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meta-analysis

Anna Sureda®’

© The Author(s) 2025

™ Astrid Pavlovsky®>** Dalah Haidar®, Fjoralba Kristo®, Vanessa Stache’ and Athanasios Zomas’

Brentuximab vedotin (BV) as post-autologous stem cell transplantation (ASCT) consolidation was shown to reduce the relapse risk
among high-risk patients with relapsed/refractory Hodgkin lymphoma (RRHL) in the clinical trial setting. This systematic review and
meta-analysis characterizes real-world evidence (RWE) on the effectiveness and safety of BV as post-ASCT consolidation in 1504
adult and pediatric patients with RRHL from 23 studies across 17 countries. A random-effects model yielded pooled progression-
free survival (PFS) and overall survival rates (OS); PFS: 2-year, 74.2%; 5-year, 65.8%; OS: 2-year, 95.8%; 5-year, 91.9%. The most

common any-grade adverse events were neuropathy (34.2%) and neutropenia (20.2%). Despite heterogeneity in populations and
outcomes, this analysis utilizing real-world data corroborates the efficacy and safety of BV as post-ASCT consolidation in RRHL

reported in the experimental arm of the Phase Ill AETHERA trial. The favorable PFS results in cases exposed to BV prior to ASCT
indicate the value of BV in controlling Hodgkin lymphoma (HL) in the salvage setting. Continued research is essential to refine BV

treatment strategies amid the evolving treatment landscape.

Bone Marrow Transplantation (2025) 60:820-831; https://doi.org/10.1038/s41409-025-02557-7

INTRODUCTION

Hodgkin lymphoma (HL) has a high cure rate, with more than 80%
of patients with classic HL achieving long-term remission
following first-line therapy [1]. However, 10-30% of patients with
advanced-stage disease (IIB-1V) experience relapse after frontline
treatment [2-6]. High-dose chemotherapy followed by consolida-
tion with autologous stem cell transplantation (ASCT) is recom-
mended for relapsed or refractory HL (RRHL) [7, 8] and has a cure
rate of approximately 50% [9, 10]. Relapse or progression after
ASCT typically occurs early, with 71% of patients relapsing within
the first year and 91% within the first 2 years [9, 11]. Risk factors
for post-ASCT relapse in HL include early relapse (<3 months),
stage IV disease, poor Eastern Cooperative Oncology Group
performance status, bulky disease, extranodal lesions, B symp-
toms, and nonresponse to salvage chemotherapy (short first
complete response [CR] duration or positron emission tomogra-
phy [PET]-positive residual disease) [9, 12-14].

The Phase Il AETHERA trial (2010-2012) established BV as an
effective post-ASCT consolidation in HL, significantly improving
progression-free survival (PFS) in patients at high risk for post-
ASCT relapse or progression [15]. However, this trial excluded
patients with prior BV exposure and did not mandate PET

evaluations at study initiation. Real-world evidence, derived from
real-world data, complements RCTs by providing external validity.
Recent real-world studies have described the results of BV as post-
ASCT consolidation in pediatric and adult populations with RRHL
across multiple regions and countries [16-38]. This systematic
literature review and meta-analysis aims to describe and enhance
the existing real-world evidence on efficacy and safety outcomes
of BV as post-ASCT consolidation or maintenance therapy (as
defined within each study) for adult and pediatric patients
with RRHL.

METHODS

A systematic review was conducted simultaneously across BIOSIS Pre-
views’, Embase’, and MEDLINE using ProQuest-Dialog, following a
prespecified protocol (PROSPERO, CRD42023471178). In line with best
practices, identical searches were conducted on October 10, 2023 and May
02, 2024 using a defined search string (Supplementary Table 1) and
covered publications indexed from January 01, 1998 to May 02, 2024.
Additional abstracts were retrieved through pragmatic searches of
prespecified clinical societies and conference proceedings (2014-2023),
selected based on relevance identified during database searches and to
capture the latest abstracts not yet indexed. The review adhered to the
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Fig. 1

Systematic literature review process. a PRISMA flowchart of search results; b Study characteristics. *Duplicates removed. Selected

congresses: The American Society of Hematology (ASH) Annual Meeting and Exposition, European Hematology Association (EHA) Annual
Congress, American Society of Clinical Oncology (ASCO) Annual Meeting, European Society for Medical Oncology (ESMO) Congress,
International Symposium on Hodgkin Lymphoma (ISHL), International Conference on Malignant Lymphoma (ICML), British Society of
Haematology (BSH) Annual Scientific Meeting, Society of Hematologic Oncology (SOHO) Annual Meeting, International Society for
Pharmacoeconomics and Outcomes Research (ISPOR) European Congress. *Some studies had patient data from more than one country.
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analysis.

Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines [39].

