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receiving 6 × eBEACOPP analysed according to Deauville 
score. We used SAS version 9.4 for all analyses. This 
trial was registered with ClinicalTrials.gov, number 
NCT00515554.

Role of the funding source
The Deutsche Krebshilfe reviewed the trial protocol for 
adherence to good clinical practice. Roche Pharma AG 
provided the study drug rituximab and financial support. 
The funders had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. 
All authors had full access to all the data and the 
corresponding author had final responsibility for the 
decision to submit for publication.

Results
Between May 14, 2008, and July 18, 2014, we enrolled 
2101 patients, of whom 137 were not randomised (figure 1). 
Another 19 patients were excluded from the randomised 
comparisons owing to ineligibility for randomisation that 
had not been detected earlier (figure 1). 1945 patients were 
randomised according to protocol and comprise the 
randomised ITT set. Of these, 434 patients with positive 
PET-2 were randomly assigned to either 8 × eBEACOPP 
(n=217) or 8 × R-eBEACOPP (n=217), and another 506 were 
assigned to standard treatment with 6 × eBEACOPP after 
June, 2011. 1005 patients with negative PET-2 were 
randomly assigned to either standard treatment with 
8 × eBEACOPP (n=288) or 4 × eBEACOPP (n=285) before 
June, 2011, and standard treatment with 6 × eBEACOPP 
(n=216) or 4 × eBEACOPP (n=216) after June, 2011. In the 
subgroup with negative PET-2, the per-protocol set 
comprises 920 (92%) patients (figure 1).

Patient characteristics for the randomised ITT set were 
similar between randomised treatment groups (table 1). 
The median age was 32 years (range 18–60, IQR 24–43); 
1184 patients (61%) were male and 761 (39%) were female. 
Most patients had stage III or IV disease (n=1663, 86%).

Following central expert review, PET-2 was rated 
positive in 940 (48%) patients from the randomised 
ITT set, comprising the 434 patients randomised 
be fore June, 2011, and the 506 patients treated with 
6 × eBEACOPP afterwards. The rating of our central 
expert panel corresponded with the local assessment 
in 1541 (80%) of 1936 patients with the respective infor-
mation available. Concordance was higher among 
those patients with PET-2 finally declared as negative 
(897 [90%] of 1000 patients [information missing in five] 
vs 644 [69%] of 936 patients with positive PET-2 
[information missing in four]). Patients with positive 
and negative PET-2 differed in many baseline 
characteristics including age, performance status, and 
clinical risk factors (appendix p 4).

In the ITT set, the total 5-year estimate of progression 
free survival was 89·4% (95% CI 87·9–91·0) and the 
total 5-year estimate of overall survival was 95·6% 
(94·6–96·6). There were no significant differences 
between patients with positive and negative PET-2 
regarding progression-free survival (p=0·30) and over-
all survival (p=0·49; figure 2).

For the PET-2-positive cohort, detailed results on therapy 
administration and side-effects have already been re-
ported.14 After completion of chemotherapy, 155 patients 
(36%) had PET-positive residual disease and received 
radiotherapy (table 2). With a median follow-up of 
66 months (IQR 53–76), estimated 5-year progression-free 
survival in the randomised comparison was 89·7% 
(95% CI 85·4–94·0) with 8 × eBEACOPP and 88·1% 
(83·5–92·7) with 8 × R-eBEACOPP (log-rank p=0·46; 
figure 3). Nine patients (4%) in the 8 × eBEACOPP group 
and 14 (6%) in the 8 × R-eBEACOPP group had died during 
the follow-up period (table 2); estimated 5-year overall 
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Figure 2: Progression-free survival and overall survival for ITT set
Kaplan-Meier estimates of (A) progression-free survival and (B) overall survival in the ITT set. ITT is defined as the 
set of all patients except for those with disconfirmed diagnosis of Hodgkin’s lymphoma, registration errors, 
or withdrawal of trial consent including anonymisation of all study documents, and so includes non-randomised 
patients. ITT=intention-to-treat. PET-2=PET after two cycles of chemotherapy.

Borchmann P. Lancet. 2017



PFS in the ITT population

BrECADD, brentuximab vedotin, etoposide, cyclophosphamide, doxorubicin, dacarbazine, dexamethasone; CI, confidence interval; escBEACOPP, escalated bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, 
procarbazine, prednisone; HR, hazard ratio; ITT, intention-to-treat; PFS, progression-free survival.

Borchmann P et al. Oral presentation LBA4. Presented at the 17th International Conference on Malignant Lymphoma, June 13–17, 2023.

escBEACOPP
(N=740)

BrECADD
(N=742)

n % n %

Progression/relapse 55 7.4 32 4.3

Progression 14 1.9 5 0.7

Early relapse, follow-up ≤1 year 23 3.1 11 1.5

Late relapse, follow-up >1 year 18 2.4 16 2.2

Death without previous progression or 
relapse 6 0.9 7 0.9

Total PFS events 61 8.4 39 5.3

3-year PFS in the ITT population

With an HR of 0.63 for PFS (in favor of BrECADD), the HR bound of 1.02 is excluded and non-inferiority of BrECADD established vs
escBEACOPP. The 99% CI for the HR (1.07–0.37) indicates a trend towards superiority (to be determined at final analysis with 95% CI)

PFS events at a median follow-up of 40 months
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There were no treatment delays >21 days observed during the
first 2 cycles of therapy, meeting the study’s primary end point.
Three patients had treatment delays because of AEs, including
2 patients with grade 3 febrile neutropenia (2 and 5 days,
respectively). One patient with a grade 4 large bowel obstruc-
tion/abscess in the setting of diverticulitis had treatment delay
and doxorubicin omitted from cycle 3 onward because of newly
onset grade 1 heart failure and discontinued all study treatment
from cycle 4 day 22 onward because of recurrent postoperative
complications. Six patients (20%) missed at least 1 dose of
pembrolizumab because of AEs, primarily grade 2 or higher
transaminitis (5; 17%). Three patients (10%) experienced grade
3 or higher aspartate aminotransferase (AST) or alanine
aminotransferase (ALT) elevation, which required permanent
discontinuation of pembrolizumab. One patient with grade 3
ALT elevation who was required to discontinue pembrolizumab
was transitioned to AAVD therapy at investigator discretion but
did not have evidence of progressive disease. One other
patient who omitted at least 1 dose of pembrolizumab did so
because of a newly onset grade 1 pleural effusion (subsequently
found to be due to reduced ejection fraction), which was
attributed to doxorubicin because there was no elevation of
troponins or evidence of myocarditis observed. After several
cycles with pembrolizumab and doxorubicin being held
because of toxicity, all treatment was discontinued before cycle
5, and the patient has remained in remission for >1 year after
completing all therapy.

We have outlined all grades of AEs deemed to be IRAEs in
Table 3. In addition to the previously mentioned elevations of
AST and ALT, we also observed grade 2 hypothyroidism (2; 7%),

rash (any grade, 13 [43%] and grade 2+, 3 [10%]), grade 2
arthritis (1; 3%), and grade 2 colitis (1; 3%). All elevations of AST
or ALT are transient and reversible. Five patients with grade 2 or
higher AST or ALT elevation were managed with holding
pembrolizumab and corticosteroids as required by the protocol,
including 3 patients with grade 3 or 4 transaminitis that required
permanent discontinuation of pembrolizumab. All patients who
required corticosteroids during the study treatment were able
to discontinue them before the completion of chemotherapy.
The episode of grade 2 colitis occurred 1 month after the
completion of study treatment, in which all expected doses of
pembrolizumab were received. The patient was able to dis-
continue all steroids ~3 months later. No patient who required
any dose modification, discontinuation, or treatment delay has
experienced progression to date. No pneumonitis or other
grade ≥3 IRAEs were observed. All IRAEs resolved by the EOT
or during long-term follow-up, except those in patients who
continued thyroid hormone supplementation.

Efficacy
Twenty-nine patients had at least 1 response assessment and
were evaluable for efficacy. The best ORR was 100%, including
90% in CR. A PET2/CT showed an ORR of 100% and CR rate of
66%. In the 23 patients with early-stage unfavorable or
advanced-stage disease, there was a PET2 CR rate of 57%.
Three patients at early-stage disease (all favorable per the
German Hodgkin Study Group criteria) with a PET2 CR proceeded
with preplanned consolidative radiotherapy. At the EOT, 82% of
patients were in complete remission. Five patients at the EOT had
persistent or new fluorodeoxyglucose (FDG) uptake, 1 of whom
ultimately developed biopsy-proven progressive disease. Two
patients remained in partial response (Deauville 4) throughout the
study treatment, without disease progression to date. One of
these patients was followed up with surveillance CT and has
remained progression-free 28 months later. Another patient had
persistent FDG uptake upon follow-up PET/CT 3 months later,
underwent a mediastinoscopy, showed the presence of benign
thymic tissue, and has remained progression-free 28 months after
treatment completion. Two other patients achieved a PET2 CR but
developed FDG uptake upon EOT PET/CT. One of these patients
had an additional PET/CT 4 months later that remained FDG-avid
but with stable lymph node size. The investigator opted to tran-
sition to CT-based surveillance, which has not demonstrated
progressive lymphoma to date, 36 months after the completion of
therapy. Another patient’s new FDG uptake resolved by the
subsequent PET/CT, and the patient has remained progression-
free 33 months after completion of therapy. These 4 patients
were followed up with serial imaging and/or biopsies, and, to
date, none have developed recurrent HL 28, 28, 33, and 36
months after completion of study treatment. With a median
follow-up of 2.1 years, only 1 patient has suffered a relapse,
resulting in a 2-year PFS and OS of 97% (95% confidence interval,
90%-100%) and 100% (95% confidence interval, 100%-100%),
respectively (Figure 2).

MRD analysis with PhasED-Seq and correlation
with TMTV
Banked plasma samples for all 29 response-evaluable patients
were analyzed for ctDNA at baseline. Twenty-six patients had
sufficient ctDNA detected at baseline and were eligible for
MRD monitoring. One patient did not have detectable ctDNA

Table 1. Patient characteristics

Characteristic n = 30

Male sex, n (%) 12 (40)

Age, median (range), y 33 (18-69)

Stage, n (%)

I 1 (3)

II 11 (37)

III 7 (23)

IV 11 (37)

B symptoms, n (%) 13 (43)

Mediastinal bulk, >10 cm, n (%) 6 (20)

Elevated erythrocyte sedimentation rate, >50, n (%) 11 (37)

Extranodal involvement, n (%) 11 (37)

Spleen involvement, n (%) 7 (23)

Early-stage unfavorable, National Comprehensive Cancer
Network (n = 12), n (%)

6 (50)

International Prognostic Score (advanced stage, n =
18), n (%)

0-1 6 (33)

2 and 3 7 (39)

4, 5, 6, and 7 5 (28)
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concurrent PD1 inhibitor anthracycline-based chemotherapy in
patients at advanced stages without a PD1 inhibitor lead-in,
building on the work of other trials using a sequential approach
that demonstrated single-agent frontline anti-PD1 activity.13-15 We
were able to show that the APVD regimen showed promising
safety and efficacy with similar overall outcomes over a much
shorter time course than those of sequential PD1 inhibitor regi-
mens. This shortened timeline not only resulted in a diminished
total treatment duration for patients but also allowed for a more
rapid achievement of disease control. This approach also avoids
the possibility of experiencing an IRAE during the PD1 mono-
therapy portion that could delay or prevent the administration of
combination chemotherapy.

The APVD regimen was well tolerated, and the IRAEs observed
were manageable and reversible in all cases (excluding hypo-
thyroidism). The concurrent approach saw increased rates of
elevated AST and ALT compared with previously published
monotherapy and sequential chemotherapy combinations,
including cases of grade 3 or higher. Our findings are compa-
rable with the results of using pembrolizumab with liposomal
doxorubicin, gemcitabine, and vinorelbine and may indicate
the potential for low-grade hepatotoxicity with concurrent

chemotherapy and anti-PD1 strategies.8 Although our protocol
did call for up to 8 total doses of pembrolizumab (vs 3 total in
the sequential approach13), most toxicity occurred early and
likely was not a reflection of an increased cumulative dose of
pembrolizumab. Fortunately, all patients remained asymptom-
atic, had no elevations of total bilirubin, and did not suffer lower
remission rates.

We also observed a febrile neutropenia rate of 17%, compared
with 10% observed in approaches with a PD1 inhibitor lead-in
(Checkmate-20515 and sequential pembrolizumab + AVD13)
and 8% seen in ABVD.33 Our patients experienced higher rates
of at least 1 episode of neutropenia (93% any grade and 83%
grade 4) than reported in these other frontline combination
regimens. Despite this, we observed only 3 patients (10%) with
grade 3 or 4 infections, in line with ABVD findings,34 and below
the 18% grade 3 or higher infection rate observed with AAVD
that led to the mandatory use of GCSF. More importantly, we
did not observe any pneumonitis in our study, which is said to
affect up to 7% of patients treated with bleomycin. Careful
attention is needed in larger PD1 and chemotherapy combi-
nation studies to determine whether checkpoint inhibitors
continue to contribute to higher rates of febrile neutropenia
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Figure 2. Kaplan-Meier estimates. PFS (A) and OS (B) for the response-evaluable study population. CI, confidence interval.
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concurrent PD1 inhibitor anthracycline-based chemotherapy in
patients at advanced stages without a PD1 inhibitor lead-in,
building on the work of other trials using a sequential approach
that demonstrated single-agent frontline anti-PD1 activity.13-15 We
were able to show that the APVD regimen showed promising
safety and efficacy with similar overall outcomes over a much
shorter time course than those of sequential PD1 inhibitor regi-
mens. This shortened timeline not only resulted in a diminished
total treatment duration for patients but also allowed for a more
rapid achievement of disease control. This approach also avoids
the possibility of experiencing an IRAE during the PD1 mono-
therapy portion that could delay or prevent the administration of
combination chemotherapy.

The APVD regimen was well tolerated, and the IRAEs observed
were manageable and reversible in all cases (excluding hypo-
thyroidism). The concurrent approach saw increased rates of
elevated AST and ALT compared with previously published
monotherapy and sequential chemotherapy combinations,
including cases of grade 3 or higher. Our findings are compa-
rable with the results of using pembrolizumab with liposomal
doxorubicin, gemcitabine, and vinorelbine and may indicate
the potential for low-grade hepatotoxicity with concurrent

chemotherapy and anti-PD1 strategies.8 Although our protocol
did call for up to 8 total doses of pembrolizumab (vs 3 total in
the sequential approach13), most toxicity occurred early and
likely was not a reflection of an increased cumulative dose of
pembrolizumab. Fortunately, all patients remained asymptom-
atic, had no elevations of total bilirubin, and did not suffer lower
remission rates.

We also observed a febrile neutropenia rate of 17%, compared
with 10% observed in approaches with a PD1 inhibitor lead-in
(Checkmate-20515 and sequential pembrolizumab + AVD13)
and 8% seen in ABVD.33 Our patients experienced higher rates
of at least 1 episode of neutropenia (93% any grade and 83%
grade 4) than reported in these other frontline combination
regimens. Despite this, we observed only 3 patients (10%) with
grade 3 or 4 infections, in line with ABVD findings,34 and below
the 18% grade 3 or higher infection rate observed with AAVD
that led to the mandatory use of GCSF. More importantly, we
did not observe any pneumonitis in our study, which is said to
affect up to 7% of patients treated with bleomycin. Careful
attention is needed in larger PD1 and chemotherapy combi-
nation studies to determine whether checkpoint inhibitors
continue to contribute to higher rates of febrile neutropenia
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Figure 2. Kaplan-Meier estimates. PFS (A) and OS (B) for the response-evaluable study population. CI, confidence interval.
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Introdution- PembroAVD sequencial

Discussion
Herein, we demonstrate the ongoing efficacy of sequential therapy
consisting of 3 doses of pembrolizumab monotherapy followed by
AVD chemotherapy. None of the patients relapsed or died after
nearly 3 years of follow-up. In this previously untreated patient
population, neither 9p24.1 alterations nor PD-L1/PD-L2 expression

predicted outcomes, consistent with exquisite sensitivity to
checkpoint inhibition in treatment-naïve patients.

Our study showed rapid responses to pembrolizumab mono-
therapy with a percent decline in MTV, but no relationship with PD-
1 pathway markers. Voltin et al also noted rapid and deep
responses to single-agent PD-1 blockade in the NIVAHL study,
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Figure 1. Kaplan-Meier analysis. (A) PFS; (B) OS.
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unfavorable stage cHL. On interim PET, CMR was observed in
47 patients (87%) in the concurrent arm following 2 cycles of N-
AVD compared with 26 patients (51%) treated with nivolumab
monotherapy for 4 doses.4 The interim response measured by a
change in MTV was similar in both groups, with near-CMR in 28 of
30 patients (93.3%) for concurrent N-AVD for 2 cycles vs 28 of
29 patients (96.6%) with nivolumab monotherapy for 2 cycles. At
the end of treatment, the conventional complete response rate
according to the Lugano criteria was identical, from 83% to 84%.
Overall, there was no difference in outcomes with sequential vs
concurrent approaches with 1-year PFS and OS of 100%.3,15,18

Preliminary results of a trial of concurrent pembrolizumab and AVD
therapy in early-stage unfavorable and advanced-stage cHL were
recently reported by Lynch et al16 with a short follow-up; the 1-year
PFS and OS were 96% and 100%, respectively, similar to our
study. The reasons for differences in outcomes across trials are
not clear and may be related to patient selection, differences in

central imaging review, small numbers of patients, and possible
differences between pembrolizumab and nivolumab in untreated
cHL.

As anticipated, specimens from all patients demonstrated genomic
alterations of 9p24.1 and expression of PD-L1/PD-L2, but neither
the type of 9p24.1 alteration nor the level of PD-L1/PD-L2
expression correlated with the depth of response to single-agent
pembrolizumab response measured by MTV. In the relapsed
setting, the relationship between PD-L1 expression on HRS cells
and response is weak at best.6-9 Although the KEYNOTE-013
study demonstrated immunologic changes with pembrolizumab
treatment including increased T-cell and natural killer cell numbers
and interferon γ in the blood with expanded immune-signaling gene
signatures, none of these observations were correlated with
response.8,9 Importantly, all studies to date have demonstrated
clinical activity of PD-1 blockade in cHL, even in patients with low
PD-L1 expression.9
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to find a hospital bed and also because we felt that this
procedure would increase general acceptance of the study.
We used the minimisation method of Pocock14 for
randomisation, to account for type of relapse and
participating institution. The types of relapse considered
were early and late first relapse and multiple relapses. We
substituted dropouts during the first two courses of Dexa-
BEAM chemotherapy with the next randomly assigned
patient who presented with the same type of relapse. The
numbers of randomised patients therefore differ between
treatment groups if all patients are considered, but are
balanced for the strata of chemosensitive patients.

