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Introduction

Sacituzumab govitecan (SG) as an antibody-drug conjugate targeting Trophoblast cell surface antigen 2, has emerged as a promising therapy for breast cancer. However, the efficacy of SG across disease subtypes, treatment settings, and in combination regimens remains incompletely defined.





Materials and methods

A comprehensive literature search was conducted in PubMed, Embase, Web of Science, and the Cochrane Library to identify studies reporting the clinical efficacy and safety outcomes of SG in breast cancer. Pooled analyses were performed for overall response rate (ORR), progression-free survival (PFS), overall survival (OS), and treatment-related adverse events (AEs). Subgroup analyses were performed by molecular subtype, disease stage, and treatment regimen.





Results

A total of 13 studies involving 2,447 patients with breast cancer were included. SG significantly improved ORR (OR = 3.97, 95%CIs: 1.32-11.90) and OS (HR = 0.59, 95%CIs: 0.47-0.75) versus single agent chemotherapy in RCTs, with pronounced benefit in metastatic triple-negative breast cancer (mTNBC) (ORR = 10.55; HR for OS: 0.50, 95%CIs: 0.43-0.58). Pooled median PFS (mPFS) was 4.95 months (95%CIs: 4.36-5.61months) in RCTs and 5.93 months (95%CIs: 4.76-7.39 months) in single-arm studies, with early-stage TNBC achieving mPFS up to 9.50 months (95%CIs: 8.91-10.13 months). Combination with immunotherapy suggested numerically longer survival (median OS 18.0 vs 12.2 months). The most frequent grade ≥3 AE was neutropenia, occurring in 26-57% of patients, with overall toxicity manageable and consistent across studies.





Conclusions

SG provides substantial clinical benefit in breast cancer, improving ORR, OS, and PFS, particularly in TNBC, with consistent efficacy across monotherapy and combination regimens. The increased risk of hematologic and gastrointestinal toxicities warrants careful monitoring in clinical practice.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/, identifier CRD420251072321.
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1 Introduction

According to the GLOBOCAN 2022 estimates (updated in 2024), breast cancer remains the most frequently diagnosed malignancy among women worldwide, accounting for approximately 23.8% of all new female cancer cases. In 2022, there were an estimated 2.4 million new cases of breast cancer globally, accompanied by 685,000 deaths (1). The highest incidence rates were observed in high-income countries such as the United States and western Europe, while mortality rates in these regions remain comparatively low. In contrast, low- and middle-income countries such as India, bear a disproportionately high mortality burden, reflecting persistent disparities in access to early diagnosis, systemic therapy, and overall cancer care (2).

Breast cancer is a biologically heterogeneous disease encompassing multiple subtypes with distinct molecular profiles and treatment responses (3). Despite significant therapeutic advances, systemic treatment remains challenging, especially in aggressive subtypes and metastatic breast cancer (mBC) (4). Conventional cytotoxic chemotherapy has long served as a cornerstone of breast cancer treatment, particularly in triple-negative and advanced-stage. However, the non-selective mechanism of action often leads to substantial off-target toxicity, limiting both the tolerability and long-term efficacy (5). In addition, resistance to chemotherapeutic agents is frequently observed in clinical practice, further compromising treatment outcomes (6). The advent of monoclonal antibodies (mAbs) has enhanced the specificity of cancer therapies and partially expanded available treatment options (7). Nevertheless, the intrinsic cytotoxicity of mAbs is relatively limited, and they often fail to induce sustained tumor regression when used alone, particularly in rapidly proliferating or drug-resistant tumors (8). Antibody-drug conjugates (ADCs), which link tumor-specific mAbs to highly potent cytotoxic agents via specialized linkers, represent a promising therapeutic strategy that combines targeted delivery with effective tumor cell killing (9). By improving the therapeutic index and reducing systemic toxicity, ADCs have emerged as a key component of precision oncology.

Trophoblast cell surface antigen 2 (Trop-2) is a transmembrane glycoprotein overexpressed in various epithelial malignancies, including breast cancer (10), lung cancer (11), and urothelial carcinoma (12). Notably, Trop-2 is highly expressed in over 80% of triple-negative breast cancers (TNBC) (13) and is associated with enhanced tumor proliferation, invasion, metastasis, and poor prognosis, making it an attractive target for ADCs development (14). These insights led to the development of sacituzumab govitecan (SG), a first-in-class Trop-2-directed ADC designed to address the therapeutic void in metastatic TNBC (mTNBC). SG consists of a humanized anti-Trop-2 monoclonal antibody (hRS7 IgG1κ) conjugated via a hydrolyzable CL2A linker to SN-38, the active metabolite of irinotecan and a potent topoisomerase I inhibitor. Unlike other conventional ADCs that rely solely on internalization into antigen-expressing cells, SG is engineered to release SN-38 both intracellularly and into the tumor microenvironment, enabling a bystander effect that enhances anti-tumor activity while minimizing off-target toxicity (15).

In 2020, the U.S. Food and Drug Administration (FDA) granted accelerated approval to SG for the treatment of mTNBC patients who had received ≥2 prior systemic therapies (16). Since then, multiple clinical trials have demonstrated that SG, as the first Trop-2-targeted ADC approved for breast cancer, can significantly improve outcomes in heavily pretreated patients. Moreover, emerging evidence suggests SG may also provide clinical benefit in hormone receptor-positive/HER2-negative (HR+/HER2-) metastatic breast cancer, expanding its potential application across molecular subtypes and reinforcing the role in precision therapy. Despite these promising findings including improvements in overall response rate (ORR), progression-free survival (PFS), and overall survival (OS), questions remain regarding the consistency of treatment efficacy across subpopulations, the spectrum of treatment-related adverse events, and the generalizability of results to broader clinical settings. Given the recent regulatory approval and limited real-world experience, further investigation is warranted.

In this meta-analysis, we aim to comprehensively evaluate the efficacy and safety of SG in both TNBC and HR+/HER2- breast cancer, based on data from real word. We provide a rigorous comparative synthesis of direct and indirect evidence to inform clinical decision-making and future research directions.




2 Materials and methods

This systematic review and meta-analysis were conducted in accordance with the recommendations outlined in the Cochrane Handbook for Systematic Reviews of Interventions and adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines (17, 18). The protocol for this study was registered in PROSPERO (registration number: CRD420251072321).



