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KEY PO INT S

l Brentuximab vedotin
plus AVD without
consolidative radiation
is an effective therapy
for nonbulky limited-
stage HL.

l Peripheral neuropathy
and neutropenic fever
appear increased with
brentuximab-AVD
compared with the
expected toxicities of
ABVD alone.

Doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) with or without radiation is
standard therapy for limited-stage Hodgkin lymphoma (HL) but carries risks of bleomycin-
induced lung injury and radiation toxicity. Brentuximab vedotin is highly active in relapsedHL
and was recently approved with doxorubicin, vinblastine, and dacarbazine (AVD) for pre-
viously untreated stage III/IV HL. We evaluated brentuximab-AVD for nonbulky stage I/II HL
in a multicenter phase 2 study. Patients received a lead-in cycle of brentuximab vedotin
monotherapy on days 1 and 15, followed by an exploratory positron emission tomography/
computed tomography scan. Patients then received brentuximab-AVD for 4 to 6 cycles based
on interim positron emission tomography/computed tomography scanning after cycle 2.
Thirty-four patients were enrolled with a median age of 36 years (range, 20-75 years). Risk
was early favorable in 62% and unfavorable in 38%. The best complete response rate was
100%. At a median follow-up of 38 months, the progression-free survival and overall survival
were 94% and 97%, respectively. Themost common adverse events were peripheral sensory
neuropathy (79%), neutropenia (76%), fatigue (74%), and nausea (71%). The most common

grade 3/4 toxicities were neutropenia (62%), febrile neutropenia (35%), and peripheral sensory neuropathy (24%). One
elderly patient died of neutropenic sepsis in thefirst brentuximab-AVD cycle. Brentuximab dose reductionswere required
in 38% of patients, most for peripheral neuropathy. In conclusion, brentuximab-AVD without bleomycin or radiation
produced a high complete response rate, with most patients requiring only 4 total cycles of therapy. Because toxicity was
higher thanwould be expected fromAVD alone, thismethodmay not be appropriate for early-stage patients with a highly
favorable prognosis. This trial was registered at www.clinicaltrials.gov as #NCT01534078. (Blood. 2019;134(7):606-613)

Introduction
Limited-stage classical Hodgkin lymphoma (cHL) carries one
of the most favorable prognoses in oncology with cure rates
.85%.1-4 Combinedmodality therapy has long been considered
the standard of care for limited-stage disease, although treat-
ment paradigms are evolving with current efforts focused on
preserving high rates of cure while minimizing the potential late
effects of chemotherapy and radiation.5,6 This approach has led
to investigation of chemotherapy alone without consolidative
radiation, with the goal of decreasing late secondary malig-
nancies and heart disease, with overall favorable results.7-10More
recently, clinical trials have evaluated positron emission to-
mography (PET)-adapted therapy in limited-stage disease, with
interim PET-negative patients randomized to receive a short
course of doxorubicin, bleomycin, vinblastine, and dacarbazine
(ABVD) alone vs combined modality therapy.11,12 These trials

have continued to show a small reduction in the recurrence rate
in patients treated with combined modality therapy, although
the outcome in both groups has remained excellent with an
identical overall survival. Based on these data, ABVD alone has
emerged as an acceptable treatment option for selected patients
with limited-stage HL. Importantly, with ;10% of patients with
nonbulky limited-stage cHL relapsing after initial ABVD, further
improvements in efficacy are still needed. ABVD also carries risks
of serious adverse events. Pulmonary toxicity from bleomycin is
the major nonhematologic toxicity, with the incidence of pneu-
monitis ranging from 8% to 14%, and may result in treatment-
related mortality that highlights the need for a bleomycin-sparing
approach.

Brentuximab vedotin is a targeted anti-CD30 antibody–drug con-
jugate approved by the US Food and Drug Administration for
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relapsed cHL. A phase 1 study combined brentuximab with
ABVD and doxorubicin, vinblastine, and dacarbazine (AVD) as
initial therapy in advanced-stage HL and found excess pulmo-
nary toxicity in combination with ABVD but an acceptable safety
profile when combined with AVD, and with encouraging effi-
cacy.13 A randomized clinical trial in previously untreated
advanced-stage HL compared standard ABVD vs brentuximab-
AVD as initial therapy.14 The trial reported an improvedmodified
progression-free survival (PFS) favoring brentuximab-AVD but
with excess toxicity in the experimental arm, including increased
neutropenia, neutropenic fever, and peripheral neuropathy.
There was no difference in overall survival. We conducted a
phase 2 trial evaluating brentuximab vedotin plus AVD without
planned consolidative radiation therapy in nonbulky limited-
stage cHL.

