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abstract

PURPOSE Nivolumab, an anti–programmed death-1 monoclonal antibody, has demonstrated frequent and
durable responses in relapsed/refractory classic Hodgkin lymphoma (cHL). We report results from Cohort D of
the CheckMate 205 trial, which assessed nivolumab monotherapy followed by nivolumab plus doxorubicin,
vinblastine, and dacarbazine (N-AVD) for newly diagnosed cHL.

METHODS Patients 18 years of age or older with untreated, advanced-stage (defined as III to IV and IIB with
unfavorable risk factors) cHL were eligible for Cohort D of this multicenter, noncomparative, phase II trial.
Patients received nivolumab monotherapy for four doses, followed by 12 doses of N-AVD; all doses were every
2 weeks, and nivolumab was administered at 240 mg intravenously. The primary end point was safety. Efficacy
end points included objective response rate and modified progression-free survival, defined as time to disease
progression/relapse, death, or next therapy. Chromosome 9p24.1 alterations and programmed death-ligand 1
expression were assessed in Hodgkin Reed-Sternberg cells in evaluable patients.

RESULTS A total of 51 patients were enrolled and treated. At diagnosis, 49% of patients had an International
Prognostic Score of 3 or greater. Overall, 59% experienced a grade 3 to 4 treatment-related adverse event.
Treatment-related febrile neutropenia was reported in 10% of patients. Endocrine immune-mediated adverse
events were all grade 1 to 2 and did not require high-dose corticosteroids; all nonendocrine immune-mediated
adverse events resolved (most commonly, rash; 5.9%). At the end of therapy, the objective response rate (95%
CI) per independent radiology review committee was 84% (71% to 93%), with 67% (52% to 79%), achieving
complete remission (five patients [10%] were nonevaluable and counted as nonresponders). With a minimum
follow-up of 9.4 months, 9-month modified progression-free survival was 92%. Patients with higher-level
Hodgkin Reed-Sternberg programmed death-ligand 1 expression had more favorable responses to N-AVD
(P = .041).

CONCLUSION Nivolumab followed by N-AVD was associated with promising efficacy and safety profiles for newly
diagnosed, advanced-stage cHL.

J Clin Oncol 37. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Although treatment of newly diagnosed classic
Hodgkin lymphoma (cHL) with multiagent chemo-
therapy results in high complete remission (CR) and
cure rates, outcomes for patients with advanced-
stage disease remain suboptimal.1-4 In contrast to
earlier-stage disease, where front-line multiagent
chemotherapy with or without radiotherapy may be
associated with long-term remission in 85% to 95%
of patients,4-6 disease progression or death within
5 years is seen in 20% to 30% of patients with
advanced-stage cHL.1-3

Genetic alterations at 9p24.1, leading to overexpression
of the programmed death-1 (PD-1) ligands 1 and 2
(PD-L1 and PD-L2), are a defining feature of cHL.7 High-
magnitude 9p24.1 copy number alterations (CNAs) are
more common in newly diagnosed stage III to IV cHL
and have been associated with poorer progression-free
survival (PFS) in patients receiving standard induction
therapy.7 In patients with relapsed/refractory cHL re-
ceiving single-agent PD-1 blockade, high-magnitude
9p24.1 genetic alterations and PD-L1 expression in
Hodgkin Reed-Sternberg (HRS) cells were associated
with prolonged PFS.8 These observations provided the
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rationale for evaluating PD-1 blockade in the front-line
setting in patients with advanced-stage cHL.

Nivolumab, a fully human immunoglobulin G4 anti–PD-1
immune checkpoint inhibitor monoclonal antibody, has
demonstrated frequent and durable responses with a fa-
vorable safety profile as monotherapy in relapsed/refractory
cHL.9 In heavily pretreated patients, nivolumab mono-
therapy was associated with an objective response rate
(ORR) of 69% and a median PFS of 15 months.9 Nivolu-
mab plus brentuximab vedotin (BV) demonstrated an ORR
of 82%, with 61% CR in relapsed/refractory cHL, sug-
gesting the potential benefit of combining PD-1 blockade
with cytotoxic agents.10 Therefore, we hypothesized that
combining nivolumab with chemotherapy would confer
a therapeutic benefit in patients with advanced-stage,
previously untreated cHL.

The high efficacy of anthracycline-containing chemother-
apy regimens typically used in front-line treatment of cHL
must also be balanced with their inherent toxicities, in-
cluding late and persistent effects that may develop long
after completing treatment.11,12 Outcomes are also partic-
ularly poor in elderly and frail patients, who may be unable
to tolerate intensive chemotherapy.3,13-15 Response-
adapted therapy, guided by 18F-labeled fluorodeoxyglucose–
positron emission tomography (FDG-PET) scans after two
treatment cycles, may reduce bleomycin-related pulmo-
nary toxicity.16 However, many patients with FDG-
PET–positive disease at the interim scan—who generally
have a poor prognosis17—may still receive high-intensity
chemotherapy.16,18,19 Furthermore, the risk of progression
or death within 5 years in patients with an interim FDG-
PET–negative scan after two cycles remains at approximately
20%.20 Replacing bleomycin with BV seems to improve
modified PFS (mPFS) at 2 years, but the long-term efficacy
and safety of BV plus doxorubicin, vinblastine, and dacar-
bazine (A-AVD) are yet to be established.21 Novel regimens
with improved efficacy and manageable long-term safety
profiles are therefore needed for newly diagnosed advanced-
stage cHL.