2.1 Search strategy

A comprehensive search was performed in PubMed, Embase, Cochrane Library, and Web of Science, as well as in the abstract archives of major oncology conferences, including those from the European Society for Medical Oncology (ESMO) and the American Society of Clinical Oncology (ASCO). The search was limited to studies published in English up to June 2025, using the following search terms: (“Breast Cancer” OR “Breast Neoplasms”) AND (“Sacituzumab Govitecan”). A detailed search strategy is provided in Supplementary Table 1. We also screened reference lists of the included articles, relevant reviews, prior meta-analyses, and unpublished trials to identify additional eligible studies. In the case of multiple publications from the same clinical trial, the most recent and/or complete report was used for data extraction.




2.2 Eligibility criteria

Studies were included based on the following predefined criteria: a) original articles reporting prospective or retrospective clinical trials or observational cohort studies, b) enrolled patients diagnosed with breast cancer, c) evaluated SG as monotherapy or part of combination therapy, with SG as the primary intervention, d) reported at least one efficacy outcome (e.g., ORR, PFS, OS) or treatment-related adverse events, e) published in English. The following exclusion criteria were applied: a) non-original publications (e.g., reviews, editorials, commentaries, case reports, animal studies, or study protocols), b) lacked relevant clinical outcome data; c) involved duplicate or overlapping patient cohorts.




2.3 Quality assessment

The risk of methodological bias was assessed using two validated tools: the Revised Cochrane Risk of Bias tool (19) for randomized controlled trial (RCTs, RoB 2.0, Version 2), and the Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool (20) for single-arm studies. Two independent reviewers (LJ and YD) conducted the risk-of-bias assessment for each included study. Any discrepancies or disagreements were resolved through discussion with a third reviewer, who provided adjudication and methodological oversight. The Egger test and funnel plots of individual study weights against point estimates were used to verify publication bias for the primary outcome.




2.4 Data extraction and management

Two authors (LJ and YD) independently performed data extraction using a standardized extraction form. Key information collected from each included study comprised the following: first author, country, year of publication, trial name, trial phase, study design, sample size, treatment arms, molecular subtype, cancer stage, patients’ age, median follow-up duration, and reported clinical endpoints. Any discrepancies between reviewers were resolved through discussion with a third author during the data extraction process.




2.5 Statistical analysis

All statistical analyses were performed using RStudio (version 4.4.2) and Stata 17.0 (StataCorp, College Station, TX, USA). For RCTs, we analyzed dichotomous outcomes including ORR and adverse events (AEs) using odds ratios (ORs) with 95% confidence intervals (CIs). Time-to-event outcomes including PFS and OS were analyzed using hazard ratios (HRs) with 95% CIs. Additionally, we calculated pooled results for ORR, AEs incidence, median PFS and median OS in the experimental arms. For single-arm studies, we computed proportions with 95% CIs for ORR and AES, and summarized reported median PFS and OS times. Subgroup analyses were conducted based on treatment regimens and tumor types. Statistical heterogeneity was assessed using Cochran’s Q χ² test and I² statistics, with P<0.05 for the Q test or I²>50% indicating significant heterogeneity. Given the clinical heterogeneity arising from varying treatment protocols and patient characteristics, we employed random-effects models (DerSimonian-Laird method) for all meta-analyses to enhance result reliability. Publication bias was evaluated using Begg’s test and funnel plots. Sensitivity analyses were performed by sequentially excluding individual studies to verify result stability. A two-sided P-value <0.05 was considered statistically significant for all analyses.





3 Results



3.1 Search results

As depicted in the PRISMA flow diagram (Figure 1), a total of 4,174 records were initially retrieved through database searching. After removing 949 duplicates, 3,225 unique records remained for title and abstract screening. Of these, 3,190 were excluded due to irrelevance, duplication, or failure to meet the inclusion criteria. Subsequently, 35 full-text articles were assessed for eligibility. Among them, 22 studies were excluded due to reasons such as overlapping patient cohorts, insufficient or unavailable outcome data, small sample sizes, or incomplete reporting. Ultimately, 13 studies met the inclusion criteria and were included in the meta-analysis.

[image: The flowchart illustrates the study selection process. An electronic database search was conducted using Embase, PubMed, Web of Science, and The Cochrane Library. After removing duplicates, 3,225 records remained for screening. Of these, 3,190 were excluded for reasons such as irrelevance or inappropriate outcomes. Thirty-five articles were assessed in full, and 22 were further excluded due to reasons such as overlapping study populations or insufficient data. Ultimately, five randomized controlled trials and eight single-arm trials were included in the analysis.]
Figure 1 | PRISMA diagram of identifying eligible studies.




3.2 Basic characteristics of the included literature

A total of 13 studies were included in this meta-analysis, comprising 5 RCTs and 8 single-arm studies, enrolling a total of 2,447 patients with mTNBC or HR+/HER2- mBC or early-stage breast cancer patients. These studies were conducted across various countries, including the United States, China, France, and Japan. All studies administered SG at a standard dose of 10 mg/kg intravenously on days 1 and 8 of a 21-day cycle. In the RCTs, SG was primarily compared to monotherapy such as eribulin, capecitabine, gemcitabine, or vinorelbine. One RCT additionally evaluated SG in combination with pembrolizumab versus SG monotherapy. Two single-arm trials investigated SG in combination with the PARP inhibitor talazoparib. Patients included in these trials were generally heavily pretreated. In the RCTs, most participants had received at least two prior systemic therapies, including taxanes and/or CDK4/6 inhibitors in the metastatic setting. Across studies, the median age of patients ranged from 48.5 to 57 years, while median follow-up durations varied between 6.1 and 18.9 months. Reported endpoints included PFS, OS, ORR, clinical benefit rate (CBR), duration of response (DOR), pathologic complete response (pCR) and safety outcomes, including AEs. Detailed baseline characteristics of the included studies are presented in Table 1.


Table 1 | Baseline characteristics of included studies.
	Country
	First author
	Year
	Registration number
	Study design
	Phase
	SG (N)
	Control (N)
	SG dose and schedule
	Control therapy
	Cancer stage
	Molecular subtype
	Prior lines of treatment
	Median age of SG group (years)
	Median age of control group (years)
	Median follow-up time (months)
	Outcomes



	America
	Aditya Bardia (28)
	2024
	NCT02574455
	RCT
	III
	267
	262
	SG (10 mg/kg IV, 21-day cycle)
	single-agent chemotherapy
	IV
	TNBC
	≥2 prior standard chemotherapy (≥ 1 in the metastatic setting)
	54 (27-82)
	53 (27-81)
	11.2 (0.3-30.8)
	PFS, OS, ORR, AEs


	America
	Hope S Rugo (23)
	2023
	NCT03901339
	RCT
	III
	272
	271
	SG (10 mg/kg IV, 21-day cycle)
	single-agent chemotherapy
	IV
	HR+/HER2-
	≥1 previous therapy and ≥2 chemotherapy for metastatic disease
	57 (49-65)
	55 (48-63)
	12.5 (6.4-18.8)
	PFS, OS, ORR, AEs


