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A B S T R A C T

Purpose
Brentuximab vedotin is an antibody-drug conjugate (ADC) that selectively delivers monomethyl
auristatin E, an antimicrotubule agent, into CD30-expressing cells. In phase I studies, brentuximab
vedotin demonstrated significant activity with a favorable safety profile in patients with relapsed
or refractory CD30-positive lymphomas.

Patients and Methods
In this multinational, open-label, phase II study, the efficacy and safety of brentuximab vedotin
were evaluated in patients with relapsed or refractory Hodgkin’s lymphoma (HL) after autologous
stem-cell transplantation (auto-SCT). Patients had histologically documented CD30-positive HL by
central pathology review. A total of 102 patients were treated with brentuximab vedotin 1.8 mg/kg
by intravenous infusion every 3 weeks. In the absence of disease progression or prohibitive
toxicity, patients received a maximum of 16 cycles. The primary end point was the overall
objective response rate (ORR) determined by an independent radiology review facility.

Results
The ORR was 75% with complete remission (CR) in 34% of patients. The median progression-free
survival time for all patients was 5.6 months, and the median duration of response for those in CR
was 20.5 months. After a median observation time of more than 1.5 years, 31 patients were alive
and free of documented progressive disease. The most common treatment-related adverse
events were peripheral sensory neuropathy, nausea, fatigue, neutropenia, and diarrhea.

Conclusion
The ADC brentuximab vedotin was associated with manageable toxicity and induced objective
responses in 75% of patients with relapsed or refractory HL after auto-SCT. Durable CRs
approaching 2 years were observed, supporting study in earlier lines of therapy.

J Clin Oncol 30:2183-2189. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Improvements in the use of combined chemothera-
py and radiotherapy in advanced-stage, newly diag-
nosed Hodgkin’s lymphoma (HL) have resulted in
durable remission rates of approximately 60% to
80%.1,2 However, a large fraction of patients with
HL are not cured. The standard of care for patients
with relapsed or refractory HL is salvage chemother-
apy followed by autologous stem-cell transplantation
(auto-SCT),whichcaninducelong-termremissionsin
approximately 50% of patients.3,4 For patients who
experience relapse or progressive HL within 1 year
after auto-SCT, the prognosis is exceedingly poor,
with a median survival time of approximately 1.2

years.5 This relatively young patient population
has no currently available standard of care and
represents an urgent unmet medical need.

The malignant Hodgkin’s Reed-Sternberg cells of
classical HL are characterized by the expression of
CD30, a member of the tumor necrosis factor super-
family.6,7 Because normal CD30 expression is re-
stricted to a relatively small proportion of activated B
cells, T cells, and eosinophils, it represents an ideal tar-
get for monoclonal antibody therapy.6-8

Brentuximab vedotin (SGN-35) is an antibody-
drug conjugate (ADC) comprising an anti-CD30 anti-
body conjugated by a protease cleavable linker to the
potent antimicrotubule agent, monomethyl au-
ristatin E (MMAE). Binding of the ADC to CD30
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on the cell surface initiates internalization of the ADC-CD30 com-
plex, which then traffics to the lysosomal compartment, releasing
MMAE via proteolytic cleavage.9 Binding of MMAE to tubulin
disrupts the microtubule network, induces cell cycle arrest, and
results in apoptotic death of the CD30-expressing tumor cell.10

In a phase I study that enrolled 45 patients with relapsed or
refractory CD30-positive lymphomas, the maximally tolerated dose of
brentuximab vedotin was determined to be 1.8 mg/kg delivered by
intravenous infusion every 3 weeks.11 Treatments were reasonably
well tolerated, with the most common adverse events being fatigue,
pyrexia, diarrhea, nausea, neutropenia, and peripheral neuropathy.
Because a large proportion of patients achieved objective responses in
this study, brentuximab vedotin was evaluated in a larger homoge-
neous population of patients with HL who had relapsed or refractory
disease after auto-SCT. The primary end point of this pivotal study
was the overall objective response rate (ORR) as determined by an
independent review facility (IRF).

PATIENTS AND METHODS

Patient Eligibility

Inclusion criteria for this study were a diagnosis of relapsed or refractory
HL after high-dose chemotherapy and auto-SCT, histologically documented
CD30-positive Hodgkin’s Reed-Sternberg cells by central pathology review,
and age 12 years or older. Patients had measurable disease � 1.5 cm by
computed tomography (CT), fluorodeoxyglucose-avid disease by positron
emission tomography (PET), and an Eastern Cooperative Oncology Group
performance status score of 0 or 1. Other inclusion criteria were absolute
neutrophil count � 1,000/�L, platelet count � 50,000/�L, serum creatinine
� 1.5� the upper limit of normal, and ALT and AST � 2.5� the upper limit
of normal. Patients could not be pregnant and could not previously have
received allogeneic stem-cell transplantation (SCT).

