
 

 

 University of Groningen

Effectiveness of brentuximab vedotin monotherapy in relapsed or refractory Hodgkin
lymphoma
Plattel, Wouter J.; Bergamasco, Aurore; Trinchese, Fabrizio; Gavini, Francois; Bent-Ennakhil,
Nawal; Zomas, Athanasios; Castillon, Genaro; Arredondo-Bisono, Teigna; Cristarella, Tiffany;
Moride, Yola
Published in:
Leukemia & lymphoma

DOI:
10.1080/10428194.2021.1957865

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Plattel, W. J., Bergamasco, A., Trinchese, F., Gavini, F., Bent-Ennakhil, N., Zomas, A., Castillon, G.,
Arredondo-Bisono, T., Cristarella, T., Moride, Y., & von Tresckow, B. (2021). Effectiveness of brentuximab
vedotin monotherapy in relapsed or refractory Hodgkin lymphoma: a systematic review and meta-analysis.
Leukemia & lymphoma, 62(14), 3320-3332. https://doi.org/10.1080/10428194.2021.1957865

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

https://doi.org/10.1080/10428194.2021.1957865
https://research.rug.nl/en/publications/861c5da5-ae4e-4d85-a0fd-caac80e47d73
https://doi.org/10.1080/10428194.2021.1957865


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ilal20

Leukemia & Lymphoma

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ilal20

Effectiveness of brentuximab vedotin
monotherapy in relapsed or refractory Hodgkin
lymphoma: a systematic review and meta-analysis

Wouter J. Plattel, Aurore Bergamasco, Fabrizio Trinchese, François
Gavini, Nawal Bent-Ennakhil, Athanasios Zomas, Genaro Castillon, Teigna
Arredondo-Bisono, Tiffany Cristarella, Yola Moride & Bastian von Tresckow

To cite this article: Wouter J. Plattel, Aurore Bergamasco, Fabrizio Trinchese, François Gavini,
Nawal Bent-Ennakhil, Athanasios Zomas, Genaro Castillon, Teigna Arredondo-Bisono, Tiffany
Cristarella, Yola Moride & Bastian von Tresckow (2021) Effectiveness of brentuximab vedotin
monotherapy in relapsed or refractory Hodgkin lymphoma: a systematic review and meta-analysis,
Leukemia & Lymphoma, 62:14, 3320-3332, DOI: 10.1080/10428194.2021.1957865

To link to this article:  https://doi.org/10.1080/10428194.2021.1957865

© 2021 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

View supplementary material 

Published online: 29 Jul 2021. Submit your article to this journal 

Article views: 976 View related articles 

View Crossmark data Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=ilal20
https://www.tandfonline.com/loi/ilal20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10428194.2021.1957865
https://doi.org/10.1080/10428194.2021.1957865
https://www.tandfonline.com/doi/suppl/10.1080/10428194.2021.1957865
https://www.tandfonline.com/doi/suppl/10.1080/10428194.2021.1957865
https://www.tandfonline.com/action/authorSubmission?journalCode=ilal20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ilal20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10428194.2021.1957865
https://www.tandfonline.com/doi/mlt/10.1080/10428194.2021.1957865
http://crossmark.crossref.org/dialog/?doi=10.1080/10428194.2021.1957865&domain=pdf&date_stamp=2021-07-29
http://crossmark.crossref.org/dialog/?doi=10.1080/10428194.2021.1957865&domain=pdf&date_stamp=2021-07-29
https://www.tandfonline.com/doi/citedby/10.1080/10428194.2021.1957865#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/10428194.2021.1957865#tabModule


REVIEW

Effectiveness of brentuximab vedotin monotherapy in relapsed or refractory
Hodgkin lymphoma: a systematic review and meta-analysis

Wouter J. Plattela, Aurore Bergamascob, Fabrizio Trinchesec, François Gavinic, Nawal Bent-Ennakhilc,
Athanasios Zomasc, Genaro Castillond, Teigna Arredondo-Bisonob, Tiffany Cristarellad , Yola Morided,e,f