Patients and methods
Eligibility criteria
Eligible patients were 18 years of age or older with previously
untreated cHL. Patients had to have nonbulky stage I or II disease
(A or B), with bulk defined as any site .10 cm in maximal di-
mensionmeasured on computed tomography (CT) scan. Labora-
tory parameters included absolute neutrophil count$13 109/L,
platelet count $100 3 109/L, creatinine levels #2 mg/dL, total
bilirubin levels #2 mg/dL, and aspartate aminotransferase/
alanine aminotransferase levels #2.5 times the institutional
upper limit of normal. Additional eligibility criteria included
Eastern Cooperative Oncology Group performance status #2
and left ventricular ejection fraction within the institutional
normal limits. Patients with HIV infection were allowed provided
that their CD4 count was .200 cells/mm3 and the patient was
receiving concurrent antiretroviral therapy. Additional eligibility
and protocol information can be found in the supplemental
Appendix, available on the Blood Web site.

Study design and treatment
This analysis was a multicenter, open-label phase 2 study. All
patients received an initial 28-day lead-in cycle consisting of
brentuximab vedotin monotherapy at a dose of 1.2 mg/kg IV
administered on days 1 and 15, followed by a restaging PET/CT
scan. All patients then proceeded to combination therapy with
brentuximab vedotin 1.2 mg/kg IV plus adriamycin (doxorubicin)
25 mg/m2 IV, vinblastine 6 mg/m2 IV, and dacarbazine 375 mg/
m2 IV, all administered on days 1 and 15 of each 28-day cycle.
Patients received a total of 4 or 6 cycles of combination therapy,
based on interim PET/CT response. PET/CT imaging was re-
peated before cycle 3. Responding patients with a PET complete
response (CR) defined as Deauville score 1 to 3 received 2 ad-
ditional cycles to complete 4 total cycles of brentuximab-AVD;
PET-positive patients received 4 additional cycles to complete 6
total cycles. End-of-treatment PET/CT imaging was performed 3
to 5 weeks after completion of therapy. No radiation therapy was
planned for patients in CR at the end of treatment. The primary
objective was to investigate the clinical activity of brentuximab
vedotin plus AVD in nonbulky limited-stage cHL. Secondary
objectives included evaluation of single-agent activity after
a single lead-in cycle in previously untreated disease and as-
sessment of safety. The study was approved by the institutional
review boards of all participating institutions, was conducted in
accordance with the Declaration of Helsinki, and was registered
on www.clinicaltrials.gov (#NCT01534078).

Statistical analysis
The primary end point of this study was complete response rate
(CRR). The calculated sample size was 34 patients. The study had
91% power and 0.10 one-sided type I error to test a CRR of
93% vs a CRR of 81%. Secondary end points included ORR,
overall survival, failure-free survival (FFS), and PFS. TheORR after
the lead-in brentuximab vedotin monotherapy and combination
therapy was calculated with a 95% confidence interval. Overall
survival was measured from date of study entry to date of death
and characterized by using the Kaplan-Meier method. Failure-
free survival was measured from date of study entry to date of
documentation of treatment failure. Treatment failure was de-
fined as progressive disease on initial treatment, failure to
achieve a complete remission, or relapse after initial response.
PFS is measured from date of study entry to date of docu-
mentation of progression or death from any cause. All patients
were considered evaluable for toxicity and efficacy from the time
of their first treatment. Response to study treatment is reported
as proportions with 95% exact binomial confidence intervals.
Continuous measures are summarized as median and range, and
categorical variables are summarized as proportions. Time-to-
event end points were estimated by using the Kaplan-Meier
method with 95% confidence intervals calculated by using
Greenwood’s method. Statistical analyses were performed by
using R version 3.3.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Results
Patients
Thirty-four patients were enrolled with a median age of 36 years
(range, 20-75 years); one-half of patients were female. The most
common cancer stage was IIA in 24 patients (71%), followed by
IA (n 5 6 [18%]) and IIB (n 5 4 [12%]). Thirteen patients (38%)
had early unfavorable disease, defined as the presence of any
of the following risk factors: involvement of $3 nodal regions,
extranodal disease, or elevated erythrocyte sedimentation rate
($50 mm/h without B symptoms or $30 mm/h with B symp-
toms). Histologic subtypes included nodular sclerosis (n 5 18
[53%]), mixed cellularity (n 5 4 [12%]), lymphocyte-rich (n 5 4
[12%]), and cHL not otherwise specified (n 5 8 [24%]). One
patient had HIV infection. Baseline characteristics are summa-
rized in Table 1.

