

[image: Cover: Frontline brentuximab vedotin-based therapy for newly diagnosed classical Hodgkin lymphoma: a meta-analysis of randomized controlled trials]




  
    Table of Contents

    
      	Cover

      	Frontline brentuximab vedotin-based therapy for newly diagnosed classical Hodgkin lymphoma: a meta-analysis of randomized controlled trials 
      
        	Background

        	Methods

        	Results

        	Conclusions

        	1 Introduction

        	2 Materials and methods 
        
          	2.1 Search strategy

          	2.2 Selection criteria

          	2.3 Data extraction and methodological quality evaluation

          	2.4 Statistical analyses

        


        	3 Results 
        
          	3.1 Study selection and characteristics

          	3.2 Methodological quality evaluation

          	3.3 PFS and subgroup analysis

          	3.4 PET-2 and PET-EOT evaluation

          	3.5 Safety profile

        


        	4 Discussion

        	Data availability statement

        	Ethics statement

        	Author contributions

        	Funding

        	Conflict of interest

        	Generative AI statement

        	Supplementary material

        	References

      


    

  
Landmarks

  
    	Cover

    	Table of Contents

    	Start of Content

  


Print Page List

  
    	 Page 01. 

    	 Page 02. 

    	 Page 03. 

    	 Page 04. 

    	 Page 05. 

    	 Page 06. 

    	 Page 07. 

    	 Page 08. 

    	 Page 09. 

    	 Page 10. 

  



ORIGINAL RESEARCH

published: 21 July 2025

doi: 10.3389/fonc.2025.1636923

[image: Frontiers: Stamp Date]


Frontline brentuximab vedotin-based therapy for newly diagnosed classical Hodgkin lymphoma: a meta-analysis of randomized controlled trials


Yue Yang 1†, Shu-rong Liu 2†, Li Wang 2*, Rui Zhang 3† and Jing Xie 4*


1Department of Trauma and Hand and Foot Microsurgery, Sunshine Union Hospital, Weifang, China, 2Department of Oncology, Sunshine Union Hospital, Weifang, China, 3Department of Emergency Medicine, Rocket Force Characteristic Medical Center, Beijing, China, 4Department of Gastroenterology, Rocket Force Characteristic Medical Center, Beijing, China




Edited by: 

Liren Qian, Fifth Medical Center of the PLA General Hospital, China

Reviewed by: 

Mário Sousa-Pimenta, Universidade do Porto, Portugal

Jianqiu Wu, Nanjing Medical University, China

*Correspondence: 

Jing Xie
 Xiejing-RFCMC@hotmail.com 

Li Wang
 wangliplagh@hotmail.com

†These authors have contributed equally to this work and share first authorship


Received: 28 May 2025

Accepted: 04 July 2025

Published: 21 July 2025

Citation:
Yang Y, Liu S-r, Wang L, Zhang R and Xie J (2025) Frontline brentuximab vedotin-based therapy for newly diagnosed classical Hodgkin lymphoma: a meta-analysis of randomized controlled trials. Front. Oncol. 15:1636923. doi: 10.3389/fonc.2025.1636923






Background

Brentuximab vedotin (BV), an anti-CD30 antibody-drug conjugate, has established efficacy in relapsed/refractory Hodgkin lymphoma (HL), yet its role as frontline therapy for newly diagnosed classical HL requires systematic evaluation.





Methods

We conducted a meta-analysis of randomized controlled trials (RCTs) compared BV-based versus conventional non-BV-containing regimens (namely, classical chemotherapeutic regimens) in previously untreated classical HL patients, assessing progression-free survival (PFS), PET metabolic responses (interim PET-2 negativity and end-of-treatment complete response), and safety profiles (grade ≥3 adverse events [AEs], including febrile neutropenia, peripheral neuropathy, and secondary malignancies).





