Group 1: Pertuzumab+Trastuzumab+
Docetaxel/Paclitaxel→AI
Group 2: Pertuzumab+Trastuzumab+AI
Group 3: Trastuzumab+
Docetaxel/Paclitaxel→ AI

Trastuzumab+AI PFS, Safety

Swain 2015 [21] CLEOPATRA DB, R, P3 50 388 1 53.5 Pertuzumab+Trastuzumab+Docetaxel Placebo+Trastuzumab+Docetaxel PFS, OS, Safety
Andersson 2011 [22] HERNATA O, R, P3 34 161 1 56 Docetaxel+Trastuzumab Vinorelbine+Trastuzumab PFS

Baselga 2014 [23] STM01-102 O, R, P3 31 156 1 53 Nonpegylated liposomal
doxorubicin+Trastuzumab+Paclitaxel Trastuzumab+Paclitaxel PFS, OS

Johnston 2021 [7] ALTERNATIVE M, O, R, P3 NA 355 1–5 57 Group 1: Trastuzumab+Lapatinib+AI
Group 2: Lapatinib+AI Trastuzumab+AI ORR, PFS, OS, Safety

Fei Ma 2019 [24] NA M, R, P2 14.9 80 1–3 48 Pyrotinib+Capecitabine Lapatinib+Capecitabine PFS
Murthy 2020 [25] HER2CLIMB M, DB, R, P2 14 289 ≥2 55 Tucatinib+Trastuzumab+Capecitabine Placebo+Trastuzumab+Capecitabine PFS, OS

Sim 2019 [26] KCSG BR11-16 M, O, R, P2 NA 59 ≥2 53 Lapatinib+Vinorelbine Vinorelbine PFS
von Minckwitz 2011 [27] GBG 26/BIG 3-05 M, O, R, P3 20.7 85 ≥2 NA Trastuzumab+Capecitabine Capecitabine OS

Sunil Verma 2012 [28] EMILIA M, O, R, P3 13 991 ≥1 53 T-DM1 Lapatinib+Capecitabine PFS
Emens 2020 [29] KATE2 M, DB, R, P2 8.5 117 ≥1 54 T-DM1+Atezolizumab T-DM1+Placebo PFS

Perez 2017 [30] MARIANNE M, O, R, P3 35 600 1 53 Group 1: T-DM1+Pertuzumab
Group 2: T-DM1 Trastuzumab+Taxane PFS

Kaufman 2009 [4] TAnDEM M, O, R, P3 NA 207 1 55 Trastuzumab+Anastrozole Anastrozole PFS, OS
Xu 2021 [31] PHOEBE M, O, R, P3 33.2 120 ≥1 49.5 Pyrotinib+Capecitabine Lapatinib+Capecitabine PFS, OS

Ciruelos 2020 [32] SOLTI-1303
PATRICIA M, O, R, P2 42.3 56 3–5 58 Trastuzumab+Palbociclib+Letrozole Trastuzumab+Palbociclib ORR, PFS, OS, Safety

Cortés 2022 [33] DESTINY-
Breast03 M, O, R, P3 16.2 265 ≥1 54.2 Trastuzumab Deruxtecan Trastuzumab Emtansine PFS

Yamamoto 2022 [34] PRECIOUS M, O, R, P3 14.2 122 3–6 58.5 Pertuzumab+Trastuzumab+physician’s
choice chemotherapy (PTC) Trastuzumab+PTC PFS

Saura 2020 [6,35] NALA M, O, R, P3 29.9 367 ≥3 54.4 Neratinib+Capecitabine Lapatinib+Capecitabine PFS, OS
Huober 2012 [6] eLEcTRA M, O, R, P3 NA 57 1 62 Letrozole+Trastuzumab Letrozole ORR, PFS, OS, Safety
André 2014 [36] BOLERO-3 M, DB, R, P3 20.2 317 ≥1 54.2 Everolimus+Trastuzumab+Vinorelbine Placebo+Trastuzumab+Vinorelbine PFS

Abbreviations: O: open-label; R: randomized; P: phase; M: multicenter; DB: double blind; S: single arm; NA: not available; OS: overall survival; PFS: progression free survival;
ORR: objective response rate; Safety only includes grade 3/4 adverse events.
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about the bias risk of each item, and they were shown as percentages across all included studies.
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Figure 3. Network plots of each targeted treatment regimen for ORR and PFS (A) ORR#1;
(B) ORR#2; (C) PFS#1; (D) PFS#2. Her2-ADC: trastuzumab deruxtecan, trastuzumab emtansine;
Her2-mAb: pertuzumab, trastuzumab; Her2-tki: afatinib, lapatinib, neratinib, pyrotinib, tucatinib;
Chem: capecitabine, docetaxel, doxorubicin, paclitaxel, physician’s choice Chemtherapy, taxane,
vinorelbine; Endo: anastrozole, fulvestrant, letrozole; CDK/4/6: abemaciclib, palbociclib; mTOR:
everolimus; PD-L1: atezolizumab. Each node represents a treatment option, and the lines between
them depict direct comparisons in this study. The size of the nodes and the thickness of the lines
correspond to the number of direct comparisons made between the treatment options. Larger
nodes and thicker lines indicate a higher number of direct comparisons conducted in this study
(ORR: objective response rate; PFS: progression free survival).
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Figure 4. Network plots of each targeted treatment regimen for OS (A) OS#1; (B) OS#2. Her2-
mAb: pertuzumab, trastuzumab; Her2-tki: afatinib, lapatinib, neratinib, pyrotinib, tucatinib; Chem:
capecitabine, docetaxel, doxorubicin, paclitaxel, physician’s choice Chemtherapy, taxane, vinorelbine;
Endo: anastrozole, fulvestrant, letrozole; CDK/4/6: abemaciclib, palbociclib. Each node represents a
treatment option, and the lines between them depict direct comparisons in this study. The size of the
nodes and the thickness of the lines correspond to the number of direct comparisons made between
the treatment options. Larger nodes and thicker lines indicate a higher number of direct comparisons
conducted in this study (OS: overall survival).
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made between the treatment options. Larger nodes and thicker lines indicate a higher number of 
direct comparisons conducted in this study. 