	China
	Binghe Xu
	2024
	NCT04639986
	RCT
	III
	166
	165
	SG (10 mg/kg IV, 21-day cycle)
	single-agent chemotherapy
	IV
	HR+/HER2-
	≥2 prior systemic therapies (≥ 1 in the metastatic setting)
	53 (32-72)
	51 (28-79)
	13.4 (0.1-28.7)
	PFS, OS, ORR, AEs


	America
	Aditya Bardia (24)
	2024
	NCT02574455
	RCT
	III
	235
	233
	SG (10 mg/kg IV, 21-day cycle
	single-agent chemotherapy
	IV
	TNBC
	≥2 previous standard chemotherapy regimens
	54 (29-82)
	53 (27-81)
	17.7 (5.8-28.1)
	PFS, OS, ORR, AEs


	America
	Ana Garrido-Castro
	2024
	NCT04448886
	RCT
	II
	52
	52
	SG 10 mg/kg IV, plus pembrolizumab 200 mg IV, 21-day cycle
	SG (10 mg/kg IV, 21-day cycle)
	IV
	HR+/HER2-
	≥1 prior endocrine therapy and 0–1 chemotherapy for metastatic disease
	57 (27-81)
	NA
	9.2 (NA)
	PFS, OS, ORR, AEs


	America
	Aditya Bardia
	2019
	NCT01631552
	Single-arm
	I/II
	108
	NA
	SG (10 mg/kg IV, 21-day cycle)
	NA
	IV
	TNBC
	≥2 previous anticancer regimens
	55 (31-80)
	NA
	9.7 (0.3-36.5)
	PFS, OS, ORR, AEs, CBR


	America
	K. Kalinsky
	2020
	NCT01631552
	Single-arm
	I/II
	54
	NA
	SG (10 mg/kg IV, 21-day cycle)
	NA
	IV
	HR+/HER2-
	≥1 prior endocrine therapy and chemotherapy in the metastatic setting
	54 (33-79)
	NA
	11.5(NA)
	PFS, OS, ORR, AEs, DOR


	America
	L. M. Spring et.al
	2023
	NCT04230109
	Single-arm
	NA
	50
	NA
	SG (10 mg/kg IV, 21-day cycle)
	NA
	≤III
	TNBC
	previously untreated
	48.5 (31-77)
	NA
	18.9 (16.3-21.9)
	EFS, ORR, AEs, pCR


	America
	Rachel Abelman
	2024
	NCT04039230
	Single-arm
	II
	26
	NA
	SG 10mg/kg IV, plus talazoparib, 21-day cycle
	NA
	IV
	TNBC
	NA
	54 (35-81)
	NA
	NA
	PFS, OS, ORR, AEs, CBR


	America
	Aditya Bardia
	2017
	NCT01631552
	Single-arm
	I/II
	69
	NA
	SG (10 mg/kg IV, 21-day cycle)
	NA
	IV
	TNBC
	≥1 prior standard line of therapy
	56 (31-81)
	NA
	16.6 (NA)
	PFS, OS, ORR, AEs


	France
	Alexandre Moura
	2023
	NA
	Single-arm
	NA
	99
	NA
	SG (10 mg/kg IV, 21-day cycle)
	NA
	IV
	TNBC
	2 prior systemic treatments with ≥1 in the advanced setting
	55 (26-89)
	NA
	9.7 (NA)
	PFS, OS, ORR, AEs


	Japan
	Yoichi Naito
	2024
	NCT05101096
	Single-arm
	I/II
	36
	NA
	SG (10 mg/kg IV, 21-day cycle)
	NA
	IV
	TNBC
	≥2 prior prior standard-of-care chemotherapy
	50 (29–73)
	NA
	6.1 (NA)
	PFS, ORR, AEs


	America
	Aditya Bardia (28)
	2024
	NCT04039230
	Single-arm
	Ib
	30
	NA
	SG 10 mg/kg IV, plus talazoparib 1mg, 21-day cycle
	NA
	IV
	TNBC
	at least 2 weeks beyond prior treatment
	NA
	NA
	NA
	PFS, ORR, AEs





RCT, randomized controlled trial; TNBC, triple-negative breast cancer; HR+/HER2-, hormone receptor-positive and human epidermal growth factor receptor 2-negative; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; DOR, duration of response; CBR, clinical benefit rate; AEs, adverse events; pCR, pathologic complete response. NA, not available.






3.3 Quality assessment

Overall, the quality assessment of 5 RCTs and 8 single-arm studies was well reported. For the 5 RCTs, the overall risk of bias was assessed as low (Figure 2A). Among them, 4 RCTs were open-label RCTs and thus were rated as having “some concerns” in randomization process. A detailed assessment of the risk of bias for each study is presented in Figure 2B.

[image: Panel A shows a bar chart of risk assessment percentages categorized by bias types with color coding: green for low risk, yellow for some concerns, and red for high risk. Panel B displays a matrix of bias risk evaluations for five studies, using colored circles to represent risk levels. Panel C presents a bar chart using the ROBINS-I tool to assess risk across various criteria like selective reporting and confounding, with color-coded bars indicating low, moderate, and high risks.]
Figure 2 | Quality assessment of enrolled studies. (A) Overall quality assessment of 5 RCTs using Revised cochrane risk of bias tool. (B) Detailed assessment of the risk of bias for RCTs. (C) Overall quality assessment of single-arm studies via the ROBINS-I tool.

For the included single-arm studies, the risk of bias was assessed using the ROBINS-I tool. Among the 8 evaluated studies, two were rated as low risk, five as moderate risk, and one as high risk of bias. The most frequent source of bias was confounding, mainly due to insufficient adjustment for baseline characteristics or prognostic factors. Biases related to selection and outcome measurement were also common, particularly in studies lacking blinding or standardized outcome definitions. A summary of the ROBINS-I assessments for each study is provided in Figure 2C and Supplementary Table 2.




3.4 Efficacy

All 13 studies reported the efficacy outcomes of SG monotherapy in the treatment of breast cancer, primarily assessed using ORR, OS, and PFS. Given the methodological differences between RCTs and single-arm studies, we performed separate meta-analyses for each study type.