Results

Pooled data from four RCTs (N = 3591 patients) demonstrated significant PFS improvement with BV-based regimens (HR: 0.58, 95% CI: 0.44 to 0.77, P < 0.001), with consistent benefits across subgroups stratified by disease stage, gender, age, and International Prognostic Score (IPS). Although interim PET-2 negativity rates showed only a non-significant trend favoring BV (RR: 1.02, 95% CI: 0.99 to 1.04, P = 0.286), end-of-treatment complete metabolic response rates were significantly higher (RR: 1.03, 95% CI: 1.00 to 1.06, P = 0.024). Safety analyses revealed comparable incidences of grade ≥3 AEs between groups (RR: 1.05, 95% CI: 0.80 to 1.37, P = 0.739), with no increased risk of peripheral neuropathy or secondary malignancies.





Conclusions

Our meta-analysis demonstrates that incorporation of BV into frontline therapy for classical HL provides significant PFS benefits and improved end-of-treatment metabolic responses, with manageable toxicity. These findings support BV-based regimens as a promising frontline therapeutic strategy in classical HL, though extended follow-up is required to evaluate long-term survival outcomes.
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1 Introduction

The combination regimen of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) remains the standard first-line therapy for newly diagnosed Hodgkin lymphoma (HL) (1, 2). Nevertheless, approximately 30% of patients with advanced-stage disease develop refractory or relapsed disease following frontline ABVD therapy (3, 4). Positron emission tomography (PET)-guided strategies, including treatment escalation from ABVD to bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone (BEACOPP), have demonstrated improved tumor control and survival advantages in advanced-stage HL (5, 6). However, these intensified chemotherapy protocols carry substantially higher risks of severe treatment-related toxicities, particularly secondary malignancies (6–8). There exists an urgent clinical need to develop novel therapeutic strategies that can simultaneously enhance treatment efficacy while reducing toxicity profiles in HL management.

Brentuximab vedotin (BV), an anti-CD30 antibody-drug conjugate (9), has demonstrated clinically meaningful single-agent activity in patients with refractory or relapsed classical HL (10–12). The integration of BV into established HL treatment backbones represents a viable strategy to preserve the robust efficacy of multi-agent chemotherapy while reducing treatment-associated toxicities (13–16). Clinical evidence shows that BV combined with AVD (doxorubicin, vinblastine, dacarbazine) yields superior survival outcomes compared to ABVD, along with significantly reduced pulmonary toxicity in advanced HL patients (17, 18). Furthermore, the BrECADD regimen (BV plus etoposide, cyclophosphamide, doxorubicin, dacarbazine, dexamethasone) has shown enhanced efficacy versus escalated BEACOPP, coupled with improved tolerability profiles in advanced HL patients (19).

However, current evidence shows inconsistent results regarding the efficacy and safety of BV-based regimens in HL patients. The BREACH trial demonstrated that BV-based regimens significantly increased the rate of negative PET response after two cycles of chemotherapy (PET-2) (20). In contrast, the AHOD1331 trial found comparable PET-2 negative rates between BV-based and conventional non-BV-containing treatment groups (21). Additionally, the safety profiles of BV-based regimens require further characterization, as current adverse effects (AEs) reporting may be limited by relatively low event rates.

Therefore, we performed this meta-analysis of randomized controlled trials (RCTs) to systematically assess both the therapeutic efficacy and safety profile of BV-based regimens as first-line treatment for newly diagnosed classical HL patients.




2 Materials and methods



2.1 Search strategy

A comprehensive literature search was performed in PubMed, the Excerpta Medica Database (Embase), and the Cochrane Central Register of Controlled Trials (CENTRAL) using search items including “brentuximab vedotin,” “Hodgkin lymphoma,” “Hodgkin’s lymphoma,” “Hodgkin disease,” and “Hodgkin’s disease.” The literature search, limited to English-language publications, covered records up to March 2025. The detailed search strategies are listed in Supplementary Tables 1-3. We identified RCTs comparing BV-based regimens with conventional non-BV-containing regimens (including but not limited to ABVD, BEACOPP, and their variants) in newly diagnosed HL patients. Additional studies were located through manual reference screening of retrieved articles. This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (22).




