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ABSTRACT

Background. Brentuximab vedotin (BV) has demonstrated an
extraordinary efficacy in heavily pretreated classical Hodgkin
lymphoma (cHL) patients, targeting CD30-positive cells; how-
ever, limited data have been reported on the efficacy of BV
in cHL patients failing allogeneic stem cell transplantation
(allo-SCT).Theaimof this studywas to retrospectivelyevaluate
the efficacy and safety of BV in a multicenter setting of cHL
relapsing or progressing after allo-SCT.
Methods. Sixteen BV-näıve patients with recurrent cHL after
allo-SCT were included in a compassionate use program and
treated with intravenous BV at the dose of 1.8 mg/kg of body
weight every 3 weeks for a maximum of 16 cycles.
Results. The objective response rate was 69%. Five patients
(31%) had complete remission, and 6 (37%) had partial

remission. Stable disease was observed in 4 patients (25%),
and progressive disease was observed in 1 (6%). After me-
dian follow-up of 26 months (range: 5–30 months), median
progression-free survival (PFS), overall survival (OS), and
duration of response were 7, 25, and 5 months, respectively.
The 2-year PFS and OS were 20% and 61%, respectively. Grade
3–4 hematological adverse events included anemia (15%),
thrombocytopenia (12%), and neutropenia (18%). Grade 3
peripheral sensory neuropathy occurred in 2 patients (12%).
Conclusion. BV therapy is an effective and safe approach
for achieving transient disease control in cHL patients with
failed allo-SCT. To improve disease control, future studies
should explore the combination of BV with targeted agents.
The Oncologist 2015;20:323–328

Implications for Practice:Brentuximab vedotin (BV) is an effective and safe therapy to achieve disease control in classical Hodgkin
lymphoma (cHL) relapsing or progressing after allogeneic stem cell transplantation. Our results confirm previously reported data
and strongly suggest that single-agent BV is an effective and manageable treatment in patients who have failed allogeneic
transplant. However, to improve disease control, future studies should explore the combination of BV with molecularly targeted
agents.

INTRODUCTION

Modern chemoradiotherapy programs for advanced-stage
classical Hodgkin lymphoma (cHL) induce cure rates approach-
ing 80% [1]; however, refractoriness to first-line treatment or
disease relapse occurs in 25%–30% of patients after achieving

an initial complete remission (CR). High-dose chemotherapy
followed by autologous stem cell transplantation (auto-SCT)
has become the standard of care for refractory or relapsed
cHL, leading to durable responses in ∼50% of relapsed and
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a minority of refractory patients [2]. Failure of auto-SCT is
associatedwithmedian survival ranging from12 to 29months
in different series [2–5]. Various therapeutic options are
currently available for relapsed or refractory cHL patients
with failed auto-SCT [6–8]. Among others, brentuximab
vedotin (BV) demonstrated extraordinary efficacy in patients
who have failed auto-SCT, mainly by selectively targeting
CD30-positive cells [9, 10]. In thepivotal, phase II, open-label,
single-arm, multicenter trial involving 102 patients with cHL
who relapsed after auto-SCT, BV as a single agent led to an
overall response rate (ORR) of 75% (CR: 34%) and a median
duration of response (DoR) of 6.7 months (range: 3.6–14.8
months) [10]. The long-term efficacy of BV remains contro-
versial, and allogeneic SCT (allo-SCT) still represents the only
strategywith curative potential for relapsedor refractory cHL
patients with failed auto-SCT [11, 12]. Nevertheless, among
patients who received allo-SCT, long-term progression-free
survival (PFS) did not exceed 25%–35% in most series, and
disease relapse was associated with an exceedingly poor
outcome, with less than half of the patients surviving for 3
years [11–16].Thus far, there is no general consensus regarding
the optimal therapy to be offered to cHL patients with disease
recurrence following allo-SCT.

The treatment of patients with cHL who have relapsed af-
ter allo-SCT remains challenging, and there is a clear unmet
medical need for drug development for these patients.
Whereas various conventional cytotoxic drugs used as single
agents or in combinations failed to provide substantial
evidence of efficacy, bendamustine has recently been shown
to be an effective drug for relapsed or refractory cHL patients
with failed allo-SCT [17, 18]. Several molecularly targeted
agents, including histone deacetylase inhibitors [19], mam-
malian target of rapamycin inhibitors [20], and immunomod-
ulatorydrugs [21], have been tested in phase I/II trials.Most of
the targeted drugs used as single agents have shown limited
antitumor activity, whereas encouraging results have been
reported recently for BV [22]. In addition to the CD30-targeted
cytotoxicity of the antimicrotubule agent monomethyl auri-
statin E (MMAE), the mechanism of action of BV might also
involve a cytokine-mediated antitumor immune response,
further supporting the rationale for using this molecule in cHL
patients who have recurred after allo-SCT [23, 24]. The largest
retrospective study of BV in allo-SCT failure involved 24
patients who showed ORR and CR rates of 50% and 38%,
respectively, and median PFS of 7.8 months; however, the
median overall survival (OS) was not reached [22].

