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abstract

PURPOSE Primary mediastinal B-cell lymphoma (PMBL) is a rare but aggressive non-Hodgkin lymphoma with
poor outcomes in patients with relapsed/refractory (R/R) disease. PMBL is characterized by high expression of
programmed death-1 ligand and variable expression of CD30. Nivolumab, an anti–programmed death-1
immune checkpoint inhibitor, and brentuximab vedotin (BV), an anti-CD30 antibody–drug conjugate, may
have synergistic activity in R/R PMBL.

METHODS The expansion cohort of the open-label, phase I/II CheckMate 436 study enrolled patients with
confirmed R/R PMBL who were previously treated with either autologous hematopoietic cell transplantation or
two or more prior chemotherapy regimens if ineligible for autologous hematopoietic cell transplantation. Patients
received nivolumab (240 mg intravenously) and BV (1.8 mg/kg intravenously) every 3 weeks until disease
progression or unacceptable toxicity. Primary end points were investigator-assessed objective response rate
(ORR) per the Lugano 2014 criteria and safety.

RESULTS Thirty patients with PMBL were treated and evaluable. At a median follow-up of 11.1 months, ORR
(95% CI) was 73% (54% to 88%), with a 37% complete remission rate per investigator, and ORR of 70% (51%
to 85%), with a 43% complete metabolic response rate per independent review. Median duration of response,
median progression-free survival, and median overall survival have not been reached. Eleven responders had
consolidation with autologous (n = 5) or allogeneic (n = 6) transplantation. Treatment-related adverse events
were reported in 25 patients (83%). Sixteen patients (53%) had grade 3 to 4 treatment-related adverse events;
themost commonwere neutropenia (n = 9), thrombocytopenia (n = 3), and peripheral neuropathy (n = 3). There
were no treatment-related deaths.

CONCLUSION In patients with R/R PMBL, the combination of nivolumab plus BV represents a promising option,
with high antitumor activity and a manageable safety profile.

J Clin Oncol 37:3081-3089. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Primary mediastinal B-cell lymphoma (PMBL) is a rare
but aggressive lymphoma of thymic B-cell origin, ac-
counting for 2% to 4% of non-Hodgkin lymphomas
(NHLs) and up to 10% of diffuse large B-cell lym-
phomas (DLBCLs).1,2 It occurs predominantly in young
adults with a median age of 35 years at diagnosis.1

Approximately 10% to 20% of patients with PMBL are
not cured after first-line treatment.3-6 Those with
chemosensitive relapse may benefit from autologous
hematopoietic cell transplantation (auto-HCT).7

However, patients with relapsed/refractory (R/R)
PMBL have poor outcomes. The objective response
rate (ORR) to salvage chemotherapy is approximately

25%, and 2-year overall survival (OS) after diagnosis of
R/R PMBL is as low as 15%.7 No standard of care for
R/R PMBL has been established; it is often treated
similarly to other forms of DLBCL.2,8 New therapeutic
strategies are urgently needed for patients with
R/R PMBL.

Although PMBL has similar histology to DLBCL, the
genetic profile of PMBL is distinct and shares many
features with classic Hodgkin lymphoma (cHL).2,8

PMBL exhibits 9p24.1 amplification in 45% to 63%
of patients, whereas cHL has almost universal copy
gain and amplification of the region, and DLBCL shows
infrequent alterations.9-12 Genetic alterations at
9p24.1 are associated with increased expression of
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programmed death-1 (PD-1) ligands, conferring sensi-
tivity to checkpoint inhibitors.9,11,13 Nivolumab, a fully
human immunoglobulin G4 anti–PD-1 immune check-
point inhibitor monoclonal antibody, interrupts PD-1
receptor–ligand interactions and restores T-cell–mediated
antitumor immune responses.14 Treatment with another
anti–PD-1 antibody, pembrolizumab, as monotherapy has
demonstrated a 48% ORR in R/R PMBL.15

Similar to cHL Reed-Sternberg cells, PMBL tumor cells also
express CD30, albeit at relatively lower intensities and
more heterogeneous levels.16,17 Brentuximab vedotin (BV),
an antibody–drug conjugate of monomethyl auristatin E with
a CD30 antibody, induces apoptosis of CD30+ tumor cells by
disrupting the microtubule network and inhibiting cell di-
vision.18 CD30 is also upregulated in intratumoral regulatory
T cells (Tregs).19 Thus, BV may affect the tumor microen-
vironment through depletion of immunosuppressive
Tregs in addition to inducing immunogenic cell death,
both of which may augment the effect of PD-1
blockade.19-21 In R/R PMBL, BV monotherapy demon-
strated a 13% ORR.22