2.2 Selection criteria

Two researchers independently assessed all potentially eligible studies. The primary efficacy endpoints for this meta-analysis included: (1) progression-free survival (PFS), defined as the duration from randomization to first documented relapse, disease progression, or death from any cause; (2) PET response rate after two cycles of treatment (PET-2); and (3) PET response at the end of treatment (PET-EOT). PET-2 and PET-EOT assessments employed the Deauville scoring system (23), with negative PET-2 defined as scores 1–3 and positive PET-2 as scores 4-5. PET complete response at the end of treatment required Deauville scores of 1 or 2. Safety evaluations focused on grade 3–4 AEs, including febrile neutropenia, leukopenia, infections, peripheral neuropathy, and secondary malignancies, graded per Common Terminology Criteria for Adverse Events (version 4.0). We included RCTs comparing BV-based regimens versus conventional non-BV-containing regimens in patients with newly diagnosed HL that reported at least one predefined outcome. Conference abstracts were excluded from analysis. All discrepancies were resolved by discussion.




2.3 Data extraction and methodological quality evaluation

Two researchers independently extracted the data. All relevant data were collected, including: (1) reference details (trial name, publication year, and study design); (2) patient characteristics (age, gender, diagnosis, disease stage, and sample size); (3) BV-based regimens (BV doses, frequencies, and treatment cycles); (4) conventional non-BV-containing regimens, and (5) the aforementioned efficacy and safety outcomes. All discrepancies were resolved through discussion. The corresponding authors of included studies were contacted if necessary.

The methodological quality of included studies was evaluated using the Cochrane Collaboration Reviews’ Handbook (24). Specifically, two researchers independently assigned ratings of “low risk,” “high risk,” or “unclear risk” of bias to the following seven items: randomization adequacy, allocation concealment, participant blinding, outcome assessor blinding, incomplete outcome data, selective reporting, and other potential biases.




2.4 Statistical analyses

All statistical analyses were conducted with Stata 12.0 (Stata Corporation, College Station, TX, USA). For time-to-event outcomes, we synthesized hazard ratios (HRs) with 95% confidence intervals (CIs). Dichotomous outcomes were analyzed using risk ratios (RRs) with 95% CIs. Study heterogeneity was quantified through the I2 statistic, and I2 >50% and P < 0.10 indicated substantial heterogeneity (25). To address potential heterogeneity sources, we performed subgroup or sensitivity analyses where feasible. Regardless of heterogeneity levels, we employed random-effects models for all meta-analyses to ensure conservative estimates (26). Statistical significance was defined as P < 0.05 for all analyses.





3 Results



3.1 Study selection and characteristics

A total of 822 potentially relevant studies were identified through database searching. 497 studies remained after duplicate removal. Subsequently, 479 studies were excluded after title and abstract screening. The remaining 18 studies underwent full-text review, resulting in the exclusion of 14 studies. The excluded studies and their respective reasons for exclusion are detailed in Supplementary Table 4. Ultimately, four RCTs comprising 3591 classical HL patients (1826 in the BV-based group and 1765 in the conventional non-BV-containing group) were included in this meta-analysis (18–21), as illustrated in Figure 1.

[image: Flowchart detailing the systematic review process. Identification stage shows 822 articles searched, with 325 duplicates filtered out. Screening then examines 497 articles, discarding 479 as non-relevant. Eligibility checks 18 potentially relevant articles, with 14 excluded for reasons like different comparisons or irrelevant outcomes. Finally, 4 studies are included in the meta-analysis.]
Figure 1 | Study selection flow diagram.

The characteristics of the included studies are summarized in Tables 1 and 2. The sample size of the included RCTs ranged from 170 to 1500. All four multicenter RCTs (18–21) consistently substituted bleomycin with BV in their experimental arms (18–21). The therapeutic comparisons comprised: two trials evaluating BV-AVD versus ABVD (18, 20); one trial investigating BrECADD versus eBEACOPP (19); and one trial examining BV-AVE-PC versus ABVE-PC (21). Two trials focused exclusively on adult populations (aged ≤60 years) (19, 20). One trial enrolled adults with extended age eligibility (>60 years were also included) (18). One trial specifically assessed pediatric and adolescent populations (21).