Efficacy
Responses are summarized in Table 2. Thirty-four patients
completed a lead-in cycle of brentuximab vedotin, 18 of whom
(52.9%; 95% CI, 35.1-70.2) had a CR, with the remaining being
partial responses. All patients proceeded to combination ther-
apy with brentuximab-AVD. After 2 cycles of combination
therapy, 33 patients had a CR (97.1%; 95% CI, 84.7-99.9) and
1 subject was unevaluable for response due to grade 5 toxicity
(sepsis). At the end of treatment, 31 subjects were in CR for a CRR of
91.2% (95% CI, 76.3-98.1). One patient had progressive disease,
and 2 patients were unevaluable due to one withdrawal because of
persistent hypersensitivity reactions despite premedication, and the
case of grade 5 toxicity; both patients were in CR on their previous
interim response assessment. Patients received amedian of 4 cycles
of brentuximab-AVD (range, 0-4). Because all patients achieved
interim PET CR, no patients required .4 cycles of combination
chemotherapy, and no patients received consolidative radiation.
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Of note, 6 (19%) evaluable subjects had end-of-treatment
PET/CT scans interpreted as Deauville scores of 4/5 according
to central radiology review but which were determined to be
false-positive PET scans (Deauville X) by the treating investigator.
In all 6 cases, the fluorodeoxyglucose (FDG)-avidity was believed
most consistent with inflammation or infection rather than active
lymphoma, and all were in confirmed CR on a brief follow-up
scan with no intervening therapy. An additional subject was
classified as partial response and was given 2 additional cycles of
AVD alone by the treating investigator, with CR on next imaging.

With amedian follow-up of 38months, themedian FFS, PFS, and
overall survival were not reached. The 3-year FFS and PFS were
97% (95% CI, 80-100) and 94% (95% CI, 78-98), respectively.
Overall survival at 3 years was 97% (95% CI, 81-100). Failure-free
and overall survival are represented in Figure 1.

Safety
The most common toxicities experienced in the lead-in cycle of
brentuximab monotherapy were nausea (n5 7 [21%]), increased
alanine aminotransferase level (n5 4 [12%]), fatigue (n5 3 [9%]),
increased aspartate aminotransferase level (n5 2 [6%]), diarrhea
(n 5 2 [6%]), and headache (n 5 2 [6%]); all toxicities in mon-
otherapy were grades 1 to 2.

Overall, the most common toxicities were peripheral sensory
neuropathy (PSN) (n 5 27 [79%]), neutropenia (n 5 26 [76%]),
fatigue (n 5 25 [74%]), nausea (n 5 24 [71%]), anemia (n 5 21
[62%]), and constipation (n 5 19 [56%]). Toxicities are summa-
rized in Table 3. Grade 3/4 neutropenia was observed in 21
subjects (62%) and neutropenic fever in 12 (35%). Given the high
rate of neutropenic fever observed early in the study, the pro-
tocol was amended to mandate granulocyte colony-stimulating
factor (G-CSF) support, with a significant subsequent reduction
in incidence of neutropenic fever. Choice of G-CSF regimen was
at the discretion of the treating investigator but recommended
options included pegfilgrastim 6 mg SC administered on day 2
of each cycle or filgrastim 300 mg SC once daily for 4 to 7 days
after each chemotherapy infusion. The incidence of neutropenic
fever was 55% (6 of 11) before the amendment, which decreased
to 26% (6 of 23) after mandating growth factor support. The one
case of grade 5 sepsis occurred in the setting of neutropenic
fever in a 71-year-old woman who was treated before the
amendment mandating G-CSF as primary prophylaxis.

PSN related to study treatment was reported in 27 (79%)
of 34 patients, with only 1 event occurring during mono-
therapy (grade 1). Worst grades overall for each patient during
brentuximab-AVD were grades 1 (n5 16 [47%]), 2 (n5 3 [9%]),
and 3 (n 5 8 [23%]).