Patients with early first relapse had initial complete
remission of at least 3 months but less than 12 months
after first-line chemotherapy. Patients with late first
relapse had first remission of more than 12 months; these
patients could only be included in the study if their first-
line treatment had consisted of seven or eight drugs.
Patients with multiple (second or later) relapses were
eligible for the study after failure of any first-line or
salvage chemotherapy. We measured remission duration
from the end of first-line treatment or from the end of
salvage therapy for multiple relapses to the date when the
most recent relapse was diagnosed.

Treatment
The treatment protocol is shown in figure 1. All patients
received two courses of Dexa-BEAM,6 consisting of
dexamethasone (8 mg every 8 h orally, days 1–10),
carmustine (60 mg/m2 intravenously, on day 2), etoposide
(250 mg/m2 intravenously, days 4–7), cytarabine
(100 mg/m2 intravenously every 12 h, days 4–7), and
melphalan (20 mg/m2 intravenously, on day 3). Etoposide
was given at a total dose of 1000 mg/m2 per cycle because
preliminary information from a dose-escalation study15

suggested this dose would be feasible. The total dose of
etoposide given with cycles one and two of Dexa-BEAM

was reduced to 600 mg/m2 after 111 patients had been
randomly assigned because of toxic effects. 

Granulocyte-colony-stimulating factor was given on 
day 8 of Dexa-BEAM, and was continued until leucocyte
recovery or until the last day of stem-cell harvesting if
blood-progenitor cells were gathered. Bone-marrow or
progenitor cells were harvested after the second course of
Dexa-BEAM. Because of difficulties in obtaining sufficient
numbers of progenitor cells after two courses of Dexa-
BEAM,16 harvesting of stem cells after the first course of
Dexa-BEAM was allowed. Restaging was mandatory for all
patients after the second course of Dexa-BEAM. We
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to find a hospital bed and also because we felt that this
procedure would increase general acceptance of the study.
We used the minimisation method of Pocock14 for
randomisation, to account for type of relapse and
participating institution. The types of relapse considered
were early and late first relapse and multiple relapses. We
substituted dropouts during the first two courses of Dexa-
BEAM chemotherapy with the next randomly assigned
patient who presented with the same type of relapse. The
numbers of randomised patients therefore differ between
treatment groups if all patients are considered, but are
balanced for the strata of chemosensitive patients.

Patients with early first relapse had initial complete
remission of at least 3 months but less than 12 months
after first-line chemotherapy. Patients with late first
relapse had first remission of more than 12 months; these
patients could only be included in the study if their first-
line treatment had consisted of seven or eight drugs.
Patients with multiple (second or later) relapses were
eligible for the study after failure of any first-line or
salvage chemotherapy. We measured remission duration
from the end of first-line treatment or from the end of
salvage therapy for multiple relapses to the date when the
most recent relapse was diagnosed.

Treatment
The treatment protocol is shown in figure 1. All patients
received two courses of Dexa-BEAM,6 consisting of
dexamethasone (8 mg every 8 h orally, days 1–10),
carmustine (60 mg/m2 intravenously, on day 2), etoposide
(250 mg/m2 intravenously, days 4–7), cytarabine
(100 mg/m2 intravenously every 12 h, days 4–7), and
melphalan (20 mg/m2 intravenously, on day 3). Etoposide
was given at a total dose of 1000 mg/m2 per cycle because
preliminary information from a dose-escalation study15

suggested this dose would be feasible. The total dose of
etoposide given with cycles one and two of Dexa-BEAM

was reduced to 600 mg/m2 after 111 patients had been
randomly assigned because of toxic effects. 

Granulocyte-colony-stimulating factor was given on 
day 8 of Dexa-BEAM, and was continued until leucocyte
recovery or until the last day of stem-cell harvesting if
blood-progenitor cells were gathered. Bone-marrow or
progenitor cells were harvested after the second course of
Dexa-BEAM. Because of difficulties in obtaining sufficient
numbers of progenitor cells after two courses of Dexa-
BEAM,16 harvesting of stem cells after the first course of
Dexa-BEAM was allowed. Restaging was mandatory for all
patients after the second course of Dexa-BEAM. We
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Table III

Univariate and multivariate analysis of factors for EFS after ASCT (N = 161).

Covariates

Univariate Multivariate

HR (95% CI) P-value† HR (95% CI) P-value†

Age >45 years 1·36 (0·67–2·77) 0·39 –

Female gender 0·89 (0·54–1·49) 0·67 –

B symptoms 2·05 (1·21–3·46) 0·007 1·46 (0·85–2·50) 0·17

Extranodal disease 2·82 (1·65–4·84) <0·001 –★ ★

Tumour bulk >5 cm 2·11 (1·26–3·52) 0·004 1·41 (0·82–2·43) 0·22

Stage IV 3·51 (2·04–6·02) <0·001 2·55 (1·43–4·57) 0·002

Positive FI Pre-ASCT 2·79 (1·67–4·66) <0·001 2·00 (1·16–3·44) 0·013

Chemo + RT conditioning 0·54 (0·31–0·94) 0·029 0·78 (0·44–1·36) 0·38

HR, Hazard ratio; 95% CI, 95% confidence interval; EFS, event-free survival; ASCT, autologous stem cell transplantation; RT, Radiation therapy; 
FI, functional imaging.

★
Extranodal disease not included due to multicollinearity with stage.

†
Statistically significant differences shown in bold.

Br J Haematol. Author manuscript; available in PMC 2017 August 13.

Fig 3. 
EFS by Significant Covariates. (a) by functional imaging prior to autologous stem cell 
transplantation (b) by Stage. EFS, event-free survival; PET, positron emission tomography; 
95% CI, 95% confidence interval; NR, not reached.

Shah et al. Page 12

Br J Haematol. Author manuscript; available in PMC 2017 August 13.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript

Shah GL. Br J Haematol.2016

Early recidive: PFS 44% 4 years
Late recidive: PFS 72% 4 years
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2. Salvage Chemotherapy
The standard of care for relapsed/refractory (R/R) cHL is high-dose chemotherapy

followed by ASCT which was established based on two randomized trials. The British
National Lymphoma group randomized relapsed patients to BEAM (carmustine, etoposide,
cytarabine, melphalan) followed by ASCT or mini-BEAM alone, noting an improvement in
progression-free survival (PFS) with chemotherapy followed by ASCT [8]. Similarly, the
German Hodgkin’s Lymphoma Study Group randomized relapsed cHL patients to either
dexamethasone-BEAM (Dexa-BEAM) or Dexa-BEAM with ASCT. Three-year freedom
from treatment failure was significantly improved among patients who received BEAM-
ASCT (55% vs. 34%, p = 0.019) [9]. To assess for chemosensitive disease, patients are
given salvage therapy with a platinum-based or gemcitabine-based regimen as outlined
in Table 1 [10–19]. Salvage chemotherapy has shown similar overall response rates (ORR)
as depicted in Table 1, though the treatments have not been compared directly. Patients
with chemosensitive disease are more likely to have improved outcomes after ASCT, with
a study by Moskowitz et al. reporting a 10-year OS difference of 66% (chemosensitive)
vs. 17% (chemorefractory) [20]. For this reason, optimizing complete response (CR) rates
prior to ASCT has been a focus of clinical trials. With traditional salvage chemotherapy
and ASCT, around 50% of patients will not be cured by this approach [21], which has led to
the ongoing investigation of novel agents. The goal of incorporating novel agents as part of
salvage chemotherapy is to improve CR rates pre-transplant and thus long-term outcomes
after ASCT.

Table 1. Conventional Salvage Chemotherapy Regimens for Relapsed/Refractory cHL; Adapted
from Vassilakopoulos et al. [22].

Regimen Trial # Pts ORR (%) CR (%)

ESHAP Etoposide, cytarabine, cisplatin, methylprednisolone Aparicio [10] 22 73 41
ASHAP Adriamycin, solumedrol, high-dose cytarabine, cisplatin Rodriguez [11] 56 70 34
DHAP Dexamethasone, cytarabine, cisplatin Josting [12] 281 NR 72

ICE Ifosfamide, carboplatin, etoposide Moskowitz [13] 65 88 26
ICE Ifosfamide, carboplatin, etoposide Hertzberg [14] 6 100 67

IVOx Ifosfamide, etoposide, oxaliplatin Sibon [15] 34 76 32
GDP Gemcitabine, dexamethasone, cisplatin Baetz [16] 23 69 17

GEM-P Gemcitabine, cisplatin, methylprednisolone Chau [17] 21 80 24
IGEV Ifosfamide, gemcitabine, vinorelbine, prednisone Santoro [18] 91 81 54

BeGEV Bendamustine, gemcitabine, vinorelbine Santoro [19] 59 75

3. Brentuximab Vedotin
Nearly all cases of cHL express CD30, which led to the development of targeted

therapy with BV [23]. BV is a CD30-directed antibody drug conjugated to mono-methyl
auristatin molecule (MMAE), an anti-tubulin agent which leads to apoptosis [24]. The
introduction of BV for R/R cHL has shown high ORR with minimal toxicity and changed
the landscape of treatment as outlined in Table 2. Initially, BV was studied among patients
with disease progression following ASCT. An international phase II trial evaluated BV
(1.8 mg/kg every 3 weeks, maximum of 16 cycles) among R/R cHL patients after ASCT
and showed ORR 75% and CR 34% in this heavily pre-treated population. Although any
grade neuropathy was 42%, only 8% was grade 3 or higher and typically neuropathy was
reversible with drug discontinuation or dose-reduction [25]. Longer term survival outcomes
were later reported with 5-year OS and PFS rates of 41% and 22%, respectively. Among
those who attained CR, the 5-year OS and PFS rates were 64% and 52%, respectively,
suggesting that BV post-ASCT leads to durable disease control with minimal toxicity,
especially among patients with CR [26].

Based on promising results among relapsed patients following ASCT, BV was then
studied in the pre-transplant salvage setting. The first of many trials to investigate BV in
the pre-transplant setting was a phase II trial in which Chen et al. treated 37 R/R patients

Takiar R. Cancers. 2022.
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pneumothorax, and febrile neutropenia. Three patients pre-
sented grade 4 hematological toxicity: neutropenia (n¼ 2) and
thrombocytopenia (n¼ 1). All nine patients underwent stem-cell
mobilization after the first or second treatment cycle, all collect-
ing >2"10e6/kg peripheral blood CD34þ cells (median 6.25,
range 3.4–27.5), with no grade 3–4 toxicity. There were one
(n¼ 7) or two (n¼ 2) harvesting procedures. All nine patients
received a transplant, and took a median of 9 and 10 days for neu-
trophil and platelet recovery to occur, respectively. No evidence
of disease progression was detected before the transplant, one
with residual FGD uptaking areas (metabolic CR: 89%). After the
ASCT, six patients were in CR, one in PR and two in progression.

Since no DLT was observed, phase II of the trial commenced
on 12 April 2015, with BV at the recommended dose of 1.8 mg/kg
per course.

Phase II

Completion of the study. By the time of the data-lock, all patients
had completed the protocol. The first three cycles were given to
all 66 patients, with a median time of 21 days (range 18–41 days)
between the first and second cycles, and of 21 days (range 20–
38 days) between the second and third cycles. The fourth BV sin-
gle dose was given to 63 patients after 22 days (range 20–35 days).
The fourth cycle was not given in the case of two progressions
and one case of concomitant depressive syndrome.

Mobilization was tried in 64 patients and transplant in 60
patients, with no failures in any case (see below). The median
time between the fourth BV dose and SC infusion was 36 days
(range 21–102 days), which means that the time between the
fourth dose and patient hospitalization for transplant was 29 days
(range 14–95 days). The three post-transplant consolidation

doses of BV were given to 55, 51, and 48 patients (fifth, sixth, and

seventh doses, respectively), with a duration of up to 36 (20–92),
23 (19–39), and 22 (19–30) days, respectively. Eighteen patients

did not receive the projected consolidation due to toxicity (cyto-

penias, n¼ 4; neuropathy, n¼ 3), progression (n¼ 6), patient re-
fusal (n¼ 3), or death (n¼ 2).

Response to the protocol. An OR before transplant was observed

in 60 patients, providing an intention to treat OR rate of 91% (CI
84% to 98%), distributed in 70% CR (CI 59% to 81%) and 21%

PR (CI 11% to 31%). Six patients were non-responders: one who

died before any evaluation, two with stable disease and three pro-
gressions. According to DS, pre-transplant PET-CT was scored as

1 in 8 cases, 2 in 35, 3 in 7, 4 in 11, and 5 in 4. CR was less fre-

quently achieved in patients who progressed under first-line ther-
apy, had bone marrow involvement or were in stage IV at

inclusion (Table 2).
Responses at 4 months after transplant were CR in 49 patients,

PR in 6 and PD in 10, plus 1 patient who died before any evalu-
ation. The post-transplant response was closely related to the re-

sponse before the transplant, as expected. There were seven

patients in CR/PR at transplant that were in progression at day
þ120. In contrast, seven patients upgraded their response from

PR to CR after the transplant, and six maintained the same status

after the transplant.

Survival. After a mean follow-up of 27 months, 16 patients had

progressed and 3 had died without progression, providing a 30-

month TTF and PFS of 74% (95% CI 68% to 80%) and 71%
(95% CI 65% to 77%), respectively (Figure 3A and B). Six

patients had died: three due to progression and three from causes

67 patients enrolled

sALCL, n = 1 (removed)

66 patients received 3
cycles of BRESHAP

Phase I included the
fist 9 patients: No DLT

1 early death
3 progressions
1 stable disease

63 patients received 4th BV

60 patients underwent
APBSCT
No engraftment failures

59 patients received 5th BV

52 patients received 6th BV

48 patients received 6th BV

sALCL, systemic anaplastic large cell lymphoma; DLT, dose-limiting toxicity; SC, stem cell; PET-CT, positron
emission tomography & computerized tomography; BV, brentuximab vedotin; CR, complete response; LVEF,
left ventricular ejection fraction; APBSCT, autologous peripheral blood stem cell transplant

1 low LVEF in CR

Follow-up N = 66
(ITT analysis)

64 SC mobilisations
and collections

PET-CT

Figure 2. Patient disposition.
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Figure 3. (A) Progression-free survival; (B) time to treatment failure; (C) overall survival.
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it was determined that the FDG uptake was not due to lymphoma.
Overall, 17 of 22 patients (77%) underwent ASCT after receiving
additional salvage treatment, whereas 5 patients (23%) did not.

Safety
A total of 90 patients (99%) had treatment-emergent AEs prior to
per-protocol ASCT. The most common treatment-emergent AEs
were nausea in 47 patients (52%), infusion-related reactions
(IRRs) in 39 patients (43%), and fatigue in 36 patients (40%), all
grades 1 and 2, except 1 incidence of grade 3 fatigue. Two
patients (2%) discontinued treatment due to AEs (1 each with
grade 3 PN and increased g-glutamyltransferase). Peripheral sen-
sory neuropathy was reported by 16 patients (18%), all grade 1
except for 1 grade 3 (not specified) PN that led to treatment dis-
continuation. Other grade 3 or higher AEs occurred in 30 patients
(33%) (supplemental Table 4), including neutropenia (n5 4 grade
3; n5 1 grade 4). IRRs in parts 1 and 2 and in part 3 occurred in 28
patients (46%) and 11 patients (37%), respectively, mostly at cycle
2 (34% and 23%, respectively).

Across all study parts, immunosuppressive treatment (systemic
corticosteroids) was administered to 16 patients (18%) for poten-
tial IrAEs, excluding IRRs (supplemental Table 5). No patient dis-
continued study treatment due to an IrAE. Grade 3 or higher
IrAEs included pneumonitis in 3 patients (3%), and maculopapular
rash, increased aspartate aminotransferase, diarrhea, andGuillain-
Barr!e syndrome each occurring in 1 patient (1%). All 3 patients
with grade 3 or higher pneumonitis events were treated success-
fully with systemic corticosteroids. All events in the 3 patients with
pneumonitis occurred !2 to 4 months after the last dose of study
therapy. In 2 patients, pneumonitis developed !1 to 2 months
after ASCT, and in 1 patient during subsequent therapy with

Table 1. Baseline demographics and disease
characteristics

All treated
patients,
N 5 91

Median age (range), y 34 (18, 69)

Sex, n (%)

Male 40 (44)

Female 51 (56)

Disease stage at initial
diagnosis, n (%)

I 1 (1)

II 52 (57)

III 16 (18)

IV 20 (22)

Unknown 2 (2)

Prior systemic therapy
regimens,* n (%)

ABVD 82 (90)

BEACOPP 2 (2)

Radiation 18 (20)

Stanford V 3 (3)

Other 8 (9)

Best response to prior line of
therapy, n (%)

CR 52 (57)

PR 11 (12)

SD 3 (3)

PD 24 (26)

Unknown 1 (1)

No. of prior therapies,
including radiation

Mean (STD) 1.2 (0.5)

Median 1.0

Minimum, maximum 1, 3

Disease status relative to
frontline treatment, n (%)

Primary refractory 38 (42)

PR or SD to frontline therapy 13 (14)

ABVD, adriamycin bleomycin vinblastine dacarbazine; BEACOPP, bleomycin etoposide
adriamycin cyclophosphamide oncovin procarbazine prednisone; ECOG, Eastern Coop-
erative Oncology Group; PD, progressive disease; PR, partial response; SD, stable dis-
ease; STD, standard deviation
*Patients may have received .1 therapy.

Table 1. Continued

All treated
patients,
N 5 91

PD to frontline therapy 24 (26)

Unknown response to
frontline therapy

1 (1)

Relapsed, remission duration
#1 y

27 (30)

Relapsed, remission duration
.1 y

26 (29)

ECOG performance status, n
(%)

Grade 0 58 (64)

Grade 1 32 (35)

Bulky disease at baseline, n (%) 12 (13)

Extranodal disease at baseline, n
(%)

24 (26)

ABVD, adriamycin bleomycin vinblastine dacarbazine; BEACOPP, bleomycin etoposide
adriamycin cyclophosphamide oncovin procarbazine prednisone; ECOG, Eastern
Cooperative Oncology Group; PD, progressive disease; PR, partial response; SD, stable
disease; STD, standard deviation
*Patients may have received .1 therapy.
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and the tumor microenvironment. The CD30 (TNFRSF8) gene was
the highest gene (sorted by computed P values) differentially
expressed in a comparison of patients who achieved CR/PR vs
those with PD/SD (fourfold change) (Figure 5A). Expression of
CCL22, IL-4, TARC, and IL-10 was also higher in CR/PR patients
than PD/SD. No significant association between PD-1 or pro-
grammed death ligand 1 (PD-L1) gene expression and clinical
activity was observed (Figure 5B).