Table 1 | Summary characteristics of the included randomized controlled trials.
	References
	Publication year
	Study design
	Phase
	Sample size (BV vs control)
	BV-based regimens
	non-BV-containing regimens
	BV benefits



	AHOD1331 trial (21)
	2022
	Multicenter RCT
	III
	587 (298 vs 289)
	Five 21-day cycles of BV 
(1.8 mg/kg) plus AVE-PC
	Five 21-day cycles of ABVE-PC
	PFS: yes; PET-2: no; PET-EOT: no


	ECHELON-1 trial (18)
	2022
	Multicenter RCT
	III
	1334 (664 vs 670)
	Six 28-day cycles of BV 
(1.2 mg/kg, d1, d15) plus AVD
	Six 28-day cycles of ABVD
	PFS: yes; PET-2: no; PET-EOT: no


	BREACH trial (20)
	2023
	Multicenter RCT
	II
	170 (113 vs 57)
	Four 28-day cycles of BV 
(1.2 mg/kg, d1, d15) plus AVD
	Four 28-day cycles of ABVD
	PFS: no; PET-2: yes


	GHSG HD21 trial (19)
	2024
	Multicenter RCT
	III
	1500 (751 vs 749)
	Four or six 21-day cycles of BrECADD (BV 1.8 mg/kg)
	Four or six 21-day cycles of eBEACOPP
	PFS: yes; PET-2: no; PET-EOT: no





BV, brentuximab vedotin; AVE-PC, doxorubicin, vincristine, etoposide, prednisone, and cyclophosphamide; ABVE-PC, doxorubicin, bleomycin, vincristine, etoposide, prednisone, and cyclophosphamide; AVD, doxorubicin, vincristine, and dacarbazine; ABVD, doxorubicin, bleomycin, vincristine, and dacarbazine; BrECADD, brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine, and dexamethasone; eBEACOPP, escalated doses of bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone; PFS, progression-free survival; PET, positron emission tomography; PET-2, PET response rate after two cycles of treatment; PET-EOT, PET complete response rate at the end of treatment.




Table 2 | Patient characteristics for the included randomized controlled trials.
	References
	Patients
	Age (years)
	Gender
	Ann Arbor stage
	Follow up periods (months)


	BV-based 
regimens
	non-BV-containing regimens
	BV-based 
regimens
	non-BV-containing regimens
	BV-based 
regimens
	non-BV-containing regimens



	AHOD1331 trial (21)
	Newly diagnosed stage IIB with bulk tumor or stage IIIB, or IV HL
	15.4 (3.4-22.0)
	15.8 (4.6-21.5)
	Female: 138 (46.3%)
	Female: 138 (47.8%)
	IIB with bulk tumor: 62 (20.8%), IIIB: 59 (19.8%), IVA: 84 (28.2%), IVB: 93 (31.2%)
	IIB with bulk tumor: 59 (20.4%), IIIB: 54 (18.7%), IVA: 83 (28.7%), IVB: 93 (32.2%)
	42.1 (0.1-80.9)


	ECHELON-1 trial (18)
	Newly diagnosed stage III or IV HL
	35 (18–82)
	37 (18–83)
	Female: 286 (43.1%)
	Female: 272 (40.6%)
	II: 1 (0.2%), III: 237 (35.7%), IV: 425 (64.0%); NA: 1 (0.2%)
	III: 246 (36.7%), IV: 421 (62.8%); NA: 3 (0.4%)
	73.0 (0.0-100.6)


	BREACH trial (20)
	Newly diagnosed early-stage unfavorable HL
	29 (18–59)
	28 (18–60)
	Female: 60 (53.1%)
	Female: 26 (45.6%)
	I: 8 (7.1%), II: 104 (92.0%), III: 1 (0.9%)
	I: 3 (5.3%), II: 53 (93.0%), III: 1 (1.7%)
	45.0 (0.2-60.6)


	GHSG HD21 trial (19)
	Newly diagnosed advanced-stage HL
	31 (24–42)
	31 (24–42)
	Female: 323 (43.5%)
	Female: 321 (43.4%)
	IIA: 2 (0.3%), IIB: 115 (15.5%), IIIA: 129 (17.4%), IIIB: 164 (22.1%), IVA: 104 (14.0%), IVB: 228 (30.7%)
	IIB: 117 (15.8%), IIIA: 132 (17.9%), IIIB: 156 (21.1%), IVA: 112 (15.2%), IVB: 222 (30.0%)
	48.0 (NA)





HL, Hodgkin lymphoma; BV, brentuximab vedotin; NA, not available.