Study Design and Treatment

This open-label, phase II study was conducted at 25 centers within
the United States, Canada, and Europe (ClinicalTrials.gov identifier:
NCT00848926). Patients were recruited from February 2009 through August
2009. Primary data analysis was performed after the last patient’s end of
treatment visit, which occurred in August 2010. A subsequent data cutoff was
performed in March 2011 to assess the durability of clinical responses and
resolution of peripheral neuropathy. These data are presented in this article.

The study was approved by the institutional review board at each study
site, and written informed consent was obtained from all patients before any
study-specific procedures, per the Declaration of Helsinki. The dose of bren-
tuximab vedotin was 1.8 mg/kg, administered intravenously once every 3
weeks over 30 minutes on an outpatient basis for up to 16 infusions.

Study Assessments

Baseline evaluations included documentation of disease-related signs
and symptoms, a physical examination, bone marrow biopsy, and radio-
graphic studies, including CT of the neck, chest, abdomen, and pelvis and PET
scan. The best clinical response was determined by both investigators and an
IRF (CoreLab Partners, formerly known as RadPharm; Princeton, NJ) accord-
ing to the Revised Response Criteria for Malignant Lymphoma.12 Response
was assessed by CT scans at cycles 2, 4, 7, 10, 13, and 16 and by PET scans at
cycles 4 and 7. After discontinuing treatment, long-term follow-up assess-
ments (including survival and disease status information) were performed
every 12 weeks until either patient death or study closure. Patients who discon-
tinued study treatment with stable disease or better had CT scans performed
every 12 weeks until disease progression.

An independent data monitoring committee assessed the safety of study
participants during the trial and monitored the overall study conduct. Safety
monitoring included the recording of adverse events and physical examination

findings, vital signs, and routine hematology and serum chemistries. Adverse
events were summarized using the Medical Dictionary for Regulatory Activi-
ties, version 13.0, and graded using the National Cancer Institute’s Common
Terminology Criteria for Adverse Events, version 3.

Statistical Analysis

The primary end point of this pivotal study was the ORR per IRF.
Secondary end points included duration of response by IRF, complete remis-
sion (CR) rate by IRF, and progression-free survival (PFS) by IRF, as well as
overall survival (OS) and the incidence and severity of adverse events. PFS was
defined as the time from start of study treatment to the first documentation
of objective tumor progression or to death as a result of any cause, which-
ever came first. For this analysis, patients were censored at the time of their
last radiologic assessment if they were given another treatment before
documentation of progression, with the exception of subsequent SCT as
the first therapy after discontinuing brentuximab vedotin. OS was defined
as the time from start of study treatment to date of death as a result of
any cause.

One hundred patients were planned to be enrolled onto this study. With
a sample size of 100 patients, a 29% ORR enables exclusion of a rate of � 20%
with 95% confidence.

The ORR per IRF and its two-sided 95% exact CI were calculated. The
median and two-sided 95% CIs for duration of response, PFS, and OS were
estimated using the Kaplan-Meier method.

In addition to independent review, assessment of efficacy by the study
investigators was collected as a protocol-defined exploratory analysis. A �
coefficient was calculated to characterize the agreement in objective response
and best response assessments between IRF and investigator.

A prespecified comparison of intrapatient PFS (PFS achieved with the
most recent prior systemic therapy after auto-SCT v PFS per investigator with
brentuximab vedotin) was performed using a correlated survival analysis.13

PFS achieved with the most recent prior systemic therapy after auto-SCT was
determined using progression as documented by the treating physician in the
patient’s medical record. Post hoc subgroup analyses of PFS by best response
and PFS in the subgroup of patients who achieved a CR by IRF and then either
did or did not undergo an allogeneic SCT were performed using the Kaplan-
Meier method.

RESULTS

Patients

Patient characteristics are listed in Table 1. One hundred two
patients were enrolled, 48 males (47%) and 54 females (53%). The
median age was 31 years (range, 15 to 77 years), and 87% of the
patients were white. Seventy-one percent of the patients had primary
refractory disease, and 42% had disease that was refractory to the most
recent prior therapy. The median number of prior chemotherapy
regimens excluding auto-SCT was 3.5 (range, one to 13 regimens).
Sixty-six percent of patients had received prior radiation therapy, and
all 102 patients had undergone auto-SCT. The median time to relapse
after auto-SCT was 6.7 months (range, 0 to 131 months). The majority
of patients (71%) had experienced relapse within a year of receiving
their auto-SCT.