We present results from Cohort D of CheckMate 205, which
assessed the safety and efficacy of nivolumabmonotherapy
followed by nivolumab plus AVD (N-AVD) for newly di-
agnosed, advanced-stage cHL. To evaluate the activity
of immunotherapy alone for newly diagnosed cHL, a nivo-
lumab monotherapy period before combination ther-
apy was included, which also provided an opportunity to
test the hypothesis of immune system priming before
chemotherapy.

METHODS

Study Design and Patients

CheckMate 205 (ClinicalTrials.gov identifier: NCT02181738)
is a multicenter, multicohort, noncomparative, phase II study
of nivolumab for cHL. Patients 18 years of age and older

with untreated, advanced-stage cHL, with an Eastern Co-
operative Oncology Group performance status of 0 to 1 and
hemoglobin-adjusted diffusing capacity of the lung for
carbonmonoxidemore than 60%, were enrolled in Cohort D.
Disease was staged per Cotswold-modified Ann Arbor
staging22; advanced-stage disease was defined as stage III
to IV, or stage IIB with bulky (node or nodal mass . 10 cm
or a mediastinal mass with a maximum transverse to in-
ternal thoracic diameter ratio at T5/6 level of$ 1/3 by chest
radiograph), or extranodal disease. Patients with planned
post-treatment consolidative radiotherapy were not eligible.

This study was performed in accordance with the Decla-
ration of Helsinki. Approval from the appropriate in-
stitutional review board and independent ethics committee
was received for the protocol, amendments, and consent
forms before initiating the study at each site. All patients
provided written informed consent before enrollment.

Treatments

Patients were treated first with nivolumabmonotherapy and
then with N-AVD combination therapy. In the monotherapy
phase, patients received nivolumab (240 mg intravenously
over 30 minutes every 2 weeks) for four doses. Patients
then entered the combination therapy phase, and received
six combination cycles (12 doses, once every 2 weeks) of
N-AVD (nivolumab 240 mg, doxorubicin 25 mg/m2, vin-
blastine 6 mg/m2, and dacarbazine 375 mg/m2, all in-
travenously). After combination therapy, patients entered
follow-up, with radiographic assessments at 39, 65, and
104 weeks from the last dose. Patients who did not
complete a phase were still observed and could enter
subsequent phases. Patients who experienced study drug
toxicity requiring discontinuation of nivolumab, or who
experienced dose delays more than 4 weeks from the
previous dose during the monotherapy phase, could re-
ceive AVD alone during the combination phase. Full
combination therapy selection criteria are listed in Ap-
pendix Table A1 (online only).

End Points and Assessments

The primary end point was safety and tolerability, assessed
by the incidence of grade 3 to 5 treatment-related adverse
events (TRAEs) between the first dose and 30 days after
the last dose. Immune-mediated adverse events (IMAEs)
were assessed until 100 days after the last dose. Adverse
events (AEs) were coded according to National Cancer
Institute Common Terminology Criteria for Adverse Events
(version 4.0).

Secondary end points included CR rate at the end of
therapy (EOT), per independent radiology review com-
mittee (IRC) using 2007 International Working Group cri-
teria23 and treatment discontinuation rate (in each phase
and overall). Responses were assessed by FDG-PET plus
computed tomography or magnetic resonance imaging at
baseline, end of monotherapy, after two combination cy-
cles, and at EOT (9 6 2 weeks from last dose). FDG-PET
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was optional after two combination cycles if the previous
scan was negative; computed tomography scans were
required. Exploratory end points included CR (per in-
vestigator) and ORR (per IRC and investigator) at the end of
monotherapy, after two combination cycles, and at EOT, as
well as mPFS per IRC.

The definition of mPFS was time to relapse/progression,
death, or subsequent therapy (the first nonpalliative ra-
diotherapy, systemic cancer therapy, or transplantation),
regardless of response (per IRC). Traditional PFS (if sub-
sequent therapy was not considered an event and cen-
sored) was also evaluated.