Data are presented as n (%) for categorical variables, and as median (range) or median (interquartile range) for age and follow-up duration.






3.2 Methodological quality evaluation

All included RCTs (18–21) explicitly described randomization. However, none of these studies implemented allocation concealment (18–21). Given their open-label design, participant blinding was not performed in any trial (18–21); only one study (20) reported blinding of outcome assessors. Regarding other quality indicators, including incomplete outcome data, selective reporting, and other biases, all included studies were judged to have low risk of bias. The complete methodological quality assessment for the included RCTs is presented in Supplementary Figure 1.




3.3 PFS and subgroup analysis

All four RCTs reported PFS data. The pooled analysis demonstrated significantly improved PFS with BV-based regimens compared to conventional non-BV-containing regimens in newly diagnosed classical HL patients (HR: 0.58, 95% CI: 0.44 to 0.77, P < 0.001; I2 = 39.2%, P = 0.177) (Figure 2). Despite the absence of statistical heterogeneity, we performed sensitivity analyses to address clinical heterogeneity, demonstrating robust PFS outcomes (HR range: 0.50 to 0.66) that aligned with our primary analysis (Supplementary Table 5).

[image: Forest plot showing hazard ratios (HR) and 95% confidence intervals (CI) for four trials: AHOD1331, ECHELON-1, BREACH, and GHSG HD21. Each trial's HR favors either BV-based or non-BV regimens. Overall HR is 0.58, indicating a trend towards BV-based regimens. Weights derived from random effects analysis are provided alongside a vertical line marking HR=1 for reference.]
Figure 2 | Forest plot of PFS outcomes comparing BV-based regimens versus conventional non-BV-containing regimens in newly diagnosed classical HL patients. PFS, progression-free survival; BV, brentuximab vedotin; HL, Hodgkin lymphoma. HR <1 favors BV-based regimens.

Consistent PFS benefits were observed across disease stages (Stage II: HR 0.24, 95% CI: 0.07 to 0.79, P = 0.019; Stage III: HR 0.51, 95% CI: 0.27 to 0.98, P = 0.043; Stage IV: HR 0.74, 95% CI: 0.57 to 0.95, P = 0.020) (Figure 3A). Significant PFS improvements were evident in both male (HR 0.69, 95% CI: 0.54 to 0.87, P = 0.002) and female patients (HR: 0.48, 95% CI: 0.29 to 0.81, P = 0.005) (Figure 3B). Significantly favorable PFS benefits were observed in younger populations (children and adolescents: HR 0.41, 95% CI: 0.25 to 0.67, P < 0.001; adults <60 years: HR 0.66, 95% CI: 0.53 to 0.83, P < 0.001), while not in adults ≥60 years (HR 0.84, 95% CI: 0.50 to 1.40, P = 0.504) (Figure 3C). Furthermore, the PFS advantage was observed in intermediate/high International Prognostic Score groups (IPS 2-3: HR 0.69, 95% CI: 0.52 to 0.93, P = 0.015; IPS 4-7: HR 0.66, 95% CI: 0.46 to 0.93, P = 0.018) (Figure 3D), and patients without B symptoms (HR 0.52, 95% CI: 0.35 to 0.76, P = 0.001) (Figure 3E).

[image: Forest plot displaying hazard ratios with confidence intervals for various clinical trials, assessing factors like disease stage, gender, age, IPS risk, and symptom status. It compares BV-based regimens versus non-BV regimens across studies, showing effect sizes with diamonds for pooled estimates. Weights are based on random effects analysis, and some trials favor BV-based regimens, while others favor non-BV regimens.]
Figure 3 | Subgroup analyses of PFS benefits from BV-based regimens stratified by: (A) disease stage, (B) gender, (C) age, (D) International Prognostic Score (IPS) risk categories, and (E) B symptom status. PFS, progression-free survival; BV, brentuximab vedotin. HR <1 favors BV-based regimens.