Efficacy

Tumor reductions were observed in 94% of patients (Fig 1).
The ORR was 75% (95% CI, 64.9% to 82.6%); 34% of all patients
achieved a CR (95% CI, 25.2% to 44.4%), and the overall disease
control rate (CR � partial remission � stable disease) was 96%
(95% CI, 90.3% to 98.9%; Table 2). The median time to objective
response was 5.7 weeks (range, 5.1 to 56 weeks), and the median
time to CR was 12 weeks (range, 5.1 to 56 weeks); these medians
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approximate the timing of the first postbaseline CT and the first
postbaseline PET assessments, respectively.

For patients who had an objective response, the median duration
of response was 6.7 months (95% CI, 3.6 to 14.8 months). The median
duration of response for patients who achieved a CR was 20.5 months
(95% CI, 10.8 months to not estimable; Table 2). Analyses of efficacy
by subgroups (including age, sex, race, baseline tumor size [sum of the
product of diameters], relapsed v refractory disease status, and pri-
mary refractory disease) did not reveal any group of patients who did
not achieve clinically meaningful antitumor activity.

Thirty-one of 102 patients were alive and free of documented
progressive disease after a median observation time of 18.5 months
(range, 1.8 to 23.5 months). Twenty-eight of 102 patients were known
to have died, and the estimated 12-month survival was 89% (95% CI,
83% to 95%). A Kaplan-Meier plot of OS is presented in Figure 2A.
The estimated median PFS for all patients on this study was 5.6
months (95% CI, 5.0 to 9.0 months; Fig 2B). The median PFS for
patients who achieved a CR with brentuximab vedotin was 21.7
months, which was notably longer than the median PFS for patients
who did not obtain a CR (Appendix Fig A1, online only).

At the time of this analysis, eight patients who obtained responses
with brentuximab vedotin (five patients with CR and three patients
with partial remission per IRF) had received an allogeneic SCT imme-
diately after brentuximab vedotin and before any evidence of tumor
progression. The median PFS in the five patients who had a CR and
underwent subsequent allogeneic SCT was 21.1 months. The median
PFS in the 30 patients who achieved a CR but did not receive an
allogeneic SCT was 21.7 months. For patients who received another
therapy after discontinuing brentuximab vedotin, this was at the dis-
cretion of the investigator who made such decisions independently of
central radiologic review. Subsequent therapies included both single-
agent and multiagent regimens; however, PFS was censored before
receipt of any subsequent therapy.

Assessment of response by the study investigators supported the
efficacy analysis by independent review. By investigator assessment,
the ORR was 72% (95% CI, 61.8% to 80.1%); 33% of patients
achieved a CR (95% CI, 24.3% to 43.4%), and the overall disease
control rate was 99% (95% CI, 94.7% to 100%). Assessment of objec-
tive response was concordant between IRF and investigator for 89
(87%) of 102 patients. The � coefficient, a statistical measure of agree-
ment between two observations, was 0.68, which suggested good con-
cordance between the assessors.

A subset of patients (57 of 102 patients) had received a systemic
therapy at the time of relapse after auto-SCT. A preplanned analysis
was performed in this subset of patients to compare the PFS achieved
with the most recent prior systemic therapy with that achieved with
brentuximab vedotin. The median PFS achieved with the most recent
prior systemic therapy was 4.1 months (95% CI, 3.4 to 4.9 months) by
investigator assessment. When these same patients subsequently re-
ceived brentuximab vedotin, the median PFS was 7.8 months (95%
CI, 5.2 to 9.9 months; Fig 3). Using a correlated survival analysis, the
hazard ratio was 0.41, indicating that PFS was significantly prolonged
with brentuximab vedotin compared with the prior systemic therapy
(P � .001). This was equivalent to a 60% decrease in the hazard of
progression or death for patients after initiating brentuximab vedo-
tin treatment.

Safety

All patients enrolled onto this study received at least one infusion
of brentuximab vedotin. The median number of cycles was nine
(range, one to 16 cycles), the mean number of cycles was 10, and the
median relative dose-intensity was 96%.