Real-world observational studies, used here as a general term to
describe the included studies, primarily comprised retrospective cohort
studies and case series reporting efficacy and safety outcomes in adult and
pediatric patients with RRHL treated with BV, either alone or in
combination with other therapies, as post-ASCT consolidation or
maintenance, were included. Journal articles, congress abstracts, and case
series with at least five patients were eligible, with no language
restrictions, while clinical trials, systematic reviews, and case reports were
excluded. Key outcomes included BV usage patterns, PFS, overall survival
(0S), and the most common adverse events (AEs; as reported in the
relevant real-world studies). Two independent reviewers screened sources
using pre-defined criteria and extracted data from eligible publications in a
prespecified extraction table, with conflicts resolved by consensus or a
third assessor. Additional information was sought from authors when
necessary.

The methodological quality of eligible studies was assessed using the
Joanna Briggs Institute critical appraisal tools for cohort studies (11
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questions) or case series (10 questions) [40]. Each question was
evaluated with one of the following responses: “yes” (criterion met),
“no” (criterion unmet), “unclear,” or “not applicable.” To be considered of
acceptable methodological quality, the review team prespecified that
studies had to meet at least 7 of the criteria for cohort studies (11
questions) or case series (10 questions) [41]. The methodological quality
of abstracts could not be ascertained due to insufficient information.

Meta-analysis

Combined analyses of data from journal articles and conference abstracts
were performed for all outcomes. In some studies, outcomes of interest
were not reported, requiring data assumptions and/or calculations as part
of the data analysis (Supplemental Methods). Study and patient
characteristics were documented for each study included. In studies
where only a subset of patients met the inclusion criteria, patient
characteristics were documented solely for that subset, where available.
Continuous variables were reported as medians and ranges, whereas
categorical variables were reported as frequencies and percentages.
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Fig. 1 Continued.

The DerSimonian and Laird random-effects method was used to pool
estimates, regardless of the degree of heterogeneity between the study
results. In the analyses, studies were weighted by the standard error of the
outcome metric.

For binary outcomes (PFS and OS rates), the proportions of patients
meeting the outcomes were pooled. Before pooling, Freeman-Tukey
double arcsine transformation was performed to stabilize the variances
when the proportions are close to zero and one, and a normal
approximation to the binomial distribution does not hold.

The frequency of AEs was presumed to follow a Poisson distribution. The
mean number of occurrences per patient was computed, with each study
weighted by the standard error of the mean value.

Heterogeneity between studies was evaluated by considering both
the significance of between-study heterogeneity and the magnitude of
the I value. Substantial heterogeneity was inferred if the /* value
exceeded 50%. Heterogeneity was not analyzed for outcomes from two
or fewer studies. All statistical analyses were performed using Stata
version 15.1.

Forest plots presented outcomes for individual studies alongside the
pooled results. Weights for individual studies were assigned based on their

SPRINGER NATURE

contribution to the pooled estimates, calculated as the inverse of the
variance of the treatment effect.

RESULTS

Of 911 journal articles and 664 conference abstracts from
electronic database searches and 443 abstracts from relevant
conference proceedings, 16 journal articles [16-31] and 7
conference abstracts [32-38] were considered eligible for data
extraction. A PRISMA flowchart outlines the reasons for study
exclusion (Fig. 1a).

Study characteristics are presented in Table 1. Data were
extracted from 1504 eligible patients with HL in 23 studies from 17
countries (Fig. 1b). Of these studies, 22 were retrospective, and 1
was prospective. Medical records were the data source in
22 studies, while one utilized a patient registry. Most studies
(n=15) scheduled the administration of 16 BV cycles as post-
ASCT consolidation, per the approved indication.
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Table 2. Patient characteristics for included studies.
Study Age, years, Males, % Prior therapies,
median median (range)
(range)
Articles
Flerlage [16] 17 (16-22)° 20 NA
Sakellari [17] NAP NAP NA
Tacgyildiz [18] 14 (6-18) 88 NA
Kort [19] 26 (18-61)° 40 3 (2-5)
Akay [20] 31 (18-65)° 56 NA
Fernandez [21] 15 (12-18)¢ 17 NA
Kedmi [22] 32,5 (21-68)° 36 NA
Marouf [23] 34 (16-68) 54 NA
Massano [24] NAP NAP NA
Massaro [25] NAP NAP 3 (2-3)
Massaro [26] 33 (18-68) 56 2
Forlenza [27] 17 (8-21)F 49 1(1-3)
Husi [28] NAP NAP NA
Martinez [29] 35 (16-70)° 52 2 (1-6)
Wagner [30] 36 (27-42) 53 NA
Damlaj [31] NAP NAP NAP
Abstracts
Aragao [32] 26 NA NA
Patifio [33] 29 (17-66)° 51 3 (2-7)
Chung [34] NAP NAP NA
Michalka [35] 37 (19-65) NA NA
Munoz [36] 31 (18-70) 52 2 (1-6)
Falade [37] NAP NA NA
Fiad [38] NAP NAP NA

@Age at consolidation initiation.