3.2.2. Efficacy 
Due to the absence of direct comparisons between certain treatments, PFS, OS, and 

ORR were separated into two sections, namely PFS#1 and PFS#2, ORR#1 and ORR#2, OS#1 
and OS#2. ‘1’ represents the combination of anti-Her2 therapy with endocrine treatment, 

Figure 5. Network plot of each targeted treatment regimen for the grade 3/4 adverse event rate.
Her2-mAb:pertuzumab, trastuzumab; Her2-tki: afatinib, lapatinib, neratinib, pyrotinib, tucatinib;
Chem: capecitabine, docetaxel, doxorubicin, paclitaxel, physician’s choice Chemtherapy, taxane,
vinorelbine; Endo: anastrozole, fulvestrant, letrozole; CDK/4/6: abemaciclib, palbociclib. Each node
represents a treatment option, and the lines between them depict direct comparisons in this study.
The size of the nodes and the thickness of the lines correspond to the number of direct comparisons
made between the treatment options. Larger nodes and thicker lines indicate a higher number of
direct comparisons conducted in this study.

Table 2. Random effects model Bayesian network meta-analysis of estimated HR values for PFS#1

between different treatment regimens.

Endo 0.65 (0.39, 1.06) 0.69 (0.45, 1.05) 0.38 (0.16, 0.88) 0.45 (0.23, 0.89)

1.55 (0.94, 2.55) Her2-tki+Endo 1.06 (0.64, 1.76) 0.58 (0.25, 1.41) 0.69 (0.38, 1.28)

1.46 (0.95, 2.24) 0.94 (0.57, 1.55) Her2-
mAb+Endo 0.55 (0.27, 1.13) 0.65 (0.35, 1.21)

2.66 (1.14, 6.14) 1.71 (0.71, 4.06) 1.82 (0.88, 3.71)
Her2-

mAb+Her2-
mAb+Endo

1.19 (0.46, 3.05)

2.23 (1.13, 4.39) 1.44 (0.78, 2.63) 1.53 (0.83, 2.82) 0.84 (0.33, 2.16)
Her2-

mAb+Her2-
tki+Endo

Note: The estimated HR and 95%CrI for PFS#1 between treatment regimens are shown in the table above, with
the lower left corner representing each column treatment group compared to each row treatment group, and the
opposite in the upper right corner. HR < 1 indicates that the column treatment regimen prolongs PFS compared
to the row treatment regimen; HR > 1 indicates that the column treatment regimen has a poorer benefit on PFS
compared to the row treatment regimen. Significant differences between the two groups are shown in bold.
(PFS: progression free survival; HR: hazard ratio; CrI: credible interval).

For PFS#2 (Table 3 and Figure S3), Her2-mAb+Her2-mAb+Chem (HR = 0.76; 95%CrI:
0.6–0.96) and Her2-mAb+Her2-tki+Chem (HR = 0.48; 95%CrI: 0.29–0.81) significantly im-
proved PFS compared to Her2-mAb+Chem. Similarly, Her2-mAb+Her2-mAb+Chem (HR
= 0.65; 95%CrI: 0.46–0.91) and Her2-mAb+Her2-tki+Chem (HR = 0.41; 95%CrI: 0.23–0.73)
demonstrated significant improvements in PFS compared to Her2-tki+Chem. All the above
dual-target combined chemotherapy approaches showed notable PFS improvements com-
pared to single-target combined chemotherapy. ADC-containing regimens, such as Her2-
ADC (HR = 0.75; 95%CrI: 0.57–1) and Her2-mAb+Her2-ADC (HR = 0.63; 95%CrI: 0.42–0.95),
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significantly improved PFS in HR+/HER2+ABC compared to HER2-tki+Chem. According
to the SUCRAs (Figure S4), the top five rankings for improving patient PFS are: Her2-
mAb+Her2-tki+Chem (SUCRA = 95.3%) > Her2-mAb+Her2-ADC (SUCRA = 71.1%) > Her2-
mAb+Her2-mAb+Chem (SUCRA = 69.2%) > Her2-mAb+CDK4/6+Endo (SUCRA = 60.0%)
> Her2-ADC (SUCRA = 49.0%).