Exploratory Biomarker Analysis

Genetic alterations at 9p24.1 in HRS cells from baseline
tumor biopsies were evaluated by fluorescence in situ
hybridization (FISH) as described previously7,8 and clas-
sified as unbalanced rearrangement, amplification, copy
gain, polysomy, disomy (normal), or relative copy loss.
CNAs were defined as previously described7,8 on the basis
of the target:control signal ratio in 50 HRS cells per tumor.
Nuclei with a target:control signal ratio of 3:1 or greater
were defined as coamplified for PD-L1 and PD-L2, and
those with a signal ratio of greater than 1:1 but less than 3:1
were classified as having relative copy gain of these loci.
Nuclei with a signal ratio of 1:1, but more than two copies
per probe were defined as polysomic for 9p24.1. Per-
centage and magnitude of 9p24.1 amplification, copy gain,
polysomy, and disomy were defined for each patient, as
previously described.7,8 The status of 9p24.1 for each
patient was assigned using the highest observed level of
9p24.1 genetic alteration; those with 9p24.1 copy gain
lacked amplification, and those with 9p polysomy lacked
9p24.1 copy gain or amplification.7,8

The expression of PD-L1 in HRS cells was measured by
a modified H-score on the basis of double immunohisto-
chemistry (IHC) staining of PD-L1 and PAX5, as described
previously.7 Approximately 50 HRS cells per patient were
assessed for PD-L1 H-score.

Statistical Analysis

All patients who received one or more doses of nivolumab
were followed for safety and efficacy. The sample size was
determined to provide precision to estimate the proportion
of patients who experienced one or more grade 3 to 5 TRAE
(for a range of incidence rates from 16% to 46% on the
basis of prior data24) and to understand the safety profile.
Time-to-event data were estimated using the Kaplan-Meier
method and, when appropriate, medians with 95% CIs
were calculated using Brookmeyer and Crowley meth-
odology or the Greenwood method. P values for PD-L1
H-scores and percentage disomic HRS cells were cal-
culated using the Kruskal-Wallis rank-sum test. The
categorical response and PD-L1 H-score (in quartiles)
were treated as ordinal variables, and the Jonckheere-
Terpstra trend test for double-ordered contingency tables

was used to test for an association between response and
H-score quartile.

RESULTS

Baseline Patient Characteristics and Disposition

Fifty-one patients were enrolled and treated in Cohort D of
CheckMate 205; baseline characteristics are listed in
Table 1. At clinical cutoff (determined by the last patient,
last visit), median follow-up was 11.1 months (range, 1.2 to
16.4 months).

Of the 51 patients, 49 (96%) completed monotherapy
(Appendix Fig A1, online only). Fifty patients entered the
combination therapy phase (one discontinued the study
after one dose of nivolumab because of disease progres-
sion); 49 received N-AVD, and one received AVD only
because of study drug toxicity in the monotherapy phase.
Ninety percent of patients completed combination therapy
(44 of 49 completed N-AVD and one of one completed
AVD); 48 entered follow-up. Of the six patients who did not
complete combination therapy, two discontinued because
of study drug toxicity, one no longer met the study criteria,

TABLE 1. Baseline Demographic and Clinical Characteristics
Characteristic Patients (N = 51)

Median age, years (range) 37 (18-87)

, 30 18 (35)

$ 30 to , 45 18 (35)

$ 45 15 (29)

$ 60 6 (12)

Male 32 (63)

International Prognostic Score

0-1 12 (24)

2-3 21 (41)

$ 4 13 (25)

Not reported 5 (10)

Disease stage

II 10 (20)

III 12 (24)

IV 29 (57)

B symptoms 41 (80)

Disease involvement

Bulky disease 16 (31)

Extranodal 25 (49)

Bone marrow 4 (8)

Extranodal and bulky disease 7 (14)

Extranodal and bone marrow 2 (4)

Bone marrow and bulky disease 3 (6)

Extranodal, bone marrow, and bulky disease 1 (2)

NOTE. Data presented as No. (%) unless otherwise indicated.
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one requested to discontinue, one was lost to follow-up, and
one had poor treatment compliance.

Safety

In total, 59% of patients experienced a grade 3 to 4 TRAE
(Table 2), most commonly neutropenia (49%). Febrile
neutropenia was reported in five patients (10%), and 30
(59%) received growth factors, all after starting combina-
tion therapy and mainly as secondary prophylaxis (27
patients; 90%). Overall, eight patients (16%) experienced
a treatment-related infection; two (4%) were grade 3 to 4
(one each of gastroenteritis and respiratory tract infection).
Infusion-related reactions were reported in 15 patients
(29%) during monotherapy and in three patients (6%)
during combination therapy; all were grade 1 to 2.