3.4.1 Objective response rate

All 5 RCTs reported ORR as the primary indicator of clinical activity. In total, 1,779 patients (SG monotherapy: n=808; TPC: n=919, SG plus pembrolizumab: n=52) were enrolled. The pooled ORR across all RCTs was 26% (95%CI: 20%-33%; I²=78.9%; P = 0.0008), reflecting the consistent anti-tumor efficacy of SG in breast cancer (Figure 3A). Compared with TPC, SG monotherapy demonstrated a significantly higher ORR (OR = 3.97, 95%CI: 1.32-11.90, I²=92.8%, P<0.05). Furthermore, SG in combination with pembrolizumab showed a numerically higher ORR than SG monotherapy (Figure 3B), which suggests a potential synergistic effect. Due to the substantial heterogeneity among studies, sensitivity and subgroup analyses were performed. Sensitivity analysis demonstrated that the exclusion of any single study did not materially alter the pooled effect size and confidence intervals (Supplementary Figure S1). Subgroup analyses based on molecular subtypes revealed differential treatment benefits (Figure 3C). In patients with HR+/HER2- mBC, SG significantly improved ORR compared to TPC (OR = 1.55, 95%CI: 1.09-2.21, P = 0.75, I²=0%). Notably, SG conferred a substantially greater benefit in patients with mTNBC (OR: 10.55, 95%CI: 6.62-16.82, P = 0.92, I²=0%).

[image: Forest plots depicting six panels of meta-analysis results.  Each panel shows study names, number of events, total sample size, weights, and proportions with confidence intervals.  Panels A and D show proportions with common and random effects.  Panels B and C present subgroup analysis with odds ratios.  Panels E and F compare pooled proportions for different molecular subtypes and therapeutic regimens.  Squares and diamonds visualize effect sizes and confidence intervals, indicating variability and heterogeneity among studies.]
Figure 3 | Pooled ORR of SG in breast cancer patients. (A) Pooled ORR of 5 RCTs. (B, C) Subgroup analysis based on therapy (B) and molecular subtypes (C). (D) Pooled ORR of single-arm studies. (E, F) Subgroup analysis of single-arm studies based on molecular subtypes (E) and treatment (F).

8 single-arm studies reported ORR, the pooled ORR of SG was 34% (95%CI: 27%-43%, Figure 3D). However, heterogeneity was substantial (I²=62.2%, P = 0.0067). Sensitivity analysis identified L. M. Spring’s study as a major contributor to heterogeneity. Exclusion of this study markedly reduced heterogeneity and resulted in a more symmetrical funnel plot (Supplementary Figure S2). Subgroup analysis based on disease stage and molecular subtypes demonstrated a significantly higher pooled ORR of 64% (95%CI: 49%-77%) in patients with early-stage TNBC, compared with 30% (95%CI: 25%-35%) in HR+/HER2- mBC and 31% (95%CI: 20%-46%) in mTNBC (Figure 3E). Further analysis stratified by treatment regimen showed no significant difference between SG monotherapy (pooled ORR: 35%, 95% CI: 26%-45%) and SG combined with talazoparib (pooled ORR: 32%, 95%CI: 21%-45%, Figure 3F). These findings underscore the need for additional clinical evidence to determine whether combining SG with immune checkpoint inhibitors or other agents confers incremental therapeutic benefit.




3.4.2 Overall survival

5 RCTs have reported OS outcomes associated with SG monotherapy in patients with breast cancer. The pooled median OS (mOS) was 14.20 month (95%CI: 11.31-17.84, I²=77.2%, P = 0.0043; Figure 4A). As depicted in Figure 4B, SG significantly improved OS compared with treatment of physician’s choice (TPC) treatment (HR: 0.59, 95%CI: 0.47-0.75, I²=78.9%, P = 0.0026). Sensitivity analysis demonstrated consistent results, as exclusion of any single study did not materially affect the overall estimate or confidence intervals (Supplementary Figure S3). Besides, the combination of SG and pembrolizumab also demonstrated an OS advantage (HR: 0.65, 95%CI: 0.30-1.41). Subgroup analyses showed a consistent OS benefit across populations (Figure 4C). In HR+/HER2- mBC, SG treatment was associated with improved OS (HR: 0.74, 95% CI: 0.63–0.88, I²=19.9%, P = 0.2637). Similar findings were observed in patients with mTNBC (HR: 0.50, 95%CI: 0.43-0.58, I²=0%, P = 0.6912).

[image: Forest plots display the meta-analysis results from various studies on cancer therapies. Panels A and D show the pooled median overall survival (mOS) data for randomized controlled trials (RCTs) and single-arm studies. Panels B and C present subgroup analyses of RCTs based on therapy types and molecular subtypes. Panels E and F display subgroup analyses of single-arm studies based on molecular subtypes and treatment regimens. Each panel includes hazard ratios, confidence intervals, and heterogeneity statistics, along with tests for subgroup differences.]
Figure 4 | Pooled mOS of included studies. (A) The pooled mOS of RCTs. (B, C) Subgroup analyses based on therapy (B) and molecular subtypes (C). (D) Pooled mOS from single-arm studies. (E, F) Subgroup analyses of single-arm studies based on molecular subtypes (E) and treatment regimens (F).

The meta-analysis of 5 single-arm studies demonstrated pooled mOS was 12.69 months (95%CI: 9.95-16.18, Figure 4D) among SG-treated breast cancer patients with moderate heterogeneity (I²=69.7%, P = 0.0103). Further subgroup analyses by tumor subtype and treatment regimen revealed mOS was 12.24 months (95%CI: 8.58-17.48) for mTNBC patients and 12.00 months (95%CI: 8.44-17.06) for HR+/HER2- mBC patients (Figure 4E). Additionally, patients receiving SG combined with immune checkpoint inhibitors (ICI) had a longer mOS of 18.00 months (95%CI: 9.81-33.02) compared to 12.19 months (95%CI: 9.41-15.78) in those treated with SG monotherapy (Figure 4F). Although heterogeneity remained, these results suggest a potential survival benefit with SG plus immunotherapy, which warrants further investigation in future studies. Sensitivity analyses confirmed the stability of the pooled mOS estimates (Supplementary Figure S4).




3.4.3 Progression free survival

PFS outcomes associated with SG monotherapy were evaluated across both RCTs and single-arm studies. In RCTs, the pooled median PFS (mPFS) was 4.95 months (95%CIs: 4.36-5.61, I2 = 41.6%, P = 0.1623; Figure 5A). Subgroup analysis (Figure 5B) indicated SG significantly prolonged PFS compared to control group (HR: 0.52, 95%CI: 0.40-0.69, I2 = 81.2%, P = 0.0012), as well as SG and pembrolizumab group combined with SG monotherapy (HR: 0.76, 95%CI: 0.47-1.23). Sensitivity analyses using a leave-one-out approach confirmed the robustness of the results (Supplementary Figure S5). Subgroup analyses stratified by tumor subtype showed consistent PFS benefits (Figure 5C). In patients with HR+/HER2- mBC, SG was associated with improved PFS (HR: 0.66, 95%CI: 0.56-0.79; I²=0%, P = 0.9312). A greater benefit was observed in those with mTNBC (HR: 0.41, 95%CI: 0.35-0.48; I²=0%, P = 1.0000).