BV cycles prior BV cycles post Stage IlI-IV Pre-ASCT
to ASCT, ASCT, median disease/ positive PET
median (range) Advanced stage, status, %
(range) %

NA 16 (4-16) NA NA

NA NA NA NA

4 (4-8) 8 (4-8) 100 NA

NA 4 (3-4) 60 6

NA NA NA 57

NA 16 (12-16) 833 NA

NA 12 (2-20) 78.6 NA

NA 11 (3-18) 58 NA

NA NA NA NA

5 (2-7) 7 (1-14) NA NA

4 (2-11) 10 (2-16) 44 NA

NA NA 49 31

NA NA NA NA

NA 14 (2-16) 516 24

NA 12 (2-25) 70 NA

NA 16 (3-16) NA® NA®

NA 12 (4-16) NA NA

NA 11 (1-16) NA NA

NA 10.5 (1-16) NA NA

NA 8 (1-16) ~80 NA

NA NA NA NA

NA 10 (1-18) NA NA

NA NA NAP® NA

PData not reported separately for patients receiving BV as post-ASCT consolidation (study inclusion criteria).

‘Age at transplant.

dAge at diagnosis.

€Age at BV treatment initiation.
fAge at relapse.

ASCT autologous stem cell transplantation, BV brentuximab vedotin, NA not available, PET positron emission tomography.

Patient characteristics are summarized in Table 2 and Supple-
mentary Table 2. Of the 23 publications, 10 included pediatric
patients. Administration of pre-ASCT BV, either alone or in
combination with other salvage agents as a bridge to transplant,
was reported in 50.5% of all eligible patients from 11 studies.
Three studies reported administering a median number of 4 or 5
BV cycles pre-ASCT.

Pre-ASCT CR rates, evaluated using PET-CT or CT, were reported
in 12 studies and ranged from 28.3% to 100% in all eligible
patients. Treatment response before ASCT was evaluated using
PET-CT or CT in 18 studies, with assessments based on the 2016
Lugano Classification (n = 8) or 2007 revised response criteria for
malignant lymphoma from the International Working Group
(n=3). Five studies did not report the response assessment
method.

All studies, with the exception of one [24], utilized BV as a
single-agent. Eighteen studies defined the administration of BV as
post-ASCT consolidation [16-22, 24-27, 29, 32-36, 38], while five
studies defined administration as post-ASCT maintenance
[23, 28, 30, 31, 37]. The dosing regimen was 1.8 mg/kg every
3 weeks in 12 studies. Sixteen studies reported administering a
median number of BV cycles between 4 and 16 following ASCT.

Bone Marrow Transplantation (2025) 60:820 - 831

Survival outcomes

PFS estimates were analyzed based on definitions that varied
across studies (Fig. 2; Supplementary Fig. 1). In studies reporting
PFS, ten calculated it post-ASCT, two post-BV consolidation, and
two did not provide a definition. Pooled 2- and 5-year PFS were
74.2% (95% Cl: 69.7-78.6; Fig. 2a) and 65.8% (95% Cl: 55.4-75.5;
Fig. 2c), respectively, with considerable heterogeneity between
studies. Husi et al. reported 5-year PFS of 69% with BV as post-
ASCT consolidation and 70% for patients receiving BV as both
salvage therapy and post-ASCT consolidation. However, this study
was excluded from the 5-year PFS rate estimation due to unclear
patient numbers for BV as post-ASCT consolidation [28].

