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Nivolumab and brentuximab vedotin with or without
bendamustine for R/R Hodgkin lymphoma in
children, adolescents, and young adults
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KEY PO INT S

•A risk-stratified,
response-adapted
salvage strategy
resulted in high CMR
rates with limited
toxicities in CAYA with
R/R cHL.

• CMR rate after nivo +
BV induction was 59%
and increased to 94%
with BV +
bendamustine
intensification.
Children, adolescents, and young adults (CAYA) with relapsed/refractory (R/R) classic
Hodgkin lymphoma (cHL) without complete metabolic response (CMR) before autologous
hematopoietic cell transplantation (auto-HCT) have poor survival outcomes. CheckMate
744, a phase 2 study for CAYA (aged 5-30 years) with R/R cHL, evaluated a risk-stratified,
response-adapted approach with nivolumab plus brentuximab vedotin (BV) followed by
BV plus bendamustine for patients with suboptimal response. Risk stratification was pri-
marily based on time to relapse, prior treatment, and presence of B symptoms. We
present the primary analysis of the standard-risk cohort. Data from the low-risk cohort are
reported separately. Patients received 4 induction cycles with nivolumab plus BV; those
without CMR (Deauville score >3, Lugano 2014) received BV plus bendamustine intensi-
fication. Patients with CMR after induction or intensification proceeded to consolidation
(high-dose chemotherapy/auto-HCT per protocol). Primary end point was CMR any time
before consolidation. Forty-four patients were treated. Median age was 16 years. At a
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minimum follow-up of 15.6 months, 43 patients received 4 induction cycles (1 discontinued), 11 of whom received
intensification; 32 proceeded to consolidation. CMR rate was 59% after induction with nivolumab plus BV and 94%
any time before consolidation (nivolumab plus BV ± BV plus bendamustine). One-year progression-free survival rate
was 91%. During induction, 18% of patients experienced grade 3/4 treatment-related adverse events. This risk-
stratified, response-adapted salvage strategy had high CMR rates with limited toxicities in CAYA with R/R cHL.
Most patients did not require additional chemotherapy (bendamustine intensification). Additional follow-up is needed
to confirm durability of disease control. This trial was registered at www.clinicaltrials.gov as #NCT02927769.
Introduction
Most children, adolescents, and young adults (CAYA) with
classic Hodgkin lymphoma (cHL) can be cured with first-line
treatment; however, CAYA with relapsed/refractory (R/R) cHL
have a 10-year progression-free survival (PFS) rate of just 47%.1

Despite therapeutic advances and the development of multiple
salvage regimens, the largest retrospective review of outcomes
for CAYA patients with R/R Hodgkin lymphoma (HL) who
received autologous hematopoietic cell transplantation
(auto-HCT) reported relapse rates as high as 41% at 5 years1;
therefore, novel therapeutic approaches are needed.

Response to salvage therapy before auto-HCT, as determined
by fluorodeoxyglucose positron emission tomography (FDG-
PET), is a strong predictor of outcomes after auto-HCT in CAYA
with R/R cHL.2,3 Adult patients with FDG-PET–negative disease
before auto-HCT have significantly better event-free survival
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than patients with FDG-PET–positive disease at the time of
auto-HCT,4 and current treatment guidelines for younger
patients with R/R cHL consider a lack of complete metabolic
response (CMR) after 4 cycles of chemotherapy indicative of a
higher risk of second-line treatment failure.5

Management of R/R cHL in CAYA must balance efficacy with the
risk of late effects of treatment (eg, gonadal dysfunction, car-
diac and pulmonary toxicity, and secondary malignancies).5,6

Over 50% of deaths observed among patients aged ≤39
years, who remain without progression for ≥2 years following
auto-HCT, are due to nonrelapse mortality (7% at 5 years);
notably, 8% of patients have been reported to experience ≥1
nonmalignant late effect.6 New salvage strategies that attain
high CMR rates while minimizing long-term toxicity are needed.

Nivolumab, an immune checkpoint inhibitor, is a fully human-
ized IgG4 anti-programmed death-1 monoclonal antibody; it
has demonstrated frequent and durable responses with a
favorable safety profile as monotherapy in adults with R/R cHL.7

Brentuximab vedotin (BV), an anti-CD30 antibody conjugated
to monomethyl auristatin E, induces apoptosis of CD30-
expressing tumor cells by disrupting the microtubule network
and inhibiting cell division.8,9 Bendamustine is a bifunctional
mechlorethamine derivative that is structurally similar to alky-
lating agents and purine analogs, and has demonstrated activity
in heavily pretreated adults with R/R cHL.10,11 In pediatric
patients with R/R cHL, BV monotherapy has shown a complete
response (CR) rate of 33% (overall response rate, 47%) with a
favorable safety profile12; BV plus bendamustine has demon-
strated high CR rates (74% and 66%, respectively) as first
salvage in adult and pediatric patients.13,14 The combination of
nivolumab plus BV, in a phase 1 to 2 study, has shown high
CMR and objective response rates (67% and 85%, respectively)
with an acceptable safety profile as first salvage in adult patients
with R/R cHL.15

CheckMate 744 is a phase 2 risk-stratified study in CAYA
with R/R cHL that combines targeted immunotherapy with
antibody-drug conjugate, with the goal of increasing CMR rate
and limiting late toxicities. Herein, we report findings from the
primary analysis of the standard-risk (R2) cohort with nivolumab
plus BV induction, and response-adapted BV plus bendamus-
tine intensification for patients who did not attain a CMR to
nivolumab plus BV. Results from the low-risk cohort, which
aimed to describe the 3-year PFS among patients treated
without auto-HCT, will be reported separately after a planned
analysis when follow-up reaches 36 months.

Materials and methods
Study design and patients
CheckMate 744 (ClinicalTrials.gov: NCT02927769) is an inter-
national, open-label, multicenter, risk-stratified, response-
adapted phase 2 study in CAYA (aged 5-30 years) with R/R cHL.
Eligible patients had measurable disease, documented by
pathologic and radiographic criteria, including FDG-PET–avid
and bidimensional measurable disease of ≥1.5 cm in the
longest axis. Patients had pathologically confirmed cHL
(excluding nodular lymphocyte-predominant HL) after failure or
nonresponse to first-line therapy (ie, relapsed or refractory
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disease) and a Karnofsky (for patients aged >16 years) or Lansky
(for patients aged ≤16 years) performance status ≥50 at study
entry. Prior treatment with checkpoint inhibitors, radiation
therapy (RT) within 3 weeks (or chest radiation within 12 weeks),
bendamustine, auto-HCT, or allogeneic hematopoietic cell
transplantation was not permitted; prior BV was permitted.