Discussion
Among patients with r/r cHL, the combination of BV and Nivo as
first salvage therapy, with staggered or concurrent dosing, was
active and well tolerated. The ORR and CR rate were 85% and
67%, respectively, which are higher than either agent adminis-
tered individually. Responses were durable and PFS was high,
especially for those who underwent ASCT after study completion
without additional salvage therapy. Although the study was not
designed to compare same-day and staggered dosing, the results
suggest that same-day dosing from the start of combination ther-
apy is feasible. BV administered in combination with Nivo did not
negatively impact stem cell mobilization, collection yields, or
engraftment.

After a median of 34.3 months of follow-up, no new toxicities
were observed with BV and Nivo, and the AE profile of the
combination was similar to each agent administered individu-
ally.8,9,13 Eighteen percent of patients required treatment
with systemic corticosteroids for potential IrAEs, excluding
IRRs. The proportion of patients with IRRs was lower in part
3 (37%), which used same-day dosing and an alternative pre-
medication strategy, compared with parts 1/2 (46%). The lack
of control groups for the independent treatment components
makes interpretation of the IRR incidence difficult. Overall,
the combination of BV and Nivo as salvage therapy is associ-
ated with mild IRRs and characteristic irAEs in a minority of
patients but less hematologic or gastrointestinal toxicity than
conventional salvage regimens.

Antitumor activity in this study was assessed according to the
Lugano Classification Revised Staging System for malignant lym-
phoma, with the incorporation of LYRIC criteria for part 3. Five
patients in part 3 with a CR met LYRIC criteria for IR-2, including
4 with negative biopsies and 1 false positive with no correspond-
ing lesion on CT scan. One patient in part 1/2 had a residual FDG-
avid lesion (Deauville score of 5) following study treatment but was
considered a CR as a biopsy showed no evidence of HL. Our find-
ings underscore the importance of biopsy to determine whether a
residual FDG-avid area after treatment represents disease or
inflammation.

Our results compare favorably with results of other first-line sal-
vage regimens that combine BVwith chemotherapy, as well as tra-
ditional combination chemotherapy.11,21-23 Conventional salvage
treatment with platinum- and gemcitabine-based chemotherapy
regimens are associated with ORRs ranging from 70% to
89%,5,24,25 and CR rates from 54% to 73%.5,26,27 Studies of BV
monotherapy as initial salvage therapy have reported CR rates
of 27% to 43%,11,12,28 whereas sequential BV chemotherapy or
BV combined with chemotherapy report CMR rates of 69% to
83%.10,29 In contrast to some chemotherapy-based regimens,
BV and Nivo can be administered on an outpatient basis without
routine growth factor use, and nearly all patients in the study were
able to complete the 4 planned cycles. A limitation of our study
was the heterogeneity in subsequent salvage or post-ASCT con-
solidation therapy received. Nineteen percent of study patients
proceeded to ASCT after receiving additional consolidation and
outcomes were comparable with those who did not get further
consolidation, although the small numbers preclude definitive
conclusions. Overall, the excellent PFS observed in patients who
proceeded to ASCT directly after BV and Nivo, which represents

Table 2. Best clinical response and Deauville 5-point
scale

All treated
patients, N 5 91

n (%) 95% CI

Objective response
rate (CR 1 PR)

77 (85) 75.5, 91.3

CMR/CR 61 (67) 56.4, 76.5

Deauville score 5
1

23 (25)

Deauville score 5
2

20 (22)

Deauville score 5
3

12 (13)

Deauville score 5
4*

2 (2)

Deauville score 5
5*

4 (4)

PMR/PR 16 (18) 10.4, 27

Deauville score 5
4

9 (10)

Deauville score 5
5

7 (8)

NMR/SD 5 (5) 1.8, 12.4

Deauville score 5
4

1 (1)

Deauville score 5
5

4 (4)

PMD/PD 7 (8) 3.1, 15.2

Deauville score 5
5

7 (8)

Not evaluable 1 (1)

Not applicable† 1 (1)

CMR/CR, PMR/PR, NMR/SD, and PMD/PD per Lugano classification 2014,17 with PET
scan assessment required to determine response. CMR/CR, PMR/PR, NMR/SD, PMD/PD,
CP, and not evaluable are mutually exclusive. Patients with both PMD/PD and clinical
progression are counted as PMD/PD.
CMR, complete metabolic response; NMR, no metabolic response; PMD, progressive
metabolic disease; PMR, partial metabolic response; PR, partial response; SD, stable disease.
*Five patients in part 3 with CR met LYRIC criteria for IR-2 (4 with negative biopsies; 1
false positive with no corresponding lesion on CT scan). One patient in part 1/2 had a
residual FDG-avid lesion (Deauville score of 5) following study treatment but was
considered CR because a biopsy showed no evidence of HL.

†No postbaseline assessment.
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Figure 3. PFS and OS in patients with r/r HL. (A) PFS in all treated patients (blue line) compared with the subset of patients who received per-protocol ASCT (without prior
additional salvage; green line). Patients who started an antitumor therapy (excluding stem cell transplant or post-ASCT consolidative therapy) other than the study treatment
prior to documentation of tumor progression were censored at the date of the most recent disease assessment prior to start of new therapy that was adequate to document
progressive disease. (B) PFS in patients with relapse disease at study entry vs primary refractory patients. (C) OS in all treated patients.
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features simultaneously. Table 1 summarizes demographic and baseline characteristics for
all enrolled patients.

Table 1. Baseline characteristics of patients (n = 10).

Characteristics Patients, n.

Median age, years (range) 30.7 (20.6–36.4)

Sex, male/female 8 (80%)/2 (20%)

Median time from diagnosis to
pembro-BV, months (range) 27.7 (13.6–51)

First-line treatment
ABVD 5 (50%)

BEACOPP esc 4 (40%)
CHOEP 1 (10%)

Number of prior treatments
before

pembro-BV salvage

2 3 (30%)
3 6 (60%)
5 1 (10%)

First salvage therapy
DHAP 6 (60%)
BEGEV 3 (30%)

ICE 1 (10%)

Second salvage therapy

BEGEV 2 (20%)
Bendamustine 2 (20%)

ICE 1 (10%)
BEACOPP esc 1 (10%)

Refractory disease 6 (60%)

Complete remission < 12 months 4 (40%)

Extranodal involvement at relapse 6 (60%)

Advanced stage at relapse 9 (90%)
ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine; BEACOPP esc, doxorubicin, cyclophosphamide, etopo-
side, procarbazine, prednisolone, bleomycin, vincristine; CHOEP, cyclophosphamide, doxorubicin, vincristine,
etoposide, prednisolone; BEGEV, bendamustine, gemcitabine, vinorelbine; DHAP, dexamethasone, cytarabine,
cisplatin; ICE, ifosfamide, carboplatin, etoposide; BV, brentuximab vedotin.

All patients completed the salvage treatment and had a PET-CT evaluation. The
median follow-up time was 16.5 (2.4–29.9) months, while the median number of cycles was
4 (2–7).

The ORR was 90%, and particularly, a CMR was achieved from eight patients (80%),
with a median time to best response of two cycles. Among the group of responding
patients, seven (70%) proceeded to ASCT: in one case, a patient in CMR (DS1) after two
cycles presented a DS4 after six cycles (salvage treatment pursued due to ASCT deferral
because of the first wave of COVID-19 pandemic) and received consolidative radiotherapy
before ASCT. Two patients are scheduled to receive ASCT shortly.

Stem cell collection was successful for seven out of seven patients, with a median
of 5 ⇥ 106 CD34+ cells/kg collected. Mobilizing agents included granulocyte colony-
stimulating factor (G-CSF) in four cases and G-CSF with plerixafor in three cases. Concern-
ing the other patients, two are expected to be collected in the next weeks while another one
was collected before starting the salvage treatment.

The only patient presenting a PD after two cycles was treated with a combination of
nivolumab and gemcitabine, achieving a partial response (PR) and subsequently received
radiotherapy and ASCT followed by allogeneic stem cell transplantation (alloSCT) in a
tandem strategy.

BV consolidation was started at a median of 36 (28–85) days after ASCT from six
patients and completed by three of them. One patient is undergoing treatment while two
others interrupted consolidation (one PD, one consolidation with alloSCT).

Cancers 2022, 14, 982 4 of 8

Two patients (20%) presented with PD after ASCT: one patient was in CMR and the
other in PR (with a DS5) before ASCT and they relapsed 4 months and 3 months after
the procedure, respectively. One patient was treated with a combination of nivolumab
and gemcitabine and achieved a CR, while the other was treated with a combination of
nivolumab and bendamustine and achieved a PR. Both patients received a consolidation
with alloSCT and died from infectious complications (systemic tuberculosis and COVID-19
infection in one case, septic shock in one case). Median progression-free survival (PFS)
value was 12.9 months. Table 2 describes in detail the treatment and the outcome of each
patient. Figure 1 shows the overall survival (OS) curve.

Table 2. Treatment details for each patient in study.

Prior Lines of

Treatment

Pembro +

BV

(Cycles)

PET2 ASCT

BV

Post-ASCT

(Cycles)

PD after

ASCT

Allo

SCT

Follow-

Up

(Months)

Last

Disease

Status

Patient

Status

Pt1 3 2 DS3 Yes 14 No No 29.9 CR Alive

Pt2 2 4 DS3 Yes 5 Yes Yes a 17.4 CR Dead

Pt3 3 7 DS4 Yes 9 No No 27.1 CR Alive

Pt4 3 2 DS2 Yes 14 No No 27.6 CR Alive

Pt5 2 4 DS5 No b No Yes Yes 10.1 PR Dead

Pt6 2 6 DS1 Yes (+RT) 3 No Yes c 22.4 CR Alive

Pt7 3 6 DS2 Yes 1 No No 21.7 CR Alive

Pt8 3 4 DS1 Yes Not yet NA No 3.3 CR Alive

Pt9 5 4 DS1 Not yet Not yet NA No 2.4 CR Alive

Pt10 3 4 DS2 Not yet Not yet NA No 2.6 CR Alive
a After subsequent treatment line (nivolumab + gemcitabine) due to PD after ASCT. b ASCT after subsequent
treatment line (nivolumab + gemcitabine and RT) due to PD. c Directly after ASCT (tandem strategy).

Figure 1. Kaplan–Meier curve for OS.

Three patients (30%) experienced four adverse events (AEs) during the treatment with
pembrolizumab and BV: one case of infusion-related reaction, neutropenia, polyarthritis
and hyperthyroidism, respectively, all classified as grade 3 events. Polyarthritis was
managed with pembrolizumab discontinuation and systemic corticosteroids treatment,
hyperthyroidism with pembrolizumab discontinuation only. Two patients (33%) presented
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features simultaneously. Table 1 summarizes demographic and baseline characteristics for
all enrolled patients.

Table 1. Baseline characteristics of patients (n = 10).

Characteristics Patients, n.

Median age, years (range) 30.7 (20.6–36.4)

Sex, male/female 8 (80%)/2 (20%)

Median time from diagnosis to
pembro-BV, months (range) 27.7 (13.6–51)

First-line treatment
ABVD 5 (50%)

BEACOPP esc 4 (40%)
CHOEP 1 (10%)

Number of prior treatments
before

pembro-BV salvage

2 3 (30%)
3 6 (60%)
5 1 (10%)

First salvage therapy
DHAP 6 (60%)
BEGEV 3 (30%)

ICE 1 (10%)

Second salvage therapy

BEGEV 2 (20%)
Bendamustine 2 (20%)

ICE 1 (10%)
BEACOPP esc 1 (10%)

Refractory disease 6 (60%)

Complete remission < 12 months 4 (40%)

Extranodal involvement at relapse 6 (60%)

Advanced stage at relapse 9 (90%)
ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine; BEACOPP esc, doxorubicin, cyclophosphamide, etopo-
side, procarbazine, prednisolone, bleomycin, vincristine; CHOEP, cyclophosphamide, doxorubicin, vincristine,
etoposide, prednisolone; BEGEV, bendamustine, gemcitabine, vinorelbine; DHAP, dexamethasone, cytarabine,
cisplatin; ICE, ifosfamide, carboplatin, etoposide; BV, brentuximab vedotin.

All patients completed the salvage treatment and had a PET-CT evaluation. The
median follow-up time was 16.5 (2.4–29.9) months, while the median number of cycles was
4 (2–7).

The ORR was 90%, and particularly, a CMR was achieved from eight patients (80%),
with a median time to best response of two cycles. Among the group of responding
patients, seven (70%) proceeded to ASCT: in one case, a patient in CMR (DS1) after two
cycles presented a DS4 after six cycles (salvage treatment pursued due to ASCT deferral
because of the first wave of COVID-19 pandemic) and received consolidative radiotherapy
before ASCT. Two patients are scheduled to receive ASCT shortly.

Stem cell collection was successful for seven out of seven patients, with a median
of 5 ⇥ 106 CD34+ cells/kg collected. Mobilizing agents included granulocyte colony-
stimulating factor (G-CSF) in four cases and G-CSF with plerixafor in three cases. Concern-
ing the other patients, two are expected to be collected in the next weeks while another one
was collected before starting the salvage treatment.

The only patient presenting a PD after two cycles was treated with a combination of
nivolumab and gemcitabine, achieving a partial response (PR) and subsequently received
radiotherapy and ASCT followed by allogeneic stem cell transplantation (alloSCT) in a
tandem strategy.

BV consolidation was started at a median of 36 (28–85) days after ASCT from six
patients and completed by three of them. One patient is undergoing treatment while two
others interrupted consolidation (one PD, one consolidation with alloSCT).
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Two patients (20%) presented with PD after ASCT: one patient was in CMR and the
other in PR (with a DS5) before ASCT and they relapsed 4 months and 3 months after
the procedure, respectively. One patient was treated with a combination of nivolumab
and gemcitabine and achieved a CR, while the other was treated with a combination of
nivolumab and bendamustine and achieved a PR. Both patients received a consolidation
with alloSCT and died from infectious complications (systemic tuberculosis and COVID-19
infection in one case, septic shock in one case). Median progression-free survival (PFS)
value was 12.9 months. Table 2 describes in detail the treatment and the outcome of each
patient. Figure 1 shows the overall survival (OS) curve.
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Pt10 3 4 DS2 Not yet Not yet NA No 2.6 CR Alive
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and hyperthyroidism, respectively, all classified as grade 3 events. Polyarthritis was
managed with pembrolizumab discontinuation and systemic corticosteroids treatment,
hyperthyroidism with pembrolizumab discontinuation only. Two patients (33%) presented
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HDT/AHCT. Efficacy was observed across rel/ref risk
groups as 41% of patients had primary refractory disease,
another 38% relapsed within their first year of treatment,
and 59% had advanced-stage disease upon enrollment.
Furthermore, remissions appear durable as no relapses

have occurred to date after a median follow-up of
13.5 months (range: 2.66-27.06 months) post-HDT/AHCT.
This compares favorably with our previous study evaluating
PET-adapted second-line therapy with BV and augmented
ICE in which the 6-year PFS was 73% and 80% of

TABLE 3. Efficacy
Characteristic Pembro-GVD 3 2 (n 5 38)a Pembro-GVD 3 4 (n 5 7) Pembro-GVD Overall (n 5 38)

ORR, % (95% CI) 100 (91 to 100) 100 (59 to 100) 100 (91 to 100)

CR, % (95% CI) 92 (79 to 98) 71 (29 to 96) 95 (82 to 99)

PR, % (95% CI) 8 (2 to 21) 29 (4 to 71) 5 (1 to 18)

Best response, No. (%)

CR 35 (92) 5 (71) 36 (95)

PR 3 (7.9) 2 (29) 2 (5.3)

Abbreviations: CR, complete response; HDT/AHCT, high-dose therapy and autologous hematopoietic cell transplantation; HL, Hodgkin
lymphoma; ORR, overall response rate; pembro-GVD, pembrolizumab plus gemcitabine, vinorelbine, and liposomal doxorubicin; PET, positron
emission tomography; PR, partial response; RICE, rituximab, ifosfamide, carboplatin, and etoposide.

aOne patient was excluded from the efficacy analysis because of the presence of composite lymphoma. This patient achieved CR in areas of
biopsy-confirmedHL, but biopsy of residual PET-avid disease after pembro-GVD3 4 showed transformed follicular lymphoma. Upon rereview of the
patient’s baseline biopsies, it was determined that follicular lymphoma was present at the time that HL was initially diagnosed. The patient was
subsequently treated with RICE3 3 cycles followed by HDT/AHCT. The patient is currently 9 months out from transplant and remains in remission.

Total enrolled
(N = 39)

Declined HDT/AHCT and started
pembrolizumab maintenance 

(n = 1)

Consolidation after
HDT/AHCT with BV

(n = 12)

Consolidation after
HDT/AHCT with BV

(n = 1)

Excluded from efficacy analysis because 
of the presence of composite lymphoma

(n = 1)

Pembro-GVD × 2 cycles
(n = 38)

CR: 35 (92%); PR: 3 (8%)

All evaluable patients
(n = 38)

Additional  Pembro-GVD × 2 cycles
(n = 7)

Lost to follow-up
(n = 1)

7 patients (4 CR and 3 PR)31 patients

CRs maintained (n = 4)
New CR (n = 1)

Remained in PR (n = 2)

HDT/AHCT after Pembro-
GVD × 4 cycles

(n = 6)

HDT/AHCT after Pembro-
GVD × 2 cycles

(n = 30)

Received HDT/AHCT
(n = 36)

Pre-HDT/AHCT ISRT
(n = 1)

Pre-HDT/AHCT ISRT
(n = 1)

FIG 1. CONSORT diagram. BV, brentuximab vedotin; CR, complete response; HDT/AHCT, high-dose therapy and autologous
hematopoietic cell transplantation; ISRT, involved site radiation therapy; pembro-GVD, pembrolizumab plus gemcitabine, vinorelbine,
and liposomal doxorubicin; PR, partial response.
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published.3 Briefly, eligible BV-naive patients with HL must have
undergone auto-HSCT before randomization and have been at
high risk of relapse after auto-HSCT based on having either
relapsed or progressive HL that occurred ,12 months from the
end of frontline therapy; a history of refractory HL, defined as
progression during or failure to achieve a complete remission
after frontline therapy; or extranodal involvement at the time

of pre–auto-HSCT relapse. As previously reported,3 patients
provided written informed consent in accordance with the
Declaration of Helsinki, and the study was approved by the
institutional review board at each study site.

