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Summary

Background After autologous haematopoietic stem-cell transplantation (HSCT), consolidation with brentuximab
vedotin in patients with high-risk relapsed or refractory classic Hodgkin lymphoma has been shown to improve
progression-free survival compared with placebo. Brentuximab vedotin plus nivolumab is a safe and effective
treatment for relapsed or refractory classic Hodgkin lymphoma; therefore, we aimed to evaluate the safety and activity
of this drug combination post-autologous HSCT consolidation in patients with high-risk relapsed or refractory classic
Hodgkin lymphoma.

Methods We did a multicentre phase 2 trial at five centres in the USA. Eligible patients were aged 18 years or older
with high-risk relapsed or refractory classic Hodgkin lymphoma, had an ECOG performance status of 0-2, and had
adequate organ and bone marrow function. Enrolled patients received brentuximab vedotin (1-8 mg/kg) and
nivolumab (3 mg/kg) intravenously starting 30-60 days after autologous HSCT on day 1 of each 21-day cycle for up to
8 cycles. Nivolumab dose reduction was not allowed. Brentuximab vedotin dose reduction to 1-2 mg/kg was permitted.
If one drug was discontinued because of a toxic effect, the other could be continued. The primary endpoint was
18-month progression-free survival in all treated patients. This study is registered with ClinicalTrials.gov, number
NCT03057795.

Findings Between May 3, 2017, and July 13, 2019, 59 patients were enrolled and received the study therapy. Patients
initiated brentuximab vedotin plus nivolumab for a median of 54 days (IQR 46-58) after autologous HSCT and
received a median of 8 cycles (8-8). 34 (58%) of 59 patients were male, 29 (49%) completed 8 cycles of brentuximab
vedotin plus nivolumab, and 45 (76%) completed 8 cycles of at least one drug. The median follow-up time was
29-9 months (IQR 24-6-34-8). The 18-month progression-free survival in all 59 patients was 94% (95% CI 84-98).
The most common adverse events were sensory peripheral neuropathy (31 [53%] of 59) and neutropenia (25 [42%)]),
and immune-related adverse events requiring corticosteroids occurred in 17 (29%) of 59 patients. No treatment-
related deaths were observed.

Interpretation Brentuximab vedotin plus nivolumab was highly active post-autologous HSCT consolidation for
patients with high-risk relapsed or refractory classic Hodgkin lymphoma, most of whom had previous exposure to
either brentuximab vedotin or PD-1 blockade. Combination immunotherapy in this setting should be further studied
in patients with classic Hodgkin lymphoma with further refinement of the regimen to mitigate toxic effects,
particularly in high-risk patients in whom more intensive therapy to prevent relapse is warranted.

Funding Bristol Myers Squibb, Leukemia and Lymphoma Society, Lymphoma Research Foundation, and National
Cancer Institute of the National Institutes of Health.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.

Introduction

The standard treatment for patients with relapsed or
refractory classic Hodgkin lymphoma is salvage therapy
followed by autologous haematopoietic stem-cell
transplantation (HSCT)." Autologous HSCT results in
durable remission in about half of patients with relapsed
or refractory classic Hodgkin lymphoma, but a majority of
patients with high-risk features will relapse.’? The

AETHERA trial’ showed that post-autologous HSCT
consolidation with brentuximab vedotin for a planned
16 cycles prolonged progression-free survival compared
with placebo in patients with high-risk relapsed or
refractory classic Hodgkin lymphoma undergoing
autologous HSCT. Brentuximab vedotin has been
studied as initial and salvage treatment for classic Hodgkin
lymphoma, and is approved for frontline use in
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Research in context

Evidence before this study

At the time this study was designed, salvage treatment
followed by consolidation with high-dose chemotherapy and
autologous haematopoietic stem-cell transplantation (HSCT)
remained the standard-of-care treatment for patients with
relapsed or refractory classic Hodgkin lymphoma. The AETHERA
trial showed that brentuximab vedotin consolidation following
autologous HSCT significantly improved progression-free
survival in patients with high-risk relapsed or refractory classic
Hodgkin lymphoma compared with placebo, but opportunities
for improvement remained. Brentuximab vedotin plus
nivolumab had been evaluated as combination salvage therapy
for patients with relapsed or refractory classic Hodgkin
lymphoma and were determined to be safe and effective in this
setting. On April 6, 2016, and again on Dec 15, 2016, we
searched PubMed using the search terms “nivolumab”,
"brentuximab vedotin”, “Hodgkin lymphoma”, “autologous
stem cell transplantation”, "hematopoietic cell transplantation”,
and “consolidation”; we found no published evidence for the
combination of brentuximab vedotin plus nivolumab. We also
searched ClinicalTrials.gov with the same search terms and on
the same dates and found no active clinical trials evaluating this
combination as consolidation after autologous HSCT in
patients with relapsed or refractory classic Hodgkin lymphoma.