To extend the efficacy and toxicity evaluation of BV in cHL
progression after allo-SCT, we retrospectively analyzed 16
cHL patients enrolled at four Italian centers in a named
patient program.

METHODS

Patient Eligibility
Between June 2011 and January 2014, 16 cHL patients who
relapsed or progressed after allo-SCTwere enrolled in a single-
agent BV named patient program approved by the ethics
committees of four different institutions. The need for
treatment was determined by the treating physician. Patients
in this series had not received prior therapywith BV. Cases had

to fulfill the following criteria: age$18 years, at least 1 target
lesion$2cm, availabilityofclinical documentation, computed
tomography (CT) scan and 18F-fluorodeoxyglucose-positron
emission tomography (PET) scanat stagingand throughout the
study. Bulky disease was defined as a mediastinal mass larger
than one-third of the maximum thoracic diameter and/or any
node .10 cm. Retrospectively collected patient data and
clinical outcomes included the number of prior regimens,
stage and extranodal involvement, response to prior thera-
pies, details of allo-SCT (disease status before allo-SCT, donor
type, conditioning regimen), a history of acute and chronic
graft-versus-host disease (GVHD), and a history of clinically
significant infectionsbetweenallo-SCTand the firstdoseofBV.
Thepresent studywasconducted inagreementwith the Italian
privacy laws and the Declaration of Helsinki, and written
informed consent was obtained from all patients prior to any
study-related procedure.

Treatment Plan
Patients received BV (1.8 mg/kg, intravenously) in 3-week
cycles until unacceptable toxicity, disease progression, or
achievement of complete remission. A maximum of 16 cycles
was allowed.

Study Assessments
Disease assessment by PET and CT scans was performed at
baseline, during therapy, and at the end of therapy. Tumor
response was assessed according to the revised response
criteria for malignant lymphoma of the International Working
Group [25]. Responding patients were followed until disease
progression, initiationof subsequent therapy, ordeath.Patients
weremonitoredprior toandaftereachcycle foradverseevents,
clinical status, vital signs, and critical laboratory data. The
National Cancer Institute Common Toxicity Criteria of Adverse
Events (CTCAE) version 3.0 was used for the classification of
adverse events.

Statistical Analysis
The activity and efficacy of BVwere evaluated in termsofORR,
safety,PFS,andOS.ORR includedCRandpartial remission (PR).
PFS was defined as the time from the date of treatment
initiation to the date of progression or death from any cause.
Data from patients alive without tumor progression were
censored at the time of their last visit. OS was defined as the
time from the date of treatment initiation to the date of death
resulting from any cause or to the date of the last contact for
patients who were still alive. DoR was defined for responder
patients from the date of the best response to the date of the
last observation or relapse. Time-to-event endpoint distribu-
tions were estimated using the Kaplan-Meier method [26]. All
p values were two-sided and were considered significant for
values ,.05. All statistical analyses were conducted using
theR statistical package (RFoundation,Vienna,Austria, http://
www.r-project.org).

RESULTS

Demographics and Clinical Characteristics
Between June 2011 and January 2014, 16 heavily pretreated
cHL patients (13 men and 3 women) with a median age of
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29 years (range: 22–43 years) received BV after failing allo-SCT
(Table 1). At study entry, patients had received a median of 8
lines of treatment (range: 4–15). Poor prognostic features
included B symptoms (n5 6, 37%), bulky disease (n5 3, 19%),
and extranodal involvement (n5 7, 44%). Two patients (12%)
had an Eastern Cooperative Group performance status$2. All
patientswereallograftedusing reduced-intensityconditioning
regimens. Three of 16 patients received a second allo-SCT
procedure prior to BV. Donor stem cell sources included
matched related donors (n 5 13) and matched unrelated
donors (n 5 3). At allo-SCT, 8 patients (50%) showed
chemorefractory disease. Allo-SCT induced a response in 11
patients (69%), including 7 cases of CR, whereas 5 patients
showed disease persistence. Prior to BV therapy, 7 patients
(43%) showed GVHD, including chronic GVHD (n 5 4), acute
GVHD(n51), andbothchronic andacuteGVHD (n52).GVHD
occurrencewas associated in 5 patients (31%)with a history of
clinically significant infections, including asymptomatic cyto-
megalovirus (CMV) reactivation and multifocal pneumonia
(n 5 1), pneumonia (n 5 3) associated with Gram-positive
sepsis (n5 2), and a post-transplant Epstein-Barr virus-related
lymphoproliferative disorder (n5 1). At amedian of 5months
(range: 1–22 months) after allografting, all of the responding
patients relapsed or progressed. BV was administered after
a median of 30 months from allo-SCT (range: 9–87 months).
During this interval, patients received a median of 4 further
treatment regimens (range: 0–6 regimens), and eight patients
weretreatedwithat leastonedonor lymphocyte infusion(DLI).