A total of 329 patients were randomized to receive 1.8 mg/kg of
BV or placebo once every 3 weeks for up to 16 cycles starting 30
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published.3 Briefly, eligible BV-naive patients with HL must have
undergone auto-HSCT before randomization and have been at
high risk of relapse after auto-HSCT based on having either
relapsed or progressive HL that occurred ,12 months from the
end of frontline therapy; a history of refractory HL, defined as
progression during or failure to achieve a complete remission
after frontline therapy; or extranodal involvement at the time

of pre–auto-HSCT relapse. As previously reported,3 patients
provided written informed consent in accordance with the
Declaration of Helsinki, and the study was approved by the
institutional review board at each study site.

A total of 329 patients were randomized to receive 1.8 mg/kg of
BV or placebo once every 3 weeks for up to 16 cycles starting 30
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Fig 1.
Overall Survival Following HDT-ASCT Failure
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Fig 2.
Survival following relapse within 6 months and after 6 months from HDT-ASCT
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Allogenic in HL

GVHD for lymphoma patients who had received posttrans-
plant cyclophosphamide for GVHD prophylaxis after hap-
loidentical or matched donor allo-HCT.74 Eight of the 19
patients in this study had HL, and most (12/19) had received
CPI .90 days before or .90 days after allo-HCT. Grade 2
aGVHD was seen in 4/11 patients with CPI before allo-HCT
(3 with stage III skin involvement and 1 with stage III skin and
stage I liver involvement). All patients had resolution of aGVHD
with treatment and none developed cGVHD. Of the 9 patients
with post–allo-HCT CPI, 1 developed grade 2 aGVHD with stage
III cutaneous involvement after a donor lymphocyte infusion, but
no other GVHD was seen.

Additional studies of CPI after allo-HCT show high response
rates, with some increase in GVHD. A single-center retrospective
analysis of 20 HL patients had an ORR of 95%, with 42% CR and
52% PR, and 6 patients remaining disease free after stopping
nivolumab.75 There was a 30% incidence of acute GVHD, with
2 patients being steroid refractory, although all of these pa-
tients had prior aGVHD. GVHD caused 2 deaths, and the authors
note that the timing of CPI may be a factor because patients
who did not have prior GVHD did not develop GVHD after CPI.

A multicenter retrospective analysis of 31 patients from 23 centers
(94% with HL) who received nivolumab or pembrolizumab showed
an ORR of 77% (15 CR and 8 PR).76 In this study, timing did not
seem to relate to development of GVHD, but 8/10 deaths
were caused by treatment emergent GVHD, 5 of which were
hepatic. Overall, new-onset GVHD occurred in 55%, with
20% developing acute, 13% overlap, and 23% chronic GVHD
after 1 to 2 doses. Nine of the 17 patients had grade 3 or
higher GVHD and 14/17 required .2 therapies for GVHD.
Finally, avelumab produced a 75%ORR in a phase 1 study with
8 patients, with 2 patients developing grade 3 liver GHVD,
which resolved with treatment.60

An additional important consideration for allo-HCT is the avail-
ability of a donor. In recent years, several studies have evaluated
or reviewed the use of haploidentical donors and found en-
couraging results.19,20,71,77,78 Most recently, the European Society
for Blood and Marrow Transplantation conducted a registry study
of 709 patients (haploidentical, n5 98; matched sibling, n5 338;
and matched unrelated donor, n 5 273) and found no significant
differences in PFS or OS between the donor types.20 Because
these results expand donor possibilities, patient selection and

HL relapse after AHCT
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Figure 1. Schema for relapse of HL after AHCT.Choice of chemotherapy is to be based on prior salvage regimens received. POD, progression of disease; SD, stable disease.

1694 blood® 12 APRIL 2018 | VOLUME 131, NUMBER 15 SHAH and MOSKOWITZ

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/131/15/1689/1405861/blood772673.pdf by guest on 10 April 2024

Shah G. Blood Review. 2018



Brentuximab

patients (55%) experienced adverse events of grade 3 or higher. Be-
sides peripheral sensory neuropathy (8%), the majority of grade 3 or
higher adverse events were laboratory abnormalities including neu-
tropenia (20%), thrombocytopenia (8%), and anemia (6%). No cases
of febrile neutropenia were observed. There were no deaths within 30
days from the last drug administration, and no deaths were attributed
to the study drug.

Twenty patients had adverse events that led to treatment discon-
tinuation; the most common of these were peripheral sensory neurop-
athy in six patients and peripheral motor neuropathy in three patients.
Doses of brentuximab vedotin were delayed because of adverse events
in 47% of patients. Overall, 8% of doses were delayed. The most
common events leading to dose delays were neutropenia (16%) and
peripheral sensory neuropathy (13%). Doses of brentuximab ve-

dotin were prospectively reduced from 1.8 to 1.2 mg/kg in 11
patients; 10 of the 11 patients received a dose reduction because of
peripheral neuropathy, and the other patient had a dose reduction
because of grade 4 thrombocytopenia.

Fifty-six patients experienced peripheral neuropathy events (as
identified by Standardized Medical Dictionary for Regulatory Activi-
ties Query) of any grade; 20% of patients had peripheral neuropathy
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Fig 1. Maximum percent reduction in the
sum of the product of diameters in indi-
vidual patients (n ! 98) per Cheson et al.12

Tumor size reductions were observed in
96 (94%) of 102 patients. Four patients
were not included in the analysis; three
patients had no measurable lesions per
independent review facility (IRF), and one
patient had no postbaseline scans.

Table 2. Key Response Results

Parameter

No. of
Patients

(N ! 102) %

Objective response 76 75
Complete remission 35 34
Partial remission 41 40

Stable disease 22 22
Progressive disease 3 3
Not evaluable 1 1
Duration of objective response, months

Median 6.7
95% CI 3.6 to 14.8

Duration of response for patients with complete
remission, months (n ! 35)

Median 20.5
95% CI 10.8 to NE

Progression-free survival, months
Median 5.6
95% CI 5.0 to 9.0

Overall survival, months
Median 22.4
95% CI 21.7 to NE

Abbreviation: NE, not estimable.
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patients had no measurable lesions per
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patient had no postbaseline scans.
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Objective response 76 75
Complete remission 35 34
Partial remission 41 40

Stable disease 22 22
Progressive disease 3 3
Not evaluable 1 1
Duration of objective response, months
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95% CI 3.6 to 14.8

Duration of response for patients with complete
remission, months (n ! 35)

Median 20.5
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Table 1: Baseline Characteristics of Patients 

Patient Characteristics N=39 (100%)a 
Gender 
  Male 
  Female 

 
20 (51%) 
19 (49%) 

Age at transplant, years (median, range) 34 (21-67) 
Institution b 
DFCI/BWH 
Mayo Clinic 
MSKCC 
University of Bologna 
Humanitas Clinical & Research Center 
Chaim Sheba 

 
19 (49%) 
3 (8%) 
3 (8%) 
4 (10%) 
9 (23%) 
1 (3%) 

Disease c 
  Classical HL 
  DLBCL 
  FL 
  PMBCL 
  EATL 
  MCL 

 
31 (79%) 
2 (5%) 
2 (5%) 
2 (5%) 
1 (3%) 
1 (3%) 

Total number of systemic treatments (median, range) 4 (2-8) 
Radiation therapy 25 (64%) 
Prior autologous transplant 32 (82%) 
Number of cycles of PD-1 inhibitor (median, range) 8 (3-27) 
PD-1 inhibitor received 
  Nivolumabd 
  Pembrolizumab 

 
28 (72%) 
11 (28%) 

Best response to PD-1 inhibitor 
  Complete response  
  Partial response  
  Stable disease  
  Progressive disease 

 
14 (36%) 
10 (26%) 
7 (18%) 
8 (21%) 

Number of patients with immune-related adverse events 
while on PD-1 inhibitor (prior to transplant):   
  Colitis 
  Pneumonitis 
  Hepatitis 
  Uveitis 

4 (11%) 
 
2 (6%) 
2 (6%) 
1 (3%) 
1 (3%) 

Interval between last PD-1 treatment and HSCT (days) 62 (7-260) 
Patients with intervening salvage therapy between PD-1 
and HSCT 

19 (49%) 

Graft source 
  Peripheral blood (PB) 
  Bone marrow (BM) 

 
28 (72%) 
11 (28%) 

Donor type  

For personal use only.on January 11, 2017. by guest  www.bloodjournal.orgFrom 

  Matched-related donor (MRD) 
  Matched-unrelated donor (MUD) 
  Haplo-identical transplant 
  Mismatched-unrelated donor (MMUD) e 

9 (23%) 
12 (31%) 
14 (36%) 
4 (10%) 

Disease status at allogeneic transplant  

  Complete response  
  Partial response 
  Stable disease  
  Progressive disease 

 
25 (64%) 
11 (28%) 
2 (5%) 
1 (3%) 

Conditioning regimen f 
Reduced intensity conditioning (RIC) 
Cy, Flu, TBI 
Bu, Flu 
Flu, Mel 
TT, CY, Flu, ATG 
TT, CY, Flu, TBI 
TT, Flu, Mel 
TT, Flu 
 
Myeloablative conditioning (MAC) 
Bu, Flu 

 
38 (97%) 
13 (33%) 
11 (28%) 
5 (13%) 
4 (10%) 
2 (5%) 
2 (5%) 
1 (3%) 
 
1 (3%) 
1 (3%) 

GVHD prophylaxis g 
PCY 
PCY, Tacrolimus, MMF  
Tacrolimus, Sirolimus, MTX 
Tacrolimus and MTX  
CSA, MTX 
Other h  

 
7 (18%) 
7 (18%) 
6 (15%) 
6 (15%) 
5 (13%) 
8 (21%) 

a Percentages may not add to 100 because of rounding. 
b DFCI/ BWH indicates Dana-Farber Cancer Institute/Brigham and Women's Hospital, MSKCC indicates Memorial 
Sloan Kettering Cancer Center, University of Bologna indicates Hematology Institute “L. e A. Seragnoli” at the 
University of Bologna, Chaim Sheba indicates Chaim Sheba Medical Center in Ramat Gan, Israel.  
c HL indicates Hodgkin’s lymphoma, DLBCL indicates diffuse large B-cell lymphoma, FL indicates follicular 
lymphoma, PMBCL indicates primary mediastinal B-cell lymphoma, EATL indicates enteropathy-associated T-cell 
lymphoma, MCL indicates mantle cell lymphoma. 
d Among those, 4 patients received nivolumab in combination with ipilimumab. 
e 1 permissive DR mismatch, 1 DQ mismatch, unidirectional HvG mismatch. 
f CY indicates cyclophosphamide, Flu indicates fludrabine, TBI indicates total body irradiation, Bu indicates busulfan, 
Mel indicates melphalan, TT indicates thiotepa, ATG indicates anti-thymocyte globulin. 
g MTX indicates methotrexate, PCY indicates post-transplant cyclophosphamide, MMF indicates mycophenolate 
mofetil, CSA indicates cyclosporine. 
h One patient received a GVHD regimen that included a single dose of ATG. No patients received alemtuzumab.  
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Table 2: Toxicity, Outcomes, and Deaths 

Toxicity and Outcomes (1 year cumulative incidence) 
 All patients (N = 39) HL subset (N = 31) 
Acute GVHD  % (95% CI) % (95% CI) 
    Grade II-IV 44% (28-59) 45% (27-62) 
    Grade III-IV 23% (11-37) 26% (13-55) 
    Grade IV 13% (5-25) 13%(4-27) 
Chronic GVHD 41% (22-60) 33% (13-55) 
Hepatic SOS  
(3 month cumulative incidence) 

8% (2-19) 6% (1-19) 

OS 89% (74-96) 90% (71-97) 
PFS 76% (56-87) 74% (50-88) 
CIR 14% (4-29) 16% (3-36) 
NRM 11% (3-23) 10% (3-25) 
Deaths 
Pt 
# 

Histology Donor 
Source a 

Graft 
Source b 

Interval 
between 
PD-1 and 
HSCT 

Day of 
death 

Complications 

3 Mixed 
cellularity HL 

MMUD c PB 17 days Day 100 Febrile syndrome, hyperacute grade 
IV acute GVHD, bacteremia, acute 
kidney injury, hypoxic respiratory 
failure 

8 Nodular 
sclerosing HL 

MUD PB 100 days Day 123 Febrile syndrome, hyperacute grade 
IV acute GVHD, bacteremia, diffuse 
alveolar hemorrhage, posterior 
reversible encephalopathy syndrome 

14 Nodular 
sclerosing HL 

Haplo-
identical 

BM 156 days Day 51 Severe SOS and renal failure requiring 
central veno-venous hemofiltration 
(CVVH) 

18 Enteropathy-
associated T 
cell lymphoma 

MUD PB 49 days d Day 35 Grade IV acute GVHD, hepatic 
encephalopathy, and hypotension 

 

a MMUD indicates mismatched unrelated donor, MUD indicates matched unrelated donor 
b PB indicates peripheral blood, BM indicates bone marrow.  
c DR (permissive)-MMUD GVHD MMUD indicates mismatched unrelated donor, MUD indicates matched unrelated 
donor 
d Received ipilimumab concurrently with anti-PD-1 therapy. The last dose of ipilimumab was also 49 days prior to 
HSCT. 
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Allo in HL
Table 3 Studies of reduced intensity conditioning (RIC) allogeneic hematopoietic cell transplantation in relapsed hodgkin lymphoma.

Study No. of patients (N) Type of graft/donor Conditioning GVHD Survival NRM Relapse

Robinson et al. [39] 285 BM (n = 57) and PB

(n = 228) TCD (48.1%)

RIC: fludarabine

based or TBI based

Acute GVHD Grade II–IV: 30% at

d + 100 Chronic GVHD: 42% at 3 yr

3-yr OS 29% 3-yr PFS 25% 21.1% at 3 yr 59% at 5 yr

Sureda et al. [35] 168 MAC MAC (n = 79) D + 100 acute GVHD: MAC 53%, RIC 44% 5-yr 1-yr NRM MAC 30.4%

BM = 33 RIC (n = 89) 1-yr chronic GVHD: MAC 33%, RIC 38% MAC OS 22%, PFS 20% MAC 46% RIC 57.3%

PB = 46 RIC OS 28%, PFS 18% RIC 23%

RIC

BM = 15

PB = 74

Sarina et al. [38] 122 in donor arm;

(104 patients in HCT)

PBSC = 90 RIC: fludarabine based or thiotepa based Acute GVHD: 27% 2-yr 2-yr NRM 12.7% 54%

BM = 13 Chronic GVHD: 41.1% PFS 31%

PBSC + BM = 1 OS 57%

MRD = 57

MUD = 33

Haplo = 14

Thompson et al. [37] 38 in RIC arm PBSC = 31 RIC: fludarabine/melphalan/alemtuzumab Grade II–IV acute GVHD: 16% 5 yr 5-yr NRM 19% 55.2% (n = 21)

BM = 7 Chronic GVHD: 13% (n = 5) PFS 34%

MRD 24 OS 51%

MUD 14

Peggs et al. [32] 49 PBSC 37 Fludarabine/melphalan/alemtuzumab Acute GVHD: 16% 4-yr 16.3% at d + 730 (higher NRM in MUD) 43%

BM = 12 Chronic GVHD: 14% (n = 7) PFS 55.7%

MRD = 31 OS 39%

MUD = 18

Alvarez et al. [41] 40 MRD: 38 RIC: fludarabine/melphalan Grade II–IV acute GVHD: 42% 2-yr 1-yr TRM 25% 27.5% (received DLI for relapse)

MUD: 2 Extensive chronic GVHD: 47% PFS 32%

PBSC: 3 OS 48%

BM: 37

Anderlini et al. [43] 58 MRD: 25 RIC: fludarabine/melphalan/

antithymocyte globulin

D + 100 acute GVHD: MRD 12%, MUD 39% 2-yr 2-yr TRM 15% 55% at 2 yr

MUD: 33 Chronic GVHD: MRD 57%, MUD 85% PFS 32%

PBSC: 28 OS 64%

BM: 30

Majhail et al. [42] 21 MRD: 9 RIC: Severe acute GVHD: 33% 2-yr PFS D + 180 TRM Not reported

UCB: 12 fludarabine/busulphan/TBI

or fludarabine/cytoxan/TBI

1-yr chronic GVHD: MRD 33%, UCB 11% MRD 20% MRD 22%

UCB 25% UCB 25%

2-yr OS

MRD 51%

UCB 48%

Devetten et al. [40] 148 BM: 39 RIC: 94 Grade II–IV acute GVHD: 60% at d + 100 2-yr 2-yr TRM 33% 47% at 2 yr

PB: 104 NMA: 49 Chronic GVHD: 68% at 2 yr OS 37%

MUD: 110 PFS 20%

MMUD: 33

Note. BM = bone marrow; DLI = donor lymphocyte infusion; GVHD = graft-versus-host disease; MAC = myeloablative conditioning; MMUD = mismatched unrelated donor; MRD = matched
related donor; NMA = nonmyeloablative; NRM = nonrelapse mortality; OS = overall survival; PB = peripheral blood; PBSC = peripheral blood stem cells; PFS = progression-free survival;
RIC = reduced intensity conditioning; TBI = total body irradiation; TRM = transplant-related mortality; UCB = umbilical cord blood.
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Matching GR, 
response duration
with Check-mate 

205 (until
progression): no 
benefit of doing

more than 2 Years 
of imuno treatment

PR: 13 months
(only 3% are still in 

PR after 3 years)

½ patients with CR 
with pembro are 
still in CR after 4 

years

¼ patients from
original cohort
cohort are in 

remission after 4 
years
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Table 1. Summary of overall response per the IWG 2007 criteria by investigator 

assessment in patients who received second-course treatment and had response data at 

data cutoffa 

 Cohort 1 
n = 9 

Cohort 2 
n = 7 

Cohort 3 
n = 3 

Total 
n = 19 

ORR, % (95% CI) 
BOR, n (%) 

CR 
PR 
SD 
PD 

77.8 (40.0-97.2) 
 

1 (11.1) 
6 (66.7) 
1 (11.1) 
1 (11.1) 

85.7 (42.1-99.6) 
 

6 (85.7) 
0 (0) 
0 (0) 

1 (14.3) 

33 (0.8-90.6) 
 

0 (0) 
1 (33.3) 
2 (66.7) 

0 (0) 

73.7 (48.8-90.8) 
 

7 (36.8) 
7 (36.8) 
3 (15.8) 
2 (10.5) 

aOne patient was not included because response data were not available at the time of data 

cutoff. 