[image: Forest plots display the meta-analysis results across several studies on median progression-free survival (mPFS). Panels A and D list the studies with mPFS and confidence intervals (CI). Panels B, C, E, and F present subgroup analyses comparing treatment versus control groups, with hazard ratios (HR) and CI. Diamonds indicate pooled estimates. Each panel includes heterogeneity statistics and tests for subgroup differences.]
Figure 5 | Pooled mPFS of SG in breast cancer patients. (A) Pooled mPFS from 5 RCTs. (B, C) Subgroup analyses based on therapy (B) and molecular subtypes (C). (D) Pooled mPFS from single-arm studies. (E, F) Subgroup analyses of single-arm studies based on molecular subtypes (E) and treatment regimens (F).

Meta-analysis of single-arm studies revealed a pooled mPFS of 5.93 months (95%CI: 4.76-7.39, I²=96.0%, P<0.0001) among SG-treated breast cancer patients (Figure 5D). To identify potential sources of heterogeneity, further subgroup analyses were conducted based on tumor subtype and treatment regimen (Figure 5E). Results showed mPFS was 5.50 months (95% CI: 3.79-7.99, I²=45.3%) in HR+/HER2- mBC patients, 5.38 months (95%CI: 4.72-6.13, I²=54.8%) in mTNBC patients, and a notably longer mPFS of 9.50 months (95%CI: 8.91-10.13) in early-stage breast cancer patients. Moreover, the mPFS of patients receiving SG combined with immunotherapy was 6.20 months (95%CI: 3.33-11.53, Figure 5F), which SG-monotherapy treated patients exhibited pooled mPFS was 5.90 months (95%CI: 4.64-7.50, I²=96.6%, P<0.001). Sensitivity analysis confirmed the stability of the pooled mPFS estimates (Supplementary Figure S6).





3.5 Adverse events (grade ≥3)

Treatment-related grade ≥3 AEs were summarized across both RCTs and single-arm studies. In RCTs, meta-analysis showed that the pooled incidence of grade ≥3 AEs in patients receiving SG monotherapy was 75% (95%CI: 66%-81%, I²=82.8%, P = 0.0001; Figure 6A). Subgroup analysis demonstrated that SG was associated with a significantly increased risk of neutropenia (OR: 0.57, 95%CI: 0.38-0.75), whereas the incidences of other grade ≥3 AEs were relatively low (Figure 6B). In single-arm studies, the pooled incidence of grade ≥3 AEs was 84% (95%CI: 54%-96%, I²=89.1%, P<0.0001; Figure 6C). Subgroup analysis indicated that neutropenia remained the most frequent grade ≥3 AE, occurring in 26% of patients, followed by anemia, diarrhea, nausea, vomiting, and fatigue, each with relatively lower and comparable incidence rates (Figure 6D). Sensitivity analyses for both RCTs and single-arm studies yielded consistent results, which confirms the robustness of the findings (Supplementary Figures S7, S8).

[image: Four forest plots (A to D) display analyses of treatment-related grade ≥3 adverse events (AEs). Panels A and C show pooled incidence in RCTs and single-arm studies, while Panels B and D provide subgroup analyses. Each plot shows the proportion of different AEs, like "Neutropenia" and "Nausea," with confidence intervals (squares and lines) across treatments. Study names, years, event counts, and sample sizes are included. Diamonds represent the overall effect size. The plots also provide variability and summary estimates for both common and random effects models.]
Figure 6 | Incidence and subgroup analysis of treatment-related grade ≥3 adverse events (AEs) with SG. (A) Pooled incidence in RCTs. (B) Subgroup analysis of grade ≥3 AEs in RCTs. (C) Pooled incidence in single-arm studies. (D) Subgroup analysis of grade ≥3 AEs in single-arm studies.




3.6 Subgroup analyses

Given the high heterogeneity observed in the outcomes, subgroup analyses were conducted based on publication year, age, prior treatment, country, and follow-up duration. In RCTs, ORR (publication year: P<0.001; age: P<0.001; prior treatment: P<0.001), OS (publication year: P = 0.003; age: P = 0.001; prior treatment: P = 0.006), and PFS (publication year: P = 0.017; age: P<0.001; prior treatment: P = 0.001) differed significantly among subgroups defined by publication year, age, and prior treatment. No significant differences were observed across subgroups by country or follow-up duration (P>0.05), and AEs showed consistent results across all subgroups (P>0.05). The details were showed in Table 2.


Table 2 | Subgroup analysis for RCTs.
	Subgroups
	Categories
	ORR
	OS
	PFS
	AES


	N
	OR
	95% CI
	I²
	P
	N
	HR
	95% CI
	I²
	P
	N
	HR
	95% CI
	I²
	P
	N
	OR
	95% CI
	I²
	P



	Publication year
	2025
	1
	1.44
	0.82-2.25
	/
	<0.001
	1
	0.64
	0.47-0.88
	/
	0.003
	1
	0.67
	0.52-0.87
	/
	0.017
	1
	1.97
	1.18-3.31
	/
	0.631


	2024
	2
	4.31
	0.72-25.87
	88
	2
	0.52
	0.43-0.63
	0
	2
	0.54
	0.29-0.98
	81
	1
	1.46
	0.99-2.16
	/


	2023
	1
	1.63
	1.04-2.55
	/
	1
	0.79
	0.65-0.95
	/
	1
	0.66
	0.53-0.83
	/
	1
	1.87
	1.29-2.71
	/


	2021
	1
	11.02
	5.69-21.63
	/
	1
	0.48
	0.39-0.60
	/
	1
	0.41
	0.32-0.52
	/
	1
	2.05
	1.42-2.95
	/


	Age
	≤55
	3
	2.91
	0.81-10.42
	92
	<0.001
	3
	0.62
	0.46-0.84
	82
	0.001
	3
	0.57
	0.41-0.78
	80
	<0.001
	3
	1.96
	1.55-2.47
	0
	0.205


	>55
	2
	4.31
	0.72-25.87
	88
	2
	0.52
	0.43-0.63
	0
	2
	0.54
	0.29-0.98
	81
	1
	1.46
	0.99-2.16
	/