Risk stratification was based on various criteria (supplemental
Table 1, available on the Blood website), in alignment with
published EuroNet–Paediatric Hodgkin Lymphoma (EuroNet-
PHL) guidelines.5 Standard risk was defined as having ≥1 of the
following: primary refractory disease, high stage at initial diag-
nosis, short time to relapse, presence of B symptoms or extra-
nodal disease at relapse, extensive disease (where RT was
contraindicated at relapse), or relapse in a prior radiation field.
Patients not eligible for the standard-risk cohort were eligible
for a separate, low-risk cohort (results not reported herein). In
analysis of efficacy and safety in subgroups of interest, primary
refractory patients were defined as those who never achieved
remission or experienced progression <3 months after
completion of initial therapy. Pediatric patients were those
aged <18 years at the time of study enrollment.

Therapy included induction with nivolumab plus BV for all
patients, and intensification with BV plus bendamustine for
patients with less than CMR following induction. Patients who
attained a CMR at any time following induction or intensification
received consolidation with auto-HCT (Figure 1).
Treatments, end points, and assessments
During induction phase, patients received 4 cycles of nivolu-
mab (3 mg/kg, day 8 of cycle 1; day 1 thereafter) plus BV
(1.8 mg/kg, day 1 of every cycle; Figure 1); patients who
achieved CMR (Deauville ≤3 per Lugano 2014 criteria3) per
blinded independent central review (BICR) after 4 cycles could
receive up to 2 additional cycles of nivolumab plus BV if
approved by the study medical monitor. Patients who did not
achieve CMR per BICR after 4 cycles of induction received
intensification with BV plus bendamustine (90 mg/m2, days 1
and 2 of every cycle) for 2 cycles; up to 2 additional cycles of
BV plus bendamustine were permitted if approved by the
study medical monitor. The goal of this study was to assess
CMR before consolidation. Patients who achieved CMR per
BICR after induction or intensification proceeded to consoli-
dation with high-dose chemotherapy and auto-HCT, per-
formed per institutional guidelines. As there might have been
discrepancy between BICR and investigator assessment, the
study also explored outcomes for patients who received
treatment outside of the protocol-directed therapy.

The primary end point was CMR rate per BICR any time before
consolidation. Secondary end points included objective
response rate (ORR) per BICR and investigator after 4 cycles of
induction with nivolumab plus BV, CMR rate per investigator
any time before consolidation, PFS, duration of response (DOR),
and safety of nivolumab plus BV.

Assessment of best reduction in tumor volume was based on
the greatest reduction from baseline in the sum of products of
diameters for target lesions.
HARKER-MURRAY et al
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Nivolumab + BV × 2 cyclesa (n = 43)

Figure 1. CheckMate 744 R2 cohort study design and patient disposition. Response rates are reported before consolidation. Patients who achieved partial metabolic
response (PMR)/no metabolic response (NMR) per blinded independent central review (BICR) after 4 cycles of nivolumab plus BV induction received intensification with BV
plus bendamustine. Patients who achieved CMR per BICR after 4 cycles of nivolumab plus BV induction or after 2 or 4 cycles of BV plus bendamustine intensification pro-
ceeded to consolidation with high-dose chemotherapy (HDCT) and auto-HCT. Patients who had progressive metabolic disease (PMD) after induction, or PMR, NMR, or PMD
after intensification, could proceed to follow-up. Shaded area indicates study treatment phases. aPET–computed tomography/magnetic resonance imaging (real-time BICR)
was performed after 4 cycles of nivolumab plus BV and after every 2 cycles of BV plus bendamustine before consolidation. bIf approved by study medical monitor. cOne
patient received ifosfamide, carboplatin, and etoposide for progression. dPatients who withdrew consent during the study or who proceeded to follow-up after induction were
included for response assessment.
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Populations for analysis and statistical
considerations
All results were reported on the treated population. Using the
Kaplan-Meier product-limit method, PFS was estimated from
day 1 of treatment, and DOR was estimated from time of
response among response-evaluable patients. For the primary
end point, response-evaluable patients were defined as those
who achieved CMR per BICR at any time before consolidation,
achieved partial metabolic response per BICR at any time, or
completed 6 cycles of therapy (4 cycles of nivolumab plus
BV and 2 cycles of BV plus bendamustine). Patients who dis-
continued the study early (including those who discontinued
before 4 cycles of induction) due to toxicity without CMR/
partial metabolic response were considered response evalu-
able. For the end point of ORR after 4 cycles, patients were
considered response evaluable after 4 cycles of nivolumab
plus BV. For CMR and ORR, a 90% confidence interval (CI) was
chosen on the basis of the statistical plan and a planned
sample size of 40. Safety analyses were performed in all
treated patients with 100 days of follow-up; adverse events
(AEs) were categorized according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 4.0 and Medical Dictionary for Regulatory Activities
preferred term.

This study was performed in accordance with the Declaration of
Helsinki. Approval from the appropriate institutional review
board and independent ethics committee was received for the
protocol, amendments, and consent forms before initiating the
NIVOLUMAB + BV FOR PATIENTS AGED 5-30 Y WITH R/R CHL
study at each site. This study included children and adolescent
patients; for all minors, according to local legislation, parent(s)
or legally acceptable representative(s) were informed of the
study procedures and signed the informed consent form.
Assent was provided for patients aged <18 years, per institution
requirements.
Results
Baseline patient characteristics and disposition
In total, 44 patients were treated in the R2 cohort (Table 1).
Median age was 16 years, most (70%) were aged <18 years, and
approximately half (55%) had primary refractory disease.
Sixteen patients (36%) had stage IV disease at relapse. No
patient had received prior BV.