The median reduction from baseline in pulmonary
function (hemoglobin-adjusted diffusing capacity of the
lung for carbon monoxide) was 1.5 mL/min/mm Hg
(3% of predicted reduction); no pneumonitis was re-
ported. Treatment-related nervous system disorders were
reported in 12 patients (24%) and were all grade 1 to 2;
the most commonly reported were peripheral neuropathy
in four patients (8%), peripheral sensory neuropathy in
two patients (4%), and polyneuropathy in two patients
(4%). Treatment-related serious AEs were reported in
14% of patients overall, most commonly febrile neu-
tropenia in two patients (4%) and infection in two patients
(4%). The most common nonendocrine IMAE was rash in
three patients (6%); grade 3+ nonendocrine IMAEs were
reported in two patients (4%) who experienced grade 3
increased ALT (both patients) and grade 3 increased AST
(one patient). The most common endocrine IMAE was
hypothyroidism in eight patients (16%, all grade 1 to 2;
Table 2). All nonendocrine IMAEs resolved, and seven of
13 endocrine IMAEs resolved. Overall, four patients (8%)
experienced an AE leading to discontinuation: one patient
with febrile neutropenia (grade 3 to 4) and one each with
hyperthyroidism, abnormal hepatic function, and in-
terstitial lung disease (each grade 1 to 2). Overall, 31
patients (61%) had one or more doses of nivolumab
delayed; of 703 nivolumab doses (across monotherapy
and combination therapy) in patients who received
N-AVD, 55 (8%) were delayed, with 39 (71%) of these
delays resulting from an AE.

There was one treatment-related death. The patient
(68 years of age) died 38 days after the last dose of N-AVD
(combination cycle 5), having experienced four serious
AEs: acute respiratory infection, febrile neutropenia, con-
gestive heart failure (each grade 4), and acute respiratory
failure (grade 5), all considered related to N-AVD. The
patient was in CR after two combination cycles. Of the other
five patients older than 60 years of age (ages 61 to
87 years), three experienced grade 3 to 4 TRAEs (most
commonly neutropenia), all during combination therapy,
none of which led to discontinuation.

Efficacy

At the end of monotherapy, ORR (95% CI) per IRC (n = 51)
was 69% (54% to 81%), with 18% (8% to 31%) achieving
CR; after two combination cycles, ORR was 90% (79% to
97%), with 51% (37% to 65%) achieving CR; and at EOT,
ORR was 84% (71% to 93%), with 67% (52% to 79%)
achieving CR (Fig 1A). At the end of monotherapy, after two
combination cycles, and at EOT, 35 of 49 (71%), 45 of 46
(98%), and 46 of 46 (100%) response-evaluable patients
had a target lesion tumor burden reduction of more than
50%, respectively (Fig 1B; Appendix Fig A2, online only).

Per investigator, the ORR (95% CI) at EOT was 84% (71%
to 93%), with an 80% (67% to 90%) CR rate. Five patients
(10%) were not response evaluable and were counted as
nonresponders: one withdrew consent, one died, one was
lost to follow-up, one started nivolumab monotherapy at the
end of combination therapy (a protocol violation; the patient
was in CR after two combination cycles and at the last
available assessment at EOT), and one did not have an EOT
assessment (and was in CR after two combination cycles).
Among the 46 response-evaluable patients at EOT, ORR
per IRC was 93%, with 74% achieving CR.

Of the 12 patients not in CR per IRC at EOT, seven were
deemed in CR per investigator and did not receive sub-
sequent therapy (Appendix Table A2, online only). Overall,
three patients (6%) had progressive disease per IRC at
EOT; per investigator, two (4%) had progressive disease. Of
the six patients older than 60 years of age, five achieved CR
per IRC at any time during treatment, with all six achieving
CR per investigator (Appendix Table A3, online only).
Response per IRC by International Prognostic Score risk
subgroup is listed in Appendix Table A4 (online only).

With a minimum follow-up of 9.4 months, the 9-month
mPFS rate was 92% (95% CI, 80% to 97%; Fig 2). The
traditional PFS Kaplan-Meier curve would be similar to the
mPFS curve; median PFS was not reached. The 9-month
OS rate was 98% (95% CI, 86% to 100%).

Baseline 9p24.1 Alterations and PD-L1 Expression

Twenty-two patients were evaluable for HRS cell 9p24.1
status by FISH; 38 were evaluable for HRS cell PD-L1
expression by IHC. Patients with evaluable 9p24.1 status
and PD-L1 expression were comparable to the full cohort in
International Prognostic Score risk (Appendix Table A5,
online only).

All 22 patients with evaluable 9p24.1 FISH in baseline
tumor specimens had detectable CNAs (unbalanced
rearrangement, amplification, copy gain, or polysomy) in
HRS cells; 12 of 22 patients (55%) had amplification as the
highest level CNA (Fig 3A and 3B; Appendix Fig A3, online
only). Additional disomic HRS cells were detected in 12
patients (Fig 3B), and the proportion of disomic cells was
inversely correlated with the magnitude of 9p24.1 alter-
ations (P = .01; Fig 3C). A positive trend between the
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TABLE 2. Treatment-Related and IMAEs in $ 5% of Patients
Treatment-Related AE Any Grade Grade 3-4

Total patients with treatment-related AEs 49 (96) 30 (59)

Hematologic/laboratory abnormalities

Neutropenia/neutrophil count decreased 28 (55) 25 (49)

WBC count decreased 7 (14) 1 (2)