OS estimates were analyzed based on definitions that varied
across studies (Fig. 3; Supplementary Fig. 2). In studies reporting
0OS, seven calculated it post-ASCT, three post-BV consolidation,
and four studies did not provide a definition. Pooled 2- and 5-year
OS were 95.8% (95% Cl: 93.7-97.6; Fig. 3a) and 91.9% (95% Cl:
82.9-98.2; Fig. 3¢), respectively. There was minimal heterogeneity
between studies reporting 1- and 2-year OS rates. Husi et al.
reported 5-year OS of 89% with BV as post-ASCT consolidation
and 93% for patients receiving BV as both salvage therapy and
post-ASCT consolidation. However, this study was excluded from
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a
Study ES [95% Cl] Weight, % Study ES [95% ClI] Weight, %
From time of transplant From time of transplant
Kort 2020 (19) —_— 70.0 [48.1-85.5] 415 Kort 2020 (19) —_— 70.0 [48.1-85.5]"  5.85
Fernandez 2021 (21) —————4————— 33.3[9.7-70.0]" 1.52 Fermandez =~ #———ou 0.0 [0.0-39.0]" 2.81
Marouf 2022 (23) —B 75.7[67.1-82.6] 12.39 2021 (21)
Munoz 2022 (36) —_ 73.1[67.9-77.8] 1693 Marouf 2022 (23) —&— 73.9[65.2-811"  9.95
Damlaj 2023 (31) 771 (61.0-87.9] 631 Munoz 2022 (36) — 71.8(66.6-76.6]"  10.99
Martinez 2023 (29) — = 87.1[766-933  9.09 Damlaj 2023 (31) —_— 71.4[54.9-83.7)"  7.42
Wagner 2023 (30) 80.5 [72.4-86.6] 12.53 Forlenza 2023 (27) _— 85.1[74.7-91.7] 8.98
Subtotal @ 77.4 [71.5-82.8]" 62.92 Martinez 2023 (29) —_— 83.9[72.8-91.0" 882
Wagner 2023 (30) —_— 80.5[72.4-86.6]"  9.99
From time of first BV dose Subtotal e 74.7[665-822]"  64.81
Akay 2021 (20) _ 68.0 [56.8-77.5]" 10.10 From time of first BV dose
Massaro 2022b (26) — 66.7 [57.2-75.0]"  11.91 Akay 2021 (20) —— 52.0[40.9-62.9]"  9.21
Subtotal - 67.2[60.1-73.9]"  22.01 Massaro 2022b (26) —_— 61.9[52.4-70.6]  9.81
Subtotal e 57.8[50.5-65.0"  19.02
EFﬁde;;:t;oggol reported 73.6 [60.4-83.6]* 8.8 PFS definition not reported
Mf’ ":‘O‘k 202(2 ()35) * o {51 '0’79'4} o5 Patifio 2019 (33) — = 73.6[60.4-83.6  8.46
ichalka —_— . .0-79. X
Subtotal 70716097971 15.08 Michalka 2022 (35) _ 64.1[48.4-77.3]"  7.70
ublotd > 7 [60.8-79.7] | Subtotal - 60.7[59.8-78.8  16.17
Overall < 74.2[69.7-78.6]'  100.00 Overall L 2 70.4[63.2-77.1*  100.00
Heterogeneity: P = 0.04; I = 48% Heterogeneity: P < 0.001; /2 =79%
T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100
PFS at 2 years, % PFS at 3 years, %
C sy ES [95% CI] Weight, %
From time of transplant
Fernandez -— 0.0 [0.0-39.0]" 4.95
2021 (21)
Munoz 2022 (36) — 70.2 [64.9-75.1] 15.33
Falade 2023 (37) —— 80.8 [75.1-85.4] 15.07
Forlenza 2023 (27) _— 77.6 [66.3-85.9] 13.20
Martinez 2023 (29) —_— 79.0 [67.4-87.3]"  13.01
Subtotal . 72.1(60.5-82.5]"  61.56
From time of first BV dose
Massaro 2022b (26) —_— 54.3[44.8-63.5]"  14.10
PFS definition not reported
Patifio 2019 (33) —_— 52.8(39.7-65.6]"  12.61
Michalka 2022 (35) —_— 64.1[48.4-77.3]  11.72
Subtotal - 57.7[47.3-67.7]"  24.34
Overall E = 65.8[55.4-75.5]"  100.00
Heterogeneity: P < 0.001; /? = 87%
T T T T T T
0 20 40 60 80 100

PFS at 5 years, %

Fig. 2 Pooled estimates of PFS rates at 2, 3, and 5 years of follow-up in all patients based on PFS definitions. a PFS rates at 2 years of
foIIow-up b PFS rates at 3 years of follow-up. ¢ PFS rates at 5 years of follow-up. ‘PFS rates were estimated using Kaplan-Meier curves.
Heterogenelty was not computed for outcomes with data provided by only 1 or 2 studies. BV brentuximab vedotin, Cl confidence interval, ES

effect size, NC not calculated, PFS progression-free survival.

the 5-year OS rate estimation due to unclear patient numbers for
BV as post-ASCT consolidation [28].

Pooled estimates of PFS and OS rates at various follow-up time
points were obtained for patient subgroups where reported.
Patients who received BV as salvage therapy pre-ASCT (BV-exposed
patients) had improved 2- and 5-year PFS compared with BV-naive
patients: 72.5% vs. 60.2% and 93.5% vs. 57.1%, respectively (Fig. 4a;
Supplementary Table 3). Patients with negative pre-ASCT PET status
appeared to have a higher 2- and 3-year PFS (89.1% and 91.1%,
respectively) than in those with positive PET status (81.3% and
72.3%, respectively) (Fig. 4b; Supplementary Table 3). Improved
3-year OS was observed in BV-exposed patients (96.4%) compared
with BV-naive patients (70.1%; Fig. 4c; Supplementary Table 3).

