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Abstract

Objectives Therapy of patients with relapsed and refractory classic Hodgkin lymphoma (r/r cHL) after PD-1 inhibitors failure
remains an unresolved issue. The aim of this study was to evaluate the efficacy and safety of the combination of nivolumab
with brentuximab vedotin (Nivo + BV) after nivolumab monotherapy failure.

Methods This study retrospectively analyzed 21 patients with r/r cHL who were treated with the combination of Nivo + BV
after Nivo failure. The response was evaluated by PET-CT scan according to the LYRIC criteria. Adverse events (AEs) were
assessed according to NCI CTCAE v.4.03.

Results Median follow-up was 19 (9-47) months. The ORR was 57%. The median OS was not reached, 24 month OS was
80% (95% CI 50-93%). Median PFS was 12 months with 24 month PFS of 31% (95% CI 12-53%). Any grade AEs were
observed in 12 patients (63%), 3—4 grade AEs in 2 patients (10%). Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) after Nivo+ BV was performed in 8 (38%) patients. The median time between Nivo + BV and allo-HSCT was 8
(5-21) months.

Conclusions Combination of Nivo+ BV in r/r cHL after nivolumab monotherapy failure is potentially an effective and safe
approach.
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Introduction

Classic Hodgkin lymphoma (cHL) is one of the most com-
mon lymphoid cancers with a peak incidence in the age
of 20-34 years [1]. The majority of cHL patients have a
favorable prognosis; however, up to 30% patients relapse
or have refractory (r/r) disease to front-line therapy [2—4].
Only 50% of this group achieves long-term disease control
after second-line chemotherapy followed by autologous stem
cell transplantation (ASCT) [5-8]. The knowledge about the
biology of tumor cells and the microenvironment [9, 10] has
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allowed the creation of new drugs that radically changed the
prognosis of patients with cHL [11, 12].

A significant advance in the treatment of r/r cHL was the
introduction of brentuximab vedotin (BV), anti-CD30 anti-
body—drug conjugate that selectively delivers an antimicro-
tubule agent monomethyl auristatin E into CD30-expressing
cells [13, 14]. Monotherapy with BV has demonstrated an
overall response rate (ORR) of 72% and complete response
(CR) rate of 33% in patients with r/r cHL [15]. Nevertheless,
less than 10% of patients maintain a long-term remission
after BV therapy [16]. The next revolutionary step in the
treatment of 1/r cHL was the advent of immune checkpoint
inhibitors [17]. PD-1 inhibitors nivolumab (Nivo) and pem-
brolizumab have shown previously unattainable results in
the treatment of r/r cHL both in clinical trials [18, 19] and
real clinical practice [20, 21].
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Despite the success of immunotherapy in patients with
r/r cHL, more than 60% of patients have disease relapse or
progression during or after PD-1 inhibitor therapy. Thus, the
issue of therapy after immune checkpoint inhibitors failure
is unresolved. Allogeneic hematopoietic stem cell transplan-
tation (allo-HSCT) and other cellular therapy methods are
possible options for overcoming the resistance in patients
with r/r cHL [22, 23]. However, allo-HSCT can only be
considered in a limited group of patients due to inadequate
response as well as donor unavailability or comorbidity. The
optimal approaches of bridge therapy to prepare patients for
allo-HSCT are actively being studied. Several options have
already demonstrated their efficacy, including the combina-
tion of PD-1 inhibitors with chemotherapy [24, 25] and BV
with chemotherapy [26, 27]. The feasibility of conducting
these clinical studies was based on preclinical data dem-
onstrating an increase of tumor antigenicity and immuno-
genicity after pre-treatment with chemotherapy promoting
adaptive immune responses, as well as the chemotherapy-
induced PD-L1 overexpression in solid tumor patients
[28-31]. Considering this data, the possibility of combin-
ing PD-1 inhibitors with BV is undoubtedly interesting.
Available studies investigated the role of this combination
before ASCT as the first salvage therapy [32, 33] and after
ASCT failure [34-38]. This combination also was studied
in patients who had previously received BV monotherapy
[34-37, 39]. But only a limited number of previously pub-
lished reports included patients after immunotherapy fail-
ure [36]. Thus, the issue of the efficacy of PD-1 inhibitors
combined with BV after PD-1 inhibitors failure and before
allo-HSCT remains extremely relevant.