BOR, best overall response. 
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Nivolumab

initial progression to next systemic therapywas 8.8months (5.5months
to NE) in patients TBP and 1.5 months (0.6 to 3.3 months) in patients
not TBP. Median (95% CI) OS from the date of progression was not

reached for patients TBP and was 13.2 months (6.6 months to NE) for
patients not TBP (Appendix Fig A4, online only); OS at 1 year was
84% (70% to 92%) and 61% (39% to 78%), respectively.
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Fig 2. Best change in (A) target lesions, (B)
duration of response (DOR), (C) progression-
free survival (PFS), and (D) overall survival
(OS), according to best overall response. (*)
Indicates responders; open square indicates
change truncated to 100%. (B, C, and D)
Values are median (95% CI) unless stated
otherwise. Shading around lines represents
95% CIs. Auto-HCT, autologous hemato-
poietic cell transplantation; BV, brentux-
imab vedotin; CR, complete remission; NA,
not available; NE, not estimable; PD, pro-
gressive disease; PR, partial remission; SD,
stable disease.
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longest interval between diagnosis and first nivolumab dose, and
betweenmost recent auto-HCTand first nivolumab dose. At database
lock (December 2016), median follow-up was 18 months overall (in-
terquartile range [IQR], 15 to 22months) and 19, 23, and 16months in
cohorts A, B, and C, respectively. Overall, 40% of patients con-
tinued to receive treatment. Patients received a median of 32, 32, and
27 doses of nivolumab in cohorts A, B, and C, respectively. In cohort
C, seven patients discontinued treatment because of persistent CR;
none had been retreated at the time of database lock.

Efficacy
The overall IRC-assessed ORR was 69%, with 16% of patients

achieving CR and 53% achieving PR. ORRs were 65%, 68%, and
73% in cohorts A, B, andC,withCR in 29%, 13%, and 12%of patients,
respectively (Table 2). More than 95% of patients had reductions in
target lesion burden (Fig 2A). Response rates were similar in
patients who received BV after or only before auto-HCT (Appendix
Table A1, online only) and in patients refractory to their first or last line
of therapy or to BV given after auto-HCT (Table 2). Per investigator
assessment, ORR was 72%, with 33% of patients achieving CR.

Median time tofirst objective responsewas 2.1months (IQR, 1.9 to
2.7 months) overall (Appendix Fig A1, online only). Median IRC-
assessed DOR was 16.6 months (95% CI, 13.2 to 20.3 months) overall
and 20.3, 15.9, and 14.5 months in cohorts A, B, and C, respectively
(Appendix Fig A2, online only). DOR according to best overall response
is shown in Fig 2B. Median (95% CI) DOR was 16.6 months
(12.8 months to not estimable [NE]) in patients refractory to their first
(n = 103) or last (n = 77) line of therapy and 16.6 months (9.5 months
to NE) in patients refractory to their most recent line of BVafter auto-
HCT (n = 51).

Median PFS was 14.7 months (95% CI, 11.3 to 18.5 months)
overall and 18.3, 14.7, and 11.9 months in cohorts A, B, and C,

respectively (Appendix Fig A3, online only). PFS according to best
overall response is shown in Fig 2C. In recategorized analyses,median
PFS was similar for patients who received BV after (11.9 months) or
only before (11.5 months) auto-HCT (Appendix Table A1, online
only). Median TTNTwas not reached in cohorts A and B, and was
19.4 months (95% CI, 14.8 months to NE) in cohort C. Median OS
was not reached overall, in any cohort, or in patients grouped by any
best overall response (Fig 2D). The 1-year OS (95%CI) rate was 92%
(88% to 95%) overall, 93% (83% to 98%) in cohort A, 95% (87% to
98%) in cohort B, and 90% (82% to 94%) in cohort C; OS rates
according to best overall response are shown in Fig 2D.

In total, 105 patients experienced disease progression (per
investigator), of whom 70 were TBP, receiving a median of eight
additional doses (IQR, 4 to 20 doses) of nivolumab, and 35 dis-
continued without further treatment (not TBP). Baseline char-
acteristics of patients TBP were similar to those not TBP, although
those TBP had better performance status and were less likely to
have B symptoms (Appendix Table A2, online only). Patients TBP
were also more likely to have new lesions as a primary cause of ra-
diographic progression than those not TBP (67% v 37%). Before first
progression, five patients TBP (7%) had achieved CR and 31 (44%)
had achieved PR. Median duration of TBP was 5.2 months (mini-
mum tomaximum, 0.0 to 19.4months), with 21 of 70 patients (30%)
still on treatment at database lock. Of the 51 patients with evaluable
postprogression data, 31 (61%) experienced stable or reduced target
tumor burdens (Fig 3A), even after the appearance of new lesions (Fig
3B). Patients with stable/reduced tumor burdens after TBP were more
likely to have a performance status of 0 at baseline than those whose
tumor burden increased (71% v 35%) and were more likely to have
new lesions as a primary cause of radiographic progression (77% v
60%; Appendix Table A2, online only). Median (95% CI) time from

Table 2. Objective and Best Overall Response per IRC

Response

Protocol-Specified Analysis by Cohort

All patients
(N = 243)

BV Naı̈ve: Cohort A
(n = 63)

BV After Auto-HCT:
Cohort B (n = 80)

BV Before and/or After
Auto-HCT: Cohort C (n = 100)

ORR, % (95% CI) 65 (52-77) 68 (56-78) 73 (63-81) 69 (63-75)
Best overall response
Complete remission 18 (29) 10 (13) 12 (12) 40 (16)
Partial remission 23 (37) 44 (55) 61 (61) 128 (53)
Stable disease 15 (24) 17 (21) 15 (15) 47 (19)
Progressive disease 7 (11) 6 (8) 10 (10) 23 (9)
Unable to determine 0 3 (4) 2 (2) 5 (2)

Exploratory Analyses by Refractory Status
(all patients)

To First Line
(n = 142)

To Last Line
(n = 114)

To BV After Auto-HCT
(n = 75)

ORR 73 68 68
Best overall response
Complete remission 25 (18) 15 (13) 5 (7)
Partial remission 78 (55) 62 (54) 46 (61)
Stable disease 25 (18) 22 (19) 13 (17)
Progressive disease 12 (8) 12 (11) 8 (11)
Unable to determine 2 (1) 3 (3) 3 (4)

NOTE. Data presented as No. (%) unless otherwise indicated. Best overall response was unable to be determined for five patients, all because of missing or unknown
postbaseline tumor assessments.
Abbreviations: auto-HCT, autologous hematopoietic cell transplantation; BV, brentuximab vedotin; IRC, independent radiology review committee; ORR, objective
response rate.
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Fig 4. Cumulative incidenceof (A) transplant-
related mortality (TRM) and disease pro-
gression, (B) acute graft-versus-host disease
(aGVHD) and chronic graft-versus-host dis-
ease (cGVHD), and (C) overall survival (OS)
and progression-free survival (PFS) after al-
logeneic hematopoietic cell transplantation
(allo-HCT). Cumulative incidence (95% CI) at
100 days and 6 months for TRM, disease
progression, and GVHD, and median (95%
CI) PFS and OS are shown. Death was
considered a competing risk to GVHD, and
post-transplant disease progression was
considered a competing event to TRM. G,
grade; NA, not available; NE, not estimable.
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Fig 4. Cumulative incidenceof (A) transplant-
related mortality (TRM) and disease pro-
gression, (B) acute graft-versus-host disease
(aGVHD) and chronic graft-versus-host dis-
ease (cGVHD), and (C) overall survival (OS)
and progression-free survival (PFS) after al-
logeneic hematopoietic cell transplantation
(allo-HCT). Cumulative incidence (95% CI) at
100 days and 6 months for TRM, disease
progression, and GVHD, and median (95%
CI) PFS and OS are shown. Death was
considered a competing risk to GVHD, and
post-transplant disease progression was
considered a competing event to TRM. G,
grade; NA, not available; NE, not estimable.
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are being studied at the cellular (tumour microenviron-
ment composition), genomic (mutational/neoantigen
load) and peripheral (blood and microbiota) levels
(Levy et al., 2017). Radiomics approaches, using artifi-
cial intelligence algorithms to analyse radiographic
characteristics, have been recently proposed as noninva-
sive biomarkers for response to immunotherapy and
may be useful to improve patient stratification and for
predicting clinical outcomes of patients treated with
immunotherapy (Sun et al., 2018; Trebeschi et al.,
2019). (b) The best volume of irradiation in patients
receiving ICI may be different from that in patients
without receiving immunostimulatory agents, in particu-
lar concerning the need to perform elective lymph node
irradiation (Luke et al., 2018). Irradiation in great ves-
sels and draining lymph nodes (main location of T-cell
cross-priming by DCs) could affect immune cell

functions and migration (Deutsch et al., 2019). Modern
techniques such as volumetric modulated arc therapy
(VMAT) induce larger volumes of healthy tissues
receiving low doses of ionizing radiation that could
affect circulating lymphocytes and decrease the adaptive
immune response (Tang et al., 2014). (c) The immune
response may depend on the timing, the number of irra-
diated sites and the employed dose fractionation. The
irradiation of many lesions within multiple tissue beds
could increase the repertoire of released antigens and
activate immune signals from various tumour microen-
vironments (Brooks and Chang, 2019). For instance, in
the CA184-043 trial, a single dose fraction of 8 Gy to
the bone did not lead to strong immune stimulation
(Kwon et al., 2014), while multiple fractions (at least 3
sessions) of ‘moderate’ dose level to the lung (cf. PEM-
BRO-RT study) have been more efficient in stimulating
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overall survival will be first analysed at the third interim 
analysis (91 overall survival events); if significance is not 
declared, overall survival will be analysed at the fourth 
interim and final analyses.

Efficacy was analysed in the intention-to-treat population 
defined as all randomly assigned patients, and safety was 
assessed in all patients who received at least one dose of 
the study drug. Progression-free survival and duration of 
response were estimated using the non-parametric Kaplan-
Meier method. If participants received HSCT after study 
treatment in the absence of progressive disease, they were 
censored at the last available disease assessment that 

included post-HSCT data (if available) in the primary 
progression-free survival analysis, and at last disease 
assessment before HSCT in the secondary progression-
free survival analysis. In both of these analyses, participants 
were censored at the last disease assessment before new 
anticancer therapies were received after study treatment in 
the absence of progressive disease. Hazard ratios and 
corresponding 95% CIs were estimated with a stratified 
Cox proportional hazards model with Efron’s method of 
tie-handling. Treatment differences in progression-free 
survival were assessed by stratified log-rank test. The 
proportional hazards assumption was not violated by 
visual inspection of the log-minus-log transformation of 
the survival function over time. Frequency of objective 
response was compared using a stratified Miettinen and 
Nurminen method and weighted by stratum size; 
participants who did not have any post-baseline response 
assessment were captured as not assessed. Randomisation 
stratification factors were applied to all stratified efficacy 
analyses.

Subgroup analyses by previous autologous HSCT, 
disease status following first-line therapy, sex, age, 
ECOG performance status, geographic region, previous 
brentuximab vedotin status, and PD-L1 status were pre-
specified; analyses according to number of lines of 
previous therapy (1 vs ≥2) were post hoc. Time to response 
(defined as the time from randomisation to the first 
response [complete response or partial response] 
analysed in those in the intention-to-treat population 
who had a response) was a post hoc analysis.

All analyses were done with SAS (version 9.4).
This study is registered with ClinicalTrials.gov, 

NCT02684292.

Role of the funding source
The study funders contributed to the study design, data 
analysis, and data interpretation in collaboration with the 
authors. Investigators and site personnel collected data, 
which was housed on Merck’s database. The funder had 
no role in data collection. The funder provided financial 
support for editorial and writing assistance.

Results
338 patients were screened between July 8, 2016, and 
July 13, 2018, and 34 were not eligible (figure 1). Therefore, 
304 patients were randomly assigned (151 to 
pembrolizumab, to 153 brentuximab vedotin), of whom 
300 received treatment (figure 1). 112 (37%) of 304 patients 
had undergone previous autologous HSCT and 
192 (63%) were ineligible for autologous HSCT on the 
basis of investigator assessment, most commonly due to 
chemorefractory disease (133 [44%]; table 1). Early 
progression on treatment was common in the study 
population (table 1). 55 (18%) patients received one 
previous line of therapy (table 1). All patients who received 
one previous line of therapy had been ineligible for 
transplantation, and 21 (38%) of 55 patients were 

Pembrolizumab 
group (n=151)

Brentuximab vedotin 
group (n=153)

Age, years 36 (28–53) 35 (28–50)

<65 124 (82%) 131 (86%)

≥65 27 (18%) 22 (14%)

Sex

Male 84 (56%) 90 (59%)

Female 67 (44%) 63 (41%)

Geographical region

North America 27 (18%) 30 (20%)

Europe 49 (32%) 46 (30%)

Japan 9 (6%) 7 (5%)

Other 66 (44%) 70 (46%)

ECOG performance status

0 86 (57%) 100 (65%)

1 64 (42%) 53 (35%)

2* 1 (1%) 0

Previous autologous HSCT

Yes 56 (37%) 56 (37%)

No (ie, ineligible for autologous HSCT) 95 (63%) 97 (63%)

Reason for ineligibility

Chemorefractory 67 (44%) 66 (43%)

Age 14 (9%) 11 (7%)

Comorbidity 1 (1%) 5 (3%)

Other† 13 (9%) 15 (10%)

Disease status after front-line therapy

Primary refractory 61 (40%) 62 (41%)

Relapsed <12 months 42 (28%) 42 (27%)

Relapsed ≥12 months 48 (32%) 49 (32%)

Number of previous lines of therapies 2 (2–3) 3 (2–3)

1 27 (18%) 28 (18%)

≥2 124 (82%) 125 (82%)

Previous brentuximab vedotin 5 (3%) 10 (7%)

Previous radiotherapy 58 (38%) 61 (40%)

Bulky disease 35 (23%) 25 (16%)

Baseline B-symptoms‡ 43 (28%) 36 (24%)

Baseline bone marrow involvement 12 (8%) 5 (3%)

Data are median (IQR) or n (%). HSCT=haematopoietic stem-cell transplantation. ECOG=Eastern Cooperative Oncology 
Group. *One patient had an ECOG performance status of 1 at screening (meeting study criteria) which increased to 2 
by the first dose of treatment. †Included physician decision, patient refusal, and social reasons. ‡Defined as fever, night 
sweats, or weight loss.

Table 1: Baseline characteristics
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For the secondary progression-free survival analysis 
(progression-free survival assessed by blinded inde-
pendent central review, excluding clinical and imaging 
data following autologous or allogeneic HSCT, from the 
second interim analysis), 173 events occurred (81 [54%] of 
151 patients in the pembrolizumab group and 92 [60%] 
of 153 patients in the brentuximab vedotin group). The 
median progression-free survival was 12·6 months 
(95% CI 8·7–19·2) for pembrolizumab and 8·2 months 
(5·6–8·6) for brentuximab vedotin (HR 0·62 [95% CI 
0·46–0·85]; figure 2B).

Subgroup analysis of the primary progression-free 
survival endpoint showed similar results to the overall 
result (figure 3). For the analysis of progression-free 
survival assessed by investigator (including clinical 
and imaging data following autologous or allogeneic 
HSCT), 168 events were observed (73 [48%] of 
151 patients in the pembrolizumab group and 95 [62%] 
of 153 patients in the brentuximab vedotin group). The 
median progression-free survival was 19·2 months 
(95% CI 13·8–28·1) for pembrolizumab and 8·2 months 
(5·7–8·6) for bren tuximab vedotin (HR 0·49 [95% CI 
0·36–0·67]; appendix 2 p 9). For the progression-free 
survival by investigator excluding clinical and imaging 
data following autologous HSCT or allogeneic HSCT, 
173 events occurred (74 [49%] of 151 patients in the 
pembrolizumab group and 99 [65%] of 153 patients 
in the brentuximab vedotin group); the median 
progression-free survival was 16·6 months (95% CI 
13·1–22·6) for pembrolizumab and 8·2 months 
(5·6–8·4) for brentuximab vedotin (HR 0·47 [95% CI 
0·35–0·64]; appendix 2 p 9).

An objective response, as assessed by blinded 
independent central review, was achieved in 99 (65·6% 
[95% CI 57·4–73·1]) of 151 patients in the pembrolizumab 
group and 83 (54·2% [46·0–62·3]) of 153 patients in 
the brentuximab vedotin group (table 2). Estimated 
percentage difference in treatment responses with 
pembrolizumab versus brentuximab vedotin was 11·3% 
(95% CI 0·2–22·1; p=0·023); this value was not 
considered significant as the statistical plan had a 
predefined threshold of 0·0060 at the time of the current 
analysis. Objective responses (by investigator review) 
were recorded in 103 (68·2% [95% CI 60·1–75·5]) of 
151 patients in the pembrolizumab group (40 [26%] 
complete responses and 63 [42%] partial responses), and 
in 92 (60·1% [51·9–67·9]) of 153 patients in the 
brentuximab vedotin group (36 [24%] complete responses 
and 56 [37%] partial responses).

Among responders to treatment, the median duration 
of response by blinded independent central review was 
20·7 months (95% CI 12·4 to not reached) with 
pembrolizumab and 13·8 months (5·8 to not reached) 
with brentuximab vedotin; 48 (62·4% [95% CI 51·1–71·8]) 
of 100 patients in the pembrolizumab group and 23 
(50·0% [36·8–61·8]) of 83 patients in the brentuximab 
vedotin group had at least a 12-month response per 

Kaplan-Meier estimates (appendix 2 p 11). For the post-hoc 
analysis of time to response, the median was 2·8 months 
(IQR 2·7–3·0) in the pembrolizumab group and 
2·8 months (2·7–2·9) in the brentuximab vedotin group.

Treatment-related adverse events were observed in 
110 (74%) of 148 patients receiving pembrolizumab and 
117 (77%) of 152 patients receiving brentuximab 
vedotin (table 3). The most common grade 3–5 treatment-
related adverse events were pneumonitis (six [4%] of 
148 patients receiving pembrolizumab vs one [1%] of 
152 patients receiving brentuximab vedotin), neutropenia 
(three [2%] vs 11 [7%]), decreased neutrophil count 
(one [1%] vs seven [5%]), and peripheral neuropathy 
(one [1%] vs five [3%]).

Five patients died because of adverse events: three 
in the pembrolizumab group (due to pneumonia, 
hypovolaemic shock, and unknown cause) and two in the 
brentuximab vedotin group (due to respiratory failure 
and unknown cause). Only one death in the study was 
considered related to study treatment by the investigators, 
which was the death due to pneumonia in the 
pembrolizumab group.