and Bastian von Tresckowg,h

aUniversity Medical Center Groningen, University of Groningen, Groningen, The Netherlands; bYOLARX Consultants, Paris, France;
cTakeda Pharmaceuticals International AG, Zurich, Switzerland; dYOLARX Consultants, Montreal, Canada; eFaculty of Pharmacy,
Universit�e de Montr�eal, Montreal, Canada; fRutgers, The State University of New Jersey, New Brunswick, NJ, USA; gDepartment of
Hematology and Stem Cell Transplantation, West German Cancer Center, University Hospital Essen, University of Duisburg-Essen,
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ABSTRACT
This systematic review and meta-analysis aimed to determine the effectiveness of brentuximab
vedotin (BV) in relapsed/refractory classical Hodgkin lymphoma (R/R cHL) in the clinical practice
setting using most recent results. A total of 32 observational studies reporting on treatment pat-
terns, overall response rate (ORR), complete response (CR) rate, progression-free survival (PFS),
overall survival (OS), and adverse events were found. After four cycles, a random-effect model
yielded pooled ORR and CR rates of 62.6% (95% confidence interval (CI): 56.0–68.9; I2¼ 9.7%)
and 32.9% (95% CI, 20.8–46.3, I2¼ 64.8%), respectively. Regarding survival, 1-year, 2-year, and 5-
year PFS ranged from 52.1% to 63.2%, 45.2% to 56.2%, and 31.9% to 33.0%, respectively. OS
rates were 68.2–82.7%, 58.0–81.9%, and 58.0–62.0%, respectively. Most common adverse events
were hematological toxicities (neutropenia: 13.3–23%, anemia: 8.8–39.0%, and thrombocyto-
penia: 4–4.6%), and grade �3 peripheral neuropathy (3.3–7.3%). This study supports the effect-
iveness and safety of BV in R/R cHL patients in the real-world setting.
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Introduction

Hodgkin lymphoma (HL) is a cancer of the lymphatic
system characterized by the presence of Reed-
Sternberg cells [1]. Although modern chemotherapy
and radiotherapy regimens have made HL one of the
most curable malignancies, 10–15% of early stage and
20–30% of advanced stage patients experience relapse
after the initial treatment [2]. Only 50% of patients
with relapsed or refractory classical Hodgkin lymph-
oma (R/R cHL) achieve a prolonged complete remis-
sion with high-dose chemotherapy and autologous
stem cell transplantation (ASCT) [3], representing an
important unmet medical need.

Brentuximab vedotin (BV, ADCETRISVR ), an anti-CD30
antibody drug conjugate, was shown to be effective

and well-tolerated for the treatment of R/R cHL. In a
pivotal phase II trial, the overall response rate (ORR)
was 75% and complete response (CR) was observed in
34% of patients [4]. Previous meta-analyses compared
these results to the activity of other drug therapies or
experimental agents used for R/R cHL in the post
ASCT setting and found that BV was superior to other
therapies in terms of CR and overall survival (OS) [5,6].
In these analyses, BV data originated from the pivotal
phase II trial only. Similar findings to the pivotal phase
II trial were since obtained in observational studies;
however, due to limited sample size (51–196 patients
treated with BV), effectiveness estimates lacked preci-
sion [7,8]. To enhance the strength of evidence on the
effectiveness of BV in the clinical practice setting for
the treatment of R/R cHL in the adult population (age
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�18 years), a systematic review of observational stud-
ies was undertaken, followed by a meta-analysis of
effectiveness outcomes.

Methods

The systematic review was conducted according to a
protocol developed a priori and registered in PROSPERO
(CRD42020173134).

Systematic review

Three sources of information were used: (i) literature
search; (ii) pragmatic searches of web sources; and (iii)
screening of reference list of retained studies (i.e.
snowballing). Search period covered the past 10 years
(1 January 2010 to 6 February 2020). The literature
search was conducted in Ovid MEDLINE, Embase, and
Web of Science using free-text keywords and the-
saurus terms (i.e. MeSH and Emtree terms, respect-
ively, for MEDLINE and Embase). Pragmatic searches
involved a review of websites of relevant learned or
clinical societies and related conference proceedings.
Sources identified were screened independently by
two reviewers (with conflicts resolved by a third inde-
pendent assessor) using the following pre-defined
inclusion criteria: (i) observational (non-interventional)
studies including registries and case series; (ii) studies
that included adult patients (age �18 years) with R/R
cHL; (iii) sample size �20 patients; (iv) studies that
reported effectiveness outcomes of BV used as a single
agent; (v) original studies, conference proceedings,
abstracts, reviews, or meta-analyses; (vi) publications
written in English, French, or Spanish. Expert opinions,
editorials, non-clinical studies, phase I–III clinical trials,
and case reports were excluded. Data of interest were
patterns of BV use, ORR, CR rate, progression-free sur-
vival (PFS), OS, and adverse events. Data extraction was
conducted independently by two assessors (with con-
flicts resolved by a third) and the data extraction form
was piloted prior to the start of data extraction. The
review was conducted according to the methods pro-
posed by the Cochrane group [9] and the Institute of
Medicine (IOM) of the National Academy of Medicine
(NAM) [10]. The methodological quality of retained full-
text publications was assessed using the Joanna Briggs
Institute (JBI) critical appraisal tools for original studies
[11]. To be considered of good methodological quality,
studies were required to meet at least seven of the cri-
teria from the checklist for cohort studies (11 items) or
for case series (10 items). Owing to insufficient informa-
tion, the methodological quality of studies published as
abstracts only could not be determined.