Materials and methods
Study design

We retrospectively evaluated 21 patients with r/r cHL
treated with combination of anti-PD1 antibody nivolumab
(3.0 mg/kg or 40 mg; IV, 60 min infusion) and brentuxi-
mab vedotin (1.8 mg/kg; IV, 30 min infusion) in 3 week
cycles until disease progression, unacceptable toxicity, or
planned allo-HSCT. Doses of nivolumab varied due to the
ongoing clinical study of the nivolumab 40 mg efficacy [38].
The initiation of this study is related to previous nivolumab
pharmacokinetics studies demonstrated that median PD-1
receptor occupancy on peripheral blood CD3 + T cells from
patients with melanoma treated at a dose of 0.1-10.0 mg/kg
was similar for every dose level over 0.3 mg/kg, independ-
ent of nivolumab concentrations [40]. There also were not
correlation between the dose, efficacy and safety in clinical
trials of anti-PD-1 antibodies across a range of solid malig-
nancies [41].

Inclusion criteria were age over 18 years, a histologically
confirmed diagnosis of classic Hodgkin lymphoma, relapsed
or refractory after at least 3 previous lines of therapy, previ-
ous treatment with nivolumab. Patients who had previous
allo-HSCT were excluded from the study. This study was
performed in accordance with the Declaration of Helsinki
and approved by the institutional review board. All enrolled
patients gave written informed consent. This study was
approved by RM Gorbacheva Memorial Insitute institutional
review board (IRB protocol No 24\13.01.2017).

The response was assessed by positron-emission tomog-
raphy/computed tomography (PET/CT) using LYmphoma
Response to Immunomodulatory therapy Criteria (LYRIC)
and Lugano criteria. All patients that received at least one
cycle of therapy were included in the efficacy and safety
analysis. Safety was evaluated by registration of adverse
events (AEs) according to Common Terminology Criteria
for Adverse Events (CTCAE) v 4.03 criteria.

Primary chemoresistance was defined either by progres-
sion at any time during first-line therapy and up to 3 months
after the end of treatment, and/or by persistence of a PET
positive residual mass, using the quantitative 5-point scale
Deauville score. Early relapse was defined as time to treat-
ment failure more than 3 months but less than 12 months
after the end of first-line therapy.

Statistics

In this study the overall response rate (ORR), progression-
free survival (PFS), overall survival (OS), event-free sur-
vival (EFS), duration of response (DOR) and frequency
of grade 3 or higher treatment-related AEs were analyzed.
Overall response rate was defined as the proportion of
patients with complete response (CR) or partial response
(PR) in measurable lesions by LYRIC criteria within a time-
frame of 12 months. Progression-free survival was defined
as the time from the first Nivo+ BV cycle initiation to dis-
ease progression, relapse, or death; OS was defined as the
time from the first Nivo+ BV cycle initiation to death from
any reason; EFS was defined as the time from the first dose
of combination therapy to disease progression, relapse,
death or initiation of other therapy; DOR was defined as a
time from initial objective response to a documented disease
progression or death. In each survival outcome, data was
censored at the date of the last contact for patients who have
not experienced the events of interest during their follow-up.