19 (13%) of 148 patients receiving pembrolizumab and 
25 (16%) of 152 patients receiving brentuximab vedotin 
discontinued owing to a treatment-related adverse event, 
with the most common events being pneumonitis (nine 
[6%] in the pembrolizumab group vs zero in the 
brentuximab vedotin), peripheral neuropathy (zero vs 
eight [5%]), and peripheral sensory neuropathy (zero vs 
six [4%]). Serious treatment-related adverse events 
occurred in 24 (16%) patients receiving pembrolizumab 
and 16 (11%) receiving brentuximab vedotin, of which the 
most common was pneumonitis (eight [5%] vs one [1%]; 
appendix 2 p 7). Immune-mediated adverse events 
occurred in 49 (33%) patients treated with pembrolizumab 
and 11 (7%) patients treated with brentuximab vedotin, 
most commonly hypothyroidism (28 [19%] vs four [3%]) 
and pneumonitis (16 [11%] vs four [3%]; appendix 2 p 8). 
Grade 3–5 immune-mediated adverse events occurred in 
11 (7%) patients treated with pembrolizumab and 
three (2%) patients treated with brentuximab vedotin, 

Pembrolizumab group 
(n=151)

Brentuximab group 
(n=153)

Proportion of patients with objective response 99 (65·6% [57·4–73·1]) 83 (54·2% [46·0–62·3])

Best overall response

Complete response 37 (25%) 37 (24%)

Partial response 62 (41%) 46 (30%)

Stable disease 21 (14%) 36 (24%)

Progressive disease 26 (17%) 28 (18%)

Not evaluable 1 (1%) 1 (1%)

No assessment 4 (3%) 5 (3%)

Data are n (% [95% CI]) or n (%).

Table 2: Objective response as assessed by blinded independent central review by International 
Working Group 2007 criteria
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overall survival will be first analysed at the third interim 
analysis (91 overall survival events); if significance is not 
declared, overall survival will be analysed at the fourth 
interim and final analyses.

Efficacy was analysed in the intention-to-treat population 
defined as all randomly assigned patients, and safety was 
assessed in all patients who received at least one dose of 
the study drug. Progression-free survival and duration of 
response were estimated using the non-parametric Kaplan-
Meier method. If participants received HSCT after study 
treatment in the absence of progressive disease, they were 
censored at the last available disease assessment that 

included post-HSCT data (if available) in the primary 
progression-free survival analysis, and at last disease 
assessment before HSCT in the secondary progression-
free survival analysis. In both of these analyses, participants 
were censored at the last disease assessment before new 
anticancer therapies were received after study treatment in 
the absence of progressive disease. Hazard ratios and 
corresponding 95% CIs were estimated with a stratified 
Cox proportional hazards model with Efron’s method of 
tie-handling. Treatment differences in progression-free 
survival were assessed by stratified log-rank test. The 
proportional hazards assumption was not violated by 
visual inspection of the log-minus-log transformation of 
the survival function over time. Frequency of objective 
response was compared using a stratified Miettinen and 
Nurminen method and weighted by stratum size; 
participants who did not have any post-baseline response 
assessment were captured as not assessed. Randomisation 
stratification factors were applied to all stratified efficacy 
analyses.

Subgroup analyses by previous autologous HSCT, 
disease status following first-line therapy, sex, age, 
ECOG performance status, geographic region, previous 
brentuximab vedotin status, and PD-L1 status were pre-
specified; analyses according to number of lines of 
previous therapy (1 vs ≥2) were post hoc. Time to response 
(defined as the time from randomisation to the first 
response [complete response or partial response] 
analysed in those in the intention-to-treat population 
who had a response) was a post hoc analysis.

All analyses were done with SAS (version 9.4).
This study is registered with ClinicalTrials.gov, 

NCT02684292.

Role of the funding source
The study funders contributed to the study design, data 
analysis, and data interpretation in collaboration with the 
authors. Investigators and site personnel collected data, 
which was housed on Merck’s database. The funder had 
no role in data collection. The funder provided financial 
support for editorial and writing assistance.

Results
338 patients were screened between July 8, 2016, and 
July 13, 2018, and 34 were not eligible (figure 1). Therefore, 
304 patients were randomly assigned (151 to 
pembrolizumab, to 153 brentuximab vedotin), of whom 
300 received treatment (figure 1). 112 (37%) of 304 patients 
had undergone previous autologous HSCT and 
192 (63%) were ineligible for autologous HSCT on the 
basis of investigator assessment, most commonly due to 
chemorefractory disease (133 [44%]; table 1). Early 
progression on treatment was common in the study 
population (table 1). 55 (18%) patients received one 
previous line of therapy (table 1). All patients who received 
one previous line of therapy had been ineligible for 
transplantation, and 21 (38%) of 55 patients were 

Pembrolizumab 
group (n=151)

Brentuximab vedotin 
group (n=153)

Age, years 36 (28–53) 35 (28–50)

<65 124 (82%) 131 (86%)

≥65 27 (18%) 22 (14%)

Sex

Male 84 (56%) 90 (59%)

Female 67 (44%) 63 (41%)

Geographical region

North America 27 (18%) 30 (20%)

Europe 49 (32%) 46 (30%)

Japan 9 (6%) 7 (5%)

Other 66 (44%) 70 (46%)

ECOG performance status

0 86 (57%) 100 (65%)

1 64 (42%) 53 (35%)

2* 1 (1%) 0

Previous autologous HSCT

Yes 56 (37%) 56 (37%)

No (ie, ineligible for autologous HSCT) 95 (63%) 97 (63%)

Reason for ineligibility

Chemorefractory 67 (44%) 66 (43%)

Age 14 (9%) 11 (7%)

Comorbidity 1 (1%) 5 (3%)

Other† 13 (9%) 15 (10%)

Disease status after front-line therapy

Primary refractory 61 (40%) 62 (41%)

Relapsed <12 months 42 (28%) 42 (27%)

Relapsed ≥12 months 48 (32%) 49 (32%)

Number of previous lines of therapies 2 (2–3) 3 (2–3)

1 27 (18%) 28 (18%)

≥2 124 (82%) 125 (82%)

Previous brentuximab vedotin 5 (3%) 10 (7%)

Previous radiotherapy 58 (38%) 61 (40%)

Bulky disease 35 (23%) 25 (16%)

Baseline B-symptoms‡ 43 (28%) 36 (24%)

Baseline bone marrow involvement 12 (8%) 5 (3%)

Data are median (IQR) or n (%). HSCT=haematopoietic stem-cell transplantation. ECOG=Eastern Cooperative Oncology 
Group. *One patient had an ECOG performance status of 1 at screening (meeting study criteria) which increased to 2 
by the first dose of treatment. †Included physician decision, patient refusal, and social reasons. ‡Defined as fever, night 
sweats, or weight loss.

Table 1: Baseline characteristics
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For the secondary progression-free survival analysis 
(progression-free survival assessed by blinded inde-
pendent central review, excluding clinical and imaging 
data following autologous or allogeneic HSCT, from the 
second interim analysis), 173 events occurred (81 [54%] of 
151 patients in the pembrolizumab group and 92 [60%] 
of 153 patients in the brentuximab vedotin group). The 
median progression-free survival was 12·6 months 
(95% CI 8·7–19·2) for pembrolizumab and 8·2 months 
(5·6–8·6) for brentuximab vedotin (HR 0·62 [95% CI 
0·46–0·85]; figure 2B).

Subgroup analysis of the primary progression-free 
survival endpoint showed similar results to the overall 
result (figure 3). For the analysis of progression-free 
survival assessed by investigator (including clinical 
and imaging data following autologous or allogeneic 
HSCT), 168 events were observed (73 [48%] of 
151 patients in the pembrolizumab group and 95 [62%] 
of 153 patients in the brentuximab vedotin group). The 
median progression-free survival was 19·2 months 
(95% CI 13·8–28·1) for pembrolizumab and 8·2 months 
(5·7–8·6) for bren tuximab vedotin (HR 0·49 [95% CI 
0·36–0·67]; appendix 2 p 9). For the progression-free 
survival by investigator excluding clinical and imaging 
data following autologous HSCT or allogeneic HSCT, 
173 events occurred (74 [49%] of 151 patients in the 
pembrolizumab group and 99 [65%] of 153 patients 
in the brentuximab vedotin group); the median 
progression-free survival was 16·6 months (95% CI 
13·1–22·6) for pembrolizumab and 8·2 months 
(5·6–8·4) for brentuximab vedotin (HR 0·47 [95% CI 
0·35–0·64]; appendix 2 p 9).

An objective response, as assessed by blinded 
independent central review, was achieved in 99 (65·6% 
[95% CI 57·4–73·1]) of 151 patients in the pembrolizumab 
group and 83 (54·2% [46·0–62·3]) of 153 patients in 
the brentuximab vedotin group (table 2). Estimated 
percentage difference in treatment responses with 
pembrolizumab versus brentuximab vedotin was 11·3% 
(95% CI 0·2–22·1; p=0·023); this value was not 
considered significant as the statistical plan had a 
predefined threshold of 0·0060 at the time of the current 
analysis. Objective responses (by investigator review) 
were recorded in 103 (68·2% [95% CI 60·1–75·5]) of 
151 patients in the pembrolizumab group (40 [26%] 
complete responses and 63 [42%] partial responses), and 
in 92 (60·1% [51·9–67·9]) of 153 patients in the 
brentuximab vedotin group (36 [24%] complete responses 
and 56 [37%] partial responses).

Among responders to treatment, the median duration 
of response by blinded independent central review was 
20·7 months (95% CI 12·4 to not reached) with 
pembrolizumab and 13·8 months (5·8 to not reached) 
with brentuximab vedotin; 48 (62·4% [95% CI 51·1–71·8]) 
of 100 patients in the pembrolizumab group and 23 
(50·0% [36·8–61·8]) of 83 patients in the brentuximab 
vedotin group had at least a 12-month response per 

Kaplan-Meier estimates (appendix 2 p 11). For the post-hoc 
analysis of time to response, the median was 2·8 months 
(IQR 2·7–3·0) in the pembrolizumab group and 
2·8 months (2·7–2·9) in the brentuximab vedotin group.

Treatment-related adverse events were observed in 
110 (74%) of 148 patients receiving pembrolizumab and 
117 (77%) of 152 patients receiving brentuximab 
vedotin (table 3). The most common grade 3–5 treatment-
related adverse events were pneumonitis (six [4%] of 
148 patients receiving pembrolizumab vs one [1%] of 
152 patients receiving brentuximab vedotin), neutropenia 
(three [2%] vs 11 [7%]), decreased neutrophil count 
(one [1%] vs seven [5%]), and peripheral neuropathy 
(one [1%] vs five [3%]).

Five patients died because of adverse events: three 
in the pembrolizumab group (due to pneumonia, 
hypovolaemic shock, and unknown cause) and two in the 
brentuximab vedotin group (due to respiratory failure 
and unknown cause). Only one death in the study was 
considered related to study treatment by the investigators, 
which was the death due to pneumonia in the 
pembrolizumab group.

19 (13%) of 148 patients receiving pembrolizumab and 
25 (16%) of 152 patients receiving brentuximab vedotin 
discontinued owing to a treatment-related adverse event, 
with the most common events being pneumonitis (nine 
[6%] in the pembrolizumab group vs zero in the 
brentuximab vedotin), peripheral neuropathy (zero vs 
eight [5%]), and peripheral sensory neuropathy (zero vs 
six [4%]). Serious treatment-related adverse events 
occurred in 24 (16%) patients receiving pembrolizumab 
and 16 (11%) receiving brentuximab vedotin, of which the 
most common was pneumonitis (eight [5%] vs one [1%]; 
appendix 2 p 7). Immune-mediated adverse events 
occurred in 49 (33%) patients treated with pembrolizumab 
and 11 (7%) patients treated with brentuximab vedotin, 
most commonly hypothyroidism (28 [19%] vs four [3%]) 
and pneumonitis (16 [11%] vs four [3%]; appendix 2 p 8). 
Grade 3–5 immune-mediated adverse events occurred in 
11 (7%) patients treated with pembrolizumab and 
three (2%) patients treated with brentuximab vedotin, 

Pembrolizumab group 
(n=151)

Brentuximab group 
(n=153)

Proportion of patients with objective response 99 (65·6% [57·4–73·1]) 83 (54·2% [46·0–62·3])

Best overall response

Complete response 37 (25%) 37 (24%)

Partial response 62 (41%) 46 (30%)

Stable disease 21 (14%) 36 (24%)

Progressive disease 26 (17%) 28 (18%)

Not evaluable 1 (1%) 1 (1%)

No assessment 4 (3%) 5 (3%)

Data are n (% [95% CI]) or n (%).

Table 2: Objective response as assessed by blinded independent central review by International 
Working Group 2007 criteria
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ineligible because of chemorefractory disease (appendix 2 
p 4). 15 (5%) of 304 patients had received previous 
brentuximab vedotin. After treatment on this study, 
64 (21%) of 300 patients subsequently underwent 
autologous HSCT, and 27 (9%) underwent allogeneic 
HSCT. Of 27 patients who underwent allogeneic 
transplantation after study treatment, 20 had previously 
had an autologous transplantation (either before or after 
study treatment). For the remaining seven patients, 
allogeneic HSCT was done after two or more previous 
lines of therapy (including study treatment). The majority 
of patients (232 [76%] of 304) received ABVD-based 

treatments (doxorubicin, bleomycin, vinblastine, and 
dacarbazine) as the first-line treatment, followed by 
BEACOPP (bleomycin, etoposide, doxorubicin, cyclo-
phosphamide, vincristine; 24 [8%] of 304; appendix 2 p 5).

Median time from randomisation to data cutoff 
was 25·7 months (IQR 23·4–33·0). Median duration 
of treatment was 305·0 days (IQR 131·5–635·0) for 
pembrolizumab and 146·5 days (65·0–232·5) for 
brentuximab vedotin; median number of cycles was 
15·0 (IQR 7·0–30·5) and 7·0 (4·0–12·0), respectively. 
134 (88%) of 152 treated patients received 16 or fewer 
cycles of brentuximab vedotin, and 18 (12%) received 
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Figure 2: Progression-free survival by blinded independent central review per International Working Group 2007 criteria
Progression-free survival including (A) or excluding (B) clinical and imaging data following autologous HSCT or allogeneic HSCT. HSCT=haematopoietic stem-cell 
transplantation. HR=hazard ratio. HRs based on Cox regression model with Efron’s method of tie-handling, with treatment as a covariate stratified by previous 
autologous HSCT (yes vs no) and classical Hodgkin lymphoma status after front-line therapy (primary refractory vs relapsed <12 months after completion of front-
line therapy vs relapsed ≥12 months after completion of front-line therapy). One-sided p value based on log-rank test stratified by the same parameters as the HR.
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transplant eligible or ineligible. For patients who are transplant eligible, we first stratify 
the need to incorporate novel agents based on the duration of the first remission. Among 
transplant eligible patients, one approach to determine front-line salvage therapy would 
be stratifying according to early vs. late relapse. People who relapse early are more likely 
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Figure 1. Author’s suggested approach to Selection of Initial Salvage Regimen for Relapsed/Refractory
cHL. * Contraindications to immune check point inhibitors most often due to underlying autoim-
mune disease; ** Preferred in elderly or those who have barriers to transportation for frequent visits,
*** Consider BV maintenance for high-risk patients.

Although there may not be a certain “correct answer” for which salvage therapy
option is best, we must consider factors such as age, transportation barriers, location
of treatment and patient preference. For the elderly cohort of cHL patients, it may be
preferable to avoid cytotoxic chemotherapy due to potential toxicities; therefore, using novel
agents such as immunotherapy or BV-bendamustine may be preferable. Another practical
consideration that may dictate therapy is ease of transportation and location of treatment.
For example, typically regimens such as ICE/DHAP require inpatient admission while
others such as BV-bendamustine, pembro-GVD or immunotherapy monotherapy can be
administered outpatient. Salvage radiation can also be incorporated for localized relapses
or for palliative purposes. Among transplant eligible patients, salvage radiation may have
a role in cytoreduction prior to ASCT or for localized relapses following ASCT [64]. A
large retrospective study noted improved 2-year PFS (67% vs. 42%, p < 0.01) among post-
transplant patients who were treated with consolidative RT for localized relapses compared
with the control group [88]. Lastly, underlying comorbidities or conditions may also impact
therapy decisions. For example, we would tend to avoid BV among those with baseline
grade 2–3 neuropathy.
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Background: Despite all the scientific progress that has been made on understanding the
disease, prognosis for patients with relapsed and refractory Hodgkin’s lymphoma remains
poor and the treatment is palliative in the majority of the cases. Thus, the aim of this study
was to present the results on the compassionate use of everolimus in a group of patients
who were monitored at nine different centers in Brazil.
Methods: A 10-mg oral dose of everolimus was given to each patient daily. Response time was
evaluated from the beginning of medication use until loss of response, toxicity or medical
decision to cease treatment.
Results: Thirty-three patients were evaluated. The median age at the beginning of medica-
tion  administration was 29 years. Patients had received a median of five prior therapies.
Overall response rate was 45.4%, with 13 patients achieving partial response, two achieved
clinical response, 14 remained with stable disease, two had disease progression, and two
were  not evaluated. Patients received a median of 14 cycles. Progression-free survival was
nine  months, and overall survival was estimated to be 36 months. Three patients used
the  medication for more than four years. The most frequently reported adverse events were
thrombocytopenia and hypercholesterolemia. Three patients had pulmonary toxicity. Grade
III  and IV adverse events occurred in 39% of the patients.
Conclusion: Everolimus was found to provide a response in a group of patients with refractory
or  relapsed Hodgkin’s lymphoma who had adequate tolerability to the drug.
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disappearance of all clinical and radiologic evidence of the
disease; a partial response was defined as showing a greater
than 50% reduction in the number of sites that were affected
by the disease; and refractoriness was defined as not meeting
the above criteria.

The time of response assessment was defined by the
attending physician. At the reference center, Santa Casa São
Paulo, assessments were conducted every four months with
CT and/or PET–CT, depending on availability. Patient’s medi-
cation was maintained if they showed a response or if their
disease was stable. Because assessments were made at dif-
ferent centers, the criteria for interrupting treatment were
individual and were mostly related to disease progression and
toxicity. Some of the patients had nodal disease progression,
but as they showed clinical response without constitutional
symptoms, they were maintained under treatment until loss
of clinical response.

Statistical  analysis

Standard descriptive analyses were carried out. The descrip-
tive assessment of the stage of the disease comprised
chemotherapy; first-line response; number of lines of treat-
ment; type of HSCT performed; age at the beginning of
everolimus administration; time between diagnosis and
beginning of treatment with everolimus; response to treat-
ment; duration of medication use; cause of treatment
interruption; adverse events.