Added value of this study

Our study showed that brentuximab vedotin plus nivolumab
(up to 8 cycles as opposed to 16 cycles of brentuximab
vedotin in AETHERA) used as post-autologous HSCT

advanced-stage classic Hodgkin lymphoma.*” As a result,
brentuximab vedotin is increasingly used before
autologous HSCT and its role for consolidation in these
patients is unclear since AETHERA did not include
patients with previous brentuximab vedotin exposure.
Moreover, the long duration of brentuximab vedotin
consolidation is associated with peripheral neuropathy,
which might lead to early discontinuation and decreased
quality of life.*®

Classic Hodgkin lymphoma exhibits genetic alteration
of PD-L1 and PD-L2 on chromosome 9p24.1, which
results in ubiquitous expression of programmed death
receptor ligands (PD-L1, PD-L2) on Hodgkin Reed-
Sternberg cells and have a key role in the pathogenesis of
the disease.” PD-1 blockade in patients with relapsed or
refractory classic Hodgkin lymphoma is safe and active,
producing objective responses in a majority of patients
and has been shown to be effective as part of salvage
therapy."™ In patients with relapsed or refractory classic
Hodgkin lymphoma undergoing autologous HSCT, 8
cycles of PD-1 blockade was well tolerated and associated
with promising outcomes.*

Brentuximab vedotin has been combined with
nivolumab in patients with newly diagnosed and relapsed
or refractory classic Hodgkin lymphoma with a majority of
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consolidation was associated with good progression-free
survival in a high-risk cohort of patients with relapsed or
refractory classic Hodgkin lymphoma, a majority of whom
had received previous brentuximab vedotin or PD-1 blockade
without progression on therapy. The AETHERA study had only
enrolled patients who were naive to brentuximab vedotin and
PD-1 blockade. The safety profile of brentuximab vedotin and
nivolumab in the post-autologous HSCT consolidation
setting was consistent with the known safety profiles of the
combination when used in other settings, although
immune-related toxic effects were more frequent.

Implications of all the available evidence

This study provides evidence that a shorter, intensified course
of consolidation with novel immunotherapies after
autologous HSCT can yield excellent outcomes in patients
with high-risk relapsed or refractory classic Hodgkin
lymphoma undergoing autologous HSCT. In the modern era,
brentuximab vedotin and PD-1 blockade are frequently used
in earlier lines of therapy before autologous HSCT and our
study suggests that post- autologous HSCT consolidation
with brentuximab vedotin and nivolumab is applicable to
patients who have previous exposure but did not progress
while receiving novel immunotherapies. Refinement of the
approach is needed, but our findings suggest that further
evaluation of this combination immunotherapy as
consolidation is warranted to improve outcomes in patients
with high-risk relapsed or refractory classic Hodgkin
lymphoma undergoing autologous HSCT.

patients responding and a favourable safety profile.** We
hypothesised that brentuximab vedotin plus nivolumab
post-autologous HSCT consolidation in patients with
relapsed or refractory classic Hodgkin lymphoma would
be safe and associated with favourable progression-free
survival. Our primary goal was to improve outcomes of
post-HSCT consolidation by adding a PD-1 blockade to
brentuximab vedotin while also minimising the cumulative
toxic effects of brentuximab vedotin by using a planned
8 cycles (the previously studied duration of anti-PD-1
monotherapy post-HSCT consolidation).” In this Article,
we report the primary analysis of brentuximab vedotin
plus nivolumab consolidation after autologous HSCT in
patients with high-risk relapsed or refractory classic
Hodgkin lymphoma.

Methods
Study design and participants
We did a multicentre phase 2 trial at five centres in the
USA (City of Hope, University of Texas MD Anderson
Cancer Center, Fred Hutchinson Cancer Research Center,
Mayo Clinic, and Hackensack University Medical Center;
appendix p 7).

Eligible patients were 18 years or older, had histologically
confirmed classic Hodgkin lymphoma, and had one or

See Online for appendix
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more high-risk features, including primary refractory
classic Hodgkin lymphoma, relapsed classic Hodgkin
lymphoma within 1 year of completing initial therapy,
extranodal involvement or B symptoms at relapse, or
more than one salvage regimen used before autologous
HSCT. Patients had to have reached at least stable disease
by PET-CT before autologous HSCT and had to be
brentuximab vedotin naive or have reached at least stable
disease to previous brentuximab vedotin. Other inclusion
criteria were an ECOG performance status of 0-2, recovery
from autologous HSCT toxicity (outpatient status, no
requirement for intravenous fluids, oral intake tolerated),
absolute neutrophil count of 1000 cells per pL or more,
platelet count of 50000 cells per pL or more, haemoglobin
of 8 g/dL or more, total bilirubin of 1-5xupper limit of
normal (ULN) or less or 3x ULN for patients with Gilbert
syndrome, aspartate aminotransferase (AST) or alanine
aminotransferase (ALT) of 2-5xULN or less, forced
expiratory volume in 1 s and diffusing capacity for carbon
monoxide of 50% or more of predicted, and creatinine
clearance of 40 mL/min or more. Post-autologous HSCT
consolidative radiation was allowed if administered before
study therapy. Patients with progressive disease while
receiving previous brentuximab vedotin or PD-1 blockade
were excluded. Patients with grade 2 or worse peripheral
neuropathy, previous allogeneic HSCT, recent live
vaccination, active HIV, hepatitis B or C infection, CNS
involvement by lymphoma, history of progressive
multifocal leukoencephalopathy, previous pneumonitis or
interstitial lung disease, autoimmune diseases,
immunodeficiency, severe hypersensitivity to either
brentuximab vedotin or nivolumab, other primary
malignancy not in remission for at least 3 years, ongoing
active infection or wuncontrolled illness, or recent
myocardial infarction, unstable angina, congestive heart
failure, or recent cerebrovascular event were excluded.
Women who were pregnant or lactating were excluded,
and women of childbearing potential were required to
have a negative pregnancy test because the safety of
brentuximab vedotin and nivolumab in pregnancy was
not established.