The last assessment prior to BV therapy revealed refractory
disease in all but two patients.

Treatment Efficacy
Patients received amedian of 8 BV cycles (range: 1–17 cycles)
over a median treatment duration of 6 months (range: 2–14
months). The best response to BV was achieved after
a median of 4 cycles (range: 2–12 cycles) and included 5
CRs (31%) and 6 PRs (37%), for an ORR of 69% (Fig. 1). Stable
disease (SD) was observed in 4 cases (25%), and progressive
disease (PD) was observed in 1 patient (6%). Patients
achieving CR (n 5 5) discontinued BV treatment after a
median of 7 cycles (range: 4–10 cycles). Reasons for dis-
continuation includeddonor availability for a secondallo-SCT
(n 5 1), toxicity (n 5 2), and treatment completion on
physician decision (n5 2). After BV discontinuation, CR was
maintained for a median of 4 months (range: 3 to $24
months), and none of the 5 patients had PD. One patientwho
received DLI while on BV therapy developed pulmonary
GVHDwhile inCR (Fig. 1). All patientswhoachievedPR (n56)
as the best response showed disease progression while on
BV therapy after a median of 8 cycles (range: 5–17 cycles).
Similarly, patients who achieved SD (n 5 4) and PD (n 5 1)
progressed after a median of 6 cycles (range: 4–10 cycles)
from the initiation of BV therapy.

After median follow-up of 26 months (range: 5–30
months), themedian DoRwas 5months (range: 3–27months)
for the entire population, 11months (range: 5–27months) for
CRpatients, and3months (range: 3–8months) for PRpatients.
The median OS (Fig. 2A) was 25 months, and the median PFS
(Fig. 2B)was7months.The2-yr PFS andOSwere20%and61%,
respectively. All patients with disease progression received
further treatments. Among those patients, five died from
uncontrolled disease.

Safety
Treatment was well tolerated, confirming a manageable safety
profile for BV. No treatment-related deaths were recorded.The
most common adverse event was neurological toxicity. Four
patients developed grade 1 reversible peripheral sensory
neuropathy, whereas two patients developed grade 3 neuro-
toxicity (one with peripheral sensory neuropathy, one with
Guillain-Barré syndrome)requiringBVdiscontinuation.Nograde
3 or 4 renal, hepatic, or myocardial toxicity was observed. After
125 cycles administered to 16 patients, 3 cases of infections,
including 2 cases of sepsis sustained by Gram-positive bacteria
and 1 case of pneumonia (which were empirically and suc-
cessfully treated with high-dose cotrimoxazole), were docu-
mented. Two patients developed fever of unknown origin, and
both recovered quickly. No CMV reactivation was reported
after the initiation of BV therapy. One patient who received DLI
while on BV therapy died after the development of grade IV
pulmonary GVHD. The most common grade$3 hematological
adverse events were neutropenia (18%), anemia (15%), and
thrombocytopenia (12%).

DISCUSSION

Recent data have strongly supported the role of BV as
a potent, quick-acting, “bridge” therapy to auto-SCT [9, 10,
27–30] or allo-SCT [22]. In patients with recurrent disease

Table 1. Clinical characteristics of the patients prior to

enrollment in the brentuximab vedotin named

patient program

Characteristics Result

Age, years, median (range) 29 (22–43)

Male, n (%) 13 (81)

ECOG performance status$2, n (%) 2 (13)

B symptoms, n (%) 6 (38)

Bulky disease, n (%) 3 (19)

Number of extranodal sites$2, n (%) 7 (44)

Ann Arbor stage IV, n (%) 12 (75)

Time from diagnosis to first dose of
BV, months, median (range)

91 (39–243)

Time from allogeneic SCT to first dose of BV,
months, median (range)

30 (9–88)

Time from last therapy to first dose of
BV, months, median (range)

2.5 (0–22)

Number of prior regimens, median (range) 8 (4–15)

Number of regimens between allogeneic
SCT and BV, median (range)

4 (0–4)

Prior autologous SCT, n (%) 16 (100)

Prior allogeneic SCT, n (%) 16 (100)

Prior donor lymphocyte infusion, n (%) 8 (50)

Prior radiotherapy, n (%) 16 (100)

Refractory to first-line therapy, n (%) 5 (31)

Refractory to last therapy before BV, n (%) 14 (88)