Meta-analysis

For each effectiveness outcome of interest (ORR, CR,
PFS, and OS), a qualitative assessment of the clinical
and methodological heterogeneity of retained studies
was conducted. Statistical heterogeneity was quanti-
fied through the I2 statistics, which is the percentage
of variation across studies that is due to heterogeneity
rather than chance. According to the Cochrane recom-
mendations, when the I2 exceeds 50%, heterogeneity
is considered substantial, and estimates should not be
pooled [12]. When heterogeneity exceeded the thresh-
old, alternative subgroups analyses based on study
design, populations, or BV treatment schedule were
explored. Primary meta-analyses included studies of
good methodological quality only. Two sets of sensi-
tivity analyses were conducted: the first included stud-
ies of good and moderate quality, and the second
included previous estimates as well as those published
as abstracts only. When appropriate, estimates were
pooled using a random effects model. The presence of
publication bias was determined using a funnel plot.
All statistical analyses were performed using MetaXL,
version 5.3 [13].

Results

Search results

The selection of sources through the different phases
of the search is presented in the PRISMA flowchart
(Figure 1). The literature search yielded 2460 sources,
of which 114 were retained for in-depth review. There
were 103 sources that were further excluded at this
stage for reasons listed in Figure 1. Pragmatic searches
and snowballing yielded 21 additional sources. Data
were thus abstracted from 32 sources (13 original
studies, 17 abstracts, one letter to the editors, and one
website). The majority of studies originated from
Europe (n¼ 24; 75.0%). Countries covered included
France (n¼ 3), Germany (n¼ 2), Greece (n¼ 2), Italy
(n¼ 4), Poland (n¼ 2), the United Kingdom (UK)
(n¼ 5), and other countries (n¼ 6; Bulgaria, Czech
Republic, Portugal, Slovakia, and Sweden). The remain-
der were from North America (n¼ 4; 12.5%, all from
the United States) and Asia (n¼ 3; 9.4%, one from
Kazakhstan, one from Japan and one from Taiwan).
Also, a multiregional study conducted in six national
centers was identified (countries not specified). Patient
populations were relatively homogenous across stud-
ies. Specifically, the median age ranged between
27 years and 45.7 years, and most studies included a
majority of patients who underwent ASCT prior to

BRENTUXIMAB IN R/R HODGKIN LYMPHOMA 3321



initiating BV. In the few studies that reported the
Eastern Cooperative Oncology Group (ECOG) perform-
ance status, most patients had a score �2. A summary
of study characteristics is presented in Table 1. Details
regarding patient populations are summarized in
Table 2.

Patterns of BV use in R/R cHL patients

According to 26 sources that reported patterns of BV
usage in R/R cHL patients (n¼ 18 [22] to 241 patients
[29]), BV was used as a single agent after a median of
3 prior regimens (range: 2–4). Dosing regimen was
1.8mg/kg every three weeks and the median number
of BV cycles administered ranged from 4 [18,32,35] to
8 [7,14,16,20].

Treatment response

To evaluate treatment response, most studies relied
on positron emission tomography (PET) or computed

tomography (CT) scans, with most centers using either
technique depending on availability. Also, a majority
of studies based this assessment on the 2007 revised
response criteria for malignant lymphoma from the
International Working Group [44] while a minority of
studies considered the Lugano Classification (2014)
[20,39]. Across studies, response was typically assessed
after several cycles of BV treatment, ranging from two
cycles to the end of treatment.