Relapse during or after post-ASCT BV consolidation or main-
tenance was reported in 7 studies and ranged from 0% to 29% of
all eligible patients [18, 19, 23, 26, 29, 33, 35]. Disease progression
was reported in 11 studies and ranged from 6.5% to 33.3% of all
eligible patients [19, 20, 22, 25, 26, 29, 30, 32, 34, 35, 38].

Safety outcomes

Nineteen studies reported safety data with BV as post-consolidation
in patients with RRHL. Of these, 5 studies used the National Cancer
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Institute Common Terminology Criteria for Adverse Events, while 14
did not specify a grading scale. The pooled mean number of any
grade AEs per patient was 0.42 and the pooled mean number of
Grade 3-4 AEs per patient was 0.08 (Supplementary Fig. 3a, b). The
proportion of patients with any grade AEs was 47% and with Grade
3-4 AEs was 6.2% (Supplementary Fig. 3¢, d). The most common any
grade AEs reported were neuropathy (34.2% [95% Cl: 21.8-47.6])
and neutropenia (20.2% [95% Cl: 7.6-36.2]; Supplementary Table 4;
Supplementary Fig. 3e, f). Grade 3-4 neuropathy and neutropenia
occurred in 10.8% (95% Cl: 4.7-18.5; Fig. 5a) and 12.4% (95% Cl:
3.1-25.6; Fig. 5b) of patients, respectively.

DISCUSSION

This systematic review and meta-analysis examined 23 real-world
observational studies that reported the effectiveness and/or safety
of BV as post-ASCT consolidation in patients with RRHL. Over half
of these studies followed BV dosing regimens similar to those
used in the Phase Il AETHERA trial [15, 42] and the BV prescribing
information [43]. In line with AETHERA [15, 42], some studies
included patients with at least one high-risk feature of HL, such as
primary refractory HL, initial remission duration of <12 months,
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Study ES [95% Cl] Weight, %

From time of transplant
Kort 2020 (19)

Marouf 2022 (23)
Munoz 2022 (36)
Damlaj 2023 (31)
Subtotal

—— 100.0[83.9-100.0] 3.24
—+  96.5[91.4-98.6] 15.89
—  95.1[92.1-97.0] 33.61
———  94.3[81.4-984] 5.49
4 96.3[94.2-98.0]" 58.23

From time of first BV dose
Flerlage 2019 (16)

100.0 [56.6-100.0]* 0.89
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b

Study ES [95% CI] Weight, %

From time of transplant
Kort 2020 (19)

Marouf 2022 (23)
Forlenza 2023 (27)
Subtotal

——% 100.0[83.9-100.0" 12.42
—  0957[90.2-98.1]"  16.78
—% 100.0[94.6-100.0] 15.92
4 99.0[947-100.01 45.12

Akay 2021 (20) —_— 88.0(78.7-93.6]  10.99
Massaro 2022b (26) ——  91.4[845-954]" 14.72 From time of first BV dose
Subtotal @ 925[87.5-96.5]"  26.60 Flerlage 2019 (16) 100.0 [56.6-100.0]*  6.67
Akay 2021 (20) — 74.7(63.8-83.1]  16.13

OS definition not reported Massaro 2022b (26) — 85.7 [77.8-91.1] 16.66
Patifio 2019 (33) ——— 94.3[84.6-98.1]" 8.5 Subtotal - 84.3[72.6-93.6]°  39.46
Massaro 2022a (25) 83.3[43.6-97.0]" 1.05
Michalka 2022 (35) ——+  94.9[83.1-98.6] 6.07 OS definition not reported
Subtotal @ 956[89.5-99.4] 1517 Patifio 2019(33) —_— 84.9[72.9-924]  15.42
Overall 4 95.8[93.7-97.6]  100.00 Overall <@ 937[845-99.3]  100.00
Heterogeneity: P = 0.35; 2=0% Heterogeneity: P < 0.001; 17 = 84%

T T T T T T T T T T T T

0 20 40 60 80 100 0 20 40 60 80 100

OS at 2 years, %

c Study

From time of transplant
Munoz 2022 (36)
Falade 2023 (37)
Forlenza 2023 (27)
Subtotal

From time of first BV dose

Flerlage 2019 (16) ————————

OS definition not reported
Patifio 2019 (33)

Overall

Heterogeneity: P < 0.001; /°= 87%
T

OS at 3 years, %

ES [95% CI] Weight, %

== 91.3[87.6-93.9]  25.64
& 920[87.7-949]  25.16

—% 100.0[94.6-100.0] 21.73
@ 951[889-989 7254

20.0 [3.6-62.4] 6.79

—_—

>

84.9 [72.9-92.1]" 20.67

91.9 [82.9-98.2]" 100.00

T T
0 20 40

T T
80 100

OS at 5 years, %

Fig. 3 Pooled estimates of OS rates at 2, 3, and 5 years of follow-up in all patients based on OS definition. a OS rates at 2 years of follow-
up. b OS rates at 3 years of follow-up. ¢ OS rates at 5 years of follow-up. *OS rates were estimated using Kaplan-Meier curves. BV brentuximab
vedotin, Cl confidence interval, ES effect size; NC not calculated, OS overall survival.

partial response or stable disease to most recent salvage therapy,
extranodal disease at relapse, B symptoms at relapse, or =2 prior
salvage therapies. However, AETHERA excluded patients with prior
BV exposure.