At data cutoff, with a minimum potential follow-up of 15.6
months (median observed follow-up, 20.9 months [range, 2.6-
29.2 months]), 44 patients completed 2 cycles of induction with
nivolumab + BV, and 43 patients completed 4 cycles of
induction; 1 patient discontinued after 2 cycles of induction
because of toxicity, but was evaluable for response (patient 9 in
supplemental Table 2). Of the 43 patients who completed 4
cycles of induction, 23 proceeded to consolidation on protocol
and 11 received intensification with BV plus bendamustine
(Figure 1). Overall, 41 patients (95%) proceeded to consolida-
tion with auto-HCT: 32 on protocol (23 after completing
induction therapy, and 9 patients after intensification) and 9 off
protocol at the investigator’s discretion (supplemental Table 2).
27 APRIL 2023 | VOLUME 141, NUMBER 17 2077



Table 1. Baseline demographics and clinical characteristics

Characteristic
R2 cohort
(n = 44)

Age, median (range), y 16 (9-30)

<18 y 31 (70)

Male sex 29 (66)

Performance status, median (range)

Lansky, n = 26* 100 (70-100)

Karnofsky, n = 18† 100 (80-100)

Stage at initial diagnosis

II 21 (48)

III 7 (16)

IV 16 (36)

Response to first-line therapy

Primary refractory‡ 24 (55)

Relapsed§ 20 (45)

3-12 mo 14 (32)

≥12 mo 6 (14)

Prior auto-HCT 0

Prior BV 0

Prior systemic therapy 44 (100)

OEPA/COPDAC 20 (46)

OEPA 6 (14)

ABVE-PC 6 (14)

ABV/COPP 4 (9)

ABVD 4 (9)

ABVE 2 (5)

Other 2 (5)

Prior radiation therapy 16 (36)

B symptoms or extranodal disease at relapse,
extensive disease (RT contraindicated), or
relapse in a prior radiation field

28 (64)

Bone marrow involvement 5 (11)

Stage IV disease at relapse 16 (36)

Data are given as number (percentage) unless stated otherwise.

ABV, doxorubicin, bleomycin, and vinblastine; ABVD, doxorubicin, bleomycin, vinblastine,
and dacarbazine; ABVE, doxorubicin, bleomycin, vincristine, and etoposide; ABVE-PC,
doxorubicin, bleomycin, vincristine, etoposide, prednisone, and cyclophosphamide;
COPDAC, cyclophosphamide, vincristine, prednisone, and dacarbazine; COPP, cyclo-
phosphamide, vincristine, procarbazine, and prednisone; OEPA, vincristine, etoposide,
prednisone, doxorubicin.

*Patients aged ≤16 years.

†Patients aged >16 years.

‡Never achieved remission or who achieved remission to prior therapy, then experienced
progression <3 months after completion of that therapy.

§Achieved remission to prior therapy, then experienced recurrent disease ≥3 months after
completion of that therapy.
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Efficacy
The CMR rate per BICR was 59% (26/44) after 4 cycles of
induction with nivolumab plus BV, 82% (9/11) after 2 cycles of
intensification with BV plus bendamustine, and 94% (33/35) any
2078 27 APRIL 2023 | VOLUME 141, NUMBER 17
time before consolidation on protocol (primary end point), with
an ORR per BICR of 100% (Table 2). The CMR rate per inves-
tigator was 66% (29/44) after 4 cycles of induction with nivolu-
mab plus BV, 91% (10/11) after 2 cycles of intensification with
BV plus bendamustine, and 91% (32/35) any time before
consolidation on protocol (ORR, 100%). Other CMR and ORR
secondary end points are shown in Table 2.

Among 35 patients evaluable for metabolic response per BICR,
34 (97%) achieved a ≥25% reduction in tumor volume (Figure 2);
all patients achieved a ≥25% reduction in maximum standard-
ized uptake value (supplemental Figure 1), and 33 patients
(94%) achieved a ≥50% reduction. Median DOR per BICR was
not reached.

Among response-evaluable patients with primary refractory
disease (n = 23), at any time before consolidation, 20 (87%)
achieved CMR (90% CI, 70%-96%) per BICR, and 22 (96%)
achieved an objective response per BICR; 15 (63%) achieved
CMR per BICR after 4 cycles of induction. Similarly, among
response-evaluable pediatric patients (n = 30), at any time
before consolidation, 27 (90%) achieved CMR (90% CI, 76%-
97%) per BICR, and all patients achieved an objective response
per BICR; 18 (58%) achieved CMR per BICR after 4 cycles of
induction.

At data cutoff, median PFS per BICR among all treated patients
had not been reached; the 12-month PFS rate was 91% (90% CI,
77%-96%; Figure 3). Four patients experienced relapse after
achieving a CMR (1 after induction and 3 after intensification).
Median overall survival in all treated patients was not reached.

For the 9 patients who proceeded to consolidation off protocol,
5 achieved CMR per BICR and 7 achieved CMR per investigator
any time before consolidation (Table 2). Detailed response
outcomes are shown in supplemental Table 2. Of these
9 patients, 3 received off-protocol treatment before auto-HCT.
These patients were not included in the final response
evaluation.

Off-protocol therapies and auto-HCT
Post–auto-HCT therapies Among all patients, 27 (61%)
received any subsequent therapy. The most common reason for
subsequent systemic therapy was maintenance without disease
progression or clinical deterioration (supplemental Table 3). The
most common subsequent systemic therapy was BV (13 patients
[30%]). Ten patients received BV after auto-HCT as mainte-
nance, 8 received RT as consolidation after auto-HCT, and
1 received both BV and RT.

Off-protocol consolidation and auto-HCT All 9 patients
who proceeded to off-protocol consolidation received auto-
HCT (supplemental Table 2).

Off-protocol consolidation and subsequent therapies
Three patients received chemotherapy before consolidation off
protocol (supplemental Table 2): 1 received gemcitabine, ifos-
famide, prednisolone, and vinorelbine; 1 received ifosfamide,
carboplatin, and etoposide; and 1 received bendamustine. One
patient did not proceed to consolidation after induction but
proceeded directly to follow-up; this patient experienced
HARKER-MURRAY et al



Table 2. Response rates in response-evaluable patients
before consolidation

Variable BICR Investigator

Induction

After 2 cycles nivolumab + BV
induction

No. 44 44

ORR 37 (84) 38 (86)

CMR 26 (59) 25 (57)

PMR 11 (25) 13 (30)

NMR 5 (11) 2 (5)

PMD 1 (2) 0

Not evaluable 0 1 (2)

Not reported 1 (2) 3 (7)

After 4 cycles nivolumab + BV
induction

No. 44 44

ORR 36 (82) 39 (89)

CMR 26 (59) 29 (66)

PMR 10 (23) 10 (23)

NMR 3 (7) 2 (5)

PMD 1 (2) 2 (5)

Not evaluable 3 (7) 0

Not reported 1 (2)* 1 (2)*

Intensification

After 2 cycles BV +
bendamustine
intensification

No. 11 11

ORR 11 (100) 11 (100)

CMR 9 (82) 10 (91)

PMR 2 (18) 1 (9)

NMR 0 0

PMD 0 0

After 4 cycles BV +
bendamustine
intensification

No. 3 2

ORR 3 (100) 2 (100)

CMR 2 (67) 2 (100)

PMR 1 (33) 0

NMR 0 0

PMD 0 0

Any time before consolidation

Any time before on-protocol
consolidation (nivolumab +
BV ± BV + bendamustine)

No. 35 35

ORR 35 (100) 35 (100)

CMR 33 (94) 32 (91)

PMR 2 (6) 3 (9)

NMR 0 0

PMD 0 0

Table 2 (continued)

Variable BICR Investigator

Any time before off-
protocol consolidation

No. 9 9

ORR 7 (78) 8 (89)

CMR 5 (56) 7 (78)

PMR 2 (22) 1 (11)

NMR 0 0

PMD 0 0

Not evaluable 1 (11) 0

Not reported 1 (11) 1 (11)

Data are given as number (percentage) unless stated otherwise. CMR and PMR rates may
not sum to ORR because of rounding. Patients who withdrew consent during the study or
who proceeded to follow-up after induction were included for response assessment.