Overall survival was defined as the time between date of
diagnosis and date of death or last follow-up. Progression
free survival (PFS) was defined as the time between the date
of initial diagnosis and the date of disease progression or
death from any cause, whichever came first. The Kaplan–Meier
estimator was used to examine survival curves, which were
compared using the log rank test in the Statistical Package for
the Social Sciences (SPSS) version 20.

The response rate was estimated as the ratio between the
number of responses and the number of patients who were
eligible for assessment. A bimodal 95% confidence interval (CI)
was used to calculate overall response.

Toxicity was classified as grades I, II, III and IV for any event
related to the use of medication.

Results

Data from the 33 patients with refractory and/or relapsed
HL whose treatment with everolimus was initiated between
November 2010 and March 2015 were evaluated (Table 1).

When assessing the number of lines of treatment that had
previously been used by the patient, the average coincided
with the median, five chemotherapy and/or radiotherapy regi-
mens (range: 3–7).

Two of the patients had not been submitted to HSCT prior
to receiving everolimus; twenty-seven had undergone autolo-
gous HSCT alone, two had undergone allogeneic HSCT alone
(one due to mobilization failure, and one with no data) and
two patients had undergone autologous and allogeneic HSCT.

Table 1 – Patient characteristics (n = 33).

Characteristic Number (%)

Stage at diagnosis
Early 3 (9%)
Advanced 29 (87%)
NA 1 (3%)

Gender (male) 20 (60%)

Histologic type
Classic 33 (100%)

First-line chemotherapy
ABVD 31 (93%)
COPP 1 (3%)
BEACOPP 1 (3%)

Response to first treatment
CR 19 (57.5%)
PR 7 (21.2%)
Refractory 7 (21.2%)

Number of lines of treatment
Median 5
Range 3–7

Time between diagnosis until initial everolimus administration (months)
Median 59
Range 14–111

Previous HSCT
None 2 (6%)
Autologous 27 (81.8%)
Allogeneic 2 (6%)
Both 2 (6%)

Age at the time of initial everolimus administration
Median 29
Range 20–70

Best everolimus response
CR 2 (6%)
PR 13 (39.4%)
SD 14 (42.4%)
Progression 2 (6%)
NA 2 (6%)

NA: not assessable; HSCT: hematopoietic stem cell transplantation;
ABVD: adryamicin, bleomycin, vinblastine and dacarbazine; COPP:
cyclophosphamide, oncovin, procarbazine, prednisone; BEACOPP:
bleomycin, etoposide, adriamycin, cyclophosphamide, oncovin,
procarbazine, prednisone; CR: complete response; PR: partial
response; SD: stable disease.

The median time between diagnosis and the beginning of
treatment with everolimus was 1652 days (54 months; range
14–111 months).

The assessments were conducted using CT in 16 patients,
PET–CT in nine patients, a combination of CT and PET–CT in
five patients and physical examination was the only assess-
ment employed in the evaluation of one patient.

Regarding the evaluation of patients’ response to
everolimus, two of the patients achieved a complete response
(6%), 13 had a partial response (39.4%), and the disease
remained stable in fourteen (42%). Two patients had progres-
sion of the disease (6%), and two (6%) had no documented
evaluation because they progressed before the first image
could be taken. Considering partial and complete responses as
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Figure 1 – Progression free survival (PFS) in 33 eligible
patients treated with everolimus. PFS: progress free
survival.

an overall response, 45% [15/33; 95% CI: 28.5–62.4%] responded
to the treatment with everolimus.

Median treatment time in this cohort was 317 days (10
months). Thirteen patients underwent treatment for over one
year, and three patients had been receiving treatment for more
than four years.

With a median follow-up time of 24 months, median
survival rate was 62%, and the estimated median survival
rate was 36 months. PFS was nine months (95% CI: 7–10)
(Figures 1 and 2).

The adverse events reported were grade I and II mucosi-
tis in one patient (3%); grade III and IV mucositis in one (3%);
itching reported only at the beginning of medication use in
one (3%); grade I skin rash in two (6%); oral ulcers in one (3%);
intestinal ulcers in one (3%); reactivation of cytomegalovirus
(CMV) in one (3%); emergence of pleural effusion in one (3%);
adynamia in two (6%); anasarca in one (3%); altered kidney
function in one (3%); and pulmonary toxicity with the onset of
coughing, wheezing and pulmonary infiltrates in five (15.1%)
(Table 2). Hypercholesterolemia was described in five (15.1%)
patients, some of whom required lipid-lowering agents. With
regard to hematologic toxicity, five (15.1%) had grade I and
II thrombocytopenia, and three (9%) had grade III and IV
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Figure 2 – Overall response in 33 eligible patients treated
with everolimus. OS: overall survival.

Table 2 – Adverse events in the Brazilian cohort.

Grades I and II Grades III and IV

Mucositis 1 (3%) 1 (3%)
Itching 1 (3%)
Rash 2 (6%)
GIT ulcers (oral and intestinal) 2 (6%)
Reactivation of CMV 1 (3%)
Pleural effusion 1 (3%)
Adynamia 1 (3%) 2 (6%)
Anasarca 1 (3%)
Renal function alteration 1 (3%)
Pulmonary toxicity 4 (12%) 1 (3%)
Hypercholesterolemia 5 (15%)
Thrombocytopenia 5 (15%) 3 (9%)
Neutropenia 1 (3%) 3 (9%)

GIT: Gastrointestinal tract; CMV: Cytomegalovirus.

thrombocytopenia. Grade I and II neutropenia was reported
in one patient (3%), and grade III and IV in three (9%). One
patient (3%) had a diagnosis of acute myeloid leukemia (AML)
while undergoing treatment with everolimus; this patient had
been using everolimus for 13 months and had already under-
gone six lines of treatment, including HSCT. One patient (3%)
was diagnosed with pulmonary tuberculosis while using the
medication.

In three (9%) patients medication was discontinued due to
death (not reported whether by progression or toxicity), toxic-
ity was the reason for interruption in five (15.1%) patients and
progression in 17 (51.5%). Treatment for one patient was dis-
continued due to the diagnosis of AML, and another had a very
good partial response and was referred for allogeneic trans-
plantation. Five patients remained in the program and were
still receiving the medication while this analysis was being
conducted.

Discussion

Patients with primary refractory HL who are not allergenic
HSCT candidates, or in whom the disease relapses following
this treatment modality, present a very poor prognosis.1 New
drugs and their incorporation in the treatment are essential to
increase response and survival rates in this specific group of
patients. One example is mTOR  inhibitors with their rationale
use in HL being based on studies that demonstrate activation
of the PI3K pathway in this type of tumor.7

This study is not a clinical trial but a retrospective study
on the use of an oral experimental medication in a group
of previously treated patients who had few alternatives and
the chance of a potential increase in survival. It is important
to emphasize that, by the time everolimus was available for
compassionate use, brentuximab vedotin (anti-CD30) was not
approved for use in Brazil; thus, there were few therapeutic
options for relapsed and refractory HL patients. At that time,
only one patient had imported and used brentuximab vedotin
and had suffered disease progression within a short time.

Among the study’s limitations are its retrospective data
collection and that it has neither standardized nor uniform
assessments of disease response. Another limitation is its lack
of formal documentation of required information on adverse
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events. Therefore, we  consider adverse events could be under-
reported, especially grade I and II events. Nevertheless, the
most severe cases, in which treatment was reduced or inter-
rupted, have been fully reported.

Another limitation was the inability to standardize the
range and criteria for evaluating patients. Because these anal-
yses were carried out at the centers responsible for the
patients’ treatment, some of the data among the more  objec-
tive responses may  have been overestimated. Two of the
patients had nodal progression, but their clinical response was
maintained. Therefore, they remained in the program until
loss of clinical response was observed. One of those patients
was still using the medication four years after starting to
receive it.

It is important to highlight that the continuous use of the
medication, despite nodal progression, is considered to be
appropriate a posteriori, given the impossibility of new treat-
ment modalities at that moment and the benefit to the patient,
who  remained clinically well and whose disease progression
was very slow.

There are few published studies on the use of this medi-
cation in this population. More  precisely, there is one phase
II study carried out in the USA that assessed 19 patients, of
whom only 16 used everolimus for more  than one cycle (28
days of treatment).6 In this US cohort the ORR was 47% (9/19;
95% CI: 24–71%), with eight (42%) patients showing partial
response and one (5.2%) patient having complete response.
In the Brazilian cohort, the ORR was 45.4%, with 13 (39.3%)
patients achieving partial response and two (6%), complete
response. In addition, two updates of the US phase II study
published as conference abstracts demonstrated that, with
greater numbers of patients (38 and 57), response rates were
only 37% of 38 and 42% of 57, with 34% of 38 and 33.3% of 57
patients showing partial response, and 2.6% of 38 and 8.8% of
57 showing complete response (Figure 3).13,14
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Figure 3 – Drug responses in patients with refractory and
relapsed Hodgkin’s lymphoma. ORR: overall response rate.

Only the US phase II study6 can be used for further analysis
and comparison of data given that results of its updated ver-
sions, with 38 and 57 patients, respectively, have not yet been
fully published.16 In the US study, the median time between
HL diagnosis and the beginning of everolimus administra-
tion was 3.5 years; while in the Brazilian cohort it was 4.5
years. The median time between the beginning of everolimus
use and response was 3.6 months in the US study. Unfor-
tunately, we  could not perform this analysis due to lack of
objective data in the Brazilian cohort. Also in the US study,
response duration time was 7.1 months (95% CI: 3.9–14.8)
with four patients using the medication for over 12 months
with no progression. In the Brazilian cohort, PFS was nine
months (CI 95%: 7–10) with a median treatment duration of
ten months, while in the US study PFS was 6.2 months (CI
95%: 5.9–9.5).

The long treatment duration may  be explained by the fact,
mentioned above, that there was a group of patients main-
tained in the program even after nodal disease progression.
It seems these patients might still have clinical benefits from
the treatment for not showing signs of constitutional symp-
toms. On retrospectively reviewing this conduct, it could be
considered appropriate, as these patients have been receiv-
ing the medication for over four years, with excellent quality
of life and very slow nodal progression. It is worth mention-
ing that such a long response time could be associated with
the fact that three patients have continued using the medica-
tion for over four years, which shows its good tolerability and
safety.

Overall survival was estimated in the US study at 25.2
months (95% CI: 13-not yet available; median follow-up time
was 24 months) versus 36 months (95% CI: 15–56) in the Brazil-
ian cohort (the median follow-up was also 24 months).

In the US study, treatment discontinuation had the follow-
ing reasons: progression in 16 (84%) patients; pneumonia in
one (5%); and infection leading to death in one (5%). In its
updated version, progression is described as the reason for
discontinuation in 11 (29%) patients.6

In the Brazilian cohort, progression of the disease was the
reason for discontinuation in 17 (51%) patients, while toxicity
was the reason in six (18%) and one (3%) patient was diagnosed
with AML; one was referred to allogeneic HSCT following a
good response with the medication. In this present cohort,
three (9%) patients reportedly interrupted treatment due to
death without further specifications.

As mentioned, the report of adverse events in the Brazil-
ian cohort is probably underestimated because the data were
collected retrospectively and were not standardized. In this
cohort, 13 (39%) grade III and IV events were reported, whereas
the US study reported 74% of grade III and IV events, and 40% of
38 and 57.9% of 57 events after it was updated with increased
numbers of participants. Fifty-three percent of the US study
patients had their dose decreased due to adverse events but,
unfortunately, we could not collect this data from the Brazilian
cohort. Pulmonary toxicity in a cohort with refractory disease
is difficult to attribute solely to the studied drug, as patients
had usually taken more  than one pulmonary toxic drug. As for
hypercholesterolemia, most patients did not need any treat-
ment, and in the three patients who used statins, cholesterol
became normalized.
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disappearance of all clinical and radiologic evidence of the
disease; a partial response was defined as showing a greater
than 50% reduction in the number of sites that were affected
by the disease; and refractoriness was defined as not meeting
the above criteria.

The time of response assessment was defined by the
attending physician. At the reference center, Santa Casa São
Paulo, assessments were conducted every four months with
CT and/or PET–CT, depending on availability. Patient’s medi-
cation was maintained if they showed a response or if their
disease was stable. Because assessments were made at dif-
ferent centers, the criteria for interrupting treatment were
individual and were mostly related to disease progression and
toxicity. Some of the patients had nodal disease progression,
but as they showed clinical response without constitutional
symptoms, they were maintained under treatment until loss
of clinical response.

Statistical  analysis

Standard descriptive analyses were carried out. The descrip-
tive assessment of the stage of the disease comprised
chemotherapy; first-line response; number of lines of treat-
ment; type of HSCT performed; age at the beginning of
everolimus administration; time between diagnosis and
beginning of treatment with everolimus; response to treat-
ment; duration of medication use; cause of treatment
interruption; adverse events.

Overall survival was defined as the time between date of
diagnosis and date of death or last follow-up. Progression
free survival (PFS) was defined as the time between the date
of initial diagnosis and the date of disease progression or
death from any cause, whichever came first. The Kaplan–Meier
estimator was used to examine survival curves, which were
compared using the log rank test in the Statistical Package for
the Social Sciences (SPSS) version 20.

The response rate was estimated as the ratio between the
number of responses and the number of patients who were
eligible for assessment. A bimodal 95% confidence interval (CI)
was used to calculate overall response.

Toxicity was classified as grades I, II, III and IV for any event
related to the use of medication.

Results

Data from the 33 patients with refractory and/or relapsed
HL whose treatment with everolimus was initiated between
November 2010 and March 2015 were evaluated (Table 1).

When assessing the number of lines of treatment that had
previously been used by the patient, the average coincided
with the median, five chemotherapy and/or radiotherapy regi-
mens (range: 3–7).

Two of the patients had not been submitted to HSCT prior
to receiving everolimus; twenty-seven had undergone autolo-
gous HSCT alone, two had undergone allogeneic HSCT alone
(one due to mobilization failure, and one with no data) and
two patients had undergone autologous and allogeneic HSCT.

Table 1 – Patient characteristics (n = 33).

Characteristic Number (%)

Stage at diagnosis
Early 3 (9%)
Advanced 29 (87%)
NA 1 (3%)

Gender (male) 20 (60%)

Histologic type
Classic 33 (100%)

First-line chemotherapy
ABVD 31 (93%)
COPP 1 (3%)
BEACOPP 1 (3%)

Response to first treatment
CR 19 (57.5%)
PR 7 (21.2%)
Refractory 7 (21.2%)

Number of lines of treatment
Median 5
Range 3–7

Time between diagnosis until initial everolimus administration (months)
Median 59
Range 14–111

Previous HSCT
None 2 (6%)
Autologous 27 (81.8%)
Allogeneic 2 (6%)
Both 2 (6%)

Age at the time of initial everolimus administration
Median 29
Range 20–70

Best everolimus response
CR 2 (6%)
PR 13 (39.4%)
SD 14 (42.4%)
Progression 2 (6%)
NA 2 (6%)

NA: not assessable; HSCT: hematopoietic stem cell transplantation;
ABVD: adryamicin, bleomycin, vinblastine and dacarbazine; COPP:
cyclophosphamide, oncovin, procarbazine, prednisone; BEACOPP:
bleomycin, etoposide, adriamycin, cyclophosphamide, oncovin,
procarbazine, prednisone; CR: complete response; PR: partial
response; SD: stable disease.

The median time between diagnosis and the beginning of
treatment with everolimus was 1652 days (54 months; range
14–111 months).

The assessments were conducted using CT in 16 patients,
PET–CT in nine patients, a combination of CT and PET–CT in
five patients and physical examination was the only assess-
ment employed in the evaluation of one patient.

Regarding the evaluation of patients’ response to
everolimus, two of the patients achieved a complete response
(6%), 13 had a partial response (39.4%), and the disease
remained stable in fourteen (42%). Two patients had progres-
sion of the disease (6%), and two (6%) had no documented
evaluation because they progressed before the first image
could be taken. Considering partial and complete responses as
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disappearance of all clinical and radiologic evidence of the
disease; a partial response was defined as showing a greater
than 50% reduction in the number of sites that were affected
by the disease; and refractoriness was defined as not meeting
the above criteria.

The time of response assessment was defined by the
attending physician. At the reference center, Santa Casa São
Paulo, assessments were conducted every four months with
CT and/or PET–CT, depending on availability. Patient’s medi-
cation was maintained if they showed a response or if their
disease was stable. Because assessments were made at dif-
ferent centers, the criteria for interrupting treatment were
individual and were mostly related to disease progression and
toxicity. Some of the patients had nodal disease progression,
but as they showed clinical response without constitutional
symptoms, they were maintained under treatment until loss
of clinical response.

Statistical  analysis

Standard descriptive analyses were carried out. The descrip-
tive assessment of the stage of the disease comprised
chemotherapy; first-line response; number of lines of treat-
ment; type of HSCT performed; age at the beginning of
everolimus administration; time between diagnosis and
beginning of treatment with everolimus; response to treat-
ment; duration of medication use; cause of treatment
interruption; adverse events.

Overall survival was defined as the time between date of
diagnosis and date of death or last follow-up. Progression
free survival (PFS) was defined as the time between the date
of initial diagnosis and the date of disease progression or
death from any cause, whichever came first. The Kaplan–Meier
estimator was used to examine survival curves, which were
compared using the log rank test in the Statistical Package for
the Social Sciences (SPSS) version 20.

The response rate was estimated as the ratio between the
number of responses and the number of patients who were
eligible for assessment. A bimodal 95% confidence interval (CI)
was used to calculate overall response.

Toxicity was classified as grades I, II, III and IV for any event
related to the use of medication.

Results

Data from the 33 patients with refractory and/or relapsed
HL whose treatment with everolimus was initiated between
November 2010 and March 2015 were evaluated (Table 1).

When assessing the number of lines of treatment that had
previously been used by the patient, the average coincided
with the median, five chemotherapy and/or radiotherapy regi-
mens (range: 3–7).

Two of the patients had not been submitted to HSCT prior
to receiving everolimus; twenty-seven had undergone autolo-
gous HSCT alone, two had undergone allogeneic HSCT alone
(one due to mobilization failure, and one with no data) and
two patients had undergone autologous and allogeneic HSCT.

Table 1 – Patient characteristics (n = 33).