Fifteen patients (44%) have residual PSN reported at last follow-
up with a current longest continuing duration of 53 months. For
the cases of PSN that resolved, the median time to resolution
was 5.5 months (95% CI, 3-15). Six patients (18%) had peripheral
motor neuropathy (all grade 1-2).

There were no dose modifications in the lead-in cycle of brentuximab
monotherapy. During combination therapy, 10 (29%) patients
underwent brentuximab vedotin dose reductions, and 6 (18%)
patients required dose reductions of vinblastine. Themost common
reason for dose reduction was peripheral neuropathy. There were
no dose reductions for either adriamycin or dacarbazine.

Discussion
Nonbulky limited-stage cHL is a highly curable disease but has
historically required treatment that conferred significant short-
and long-term risks, including bleomycin-induced lung injury
and late complications of radiation therapy. We report the
bleomycin and radiation-sparing approach of brentuximab vedotin
plus AVD for 4 to 6 cycles in this low-risk patient population with
nonbulky limited-stage disease. All patients achieved an interimCR
and received 4 total cycles of combination therapy with a 3-year

Table 1. Patient characteristics (N 5 34)

Characteristic n

Age, median (range), y 36 (20-75)

Female/male 17/17

Stage
IA 6 (18%)
IIA 24 (71%)
IIB 4 (12%)

Size of largest lesion, median (range), cm 3.34 (1.51-8.33)

Risk
Early favorable 21 (62%)
Early unfavorable 13 (38%)

Histology
Nodular sclerosis 18 (53%)
Mixed cellularity 4 (12%)
Lymphocyte-rich 4 (12%)
Classical not otherwise specified 8 (24%)

Table 2. Response (N 5 34)

Time point Overall response CR Partial response Progressive disease Not evaluable*

Monotherapy lead-in 34 (100; 89.7-100) 18 (52.9; 35.1-70.2) 16 (47.1; 29.8-64.9) 0 (0; 0-10.3) 0 (0; 0-10.3)

Cycle 2 33 (97.1; 84.7-99.9) 33 (97.1; 84.7-99.9) 0 (0; 0-10.3) 0 (0; 0-10.3) 1 (2.9; 0.1-15.3)

End of treatment 31 (91.2; 76.3-98.1) 31 (91.2; 76.3-98.1) 0 (0; 0-10.3) 1 (2.9; 0.1-15.3) 2 (5.9; 0.7-19.7)

Data are presented as n (%; 95% CI).

*Reasons for nonevaluable were 1 subject with grade 5 toxicity during cycle 1 of brentuximab-AVD, and 1 subject removed from study due to hypersensitivity reactions.
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PFS of 94%, showing significant efficacy for this regimen.
Furthermore, based on the interim CRR, no patients required
.4 total cycles of brentuximab-AVD. We observed a distinct
toxicity profile compared with ABVD. Although the risk of
bleomycin-induced lung toxicity was avoided, high rates of
peripheral sensory neuropathy (79%) and neutropenic fever
(35%) were observed, which were in excess of what would be
expected from standard ABVD and required addition of routine
G-CSF support to minimize the risk of neutropenic fever. These
toxicities were similarly observed in the randomized phase 3
trial that compared ABVD vs brentuximab-AVD in advanced-
stage cHL.14 The study found an improvement in PFS favoring
brentuximab-AVD, with no difference in overall survival, but
also reported excess peripheral neuropathy and neutropenic
fever in the experimental arm, which prompted the mid-study
recommendation to include G-CSF support, just as we had
found necessary in the current trial. As with previous studies,
most cases of peripheral neuropathy in our study improved or
resolved with follow-up, but a significant minority of patients
were left with some degree of residual neuropathy at last
evaluation that may affect quality of life.

Other trials have sought to reduce or eliminate the use of ra-
diation therapy, bleomycin, or both in limited-stage nonbulky
HL.7,15,16 The German Hodgkin Study Group found that the
dose and schedule of combined modality therapy for early
favorable disease could be reduced to 2 cycles of ABVD fol-
lowed by 20 Gy of radiation therapy, which produced results
identical to those in patients treated with 4 cycles and 30 Gy.15

The question of whether radiation could be eliminated entirely
was addressed in a randomized trial led by the National Cancer
Institute of Canada that compared ABVD alone for 4 to 6 cycles
vs radiation-based therapy in limited-stage disease classified
as either early favorable or early unfavorable. The study found
a modest improvement in PFS favoring combined modality
therapy but an overall survival benefit in favor of chemother-
apy alone at 12 years of follow-up, reflecting late events in
radiation-treated patients.16 An important caveat is that the trial
used subtotal nodal irradiation, which carries greater radiation
exposure than modern involved nodal radiation techniques;
nonetheless, chemotherapy alone yielded a highly favorable
12-year overall survival of 94% without attendant late risks of
radiation.