Febrile neutropenia 5 (10) 5 (10)

Anemia 5 (10) 2 (4)

ALT increased 4 (8) 2 (4)

Amylase increased 3 (6) 0

All others

Nausea 18 (35) 1 (2)

Infusion-related reaction 16 (31) 0

Fatigue 13 (25) 0

Pyrexia 7 (14) 1 (2)

Constipation 7 (14) 0

Vomiting 7 (14) 0

Hypothyroidism 7 (14) 0

Stomatitis 6 (12) 0

Arthralgia 6 (12) 0

Diarrhea 5 (10) 0

Asthenia 5 (10) 1 (2)

Pruritus 5 (10) 0

Rash 5 (10) 0

Alopecia 4 (8) 1 (2)

Peripheral neuropathy 4 (8) 0

Pain in extremity 3 (6) 1 (2)

Hyperthyroidism 3 (6) 0

Nonendocrine IMAEs

Rash 3 (6) 0

Hepatitis* 2 (4) 2 (4)

ALT increased 2 (4) 2 (4)

AST increased 1 (2) 1 (2)

Infusion-related reaction 1 (2) 0

Endocrine IMAEs

Hypothyroidism/thyroiditis 9 (18) 0

Hyperthyroidism 4 (8) 0

NOTE. Data presented as No. (%). Total number of patients was 51. Treatment-related AE data include events reported between first dose and
30 days after last dose of study therapy. IMAEs include all-cause events reported between first dose and 100 days after last dose of study therapy
where patients received immune-modulating medication (with the exception of endocrine IMAEs). Patients who experienced an IMAE without
worsening from baseline grade were excluded from time to resolution analysis. Among IMAEs, three of three patients with rash, two of two patients
with hepatitis, one of one patient with infusion-related reaction, five of nine patients with hypothyroidism/thyroiditis, and two of four patients with
hyperthyroidism had resolution of symptoms. Median (range) time to resolution, in weeks, was 1 (0.9-34), 1.6 (1.1-2.1), 4.1, 39 (1.1-47+), and
NE (3.9-24+) for rash, hepatitis, infusion-related reaction, hypothyroidism/thyroiditis, and hyperthyroidism, respectively. Plus (+) symbol
indicates censored value.

Abbreviations: AE, adverse event; IMAEs, immune-mediated AEs; NE, not estimable
*One patient with immune-mediated hepatitis received treatment with $ 40 mg prednisolone or equivalent.
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magnitude of 9p24.1 CNA and PD-L1 expression (P = .067;
Fig 3D) was observed. One patient had an unbalanced
rearrangement at 9p24.1 and the highest level of PD-L1
expression among evaluable samples (Fig 3E).

Of interest, there was a trend toward more favorable re-
sponses to nivolumab monotherapy in patients with higher
HRS cell PD-L1 expression (P = .096; Table 3). In addition,

a greater proportion of patients with PD-L1 expression in
quartile 3 or 4 had deeper and more durable responses to
N-AVD (P = .041; Table 3).

DISCUSSION

In this first phase II study of a checkpoint inhibitor in
previously untreated cHL, nivolumab monotherapy
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followed by N-AVD had a safety profile consistent with
historical analyses for nivolumab9 and AVD,16 with no new
safety signals observed. Notably, nearly all patients entered
(98%) and completed (90%) the combination therapy
phase. These data are consistent with previously reported
discontinuation rates of 9% to 16% in studies with doxo-
rubicin, bleomycin, vinblastine, dacarbazine (ABVD).2,24,25

Bleomycin was excluded in this study because of potential
pulmonary toxicity and data suggesting bleomycin omission
from ABVD may have the least impact on outcomes.26

Bleomycin-associated pulmonary toxicity results in ap-
proximately 4% mortality, can happen late after therapy,
and has a negative impact on survival outcomes in cHL.27,28

N-AVD seems to have a favorable pulmonary safety profile,
with a low reduction in pulmonary function and no
pneumonitis reported. Alternative strategies to limit bleo-
mycin exposure include omission of bleomycin after two
cycles of ABVD in patients with PET-negative disease,
which has demonstrated similar efficacy to ABVD with
decreased pulmonary toxicity.16,20

Elderly patients, who have a greater risk of AEs and typically
have poorer outcomes, make up a notable proportion of
patients with cHL; in 2015, an estimated 27% of patients
were 60 years of age or older,29 and 5-year OS was reported
at 58% in these patients, compared with 90% in patients
younger than 60 years of age.13 Treatment guidelines
recommend that escalated bleomycin, etoposide, doxo-
rubicin, cyclophosphamide, vincristine, procarbazine, and
prednisone be used with caution in elderly patients be-
cause of excess toxicity.30 Data from this study suggest that
deep responses are possible with nivolumab followed by
N-AVD treatment in elderly patients, with five of six patients
(ages 61 to 87 years) achieving CR per IRC and all
achieving CR per investigator. The most frequent grade 3+