The most common (� 10%) treatment-related adverse events
were peripheral sensory neuropathy (42%), nausea (35%), fatigue
(34%), neutropenia (19%), diarrhea (18%), pyrexia (14%), vomiting
(13%), arthralgia (12%), pruritus (12%), myalgia (11%), peripheral
motor neuropathy (11%), and alopecia (10%; Table 3). A total of 56

Table 1. Demographics and Baseline Clinical Characteristics

Demographic or Clinical Characteristic No. of Patients %

Age, years
Median 31
Range 15-77

Sex
Male 48 47
Female 54 53

Race
Asian 7 7
Black or African American 5 5
White 89 87
Other 1 1

ECOG performance status�

0 42 41
1 60 59

Baseline “B” symptoms 35 34
Bone marrow involvement 8 8
Prior radiation 67 66
No. of prior chemotherapy regimens

Median 3.5
Range 1-13

Primary refractory disease† 72 71
Disease status relative to most recent prior therapy‡

Relapsed 59 58
Refractory 43 42

Best response achieved with most recent systemic
regimen

Complete response 12 12
Partial response 35 34
Stable disease 23 23
Progressive disease 26 25
Unknown/other 6 6

No. of prior auto-SCTs
1 91 89
2 11 11

Time from auto-SCT to first post-transplantation
relapse, months

Median 6.7
Range 0-131

Time from initial diagnosis to first dose of study
drug, months

Median 39.90
Range 11.8-219.7

Abbreviations: ECOG, Eastern Cooperative Oncology Group; auto-SCT, au-
tologous stem-cell transplantation.

�ECOG performance scores range from 0 (normal activity) to 5 (death), with
higher scores indicating more severe disability.

†Primary refractory disease is defined as failure to obtain a complete remission with
front-line therapy or relapse within 3 months of front-line therapy.

‡Relapsed indicates best response of complete or partial remission to most
recent prior therapy, and refractory indicates best response of stable or
progressive disease to most recent prior therapy.
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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.

A

ITT patients 102 28 22.4

n Events
Median

(months)

B

ITT patients 102 69 5.6

n Events
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(months)
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Fig 2. Secondary end points of overall survival (A) and progression-free survival
(B). ITT, intent to treat.
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events with a worst severity of grade 2, 11% had events with a worst
severity of grade 3, and there were no grade 4 events. The majority of
events were grade 1 or 2 peripheral sensory neuropathy characterized
by numbness and tingling of the fingers and toes. The median time to
onset of any peripheral neuropathy event was 12.4 weeks; the median
times to onset of grade 2 and grade 3 peripheral neuropathy events
were 27.3 and 38.0 weeks, respectively. Eighty percent of patients had
either resolution or some improvement (of one grade or more) of
peripheral neuropathy. Complete resolution of all events of peripheral
neuropathy occurred in 50% of patients. The median time to im-
provement or resolution was 13.2 weeks.

DISCUSSION

In this pivotal, phase II, multicenter trial of brentuximab vedotin
monotherapy, 75% of patients achieved an objective response
and 34% obtained a CR as determined by independent review.
Patients had disease that was particularly refractory to prior treat-
ments as evidenced by the fact that 71% of patients did not achieve
a CR or had experienced relapse within 3 months of front-line
therapy. Furthermore, these patients had a poor prognosis
because the median time to relapse after auto-SCT was only 6.7
months. In this context, the rates of overall response and durable
CR are notable for a single-agent therapy after the failure of prior
combination chemotherapy and auto-SCT. Although historically,
each successive treatment delivered to a patient with multiply
relapsed lymphoma tends to result in diminishing progression-free
intervals, the PFS achieved with brentuximab vedotin was signifi-
cantly longer than that achieved with the most recent prior therapy
in the subset of patients who had received a systemic therapy
after auto-SCT.

These results compare favorably with response rates achieved in
the Cancer and Leukemia Group B study of the multiagent regimen of
gemcitabine, vinorelbine, and pegylated liposomal doxorubicin in
patients with disease relapse after auto-SCT (ORR, 75% [27 of 36
patients]; CR, 17% [six of 36 patients]).14 Of note, more than one third
of patients achieved a CR with single-agent brentuximab vedotin,
and the antitumor activity was obtained without the characteristic
toxicity of combination chemotherapy regimens such as gemcit-
abine, vinorelbine, and pegylated liposomal doxorubicin, which
was associated with grade 3 or 4 neutropenia, thrombocytopenia,
and febrile neutropenia in 51%, 43%, and 11% of patients after
auto-SCT, respectively.14

Most adverse events associated with brentuximab vedotin were
managed through standard supportive care, and the most common
events were typically grade 1 or 2. The most clinically meaningful
adverse event in the current study was cumulative grade 1 or 2 periph-
eral neuropathy. Neuropathy typically developed after prolonged ex-
posure to the drug, with a median onset of grade 2 at 27.3 weeks. The
neuropathy was also largely reversible; 80% of the patients had either
resolution of events or improvement after treatment was completed or
discontinued or the dose was reduced. Given that the cytotoxic com-
ponent of brentuximab vedotin is a potent antimicrotubule agent, the
peripheral neuropathy observed was consistent with a class effect of
antimicrotubule drugs.15,16 Patients in this study were also predis-
posed to developing peripheral neuropathy given that they had been
exposed to multiple prior chemotherapy regimens and 23% had pe-
ripheral neuropathy at the time of study entry.