Characteristic Number (%)

Stage at diagnosis
Early 3 (9%)
Advanced 29 (87%)
NA 1 (3%)

Gender (male) 20 (60%)

Histologic type
Classic 33 (100%)

First-line chemotherapy
ABVD 31 (93%)
COPP 1 (3%)
BEACOPP 1 (3%)

Response to first treatment
CR 19 (57.5%)
PR 7 (21.2%)
Refractory 7 (21.2%)

Number of lines of treatment
Median 5
Range 3–7

Time between diagnosis until initial everolimus administration (months)
Median 59
Range 14–111

Previous HSCT
None 2 (6%)
Autologous 27 (81.8%)
Allogeneic 2 (6%)
Both 2 (6%)

Age at the time of initial everolimus administration
Median 29
Range 20–70

Best everolimus response
CR 2 (6%)
PR 13 (39.4%)
SD 14 (42.4%)
Progression 2 (6%)
NA 2 (6%)

NA: not assessable; HSCT: hematopoietic stem cell transplantation;
ABVD: adryamicin, bleomycin, vinblastine and dacarbazine; COPP:
cyclophosphamide, oncovin, procarbazine, prednisone; BEACOPP:
bleomycin, etoposide, adriamycin, cyclophosphamide, oncovin,
procarbazine, prednisone; CR: complete response; PR: partial
response; SD: stable disease.

The median time between diagnosis and the beginning of
treatment with everolimus was 1652 days (54 months; range
14–111 months).

The assessments were conducted using CT in 16 patients,
PET–CT in nine patients, a combination of CT and PET–CT in
five patients and physical examination was the only assess-
ment employed in the evaluation of one patient.

Regarding the evaluation of patients’ response to
everolimus, two of the patients achieved a complete response
(6%), 13 had a partial response (39.4%), and the disease
remained stable in fourteen (42%). Two patients had progres-
sion of the disease (6%), and two (6%) had no documented
evaluation because they progressed before the first image
could be taken. Considering partial and complete responses as
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Table1

Baseline Characteristics (N=25)

Median age (range) 41.6 (19.9–71.1)

Gender
    Male
    Female

14 (56%)
11 (44%)

Race
    White
    Other
    Missing

20 (83%)
4 (17%)
1

Performance status
    0/1
    2

12/12 (48%/48%)
1 (4%)

Disease Status
    Recurrent
    Refractory

13 (52%)
12 (48%)

Prior Treatment
    Bone Marrow Transplant
    Radiation Therapy
      Extensive (≥50% of body)
      Limited (<50% of body)
    Median # Chemotherapy Regimens (range)

11 (44%)
2 (8%)
16 (64%)
3 (2–5)

Leuk Lymphoma. Author manuscript; available in PMC 2013 February 01.
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Table 3

Best Response

Best Response N (%)

Complete response 0

Partial response 1 (4%)

Stable disease 12 (48%)

Progressive disease 8 (32%)

Assessment inadequate 4 (16%)

Leuk Lymphoma. Author manuscript; available in PMC 2013 February 01.

Kirschbaum M. Leuk Lymphoma. 2012
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A phase II study of interrupted and continuous dose 
lenalidomide in relapsed/refractory Hodgkin lymphoma

Newly diagnosed classical Hodgkin lymphoma (cHL) can be 
cured in approximately 75–85% of patients with systemic 
or combined-modality frontline therapy. While novel agents 
such as the anti-CD30 antibody drug conjugate brentuximab 
vedotin (BV) and immune checkpoint inhibitors (ICI; e.g., 
nivolumab, pembrolizumab) are highly active in cHL and now 
often combined with multi-agent chemotherapy,1,2 patients 
with relapsed or refractory (rel/ref) disease after salvage 
therapy and autologous stem cell transplantation (ASCT) 
have few treatment options and experience 5-year median 
overall survival (OS) of approximately 50%.3 Lenalidomide is 
an immunomodulatory agent approved for mantle cell, fol-
licular, marginal zone, and diffuse large B-cell lymphomas, 
which interacts with the ubiquitin E3 ligase cereblon to 
degrade Ikaros family transcription factors.4 Given multiple 
immunomodulatory targets in the cHL microenvironment, we 
hypothesized that lenalidomide would show clinical activity in 
rel/ref cHL. We previously reported on standard interrupted 
dosing of lenalidomide (25 mg/d, days 1-21, 28-day cycles) in 
patients with heavily pretreated rel/ref cHL.5 In that cohort, 
the International Workshop Criteria (IWC) overall response 
rate (ORR) was 19% and the disease control rate (DCR; best 
response of complete response [CR] or partial response 
[PR], or stable disease [SD] ≥6 months) was 33%. Based on 
evidence in other malignancies that continuous lenalido-
mide dosing may increase efficacy,6 we tested a continuous 
dosing schedule (25 mg/d, days 1-28, 28-day cycles until 
progression or intolerance) in a separate cohort of patients 
with rel/ref cHL (clinicaltrials gov. Identifier: NCT00540007). 
Here we report the data from the continuous dosing cohort 
in the context of our previously reported findings.

Collectively, 80 patients enrolled (10/2007 to 6/2011) to the 
two cohorts (Online Supplementary Table S1). Patient eligibility 
criteria, treatment, and response assessment were previ-
ously reported with the interrupted cohort outcomes.5  The 
study was carried out in accordance with the principles of 
the Declaration of Helsinki, Good Clinical Practice guidelines, 
and regulatory and country-specific requirements. Forty-two 
patients were assigned to the continuous cohort and received 
daily lenalidomide. Eight patients (2 from the interrupted 
cohort and 6 from the continuous cohort) were removed 
from study before receiving two cycles of lenalidomide due to 
cytopenias (n=2), increased aspartate transaminase/alanine 
transaminase (n=2), venous thrombosis (n=1), desquamat-
ing rash (n=1), consent withdrawal (n=1), and incarceration 
(n=1), thus were not response-evaluable per protocol. The 
median number of lenalidomide cycles administered in the 
interrupted and continuous cohorts was four (range, 1-48) 
and 3.5 (range, 1-61+), respectively. Median follow-up from 
enrollment was 16.0 months (range, 0.7-92.7).
Responses were assessed by positron emission tomogra-
phy/computed tomography (PET/CT) in 45 patients and CT 
alone in 26 patients. Due to the time period of the study, 
international Workshop Criteria was used to assess re-
sponses, thus estimates of ORR here may be lower than 
expected if Lugano response criteria had been used. In 72 
response-evaluable patients across both cohorts (Table 1), 
the ORR was 26% (95% confidence interval [CI]: 18-40), and 
DCR was 43% (95% CI: 34-58). In the continuous cohort 
(n=36), the ORR was 32% (95% CI: 20-50) and DCR was 
49% (95% CI: 30-70), compared to an ORR of 19% (95% CI: 
10-37) and DCR of 36% (95% CI: 24-57) in the interrupted 

Table 1. Response rates for entire cohort and per protocol response-evaluable patients for interrupted and continuous cohorts.

Type of response
Entire cohort Response-evaluable patients

Interrupted
N=38

Continuous
N=42

Combined
N=80

Interrupted
N=36

Continuous
N=36

Combined 
N=72

CR*, N (%) 1 (2.6) 3 (7.2) 4 (5.0) 1 (2.8) 3 (8.3) 4 (5.5)

PR*, N (%) 6 (15.7) 9 (21.4) 15 (18.8) 6 (16.6) 9 (25.0) 15 (20.8)

SD ≥6 months*, N (%) 6 (13.2) 6 (14.3) 12 (15.0) 6 (16.6) 6 (16.7) 12 (16.7)

ORR (CR+PR)**, N (%) 7 (13.2) 12 (28.6) 19 (23.8) 7 (19.4) 12 (32.4) 19 (26.4)

Disease control rate** 
(CR+PR+SD ≥6 months), N (%) 13 (34.2) 18 (42.9) 31 (38.5) 13 (36.1) 18 (48.6) 31 (43.1)

*Patient response was assessed by positron emission tomography/computed tomography in 45 patients and by computed to-
mography alone in 26 patients. **The International Workshop Criteria were used to assess response; estimates of overall response 
rate from this study may be lower than would be expected if the Lugano criteria for response had been used. CR: complete re-
sponse; ORR: overall response rate; PR: partial response; SD: stable disease.

A phase II study of interrupted and continuous dose lenalidomide in relapsed/refractory Hodgkin lymphoma

T.A. Fehniger et al.
https://doi.org/10.3324/haematol.2022.282246

Haematologica | 109 March 2024

954

LETTER TO THE EDITOR

cohort. Of the 13 patients achieving disease control in the 
continuous cohort, nine (69%) had progressed after ASCT 
and three (23%) were refractory to their prior therapy (On-
line Supplementary Table S2). One patient achieving PR was 
censored at the time of subsequent ASCT. One patient with 
SD for 2 months discontinued treatment due to cytopenias 
prior to a diagnosis of therapy-related acute myeloid leuke-
mia. One patient withdrew due to pregnancy, and another 
patient achieved a PR lasting 84 months after previously 
discontinuing treatment due to Cryptococcus infection.
In the continuous cohort, median duration of response (DOR) 
was 8.1 months (range, 4-73), and median time-to-treatment 
failure (TTF) in patients achieving disease control was 8.3 
months (range, 4-73) (Online Supplementary Figure S1A). 
The previously reported interrupted cohort median DOR 
was 6 months (range, 4-24) (Online Supplementary Figure 
S1B), and median TTF in patients achieving disease control 
was 15 months (range, 4-43).5 Survival was analyzed on an 

intention-to-treat basis. Median progression-free survival 
(PFS) was 3.7 months for both the continuous (95% CI: 
1.8-7.7) and interrupted cohorts (95% CI: 1.8-4.6) (Figure 
1A). The median OS was 35.9 months (95% CI: 17.7-not es-
timated [NE]) for the continuous cohort, 19.6 months (95% 
CI: 15.3-29.0) for the interrupted cohort, and 23.7 months 
(95% CI: 17.4-35.6) for the entire study population across 
both cohorts (Figure 1B). Both cohorts had exceptional 
long-term responders. Two patients receiving interrupted 
lenalidomide had a TTF of 30 and 46 months. Both patients 
had received ≥4 prior therapies including ASCT and were 
refractory to their previous treatment. Two patients on 
continuous lenalidomide had long-term responses, one 
for 24 months (CR), having relapsed after three prior treat-
ments including ASCT. The second patient (PR) remained 
on treatment for 73 months before discontinuation due to 
Cryptococcus infection. This patient progressed 11 months 
later and was subsequently treated with multiple therapies 

Figure 1. Intention-to-treat survival analysis by 
cohort. (A) Progression-free survival. (B) Overall 
survival.

A

B

Fehniger T. Haematologica. 2024
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Figure　1.　Progression-free survival for the entire study cohort of 
16 patients

Figure　2.　Overall survival for the entire study cohort of 16 pa-
tients

Table　2.　Responses in the entire study cohort of 16 patients

Response rate (N=16)
Type of Response Number Percentage
CR 4 25
PR 4 25
ORR (CR+PR) 8 50
SD>6 Months 1 6.3
Clinical benefit rate (CR+PR+SD>6 Months) 9 56.3
SD<6 Months 1 6.3
PD 6 37.5
CR, complete response; ORR, overall response rate; PR, partial response; 
SD, stable disease; PD, progressive disease

time of 28.5 months, the median PFS and OS were 6
months (95% CI, 2-10 months) and 34 months (95%
CI, 25.5-42.5 months), respectively (Figures 1 and 2).
The 3-year PFS and OS were 31 and 38%, respectively
(Figures 1 and 2). Of the 11 patients who progressed,
10 (91%) were within 12 months of the start of therapy.
Consistent with this result, the PFS curve flattened after
the first year of therapy. The clinical course of individ-
ual patients is shown in a swimmer plot in Figure 3.

Treatment beyond progression
Considering the immunomodulatory effect of le-

nalidomide, we also evaluated the patients who had
been continued on therapy beyond progression (similar
to what has been evaluated for checkpoint inhibitors)6.
Five patients (L01, L03, L09, L13, and L14; Figure 3)
were continued on therapy beyond the PET-CT scan-
defined progression because they were clinically bene-
fiting from therapy. In these patients, the duration of

therapy after progressive disease was between 8 and 24
months. One of these patients subsequently achieved a
CR (patient L09).

Toxicities and study therapy discontinuation
Overall, the treatment was well tolerated. The most

common grade 3 or 4 toxicities (Table 3) included neu-
tropenia (n = 4), leukopenia (n = 5), and thrombocy-
topenia (n = 3). Two patients had grade 2 skin toxici-
ties. One patient experienced a tumor flare reaction
(grade 2). No episodes of febrile neutropenia were ob-
served. Lenalidomide was interrupted and restarted with
reduced dose in two patients (because of cytopenia in
one patient and skin toxicity in the other patient). The
patient with tumor flare required interruption, but ther-
apy was subsequently restarted at the same dose. The
median duration of lenalidomide therapy was 11.5
months (range, 1-43+ months). Overall, 15 patients
(94%) discontinued therapy due to progressive disease
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time of 28.5 months, the median PFS and OS were 6
months (95% CI, 2-10 months) and 34 months (95%
CI, 25.5-42.5 months), respectively (Figures 1 and 2).
The 3-year PFS and OS were 31 and 38%, respectively
(Figures 1 and 2). Of the 11 patients who progressed,
10 (91%) were within 12 months of the start of therapy.
Consistent with this result, the PFS curve flattened after
the first year of therapy. The clinical course of individ-
ual patients is shown in a swimmer plot in Figure 3.

Treatment beyond progression
Considering the immunomodulatory effect of le-

nalidomide, we also evaluated the patients who had
been continued on therapy beyond progression (similar
to what has been evaluated for checkpoint inhibitors)6.
Five patients (L01, L03, L09, L13, and L14; Figure 3)
were continued on therapy beyond the PET-CT scan-
defined progression because they were clinically bene-
fiting from therapy. In these patients, the duration of

therapy after progressive disease was between 8 and 24
months. One of these patients subsequently achieved a
CR (patient L09).

Toxicities and study therapy discontinuation
Overall, the treatment was well tolerated. The most

common grade 3 or 4 toxicities (Table 3) included neu-
tropenia (n = 4), leukopenia (n = 5), and thrombocy-
topenia (n = 3). Two patients had grade 2 skin toxici-
ties. One patient experienced a tumor flare reaction
(grade 2). No episodes of febrile neutropenia were ob-
served. Lenalidomide was interrupted and restarted with
reduced dose in two patients (because of cytopenia in
one patient and skin toxicity in the other patient). The
patient with tumor flare required interruption, but ther-
apy was subsequently restarted at the same dose. The
median duration of lenalidomide therapy was 11.5
months (range, 1-43+ months). Overall, 15 patients
(94%) discontinued therapy due to progressive disease
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Camindelumab- anti CD25

CR rate of 38% (n = 18). Five (11%) patients went on to
consolidation with HCT (auto-HCT = 4, allo-HCT = 1).

TEAEs were experienced by 49 patients (96%) treated with
Cami. The most common TEAEs (observed in at least 20% of
patients) included fatigue, pyrexia, nausea, maculopapular
rash, headache, pruritus, anemia, arthralgia, diarrhea, in-
creased GGT, and rash. The grade 3 or higher TEAEs were
reported in 63% (n = 32) of cHL patients. The most common
(observed in at least 5% of patients) were hypophosphatemia
(12%), increased GGT (10%), ALT increased (6%), and
maculopapular rash (6%). Overall, 6 (12%) patients had
TEAEs leading to dose reduction or delay, and 7 (14%) pa-
tients had TEAEs leading to treatment discontinuation.
TEAEs thought to be PBD-associated included skin reactions
and nail disorders (73%), liver function abnormalities (33%),
and edema or effusion (18%).

There were 3 (6.4%) patients with GBS/polyradiculopathy
(n = 1 with grade 4 GBS, n = 1 with grade 2 GBS and n = 1
with grade 2 radiculopathy) that led to an enrollment pause.

Following review of safety and efficacy data (by independent
review), enrollment pause was lifted. It is important to request
expert neurological evaluation immediately once GBS/
radiculopathy is suspected, as expedited work up, diagnosis
of this complication, and start of therapeutic intervention (high
dose steroids ± plasma exchange) are key to rapid resolution
of this toxicity. The management options for GBS/
radiculopathy entails either IV immunoglobulin 0.4 g/kg/day
for 5 days or plasma exchange.

As the phase 2 study is continuing to accrue patients and
we await the final results, the preliminary results with Cami is
encouraging and provides an additional therapeutic option for
patients with multiply relapsed or refractory cHL.

Future Directions

The next logical step would be to combine antibody-drug
conjugates with other therapies to overcome resistance.

Table 1 Most common grade 3 or
higher treatment emergent
adverse events*

TEAEs Total

n =77 (%)

45 μg/kg

n =37 (%)

30 μg/kg

n =20 (%)

Patients with any Grade≥3 TEAEs 51 (66) 25 (68) 12 (60)

GGT increased 13 (17) 3 (8) 2 (10)

Maculopapular rash 13 (17) 8 (22) 2 (10)

ALT increased 7 (9.1) 3 (8) 0

Anemia 6 (7.8) 3 (8) 2 (10)

AST increased 5 (6.5) 1 (3) 0

GBS/radiculopathy 5 (6.5) 3 (8) 1 (5)

Lipase increased 4 (5.2) 3 (8) 1 (5)

Patients with any TEAE leading to treatment discontinuation 26% 27% 20%

Abbreviations: TEAEs - treatment-emergent adverse events, GGT - gamma glutamyl transferase, ALT - alanine
aminotransferase, AST – aspartate aminotransferase, ALP - alkaline phosphatase, GBS - Guillain-Barré syndrome

*observed in at least 5% of patients

Table 2 Response rates in
relapsed or refractory cHL
patients

Response rates in the entire rel/ref cHL patients and at 45 μg/kg and 30 μg/kg

Response
rates

Total

(n=75)

45 μg/kg

(n=37)

30 μg/kg

(n=18)

ORR 71% 87% 50%

CR rate 40 49% 28%

Response rates by prior PD-1 inhibitors (45 μg/kg cohort)

Response
rates

No prior PD-1
inhibitors (9/11)

≤4 months from prior PD-1
inhibitor (14/15)

>4 months from prior PD-1
inhibitor (9/11)

ORR 82% 93% 82%

CR rate 55% 47% 46%

Abbreviations: rel/ref. – relapsed or refractory, cHL – classical Hodgkin lymphoma, ORR – overall response rate,
CR – complete response, PD-1 - programmed death-1
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Cohort Santa Casa
Recidive Patients

N 80

Median Age 27 (13-74)

Gender 53% Male

Recidive (73) 34% <12 months

B symptons (74) 32%

Stage (75)I 1,3%

II 29%

III 21%

IV 48%

Bulky (72) 30%

IPS (58) >2 50%

Auto-PBSCT 45%

Immunotherapy 12,5%



Cohort Santa Casa
Recidive patients

FUP: 93 months

4 aloPBSCT- all alive in CR
Death: 23 (no data)
OS 5 Years: 77,9%
OS 10 Years: 60,7%



Conclusions

Rare disease

After imuno?

PBSCT is in check?

Cure or chronic disease?



Gracias!
talita.rocha@accamargo.org.br