Patients underwent autologous HSCT according to
institutional standards and had to have received less than
600 mg/m?2 of carmustine in the preparative regimen.
All patients provided written informed consent for
participation in the clinical trial. The study was approved
by the Institutional Review Board and done in accordance
with the principles of the Declaration of Helsinki. The
study protocol is available in the appendix (pp 10-114).

Procedures

Patients received 1-8 mg/kg brentuximab vedotin and
3 mg/kg nivolumab intravenously on day 1 of each 21-day
cycle for up to 8 planned cycles. Protocol therapy started
30-60 days after autologous HSCT, although treatment
initiation was allowed as late as 75 days after autologous
HSCT if extra time was needed to recover from HSCT

toxicities. Nivolumab dose reduction was not allowed.
Brentuximab vedotin dose reduction to 1-2 mg/kg was
permitted according to protocol-specified guidelines. Post-
autologous HSCT infectious prophylaxis for Pneumocystis
jirovecii pneumonia and herpes simplex viruses was
required.

Safety was monitored continuously, with toxic effects
assessed using the Common Terminology Criteria for
Adverse Events (version 4.03), and monitoring
continuously occurred for excess unacceptable toxic
effects (eg, grade =3 immune-related adverse events,
grade 4 neutropenia without timely resolution).
Laboratory assessment of blood counts, serum chemistry
(including amylase and lipase) occurred on day 1 of each
cycle, except thyroid function testing, which occurred
every 3 cycles. PET-CT (diagnostic CT allowed if patient
was in complete response before autologous HSCT) was
done at least 21 days after autologous HSCT and within
28 days of enrolment, after 4 cycles of brentuximab
vedotin plus nivolumab, at end of treatment after 8 cycles,
and then at 12 and 18 months from start of protocol
therapy. Response assessment was done by investigators
according to the 2014 Lugano classification without
central review.” Criteria for removal from the study
included relapse or progression, completion of 8 cycles
of treatment, unacceptable toxicity, withdrawal of
consent, or a change in the participant’'s condition
rendering them unacceptable for further treatment per
investigator.

We analysed formalin-fixed paraffin-embedded tumour
samples obtained at initial relapse and at relapse after
study treatment wusing seven-colour multispectral
immunofluorescence to examine the density of and spatial
relationships between immune cells, immune checkpoint
proteins, and tumour cells in the classic Hodgkin
lymphoma tumour microenvironment (appendix pp 8-9).

Outcomes
The primary endpoint was 18-month progression-free
survival; defined as the time from treatment start to
relapse, progression, or death. Secondary endpoints were
overall survival (defined as time from treatment start to
death), cumulative incidences of relapse and progression
(defined according to the 2014 Lugano classification) and
non-relapse mortality (defined as the time to death
without relapse and progression), the overall response
rate (defined as partial or complete metabolic response)
to brentuximab vedotin plus nivolumab in patients with
measurable disease after autologous HSCT, and safety
and tolerability. Additional non-prespecified analyses
were conducted. Progression-free survival according to
the number of risk factors is reported, and outcomes in
patients by PET status before autologous HSCT, receipt
of previous PD-1 blockade, and completion of study
treatment were analysed.

Exploratory analyses were planned for the effect of
brentuximab vedotin plus nivolumab on immune
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62 patients consented

3 excluded
—» 2 withdrew consent
Lineligible®

59 screened, enrolled, and treated with brentuximab vedotin
plus nivolumab

14 terminated all treatment before
completing 8 cycles
6 due to toxic effects
6 refused further treatment
1 lost to follow-up
1died from Pneumocystis jirovecii

A

45 completed 8 cycles of treatment with at least one agentt

v

59 patients followed-up and were evaluable for the primary
endpoint

Figure 1: Trial profile

*Ineligible due to development of interstitial pneumonia after consent before
screening. 129 (49%) of 59 patients completed 8 cycles of both brentuximab
vedotin plus nivolumab.

reconstitution and the prognostic effect of peripheral
blood minimal residual disease assessment, chromosome
9p24.1 abnormalities, or gene expression profiles. These
exploratory analyses are not reported in this Article, as
they have not been done to date either due to changes in
the field (eg, methods of minimal residual disease
assessment) or due to the few progression-free survival
events observed that limit our statistical power and ability
to draw meaningful conclusions.