A

0

Number at risk

All

12 24 36 48

34 29 29 18 8

0

0.5

1

Months from study entry

FF
S 

pr
ob

ab
ili

ty
B

0

Number at risk

All

12 24 36 48

34 30 30 19 9

0

0.5

1

Months from study entry

OS
 p

ro
ba

bi
lit

y

Figure 1. FFS and overall survival (OS). (A) FFS and (B) OS
for all patients. Median length of follow-up is 38 months. The
median FFS and OS have not been reached.
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Table 3. Treatment-related toxicities (occurring in >2 subjects)

Toxicity Any grade Grade 1 Grade 2 Grade 3 Grade 4

PSN 27 (79) 16 (47) 3 (9) 8 (24) 0

Neutropenia 26 (76) 4 (12) 1 (3) 3 (9) 18 (53)

Fatigue 25 (74) 17 (50) 5 (15) 3 (9) 0

Nausea 24 (71) 19 (56) 4 (12) 1 (3) 0

Anemia 21 (62) 12 (35) 7 (21) 2 (6) 0

Constipation 19 (56) 15 (44) 4 (12) 0 0

Abdominal pain 12 (35) 5 (15) 5 (15) 2 (6) 0

Diarrhea 12 (35) 7 (21) 4 (12) 1 (3) 0

Febrile neutropenia 12 (35) 0 0 10 (29) 2 (6)*

Alanine aminotransferase increased 11 (32) 8 (24) 3 (9) 0 0

Vomiting 11 (32) 8 (24) 2 (6) 1 (3) 0

Alopecia 9 (26) 1 (3) 8 (24) 0 0

Aspartate aminotransferase increased 8 (24) 8 (24) 0 0 0

Skin and subcutaneous disorders 8 (24) 5 (15) 3 (9) 0 0

Oral mucositis 7 (21) 2 (6) 4 (12) 1 (3) 0

Arthralgia 6 (18) 5 (15) 1 (3) 0 0

Bone pain 6 (18) 4 (12) 2 (6) 0 0

Peripheral motor neuropathy 6 (18) 3 (9) 3 (9) 0 0

Weight loss 6 (18) 1 (3) 3 (9) 2 (6) 0

Anorexia 5 (15) 3 (9) 2 (6) 0 0

Headache 5 (15) 5 (15) 0 0 0

Thrombocytopenia 5 (15) 3 (9) 2 (6) 0 0

Dehydration 4 (12) 3 (9) 0 1 (3) 0

Fever 4 (12) 4 (12) 0 0 0

Gastroesophageal reflux 4 (12) 3 (9) 1 (3) 0 0

Weakness 4 (12) 3 (9) 1 (3) 0 0

Myalgia 4 (12) 4 (12) 0 0 0

Pain 4 (12) 1 (3) 3 (9) 0 0

Cough 3 (9) 2 (6) 1 (3) 0 0

Dizziness 3 (9) 3 (9) 0 0 0

Hypokalemia 3 (9) 3 (9) 0 0 0

Infusion-related reactions 3 (9) 1 (3) 2 (6) 0 0

Upper respiratory tract infections 3 (9) 0 3 (9) 0 0

Data are presented as n (%).

*A 71-year-old patient with grade 4 neutropenic fever developed grade 5 sepsis.
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Interim PET/CT scanning has also been explored as a tool for
guiding the application of radiation therapy in nonbulky limited-
stage cHL. The phase 2 CALGB (Cancer and Leukemia Group B)/
Alliance trial in nonbulky limited-stage disease administered
2 cycles of ABVD followed by a PET/CT scan.17 PET-negative
patients (defined as Deauville scores 1-3) completed 4 total
cycles without radiation therapy, whereas PET-positive patients
were changed to escalated bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone
(BEACOPP) followed by consolidative involved field radiation
therapy. The majority (91%) of patients became interim PET-
negative and received 4 cycles of chemotherapy alone, with a
3-year PFS of 91%. Two randomized trials have also addressed
PET-adapted therapy in patients with limited-stage disease. The
RAPID (Randomised Phase III Trial to Determine the Role of
FDG–PET Imaging in Clinical Stages IA/ IIA Hodgkin Disease)
study enrolled patients with nonbulky limited-stage HL and
performed a restaging PET/CT scan after 3 cycles of ABVD.11