The safety and efficacy of nivolumab combined with BV has
been established in studies of R/R cHL.20,23 The complete
remission (CR) rate of 67% observed in the phase I/II study
suggests potential synergy between these two agents.20,24

Given the common features of PMBL and cHL and the
potential synergy of PD-1 inhibition and BV, we evaluated
whether the combination of nivolumab and BV was safe
and synergistically effective in patients with R/R PMBL. We
report the primary efficacy and safety results of the com-
bination therapy in patients with R/R PMBL from the phase
II CheckMate 436 study.

METHODS

Study Design and Patients

CheckMate 436 (ClinicalTrials.gov identifier: NCT02581631)
is an open-label, multicenter, multicohort, phase I/II study of
nivolumab in combination with BV in patients with CD30+
R/R NHL. This study consists of a phase I dose evaluation of
the first six treated patients with R/R NHL and phase II ef-
ficacy and safety evaluations in expansion cohorts. The
phase II expansion cohorts include patients with subtypes
of NHLs; results of the R/R PMBL cohort are reported here.

The planned enrollment for the R/R PMBL cohort was 30
patients. Eligible patients were 18 years of age or older,
had an Eastern Cooperative Oncology Group performance
status of 0 to 1, had a CD30 expression level of 1% or
greater in the tumor or tumor-infiltrating lymphocytes by
local immunohistochemistry, and had 1 or more measur-
able sites of disease according to the Lugano 2014 clas-
sification.24 Patients were required to have R/R disease
after treatment with auto-HCT or have received two or more
prior multiagent chemotherapy regimens for those in-
eligible for auto-HCT. Key exclusion criteria included prior

allogeneic HCT (allo-HCT), active autoimmune disease,
known history of pancreatitis, CNS involvement, and prior
exposure to anti-CD30 treatment or agents targeting T-cell
costimulation or checkpoint pathways.

This study was conducted in accordance with Good Clinical
Practice guidelines and approved by the institutional review
board and independent ethics committee at each study
site. All patients provided written informed consent before
enrollment.

Treatment and Assessments

The dose-evaluation phase assessed dose-limiting toxic-
ities for 1.8 mg/kg BV (maximum 180 mg) in combination
with 240-mg flat-dose nivolumab once every 3 weeks
through the first 6 weeks of treatment. Dosages were
chosen to streamline the administration of both study
drugs. On the basis of clinical data and modeling, the
240-mg flat dose of nivolumab is comparable to the
3-mg/kg dose; after nivolumab once every 3 weeks, PD-1
receptor occupancy of more than 90% is achieved be-
ginning with the first cycle over a range of 0.3 to
10 mg/kg.25,26 In the phase I portion of the study, no patient
experienced dose-limiting toxicity; thus, the dose of
nivolumab (240-mg flat dose) and BV (1.8 mg/kg) every
3 weeks was chosen for phase II expansion cohorts.

Both drugs were administered intravenously over 30 min-
utes. In cycle 1, BV was administered on day 1 and
nivolumab on day 8. In all subsequent cycles, patients
received both drugs on day 1 with at least 30minutes of rest
between BV and nivolumab. Patients were treated until
disease progression or unacceptable toxicity.

Dose escalation of BV beyond 1.8 mg/kg or reduction below
1.2 mg/kg was not allowed. No dose modification of
nivolumab was allowed. Dose delays were permitted for
drug-related adverse events (AEs; Appendix, online only;
Appendix Table A1, online only; Protocol). If one agent was
delayed, the other was also delayed until combination
treatment could be safely resumed or one agent was
permanently discontinued. Patients who experienced tox-
icities related to one agent that required treatment dis-
continuation could continue therapy with the other single
agent. Patients who experienced disease progression
during treatment were allowed to be treated beyond dis-
ease progression until additional progression was observed,
as long as they continued to receive investigator-assessed
clinical benefit. Patients could receive consolidative HCT at
the discretion of the treating physician.