Statistical analysis
Patients who received one or more doses of the protocol
treatment were considered evaluable for the primary
endpoint and secondary endpoints. A sample size of
59 evaluable patients was based on the provision of
approximately 81% power for detecting an increase in
18-month progression-free survival from the baseline of
65% observed in the brentuximab vedotin group of
AETHERA to 80% with brentuximab vedotin plus
nivolumab at a one-sided type I error of 0-05 based on
the exact binomial test. Brentuximab vedotin plus
nivolumab consolidation would be considered promising
if at least 45 (76%) of 59 evaluable participants were alive
and progression free at 18 months after enrolment.
Baseline characteristics were summarised using
descriptive statistics. Toxic effects were reported according
to type, severity, and the probable association with the
study regimen. Adverse events were deemed immune
related by the treating investigator. Response rates were
calculated as the percentage of evaluable patients that
had an objective response by radiographic imaging.

www.thelancet.com/haematology Vol 10 January 2023

Brentuximab vedotin
plus nivolumab (n=59)

Sex
Male
Female
Age
Race and ethnicity*
White
Black or African American
Asian
Not disclosed or unknown
Hispanic
Primary refractory
Relapse within 1 year
Late relapse
B symptoms at relapse
Extranodal disease at relapse
Two or more salvage regimens
Stage at relapse
-l
-1V
Disease status at HSCT
Complete response
Partial response
Disease status at baseline
Complete response
Partial response
Modified AETHERA risk factorst
1

23
Frontline regimen
ABVD
ABVD + MOPP
BV + AVD
ABVE + PC
Previous radiation
Previous brentuximab vedotin
Previous PD-1 blockade
HSCT conditioning regimen
BEAM
Vorinostat or GemBuMel
Other

34 (58%)
25 (42%)
30(23-39)

47 (80%)
%)
%)
12%)
29%

7
3(5
3(5
7(
17 (29%)
19 (32%)
34 (58%)
6 (10%)
14 (24%)
23 (39%)
15 (25%)

32 (54%)
27 (46%)

48 (81%)
11 (19%)

53 (90%)
6 (10%)

21 (36%)
24 (41%)
14 (24%)

Data are n (%) or median (IQR). ABVD=doxorubicin (Adriamycin), bleomycin,
vinblastine, and dacarbazine. ABVE + PC=doxorubicin (Adriamycin), bleomycin,
vincristine, etoposide plus prednisone and cyclophosphamide. BEAM=carmustine,
etoposide, cytarabine, and melphalan. BV + AVD=brentuximab vedotin plus
doxorubicin (Adriamycin), vinblastine, and dacarbazine. GemBuMel=gemcitabine,
busulfan, and melphalan. HSCT=haematopoietic stem-cell transplantation.
MOPP=mechlorethamine, vincristine, procarbazine, and prednisone. *One (2%) of
59 patients reported race as White and Black or African American; therefore, the
total is greater than 59 and total percentage is greater than 100. tOne (2%) of

59 patients had two known risk factors and missing data for B symptoms, and is

included as having two risk factors.

Table 1: Baseline characteristics
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A
90
80
~ 704
S
= 60+
5 50
©
S 40
o 30
209 — overall survival
10+ — Progression-free survival
0 T T T T T T T 1
0 6 12 18 24 30 36 42 48
Number at risk
(number censored)
Overallsurvival 59 (0)  54(4)  53(5) 51(7) 47(11) 28(30) 12(46) 5(53) 0(58)
Progression-free survival 59 (0) 54 (4) 52(6) 48(8) 44(11) 26(29) 12(43) 5(50) 0(55)
B
100 —Hi — T g .
90- S B i e f
80
~ 704
S
= 60+
3 50+
©
S 40
o 30
204 —— One risk factor
— Two risk factors
10— Three or more risk factors
0 T T T T T T T 1
0 6 12 18 24 30 36 42 48
Number at risk Time (months)
(number censored)
Oneriskfactor 21(0) 19(2) 18(3) 18(3) 17(3) 10(10) 6(14) 2(18) 0(20)
Tworisk factors 24 (0)  22(1) 21(2) 20(3) 19(4) 10(13) 3(20) 1(22) 0(23)
Three or more risk factors 14 (0) 13(1) 13(1) 10 (2) 8(4) 6(6) 3(9) 2(10) 0(12)

Figure 2: Progression-free survival and overall survival outcomes

(A) Progression-free survival and

overall survival in all treated patients (n=59). (B) Progression-free survival

according to number of risk factors.

e18

Progression-free survival and overall survival were
censored at the last contact for patients without failure
events, except if the patient received non-protocol
treatment before failure events, in which case progression-
free survival was censored at the start of non-protocol
treatment. Survival estimates were calculated based on the
Kaplan-Meier product-limit method, 95% CIs were
calculated using the log-log transformation and the
Greenwood variance estimate. Cumulative incidences of
relapse and progression and non-relapse mortality were
estimated by the non-parametric estimators in the
competing risks setting, where death and relapse and
progression events were treated as competing risks.

All calculations were done using SAS (version 9.4).
Trial data were locked for analysis in December 2021.
This study is ongoing and is registered with ClinicalTrials.
gov, number NCT03057795.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Between May 3, 2017, and July 13, 2019, a total of
59 patients were enrolled and received the study therapy
(figure 1). Baseline characteristics are presented in table 1.
The median age was 30 years (IQR 23-39); 53 (90%) of
59 patients had primary refractory or early relapsed
classic Hodgkin lymphoma, 48 (81%) were in complete
response, and 11 (19%) patients were in partial response
by PET-CT following salvage at autologous HSCT,
38 (64%) had two or more risk factors, 30 (51%) patients
had received previous brentuximab vedotin, and 25 (42%)
had received previous PD-1 blockade (appendix p 6). The
most used salvage regimen before autologous HSCT was
ifosfamide, carboplatin, and etoposide (25 [42%)] of 59;
appendix p 3). No patients received post-autologous
HSCT consolidative radiation before brentuximab
vedotin plus nivolumab. Patients initiated brentuximab
vedotin plus nivolumab for a median of 54 days
(IQR 46-58) after autologous HSCT. The median number
of cycles received was 8 (IQR 8-8). 34 (58%) of 59 patients
were male, 29 (49%) completed 8 cycles of both
brentuximab vedotin and nivolumab, and 45 (76%)
completed 8 cycles of at least one study drug.