We conducted a Bayesian network meta-analysis to compare OS outcomes of two
treatment types: combination endocrine therapy (OS#1) and combination CDK4/6 inhibitor
or chemotherapy (OS#2), as shown in Table 4. For OS#1, which included HR+HER2+ABC
patients, Her2-tki+Endo, Her2-mAb+Endo, and Her2-mAb+Her2-tki+Endo showed a ten-
dency towards improved OS compared to Endo alone in terms of OS (Figure S5). However,
these results did not reach statistical significance. Single-target combined endocrine treat-
ments, such as Her2-tki+Endo and Her2-mAb+Endo, had lower OS benefits compared
to the dual-target combined endocrine treatment (Her2-mAb+Her2-tki+Endo), but this
difference was not statistically significant. Based on the SUCRAs (Figure S6), the rankings
for improving patient OS were as follows: Her2-mAb+Her2-tki+Endo (SUCRA = 92.2%)
> Her2-mAb+Endo (SUCRA = 52.2%) > Her2-tki+Endo (SUCRA = 50.5%) > Endo alone
(SUCRA = 5.1%).

In our Bayesian network meta-analysis, we assessed the impact of combining CDK4/6
inhibitors or chemotherapy with OS (OS#2). Similar to the findings for PFS#2, dual-target
combination chemotherapy, such as Her2-mAb+Her2-mAb+Chem (HR = 0.71; 95%CrI:
0.43–1.18), and Her2-mAb+Her2-tki+Chem (HR = 0.85; 95%CrI: 0.49–1.47), showed a ten-
dency toward OS benefits compared to Her2-mAb+Chem. However, these differences did
not reach statistical significance. Among the other chemotherapy-containing regimens com-
pared to Chem alone, we observed an increasing trend in OS benefit for HR+/HER2+MBC
patients, but no significant differences were found (Figure S7). Based on the SUCRAs
(Figure S8), the ranking for improving patient OS were as follows: Her2-mAb+Her2-
mAb+Chem had the highest probability of ranking first (SUCRA = 72.4%), followed by
Her2-mAb+CDK4/6 (SUCRA = 67.0%), Her2-mAb+CDK4/6+Endo (SUCRA = 64.4%),
Her2-mAb+Her2-tki+Chem (SUCRA = 50.3%), Her2-mAb+Chem (SUCRA = 26.5%), and
Chem alone, which ranked last (SUCRA = 19.3%).

In Table 5, we compared the effects of different treatments on ORR. The results of
ORR#1 showed that Her2-tki+Endo (OR = 3.26; 95%CrI: 1.13–10.17), Her2-mAb+Endo
(OR = 2.81; 95%CrI: 1.08–8.18), and Her2-mAb+Her2-tki+Endo (OR = 7.37; 95%CrI:
1.81–33.72) significantly improved OR compared to Endo (Figure S9). Dual-target combined
endocrine therapy (Her2-mAb+Her2-tki+Endo) demonstrated greater benefits in ORR com-
pared to single-target combined endocrine therapy (Her2-mAb+Endo, Her2-tki+Endo),
although the difference was not statistically significant. These findings were consistent
with PFS#1 and OS#1 for HR+/HER2+MBC patients, where combined therapy showed
better effects compared to endocrine therapy alone, with dual-target combined endocrine
therapy being the most effective combination. According to the SUCRAs (Figure S10),
Her2-mAb+Her2-tki+Endo had the highest probability of being ranked highest for effec-
tively improving ORR (SUCRA = 95.5%). Her2-tki+Endo ranked second (SUCRA = 56.3%),
Her2-mAb+Endo ranked third (SUCRA = 46.7%), and Endo had the lowest probability of
effective ORR improvement, ranking last (SUCRA = 1.4%).

For ORR#2, Her2-mAb+CDK4/6+Endo and Her2-mAb+CDK4/6 showed a poten-
tial increase in ORR compared to Her2-mAb+Chem, but no significant difference was
observed (Figure S11). According to the SUCRAs (Figure S12), Her2-mAb+Chem had
the highest probability of being ranked highest in terms of effectively improving ORR
(SUCRA = 64.6%). Her2-mAb+CDK4/6 ranked second (SUCRA = 62.3%), while Her2-
mAb+CDK4/6+Endo had the lowest probability and ranked last (SUCRA = 23.9%) in terms
of effectively improving ORR.
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Table 3. Random-effects model Bayesian network meta-analysis of estimated HR values for PFS#2 between different treatment regimens.

Her2-
mAb+Chem

0.8
(0.49, 1.31)

0.95
(0.59, 1.58)

1.17
(0.91, 1.51)

0.76
(0.6, 0.96)

0.48
(0.29, 0.81)

0.95
(0.35, 2.54)

0.88
(0.66, 1.19)

0.95
(0.47, 1.94)

0.74
(0.51, 1.08)

0.93
(0.64, 1.35)

1.25
(0.76, 2.04)

Her2-
mAb+CDK4/6+Endo

1.19
(0.78, 1.84)

1.46
(0.85, 2.57)

0.94
(0.55, 1.64)

0.6
(0.29, 1.23)

1.18
(0.4, 3.52)

1.1
(0.63, 1.97)

1.18
(0.5, 2.88)

0.92
(0.5, 1.73)

1.16
(0.63, 2.15)

1.05
(0.63, 1.69)

0.84
(0.54, 1.28)

Her2-
mAb+CDK4/6

1.22
(0.71, 2.12)

0.79
(0.46, 1.36)

0.5
(0.25, 1.02)

0.99
(0.33, 2.98)

0.92
(0.52, 1.62)

0.99
(0.42, 2.39)

0.77
(0.42, 1.41)

0.98
(0.53, 1.78)

0.85
(0.66, 1.09)

0.69
(0.39, 1.18)

0.82
(0.47, 1.41) Her2-tki+Chem 0.65

(0.46, 0.91)
0.41

(0.23, 0.73)
0.81

(0.31, 2.07)
0.75

(0.57, 1)
0.81

(0.4, 1.65)
0.63

(0.42, 0.95)
0.8

(0.51, 1.24)