In this systematic review and meta-analysis, estimated PFS at 2-
and 5-years were 74% and 66%, respectively. These results align
with the findings from AETHERA of improved PFS (2- and 5-year
PFS of 63% and 59%, respectively), when compared with placebo
[15, 42]. Nevertheless, a direct comparison is challenging due to
varying patient characteristics in the real-world clinical setting. In
the included studies, where available, the proportion of patients
with primary refractory HL ranged from 7% to 79%, while in
AETHERA, 60% of evaluated patients were deemed primary
refractory [15]. Our analysis estimated high OS rates, with trends
persisting for up to 11 years. Patients who achieve a response to
salvage treatment prior to ASCT, particularly a CR, are likely to
have better survival rates compared with those who did not
achieve a response. In 12 studies, 28.3-100% of patients achieved
CR prior to ASCT, which to a certain extent may have contributed
to improved survival rates.

Our analysis reported improved PFS and OS rates in patients
with pre-ASCT BV exposure compared with those who were BV-
naive. This is in keeping with the conclusions from the European
Society for Blood and Marrow Transplantation retrospective
analysis of post-ASCT BV use, presented at the 2024 American
Society of Hematology Annual Meeting [44]. While a selection bias
of patients receiving pre-ASCT BV therapy cannot be excluded,
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this observation suggests a potential therapeutic advantage of
prior BV therapy. BV exposure may enhance the elimination of the
malignant clone or modify the tumor microenvironment, promot-
ing immune-mediated clearance of tumor cells and thereby
enhancing the effectiveness of subsequent treatments such as
immunotherapy or salvage chemotherapy and effective bridging
to ASCT [45, 46]. Additionally, BV has lower reported systemic
toxicity compared with traditional non-targeted chemotherapy,
thus improving overall treatment tolerability and potentially
enabling more aggressive interventions [47, 48].

The impact of achieving a PET negative CR could not be
assessed in the AETHERA trial as PET-CT was not mandatory. Our
analysis reported higher PFS rates in patients with negative pre-
ASCT PET-CT status compared with those with positive pre-ASCT
PET-CT status, highlighting the prognostic value of routine pre-
ASCT PET-CT assessment. A Phase I trial involving 105 patients
with HL reported improved event-free survival in those with
negative versus positive pre-ASCT PET-CT status, highlighting
imaging as a key tool for assessing response to salvage therapy
and guiding subsequent treatment decisions [49]. Since then,
additional studies have demonstrated the benefit of achieving
negative PET-CT status before ASCT [50, 51].

In AETHERA, patients received a median of 15 BV cycles (range:
1-16) once every 3 weeks [15]. Our analysis of real-world studies
reported a range of 1 to 16 post-ASCT BV cycles, with one study
utilizing 4 cycles. However, it was not feasible to calculate the
median number of BV cycles due to the lack of individual patient
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PFS rates in pre-ASCT BV-naive patients

Study ES [95% Cl] Weight, %
1 year

Akay 2021 (20) —_— 74.1[61.6-83.7] 41.80
Massaro 2022b (26) —_— 80.0 [67.6-88.4]" 40.14
Forlenza 2023 (27) ————+—  905[71.1-97.3] 18.05
Subtotal - 79.8[71.4-87.2]*  100.00
2 years

Akay 2021 (20) — 65.5[52.7-76.4]  51.32
Massaro 2022b (26) —_— 54.5[41.5-67.0] 48.68
Subtotal - 60.2 [51.0-69.2]  100.00
3 years

Akay 2021 (20) —_— 62.1 [49.2-73.4]  29.80
Massaro 2022b (26) —_— 54.5[41.5-67.0]  29.23
Forlenza 2023 (27) _— 71.4[50.0-86.2]  18.28
Martinez 2023 (29) —_—— 80.6 [63.7-90.8] 22.69
Subtotal - 66.1[54.5-76.9]*  100.00
5 years

Forlenza 2023 (27) R 57.1[36.5-75.5]  100.00
PFS rates in pre-ASCT BV-exposed patients

1 year

Akay 2021 (20) —_— 88.2[65.7-96.7]"  27.56
Massaro 2022b (26) —_— 745[61.7-84.2]  36.75