TRAE in these patients was neutropenia, similar to the
overall population. Data from a single-arm study including
patients 60 years of age and older with untreated cHL
showed a 2-year PFS rate of 84% with sequential BV and
AVD treatment; however, the completion rate was relatively
low (48% did not complete all planned treatment).31

This study was designed with a nivolumab monotherapy
period before N-AVD combination therapy. Nivolumab
monotherapy has demonstrated frequent and durable re-
sponses in patients with relapsed/refractory cHL (Cohorts
A, B, and C of CheckMate 205).9 It is possible that immune
checkpoint blockade before the immunosuppressive and
myelosuppressive effects of chemotherapy may allow
greater depth of response because of the relative pres-
ervation of effector immune cells in newly diagnosed
patients and the potential for priming the immune system
before chemotherapy. In Cohort D, after only 2 months of
monotherapy, response rates were similar to results in
relapsed/refractory cHL.9 Although the efficacy of this
regimen is promising, larger comparative studies are re-
quired to assess whether this approach results in suc-
cessful priming.

Combining a targeted therapy with a chemotherapeutic
regimen may offer efficacy benefits and reduce the non-
specific cytotoxicity and intensity of untargeted chemo-
therapy. The ECHELON-1 study, which evaluated A-AVD
for newly diagnosed, stage III to IV cHL, showed a 4.9%
improvement in 2-year mPFS versus ABVD.21 However,
there were higher rates of peripheral neuropathy and febrile
neutropenia in the A-AVD arm, and patients 60 years of age
and older did not seem to derive an mPFS benefit with
A-AVD (hazard ratio, 1.00; 95% CI, 0.53 to 1.94).21 Ex-
tended follow-up is required to fully assess the long-term
efficacy and safety of A-AVD. The combinations of N-AVD
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FIG 2. Modifiedprogression-
free survival (mPFS) per
independent radiology re-
view committee. mPFS was
defined as time to progres-
sion, death, or next sub-
sequent therapy, regardless
of response.
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FIG 3. Chromosome 9p24.1 alterations and programmed death-ligand 1 (PD-L1) expression (H-scores) in evaluated patients with classic
Hodgkin lymphoma (cHL) from Cohort D. (A) Prevalence of 9p24.1 genetic alterations in 22 evaluable patients with cHL. (B) The spectrum of
9p24.1 alterations in evaluated cHLs. Each patient is classified by the highest observed level of 9p24.1 alteration in Hodgkin Reed-Sternberg
(HRS) cells: polysomy, copy gain, amplification, or unbalanced rearrangement. Individual patients are represented by columns on the x axis,
and the percentage of HRS cells with relative loss (dark gray), disomy (black), polysomy (light pink), copy gain (medium pink), amplification
(red), or unbalanced rearrangement (brown) is depicted on the y axis. In patients classified by the highest observed level of 9p24.1 alteration,
additional HRS cells had lower-level 9p24.1 copy number alterations, as previously described.7,8 For example, patients classified as having
9p24.1 amplification had additional HRS cells with 9p24.1copy gain, 9p24.1 polysomy, and/or 9p24.1 disomy. cHLs identified as having
9p24.1 copy gain included additional HRS cells with 9p24.1 polysomy and/or 9p24.1 disomy; patients classified as polysomic for chro-
mosome 9p24.1 had additional HRS cells that were disomic for 9p24.1, as previously described.7,8 (C) Percentage of disomic HRS cells in
cHLs classified by 9p24.1 alterations. The percentage of 9p24.1 disomic HRS cells was highest in tumors classified as polysomic for 9p24.1,
intermediate in tumors with 9p24.1 copy gain, and lowest in tumors with 9p24.1 amplification, as previously described.7,8 P value calculated
using the Kruskal-Wallis rank-sum test. (D) PD-L1 H-scores in cHLs classified by 9p24.1 alterations (22 evaluable patients). PD-L1 H-scores
are calculated by multiplying the percentage of PD-L1-positive HRS cells (Pax5dim+; 0% to 100%) and the average intensity of PD-L1 staining
(0 to 3+) in evaluated HRS cells. P value calculated using the Kruskal-Wallis rank-sum test. (E) PD-L1 H-scores in all evaluable patients with
cHL (n = 38; 18 patients were evaluable for PD-L1 immunohistochemistry but not fluorescence in situ hybridization). Individual samples are
visualized as columns on the x axis. Columns in light gray were not evaluable for 9p24.1 genetic alterations. Additional columns are colored by
9p24.1 alterations (see key). Unbal. rearr., unbalanced rearrangement.
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and A-AVD in stage III to IV cHL will be evaluated in the
phase III randomized SWOG S1826 trial.32