Tumor response was assessed by [18F]fluorodeoxy-
glucose–positron emission tomography (PET)–computed
tomography (CT) at baseline, weeks 6 and 12, every
9 weeks for the following four assessments, and every
12 weeks after the first year until disease progression.
Patients with PET-avid lesions at baseline were followed
with PET. Those with lesions on CT scans at baseline that
were not PET avid were followed with CT scans. CR was
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confirmed by a negative PET scan score of 1 to 3. Patients
treated beyond progression weremonitoredwith radiographic
assessment for at least 12 weeks according to Lymphoma
Response to Immunomodulatory Therapy Criteria.27

AEs were assessed continuously during the study and for
100 days after the last study treatment using the National
Cancer Institute Common Terminology Criteria for Adverse
Events (version 4.03).28 Patients who proceeded to HCT were
observed for progression and survival on day 100, months 6
and 12, and every year thereafter from the date of stem-cell
infusion until the first non-CR response. Patients proceeding
to allo-HCT were also assessed for acute and chronic graft
versus-host disease (GVHD) at these visits. Health-related
quality of life (HRQoL) assessments (EQ-5D 3-level version
[EQ-5D-3L] questionnaire) were collected at each visit before
study drug administration or via phone during follow-up.

End Points

The primary efficacy end point was investigator-assessed
ORR, defined as either CR or partial remission (PR), per
Lugano 2014 classification.29 Secondary end points in-
cluded overall duration of response (DOR), CR rate, duration
of CR, and progression-free survival (PFS), all on the basis of
investigator assessments, and OS. HRQoL evaluation was an
exploratory end point. Tumor response assessed by blinded
independent central review (BICR) was a post hoc analysis.
Safety end points included incidence of deaths, AEs, se-
rious AEs, AEs leading to discontinuation or dose delay, and
specific laboratory abnormalities.

Statistical Analysis

On the basis of historical data, a sample size of 30 patients
was chosen with the null hypothesis that the true ORR was
30% or less, to be rejected if 15 or more responses were
observed based on an 80% CI. All patients who received at
least one dose of the study drugs were included for efficacy
and safety analyses.

ORR was summarized by binomial response rate and
its corresponding 80% and 95% exact CIs using the

TABLE 1. Baseline Demographic and Clinical Characteristics
Characteristic All Treated Patients (N = 30)

Age, years

Median (range) 35.5 (19-83)

, 65 29 (97)

Female 17 (57)

Race

White 26 (87)

Black 2 (7)

Asian 1 (3)

Other 1 (3)

Disease stage at initial diagnosis

I 4 (13)

II 12 (40)

III 2 (7)

IV 11 (37)

Unknown 1 (3)

ECOG performance status

0 19 (63)

1 11 (37)

Prior lines of systemic therapy

Median (range) 2 (2-5)

2 19 (63)

3 10 (33)

$ 4 1 (3)

Disease status

Refractory* 20 (67)

Relapsed† 6 (20)

Relapsed and refractory‡ 4 (13)

Best response to most recent
systemic therapy

CR 0

PR 6 (20)

Stable disease 6 (20)

Relapse/progressive disease 16 (53)

Unknown 2 (7)

Time from completion of most recent
prior systemic therapy to
study treatment (months)

, 3 19 (63)

3-6 8 (27)

. 6 3 (10)

Prior auto-HCT 4 (13)

CR after auto-HCT (No./total No.) 2/4

Relapse/progressive disease
after auto-HCT (No./total No.)

2/4

(continued in next column)

TABLE 1. Baseline Demographic and Clinical Characteristics
(continued)
Characteristic All Treated Patients (N = 30)

Prior surgery related to cancer 3 (10)

Prior radiotherapy 8 (27)

NOTE. Data reported as No. (%) unless otherwise indicated.
Abbreviations: auto-HCT, autologous hematopoietic cell

transplantation; CR, complete remission; ECOG, Eastern Cooperative
Oncology Group; PR, partial remission.
*Refractory: no CR after frontline therapy and no CR/PR with any

salvage therapy.
†Relapsed: relapse after prior line of therapy and CR/PR with most

recent prior therapy.
‡Relapsed and refractory: relapse after prior line of therapy and no

CR/PR with most recent prior therapy.
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Clopper-Pearson method. Descriptive statistics were
used to present safety data.

RESULTS

Baseline Patient Characteristics and Disposition

Thirty patients with R/R PMBL were treated in a phase II
expansion cohort and are included in this primary analysis.