Six (10%) of 59 patients were not in complete response
at baseline after autologous HSCT before starting
brentuximab vedotin plus nivolumab; all six patients
were in partial response by PET-CT. Following brentux-
imab vedotin plus nivolumab consolidation, five (83%) of
the six patients not in complete response after autologous
HSCT converted to complete response and one (17%)
remained in partial response until experiencing
progressive disease 16 months after study enrolment.
The median follow-up time in all surviving patients
was 29-9 months (IQR 24-6-34-8). The 18-month
progression-free survival in all 59 patients was 94%
(95% CI 84-98) and the study met its primary endpoint
with 47 (80%) patients alive and progression free,
four (7%) patients with progression-free survival events,
and eight (14%) patients censored (at 19 months, based on
variability of scan timing). The 24-month progression-
free survival for the 59 patients was 92% (95% CI 81-97)
and the 24-month overall survival was 98% (95% CI
88-100; figure 2A). The 24-month progression-free
survival according to the number of risk factors was 94%
(95% CI 67-99) in patients with one risk factor (n=21),
96% (73-99) in patients with two risk factors (n=24), and
85% (51-96) in patients with three or more risk factors
(n=14; figure 2B). A total of four progression-free survival
events were reported, including three patients with
classic Hodgkin lymphoma relapse at 14-9, 15-6, and
18-1 months after enrolment, and one death due to
P jirovecii pneumonia at 5-4 months. Two relapses were
confirmed by biopsy; one relapse was not biopsy-proven
(this patient was symptomatic and imaging recurrence
was in the same locations [cervical, mediastinal, and lung]
as previously biopsy-proven classic Hodgkin lymphoma).
No significant associations were reported between PET
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Grade1l Grade2 Grade3 Grade4
Sensory peripheral 24 (41%) 5 (8%) 2(3%) O
neuropathy
Neutrophil count decreased 3(5%) 4(7%) 12(20%) 6(10%)
Fatigue 19 (32%) 3(5%) 0 0
Diarrhoea 13(22%) 2 (3%) 23%) O
White blood cell decreased 8(14%) 3 (5%) 4(7%)  1(2%)
Arthralgia 10 (17%) 5(8%) 0 0
Aspartate aminotransferase 8(14%) 5(8%) 1(2%) O
increased
Nausea 11(19%) 2(3%) 12%) O
Myalgia 9(15%) 2 (3%) 1(2%) O
Alanine aminotransferase 7 (12%) 2(3%) 2(3%) O
increased
Dyspnoea 8(14%) 3(5%) 0 0
Motor peripheral neuropathy 6 (10%) 4 (7%) 12%) O
Maculopapular rash 8(14%) 2(3%) 12%) O
Abdominal pain 508%) 5(8%) 0 0
Lymphocyte count decreased 2 (3%) 4 (7%) 3(5%) O
Pneumonitis 12%) 4 (7%) 4(7%) O
Vomiting 7(12%) 2(3%) 0 0
Chills 8(14%) 0 0 0
Anaemia 6(10%) O 1(2%) O
Fever 6(10%) 1(2%) 0 0
Platelet count decreased 508%) O 1(2%) 1(2%)
Pruritus 6(10%) 1(2%) 0 0
Cough 6(10%) 0 (0] 0
Headache 6(10%) 0 0 0
Blood bilirubin increased 2(3%) O 2(3%) O
Lipase increased 2(3%) O 2(3%) O
Colitis 0 12%) 12%) O
Cytokine release syndrome 0 0 1(2%) O
Eggerthella lenta pneumonia 0 0 12%) 0
Hyperglycaemia 0 0 12%) O
Respiratory failure 0 0 0 1(2%)
Syncope 0 0 12%) O
Data are n (%). Data are for all exposed patients (n=59). Grade 1 or 2 adverse
events occurring in at least 10% of patients and all grade 3 or worse adverse
events are shown. No treatment-related grade 5 adverse events occurred.
Table 2: Adverse events (worse grade) with a possible or higher
attribution to brentuximab vedotin or nivolumab, or both

status before autologous HSCT, receipt of previous PD-1
blockade, completion of all 8 cycles of both brentuximab
vedotin plus nivolumab, or completion of 8 cycles
of at least one drug and progression-free survival
(appendix pp 1, 5). The 24-month cumulative incidence of
relapse and progression was 5-7% (95% CI 1-5-14); the
24-month cumulative incidence of non-relapse mortality
was 1-8% (0-14-8-4).