1.32
(1.04, 1.66)

1.06
(0.61, 1.81)

1.26
(0.74, 2.19)

1.54
(1.1, 2.18)

Her2-
mAb+Her2-
mAb+Chem

0.63
(0.36, 1.12)

1.25
(0.45, 3.47)

1.16
(0.8, 1.7)

1.26
(0.59, 2.64)

0.97
(0.63, 1.51)

1.23
(0.79, 1.91)

2.08
(1.24, 3.47)

1.68
(0.81, 3.41)

1.99
(0.98, 4.08)

2.44
(1.36, 4.3)

1.58
(0.89, 2.77)

Her2-
mAb+Her2-
tki+Chem

1.96
(0.64, 6.03)

1.84
(1.01, 3.31)

1.99
(0.81, 4.75)

1.54
(0.81, 2.89)

1.95
(1.03, 3.62)

1.06
(0.39, 2.84)

0.85
(0.28, 2.52)

1.01
(0.34, 3.02)

1.24
(0.48, 3.22)

0.8
(0.29, 2.21)

0.51
(0.17, 1.55) Chem 0.93

(0.35, 2.53)
1

(0.31, 3.27)
0.78

(0.28, 2.19)
0.99

(0.34, 2.84)

1.13
(0.84, 1.52)

0.91
(0.51, 1.59)

1.08
(0.62, 1.91)

1.33
(1, 1.76)

0.86
(0.59, 1.25)

0.54
(0.3, 0.99)

1.07
(0.4, 2.85) Her2-ADC 1.08

(0.56, 2.07)
0.84

(0.57, 1.22)
1.06

(0.65, 1.69)

1.05
(0.52, 2.13)

0.84
(0.35, 1.98)

1.01
(0.42, 2.38)

1.23
(0.61, 2.5)

0.8
(0.38, 1.68)

0.5
(0.21, 1.23)

1
(0.31, 3.22)

0.93
(0.48, 1.77)

Her2-
ADC+PD-L1

0.78
(0.37, 1.64)

0.98
(0.44, 2.17)

1.36
(0.93, 1.97)

1.09
(0.58, 2)

1.3
(0.71, 2.4)

1.59
(1.06, 2.39)

1.03
(0.66, 1.6)

0.65
(0.35, 1.24)

1.28
(0.46, 3.6)

1.19
(0.82, 1.75)

1.29
(0.61, 2.74)

Her2-
mAb+Her2-

ADC

1.26
(0.74, 2.13)

1.07
(0.74, 1.56)

0.86
(0.47, 1.58)

1.02
(0.56, 1.9)

1.25
(0.81, 1.98)

0.81
(0.52, 1.27)

0.51
(0.28, 0.97)

1.01
(0.35, 2.96)

0.95
(0.59, 1.54)

1.02
(0.46, 2.29)

0.79
(0.47, 1.35)

Her2-
mAb+Chem+mTOR

Note: The estimated HR and 95%CrI for PFS#2 between treatment regimens are shown in the table above, with the lower left corner representing each column treatment group compared
to each row treatment group, and the opposite in the upper right corner. HR < 1 indicates that the column treatment regimen prolongs PFS compared to the row treatment regimen;
HR > 1 indicates that the column treatment regimen has a poorer benefit on PFS compared to the row treatment regimen. Significant differences between the two groups are shown in
bold. (PFS: progression free survival; HR: hazard ratio; CrI: credible interval).
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Table 4. Random effects model Bayesian network meta-analysis OS estimation of HR (A: OS#1;
B: OS#2).

(A) OS#1

Endo 0.69 (0.4, 1.17) 0.67 (0.4, 1.16) 0.4 (0.16, 1.04)

1.45 (0.86, 2.5) Her2-tki+Endo 0.97 (0.56, 1.75) 0.59 (0.23, 1.55)

1.49 (0.86, 2.51) 1.03 (0.57, 1.78) Her2-mAb+Endo 0.6 (0.28, 1.3)

2.47 (0.96, 6.21) 1.7 (0.64, 4.34) 1.66 (0.77, 3.56) Her2-mAb+Her2-tki+Endo

(B) OS#2

Her2-
mAb+Chem 0.75 (0.41, 1.38) 0.73 (0.4, 1.34) 0.71 (0.43, 1.18) 0.85 (0.49, 1.47) 1.11 (0.65, 1.92)

1.33 (0.72, 2.46) Her2-
mAb+CDK4/6+Endo 0.98 (0.54, 1.78) 0.95 (0.43, 2.09) 1.14 (0.5, 2.58) 1.48 (0.66, 3.38)

1.36 (0.74, 2.47) 1.02 (0.56, 1.86) Her2-
mAb+CDK4/6 0.97 (0.44, 2.11) 1.16 (0.52, 2.6) 1.51 (0.67, 3.39)

1.4 (0.85, 2.32) 1.05 (0.48, 2.32) 1.03 (0.47, 2.25) Her2-mAb+Her2-
mAb+Chem 1.2 (0.57, 2.51) 1.56 (0.75, 3.28)

1.17 (0.68, 2.02) 0.88 (0.39, 2) 0.86 (0.38, 1.93) 0.83 (0.4, 1.76) Her2-mAb+Her2-tki+Chem 1.3 (0.6, 2.81)

0.9 (0.52, 1.55) 0.68 (0.3, 1.52) 0.66 (0.29, 1.48) 0.64 (0.31, 1.33) 0.77 (0.36, 1.65) Chem

Note: The estimated HR and 95%CrI for OS between treatment regimens are shown in the table above, with
the lower left corner representing each column treatment group compared to each row treatment group and the
opposite in the upper right corner. HR < 1 indicates that the column treatment regimen prolongs patient OS
compared to the row treatment regimen; HR > 1 indicates that the column treatment regimen has a poorer benefit
on OS compared to the row treatment regimen. Significant differences between the two groups are shown in bold.
(OS: Overall survival; HR: hazard ratio; CrI: credible interval).