The survival was estimated using the Kaplan—Meier
method with 95% Cls estimates. The descriptive statistics
methods were applied when appropriate. The impact of
clinical factors on response was tested with Chi-square and
Mann—Whitney U tests. Data analysis was performed using
R version 4.0.2 (2020-06-22) software.
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Results
Patient’s characteristics

Twenty-one patients with r/r cHL were included in this
study between January 2017 and February 2020 in RM
Gorbacheva Research Institute, Pavlov University. Demo-
graphics and baseline disease characteristics for all included
patients are listed in Table 1. The median age at Nivo+BV
initiation was 29 (range 22-39) years, 67% of patients had
primary refractory disease, and 14% relapsed within 1 year
of frontline therapy. The majority of patients received BEA-
COPP (n=9, 43%) or ABVD (n=9, 43%) regimens as first-
line treatment for cHL. All patients received nivolumab
monotherapy before the Nivo+ BV combination, 10 (48%)
patients were treated with BV and 8 (38%) patients with
ASCT. The dose of Nivo during Nivo+ BV therapy was
3 mg/kg in 17 (81%) patients and 40 mg in 4 (19%) patients,
the dose of BV was 1.8 mg/kg in 21 (100%) patients. Other
details of Nivo+ BV therapy are presented in Table 1.

Table 1 Patient’s and therapy characteristics

Patient’s characteristics N=21
Age at Nivo+ BV initiation, median (range) 29 (22-39)
Sex (%)
Male 12 (57)
Female 9 (43)
Histology of cHL (%)
Nodular sclerosis 16 (76)
Mixed cellularity 2(9.5)
Lymphocyte rich 1(5)
Lymphocyte depleted 2(9.5)
Disease stage at Nivo+ BV initiation (%)
v 21 (100)

Prior lines of therapy before Nivo+ BV initiation (range) 7 (3-13)

Prior radiotherapy (%) 13 (62)
Prior ASCT (%) 8 (38)
Prior BV monotherapy (%) 10 (48)
Prior combination with Nivo and chemotherapy (%) 7 (33)
Status of the disease at Nivo+ BV initiation (%)

Progressive disease 17 (81)

Indeterminate response 2(9.5)

Partial response 2(9.5)
B-symptoms (%)

Yes 2 (10)

No 19 (90)
Dose of Nivo in combined therapy (%)

3 mg/kg 17 (81)

40 mg 4(19)
The median of Nivo+ BV cycles, median (range) 3(1-12)
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Efficacy

All patients were included in the efficacy analysis. Median
follow-up was 19 (range 9-47) months. The overall
response rate was 57%. According to LYRIC criteria, CR
as the best response was achieved by 24% of patients, PR
by 33% of patients, stable disease (SD) by 14% of patients,
indeterminate response (IR) by 19% of patients and pro-
gressive disease (PD) by 10% of patients. According to
Lugano criteria, the rate of CR, PR and SD was identical,
while 29% of patients demonstrated PD (Table 2).

At the data cut-off, the median OS was not reached,
24-month OS was 80% (95% CI 50-93%). Median PFS was
12 months (95% CI 8.0-34.0 mo) with 24-month PFS of
31% (95% CI 12-53%) (Fig. 1). In 12 patients with objec-
tive response to treatment, median DOR was 9.0 months
(95% CI 3.0-NA mo) (Supplementary Material Fig. 1S).
Only 1 (5%) patient was alive and free of disease progres-
sion with no additional treatment after Nivo + BV therapy
with the median EFS of 5.0 months (95% CI 4.0-6.0 mo)
(Supplementary Material Fig. 2S).

Table2 Overall response rate according to LYRIC and LUGANO
criteria

Response Criteria

Lyric Lugano
Complete response 23.8% 23.8%
Partial response 33.3% 33.3%
Stable disease 14.3% 14.3%
Progression of disease 9.5% 28.6%
Indeterminate response 19.0%
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Fig. 1 Overall and progression-free survival after Nivo+ BV therapy
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Safety

Adverse events of any grade were observed in 13 patients
(62%). Twelve patients (62%) had grade 1-2 AEs and 2
patients (10%) had 3—4 AEs. There were no cases of fatal
toxicities. All cases of AEs are summarized in Table 3. The
most common AEs were fatigue (n="7, 33%), elevated cre-
atinine level (n="7, 33%), nausea (n=35, 24%), leukopenia
(n=4, 19%) and infection (n=4, 19%). Grade 1-2 infusion
reactions were observed in 5% of patients. Grade >3 AEs
included 3 cases: grade 3 arthralgia and grade 3 pneumo-
nia in the first patient, grade 4 thrombocytopenia, grade 3
anemia and leukopenia in the second patient. In 2 patients
with grade >3 AEs the Nivo+ BV therapy was discontinued,
treatment with 1 mg/kg methylprednisolone was initiated
with complete resolution of observed AEs.