No patients with PMBL were enrolled in the phase I portion
of the study. Baseline characteristics are listed in Table 1;
the majority of patients (67%) were refractory to any prior
line of therapy, and four patients (13%) had prior auto-
HCT.

At the time of analysis, 29 patients were treated with
nivolumab (median, five doses; range, one to 22), and all
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FIG 1. (A) Best change from baseline in target lesion by best overall response per investigator. (B) Best reduction
from baseline in maximum standardized uptake value (SUVmax) by best overall response per blinded independent
central review. Target lesion was measured by sum of the product of the diameters, on the basis of computed
tomography scan. SUVmax was measured by [18F]fluorodeoxyglucose–positron emission tomography. Horizontal
reference line in (A) indicates the 50% reduction consistent with a response per Lugano Classification 2014.
Horizontal reference line in (B) indicates the 25% reduction in SUVmax consistent with a response per Lugano
positron emission tomography staging criteria.30 (*) Five patients were nonevaluable: two died before any post-
baseline tumor measurements were obtained, one had inconsistent tumor codes at screening and week 6, and
two had measurements after progression per investigator. (†) Five patients were nonevaluable: two had no
baseline SUVmax measurements, and three had no postbaseline SUVmax measurements.
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30 were treated with BV (median, five doses; range, one to
20). One patient received BV on cycle 1 day 1, but dis-
continued before the scheduled first dose of nivolumab.

At database lock, four patients continued to receive treat-
ment; the most common reason for discontinuing treatment
was maximum clinical benefit (n = 10; Appendix Fig A1,
online only). Among patients who were considered to have
achieved maximum clinical benefit per investigator, eight
received subsequent HCT, one received consolidation
radiotherapy, and one received no additional treatment.

Efficacy

With a median follow-up of 11.1 months, the ORR per
investigator was 73% (95% CI, 54 to 88; 80% CI, 60 to 84),
with 11 (37%) achieving CR and 11 (37%) achieving PR.

Three additional patients (10%) had stable disease. BICR-
assessed ORR (95% CI) was 70% (51 to 85), with a CR rate
of 43% (Appendix Table A2, online only). Of response-
evaluable patients, 52% (13 of 25) had a best reduction
in target lesion tumor burden of more than 50%, and 80%
(20 of 25) had a best reduction from baseline maximum
standardized uptake value of more than 25% (Fig 1).30

Median (interquartile range) time to first objective response
was 1.3 (1.3 to 1.6) months and 3.2 (2.5 to 5.6) months to
CR. At data cutoff, 12 of the 22 responders had received
subsequent anticancer therapies, two experienced disease
progression, one died, and seven were in ongoing follow-up
(Fig 2). Median DOR and duration of CR were not reached
(Fig 3). Eleven responders (50%) received subsequent
HCT, including six (three CR and three PR) receiving allo-
HCT and five (three CR and two PR) receiving auto-HCT.
Four patients underwent radiation consolidation before
auto-HCT, and one underwent radiation consolidation
before allo-HCT. All five patients who received auto-HCT
and five of the patients who received allo-HCT reached the
100-day assessment post-transplantation; all achieved CR.
No GVHD was reported in patients receiving subsequent
allo-HCT. The 6-month PFS rate was 63.5% (95% CI, 42.5
to 78.6), and the 6-month OS rate was 86.3% (95% CI,
67.5 to 94.6; Fig 4). Median PFS and median OS were not
reached.

Health-Related Quality of Life

HRQoL data are reported in Appendix Table A3 (online
only).

Safety

Treatment-related AEs (TRAEs) were reported in 25 patients
(83%); 16 (53%) experienced grade 3 to 4 TRAEs (Table 2)
after a median of five cycles. The most frequently reported
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TRAEs were neutropenia (30%) and peripheral neuropathy
(27%). All nine TRAEs of neutropenia and three (10%) each
of thrombocytopenia and peripheral neuropathy were grade
3 to 4. Four patients (13%) had treatment-related serious
AEs: one patient had grade 3 colitis and maculopapular
rash, one had grade 4 immune-mediated hepatitis, one
had grade 2 acute kidney injury, and one had a grade 2
fall. TRAEs that led to discontinuation of treatment in-
cluded one grade 4 immune-mediated hepatitis and one
grade 3 rash. Three patients discontinued BV because
of grade 3 peripheral neuropathy; all of these patients
continued therapy with nivolumab and were still receiving
treatment at database lock.