Abbreviations: BV, brentuximab vedotin; ECOG, Eastern Cooperative
Oncology Group; SCT, stem cell transplant.
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after allo-SCT, the potential ability of single-agent BV to
induce a long-lasting complete response remains debatable.
In the present report, BV therapy was administered to
a cohort of 16 patients with cHL that relapsed or progressed
after allo-SCT. All patients were heavily pretreated, and 87%
had chemorefractory disease prior to BV. Treatment with BV
resulted in an ORR of 69% and a CR rate of 31%. After median
follow-up of 26 months, median PFS was 7 months, and
median OS was 25 months. Although it is well known
that each subsequent line of treatment for multirelapsed
lymphoma results in progressive PFS reduction, the PFS
achieved with BV was significantly longer than that achieved
with themost recent prior therapy. Our results are consistent
with those reportedbyGopal et al.,whopublished the largest
report on the use of BV in patients with recurrent or
progressive cHLafterallo-SCT [22].Thosedataareparticularly
interesting if compared with those reported in the recent
literature concerning the use of BV in less heavily pretreated
patients who did not undergo an allo-SCT procedure. In the
pivotal phase II trial of 102 patients with relapsed or
refractory cHL after auto-SCT, BV monotherapy resulted in
an ORR of 75% with a CR rate of 34% [10]. Superimposable
results havebeenachieved in themore recent Italian series of
65 heavily pretreated cHL patients in which 79% of patients
had received a previous auto-SCT but only 5% had a previous
allo-SCT [28].

In our series of cHL patients with very poor prognosis who
progressed after allo-SCT, BV showed clinically relevant activity
thatcomparedfavorablywiththeresponserateof35%reported
with themostcommonsalvagestrategies, suchas the reduction
of immunosuppression or chemoimmunotherapy [31]. Among
cytotoxic drugs, only bendamustine has been shown to have
efficacy comparable to that of BV when used either as a single
agent or in combination with DLI [17, 18, 32, 33].

In terms of ORR and CR rates, our data also remain
encouraging if compared with the results reported for DLI
administered with or without chemotherapy [34–36]. In
fact, DLI yielded a response rate of 43%–56%, with a grade

Figure1. Durationof response in16patientswith relapsedor refractoryclassicalHodgkin lymphomawhoreceivedbrentuximabvedotin.
Abbreviations: CR, complete remission; GVHD, graft-versus-host disease; haplo-SCT, haploidentical stem cell transplant; PD,

progressive disease; PR, partial remission; SD, stable disease.

Figure 2. Kaplan-Meier survival curves. Overall survival curve (A)
and progression-free survival curve (B) in 16 patients with
relapsed or refractory classical Hodgkin lymphoma who received
brentuximab vedotin.
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II–IV GVHD rate of 32%–38% [34–36]. In contrast to the
general feasibility of BV, the feasibility of DLI was restricted
to a minority of patients [34]. Recently, a single-center
experience combining BVwith DLI has been reported in four
cHL patients with early relapse after allo-SCT [24]. The
working hypothesis supporting the combined BV-DLI
treatment suggests that selective targeting of lymphoma cells
could enhance the graft versus leukemia response by inducing
immunogenic cell death [24]. In addition, BVmight potentially
reduce GVHD by targeting CD30-positive T-lymphocytes [37].
Our study confirms that BV treatment seems to be more
effective than other targeted agents tested as single agents,
such as panobinostat (ORR: 27%), lenalidomide (ORR: 19%),
and everolimus (ORR: 47%) [19–21].

Adverse events were generally manageable and were not
worse than expected in heavily pretreated patients. The most
common events were typically grade 1 or 2. Based on the
hypothesis that targeting an antigen on activated T cells could
further impair cell-mediated immunity in this high-risk pop-
ulation, particular attention was paid to the close monitoring
of clinical infection: no grade III or IV infections were recorded,
and no CMV reactivation occurred. Consequently, our data
suggest that BV, as a single agent, is safe and highly effective
in inducing short-term disease control in a very high-risk
population. In contrast, our study failed to demonstrate the
potential ability of this drug to induce long-lasting disease
control, even if, as expected, the quality of the response
enhanced the long-term disease outcome.

CONCLUSION
BV is a highly effective therapywith a good toxicity profile that
canbeoffered to cHLpatientswith relapseorprogressionafter
allo-SCT to achieve effective but transient disease control.
Future studies should explore the combination of BVwith DLI,
conventional chemotherapy (e.g., bendamustine), or targeted

agents (e.g., PI3K inhibitors or anti-PD1 agents) to enhance
tumor burden reduction and increase the CR rate, thereby
improving disease control. BV therapy with or without DLI
could also be considered a prophylaxis strategy in patients at
high risk for recurrence after allo-SCT. Recent data concerning
BV retreatment support this therapeutic approach in patients
who, in the near future, will have received BV-based regimens
earlier during the disease course [38]. Future studies may
be warranted to explore these new BV-based strategies in
BV-näıve and BV-sensitive patients.
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