Factors influencing the prognosis

The influence of a set of clinical factors on PFS and ORR
was analyzed (Supplementary Material Tables 1S, 2S).
Taking into account that only 4 patients died, the statistical
analysis of factors influencing OS was not possible. None of
the assessed factors influenced patient survival or response
rate. Time between initiation of Nivo+ BV therapy and
Nivo or BV monotherapy discontinuation did not affect the

achievement of the response. The history of ASCT, BV and
response to Nivo monotherapy also did not affect PFS. The
trend towards statistical significance was found only for the
number of therapy lines and response rates with the median
number of 7.5 (3.0-13.0) vs 5.0 (3.0-9.0) in non-responders
and responders respectively (p=0.072).

Follow up and additional treatment

Nineteen patients (90%) had additional therapy after
Nivo + BV due to progression, relapse of the disease, or
insufficient response (Fig. 2). Additional therapy was per-
formed at the discretion of the treating physician based on
the response to Nivo + BV, number of prior therapies, avail-
ability of HLA matched donors, and the patient preference.
Patients were treated with Nivo monotherapy in 5 (24%)
cases, BV monotherapy in 2 (10%) cases, combination with
Nivo and bendamustine in 8 (38%) cases and Nivo + BV
therapy in 1 case (5%) of relapse after discontinuation of
previous Nivo+ BV therapy. Overall, 8 patients received
allo-HSCT after Nivo+ BV therapy at different time inter-
vals. The median time before allo-HSCT was 8 months
(range 5-21). The Nivo+ BV combination as bridge therapy
before allo-HSCT was conducted in 4 (19%) patients. Donor
was matched related in 2 patients, mismatched unrelated in
1 patient and haploidentical in 1 patient. Three out of four

Table 3 Adverse events during

. Type of AE AEs overall AEs grade 1-2 AEs grade 3—4
Nivo+ BV therapy
n % n % n %
Any 12 57 12 57 2 10
Weakness 7 33 7 33 0 0
Nausea 5 24 5 24 0 0
Vomiting 1 5 1 5 0 0
Diarrhea 2 10 2 10 0 0
Headache 2 10 2 10 0 0
Pruritus 1 5 1 5 0 0
Rash 1 5 1 5 0 0
Pyrexia 3 14 3 14 0 0
Infections 4 19 4 19 0 0
Peripheral polyneuropathy 3 14 3 14 0 0
Palpitation 1 5 1 5 0 0
Arthralgia 2 10 1 5 1 5
Pneumonia 1 5 0 0 1 5
Infusion reaction 1 5 1 5 0 0
Dyspnea 1 5 1 5 0 0
Anemia 3 14 2 10 1 5
Leukopenia 4 19 3 14 1 5
Thrombocytopenia 2 10 1 5 1 5
ALT/AST increased 3 14 3 14 0 0
Acute kidney injury 7 33 7 33 0 0
Hypothyroidism 3 14 3 14 0 0
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Fig.2 Outcomes of patients after Nivo+BV therapy. Allo-HSCT
allogeneic stem cell transplantation, CR complete remission, PR par-
tial emission, SD stable disease, PD progressive, IR indeterminate

patients remained in complete remission after allo-HSCT
and 1 patient relapsed 4 months after allo-HSCT. Grade 4
acute graft-versus-host disease (aGVHD) (grade 4 gut, grade
3 liver and grade 3 skin) occurred in 1 patient after early
withdrawal of immunosuppressive therapy due to decreasing
donor chimerism. The patient responded to the combined
immunosuppressive therapy (glucocorticoids, everolimus,
ruxolitinib, etanercept). Chronic GVHD (cGVHD) occurred
in 3 out of 4 patients including 2 cases of extensive cGVHD
and 1 case of localized cGVHD. In case of relapse after
allo-HSCT the therapy with brentuximab vedotin and donor
lymphocyte infusion were used.