Complete early discontinuation of study treatment
(both brentuximab vedotin and nivolumab) occurred in
14 (24%) of 59 patients after a median of 4 cycles (IQR 3-5)
of treatment. The reasons for complete discontinuation
included toxic effects (n=6; pneumonitis [n=3], abdominal

www.thelancet.com/haematology Vol 10 January 2023

Gradel Grade2 Grade3 Grade4

Aspartate aminotransferase 3 (5%) 58%) 12%) O

increased

Pneumonitis 1(2%) 4 (7%) 3(5%) O

Alanine aminotransferase 3 (5%) 2(3%) 3(5%) O

increased

Maculopapular rash 5(8%) 1(2%) 1(2%) 0

Hypothyroidism 1(2%) 3(5%) O 0

Blood bilirubin increased 2 (3%) 0 2(3%) O

Alkaline phosphatase 1(2%) 0 0

increased

Laryngitis 0 12%) O 0

Pharyngitis 0 12%) O 0

Viral hepatitis 0 12%) O 0

Immune-related veno- 0 12%) O 0

occlusive disease

Colitis 0 1(2%) O

Diarrhoea 0 0 1(2%) O

Pruritus 0 1(2%) O 0

Increased thyroid stimulating 0 12%) 0 0

hormone

Cytokine release syndrome 0 0 1(2%) O

Respiratory failure 0 0 0 1(2%)
Data are n (%). Data are for all exposed patients (n=59). Adverse events with
identical terms in tables 2-3 were not all considered to be immune-related
adverse events; therefore, numbers might differ between tables 2 and 3.
Table 3: Allimmune-related adverse events (worse grade) listed in order
of frequency

pain [n=1], myalgia [n=1], and rash [n=1]), voluntary
patient withdrawal (n=6; withdrawal after pneumonitis
[n=1], logistical reasons [n=5]—eg, returning to college),
lost to follow-up (n=1), and death from P jirovecii
pneumonia (n=1; figure 1). Among patients with voluntary
withdrawal or who were lost to follow-up, all intended
doses of brentuximab vedotin and nivolumab had been
administered until the time of discontinuation except
one patient who received 3 cycles total with nivolumab
discontinued after 1 cycle due to increased bilirubin. Early
discontinuation of brentuximab vedotin with continuation
of nivolumab occurred in eight (14%9) of 59 patients after
a median of 5-5 cycles (IQR 2-5-6-5), due to grade 3
peripheral neuropathy (n=2), grade 2 peripheral neuro-
pathy (n=2), carpal tunnel syndrome (n=1), gastrointestinal
adverse events (n=2), and infusion-related reaction (n=1).
Of the five patients who discontinued early due to
peripheral neuropathy or carpal tunnel syndrome,
three (60%) received previous brentuximab vedotin. A
similar proportion of patients with previous brentuximab
vedotin exposure compared with brentuximab vedotin
naive patients completed all 8 cycles of brentuximab
vedotin (18 [60%] of 30 vs 18 [62%] of 29). Early
discontinuation of nivolumab with continuation of
brentuximab vedotin occurred in seven (12%) of
59 patients after a median of 3 cycles (IQR 1-4), due to
pneumonitis (n=2), colitis (n=1), elevated bilirubin (n=1),
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abnormal aminotransaminases (n=1), pneumonia with
elevated creatinine (n=1), and hypotension with fever
(n=1). Brentuximab vedotin dose reduction to 1-2 mg/kg
occurred in 11 (19%) of 59 patients, due to peripheral
neuropathy (n=9), neutropenia (n=1), and arthralgia
(n=1). Adverse events related to brentuximab vedotin plus
nivolumab consolidation are listed in table 2. The most
frequent adverse events were sensory peripheral
neuropathy (31 [53%] of 59), neutropenia (25 [42%)]),
fatigue (22 [37%]), diarrhoea (17 [29%)]), arthralgia
(15 [25%)]), nausea (14 [24%)), elevated AST (14 [24%)]), and
myalgia (12 [20%)]). The most frequent grade 3 or worse
adverse events were neutropenia (18 [31%] of 59) and
pneumonitis (four [7%]). The most common immune-
related adverse events (any grade) are listed in table 3,
including elevated AST (nine [15%] of 59), pneumonitis
(eight [14%]), elevated ALT (eight[14%]), rash (seven [12%]),
hyperbilirubinaemia (four [7%]), and hypothyroidism
(four [7%]). Immune-related adverse events requiring
systemic corticosteroids occurred in 17 (29%) of
59 patients (appendix p 4). Of the 25 patients with
previous anti-PD-1 exposure, two (8%) had immune-
related adverse events requiring corticosteroids,
compared with 15 (44%) of 34 patients with no previous
anti-PD-1 exposure who developed immune-related
adverse events requiring steroids. Among eight patients
with immune-related pneumonitis (three with grade =3),
the median time to onset was 2-7 months (IQR 2-3—4-2)
after initiating brentuximab vedotin plus nivolumab,
seven patients required corticosteroids, and pneumonitis
resolved in all cases. The unacceptable toxicity monitoring
threshold was never met throughout the study. One death
due to P jirovecii pneumonia was reported in the study;
this patient was non-compliant with the prescribed
trimethoprim plus sulfamethoxazole prophylaxis.