Limitations of this study include its small sample size. This
may preclude detection of rare AEs and limit precision on
estimates of CR rates. However, the sample size was de-
termined to evaluate the primary end point and is compa-
rable to many phase II trials. There was some discordance
between investigator- and IRC-assessed CR rates in this
study. Although ORRs per IRC and investigator were both
84% at EOT, the investigator-assessed CR rate was 13%
greater than the IRC assessment (80% v 67%). Further-
more, seven of 12 patients who were not in CR per IRC were
deemed in CR by investigator and received no subsequent
therapy. Quantitative PET scoring could have improved
concordance between IRC and investigator-assessed re-
sponses; however, this study used the 2007 International
Working Group response criteria,23 because it was designed
prior to the publication of the 2014 Lugano criteria.33 In
addition, atypical response patterns with checkpoint in-
hibitors make PET interpretation more challenging using
conventional response criteria. Updated criteria that account
for these phenomena may allow more accurate evaluation of
checkpoint inhibitor efficacy in future studies.34

In a recently described cohort of patients with newly di-
agnosed cHL (the Stanford cohort), 9p24.1 amplification
was significantly more common in patients with stage III to
IV disease.7 Data from the currently reported multicenter
phase II study confirmed this association; a similar pro-
portion of patients in Cohort D had 9p24.1 amplification
(55%) as among stage III to IV patients in the Stanford
cohort (50%; Appendix Fig. A3).7 In the Stanford cohort,
patients with 9p24.1 amplification had significantly shorter
PFS after induction therapy.7 The current study addresses
the possibility that the addition of PD-1 blockade may be
particularly beneficial to patients with adverse clinical
features, high-level 9p24.1 alterations, and increased PD-L1
expression. In this regard, it is notable that patients with
higher PD-L1 expression had significantly higher response
rates to N-AVD.

Initial data from Cohort D of CheckMate 205 suggest that
combining the checkpoint inhibitor nivolumab with multi-
agent AVD chemotherapy is a promising and well-tolerated
alternative treatment option for newly diagnosed, advanced-
stage cHL. Longer follow-up and larger studies may confirm
whether substitution of nivolumab for bleomycin in ABVD
has long-term safety and OS benefits.

TABLE 3. Association of Response With HRS Cell Expression of PD-L1 by IHC (in quartiles)

Response
Total (n = 38)

No. (%)

PD-L1 H-Score Quartile

P*

Q1 Q2 Q3 Q4

n = 10 (26%) n = 9 (24%) n = 9 (24%) n = 10 (26%)

Nivolumab monotherapy (ordered response)

CR 8 (21) 1 (10) 2 (22) 2 (22) 3 (30) .096

PR 20 (53) 4 (40) 5 (56) 6 (67) 5 (50)

SD 10 (26) 5 (50) 2 (22) 1 (11) 2 (20)

PD — — — — —

Any N-AVD (ordered response)

CR 32 (84) 6 (60) 8 (89) 8 (89) 10 (100) .044

PR 4 (11) 2 (20) 1 (11) 1 (11) —

SD — — — — —

PD 1 (3) 1 (10) — — —

Missing 1 (3) 1 (10) — — —

$ 32 weeks N-AVD (ordered response)

CR 30 (79) 6 (60) 6 (67) 8 (89) 10 (100) .041

PR 4 (11) 2 (20) 1 (11) 1 (11) —

SD — — — — —

PD 1 (3) 1 (10) — — —

Missing 3 (8) 1 (10) 2 (22) — —

Abbreviations: CR, complete remission; HRS, Hodgkin Reed-Sternberg; IHC, immunohistochemistry; N-AVD, nivolumab plus doxorubicin,
vinblastine, and dacarbazine; PD, progressive disease; PD-L1, programmed death-ligand 1; PR, partial remission; Q, quartile; SD, stable disease.

*Jonckheere-Terpstra test.
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APPENDIX

Completed monotherapy (n = 49/51; 96%)*

Nivolumab monotherapy (4 doses)
Entered monotherapy

(N = 51, ITT/safety population) 

Entered combination therapy
(n = 50) 

Entered follow-up
(n = 48)  

Follow-up

Newly diagnosed cHL (N = 51)

Discontinued monotherapy
  Disease progression               (n = 1; 2%)
  Study drug toxicity                 (n = 1; 2%)

Discontinued combination therapy
  Study drug toxicity                 (n = 2; 4%)
  Patient request                        (n = 1; 2%)
  Lost to follow-up                     (n = 1; 2%)
  Poor compliance                     (n = 1; 2%)
  No longer met study criteria  (n = 1; 2%)

Discontinued after combination therapy
  Death                                       (n = 1; 2%)
  Lost to follow-up                     (n = 1; 2%)

N-AVD (12 doses)

Completed combination therapy
(n = 45/50; 90%)

(n = 49)

Completed N-AVD (n = 44/49)

(n = 1) 

Completed AVD (n = 1/1)