In this study, brentuximab vedotin was administered for a max-
imum of 16 cycles; the actual median and mean durations of treatment
were nine and 10 cycles, respectively. Although the majority of re-
sponses occurred early in the course of treatment, one CR was initially
documented after approximately 1 year of therapy. Eighteen patients
received all 16 cycles of treatment. Although currently unknown, the
optimal duration of therapy should strike a balance between main-
taining tumor control and minimizing toxicity, which may be best
achieved with judicious application of dose delays and dose reductions
if toxicity develops.

n PEvents
Median
(months)

Hazard
Ratio

Median PFS with 
brentuximab vedotin

57 42 7.8 0.41 < . 001

Median PFS with last 
previous therapy

57 54 4.1

57 (0) 46 (8) 25 (27) 16 (35) 8 (40) 5 (41) 0 (42) 0 (42) 0 (42) 0 (42)

57 (0) 28 (27) 8 (46) 3 (51) 3 (51) 3 (51) 1 (53) 1 (53) 1 (53) 0 (54)

No. at risk (events)
Brentuximab
vedotin
Prior therapy

0

Pr
og

re
ss

io
n-

Fr
ee

 S
ur

vi
va

l (
%

)

Time (months)

100

90

80

70

60

50

40

30

20

10

4 8 12 16 20 24 28 32 36

Fig 3. Progression-free survival (PFS) achieved with brentuximab vedotin
compared with PFS achieved with the last prior therapy. Data shown are median
PFS as assessed by investigator in the subset of patients (n � 57) who received
systemic therapy after autologous stem-cell transplantation and before receiving
brentuximab vedotin.

Table 3. Drug-Related Adverse Events Reported by � 10% of Patients and
Grade 3 or 4 Incidence of These Events Regardless of Relationship to

Brentuximab Vedotin

Adverse Event

Events
Related to

Brentuximab
Vedotin

(any grade)
Any Grade 3

Events
Any Grade 4

Events

No. of
Patients %

No. of
Patients %

No. of
Patients %

Peripheral sensory neuropathy 43 42 8 8 0 0
Nausea 36 35 0 0 0 0
Fatigue 35 34 2 2 0 0
Neutropenia 19 19 14 14 6 6
Diarrhea 18 18 1 1 0 0
Pyrexia 14 14 2 2 0 0
Vomiting 13 13 0 0 0 0
Arthralgia 12 12 0 0 0 0
Pruritus 12 12 0 0 0 0
Myalgia 11 11 0 0 0 0
Peripheral motor neuropathy 11 11 1 1 0 0
Alopecia 10 10 0 0 0 0
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Allogeneic SCT seems to be another viable treatment option with
promising results for patients who have highly treatment-refractory
HL for whom salvage therapy obtains a state of minimal to undetect-
able disease.17-20 At the time of data cutoff, eight patients from this
study had received an allogeneic SCT as their first subsequent therapy
after obtaining responses to brentuximab vedotin. All eight patients
are alive and remain in follow-up at the time of data cutoff, with a PFS
that is indistinguishable from patients who did not receive a transplan-
tation. Further follow-up is ongoing.

Although patients enrolled onto this study had a poor prognosis
and had previously received multiple chemotherapy regimens, almost
all achieved tumor regression, more than one third obtained a CR, and
31 patients remain alive without documented progression. Outpatient
therapy with brentuximab vedotin was associated with manageable
toxicities. Observed peripheral neuropathy was predominantly sen-
sory in nature and largely reversible. These results provide support for
clinical evaluation in patients with earlier stage disease. A phase I study
is evaluating the combination of brentuximab vedotin and multiagent
chemotherapy in untreated, newly diagnosed patients with HL. In
addition, a placebo-controlled, randomized, phase III trial is evaluat-
ing the effect of brentuximab vedotin on PFS and OS in high-risk
patients with HL in the post–auto-SCT setting.
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