3.4 PET-2 and PET-EOT evaluation

All four included RCTs provided data on PET response rates both after the second treatment cycle and at the end of treatment. Pooled analysis revealed no statistically significant difference in PET-2 negative rates between BV-based and conventional non-BV-containing regimens, though a trend favoring the BV-based group was observed (RR: 1.02, 95% CI: 0.99 to 1.04, P = 0.286; I2 = 0.0%, P = 0.749) (Figure 4A). In contrast, significantly higher rates of complete metabolic response were demonstrated in the BV-based group at end-of-treatment evaluation (RR: 1.03, 95% CI: 1.00 to 1.06, P = 0.024; I2 = 0.0%, P = 0.682) (Figure 4B).

[image: Forest plot showing relative risk (RR) and 95% confidence intervals (CI) for two comparisons: A) PET-2 negative and B) PET complete response at end of treatment across four trials (AHOD1331, ECHELON-1, BREACH, GHSG HD21). Panel A shows RR near one, indicating no significant difference. Panel B displays similar results. The plot includes event numbers, CI, and weight percentages, suggesting overall slight favor toward BV-based regimens. Weights are from random effects analysis.]
Figure 4 | Metabolic response rates with BV-based regimens: (A) PET negativity after two cycles of treatment, and (B) end-of-treatment complete metabolic response. BV, brentuximab vedotin; PET, positron emission tomography. RR >1 favors BV-based regimens (PET response).




3.5 Safety profile

All four RCTs documented the incidence of grade ≥3 AEs. Pooled analysis demonstrated comparable rates of grade ≥3 AEs between BV-based and conventional non-BV-containing regimens (RR: 1.05, 95% CI: 0.80 to 1.37, P = 0.739; I2 = 96.3%, P < 0.001) (Figure 5). The safety profile evaluation for BV-based regimens specifically focused on febrile neutropenia, leukopenia, infections, peripheral neuropathy, and secondary malignancies. Meta-analysis of extracted trial data revealed no statistically significant differences in these predefined AEs between BV-based and conventional non-BV-containing regimens. Notably, while not reaching statistical significance, a trend toward higher febrile neutropenia incidence was observed with BV-based therapy (RR: 1.45, 95% CI: 0.94 to 2.25, P = 0.093; I2 = 87.1%, P < 0.001) (Figure 5).

[image: Forest plot displaying relative risk (RR) for various adverse effects across multiple trials. The plot includes categories: adverse effects of grade 3 to 4, febrile neutropenia, leukopenia, infection, peripheral neuropathy of grade 3 or higher, peripheral neuropathy of grade 2 or higher, and secondary malignancies. Each category lists trials with corresponding RRs and 95% confidence intervals. Diamonds and squares represent aggregated and individual study results respectively, with a scale at the bottom indicating “Favors BV-based regimens” on the left and “Favors non-BV-containing regimens” on the right. Weights are from random effects analysis.]
Figure 5 | Comparative safety profiles of BV-based regimens versus conventional non-BV-containing regimens in newly diagnosed classical Hodgkin lymphoma, including (A) grade ≥3 adverse events, (B) febrile neutropenia, (C) leukopenia, (D) infections, (E) grade ≥3 peripheral neuropathy, (F) grade ≥2 peripheral neuropathy, and (G) secondary malignancies. BV: brentuximab vedotin. RR <1 favors BV-based regimens (safety outcomes).





4 Discussion

To our knowledge, this is the first meta-analysis comprehensively comparing BV-based versus conventional non-BV-containing regimens in newly diagnosed classical HL using pooled data from all available RCTs. Our findings provide three key advances to the field: First, BV-based regimens demonstrated significant PFS improvements, with consistent benefits across clinically relevant subgroups. Second, BV’s therapeutic effects accumulate during treatment, evidenced by significantly superior end-of-treatment complete metabolic response rates despite comparable interim PET-2 negativity rates. Third, comprehensive safety evaluations confirmed that with appropriate granulocyte colony-stimulating factor (G-CSF) prophylaxis, BV-based regimens achieve comparable toxicity profiles to conventional non-BV-containing regimens.