Of the three patients with relapse after brentuximab
vedotin plus nivolumab consolidation, one (33%) patient
(relapsed about 10 months after last dose of brentuximab
vedotin plus nivolumab) had paired baseline and relapse
tissue for evaluation. Multispectral immunofluorescence
showed increased density of PD-1"CD8* T-cells, CD163*
macrophages, NK cells, B cells, and PD-L1* Reed-
Sternberg cells, and decreased density of PD-1'CD4*
T-cells and plasma cells between the baseline and post-
progression biopsies (appendix p 2).

Discussion

Brentuximab vedotin plus nivolumab consolidation
resulted in an 18-month progression-free survival of
94% in patients with high-risk relapsed or refractory
classic Hodgkin lymphoma undergoing autologous
HSCT. Intensifying consolidation by adding nivolumab to
brentuximab vedotin yielded promising activity despite a
shorter planned duration of therapy (8 cycles vs 16 cycles).
The overall rate of sensory peripheral neuropathy was
similar to AETHERA (51% vs 56%), although grade 3 or
worse peripheral neuropathy occurred less frequently.’

More toxic effects were observed in our study than in
those using brentuximab vedotin plus nivolumab in the
pre-HSCT setting, including a higher rate of immune-
related adverse events requiring systemic cortico-
steroids.”** Notably, most patients in the study cohort had
received previous brentuximab vedotin or PD-1 blockade,
suggesting that these results are applicable to patients
who have pervious exposure to but have not progressed on
novel immunotherapies.

The randomised AETHERA study showed that
brentuximab vedotin consolidation led to a sustained
improvement in progression-free survival compared with
placebo in patients with high-risk relapsed or refractory
classic Hodgkin lymphoma, suggesting that brentuximab
vedotin consolidation prevented relapses that would have
occurred otherwise? We built on this conceptual
framework by adding nivolumab to brentuximab vedotin
with the goal of further improving outcomes; our phase 2
study met its primary endpoint with efficacy that
compared favourably with post- autologous HSCT
outcomes in prospective or retrospective studies,
including AETHERA.>** PD-1 blockade monotherapy has
also been previously studied as consolidation after
autologous HSCT, with a planned 8 cycles of
pembrolizumab resulting in an 18-month progression-
free survival of 82% and a similar rate of immune-related
toxicity (40% grade =2 immune-related adverse events) as
our study.* The activity we observed after brentuximab
vedotin plus nivolumab consolidation in our higher risk
study cohort compares favourably with pembrolizumab
consolidation.

The allowance of previous exposure to brentuximab
vedotin or PD-1 blockade is a key difference between our
study and AETHERA, which is the only other prospective
study of brentuximab vedotin consolidation and which
only enrolled patients who were naive to brentuximab
vedotin and PD-1 blockade.”” Patients in the pembro-
lizumab consolidation study were allowed to have received
previous novel immunotherapies, although the proportion
of patients with previous brentuximab vedotin and anti-
PD-1 exposure was lower (20% for each) than in our
cohort.* In the modern era, brentuximab vedotin and
PD-1 blockade are frequently used in earlier lines of
therapy before autologous HSCT, which complicates the
current applicability of the AETHERA results and the
use of brentuximab vedotin consolidation.”"***2 A
retrospective study showed favourable outcomes with
brentuximab vedotin consolidation in patients with high-
risk relapsed or refractory classic Hodgkin lymphoma,
70% of whom had received brentuximab vedotin as
salvage therapy® Also, retreatment with brentuximab
vedotin or PD-1 blockade in patients with relapsed or
refractory classic Hodgkin lymphoma who were previously
sensitive has been shown to be effective.?” The good
progression-free survival we observed supports the use of
consolidation with novel agents in patients who meet
high-risk criteria and have not progressed on previous
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brentuximab vedotin or PD-1 blockade. Therefore, a
patient who responds to brentuximab vedotin or PD-1
blockade, or both, during salvage before autologous
HSCT would be a reasonable candidate for post-HSCT
consolidation with brentuximab vedotin plus nivolumab.
The toxicity profile of brentuximab vedotin plus
nivolumab consolidation after autologous HSCT differed
from what has been observed with the combination in
other settings, with reduced tolerability of a full course of
therapy.”* Infusion-related reactions were infrequent with
post- autologous HSCT consolidation, possibly due to the
immunosuppression observed after myeloablative chemo-
therapy with autologous HSCT. A higher rate of immune-
related adverse events requiring systemic corticosteroids
was observed with post-autologous HSCT consolidation
compared with the pre-transplantation setting, which
might result from introducing PD-1 blockade while the
immune system is remodelling after autologous HSCT.
This finding is similar to other trials of checkpoint
blockade after autologous HSCT in which immune-related
adverse events were observed at similar or higher rates."*
Fewer immune-related adverse events requiring
corticosteroids were observed in patients with previous
exposure to PD-1blockade. However, the anti-PD-1 exposed
patients were a selected population since patients with
previous immune-related adverse events related to anti-
PD-1 therapy were unlikely to be enrolled to the study. The
rate of grade 3 or worse neutropenia (30%) was similar to
AETHERA (29%) but higher than pembrolizumab post-
autologous HSCT consolidation (10%). The rate of
pneumonitis after brentuximab vedotin plus nivolumab
consolidation was 15%, which is similar to the rate of
pulmonary toxicity observed after pembrolizumab
consolidation (13%) and within the range of pneumonitis
incidence observed following high-dose chemotherapy
regimens containing carmustine.*? Although nivolumab,
brentuximab vedotin, and carmustine are all associated
with pneumonitis, no clear signal of increased pulmonary
toxicity was observed with brentuximab vedotin plus
nivolumab consolidation after BEAM (carmustine,
etoposide, cytarabine, and melphalan) autologous HSCT.
45 (76%) of 59 patients completed all eight cycles of at
least either brentuximab vedotin or nivolumab, but only
about half of patients completed all planned cycles of
brentuximab vedotin plus nivolumab. More than one-
third of the patients who discontinued both brentuximab
vedotin and nivolumab did so due to logistical reasons;
overall it was a minority of patients who discontinued all
therapy due to toxic effects. A more aggressive dose
management protocol or even fewer cycles might
improve tolerability in future studies. Decreasing the
number of cycles would also reduce the considerable
financial burden of the regimen, although the fewer
planned cycles of brentuximab vedotin helps balance the
cost relative to AETHERA. An advantage to using
brentuximab vedotin plus nivolumab consolidation as
opposed to either brentuximab vedotin or PD-1 blockade
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alone is the ability to discontinue one agent that is being
poorly tolerated while continuing the other.