Forlenza 2023 (27) — 95.7[85.5-98.8] 35.69

Subtotal ——l»>  87.1(69.9-98.1]"  100.00
2 years
Akay 2021 (20) —_— 76.5[52.7-90.4]  23.97
Massaro 2022b (26) — 70.9[57.9-81.2]*  76.03
Subtotal - 72.5[61.2-82.5]*  100.00
3 years
Akay 2021 (20) —_— 76.5[52.7-90.4*  19.75
Massaro 2022b (26) _— 70.9[57.9-81.2] 28.36
Forlenza 2023 (27) —— 935(825-97.8] 27.30
Martinez 2023 (29) ——=—  90.3[75.1-96.7]  24.60
Subtotal —l 84.1[70.6-94.3]*  100.00
5 years
Forlenza 2023 (27) ——— 935(825-97.8]  100.00

T T T T T T

0 20 40 60 80 100

PFS, %

PFS rates in patients with positive pre-ASCT PET status

Study ES [95% Cl] Weight, %

1 year

Martinez 2023 (29) 81.3[57.0-93.4]" 100.00
2 years

Martinez 2023 (29) 81.3[57.0-93.4]" 100.00
3 years

Forlenza 2023 (27)
Martinez 2023 (29)
Subtotal

75.0 [53.1-88.8] 55.41
68.8 [44.4-85.8]"  44.59
72.3[56.0-86.2]*  100.00

_—

-—.

PFS rates in patients with negative pre-ASCT PET status

1 year

Martinez 2023 (29) ——— 935[82.5-97.8]" 100.00

2 years

Martinez 2023 (29) —_— 89.1 [77.0-95.3]" 100.00
3 years

Forlenza 2023 (27) —_— 92.3[83.2-96.7] 58.48
Martinez 2023 (29) —_— 89.1[77.0-95.3]" 41.52
Subtotal -~  91.1[84.8-959  100.00
5 years

Martinez 2023 (29) —_— 89.1[77.0-95.3] 100.00

T T T T T T T
40 50 60 70 80 90 100

PFS, %

C
OS rates in pre-ASCT BV-naive patients
Study ES [95% Cl] Weight, %
1 year
Akay 2021 (20) —=+ 06.6[88.3-99.0 51.32
Massaro 2022b (26) —_— 90.9 [80.4-96.1]*  48.68
Subtotal @ 9410887-97.9]"  100.00
2 years
Akay 2021 (20) —_— 86.2[75.1-92.8]  51.32
Massaro 2022b (26) —_— 85.5([73.8-92.4]  48.68
Subtotal . 2 85.8[78.7-91.8]°  100.00
3years
Akay 2021 (20) —_— 63.8[50.9-74.9]"  51.32
Massaro 2022b (26) —_— 76.4 [63.7-85.6] 48.68

Subtotal 70.1[61.2-78.3]*  100.00

OS rates in pre-ASCT BV-exposed patients

1 year
Akay 2021 (20) — & 94.1[73.0-99.0] 2397
Massaro 2022b (26) — 96.4[87.7-99.0]*  76.03
Subtotal @ 964[90.0-99.9]  100.00
2 years
Akay 2021 (20) — & 941[73.0-99.0] 23.97
Massaro 2022b (26) — 96.4[87.7-99.0]* 76.03
Subtotal @ 9.4[90.0-99.9"  100.00
3years

Akay 2021 (20) ———————  94.1[73.0-99.0] 23.97
Massaro 2022b (26) —% 96.4([87.7-99.0]  76.03
Subtotal @ 964[90.0-99.9" 100,00

T T T T T T
0 20 40 60 80 100

0S, %

Fig. 4 Pooled estimates of survival rates in patient subgroups at different time points during follow-up. a PFS rates in BV-naive and BV-
exposed patients; b PFS rates in patients with positive and negative PET status; ¢ OS rates in BV-naive and BV-exposed patients. ASCT
autologous stem cell transplantation, BV brentuximab vedotin, Cl confidence interval, ES effect size, OS overall survival, PET positron emission

tomography, PFS progression-free survival.

data. The lower number of BV cycles utilized in some real-world
studies may have been influenced by poor treatment tolerability
in patients, potentially resulting in a lower reporting of AEs.
Neuropathy and neutropenia were the most frequently reported
AEs in both this analysis and AETHERA [15]; however, the
incidence was substantially lower in this analysis (neuropathy,
34.2% vs. 56%; neutropenia, 20.6% vs. 35%). This difference should
be interpreted with caution due to the reliance of real-world
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studies on data from routine clinical practice, where AE reporting
may be less rigorous compared with controlled trial settings
dedicated to safety monitoring. Additionally, inconsistencies are
common in AE documentation within electronic health records
and claims databases used for real-world studies, contributing to
the underreporting of AEs.