Interim PET-2 status has established predictive value in HL, where early metabolic response correlates with superior disease control (20, 27, 28). Our meta-analysis revealed that BV-based regimens showed a clear trend toward higher PET-2 negative rates, and significantly improved end-of-treatment complete metabolic response rates. The superior PFS outcomes with BV-based regimens appear driven predominantly by the significantly enhanced complete metabolic responses at treatment completion, while the contribution of early PET-2 response remains uncertain given its non-significant difference (P = 0.286).

Our meta-analysis could not formally assess overall survival (OS) due to limited data and heterogeneous follow-up durations. In ECHELON-1 (73-month follow-up), BV-AVD demonstrated both significant OS benefit (HR: 0.59; 95% CI: 0.40 to 0.88) and lower mortality (5.9% vs ABVD’s 9.7%), with deaths primarily from disease progression or treatment complications (18). Other trials (BREACH [45 months], AHOD1331 [42 months], GHSG HD21 [48 months]) reported only 24 total deaths during shorter follow-up, reflecting their immature survival data. Although PFS serves as a validated surrogate for OS in HL (29) and the observed PFS advantage suggests potential survival benefit, the low mortality events in non-ECHELON trials preclude definitive conclusions. These findings highlight the need for extended follow-up to determine whether the PFS benefits with BV-based regimens consistently translate into OS advantages across all study populations.

Previous studies have reported increased febrile neutropenia (FN) with BV-based regimens (17, 20). However, our pooled analysis found no significant difference in FN rates, which was mainly attributed to the mandatory prophylactic use of G-CSF (19, 21). This finding was supported by the ECHELON-1 study, which confirmed that G-CSF prophylaxis reduced the risk of FN in the BV group to a level comparable with the control group (30). Therefore, G-CSF prophylaxis is strongly recommended when BV is used. Consistently, we observed comparable rates of leukopenia and infections between BV-based and conventional non-BV-containing regimens.

Peripheral neuropathy (PN) is a frequently reported AE associated with BV-based regimens, with grade ≥2 PN significantly impairing patients’ quality of life (31, 32). Our meta-analysis found no statistically significant increase in PN with BV-based regimens, with most cases either completely resolving or improving with longer follow-up; the majority of residual cases were grade 1 PN (18, 19, 33, 34). Regarding other severe toxicities, specifically the risk of secondary malignancies, our analysis detected no increased risk of secondary malignancies with BV-based regimens. However, these findings require cautious interpretation given the relatively short median follow-up.

Several limitations of this meta-analysis should be considered. First, this meta-analysis included four open-label trials lacking allocation concealment, potentially introducing bias in subjective endpoints: PET interpretation (despite Deauville criteria standardization) and toxicity assessments, particularly neurotoxicity. While objective PFS outcomes remain robust, these limitations necessitate cautious interpretation of metabolic response and safety data. Second, clinical heterogeneity existed regarding patient characteristics, BV treatment protocols, conventional non-BV-containing regimens, and follow-up duration across the included studies, which may have been responsible for the inconsistent results. Although sensitivity and subgroup analyses demonstrated consistent benefits with BV-based regimens, biological differences and protocol variations (e.g., treatment protocols, dose intensity, and drug tolerance) between pediatric and adult populations warrant caution when generalizing these effects. Finally, we exclusively compared BV-based versus conventional non-BV-containing regimens in this meta-analysis; the comparisons between BV with other new agents, such as immune checkpoint inhibitors (35), in newly diagnosed classical HL patients need to be further investigated.

In summary, our meta-analysis demonstrates that BV-based regimens offer meaningful PFS benefits with manageable toxicity profiles in newly diagnosed classical HL patients. These findings strongly support the incorporation of BV into frontline treatment strategies for classical HL.
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