3.2.3. Safety

Based on the results in Supplementary Safety Table S2, all eight treatments (Her2-
mAb+Chem; Her2-mAb+CDK4/6+Endo; Her2-mAb+CDK4/6; Her2-mAb+Endo; Her2-
mAb+Her2-mAb+Endo; Her2-mAb+Her2-mAb+Chem; Her2-mAb+Her2-tki+Endo; Her2-
tki+Endo) demonstrated a tendency to increase the occurrence of grade 3/4 AEs compared
to Endo alone (Figure S13). However, only the difference in Her2-mAb+Her2-mAb+Chem
reached statistical significance. According to the SUCRAs (Figure S14), Endo had the high-
est probability of being ranked first in terms of reducing the incidence of grade 3/4 AEs
(SUCRA = 94.4%). Her2-mAb+Endo ranked second (SUCRA = 72.3%) in reducing the inci-
dence rate of grade 3/4 AEs, followed by Her2-mAb+Her2-mAb+Endo (SUCRA = 69.2%)
in third place. Her2-tki+Endo ranked fourth (SUCRA = 52.8%) in reducing the incidence
rate of grade 3/4 AEs, while Her2-mAb+Her2-tki+Endo ranked fifth (SUCRA = 49.2%).
Among the treatments, Her2-mAb+CDK4/6+Endo was the least effective in reducing the
incidence rate of grade 3/4 AEs and ranked last (SUCRA = 15.3%).

3.2.4. Inconsistency

We compared the DIC between the inconsistency model and the consistency model
for various indicators. The results, shown in Table 6, indicate that the consistency model
generally has lower DIC values compared to the inconsistency model across all metrics.
This suggests that the consistency assumption is largely met in the analysis.

3.2.5. Subgroup and Sensitivity Analyses

To investigate the impact of different treatment lines (1 line and > 1 line) on treatment
regimens, we conducted a subgroup analysis of PFS and OS. However, due to limitations
in the available research, we were unable to perform further analysis of some indicators.

For patients with treatment lines of 1, we focused on analyzing PFS#1, PFS#2, and
OS#1. Among these, the SUCRA values indicated that Her2-mAb+Her2-mAb+Endo was
the most effective in improving PFS (SUCRA = 94.31%), followed by Her2-mAb+Endo
(SUCRA = 54.30%), and then Her2-tki+Endo (SUCRA = 45.13%). Conversely, Endo had



Curr. Oncol. 2023, 30 8456

the least favorable efficacy and was ranked last (SUCRA = 6.27%). Notably, Endo was
significantly inferior to Her2-mAb+Her2-mAb+Endo in improving PFS (HR = 2.83, 95%
CI: 1.08–7.32). For OS#1 with treatment lines of 1, Her2-mAb+Endo ranked the highest
in improving OS (SUCRA = 79.56%), followed by Her2-tki+Endo (SUCRA = 60.41%),
while Endo had the least efficacy (SUCRA = 10.04%). However, no significant differences
were observed between any of the treatment regimens. For PFS#2 with treatment lines
of 1, the league table did not show any significant differences among (Table S3) Her2-
mAb+Her2-mAb+Chem, Her2-mAb+Her2-ADC, Her2-ADC, and Her2-mAb+Chem in
terms of improving PFS. Based on the SUCRA results, Her2-mAb+Her2-mAb+Chem
ranked highest in improving PFS (SUCRA = 78.72%), followed by Her2-mAb+Her2-ADC
(SUCRA = 73.5%), while Her2-ADC had the second lowest efficacy (SUCRA = 31.19%), and
Her2-mAb+Chem ranked the lowest (SUCRA = 16.59%) (Table S1). Unfortunately, due to
limitations in the available research data, it was not possible to analyze OS#2 with treatment
line 1.

Table 5. Random effects model Bayesian network meta-analysis of ORR estimation between different
treatment regimens OR (A: ORR#1; B: ORR#2).

(A) ORR#1

Endo 3.26 (1.13, 10.17) 2.81 (1.08, 8.18) 7.37 (1.81, 33.72)

0.31 (0.1, 0.89) Her2-tki+Endo 0.86 (0.3, 2.65) 2.24 (0.64, 8.24)

0.36 (0.12, 0.92) 1.17 (0.38, 3.34) Her2-mAb+Endo 2.63 (0.71, 9.42)

0.14 (0.03, 0.55) 0.45 (0.12, 1.55) 0.38 (0.11, 1.4)
Her2-

mAb+Her2-
tki+Endo

(B) ORR#2

Her2-
mAb+Chem 0.7 (0.25, 1.88) 0.97 (0.36, 2.59)

1.44 (0.53, 3.98) Her2-mAb+CDK4/6+Endo 1.38 (0.58, 3.41)

1.03 (0.39, 2.82) 0.72 (0.29, 1.72) Her2-mAb+CDK4/6
Note: The OR and 95%CrI for ORR between treatment regimens are shown in the table above, with the lower
left corner representing each column treatment group compared to each row treatment group and the opposite
in the upper right corner. OR > 1 indicates that the column treatment regimen improved the ORR of patients
compared to the row treatment regimen; OR < 1 indicates that the column treatment regimen had a poorer benefit
on ORR than the row treatment regimen. Significant differences between the two groups are shown in bold.
(ORR: objective response rate; OR: odds ratio; CrI: credible interval).