	Prior treatment
	CDK4/6 inhibitor
	2
	1.55
	1.09-2.21
	0
	<0.001
	2
	0.74
	0.63-0.88
	20
	0.006
	2
	0.66
	0.56-0.79
	0
	0.001
	2
	1.9
	1.42-2.57
	0
	0.679


	CT
	2
	10.65
	6.68-16.97
	0
	2
	0.50
	0.43-0.58
	0
	2
	0.41
	0.35-0.48
	0
	2
	1.75
	1.34-2.28
	34


	CT+ET
	1
	1.65
	0.59-4.63
	/
	1
	0.65
	0.30-1.41
	/
	1
	0.76
	0.47-1.23
	/
	/
	/
	/
	/


	Country
	America
	4
	4.24
	1.47-12.29
	91
	0.079
	4
	0.59
	0.45-0.77
	79
	0.822
	4
	0.52
	0.39-0.70
	79
	0.182
	3
	1.79
	1.44-2.22
	0
	0.859


	China
	1
	1.44
	0.82-2.25
	/
	1
	0.64
	0.47-0.88
	/
	1
	0.67
	0.52-0.87
	/
	1
	1.97
	1.18-3.31
	/


	Follow-up duration
	≤12 months
	2
	1.49
	0.90-2.45
	0
	0.831
	2
	0.64
	0.48-0.86
	0
	0.465
	2
	0.69
	0.55-0.86
	0
	0.772
	1
	1.97
	1.18-3.31
	/
	0.729


	>12 months
	3
	5.57
	1.60-19.43
	94
	3
	0.58
	0.43-0.79
	86
	3
	0.48
	0.35-0.66
	82
	2
	1.79
	1.44-2.22
	0





CTs, Chemotherapy; ET, Endocrine therapy.



In single-arm trials, subgroup analyses revealed that prior treatment lines significantly influenced pooled ORR (≤1 line: 0.32; ≥2 lines: 0.28; untreated: 0.33) and mPFS (≤1 line: 5.74; ≥2 lines: 5.03; untreated: 9.50), whereas mOS differed significantly across publication years (P = 0.010). No significant differences were observed for age and follow-up duration (P>0.05). Adverse events were generally consistent across subgroups, although some variation was noted by country (P<0.001). Detailed results are presented in Table 3, which highlights potential sources of heterogeneity.


Table 3 | Subgroup analysis for single-arm trials.
	Subgroups
	Categories
	ORR
	OS
	PFS
	AES


	N
	Pooled
	95% CI
	I²
	P
	N
	mOS
	95% CI
	I²
	P
	N
	mPFS
	95% CI
	I²
	P
	N
	Pooled
	95% CI
	I²
	P



	Publication year
	2024
	4
	0.29
	0.21-0.39
	0
	0.824
	1
	8.60
	6.64-11.13
	/
	0.010
	2
	5.61
	5.22-6.02
	0
	0.969
	5
	0.88
	0.80-0.93
	0
	0.074


	2023
	2
	0.45
	0.22-0.70
	94
	1
	16.60
	12.19-22.61
	/
	2
	6.16
	2.57-14.72
	97
	2
	0.30
	0.23-0.38
	16


	2020
	1
	0.31
	0.20-0.46
	/
	1
	18.00
	9.81-33.02
	/
	1
	5.50
	3.79-7.99
	/
	1
	1.00
	0.93-1.00
	/


	2019
	1
	0.33
	0.25-0.43
	/
	1
	12.00
	8.44-17.06
	/
	1
	5.50
	4.44-6.82
	/
	1
	0.26
	0.18-0.35
	/


	2017
	1
	0.30
	0.20-0.43
	/
	1
	13.00
	11.75-14.38
	/
	1
	6.00
	4.97-7.25
	/
	1
	1.00
	0.95-1.00
	/


	Age
	≤55
	8
	0.35
	0.27-0.44
	66
	0.555
	4
	11.82
	9.19-15.21
	70
	0.095
	5
	5.90
	4.54-7.66
	97
	0.917
	9
	0.92
	0.49-0.99
	73
	0.999


	>55
	1
	0.30
	0.20-0.43
	/
	1
	16.60
	12.19-22.61
	 
	1
	6.00
	4.97-7.25
	/
	1
	1.00
	0.95-1.00
	/


	Prior treatment
	≤1line ST
	3
	0.32
	0.26-0.38
	0
	0.001
	3
	13.21
	12.05-14.49
	19
	0.752
	3
	5.74
	5.03-6.56
	0
	<0.001
	3
	0.65
	0.59-0.71
	0
	0.210


	≥2 lines ST
	3
	0.28
	0.22-0.35
	0
	2
	11.80
	5.76-24.15
	79
	3
	5.03
	3.83-6.59
	67
	4
	0.80
	0.32-0.97
	88


	untreated
	1
	0.33
	0.19-0.52
	/
	/
	/
	/
	/
	1
	9.50
	8.91-10.13
	/
	1
	0.36
	0.23-0.51
	/


	Country
	America
	7
	0.37
	0.28-0.46
	66
	0.294
	4
	13.31
	12.15-14.58
	13
	0.002
	5
	6.58
	5.12-8.44
	91
	0.021
	7
	0.67
	0.62-0.72
	0
	<0.001


	France
	1
	0.28
	0.20-0.38
	/
	1
	8.60
	6.64-11.13
	/
	1
	3.90
	2.94-5.18
	/
	1
	0.27
	0.19-0.37
	/


	Japan
	1
	0.25
	0.12-0.42
	/
	/
	/
	/
	/
	1
	5.60
	5.21-6.02
	/
	2
	0.73
	0.59-0.84
	0


	Follow-up duration
	≤12 months
	8
	0.35
	0.27-0.44
	66
	0.404
	3
	11.17
	8.61-14.50
	77
	0.100
	4
	6.71
	4.90-9.21
	90
	0.204
	4
	0.74
	0.15-0.98
	87
	0.402


	>12 months
	1
	0.30
	0.20-0.43
	/
	1
	16.60
	12.19-22.61
	/
	3
	5.23
	4.18-6.53
	70
	2
	0.73
	0.64-0.80
	0





ST, systemic therapy.






3.7 Publication bias

To evaluate potential publication bias, funnel plots were generated by plotting effect sizes against the standard errors of log HRs. The resulting plot showed approximate symmetry, suggesting no substantial publication bias. Additionally, Egger’s test (P = 0.546, P = 0.786) did not indicate significant bias (Figures 7A, B).

[image: Two funnel plots labeled A and B. Plot A displays the log of odds ratio on the X-axis and the standard error on the Y-axis, showing data points within a dashed triangular area. Plot B presents the log of proportion on the X-axis and standard error on the Y-axis, featuring similar data distribution with the dashed triangle. Both plots have P-values for Egger's test, with plot A showing 0.546 and plot B showing 0.786.]
Figure 7 | Publication bias assessment. (A, B) Funnel plots of RCTs (A) and single-arm studies (B).