Patients with a negative PET scan (defined in this trial as
Deauville scores 1-2) were randomized to undergo involved field
radiation therapy or no further therapy. Patients randomized
to receive radiation therapy had a slight (3.8%) improvement in
PFS at 3 years but with identical overall survival. The EORTC/
LYSA/FIL (European Organization for Research and Treatment of
Cancer/Lymphoma Study Association/Italian Lymphoma Asso-
ciation) H10 trial randomized 1950 patients to a PET-adapted
treatment approach vs standard combined modality therapy.12

All patients underwent an interim PET/CT scan after cycle 2, and
patients in a PET CR (defined as Deauville scores 1-2) received
either combined modality therapy or completed chemotherapy
alone, based on their randomization. As with the RAPID trial,
patients with a negative interim PET/CT scan had a modestly
improved PFS when receiving consolidative radiation therapy
but without improvement in overall survival. The majority of
patients in both trials achieved interim PET negativity, making
most patients candidates for omission of radiation. In aggregate,
these clinical trials support chemotherapy alone as an appro-
priate option for patients with nonbulky limited-stage disease,
particularly those achieving interim PET negativity, with the goal
of reducing late toxicities from radiation therapy.

Fewer trials have sought to omit bleomycin. The German Hodgkin
Study Group explored whether bleomycin and dacarbazine are
required to preserve the efficacy of this combination by com-
paring ABVD, AVB, AVD, and AV in patients with limited-stage
disease receiving combinedmodality therapy, and found inferior
PFS with omission of either dacarbazine, bleomycin, or both.18

Another attempt to eliminate both bleomycin and dacarbazine
in the phase 2 CALGB trial of AVG (adriamycin, vinblastine and
gemcitabine) in patients with nonbulky limited-stage disease
resulted in disappointing efficacy with a 3-year PFS of 77%.19 In
the current trial, we sought to omit both radiation and bleomycin
by incorporating the targeted anti-CD30 antibody–drug con-
jugate brentuximab with adriamycin and dacarbazine. Interim
PET imaging was used to guide the number of total cycles of
treatment received, but no consolidative radiation therapy was
planned for patients in CR at end of treatment. Brentuximab
vedotin exhibited remarkable single-agent efficacy in an initial
exploratory lead-in cycle that resulted in a complete remission
according to PET/CT imaging in more than one-half of patients
even before beginning combination chemotherapy. This encour-
aging single-agent activity raises the question of monotherapy for

elderly or infirm patients who are poor candidates for tradi-
tional combination chemotherapy approaches; however, a small
phase 2 study of brentuximab vedotin alone as initial therapy in
patients aged.60 years found amedian duration of response of
only 9 months, dampening enthusiasm for this approach.20 The
brentuximab-AVD combination was also studied in a phase 2
trial of 30 patients with early unfavorable HL, and unlike our
study, patients received 30 Gy of consolidative involved-site
radiation therapy.21 Two patients had primary refractory disease,
and the 1-year PFS was 93%. Peripheral neuropathy was ob-
served in 40% and was severe in 2 (17%) patients. Prophylactic
G-CSF was mandated for all patients, and 3 patients developed
neutropenic fever.

All patients in the current study achieved an interim com-
plete remission, and the 3-year PFS of 94% is encouraging in an
approach that removes the toxicity risks of both bleomycin and
radiation. A study limitation is the relatively small sample size of
34 patients, and thus the results cannot be considered definitive
in the absence of additional supporting data, particularly in early
unfavorable patients who constituted only one-third of our study
population. We did observe an amplified signal of certain tox-
icities relative to what would be expected from ABVD alone,
particularly peripheral neuropathy, neutropenia, and neu-
tropenic fever. Both vinblastine and the monomethyl auristatin E
in the brentuximab vedotin are microtubule toxins; thus, we
hypothesize that the overlapping mechanism of action led to
a magnification of on-target toxicities. An identical observation
was made in the randomized trial of brentuximab-AVD vs ABVD
in advanced-stage disease.14 For certain patients with high-risk
advanced-stage disease, this increase in toxicity may be justified
by the improved PFS of brentuximab-AVD, but in a lower risk
population such as those with nonbulky limited-stage disease,
the excess toxicity of this regimen and requirement for routine
growth factor support may not be justified in terms of both toxicity
and cost. These data do suggest, however, that incorporation of
brentuximab vedotin can contribute to the important goal of
enhancing efficacy of initial chemotherapy for cHL and eliminating
bleomycin and radiation from the management of nonbulky
limited-stage patients, thus reducing risk of lung toxicity, late
secondary malignancies, and heart disease. These data also
reinforce the findings of previous studies using chemotherapy
alone that patients with a negative interim PET scan can receive
an abbreviated course of therapy rather than completing 6 total
cycles.