NMR, no metabolic response; PMD, progressive metabolic disease; PMR, partial metabolic
response.

*One patient discontinued because of study drug toxicity after 2 cycles of induction with
nivolumab plus BV.

NIVOLUMAB + BV FOR PATIENTS AGED 5-30 Y WITH R/R CHL
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cisplatin, cytarabine, dexamethasone, BEAM (carmustine, eto-
poside, cytarabine, and melphalan), and RT (curative) as sub-
sequent therapies.
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Stem cell mobilization In patients who received subsequent
auto-HCT, the most commonly used stem cell mobilization
agent was granulocyte colony stimulating factor or a recombi-
nant form thereof (22 of 40 patients [55%] for whom mobilization
was reported; supplemental Table 4). The most common con-
ditioning regimen prior to auto-HCT was BEAM (23/44 patients
[52%]). Each patient had a median of 1 (range, 1-5) apheresis
session; a median of 4.0 (range, 0.3-268.0) × 106 CD34+ cells/kg
were collected per session.
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Safety
Overall, 31 patients (70%) experienced a treatment-related AE
(TRAE) during nivolumab plus BV induction, including grade
3/4 TRAEs in 18% of patients (Table 3). The most common
TRAEs during induction were hypersensitivity (20%), nausea
(20%), and diarrhea (14%) (all grades 1/2). Of the 11 patients
who required intensification with BV plus bendamustine,
8 (73%) experienced a TRAE (grade 3/4 in 3 [27%] patients).
Treatment-related serious AEs (SAEs) occurred in 5 patients
(11%) before consolidation (grade 3/4 in 3 patients). One TRAE
led to discontinuation (grade 3 anaphylactic reaction). There
were no treatment-related deaths; 1 patient died because of
disease progression.

Among treated pediatric patients (n = 31), 23 (74%) experi-
enced a TRAE during induction (grade 3/4, 19%). The most
common TRAEs in pediatric patients during induction were
nausea (n = 8, 26%), hypersensitivity (n = 7, 23%), and diarrhea
(n =5, 16%). In patients with refractory disease (n = 24), 18 (75%)
experienced a TRAE during induction (grade 3/4, 21%).

During induction, 8 of 44 patients (18%) were hospitalized
because of AEs, 1 each due to treatment-related SAEs of grade
27 APRIL 2023 | VOLUME 141, NUMBER 17 2079
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3 fever and infusion-related reaction (IRR), grade 2 allergic
reaction, and grade 3 anaphylactic reaction. All were dis-
charged within 48 hours. The remaining 5 patients (11%) were
hospitalized for SAEs unrelated to treatment; no hospitaliza-
tions were reported for drug administration.

Treatment-related neutropenia (grade 3) was reported in 1
patient during induction and in 1 patient during intensification;
grade 3 treatment-related decreased neutrophil count was
reported in 1 patient during induction, and grade 3 decreased
white blood cell count was reported in 1 patient during inten-
sification. There were no other treatment-related hematologic
AEs. Treatment-related peripheral sensory neuropathy was
reported in 1 patient during induction (grade 1).

Overall, treatment-related immune-mediated AEs (IMAEs) were
primarily grade 1/2, and 1 patient experienced grade 3/4
immune-mediated IRR (Table 3). Six treatment-related IMAEs
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were reported in pediatric patients; all were grade 1/2 and not
dose limiting. All reported IMAEs, except for hypothyroidism,
required treatment with corticosteroids and were resolved.

IRRs were reported in 8 patients during induction (6 grade 1/2 and
2 grade 3) and in 2 patients during intensification (both grade 1/2).
Most IRRs occurred during induction cycle 2 (15 events).

Discussion
The CheckMate 744 study evaluates first salvage therapy in one
of the largest cohorts of pediatric patients with cHL using a
checkpoint inhibitor, and demonstrated the highest CMR rates
in this population.12,16 It is also the first international collabo-
ration between the Children’s Oncology Group (COG) and the
EuroNet-PHL in relapsed pediatric HL. The safety and efficacy
of the regimen described in this study supports checkpoint
inhibitors as first salvage for this population with a curative
e (months)

91% (90% CI, 77-96)

12 15 18 21

23 21 14 11

not progress or die, or who started subsequent therapy (including auto-HCT off
assessment. NR, not reached.
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Table 3. Patients with TRAEs before consolidation and treatment-related IMAEs

Variable

Induction (n = 44) Intensification (n = 11)

Any grade Grade 3/4 Any grade Grade 3/4

Any TRAE 31 (70.5) 8 (18.2)* 8 (72.7) 3 (27.3)†

TRAEs‡ with ≥2 patients in either phase

Hypersensitivity 9 (20.5) 0 1 (9.1) 0

Nausea 9 (20.5) 0 5 (45.5) 0

Diarrhea 6 (13.6) 0 1 (9.1) 0

Infusion-related reaction 5 (11.4) 1 (2.3) 2 (18.2) 0

Abdominal pain 4 (9.1) 0 0 0

Pyrexia 4 (9.1) 0 1 (9.1) 0

Rash 4 (9.1) 0 0 0

Maculopapular rash 3 (6.8) 0 0 0

Vomiting 3 (6.8) 0 6 (54.5) 1 (9.1)

Alopecia 2 (4.5) 0 0 0

Arthralgia 2 (4.5) 0 0 0

Fatigue 2 (4.5) 0 0 0

Increased AST 2 (4.5) 0 1 (9.1) 0

Pruritus 2 (4.5) 0 0 0

Upper abdominal pain 2 (4.5) 0 0 0

Headache 1 (2.3) 0 2 (18.2) 0

Treatment-related IMAE category

Overall (n = 44) Pediatric (n = 31)

Any grade Grade 3/4 Any grade Grade 3/4

Rash§ 4 (9) 0 1 (3) 0

Immune-mediated IRR 3 (7) 1 (2) 2 (6) 0

Hypersensitivity 2 (5) 0 2 (6) 0

Hypothyroidism 1 (2) 0 1 (3) 0

Pneumonitis 1 (2) 0 0 0

Data are given as number (percentage).