In total, 17 (59%) and 16 (53%) patients had one or more
cycle of treatment delayed with nivolumab and BV, re-
spectively. Treatment cycles were delayed in 14% and 15%
of total cycles with nivolumab and BV, respectively. Of the
total number of treatment cycles received, 11% (22 of 197)
and 12% (21 of 182) of cycles were delayed because of AEs
from treatment with nivolumab and BV, respectively. The
most common AEs that led to dose delay or reduction were
neutropenia in nine patients (seven with grade 3 and two
with grade 2) and peripheral neuropathy in five patients (all
grade 2). Grade 2 peripheral neuropathy (n = 5) and pe-
ripheral sensory neuropathy (n = 1) led to dose reduction of
BV. No instances were completely resolved: one patient
improved to grade 1, and three became grade 3, which led
to discontinuation of BV.

A total of 15 immune-mediated AEs were reported in 10
patients, including four events of hyperthyroidism (grade 1
and 2), three events of rash (grade 2 and 3) in the same
patient, two events each of acute kidney injury (grade 2
and 5) and hypothyroidism (grade 1), and one each of
colitis (grade 3), maculopapular rash (grade 3), infusion-
related reaction (grade 2), and thyroiditis (grade 1).
Immune-modulating medication was given to treat 60%
of immune-mediated AEs.

Five patients died during the study follow-up, four as a result
of disease progression and one as a result of sepsis that was
not considered treatment related. None of the deaths was
considered treatment related by the investigator.

DISCUSSION

In this phase II study, the combination of nivolumab plus BV
was highly active in patients with R/R PMBL, with an
investigator-assessed ORR of 73% and a CR rate of 37%.
The safety of the combination therapy was acceptable and
consistent with the known safety profiles of nivolumab and BV
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TABLE 2. Treatment-Related Adverse Events

Treatment-Related Adverse Events

All Treated Patients (N = 30)

Any Grade Grade 3-4

All 25 (83) 16 (53)

Neutropenia 9 (30) 9 (30)

Peripheral neuropathy 8 (27) 3 (10)

Thrombocytopenia 4 (13) 3 (10)

Rash 4 (13) 1 (3)

Peripheral sensory neuropathy 4 (13) 0

Hyperthyroidism 4 (13) 0

Pyrexia 3 (10) 0

Decreased neutrophil count 2 (7) 2 (7)

Hypersensitivity 2 (7) 1 (3)

Maculopapular rash 1 (3) 1 (3)

Colitis 1 (3) 1 (3)

Immune-mediated hepatitis 1 (3) 1 (3)

NOTE. Data reported as No. (%). Treatment-related adverse events
reported in$ 10%of patients or grade 3 to 4 treatment-related adverse
events reported in any patient.
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alone.14,18 No new safety signals were identified compared
with previous studies in other hematologic malignancies.20

The efficacy results of nivolumab plus BV combination
therapy showed substantial clinical benefits in this pop-
ulation of patients with highly refractory disease. In our
study, patients had received a median of two prior lines of
systemic therapy, 67% of patients had disease that was
refractory to any prior line of therapy, only 20% had PR, and
none achieved CR from their most recent systemic ther-
apies. The response rate to salvage chemotherapy is
generally lower for patients with primary refractory disease
than for those with relapsed disease.7 In a retrospective
study of second-line salvage chemotherapy in R/R PMBL,
the ORR was 15% for patients with primary refractory
disease and 38% for those who relapsed after first-line
treatment, a striking contrast to the high ORR observed in
the current study.7 In our study, six patients were che-
mosensitive at study entry, among whom three achieved
CR, two achieved PR, and one achieved stable disease
with study treatment.

Our results compare favorably with the outcomes of PD-1
inhibition alone. A phase II study evaluating pembrolizumab
monotherapy in 53 patients with R/R PMBL showed an
ORR of 45% and a CR rate of 13% per BICR using In-
ternational Working Group 2007 criteria (21% by Lugano
criteria). After a median follow-up of 12.5 months, median
DOR and median OS were not reached, and median PFS
was 5.5 months. Grade 3 to 4 treatment-related neu-
tropenia was reported in 13% of patients.15,31 In an open-
label phase I trial of pembrolizumab in 21 patients
with R/R PMBL, the investigator-assessed ORR was 48%,
with 33% achieving CR per International Working Group
2007 criteria.15 Median DOR was not reached at a median
follow-up of 29.1 months. Median PFS was 10.4 months,
and median OS was 31.4 months.15 The patient population
of that study was slightly younger (median age, 30 years),
more heavily treated (median, three prior lines of therapy),
but less refractory (44% refractory to first-line therapy).32