4 Discussion

SG is a novel ADC targeting the transmembrane glycoprotein TROP-2, which is overexpressed in various solid tumors and has emerged as a promising target for next-generation ADC therapies (21). By conjugating a humanized anti-TROP-2 antibody with the topoisomerase I inhibitor SN-38, SG delivers potent cytotoxicity directly to TROP-2-expressing tumor cells, thereby combining targeted specificity with robust anti-tumor activity (22). SG has garnered significant clinical attention, particularly in mTNBC where treatment options are limited and outcomes remain poor (23). This meta-analysis systematically included 13 clinical trials (5 RCTs and 8 single-arm studies) to provide the most comprehensive synthesis to date of SG’s efficacy and safety across different molecular subtypes, treatment stages, and combination regimens in breast cancer. Through detailed subgroup analyses by study design, molecular subtype, and treatment context, this meta-analysis not only validates the efficacy of SG in advanced breast cancer but also highlights critical factors to refine patient stratification, optimize therapeutic sequencing, and inform the development of future clinical trials.

The pooled ORR from RCTs (26%, 95%CIs: 20%-33%) and single-arm trials (34%, 95%CIs: 27%-43%) consolidates the view that SG delivers clinically meaningful tumor shrinkage in both TNBC and HR+/HER2- mBC. The significantly higher ORR in mTNBC compared to HR+/HER2- mBC (OR: 10.55(95%CIs:6.62-16.82) vs. 1.55(95%CIs: 1.09-2.21) in RCTs) is biologically plausible. TNBC tend to express higher levels of Trop-2 (24, 25) which was the antigen targeted by SG, and may be more sensitive to the DNA-damaging payload SN-38 due to intrinsic defects in DNA repair (26). In contrast, HR+/HER2- tumors often harbor endocrine resistance mechanisms and reduced proliferation rates, potentially attenuating ADC efficacy (27). Our findings are consistent with pivotal trials such as ASCENT (28) and TROPiCS-02 (29). Moreover, our meta-analysis extends these observations by integrating real-world and early-stage data. For early-stage TNBC, single-arm neoadjuvant studies reported an ORR of 64% and a pCR rate of 30% (30). Although these results suggest SG can be active in this setting, the small sample size and single-arm design mean the findings are preliminary and should be interpreted with caution. Further studies are needed to clarify its role in neoadjuvant or adjuvant therapy. In HR+/HER2- mBC, SG still demonstrated clinically relevant benefit (ORR = 1.55(95%CIs: 1.09-2.21); OS HR = 0.74, 95%CIs: 0.61-0.90), underscoring TROP-2 as a potential cross-subtype therapeutic target, although biomarker-driven stratification remains necessary to address inter-patient heterogeneity (31).

SG’s survival benefit is not merely a function of tumor shrinkage. In RCTs, the mOS of SG (HR: 0.59, 95CIs: 0.47-0.75) versus TPC mirrors ASCENT’s results (28) and reinforces SG’s ability to extend survival even in late-line patients. Importantly, our analysis shows that this OS advantage is preserved across molecular subtypes, though the absolute gain is greater in TNBC. Median PFS in RCTs was modestly prolonged (HR: 0.52, 95%CIs: 0.40-0.69), with a striking difference between TNBC (HR: 0.41, 95%CIs: 0.35-0.48) and HR+/HER2- mBC (HR: 0.66, 95%CIs: 0.56-0.79). These disparities underscore the biological heterogeneity of breast cancer and suggest that Trop-2 expression (32) and tumor microenvironment (33) may jointly determine treatment sensitivity. Combination strategies with ICIs or PARP inhibitors remain exploratory and are based on small patient cohorts. Meta-subgroup analyses showed that adding these agents to SG did not significantly increase ORR, though median OS appeared numerically higher in the SG+ICI subgroup (18 months vs. 12.2 months for SG monotherapy) (34). This is mechanistically plausible, as the SN-38 payload can trigger immunogenic cell death, enhancing tumor immunogenicity, promoting T cell infiltration, and increasing ICI responsiveness (35). However, these observations are preliminary and should be interpreted cautiously. Early studies indicate a potential immunologic interaction of SG, but the small sample sizes prevent firm conclusions. Ongoing early-phase trials including ASCENT-04 (36) and OptimICE-RD (37) are designed to explore the efficacy of SG in combination with immunotherapy in both metastatic and residual TNBC. Nevertheless, combination regimens currently face challenges including high efficacy heterogeneity, difficulty in identifying responsive patient populations and absence of robust predictive biomarkers (38, 39). Future research should integrate immune microenvironment profiling and immune-sensitivity markers to optimize combination strategies.

Our pooled safety analysis confirms that grade ≥3 AEs are common with SG, with neutropenia being the most frequent (26% in single-arm studies and 57% in RCTs), followed by diarrhea, fatigue, and nausea, predominantly related to the SN-38-mediated irinotecan-like toxicity (40). Although the overall incidence of toxicity is relatively high, severe non-hematologic events remain infrequent, and most AEs are manageable with dose modifications, granulocyte colony-stimulating factor (G-CSF) prophylaxis, and supportive care (41, 42). Dose modification strategies for SG generally involve stepwise dose reductions from the standard 10 mg/kg on days 1 and 8 of a 21-day cycle to 7.5 mg/kg or 5 mg/kg, as well as temporary treatment interruptions for grade ≥3 toxicities until recovery, with resumption at the same or reduced dose depending on severity and recurrence (43). These strategies combined with prophylactic interventions, which allows patients to maintain dose intensity while minimizing the risk of severe toxicity. Recent prospective data from the PRIMED trial (44) demonstrated that primary prophylactic administration of G-CSF and loperamide significantly reduced the incidence and severity of SG-related neutropenia and numerically lowered SG-related diarrhea, thereby decreasing rates of dose reductions (14%) and temporary treatment interruptions (30%), with no treatment discontinuations during the first two cycles. This contrasts favorably with the ASCENT and TROPiCS-02 trials, where neutropenia (any grade: 60-70%; grade ≥3: ~50%) and diarrhea (any grade: ~60%; grade ≥2: ~30%) were common, leading to dose reductions in 20-30%, interruptions in ~60%, and discontinuations in ~5% of patients (45, 46). For gastrointestinal toxicity, early intervention with loperamide, hydration, and electrolyte replacement remains the cornerstone of management (22). However, PRIMED (44) also reported that prophylactic loperamide was associated with increased constipation (46% vs. 17-37% in ASCENT and TROPiCS-02), underscoring the need to optimize dosing and scheduling of prophylactic regimens. In addition, current supportive care guidelines recommend antiemetic prophylaxis such as 5-HT3 receptor antagonists and/or NK1 receptor antagonists for SG-associated nausea and vomiting (47). Treatment discontinuations due to intolerance are uncommon, but in early-stage and combination regimens, cumulative toxicity should be monitored closely, particularly in patients with limited marrow reserve from prior therapies (48). Recent exposure-response analyses from IMMU-132–01 and ASCENT trials demonstrated that higher SG serum concentrations are associated with increased risk of AEs, particularly neutropenia, which is the only grade ≥3 toxicity significantly predicted by drug exposure (49). Emerging evidence suggests that the toxicity profile of SG may be linked to TROP-2 expression levels (50), hepatic function (51), and baseline bone marrow reserve (52), highlighting the potential for clinical risk stratification based on physiological and genetic factors. Importantly, SG does not demonstrate cumulative toxicity in heavily pretreated patients, thus supporting the tolerability even after multiple prior therapies. These findings highlight the importance of proactive AE prevention and early integration of supportive care protocols to maintain dose intensity, which has been associated with efficacy in prior ADC trials (44).