Based on results reported in 24 studies, the ORR of
BV in R/R cHL patients ranged from 46.6% [26] to
84.0% [19]. In these studies, the study populations
were representative of patients who are eligible to BV,
according to the approved indication. Specifically, the
proportion of patients who received previous ASCT
ranged from 25.5% [24] to 100% [8,17,36] and 37.5%
[27] to 81% [42] patients had refractory HL, defined as
stable or progressive disease during first-line or sal-
vage chemotherapy. However, almost half studies
(n¼ 10; 41.7%) did not provide any details regarding
the distribution of patients according to relapse or

Figure 1. PRISMA flowchart of search results. DEF: data extraction form; WoS: Web of Science.
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refractory status. Lower estimates of ORR (20.6% [31]
to 40.0% [35]) were reported in case series from
France [29], Italy [35], Portugal [31], and the UK [32].
In the case series from France (n¼ 241) and Portugal
(n¼ 34), the estimates of ORR after 2–4 cycles of BV
were within the previously reported range (58% [29]
and 67% [31], respectively). However, at the end of
treatment with BV, the ORR was 32% in France
(median number of BV cycles ¼ 6, range: 1–16) [29]
and 20.6% in Portugal (median number of BV cycles
¼ 7.5) [31]. In the case series from Italy (n¼ 30) [35]
and the UK (n¼ 26) [32], BV was evaluated as a bridge
to ASCT for R/R cHL patients who achieved a subopti-
mal response to salvage treatment, with reported ORR
estimates of 40.0% and 38.5%, respectively, after
four cycles.

According to 22 studies, 21.1% [41] to 45.8% [21]
R/R cHL patients treated with BV achieved CR. Lower
estimates (14.3% [42] to 16.7% [21,22]) were found in
four case series that included either small sample sizes
(n¼ 21 [27], n¼ 24 [30], and n¼ 18 [22]) or covered a
specific population [31]. Conversely, in a conference
proceeding that reported on a study conducted at the
Memorial Sloan Kettering Cancer Center (MKSCC) in
the United States, 13 (61.9%) of the 21 R/R cHL
patients who received BV post-ASCT relapse achieved
CR [38].

Out of the 26 studies that reported estimates of
ORR or CR, there were 12 full-text publications. These
were considered for the meta-analysis and the qualita-
tive assessment of clinical and methodological hetero-
geneity revealed no major differences across those 12
studies. In all studies, patients received BV in mono-
therapy, and the majority of patients (range: 50% [21]
to 87.5% [27]) had advanced disease (stage III or IV)
and a previous ASCT (range: 33.3% [22] to 100%
[8,36]). As the time period for the assessment of treat-
ment response varied across studies, three subgroups
were defined: (i) assessment after four cycles; (ii)
assessment after 4–6 cycles; and (iii) assessment after
more than six cycles. Seven of these 12 studies were
deemed of good methodological quality
[8,14,15,20,22,28,36] and were included in the primary
meta-analysis while the remaining five studies were of
moderate methodological quality and hence, were
only considered for the sensitivity analyses
[16,21,26,27,41]. In addition, there were 14 studies
which consisted of abstracts or conference proceed-
ings that were included in a second set of sensitivity
analyses [17–19,23–25,29–32,34,38,39,42].

Pooled estimates of ORR according to the number
of BV cycles are summarized in Figure 2 with detailsTa
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Table 2. Patient characteristics in studies included in the systematic review on the effectiveness and safety of BV in R/R cHL
patients (N¼ 32).
Study reference Age distribution Comorbidities ECOG PS Prior SCT

Europe (n¼ 24)
Angelopoulou et al. [14] Median: 33 years NR NR ASCT: 70% (n¼ 67)

Allo-SCT: 2.1% (n¼ 2)
Bazarbachi et al. [15] Median: 30 years (19–59) NR NR ASCT: 77.2% (n¼ 142)
Brockelmann et al. [16] Mean: 66.7 ± 11.7 years Mean Charlson

Comorbidity
Index: 2.3 ± 2.0

0: 2.2% (n¼ 3) NR
1: 35.3% (n¼ 48)
2: 51.5% (n¼ 70)
3: 8.8% (n¼ 12)
4: 0.7% (n¼ 1)

Chavda et al. [17] Median: 34 years (range, 19–65) NR NR ASCT: 100%
Czyz et al. [18] Median: 33 years (range, 18–68) NR NR ASCT: 36.2% (n¼ 34)
Czyz et al. [19] NR NR NR ASCT: 100%
Gandolfi et al. [20] Median: 33.4 years

(range, 18.2–79.4)
NR 0: 60.5% (n¼ 26 ASCT: 60.5% (n¼ 26)