A total of 4 (19%) patients died, including 2 after allo-
HSCT. The causes of death were secondary myelodysplastic
syndrome (n=1), COVID-19 infection (n=1), severe poor
graft function after allo-HSCT transplant hypofunction and
infection (n=1), and PD (n=1).

Discussion

Treatment of patients with cHL after immunotherapy failure
represents an unmet medical need, and defining the thera-
peutic strategy in this population is highly important. The
aim of this study was to assess the potential of the combi-
nation of immune checkpoint inhibitors and BV as salvage
treatment in severely pretreated population of patients with
1/t cHL. The combination of Nivo and BV has already dem-
onstrated to be effective in patients with r/r cHL with ORR
and CR of 82% and 61%, respectively [32]. However, prior
treatment with immunotherapy was the exclusion criteria
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in previously published studies. In the current study, all
patients (n=21) received Nivo monotherapy before the
Nivo+ BV combination and 10 patients were previously
treated with BV. Moreover, 33% of patients were earlier
treated with other combinations of Nivo with chemother-
apy before Nivo+ BV. Our study demonstrates that the
Nivo+ BV therapy is a potentially effective approach in this
heavily pretreated patients population with 57% overall and
24% complete response rate. While BV retreatment, con-
sistent with published data, was beneficial in patients with
r/r cHL who had previously responded to BV therapy [42],
only 3 out of 10 patients in current population had objec-
tive response to BV monotherapy previously. Considering
that only 6 (29%) patients responded to Nivo monotherapy
the results of the study may demonstrate the possible syn-
ergism of immunotherapy and targeted therapy with BV.
The lower response rates, as well as CR rate, in comparison
with earlier study of this combination [32], are most likely
associated with differences in patient groups (previous treat-
ment with Nivo, BV, multiple lines of therapy). Despite the
acceptable response rate, Nivo+ BV therapy provides only
a small chance of long-term remission. Allo-HSCT can be
performed after response to Nivo+ BV combination to con-
solidate the response and give a patient the possibility of
cure [22].

The Nivo+ BV combination demonstrated acceptable
toxicity with development of grade 3—4 AEs in only 10%
of patients. It is worth noting that grade 1-2 infusion reac-
tions were reported only in 5% of patients in comparison
with previously published data on 44% of this AE incidence.
The difference in non-severe AE can be explained by the
retrospective collection of medical data in current study as
opposed to prospective clinical trial safety assessments. All
cases of AEs were controlled and adequately responded to
conducted therapy.

Our study did not show a statistically significant effect
of any clinical factors on the overall response rate and sur-
vival after Nivo + BV therapy including prior Nivo and BV
monotherapy presence. There was only a tendency towards
decreased response rates in more pretreated patients. This
is most likely connected with a small number of study par-
ticipants, as well as the presence of additional therapy after
Nivo + BV almost in all patients (90%).

In this study, the LYRIC criteria were used to allow
avoiding early discontinuation of therapy in patients with
tumor pseudoprogression when this therapy can be effec-
tive in the future [43]. Moreover, LYRIC criteria have been
prospectively analyzed earlier in real clinical practice in
patients with r/r cHL [21] and similar ORR and DOR were
demonstrated with studies using Lugano criteria.

Limitations of this report include a retrospective study
design within a single institution, which may lead to the
selection bias, limited number of patients, lack of comparator
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arm and the significant proportion of patients that received
additional treatment after Nivo + BV therapy.

Conclusion

In conclusion, the combination of nivolumab with brentuxi-
mab vedotin in r/r cHL after failure of nivolumab monother-
apy is a potentially effective and safe approach and can be
considered as bridge therapy before allo-HSCT in selected
patients. Future studies with longer follow-up and expanded
patient population are needed to determine the place of this
combination in therapy of r/r cHL.
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