Table 6. The DIC value of the inconsistency model and the consistency model for various indicators.

Indicators DIC of Inconsistency Model DIC of Consistency Model

PFS#1 10.865 10.213
PFS#2 26.618 24.799
OS#1 7.960 7.132
OS#2 9.988 9.954

ORR#1 18.318 16.166
ORR#2 10.141 8.564

Grade 3/4 AEs 28.848 27.587

In the league table for PFS#2 with treatment lines >1, we observed that Her2-mAb+Her2-
tki+Chem was superior to Her2-tki+Chem in improving PFS (HR = 0.42, 95% CI: 0.18–0.98)
(Table S4). The SUCRA values indicated that Her2-mAb+Her2-tki+Chem had the highest
probability and the best effect in improving PFS (SUCRA = 90.6%), followed by Her2-
mAb+CDK4/6+Endo (SUCRA = 60.33%), while Her2-ADC ranked third (SUCRA = 57.76%).
In comparison, Her2-mAb+Her2-mAb+Chem ranked fourth (SUCRA = 57.28%) (Table S2).
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Regarding the indicators ORR#1, ORR#2, PFS#1, PFS#2, OS#1, OS#2, and the incidence
rate of grade 3/4 AEs, we performed a sensitivity analysis by comparing the results of the
fixed-effect model and the random-effects model. In general, the results for ORR#2, PFS#1,
and the incidence rate of grade 3/4 AEs were not relatively robust, while the results for
other indicators were stable (Supplementary Sensitivity Analysis Tables S5–S11).

3.2.6. Small-Study Effects

We assessed the potential impact of small-sample clinical trials on our network meta-
analysis and conducted checks for publication bias, particularly to detect exaggerated
therapeutic effects in such trials. For this purpose, we utilized a comparison-correction
funnel plot, which can be found in Supplementary Small-study Effects Figures S15–S21
depict the funnel plots for ORR, PFS, OS, and the incidence rate of grade 3/4 AEs. The
scatter distribution in these funnel plots appears symmetrical, indicating the absence of
significant small-sample bias. This observation is further supported by the results of
Egger’s test, which show no evidence of publication bias (ORR#1: Egger’s P = 0.591; ORR#2:
Egger’s P = 0.243; PFS#1: Egger’s P = 0.584; PFS#2: Egger’s P = 0.629; OS#1: Egger’s
P = 0.754; OS#2: Egger’s P = 0.757; incidence rate of grade 3/4 AEs: Egger’s P = 0.763).

4. Discussion

Breast cancer has now surpassed lung cancer as the most prevalent cancer, with
2,261,419 new cases reported in 2020. This accounts for 11.7% of the total cancer incidence
and 6.9% of female breast cancer-related deaths. HR+/HER2+ breast cancer is a specific sub-
type of HER2+ breast cancer that exhibits distinct biological and clinical characteristics [2].
In recent years, various treatment approaches have been investigated for HR+/HER2+
metastatic breast cancer, including combinations of anti-HER2 therapies with endocrine
therapy and anti-HER2 therapy combined with chemotherapy. However, no studies have
specifically compared these different treatment combinations to determine the optimal
choice. To address this gap, a network meta-analysis was conducted to compare the efficacy
and safety of various anti-HER2 combined therapies for advanced HR+/HER2+ breast
cancer. This study aimed to provide a scientific and rational treatment choice by examining
the efficacy and safety of different anti-HER2 combined therapies. Through analyzing the
PFS outcomes, this study intended to identify the most effective treatment option. Both the
FDA (Food and Drug Administration) and EMA (European Medicines Agency) consider
significant improvements in PFS as a crucial factor in determining the approval of new
drugs. Additionally, OS, ORR, and the occurrence of the incidence rate of grade 3/4 AEs
were assessed as secondary endpoints to provide a more comprehensive evaluation of
treatment efficacy and safety.

In our comprehensive analysis of 25 multi-center RCTs, we evaluated the efficacy of
different treatment regimens for HR+/HER2+MBC patients. Specifically, we focused on
the combination of anti-HER2 therapy with endocrine therapy (PFS#1/OS#1/ORR#1). Our
findings revealed that the combination therapy consistently improved outcomes compared
to mono-endocrine therapy. Notably, the combination of dual-target therapy with endocrine
therapy emerged as the most effective treatment combination. Among the various regimens
analyzed, Her2-mAb+Her2-mAb+Endo showed the highest SUCRA value in the context of
PFS#1, suggesting it to be the optimal treatment option. Additionally, the SUCRA values
for ORR#1 and OS#1 indicated that Her2-mAb+Her2-tki+Endo was the preferred treatment,
alongside Her2-mAb+Her2-mAb+Endo. Therefore, the combination of anti-HER2 therapy
with endocrine therapy, particularly utilizing dual-target therapy, demonstrated the best
outcomes in terms of prolonging PFS and OS in HR+/HER2+MBC patients.