1: 39.5% (n¼ 17)
Garciaz et al. [21] Median: 35 years (range, 20–60) NR 0–1: 95.8% (n¼ 23) ASCT: 41.7% (n¼ 10)

Allo-SCT: 16.7%
Gibb et al. [22] NR NR NR ASCT: 33% (n¼ 6)
Goranova-Marinova et al. [23] Mean: 40.7 ± 13.1 years NR NR ASCT: 70.3% (n¼ 45)
Ionova et al. [24] Median: 28 years (range, 18–67) NR 0–1: 82% (n¼ 45) ASCT: 25.5% (n¼ 14)
Jansson et al. [25] Median: 41 years (range, 17–78) NR NR ASCT: 43.6% (n¼ 17)

ASCTþ allo-SCT: 7.7% (n¼ 3)
Kr�al et al. [26] Median: 30.5 years

(range, 20.0–53.0)
NR NR ASCT: 91.4% (n¼ 53)

1 ASCT: 79.3% (n¼ 46)
2 ASCT: 12.1% (n¼ 7)
Allo-SCT: 12.1% (n¼ 7)

Ladicka et al. [7] Median: 38.8 years NR NR NR
Monjanel et al. [27] Median: 35 years (range, 20–69) NR NR ASCT: 87.5% (n¼ 28)

Allo-SCT: 15.6% (n¼ 5)
Pellegrini et al. [28] Median: 35.4 years

(range, 18.0–79.0)
NR 0: 60.5% (n¼ 26) ASCT: 69.8% (n¼ 163)

1: 39.5% (n¼ 17)
Perrot et al. [29] Median: 34 years (range, 17–79) Pre-existent

peripheral
neuropathy:
8% (n¼ 20)

0–1: 81% (n¼ 196) At least 1 SCT: 61% (n¼ 147)
2 SCT: 36% (n¼ 87)
Allo-SCT: 16% (n¼ 39)

Piddock et al. [30] Median: 40 years (range, 21–77) NR NR ASCT: 27.3% (n¼ 9)
Pierdomenico et al. [31] Median: 34.5 years (range, 23–69) NR NR SCT: 64% (n¼ 22)
Sarma et al. [32] Median: 36 years (range, 23–63) NR NR ASCT: 11.5% (n¼ 3)
Tsirigotis et al. [33] Median: 31 years (range, 19–68) NR NR ASCT: 100%
Viviani et al. [34] Median: NR NR ASCT: 55.6% (n¼ 25)

ASCT-ineligible: 38 years
(range, 20–76)

Failed ASCT: 39 years
(range, 16–64)

Zagadailov et al. [8] Mean: 45.7 ± 15.4 years NR >1: 75.5% (n¼ 148) ASCT: 100%
Zinzani et al. [35] Median: 27 years NR NR 0%
North America (n¼ 4)
Badar et al. [36] Median at time of ASCT: 35 years

(range, 19–73)
NR NR ASCT: 100%

Houk et al. [37] Median: 34 years (range, 17–80) NR NR ASCT: 72.1% (n¼ 31)
Allo-SCT: 23.3% (n¼ 10)

Rajeeve et al. [38] Median: 40 years (range, 21–66) NR NR ASCT: 100%
Svoboda et al. [39] Median: 31 years (range, 18–76) NR NR 0%
Asia-Pacific (n¼ 2)
NCT02139592 [40] Mean: 56.7 ± 19.8 years Hepatic disorder:

8.8% (n¼ 25)
0: 40.1% (n¼ 114) ASCT: 15.1% (n¼ 43)

Renal disorder:
7.0% (n¼ 20)

1: 36.6% (n¼ 104) Allo-SCT: 3.2% (n¼ 9)
2: 11.3% (n¼ 32) ASCTþ allo-SCT: 4.2% (n¼ 12)
3: 6.7% (n¼ 19)
4: 5.3% (n¼ 15)

Tien et al. [41] Median: 28 years (range, 18–85) NR NR ASCT: 60.0% (n¼ 12)
Central Asia (n¼ 1)
Jazyltayeva et al. [42] Mean: 34.5 years (range, 20–69) NR NR NR
Multi-regions (n¼ 1)
Karuturi et al. [43] NR NR NR ASCT: 100%