Interestingly, in a phase II trial of patients with R/R PMBL
treated with BV monotherapy, ORR was low, at 13% (two of
15), with both being PR, and the trial was terminated
early.22 This result was surprising given that most PMBLs
express variable levels of CD30. Results from a planned
retrospective post hoc analysis of CD30 expression in
patients in the BV monotherapy trial may offer additional
insights. It is also possible that BV exerts its antitumor
activities in PMBL through depletion of Tregs and induction
of immunogenic cell death, both of which further boost
antitumor immunity potentiated by PD-1 blockade.19-21

Indeed, the combination of nivolumab and BV seems to
have synergistic antitumor activity in cHL, a disease that
shares similar genetic features with PMBL.9,17,20

In our study, the responses were durable, and the median
DOR was not reached. Importantly, patients who achieved

CR maintained their response. Of the patients (n = 5) who
achieved CR and did not receive additional consolidation
with transplantation, two had ongoing CR of 12.6 and
10.8 months at the time of data cutoff. Longer follow-up is
needed to assess the durability of disease control and
long-term survival outcomes with the combination of
nivolumab plus BV.

The results from our study are promising in R/R PMBL,
where no randomized studies have been performed and no
standard of care has been established. The ability to perform
PMBL-specific studies has been difficult, given the rare
nature of R/R PMBL and poor survival at relapse. Many older
studies were small, retrospective, and likely included pa-
tients misclassified with PMBL as defined by current stan-
dards.2 The National Comprehensive Cancer Network
guidelines recommend that patients with R/R disease who
are ineligible for or nonresponsive to HCT should consider
enrollment in clinical trials or receive second-line regimens,
palliative radiation, or supportive care. Nevertheless, the
current treatment options for these predominantly young
patients with R/R PMBL are limited and include mostly
chemotherapies.8 Minimizing chemotherapy exposure
and long-term toxicity is particularly important in this
patient population. On the basis of results from phase I
and II studies, pembrolizumab and chimeric antigen
receptor T-cell therapy are listed as treatment options for
R/R PMBL in the National Comprehensive Cancer Net-
work guidelines.8,33

The majority of patients in our study were auto-HCT in-
eligible at enrollment; only four patients had prior auto-
HCT. Yet, 11 patients were successfully bridged to HCT
after nivolumab plus BV combination therapy; all 10 pa-
tients who had reached the 100-day post-transplantation
assessment, including five who received auto-HCT,
achieved and remained in CR. These outcomes suggest
that stem cell mobilization and auto-HCT are feasible after
treatment with nivolumab plus BV, and auto-HCT may still
be a viable option for patients who achieve objective re-
sponses after the combination therapy, even in those with
chemotherapy-refractory disease.

Furthermore, as patients with R/R PMBL can receive
consolidative allo-HCT for curative intent, more effective
and less toxic bridging therapies are critical. Given the high
response rate of this combination regimen in R/R PMBL, we
believe this is a promising strategy, particularly for patients
with chemotherapy-refractory disease.

In conclusion, for patients with R/R PMBL, nivolumab plus
BV treatment demonstrated a high and sustained
investigator-assessed ORR of 73%, with a 37% CR rate.
TRAEs were consistent with the safety profiles of nivolumab
and BV treatment alone. The combination of nivolumab
and BV may be synergistic and is highly active in patients
with R/R PMBL, serving as a potential bridge to other
consolidative therapies of curative intent.
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1Institute of Hematology “Seràgnoli” Bologna University, Bologna, Italy
2IRCCS Humanitas Research Hospital, Humanitas University, Milan,
Italy
3Ospedale Papa Giovanni XXIII, Bergamo, Italy
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APPENDIX

Methods

For nivolumab, no dose modification was allowed. Criteria for dose
delay for all drug-related adverse events (AEs) included:

• Any grade 2 or greater nonskin drug-related AE, except grade 2
drug-related fatigue or laboratory abnormalities

• Any grade 3 drug-related laboratory abnormality except for
lymphopenia and leukopenia, and the following:
° For patients with normal baseline AST, ALT, or total bilirubin,
delay dosing for drug-related grade 2 or greater toxicity

° For patients with grade 1 baseline AST, ALT, or total bilirubin,
delay dosing for drug-related grade 3 or greater toxicity

• Any AE, laboratory abnormality, or intercurrent illness at the
investigator’s discretion

Health-Related Quality-of-Life Results

At baseline, most patients (71%) reported some problems, and two
(7%) had extreme problems in the pain domain of the EQ-5D-3L
questionnaire. Some problems were also reported in the Activity (39%)
and Anxiety (46%) domains, but few had problems withMobility (14%)
or Self-care (11%). During subsequent study visits and at follow-up
visits, fewer patients reported pain or activity-related problems com-
pared with baseline (Appendix Table A3).