FIG A1. Patient disposition. (*) One patient experienced study drug toxicity during the monotherapy phase and received doxorubicin, vinblastine, and
dacarbazine (AVD) only during combination therapy. cHL, classic Hodgkin lymphoma; ITT, intent-to-treat; N-AVD, nivolumab plus AVD.
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FIG A2. Change in target lesion per independent radiology review committee (IRC) at (A) end of monotherapy and
(B) after two combination cycles. FDG-PET, 18F-labeled fluorodeoxyglucose–positron emission tomography.
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FIG A3. Chromosome 9p24.1 alterations and programmed death-ligand 1 (PD-L1) expression in diagnostic biopsies from patients enrolled in
CheckMate 205 Cohort D and the Stanford cohort.7 (A) Frequency of 9p24.1 alterations in newly diagnosed patients from CheckMate 205 Cohort D (all)
and the Stanford cohort (shown by clinical stage: advanced stage [AS], early stage-unfavorable [EU], early stage-favorable [EF], and all). The color key for
9p24.1 copy number alteration is the same as that used in Fig 3. (B) Distribution of PD-L1 H-scores in newly diagnosed patients from the same cohorts.
Violin plots show the minimum, median, quartiles, and maximum.

TABLE A1. Selection of Combination Therapy
Patient Status During Monotherapy Phase Regimen During Combination Phase

Patients who had completed all four doses of nivolumab monotherapy* N-AVD

Patients who had discontinued monotherapy before completing four doses of nivolumab
because nivolumab discontinuation criteria were met

AVD

Patients who had discontinued monotherapy before completing four doses of nivolumab
because nivolumab delay criteria were met, and the dose delay was . 4 weeks from
a previous dose

AVD

Patients who discontinued nivolumab monotherapy because of disease progression on the
basis of investigators’ assessment (but did not meet safety criteria for discontinuation)

N-AVD or AVD

Abbreviations: AVD, doxorubicin, vinblastine, and dacarbazine; N-AVD, nivolumab plus doxorubicin, vinblastine, and dacarbazine.
*Patients may subsequently resume N-AVD. Patients who underwent treatment beyond progression during the monotherapy phase can

receive N-AVD if all four doses of nivolumab monotherapy are completed.
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TABLE A2. Status of IRC Non-CR Patients at End of Therapy
IRC INV Subsequent Therapy

PR* CR None

PR* CR None

PR* CR None

PR* CR None

PR* CR None

PR* CR None

PD* CR None

PR* PR Bendamustine, nitrogen mustard analog

PD* SD None

PR* PD None†

PR* PD None†

PD PD Cisplatin, cytarabine, etoposide, methylprednisolone

Abbreviations: CR, complete remission; INV, investigator
assessment; IRC, independent radiology review committee; PD,
progressive disease; PR, partial remission; SD, stable disease.

*Adjudication was required.
†Subsequent therapy reported after database lock.

TABLE A3. Best Overall Response per IRC in Patients Older Than
60 Years of Age (n = 6)
Age (years) End of Monotherapy A2C End of Therapy

87 CR CR CR

80 PR CR CR*

68 PR CR NE†

66 CR CR CR

61 PR CR CR

85 PR‡ PR§ PR

Abbreviations: A2C, after two combination cycles; CR, complete
remission; IRC, independent radiology review committee; NE, not
evaluable; PR, partial remission; SD, stable disease.

*After switching to commercial nivolumab.
†Patient died before end-of-therapy assessment.
‡SD by investigator.
§CR by investigator.
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TABLE A4. ORR and CR per IRC, by IPS Risk Subgroup
IPS (risk level; No.) Response End of Monotherapy A2C End of Therapy

0-1 (low; 12) ORR 10 (83) 12 (100) 9 (75)

CR 4 (33) 8 (67) 7 (58)

2-3 (intermediate; 21) ORR 13 (62) 19 (90) 19 (90)

CR 1 (5) 12 (57) 15 (71)

4-7 (high; 13) ORR 9 (69) 10 (77) 10 (77)

CR 1 (8) 3 (23) 8 (62)

Not reported (5) ORR 3 (60) 5 (100) 5 (100)

CR 3 (60) 3 (60) 4 (80)

NOTE. Data are No. (%).
Abbreviations: A2C, after two combination cycles; CR, complete response; IPS, International Prognostic Score; IRC, independent radiology

review committee; ORR, objective response rate.

TABLE A5. IPS Risk Stratification for All Patients and Patients With
Available 9p24.1 FISH and PD-L1 IHC Data
IPS (risk level) All Patients 9p24.1 FISH PD-L1 IHC

0-1 (low) 12 (23) 3 (14) 8 (21)

2-3 (intermediate) 21 (41) 8 (36) 17 (45)

4-7 (high) 13 (26) 6 (27) 8 (21)

Not reported 5 (10) 5 (23) 5 (13)

Total 51 (100) 22 (100) 38 (100)

NOTE. Data are presented as No. (%).
Abbreviations: FISH, fluorescence in situ hybridization; IHC,

immunohistochemistry; IPS, International Prognostic Score; PD-L1,
programmed death-ligand 1.
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