AST, aspartate aminotransferase; IMAE, immune-mediated adverse event; IRR, infusion-related reaction.

*Included anaphylactic reaction, prolonged activated partial thromboplastin time, increased amylase, increased lipase, decreased neutrophil count, neutropenia, hepatotoxicity, and jugular
vein thrombosis (n = 1 each).

†One patient experienced vomiting and decreased white blood cell count; one experienced increased lipase; and one experienced neutropenia.

‡As Common Terminology Criteria for Adverse Events preferred terms.

§Included rash, maculopapular rash, and pruritic rash.
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intent. CAYA with R/R cHL who achieved a CMR to therapy
before auto-HCT have been shown to have better outcomes
than those without CMR.2,3 The use of a risk-stratified,
response-adapted approach with nivolumab plus BV induc-
tion, and BV plus bendamustine intensification in patients with
suboptimal response, resulted in a CMR rate of 94% per BICR
before consolidation, and 59% after just 4 cycles of induction
without conventional chemotherapy. Just 11 of 44 patients
required intensification with BV plus bendamustine, and most
treated patients (95%) proceeded to consolidation with auto-
HCT. Although 9 patients received consolidation off protocol,
the induction/intensification therapy received was consistent
with the study protocol.
NIVOLUMAB + BV FOR PATIENTS AGED 5-30 Y WITH R/R CHL
As most of the study population was pediatric patients (n = 30/44)
and the CMR rate per BICR any time before consolidation in this
subgroup was 90% (overall, 94%), the CMR rate in patients aged
18 to 30 years was expected to be similar to that in the pediatric
subgroup. Also, the CMR rate after 4 cycles of nivolumab plus BV
induction in these young adults (overall, 59%) was expected to be
comparable to the CR rates previously reported for the adult
population treated with 4 cycles of nivolumab and BV (67%).15

The high CMR rates observed with this regimen were also seen
in patients with primary refractory disease (CMR per BICR, 87%),
who comprised 55% of patients in this study, making this regimen
a viable option for these high-risk patients. Notable proportions
of patients also had high-risk clinical features at study entry,
27 APRIL 2023 | VOLUME 141, NUMBER 17 2081
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including stage IV disease (36%), B symptoms or extranodal
involvement (64%), and bone marrow involvement (11%).

There were slight discrepancies between response rates per
BICR and per investigator assessment, which could be attrib-
uted to the reports of SAEs that may skew the PET–computed
tomography results. During the study, 1 patient experienced
herpes zoster, 4 experienced non–drug-related pericardial
effusion, and 4 experienced pneumonia (1 atypical and 3
organizing events). These clinical details were not disclosed as
per BICR, which impacted the interpretation of the FDG-PET
responses in these selected patients.

The response-adapted approach aimed to limit the risk of
long-term toxicity. Nivolumab plus BV induction was well
tolerated, with few treatment-related hematologic toxicities or
AEs leading to discontinuation. Treatment-related IMAEs also
had a low incidence and severity during the induction phase,
suggesting autoimmune toxicities had minimal impact on
therapy. A greater proportion of patients experienced grade
3/4 TRAEs (27%) during intensification than during induction
(18%). The favorable safety profile was also observed among
pediatric patients, who comprised 70% of the study popula-
tion. The high CMR rates after induction, combined with the
favorable safety profile of nivolumab plus BV, suggest that
intensification with BV plus bendamustine could be safely
reserved for a subset of patients with an inadequate response
to induction therapy.

Numerous first salvage strategies for CAYA with cHL have been
developed, but there is no standard of care. Recent studies
have generally focused on treatment intensification for
achieving remission while limiting short-term toxicities and late
effects.17-23 Encouraging results have been shown in young
patients using BV in combination with conventional chemo-
therapy, although cross-trial comparisons should be made with
caution because of differences in patient populations and
procedures. In the AHOD1221 trial, BV plus gemcitabine
demonstrated a CR rate of 67% in CAYA, but was associated
with a relatively high frequency of grade 4 neutropenia (36%).17

BV plus ifosfamide, gemcitabine, and vinorelbine has shown a
CMR rate of 71% as first or subsequent salvage in a study of 28
young adult patients, although the rates of grade 3/4 hemato-
logic toxicity (96% neutropenia and 89% thrombocytopenia)
and any-grade febrile neutropenia (57%) were also high.18 Initial
data in adult patients suggest that BV may also be successfully
combined with dexamethasone, high-dose cytarabine, and
cisplatin; longer follow-up from the phase 2 expansion cohort in
that study showed a high CMR of 79%.19,24 Other PET-adapted
sequential therapy strategies have also shown promise,
including BV monotherapy followed by BV plus augmented
ifosfamide, carboplatin, and etoposide. The CMR rate, as
defined in that study (Deauville 1-2) after BV monotherapy, was
27%, and 44% if defining CMR using a Deauville score of 1 to
3.20 Etoposide-based therapies have been associated with risks
of secondary malignancies and infertility (mainly due to com-
bination with procarbazine),25,26 as well as therapy-related
myelodysplasia and acute myeloid leukemia after
transplantation.27

Notably, most of these studies include chemotherapy as part of
either the regimen backbone or a response-adapted strategy.
2082 27 APRIL 2023 | VOLUME 141, NUMBER 17
The present study design was built on the salvage strategy (ie,
salvage therapy followed by auto-HCT) used in previous trials
conducted by the COG,17 but relatively high CMR rates were
attained without conventional chemotherapy, and just 11
patients required intensification with BV plus bendamustine;
most patients achieved CMR within 2 cycles of intensification,
and just 3 received >2 cycles. The avoidance of conventional
chemotherapy in this study resulted in a relatively low incidence
of treatment-related hematologic toxicity compared with the
high rates reported previously for other cHL salvage regi-
mens.17,18 Furthermore, just 3 of 44 patients were hospitalized
because of AEs related to the regimen, suggesting that the
regimen appeared to be suitable for administration in the
outpatient setting.

Relevant to any treatment delivered before auto-HCT, stem cell
mobilization and collection proved feasible during this salvage
regimen. In this study, a median of 1 apheresis session was
required per patient, and collection of CD34+ cells was possible
in most patients.