Our meta-analysis demonstrates that SG provides consistent clinical benefit in terms of ORR, OS, and PFS, with a toxicity profile that is generally manageable. Nevertheless, substantial heterogeneity was observed across studies. Publication year emerged as a consistent source of variability, with more recent studies (publication year: 2023-2025) generally reporting higher ORRs and longer OS compared with earlier trials, which may be attributed to improved patient selection, optimized sequencing of systemic therapies, and enhanced supportive care measures over time (53, 54). Patients with ≤1 prior line of systemic therapy consistently achieved better responses and longer survival than those heavily pretreated, suggesting that tumor sensitivity and preserved bone marrow reserve are critical determinants of ADC efficacy (55, 56). Patients’ age also contributed to heterogeneity in RCTs. This may be due to younger patients tend to better marrow reserve and organ function to tolerate full-dose therapy, while OS may not always be superior due to more aggressive tumor biology (57). Notably, age did not show a significant impact on efficacy outcomes in single-arm studies, which may reflect the inherent limitations of non-comparative designs, including selection bias and smaller sample sizes. Clinically, these findings underscore the importance of individualized treatment planning. Patient selection should consider prior therapy burden, age, and comorbidities to optimize ADC sequencing and minimize toxicity risk (58). Early monitoring of disease response and proactive management of AEs are essential, particularly in heavily pretreated or older patients. Additionally, heterogeneity across regions highlights the need for context-specific supportive care strategies and adherence to guideline-based monitoring to ensure patients achieve optimal outcomes in real-world practice (59).

Notably, while TROP-2 is the direct target of SG, clinical evidence suggests that its expression level is not a reliable standalone predictor of therapeutic efficacy (60). Post-hoc biomarker analyses from the phase III TROPiCS-02 trial demonstrated that SG significantly improved PFS and OS irrespective of Trop-2 gene mRNA expression levels (61, 62). Also, a pilot study by Kalinsky et al. (63) found no significant difference in Trop-2 H-score or staining percentage between ‘excellent responders’ and ‘non-responders’ to SG, though a lower percentage staining was associated with shorter PFS in that cohort. These findings suggest that Trop-2 expression may not be a strong standalone predictive biomarker, and SG’s antitumor efficacy likely depends on additional factors. Current investigations are evaluating composite predictive models incorporating TROP-2 immunohistochemistry (IHC) scoring (64), ADC internalization efficiency (65), CD8+ T cell infiltration levels (66), and dynamic changes in circulating tumor DNA (ctDNA) (67) to better predict treatment sensitivity. We also highlight that the predictive value of TROP-2 remains a limitation, as these models are not yet validated for routine clinical decision-making. Compared with other ADCs such as trastuzumab emtansine (T-DM1) and trastuzumab deruxtecan (T-DXd) which both target HER2-positive breast tumors (68), SG’s targeting of TROP-2-expressed across multiple breast cancer subtypes including TNBC and HR+ breast cancer, broadens the therapeutic applicability. Moreover, SG delivers the potent topoisomerase I inhibitor SN-38 which overcomes heterogeneous antigen expression and resistance mechanisms seen with other ADCs (55, 69). However, SG is associated with higher rates of hematologic toxicities such as neutropenia, requiring careful monitoring and supportive care, whereas agents like T-DXd may carry increased risks of interstitial lung disease (70). Clinicians selecting among ADC options must weigh these efficacy and safety profiles alongside tumor subtype, prior treatments, and patient comorbidities. Thus, SG represents a valuable option particularly in heavily pretreated mTNBC and HR+ breast cancer patients, where alternative targeted therapies are limited.

This meta-analysis has several limitations. Although the included RCTs had adequate sample sizes, most single-arm studies were based on relatively small cohorts, which potentially reduces the precision of pooled estimates and limits the generalizability of the findings to broader clinical practice. In addition, the inclusion of abstract-only data further restricted the interpretability of results and weakened external validity, as key clinical characteristics such as age distribution, prior therapy, and biomarker status were often unavailable. Heterogeneity in treatment regimens, particularly between SG monotherapy and combination approaches further complicates interpretation. Moreover, the absence of standardized endpoint definitions may have introduced variability in outcome assessment. Future research should prioritize large-scale, high-quality trials with standardized reporting and comprehensive stratified analyses to improve the robustness and generalizability of the evidence base.




5 Conclusion

This meta-analysis demonstrates that SG confers meaningful clinical benefit in breast cancer with significant improvements in ORR, OS, and PFS compared to single-agent chemotherapy, especially in mTNBC. The efficacy of SG was maintained across treatment settings and combination strategies, with a potential survival advantage when combined with immunotherapy. Although hematologic and gastrointestinal toxicities were common, the toxicity of SG were generally manageable. These findings support SG as an important therapeutic option for breast cancer, while highlighting the need for vigilant toxicity monitoring and further research to optimize patient selection and combination approaches.
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Test for subgroup differences (common effect): Chi’ = 19.89, df = 2 (P < 0.0001) [iarogunty: ar = 01488, Ch = G1137/of = B [ 000613 m 822 01 02 03 04 05 06 07

Test for subgroup differences (common effect): Chi* = 0.11, df = 1 (P = 0.7409)

Test for subgroup differences (random effects): Chi’=19.89,df =2 (P < 0.0001) Tost o sul & « ) Chit = 0.11, df = 1 (P = 0.7454)