Allo-SCT: allogeneic stem cell transplant; ASCT: autologous stem cell transplant; ECOG PS: Eastern Cooperative Oncology Group Performance Status; NR:
not reported; SCT: stem cell transplant.
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provided in Supplementary Table 1. The pooled esti-
mate was 62.6% (95% confidence interval (CI),
56.0–68.9; I2¼ 9.5%) after four cycles, 66.7% (95% CI,
58.5–74.5; I2¼ 43.9%) after 4–6 cycles and 72.0% (95%
CI, 49.3–90.4, I2¼ 92.5%) after more than six cycles.
Pooled estimates originating from good and moderate
quality studies (sensitivity analysis 1) as well as those
including data published as abstracts (sensitivity ana-
lysis 2) were similar to results of the main meta-ana-
lysis, thus confirming the robustness of findings
(Supplementary Table 2). Also, as shown in the funnel
plot (Figure 2(D)), the distribution of studies around
the average estimate is relatively symmetrical, there-
fore, suggesting no or minor publication bias.

Pooled estimates of CR are summarized in Table 3
and in Figure 3. Results from the primary meta-ana-
lysis were 32.9% (95% CI, 20.8–46.3, I2¼ 64.8%), 32.4%
(95% CI, 24.3–41.1; I2¼ 49.3%), and 33.4% (95% CI,
13.0–57.3, I2¼ 92.9%), respectively, for each subgroup

of cycles. Despite the substantial statistical heterogen-
eity (I2>50%) associated with two pooled estimates,
both sensitivity analyses led to similar pooled esti-
mates (Table 4). According to the funnel plot pre-
sented in Figure 3(D), there was no or minor
publication bias.

Survival in R/R cHL patients treated with BV

A total of 18 sources documented PFS in R/R cHL
patients treated with BV. Twelve studies (66.7%) defined
this parameter as the median duration from BV initiation
until disease progression, relapse, or death from any
cause, with estimates ranging from 5 [34] to 16.6 [26]
months. Other measures of PFS identified included 1-
year PFS (two studies, 52.1% [16], and 63.2% [26]), 2-
year PFS (three studies, 45.2% [26], 51% [18], and 56.2%
[19]), 3-year PFS (one study, 36.7% [20]), and 5-year PFS
(two studies, 31.9% [28] and 33.0% [25]).

Figure 2. Meta-analysis of overall response rates. (A) Forest plot of estimates of overall response rates after 4 cycles of treatment
with BV (1st subgroup); (B) forest plot of estimates of overall response rates after 4–6 cycles of treatment with BV (2nd subgroup);
(C) forest plot of estimates of overall response rates after 6 or more cycles of treatment with BV (3rd subgroup); (D) funnel plot
of full-text publications reporting overall response rate estimates (n¼ 12 publications).

Table 3. Pooled estimates of complete response.

Subgroups

Primary analysis (full-text publications of good methodological quality)

Number of studies (R/R cHL
patients treated with BV) Pooled CR (95% CI) Heterogeneity statistics

1st subgroup (CR after 4 cycles) 3 (n¼ 295) 32.9% (20.8–46.3) I2¼64.8% (95% CI: 0–89.9)
Cochran’s Q¼ 5.7; p¼.05

2nd subgroup (CR after 4–6 cycles) 4 (n¼ 353) 32.4% (24.3–41.1) I2¼49.3% (95% CI: 0–83.2)
Cochran’s Q¼ 5.9; p¼.12

3rd subgroup (CR after 6 or more cycles) 2 (n¼ 291) 33.4% (13.0–57.3) I2¼92.9% (95% CI: 76.4–97.9)
Cochran’s Q¼ 14.1; p¼.0002

BV: brentuximab vedotin; CI: confidence interval; CR: complete response; R/R cHL: relapsed/refractory classical Hodgkin lymphoma.
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Nine full-text publications that reported estimates of
the median PFS were considered for the meta-analysis.
The qualitative assessment of clinical heterogeneity
revealed no major differences across studies. However,
in all these studies, only point estimates of PFS were
reported. Therefore, a meta-analysis could not be con-
ducted due to the lack of information on the distribution
of data (i.e. interquartile range, 95% CI).