Enrolled
(N = 30)

Received study drug
(n = 30)

No random 
assignment

Discontinued treatment
  Maximum clinical benefit*
  Disease progression
  Study drug toxicity
  Adverse event unrelated
  to study drug†

  Patient request to discontinue
  treatment
  Other‡

(n = 26)
(n = 10)
(n = 8)
(n = 2)
(n = 2)

(n = 1)

(n = 3)

Treatment ongoing
(n = 4)

Analyzed
(n = 30)

FIG A1. Patient disposition. (*) Maximum clinical benefit was
determined by the investigator, including eight patients with
subsequent transplantation, one patient with consolidation ra-
diotherapy, and one patient with no additional treatment. (†)
Adverse events unrelated to the study drug included one patient
with GI perforation that led to hospitalization and one patient with
sepsis. (‡) Other reasons included three patients proceeding to
transplantation.
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TABLE A1. Dose Modifications for Brentuximab Vedotin Because of AEs
AEs G1 G2 G3 G4

Peripheral neuropathy No change Reduce dose to
1.2 mg/kg

Delay treatment until toxicity resolves to
# G2 or baseline; reduce to
1.2mg/kg; discontinue if dose already
reduced

Discontinue

Nonhematologic (except
peripheral neuropathy)

No change No change Delay treatment until toxicity resolves to
# G2 or baseline; continue at original
dose*

Delay treatment until toxicity resolves to
# G2 or baseline; reduce to 1.2 mg/kg
or discontinue at the discretion of the
investigator*†

Hematologic No change No change Delay treatment until toxicity resolves to # G2 or baseline; continue at original dose‡;
growth factor support should be considered; if G4 neutropenia recurs despite growth
factor support, consider discontinuation or dose reduction to 1.2 mg/kg

Abbreviations: AEs, adverse events; G, grade.
*Patients who develop grade 3 or 4 electrolyte laboratory abnormalities were permitted to continue study treatment without dose delay.
†Discontinued treatment of patients who experienced grade 4 infusion-related reactions.
‡Patients who developed grade 3 or 4 lymphopenia were permitted to continue study treatment without dose delay.

TABLE A2. Objective and Best Overall Response
Response Investigator Assessment BICR Assessment

ORR, % (95% CI) 73 (54 to 88) 70 (51 to 85)

Best overall response

CR/CMR 11 (37) 13 (43)

PR/PMR 11 (37) 8 (27)

SD/NMR 3 (10) 1 (3)

PD/PMD 3 (10) 4 (13)

Unable to determine 2 (7) 4 (13)

NOTE. Data reported as No. (%) unless otherwise indicated.
Abbreviations: BICR, blinded independent central review; CMR,

complete metabolic response; CR, complete remission; NMR, no
metabolic response/stable metabolic disease; ORR, overall response
rate; PD, progressive disease; PMD, progressive metabolic disease;
PMR, partial metabolic response; PR, partial remission; SD, stable
disease.
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TABLE A3. Health-Related Quality of Life by EQ-5D-3L Dimensions
Dimension Baseline (n = 28) Cycle 5 (n = 15) Follow-Up 1 (n = 14)

Mobility

Some problem 4 (14) 3 (20) 3 (21)

Extreme problem 0 0 0

Self-care

Some problem 3 (11) 2 (13) 2 (14)

Extreme problem 0 0 0

Activity

Some problem 11 (39) 4 (27) 3 (21)

Extreme problem 0 1 (7) 0

Pain

Some problem 20 (71) 8 (53) 3 (21)

Extreme problem 2 (7) 1 (7) 1 (7)

Anxiety

Some problem 13 (46) 4 (27) 8 (57)

Extreme problem 0 1 (7) 0

NOTE. Data reported as No. (%).
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