Multiple strategies are under investigation to overcome the
overlapping toxicity profile between brentuximab vedotin and
vinblastine, allowing exposure to both agents while reducing
the excess toxicities and need for routine growth factor
support. One approach is to administer AVD in sequence with
brentuximab vedotin, rather than concurrently. A phase 2 clinical
trial treated 48 elderly patients with brentuximab vedotin mono-
therapy for 2 cycles, followed by AVD for 6 cycles, then an
additional 4 cycles of brentuximab vedotin consolidation.22 This
group was an older patient population with a median age of
69 years, and 81% had advanced-stage disease. At the end of
treatment, 90% of response-evaluable subjects achieved CR with
a 2-year PFS of 84%. Notably, adverse events of special interest
were lower than observed in studies of concurrent brentuximab
and AVD, with grade 3/4 neutropenic fever and peripheral
neuropathy observed in 8% and 4% of patients, respectively.
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A tradeoff to this approach, however, is a lengthy overall course
of treatment lasting 9 months for all 12 cycles. An alternative
strategy would be to administer concurrent therapy with the
omission of vinblastine, so as to avoid overlapping toxicity
between 2 microtubule toxins. We are now conducting a follow-
up trial of brentuximab plus adriamycin and dacarbazine for 4 to
6 cycles (based on interim response) in patients with nonbulky
limited-stage disease to assess whether this lower intensity
therapy can further reduce short- and long-term toxicity
(#NCT02505269). Preliminary results seem promising, with in-
terim and end-of-treatment CR rates of 94% and 100%, respec-
tively, and a low incidence of neuropathy and neutropenia.23

Longer follow-up is needed to establish durability given a median
follow-up time of 15 months at the initial report. Notably, the
current study also included an exploratory lead-in cycle of
brentuximab vedotin alone to assess monotherapy response in
this previously untreated patient population. This initial cycle of
brentuximab vedotin alone may have contributed to the inci-
dence of peripheral neuropathy despite all patients receiving no
more than 4 cycles of combination chemotherapy. Our follow-up
trial omits the lead-in cycle and uses only brentuximab, adria-
mycin, and dacarbazine in combination.

Another interesting finding in the current study of brentuximab-
AVD was the multiple false-positive PET scans at end of treat-
ment due to FDG-avid inflammatory uptake that seemed
inconsistent with active lymphoma. All FDG-avid sites resolved
with short interval follow-up and no further intervention. This
scenario may reflect the timing of the end-of-treatment scan,
which was performed 3 to 4 weeks after completion of therapy
and may be too early to allow resolution of inflammation in
the setting of chemotherapy. As a result, our follow-up trial of
brentuximab-AVD performs end-of-treatment imaging at 6 weeks
from last treatment, and thus far has not been associated with
false-positive imaging findings. Furthermore, given the low rate of
progression at end of treatment in patients achieving an interim
complete metabolic remission, such patients may not require an
end-of-treatment PET/CT scan in routine practice.

Ultimately, evaluation of novel treatment strategies for limited-
stage cHL still requires optimizing efficacy because a meaningful
minority of patients are still failed by conventional chemotherapy
and radiation strategies. Such strategies also need to reduce risks
of short- and long-term treatment-related toxicities, including
secondary malignancies, heart disease, lung disease, and others

in this patient population with decades of life anticipated fol-
lowing eradication of their HL. Studies safely incorporating
brentuximab vedotin and minimizing the use of traditional
chemotherapy agents and radiation warrant ongoing evalu-
ation, as do strategies exploring earlier introduction of im-
mune checkpoint inhibitors.
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