A total of 18 publications reported estimates of OS
in R/R cHL patients treated with BV, with five report-
ing median OS: 17.8 [16], 26.5 [14], 33.2 [42], 57.0 [33],
and 91.5 months [43]. The lowest estimate was found
in a case series of 136 R/R cHL patients ineligible to
ASCT identified in Germany and the UK [16] and, the
highest estimate was reported in a conference pro-
ceeding describing patients treated with BV following
a relapse after ASCT over a median follow-up period
of 49.4 months [43]. In four studies, median OS was
not reached. In these studies, follow-up periods fol-
lowing BV initiation were 14 months (range: 1–36)
[34], 16 months [29], 18.1 months (range: 1.5–26.3)
[41], and 55 months [28]. Other studies reported esti-
mates of 1-year OS (six studies, range: 68.2% [16] to
82.7% [15,16,26,29,31,40]), 2-year OS (seven studies,
range: 58.0% [29] to 81.9% [14,18,19,26,29,34,41]), 3-
year OS (two studies, 41% [26] and 74.6% [20]), 5-year
OS (three studies, range: 58% [43] to 62.0% [25]), and
10-year OS (one study, 33.0%) [43].

Among full-text publications, the most commonly
reported parameter was median OS (n¼ 3 studies).

Hence, the qualitative assessment of clinical hetero-
geneity was conducted for these three studies only as
for other estimates data were scarce with only one
study each reporting 1-year OS [15], 2-year OS [14],
and 3-year OS [20]. The qualitative assessment of
study methods and populations revealed no major
heterogeneity. However, since the two studies deemed
of good methodological quality [14,33] used different
definition of OS, no meta-analysis could be conducted.
The first defined OS as the time from BV initiation to
death of any cause [14] while the second defined it as
the time from relapse/progression after ASCT until
death of any cause or last follow-up [23].

Safety of BV in R/R cHL patients

A total of 12 studies reported safety data on BV in R/R
cHL patients. The most common adverse events, as
obtained from medical charts or disease registries,
consisted of hematological toxicities: Neutropenia
(13.3% [35] to 23% [29] patients), anemia (8.8% [16] to
39.0% [29]), and thrombocytopenia (4% [18] to 4.6%
[8]). Occurrence of peripheral neuropathy in BV-treated
patients was reported in 11 sources. The estimated
frequency of grade 1 or 2 peripheral neuropathy, as
identified in a disease registry, was 36.2%, [26], and
that of grade 3 or higher found in medical charts
(details not provided) ranged from 3.3% [35] to 7.3%
[28]. As reported in an Italian series of 234 patients,
resolution or improvement of peripheral neuropathy

Figure 3. Meta-analysis of complete response rates. (A) Forest plot of estimates of complete response after 4 cycles of treatment
with BV (1st subgroup); (B) forest plot of estimates of complete response after 4–6 cycles of treatment with BV (2nd subgroup);
(C) forest plot of estimates of complete response after 6 or more cycles of treatment with BV (3rd subgroup); (D) funnel plot of
full-text publications reporting complete response estimates (n¼ 12 publications).
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was observed in 90% of patients with a median time
to resolution or improvement of 12 weeks [28].

Discussion

This review identified 32 observational studies that
reported on the effectiveness or safety of BV used as a
single agent in R/R cHL patients, which enables syn-
thesis of evidence without the inclusion of clinical trial
results. The dosing regimen of BV used in the clinical
practice setting is aligned with that used in the pivotal
phase II trial and the recommendations included in
the summary of product characteristics [4]. In addition,
reported estimates of treatment response measured
using the ORR, CR, PFS, and OS are consistent with
results reported in the pivotal trial, even though
patients treated in the real-world clinical practice set-
ting may include subgroups of patients with a worse
prognosis. In the pivotal phase II trial, the ORR was
75%, which is similar to the pooled estimate of 72.0%
after more than six cycles found in the present meta-
analysis. Similar results were observed for the CR rate
(34% in the clinical trial versus 33.4% in the meta-ana-
lysis) [4]. In the pivotal phase II trial, the study popula-
tion was restricted to patients with an ECOG
performance status score of 0 or 1, while some obser-
vational studies included patients with ECOG PS 2 or
higher [16,24]. Also, patients with previous allogeneic
SCT were excluded from the trial, whereas several
studies identified in the systematic review included
patients with such history of transplantation
[14,21,25–27,29,37]. In four case series, lower estimates
of ORR were reported (20.6% [31] to 40.0%
[29,31,32,35]). However, these results may be
explained by characteristics of the study populations
(i.e. heavily pretreated patients refractory to previous
salvage treatments or patients ineligible to ASCT due
to the persistence of the disease). Similarly for CR rate,
lower estimates reported in four case series (14.3%
[42] to 16.7% [22,30]) can be explained by small sam-
ple sizes (n¼ 21 [42], n¼ 24 [30], and n¼ 18 [22]) or
specific patient populations (heavily pretreated
patients who received a median of four prior regimens
and were refractory to previous salvage therapies
[31]). Of note, the majority of studies retained in this
review assessed treatment response based on the
2007 International Working Group criteria, while these
criteria have been updated in 2014, known as the
Lugano Classification. Despite safety data being rela-
tively scarce in the literature, results were consistent
with those reported in the pivotal phase II trial. The
most common BV-related adverse events observed inTa
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the real-world clinical practice setting were neutro-
penia, anemia, thrombocytopenia, and peripheral
neuropathy. For the latter, most patients had grade 1
or 2 toxicity and only a minority experienced grade 3
or 4 adverse events.

