
Phase I dose-escalation study of brentuximab-
vedotin combined with dexamethasone, high-dose
cytarabine and cisplatin, as salvage treatment in
relapsed/refractory classical Hodgkin lymphoma:
The HOVON/LLPC Transplant BRaVE study

Clinical activity of brentuximab vedotin (BV), an anti-
CD30 antibody-drug conjugate, has been demonstrated
in relapsed/refractory classical Hodgkin Lymphoma (R/R
cHL) in pivotal phase I and phase II studies.1,2 Adverse
events ascribed to BV as single agent are mostly mild and
reversible.3 Combining BV and chemotherapy prior to
high-dose chemotherapy (HDC)  followed by autologous
stem cell transplantation (ASCT) might lower the tumor
burden and decrease the relapse rate after HDC-ASCT
and thus contribute to cure.4,5

Brentuximab vedotin has already been combined with
standard therapy in a sequential strategy and concurrent-
ly with chemotherapy regimens such as ESHAP (etopo-
side, methylprednisolone, cytarabine and cisplatin)
before HDC-ASCT,6-11 and resulted in a CMR rate of
more than 75% prior to HDC-ASCT. However, the com-
bination of BV with multi-agent chemotherapy can be
associated with significant toxicity.8,10 Tumor burden
reduction by a combination of BV and DHAP treatment
is attractive because DHAP by itself is well tolerated in
patients with R/R cHL  and results in 20% complete
remission (CR) and 70% partial remission [PR; based on
conventional computed tomography (CT) scanning] and
50-60% metabolic CR (CMR) while stem cell mobiliza-
tion potential is maintained.12  In this multicenter, open-
label, phase I dose-escalation study, patients aged 18
years or older with a histologically confirmed CD30+ R/R
cHL were treated with three cycles of BV-DHAP, fol-
lowed by HDC (BEAM regimen: carmustine, etoposide,
cytarabine and melphalan) with an ASCT rescue. 
Brentuximab vedotin was administered at the full dose

of 1.8 mg/kg on the first day of each cycle of DHAP, with

escalation of the dose of cisplatin and cytarabine. BV was
combined with either 75% of the dose cisplatin on day 1
and 75% of cytarabine on day 2 [dose level (DL) 1], 75%
cisplatin and 100% cytarabin (DL2) or full dose of all
agents (DL3). Full-dose cisplatin was defined as 100
mg/m2 and full-dose cytarabin was defined as 2 g/m2 q 12
hours (2 doses). Dexamethasone 40 mg was given at day
1-4. Granulocyte-colony stimulating factor (G-CSF)
(Neulasta) 6 mg fixed dose was given subcutaneously on
day 5 of DHAP cycles 1 and 3 from DL2 onwards after
prolonged neutropenia requiring delay of the next cycle
was seen in 2 out of 3 patients treated at DL1. For stem
cell mobilization, G-CSF 5 µg/kg was administered twice
daily from day 10 of BV-DHAP cycle 2 until stem cell har-
vest. 
Sequential cohorts of 3 patients were treated in a '3+3'

dose escalation scheme. Decisions regarding feasibility,
dose escalation to the next cohort, and continuation or
cessation were based on the occurrence of dose-limiting
toxicity (DLT). DLT was defined as either: a) grade 3-4
non-hematologic toxicity, including neurotoxicity with
laboratory abnormalities grade equal or greater than 3,
only when present for more than two weeks or not
returning to grade 0/1; infections only if grade 4; b) all-
cause death, with the exception of death due to cHL; c)
delay of the second or third cycle of BV-DHAP by more
than ten days due to neutropenia, despite use of growth
factor prophylaxis. Enrollment at each dose level required
a minimum of 3 patients and a maximum of 6 patients.
After inclusion of 3-6 patients, inclusion to this particular
dose level was discontinued until DLT occurrence had
been determined at day 22 after start of cycle 3 for these
patients. Dose escalation was stopped as soon as at least
2 patients experienced a DLT or when the highest
planned dose level had been reached. Before proceeding
to a higher dose level, the DLT data at the preceding dose
level were reviewed by the Data Safety Monitoring
Board (DSMB).
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Table 1. Patients’ characteristics.
All, n=12 DL1, n=3 DL2, n=3 DL3 n=6

Age, years (range) 30.5 (21-56) 32.0 (30-38) 25.0 (24-31) 30.5 (21-56)
Female % 67 67 33 83
ECOG performance status 0 at study entry (%) 100
Prior therapies (n) 
ABVD 5 1 4 
ABVD + RT 4 1 2 1 
Escalated BEACOPP 2 1 1 
Escalated BEACOPP + RT 1 1 
Diagnosis to 1st BV-DHAP (years) 1.2 (0.7-11.2) 1.2 (1.2-3.3) 1.0 (1.0-1.0) 2.5 (0.7-11.2)
Ann Arbor stage at diagnosis (n)
I/II 6 1 2 3
III/IV 6 2 1 3

Best response to first-line treatment
CR 9 3 1 5
PR 2 1 1
Unknown 1* 1

DL: dose level; ECOG: Eastern Cooperative Oncology Group; ABVD: adriamycin+bleomycin+vinblastine+dacarbazine; RT: radiotherapy; CR: complete remission; PR: partial
remission.Values are given as medians (range) or as specified in the table. *No positron emission tomography / computed tomography scan after RT,  CR formally not 
confirmed.