Treatment given after auto-HCT was not defined by the study
and relied on investigator choice. Indeed, 27 of 44 patients
received subsequent therapies, 10 with BV maintenance and 9
with RT (supplemental Table 3). BVmaintenance has been shown
to have a sustained PFS benefit in the AETHERA study, which
enrolled BV-naive patients with a high risk of relapse after auto-
HCT.28 RT delivered before or after auto-HCT has been shown to
improve PFS in patients with R/R cHL in retrospective studies.4,29

Although risk stratification for first salvage in CAYA with cHL is
evolving, the risk stratification for CheckMate 744 is generally
consistent with published EuroNet-PHL guidelines.5 These
guidelines combine features such as time to relapse, prior
first-line treatment (including extent of RT), and stage at relapse
as major prognostic factors. Results from the low-risk cohort in
this trial will be published separately.

Limitations of this study were the small sample size and duration
of minimum follow-up of <18 months, precluding detection of
late or rare events. However, the sample size was determined
according to the primary end point for the R2 cohort, and is
similar to other phase 2 trials in CAYA.17,22 As no patients in this
study had prior exposure to BV, the efficacy of the regimen
used in this study in CAYA with prior BV exposure is unknown.
The heterogeneity of off-protocol therapy was a confounder to
interpreting PFS outcomes following auto-HCT; however, this
was not the primary end point of the study. Although the use of
BV could possibly delay progression or death,30 just 10 patients
received maintenance with BV; thus, the impact of BV mainte-
nance on PFS is believed to be minimal. Because of the small
sample size and number of events, PFS was not analyzed in the
subgroups of patients who received consolidation off protocol
and/or subsequent therapy. Subsequent therapies may limit the
interpretation of overall survival. Unlike alkylating agents and
anthracyclines, the long-term effects of checkpoint inhibitors in
pediatric patients are not yet known, although data from adult
melanoma studies suggest that long-term toxicities are
limited.31 The highly active induction phase based on targeted
therapies in this study limited exposure to bendamustine
chemotherapy and may have reduced the incidence of late
effects compared with previously reported regimens.
HARKER-MURRAY et al
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In conclusion, this first risk-adapted, response-based approach
resulted in some of the highest rates of CMR in recent studies
conducted cooperatively by pediatric groups for CAYA with R/R
cHL. The notable CMR rates after induction with nivolumab plus
BV suggest that intensification with BV plus bendamustine
could be safely reserved for a subset of patients with an inad-
equate response to induction therapy, thereby eliminating
additional exposure to alkylators for most patients. CheckMate
744 is the first collaboration between the COG and EuroNet-
PHL for CAYA with R/R HL, and as the largest pediatric trial
using a checkpoint inhibitor, it has demonstrated that this
treatment modality is an efficacious and well tolerated first
salvage for this population. Further follow-up will help to assess
the durability of disease control and long-term safety of this
regimen combined with auto-HCT. Future trials could also
evaluate the efficacy and safety of this regimen in first-line
treatment in CAYA.

Acknowledgments
The authors thank Catherine Curtillet for her help in patient enrollment
in this study, as well as the patients, their families, and all coinvestigators
who participated in the trial.

Professional medical writing and editorial support were provided by
Adam Gill and Jane Cheung, Caudex, funded by Bristol Myers Squibb.
This work was supported by Bristol Myers Squibb, in collaboration with
Seagen. Direct funding was provided by Bristol Myers Squibb through
the joint financial support of Bristol Myers Squibb and Seagen.

The views expressed in this article are the authors’ own and not an
official position of Bristol Myers Squibb or the authors’ respective
institutions.

Authorship
Contribution: R.A.D., T.L., B.S.H., P.D.C., K.M.K., P.H.-M., S.D., C.M.-K.,
and A.B. conceived and designed the study; C.M.-K., T.L., A.B., K.M.K.,
and M.M. provided study materials or patients; R.A.D., C.M.-K.,
P.D.C., and K.M.K. collected and assembled data; R.A.D., C.M.-K., T.L.,
P.D.C., and K.M.K. performed data analysis and interpretation; all authors
wrote themanuscript; all authors provided final approval of themanuscript;
and all authors are accountable for all aspects of the work.

Conflict-of-interest disclosure: C.M.-K. received research grants, payment/
honoraria for lectures, presentations, and payment for participation on a
data safety monitoring board from Merck Sharp and Dohme; and is the
Scientific Secretary (unpaid)of theEuroNet–PaediatricHodgkin Lymphoma
Consortium. T.L. received payment for travel and accommodation from
Bristol Myers Squibb. G.M. received payment for participation in the study
protocol fromBristol Myers Squibb. S.C. received payment/honoraria from
Jazz Pharmaceuticals and Pfizer for lectures, presentations, speaker’s
NIVOLUMAB + BV FOR PATIENTS AGED 5-30 Y WITH R/R CHL
bureaus, manuscript writing, or educational events, and payment from
Covington LLC for expert testimony. K.J.L. received research grants from
Abbott Laboratories, consulting fees from Jazz Pharmaceuticals, and pay-
ment from BTG and Jazz Pharmaceuticals for participation on an advisory
board. B.S.H. received funding from Merck via the Children’s Oncology
Group for participation on a data safety monitoring board/advisory board.
J.L. has equity interest and is an employee of Seagen, Inc. S.F. has stock
options and was an employee of Bristol Myers Squibb. M.S. was an
employeeofBristolMyers Squibb.K.M.K. receivedpayment fromMerck via
the Children’s Oncology Group for participation on a study steering com-
mittee and is a member on the scientific advisory board (unpaid) for Lym-
phomaResearchFoundation. The remaining authors declare no competing
financial interests.

ORCID profiles: C.M.-K., 0000-0002-8205-8665; M.M., 0000-0002-
2828-0257; A.B., 0000-0002-6482-1823; K.J.L., 0000-0002-7905-6714;
L.A., 0000-0003-1950-4754; B.S.H., 0000-0002-2312-5418.

Correspondence: Stephen Daw, Paediatric Division, University College
Hospital, 250 Euston Rd, London NW1 2PG, United Kingdom; email:
stephendaw@nhs.net.

Footnotes
Submitted 9 September 2022; accepted 4 December 2022; prepub-
lished online on Blood First Edition 23 December 2022. https://doi.org/
10.1182/blood.2022017118.

*P.H.-M. and C.M.-K. contributed equally to this study.

†K.M.K. and S.D. contributed equally to this study.

Interim analyses of CheckMate 744 were presented at the 60th Amer-
ican Society of Hematology Annual Meeting, San Diego, CA, 1 to 4
December 2018; the 24th Congress of the European Hematology
Association, Amsterdam, The Netherlands, 13 to 16 June 2019; and the
15th International Conference on Malignant Lymphoma, Lugano,
Switzerland, 18 to 23 June 2019. Results from this primary analysis have
been presented at the American Society of Clinical Oncology 2020
Virtual Scientific Program, 29 to 31 May 2020; and the 25th Congress of
the European Hematology Association, Virtual, 9 to 17 June 2020.