Despite the excellent outcomes we observed, our study
has limitations. We designed our study using the
AETHERA results as a historical comparison and,
therefore, mirrored the AETHERA study eligibility criteria
for our trial of brentuximab vedotin plus nivolumab.
However, since these studies were done in different eras
with different salvage therapies available and different
response criteria used, important differences exist in the
study populations that must be acknowledged. Although
the inclusion of patients with previous exposure to
brentuximab vedotin or PD-1 blockade is more reflective of
modern practice, the exclusion of patients who had
progressed while receiving brentuximab vedotin or PD-1
blockade might have excluded unfavourable patients from
our study. Data with novel frontline or salvage regimens
suggest such patients represent less than 20% of those
treated and excluding these patients from the potential
toxicity of repeating a therapy they are resistant to was
logical %2 By requiring only one high-risk factor to
meet study eligibility in the modern era in which novel
salvage regimens associated with high complete response
rates are available, we enrolled 36% of patients with only
one high-risk factor (AETHERA had <15%) and 64% of
patients with two or more high-risk risk factors (85% in
AETHERA). This difference is notable, since in AETHERA,
brentuximab vedotin conferred no progression-free
survival advantage in patients with one risk factor and
increasing numbers of risk factors were associated with
poorer progression-free survival (even among brentuximab
vedotin recipients), thus our more favourable population
would be expected to have better outcomes. Likewise, a
high proportion of patients (81%) were in complete
response by PET at autologous HSCT in our study, which
again, might be related to the inclusion of novel agents in
some patients’ salvage treatment?* Older lymphoma
response criteria® were used in AETHERA, which
complicates direct comparison of the PET complete
response rate at autologous HSCT between the patients
enrolled to AETHERA and our study. For example, since
patients with unknown PET status at autologous HSCT
contributed to the denominator for the calculated
PET-positive proportions vs PET-negative proportions in
AETHERA, the true PET complete response rate appears
higher than reported. Also, since the Deauville scores at
autologous HSCT are not reported, assessment was not
possible for what proportion of patients considered PET
positive by the Cheson 2007 criteria in AETHERA would
have been considered PET negative using the Lugano
classification. Even accounting for these differences, the
higher proportion of patients in PET complete response at
autologous HSCT in our study, compared with AETHERA,
possibly influenced the excellent post-autologous HSCT
progression-free survival in our cohort, since PET
status at autologous HSCT is an essential prognostic
factor.””* Another limitation of our study was our use of
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investigator-assessed response and progression as opp-
osed to independent or central assessment. The primary
limitation of our study was a non-randomised design,
which prevents us from precisely determining the effect of
adding nivolumab to brentuximab vedotin consolidation.
A randomised study would be the most accurate way to
assess this effect and is merited based on our findings.

Similar to what was observed after pembrolizumab con-
solidation,* multispectral immunofluorescence analysis of
the tumour microenvironment at relapse after brentuximab
vedotin plus nivolumab identified increased PD-1
expression on CD8' T-cells and increased PD-L1 expression
on Reed-Sternberg cells. Other studies have also shown
increased PD-1 and PD-L1 expression at relapse following
PD-1 blockade, suggesting that changes in the tumour
microenvironment leading to PD-1 and PD-L1 modulation
might have a role in resistance to PD-1 blockade."**
Because our study had few relapses, we were not able to
confirm this finding in a larger number of patients.

In conclusion, brentuximab vedotin plus nivolumab
consolidation after autologous HSCT resulted in good
outcomes in patients with high-risk relapsed or refractory
classic Hodgkin lymphoma who mostly had previous
exposure to either brentuximab vedotin or PD-1 blockade.
On the basis of the toxic effects observed in our study,
brentuximab vedotin plus nivolumab consolidation might
be best suited to the highest-risk patients, wherein the
balance of cost, toxicity, and efficacy might favour more
intensive consolidation to prevent relapse. Our findings
support further evaluation of combination immunotherapy
as consolidation to improve outcomes in patients with
classic Hodgkin lymphoma undergoing autologous HSCT.
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