Patients continued with BEAM conditioning preferably
within 28 days, but no later than 42 days after start of the
third BV-DHAP cycle. Carmustine (BCNU) 300 mg/m2

was administered on day -7, cytarabine 200 mg/m2 intra-
venously daily from day −6 to day −3, etoposide 200
mg/m2 intravenously daily from day −6 to day −3, and
melphalan 140 mg/m2 intravenously on day −2 before
reinfusion of autologous stem cells (day 0).  The primary
objective was to establish feasibility and the recommend-
ed dose level (RDL) of BV in combination with DHAP,
administered in a 21-day schedule. Secondary end points
included assessment of toxicity, metabolic response rate
as assessed by 18F-FDG and computed tomography
(positron emission tomography and computed tomogra-
phy, PET-CT) at the end of induction after three cycles of
BV-DHAP, and success rate of autologous peripheral
blood stem cell harvest after treatment with BV in com-
bination with DHAP. 
Twelve patients with a median age of 30.5 years (range

21-56 years) and histologically proven R/R cHL received
BV-DHAP in three escalating dose cohorts. Patients’ char-
acteristics are presented in Table 1. Nine patients had
previously been treated with ABVD and 3 with escalated
BEACOPP. Two patients were refractory to first-line
treatment and 10 were in first relapse. The median time
from primary diagnosis to the first cycle of BV-DHAP was
1.2 years (range 0.7-11.2 years). 
We observed grade 3-4 adverse events in 7 patients;

neutropenia grade 4 (n=2, DL1), neutropenia grade 3 and
thrombocytopenia grade 4 (n=1, DL3), thromboembolic
event grade 3 (n=1, DL 1), elevated transaminases grade
3 (n=1, DL3, resolved), leukocytosis grade 4 (n=1, DL3)
and hypokalemia (n=1, DL3). Four patients suffered from
grade 1-2 sensory peripheral neuropathy (PNP), which
fully resolved in 2 patients. No motor PNP was observed. 
Because of prolonged neutropenia in 2 out of 3 patients

treated in DL1, which delayed the second BV-DHAP
cycle by one week, the protocol was amended to a
mandatory pegylated G-CSF (Neulasta) injection after
cycles 1 and 3, after which neutropenia has been the
cause of cycle delay in only one other patient treated in
DL3. 
A total of ten serious adverse events (SAEs) occurred in

4 patients, all at DL3. One patient experienced
hypokalemia grade 4 as well as acute liver failure grade 4
lasting longer than fourteen days [occurring at 11 days
after BV (BV-DHAP cycle 3) and 2 days after initiation of
amoxicillin/clavulanic acid]. A liver biopsy showed non-
specific toxicity. This patient also experienced atrial fibril-
lation grade 3 and was treated with cardioversion. These
last two SAEs were possibly related to BV and classified
as dose-limiting toxicities (n=1, DL3). The same patient
experienced fever of unknown origin grade 3, not related
to BV (no neutropenia at the time of fever). A second
patient exhibited elevated transaminases grade 3 unlikely
to be related to BV. A third patient experienced a central
venous catheter-related infection grade 3 (not related to
BV), varicella zoster reactivation grade 3 after BV-DHAP
cycle 3 (no prophylaxis was indicated), and fever of
unknown origin grade 3. The fourth patient experienced
acute kidney injury grade 3 (resolved) and pneumonitis
grade 3 (resolved). These SAEs were considered unlikely
to be related to BV treatment.
Three patients were treated at DL1, 3 patients at DL2

and 6 patients at DL3. After three cycles of BV-DHAP,
PET CT showed a CMR in 11 out of 12 patients (92%).
In the one patient with a persistent FDG-positive medi-
astinal lesion, a biopsy after BEAM did not show residual
Hodgkin lymphoma. This patient also achieved a histo-

logically confirmed CR after second-line treatment. 
Stem cell harvest was successful in all patients after

one round of stem cell apheresis with a median yield of
5.3x106 CD34+ cells/kg (range 3.0-25.9 CD34+ cells/kg).
All 12 patients underwent subsequent BEAM chemother-
apy and ASCT. Median time to absolute neutrophil
recovery recovery was 14.5 days (range 8-43 days).
Hereafter, 11 out of 12 patients were in CMR and one
patient had a biopsy-proven CR; all remained alive in
complete response after a median follow up of 2.0 years
(range 1.8-3.0 years). 
We report results from a dose-escalation trial of DHAP

combined with BV treatment followed by BEAM and
ASCT in 12 patients with R/R cHL. The use of BV-DHAP
at full dose of all the drugs was considered feasible and
resulted in acceptable toxicity, and it is the dose regimen
taken forward in the phase II part of the study. The
reported acute kidney injury in one patient was most
likely attributable to cisplatin in the DHAP treatment. We
also observed transient increases in serum transaminase
levels possibly related to BV, with one serious adverse
event of acute liver failure grade 4. The latter occurred
eleven days after initiation of treatment with BV, and the
patient had started amoxicillin-clavulanic acid two days
prior to the adverse event. Careful follow up of liver func-
tion tests in patients treated with BV in combination with
DHAP is warranted. 
Toxicity results in our study are in line with previous

findings that adding BV to standard chemotherapy results
in a mild increase in toxicity. However, the observed
response rates by PET-CT prior to ASCT and the CR rate
of 100% with all patients remaining in complete remis-
sion at a median follow up of two years are encouraging.

The phase II part of the study in 60 patients at full
doses of all drugs is now ongoing (clinicaltrials.gov 
identifier: 02280993).
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