The Bristol Myers Squibb policy on data sharing may be found at
https://www.bms.com/researchers-and-partners/independent-research/
data-sharing-request-process.html.

The online version of this article contains a data supplement.

There is a Blood Commentary on this article in this issue.

The publication costs of this article were defrayed in part by page
charge payment. Therefore, and solely to indicate this fact, this article is
hereby marked “advertisement” in accordance with 18 USC section
1734.
ay 2
024
REFERENCES
1. Satwani P, Ahn KW, Carreras J, et al.

A prognostic model predicting autologous
transplantation outcomes in children,
adolescents and young adults with Hodgkin
lymphoma. Bone Marrow Transplant. 2015;
50(11):1416-1423.

2. Metzger ML, Hudson MM, Krasin MJ, et al.
Initial response to salvage therapy
determines prognosis in relapsed pediatric
Hodgkin lymphoma patients. Cancer. 2010;
116(18):4376-4384.

3. Cheson BD, Fisher RI, Barrington SF, et al.
Recommendations for initial evaluation,
staging, and response assessment of
Hodgkin and non-Hodgkin lymphoma: the
Lugano classification. J Clin Oncol. 2014;
32(27):3059-3068.

4. Moskowitz AJ, Yahalom J, Kewalramani T,
et al. Pretransplantation functional imaging
predicts outcome following autologous stem
cell transplantation for relapsed and
refractory Hodgkin lymphoma. Blood. 2010;
116(23):4934-4937.

5. Daw S, Hasenclever D, Mascarin M, et al. Risk
and response adapted treatment guidelines
for managing first relapsed and refractory
classical Hodgkin lymphoma in children
2

and young people: recommendations
from the EuroNet Pediatric Hodgkin
Lymphoma Group. Hemasphere. 2020;4(1):
e329.

6. Myers RM, Hill BT, Shaw BE, et al. Long-term
outcomes among 2-year survivors of
autologous hematopoietic cell
transplantation for Hodgkin and diffuse large
b-cell lymphoma. Cancer. 2018;124(4):
816-825.

7. Armand P, Engert A, Younes A, et al.
Nivolumab for relapsed/refractory classic
Hodgkin lymphoma after failure of autologous
hematopoietic cell transplantation: extended
7 APRIL 2023 | VOLUME 141, NUMBER 17 2083

http://orcid.org/0000-0002-8205-8665
http://orcid.org/0000-0002-2828-0257
http://orcid.org/0000-0002-2828-0257
http://orcid.org/0000-0002-6482-1823
http://orcid.org/0000-0002-7905-6714
http://orcid.org/0000-0003-1950-4754
http://orcid.org/0000-0002-2312-5418
mailto:stephendaw@nhs.net
https://doi.org/10.1182/blood.2022017118
https://doi.org/10.1182/blood.2022017118
https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html
https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html
http://www.bloodjournal.org/content/141/17/2037
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref1
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref1
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref1
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref1
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref1
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref1
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref2
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref2
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref2
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref2
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref2
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref3
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref3
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref3
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref3
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref3
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref3
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref4
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref4
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref4
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref4
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref4
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref4
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref5
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref5
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref5
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref5
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref5
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref5
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref5
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref5
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref6
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref6
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref6
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref6
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref6
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref6
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref7
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref7
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref7
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref7


D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/141/17/2075/2047387/blood_bld-2022-017118-m

ain.pdf by guest on 21 M
follow-up of the multicohort single-arm phase
II CheckMate 205 trial. J Clin Oncol. 2018;
36(14):1428-1439.

8. Seattle Genetics. Adcetris (brentuximab
vedotin) prescribing information.October 2019.
Accessed 15 June 2020. Available at: https://
seagendocscom/Adcetris_Full_Ltr_Master.pdf

9. Scott LJ. Brentuximab vedotin: a review in
CD30-positive Hodgkin lymphoma. Drugs.
2017;77(4):435-445.

10. Moskowitz AJ, Hamlin PA Jr, Perales MA,
et al. Phase II study of bendamustine in
relapsed and refractory Hodgkin lymphoma.
J Clin Oncol. 2013;31(4):456-460.

11. Leoni LM, Bailey B, Reifert J, et al.
Bendamustine (Treanda) displays a distinct
pattern of cytotoxicity and unique
mechanistic features compared with other
alkylating agents. Clin Cancer Res. 2008;
14(1):309-317.

12. Locatelli F, Mauz-Koerholz C, Neville K, et al.
Brentuximab vedotin for paediatric relapsed
or refractory Hodgkin’s lymphoma and
anaplastic large-cell lymphoma: a
multicentre, open-label, phase 1/2 study.
Lancet Haematol. 2018;5(10):e450-e461.

13. LaCasce AS, Bociek RG, Sawas A, et al.
Brentuximab vedotin plus bendamustine: a
highly active first salvage regimen for
relapsed or refractory Hodgkin lymphoma.
Blood. 2018;132(1):40-48.

14. Forlenza CJ, Gulati N, Mauguen A, et al.
Combination brentuximab vedotin and
bendamustine for pediatric patients with
relapsed/refractory Hodgkin lymphoma.
Blood Adv. 2021;5(24):5519-5524.

15. Advani R, Moskowitz AJ, Bartlett NL, et al.
Brentuximab vedotin in combination with
nivolumab in relapsed or refractory Hodgkin
lymphoma: 3-year study results. Blood. 2021;
138(6):427-438.

16. Geoerger B, Kang HJ, Yalon-Oren M, et al.
Pembrolizumab in paediatric patients with
advanced melanoma or a PD-L1-positive,
advanced, relapsed, or refractory solid tumour
or lymphoma (KEYNOTE-051): interim analysis
of an open-label, single-arm, phase 1-2 trial.
Lancet Oncol. 2020;21(1):121-133.

17. Cole PD, McCarten KM, Pei Q, et al.
Brentuximab vedotin with gemcitabine for
2084 27 APRIL 2023 | VOLUME 141, NUM
paediatric and young adult patients with
relapsed or refractory Hodgkin’s lymphoma
(AHOD1221): a Children’s Oncology Group,
multicentre single-arm, phase 1-2 trial. Lancet
Oncol. 2018;19(9):1229-1238.

18. Abuelgasim KA, Alzahrani M, Alsharhan Y,
et al. Chemoimmunotherapy with
brentuximab vedotin combined with
ifosfamide, gemcitabine, and vinorelbine
is highly active in relapsed or refractory
classical Hodgkin lymphoma. Bone
Marrow Transplant. 2019;54(7):
1168-1172.