This analysis has inherent limitations common to meta-analyses,
emphasizing caution in data interpretation. Literature research
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a Study ES [95% CI] Weight, %
Flerlage 2019 (16) * 0.0 [0.0-43.4]* 412
Patifio 2019 (33) e 35.5 [24.0-48.9] 11.67
Akay 2021 (20) —— 10.7 [5.5-19.7] 12.44
Fernandez 2021 (21) * 33.3[9.7-70.0] 4.63
Kedmi 2021 (22) — 0.0 [0.0-21.5]* 7.46
Massaro 2022b (26) ——— 8.6 [4.6-15.5]* 13.02
Michalka 2022 (35) —_—— 10.3 [4.1-23.6] 10.87
Damlaj 2023 (31) o— 0.0 [0.0-9.9] 10.55
Martinez 2023 (29) _— 21.0 [12.7-32.6] 12.04
Wagner 2023 (30) —_— 16.9 [11.2-24.7] 13.20
Overall ‘ 10.8 [4.7-18.5]* 100.00
Heterogeneity: P < 0.001; 12 = 77%

[ [ [ [ [
0 20 40 80 100
Patients with Grade 3—4 neuropathy, %

b Study ES [95% CI] Weight, %
Flerlage 2019 (16) ¢ 0.0 [0.0-43.4]" 6.12
Akay 2021 (20) —_—— 8.0 [3.7-16.4] 10.46
Fernandez 2021 (21) * 16.7 [3.0-56.4] 6.57
Kedmi 2021 (22) — 0.0 [0.0-21.5]* 8.47
Massaro 2022a (25) * 16.7 [3.0-56.4] 6.57
Massaro >~ 0.0 [0.0-3.5]* 10.63
2022b (26)

Michalka 2022 (35) —_—— 17.99.0-32.7] 9.95
Damlaj 2023 (31) _ 65.7 [49.2-79.2] 9.84
Forlenza 2023 (27) _—— 29.9 [20.2-41.7] 10.39
Martinez 2023 (29) e 16.1[9.0-27.2] 10.34
Wagner 2023 (30) b 6.8 [3.5-12.8] 10.67
Overall ‘ 12.4 [3.1-25.6]* 100.00

Heterogeneity: P < 0.001; 12 =91%

I I I
0 20 40

I I
80 100

Patients with Grade 3—4 neutropenia, %

Fig. 5 Pooled estimates of AEs in patients with RRHL treatment with BV as post-ASCT consolidation. a Incidence of Grade 3-4 neuropathy.
b Incidence of Grade 3-4 neutropenia. *Estimated. AE adverse event, ASCT autologous stem cell transplantation, BV brentuximab vedotin, Cl
confidence interval, ES effect size, NC not calculated, RRHL relapsed/refractory Hodgkin lymphoma.

was limited to specific databases and nine pre-determined
conferences, and the retrospective nature of most studies limits
causal conclusions and control of confounders. The methodolo-
gical quality of abstracts could not be determined due to
insufficient information. In studies where only a subset of patients
met the inclusion criteria, patient demographics and disease
characteristics were often inadequately reported for the patient
group of interest. Adult and pediatric patients could not be
analyzed separately due to a lack of distinct data, potentially
masking efficacy and toxicity differences. Variations in outcome
definitions across studies, and incomplete reporting of numerical
data for specific outcomes, necessitated assumptions and/or
calculations during data analysis, potentially introducing sources

Bone Marrow Transplantation (2025) 60:820 - 831

of bias and uncertainty. A key challenge in this analysis is the
limited availability of detailed and clear patient data, restricting
the ability to conduct subgroup analyses despite the large cohort
size. This limitation is particularly significant given the hetero-
geneous nature of the patient population, hindering analysis of
important variables, such as the role of BV consolidation in
patients with negative pre-ASCT PET-CT status, the potential
benefit of post-ASCT BV consolidation in patients previously
exposed to BV, and the efficacy of a shortened consolidation
regimen. To address these challenges, future studies should
prioritize the collection of comprehensive and high-quality patient
data, enabling more granular analysis of treatment effects.
Although BV consolidation therapy holds promise, ongoing
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vigilance and adaptation to the evolving treatment landscape is
crucial in optimizing patient care and improving clinical outcomes.
Further research is warranted to address these limitations and
provide more robust evidence for clinical decision-making.

Despite heterogeneity in study populations and outcomes, the
present analysis reaffirms the effectiveness and safety of BV as
post-ASCT consolidation in patients with RRHL in real-world
clinical practice, with comparable results to the experimental arm
of the AETHERA trial. Based on real world data spanning a decade
across multiple countries, our findings highlight the importance of
BV consolidation in optimizing treatment outcomes and its
robustness across diverse patient populations.

DATA AVAILABILITY

The datasets, including the redacted study protocol, redacted statistical analysis plan,
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with applicable privacy laws, data protection, and requirements for consent and
anonymization.
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