Similar results were observed in two previous
reviews conducted by Zinzani et al. [45,46], in which
the pooled ORR and CR rates were 67% and 26%,
respectively. In these studies, only BV data originating
from published reports of the BV Named Patient
Program, up to the year 2015 were included whereas
in the current review a larger scope was considered.
Specifically, the search period spanned through the
year 2019 and various study designs such as retro-
spective and prospective cohort studies as well as
case series were considered. Also, in previous reviews,
the timing of response evaluation was not considered
in the pooled analyses of ORR and CR rates, while in
the current review pooled estimates were stratified
according to timing of evaluation of treatment
response or the mean/median number of BV cycles
received by patients, following a formal assessment of
clinical heterogeneity. In addition, Dada et al. [47] also
conducted a systematic review and meta-analysis to
evaluate the impact of BV on outcomes in pretreated
patients with R/R cHL. Based on this meta-analysis, the
pooled ORR and CR rates were 62.7% and 31.8%,
respectively. In this review, both observational studies
and clinical trials published between 2012 and 2015
were included. The current review therefore offers an
update of findings on BV treatment response using
only real-world evidence data obtained in observa-
tional studies.

This review presents several strengths. First, the
methodological quality of studies was evaluated using
validated assessment tools based on expert critical
review. Second, the screening and data extraction
processes were performed independently by two
reviewers with discrepancies resolved by a third inde-
pendent assessor. Third, this review includes data on
the use of BV in the real-world setting over more than
a decade (1996–2019), therefore, supporting its effect-
iveness in clinical practice. Finally, sensitivity analyses
led to estimates that were similar to those obtained in
the primary analyses which demonstrates the robust-
ness of results.

Several limitations of this review should be consid-
ered. First, identified studies were mostly those that
led to publications in the scientific literature and that
have been indexed in MEDLINE, Embase, or Web of
Science using pre-defined MeSH terms and keywords.
To mitigate this limitation, pragmatic searches, as well

as snowballing were conducted. Another limitation
consisted of the absence of pooled estimates for sur-
vival outcomes for which a meta-analysis was not feas-
ible due to the heterogeneous definitions considered
for OS and the lack of data on the distribution of
median PFS estimates. In order to address this limita-
tion, additional efforts including contacts with corre-
sponding authors of publications reporting PFS
estimates were conducted. However, no additional
data regarding interquartile ranges or 95% CIs of
median PFS estimates were available, and analysis
could therefore not be conducted. Third, while the
current review focused on the use of BV in R/R cHL
alone, recent guidelines recommend its use in combin-
ation with other chemotherapy regimens such as
doxorubicin, vinblastine, and dacarbazine in the first-
line setting or as consolidation after ASCT [48,49].
Moreover, BV is also being used as a combination
partner for salvage chemotherapy at first relapse in
patients eligible for ASCT [50–54]. This use of BV in
earlier lines limits the generalizability of our current
findings [55], although retreatment with BV in patients
who have previously obtained a response has been
shown [54,56]. In addition, as the main focus of this
review was to evaluate the effectiveness of BV in the
real-life practice setting, safety data were relatively
scarce and originated from studies which were not
aimed to explore this outcome.

According to identified observational studies, cover-
ing a total of 2303 R/R cHL patients, reported esti-
mates of treatment response measured through ORR,
CR, PFS, and OS were consistent with those reported
in the pivotal phase II trial as were safety results des-
pite the fact that observational studies include
broader and more heterogeneous populations.
Specifically, in studies that were conducted in the clin-
ical practice setting, patients with a worse prognosis
or higher risk cHL than those included in the phase II
trial could be included (i.e. patients with ECOG PS 2 or
higher, patients who failed allogeneic SCT, patients
ineligible for transplant). As a consequence, although
lower estimates of ORR or CR may sometimes be
reported in these specific populations, this study sup-
ports the effectiveness and safety of BV in R/R cHL
patients in the real-world setting.
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