In terms of anti-HER2 combined chemotherapy or CDK4/6 inhibitors (PFS#2/OS#2/
ORR#2), the top four treatment regimens included Her2-mAb+Her2-mAb+Chem, Her2-
mAb+CDK4/6+Endo, and Her2-mAb+Her2-tki+Chem, although their specific order varied
depending on the outcome measure (OS#2 or PFS#2). These results suggest that these three-
drug combinations can effectively prolong PFS and OS in HR+/HER2+MBC and are
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thus preferred treatment options. Considering safety, the SUCRA results indicated that
Her2-mAb+CDK4/6+Endo had the lowest ranking. Therefore, for anti-HER2 combined
chemotherapy or CDK4/6 inhibitors, Her2-mAb+Her2-mAb+Chem and Her2-mAb+Her2-
tki+Chem are the preferred options. Overall, the findings from this study highlight the
superiority of anti-HER2 therapy combined with endocrine therapy or chemotherapy, with
dual-target treatment combinations showing the best outcomes. This holds true for both the
combination of two monoclonal antibodies and the combination of a monoclonal antibody
with a tyrosine kinase inhibitor.

In this study, only trastuzumab and pertuzumab were utilized as large molecule
double-target therapies. Mechanistically, trastuzumab and pertuzumab target distinct
epitopes of the HER-2 tyrosine kinase receptor. Trastuzumab promotes HER-2 dimerization
inhibition and disrupts downstream Akt signaling, leading to increased apoptosis [37].
These combined effects synergistically inhibit the survival of HER2+ breast cancer cells [38].
In the international multi-center randomized Phase II PERTAIN study, postmenopausal
patients with HER2-positive HR-positive locally advanced or metastatic breast cancer
(n = 258) who had not previously received endocrine therapy were divided into two groups.
One group received pertuzumab plus trastuzumab plus aromatase inhibitor (AI) as first-
line treatment, while the other group received trastuzumab plus AI alone. The results
demonstrated that the three-drug combination significantly improved PFS compared to the
two-drug combination (18.9 months vs. 15.8 months; HR = 0.65, 95% CI: 0.48–0.89) [8]. In
HER2-positive and HR-positive breast cancer, aromatase inhibitors are more susceptible
to resistance due to HER2 pathway activation. Therefore, a possible explanation for the
increased PFS observed in this study is that pertuzumab effectively blocks the HER2
signaling pathway, thereby reducing resistance and improving treatment outcomes. In
another Phase III study called CLEOPATRA, 808 women with HER2-positive advanced
breast cancer were enrolled, and the efficacy of pertuzumab combined with trastuzumab
and docetaxel was compared to trastuzumab combined with docetaxel as the first-line
treatment. The combination of docetaxel, trastuzumab, and pertuzumab demonstrated
improved mPFS compared to the placebo (18.5 months vs. 12.4 months; HR = 0.62, 95% CI:
0.51–0.75). Subgroup analysis specifically in HR-positive patients showed that pertuzumab
was associated with a 27% lower risk of recurrence of advanced first-line breast cancer
and a 30% lower risk of death compared to placebo. The findings from multiple clinical
studies, such as PERTAIN, CLEOPATRA [39], and PERUSE [40], consistently confirmed
that targeting HER2-positive breast cancer with two different monoclonal antibodies,
pertuzumab and trastuzumab, leads to a more comprehensive blockade of HER2 signaling
compared to treatment with either antibody alone. The more favorable blockade was
caused by the complementary mechanisms of action for pertuzumab and trastuzumab.
These studies highlighted the significance of preventing ligand-dependent formation of
HER2 dimers to maximize the suppression of HER2 signaling.

Monoclonal antibodies and tyrosine kinase inhibitors targeting ErbB2 (HER2) exhib-
ited distinct mechanisms of action and are non-cross-resistant. Studies have demonstrated
that combining lapatinib, a tyrosine kinase inhibitor, with anti-ErbB2 antibodies enhanced
apoptosis in breast cancer cells that overexpress ErbB2. This combination also modulated
the expression of mediators involved in tumor cell growth and survival. The inhibition of
phosphorylated Akt (p-Akt) by lapatinib and anti-ErbB2 antibodies is associated with the
disruption of ErbB3 activation. It is likely that lapatinib targets other molecules besides
full-length ErbB1 and ErbB2 [41]. Recent findings indicated that lapatinib effectively inhib-
ited signaling through the truncated ErbB2 receptor, p95ErbB2 [42]. Although antibodies
alone did not inhibit signaling through p95ErbB2, they reduced truncation by inhibiting the
proteolytic cleavage of full-length ErbB2. In the ALTERNATIVE study, which focused on
postmenopausal patients with HER2+/HR+ metastatic breast cancer (n = 355), participants
were randomly assigned in a 1:1:1 ratio to receive trastuzumab plus lapatinib plus AI,
lapatinib plus AI, or trastuzumab plus AI. The PFS in the lapatinib plus AI group and the
trastuzumab plus AI group were 8.3 months and 5.6 months, respectively (HR = 0.85, 95%
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CI: 0.62–1.17; p = 5.3159). Compared to the trastuzumab plus AI group, the three-drug
combination group (lapatinib plus trastuzumab plus AI) demonstrated a significantly pro-
longed PFS (11 months vs. 5.7 months; HR = 0.62, 95% CI: 0.45–0.88, p = 0.0064) [7]. These
results suggest that the efficacy of dual-target combined with AI is superior to single-target
combined with AI, with comparable safety except for grade 3 diarrhea. The combination
of anti-HER2 monoclonal antibody and tyrosine kinase inhibitor is consistent with the
findings of our study, both in terms of the mechanism of action and clinical data.