19. Hagenbeek A, Mooij H, Zijlstra J, et al. Phase
I dose-escalation study of brentuximab-
vedotin combined with dexamethasone,
high-dose cytarabine and cisplatin, as salvage
treatment in relapsed/refractory classical
Hodgkin lymphoma: the HOVON/LLPC
Transplant BRaVE study. Haematologica.
2019;104(4):e151-e153.

20. Moskowitz AJ, Schöder H, Yahalom J, et al.
PET-adapted sequential salvage therapy
with brentuximab vedotin followed by
augmented ifosamide, carboplatin, and
etoposide for patients with relapsed and
refractory Hodgkin’s lymphoma: a non-
randomised, open-label, single-centre,
phase 2 study. Lancet Oncol. 2015;16(3):
284-292.

21. Schellong G, Dörffel W, Claviez A, et al.
Salvage therapy of progressive and recurrent
Hodgkin’s disease: results from a multicenter
study of the pediatric DAL/GPOH-HD
study group. J Clin Oncol. 2005;23(25):
6181-6189.

22. Cole PD, Schwartz CL, Drachtman RA, et al.
Phase II study of weekly gemcitabine and
vinorelbine for children with recurrent or
refractory Hodgkin’s disease: a children’s
oncology group report. J Clin Oncol. 2009;
27(9):1456-1461.

23. Harker-Murray PD, Drachtman RA,
Hodgson DC, et al. Stratification of treatment
intensity in relapsed pediatric Hodgkin
lymphoma. Pediatr Blood Cancer. 2014;61(4):
579-586.

24. Hagenbeek A, Zijlstra JM, Plattel WJ, et al.
Combining brentuximab vedotin with DHAP
as salvage treatment in relapsed/refractory
BER 17
Hodgkin lymphoma: the phase II HOVON/
LLPC transplant BRaVE study. Blood. 2018;
132(suppl 1):2923.

25. Sieniawski M, Reineke T, Nogova L, et al.
Fertility in male patients with advanced
Hodgkin lymphoma treated with BEACOPP:
a report of the German Hodgkin Study Group
(GHSG). Blood. 2008;111(1):71-76.

26. Mauz-Körholz C, Landman-Parker J,
Balwierz W, et al. Response-adapted
omission of radiotherapy and comparison of
consolidation chemotherapy in children and
adolescents with intermediate-stage and
advanced-stage classical Hodgkin lymphoma
(EuroNet-PHL-C1): a titration study with an
open-label, embedded, multinational,
non-inferiority, randomised controlled trial.
Lancet Oncol. 2022;23(1):125-137.

27. Viviani S, Zinzani PL, Rambaldi A, et al. ABVD
versus BEACOPP for Hodgkin’s lymphoma
when high-dose salvage is planned. N Engl J
Med. 2011;365(3):203-212.

28. Moskowitz CH, Walewski J, Nademanee A,
et al. Five-year PFS from the AETHERA trial of
brentuximab vedotin for Hodgkin lymphoma
at high risk of progression or relapse. Blood.
2018;132(25):2639-2642.

29. Wilke C, Cao Q, Dusenbery KE, et al. Role of
consolidative radiation therapy after
autologous hematopoietic cell transplantation
for the treatment of relapsed or refractory
Hodgkin lymphoma. Int J Radiat Oncol Biol
Phys. 2017;99(1):94-102.

30. Chen R, Gopal AK, Smith SE, et al. Five-year
survival and durability results of brentuximab
vedotin in patients with relapsed or refractory
Hodgkin lymphoma. Blood. 2016;128(12):
1562-1566.

31. Larkin J, Chiarion-Sileni V, Gonzalez R, et al.
Five-year survival with combined
nivolumab and ipilimumab in advanced
melanoma. N Engl J Med. 2019;381(16):
1535-1546.
© 2023 by The American Society of Hematology.

Licensed under Creative Commons Attribution-

NonCommercial-NoDerivatives 4.0 International

(CC BY-NC-ND 4.0), permitting only noncommercial,

nonderivative use with attribution. All other rights

reserved.
ay 
HARKER-MURRAY et al

2024

http://refhub.elsevier.com/S0006-4971(22)08458-0/sref7
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref7
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref7
https://seagendocs.com/Adcetris_Full_Ltr_Master.pdf
https://seagendocs.com/Adcetris_Full_Ltr_Master.pdf
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref9
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref9
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref9
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref10
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref10
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref10
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref10
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref11
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref11
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref11
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref11
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref11
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref11
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref12
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref12
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref12
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref12
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref12
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref12
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref13
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref13
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref13
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref13
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref13
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref14
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref14
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref14
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref14
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref14
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref15
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref15
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref15
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref15
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref15
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref16
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref16
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref16
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref16
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref16
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref16
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref16
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref17
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref17
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref17
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref17
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref17
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref17
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref17
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref18
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref18
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref18
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref18
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref18
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref18
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref18
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref18
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref19
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref19
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref19
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref19
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref19
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref19
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref19
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref19
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref20
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref20
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref20
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref20
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref20
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref20
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref20
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref20
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref20
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref21
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref21
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref21
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref21
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref21
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref21
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref22
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref22
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref22
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref22
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref22
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref22
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref23
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref23
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref23
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref23
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref23
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref24
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref24
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref24
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref24
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref24
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref24
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref25
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref25
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref25
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref25
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref25
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref26
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref27
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref27
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref27
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref27
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref28
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref28
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref28
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref28
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref28
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref29
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref29
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref29
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref29
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref29
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref29
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref30
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref30
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref30
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref30
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref30
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref31
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref31
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref31
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref31
http://refhub.elsevier.com/S0006-4971(22)08458-0/sref31
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode

	Nivolumab and brentuximab vedotin with or without bendamustine for R/R Hodgkin lymphoma in children, adolescents, and young ...
	Introduction
	Materials and methods
	Study design and patients
	Treatments, end points, and assessments
	Populations for analysis and statistical considerations

	Results
	Baseline patient characteristics and disposition
	Efficacy
	Off-protocol therapies and auto-HCT
	Post–auto-HCT therapies
	Off-protocol consolidation and auto-HCT
	Off-protocol consolidation and subsequent therapies
	Stem cell mobilization

	Safety

	Discussion
	Authorship
	References