Based on the guidelines, patients eligible for endocrine therapy, such as those with
non-visceral metastasis and non-endocrine refractory patients, can be recommended an
anti-HER2 dual-target combination endocrine treatment strategy as the first option. Alter-
natively, for patients who are not suitable for endocrine therapy, anti-HER2 dual-target
combination chemotherapy can be chosen as a treatment approach.

Based on the subgroup analysis results considering different treatment lines, we found
that among the HR+/HER2+MBC patients in the recurrent metastatic stage who had
not received prior systemic treatment (treatment line 1) and were suitable for endocrine
therapy, Her2-mAb+Her2-mAb+Endo demonstrated the most favorable outcomes in PFS.
For HR+/HER2+MBC patients in the recurrent metastatic stage who had not received
prior systemic treatment and were not suitable for endocrine therapy, Her2-mAb+Her2-
mAb+Chem showed the best results in improving OS. Among patients who had completed
first-line treatment, Her2-mAb+Her2-tki+Chem exhibited superior efficacy in enhancing
PFS compared to Her2-mAb+Her2-mAb+Chem, making it the optimal treatment regimen.

The mechanism of action of TKIs complements that of mAbs and can, to some extent,
improve resistance to trastuzumab. One advantage of TKIs is that they are small molecules,
unlike trastuzumab and pertuzumab, which makes them more suitable for entering the
central nervous system (CNS) and potentially better at controlling MBC [43]. In patients
past first-line treatment, there are more metastatic lesions and a higher proportion of brain
metastases. Therefore, Her2-mAb+Her2-tki+Chem is more suitable in such cases compared
to using two Her2-mAbs and Chem. Tucatinib, an oral and highly selective inhibitor
of HER2 tyrosine kinase, was examined in the HER2CLIMB study. It was administered
alongside trastuzumab and capecitabine to patients with HER2-positive metastatic breast
cancer who had received trastuzumab, pertuzumab, and trastuzumab emtansine. In
patients with brain metastases, the tucatinib-combination group achieved a 1-year PFS rate
of 24.9%. The median PFS for these patients was 7.6 months, which represents an extension
of 2.2 months compared to the placebo group. This improvement in brain metastasis control
is advantageous for prolonging overall survival [25]. Previous studies have shown some
efficacy in treating brain metastases from HER2-positive breast cancer by combining a
HER2 tyrosine kinase inhibitor with capecitabine [35,44].

This study found that regimens containing ADC drugs, such as Her2-ADC and Her2-
mAb+Her2-ADC, significantly improved PFS in HR+/HER2+MBC patients when com-
pared to Her2-tki+Chem. HER2-mAb+Her2-ADC ranked second and Her2-ADC ranked
fifth in providing PFS based on SUCRA values. Antibody-drug conjugates (ADCs) combine
the strong cytotoxicity of small molecule drugs with the selectivity of monoclonal anti-
bodies and exhibited good pharmacokinetic characteristics, making them very promising
drugs for the treatment of HER2-positive cancers. T-DM1 was the first HER2-targeted
ADC approved by the FDA for the treatment of HER2+BC. In 2019, T-DXd (DS-8201)
became the second HER2-targeted ADC approved by the FDA, demonstrating signifi-
cant antitumor activity in patients with refractory HER2+MBC in the interim analysis of
DESTINY-Breast03 [45]. In comparison to T-DM1, DS8201 showed a 72% reduction in the
risk of disease progression or death (HR = 0.28; 95% CI: 0.22–0.37; p < 0.05). In the subgroup
analysis of HR+/HER2+MBC, there was a 68% reduction in the risk of progression or death
from TDM-1 of 0.32 (0.22–0.46). However, the DESTINY-Breast03 study was not included in
this analysis due to treatment classification. Based on the current data, T-DXd is expected
to be a very promising drug for the treatment of HER2-positive breast cancer [33].
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Although this study followed strict evaluation criteria for network meta-analysis to
minimize the impact of confounding factors, there are still some limitations to consider.
Despite including 25 RCTs, most of which were international multi-center studies, HR
positive was required for the subgroup of HER2-positive patients included in this analysis.
Some of the studies in HER2+MBC did not cover ORR, OS and safety specifically for
HR+/HER2+MBC, making comprehensive comparisons challenging. Additionally, due
to limitations in sample size and available study data, it was not possible to compare
specific drugs within the anti-HER2 category. Subgroup analysis based on factors such as
site and number of metastatic lesions or the menopausal status of the study population
was also not feasible, resulting in some degree of clinical heterogeneity. Furthermore,
19 studies were open label, raising the risk of bias. Therefore, the results should be
interpreted cautiously, given the potential subjectivity. Finally, the results of sensitivity
analysis indicated inconsistencies between the random effects model and the fixed effects
model, suggesting that the findings may not be robust and further confirmation by a
high-level clinical trial evidence is necessary.

5. Conclusions

In conclusion, the findings suggest that anti-HER2 dual-target combination ther-
apy with endocrine or chemotherapy provides improved survival outcomes for patients
with HR+/HER2+MBC compared to anti-HER2 single-target combination therapy.
However, it is important to note that the existing research literature is limited, and
further studies are needed to gather more data and investigate the comparative efficacy
of specific drugs.
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