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Background: We previously demonstrated that brentuximab vedotin (BV) used as second-line therapy in patients with
Hodgkin lymphoma is a tolerable and effective bridge to autologous hematopoietic cell transplantation (AHCT). Here, we report
the post-AHCT outcomes of patients treated with second-line standard/fixed-dose BV and an additional cohort of patients
where positron-emission tomography adapted dose-escalation of second-line BV was utilized.

Patients and methods: Patients on the dose-escalation cohort received 1.8 mg/kg of BV intravenously every 3 weeks for two
cycles. Patients in complete remission (CR) after two cycles received two additional cycles of BV at 1.8 mg/kg, while patients
with stable disease or partial response were escalated to 2.4 mg/kg for two cycles. All patients, regardless of treatment cohort,
proceeded directly to AHCT or received additional pre-AHCT therapy at the discretion of the treating physician based on
remission status after second-line BV.

Results: Of the 20 patients enrolled to the BV dose-escalation cohort, 8 patients underwent BV dose-escalation. BV escalation was
well-tolerated, but no patients who were escalated converted to CR. Of 56 evaluable patients treated across cohorts, the overall
response rate (ORR) to second-line BV was 75% with 43% CR. Twenty-eight (50%) patients proceeded directly to AHCT without
post-BV chemotherapy, and a total of 50 patients proceeded to AHCT. Thirteen patients received consolidative post-AHCT therapy
with either radiation, BV, or a PD-1 inhibitor. After AHCT, the 2-year progression-free survival (PFS) and overall survival were 67% and
93%, respectively. The 2-year PFS among patients in CR at the time of AHCT (n¼ 37) was 71% compared with 54% in patients not
in CR (p¼ 0.12). The 2-year PFS in patients who proceeded to AHCT directly after receiving BV alone was 77%.

Conclusions: Second-line BV is an effective bridge to AHCT that produces responses of sufficient depth to provide durable
remission in conjunction with AHCT (clinicaltrials.gov: NCT01393717).
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Introduction

Standard of care treatment for patients with relapsed or refractory

(rel/ref) classical Hodgkin lymphoma (cHL) is salvage chemother-

apy followed by autologous hematopoietic cell transplantation

(AHCT) in chemosensitive patients [1–3]. Various second-line

salvage chemotherapy regimens are utilized before AHCT, includ-

ing platinum-based and gemcitabine-based regimens, and are

associated with comparable response rates [4–9].

Brentuximab vedotin (BV) is an antibody drug conjugate of an

anti-CD30 monoclonal antibody with the microtubule-disrupting
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agent monomethyl auristatin E, which selectively induces apoptosis

of CD30-positive cHL cells. We and others have previously demon-

strated that BV used as second-line therapy can be an effective bridge

to AHCT, with 27% to 35% of patients achieving a complete

response (CR) and proceeding directly to AHCT without additional

chemotherapy [10, 11]. Overall, a high proportion of patients

(86%–98%) proceeded to AHCT following a second-line BV strat-

egy, either directly after BV alone or after receiving additional che-

motherapy. Moskowitz and colleagues demonstrated excellent

outcomes after a positron-emission tomography (PET)-adapted

sequential second-line BV followed by ifosfamide, carboplatin, eto-

poside salvage approach with 2-year post-AHCT progression-free

survival (PFS), and overall survival (OS) of 80% and 95%, respec-

tively [11].

In our initial study of second-line BV in cHL, all patients who

achieved a CR did so after two cycles of BV. No patients who had

a partial response (PR) or stable disease (SD) after two cycles con-

verted to CR after two additional cycles at the standard dose

(1.8 mg/kg), and, in fact, some patients who had PR/SD experi-

enced progressive disease (PD) before AHCT. Although the

approved BV dose is 1.8 mg/kg, higher doses have been safely

administered in clinical trials, including 2.4 mg/kg, administered

in a phase II study of patients with CD30-negative nonlymphom-

atous malignancies[12], and 2.7 mg/kg, which demonstrated a

25% dose-limiting toxicity rate in a phase I study [13]. The

achievement of CR before AHCT is a key determinant of post-

AHCT outcome [14–17]. We hypothesized that BV dose-

escalation in patients with PR/SD after two cycles may convert

patients to CR before AHCT and prevent PD in subsequent

cycles. With the goal of maximizing the proportion of patients in

CR after second-line BV, we added a cohort to our multicenter

phase II study evaluating the efficacy of second-line PET-adapted

BV dose-escalation in patients with rel/ref cHL. Here, we present

the findings of our PET-adapted BV dose-escalation approach, as

well as the post-AHCT outcomes in all of the rel/ref cHL patients

(standard and dose-escalated BV cohorts) enrolled onto our mul-

ticenter phase II study of second-line BV.

Materials and methods

Patients and treatment plan

The patients included in this analysis were enrolled onto a prospective,
multicenter (City of Hope, Weill Cornell) phase II trial of second-line BV
after failure of initial therapy in patients with transplant-eligible rel/ref
cHL. The study was approved by the Institutional Review Board at both
centers according to the Declaration of Helsinki.

The eligibility criteria for patients enrolled onto the study have been

previously described [10]. In brief, patients over 10 years of age with
biopsy-proven cHL that had relapsed or was primary refractory (lack of
CR or PD within 3 months of upfront therapy) after standard initial ther-
apy were eligible. Patients enrolled onto the standard BV dose cohort
(cohort 1) were treated with 1.8 mg/kg of BV intravenously every 3 weeks
for two cycles followed by computed tomography with PET (CT/PET)
evaluation. Patients in SD/PR/CR after two cycles received an additional
two cycles of BV at 1.8 mg/kg followed by an end-of-treatment (EOT)

CT/PET. The eligibility criteria for enrollment onto the PET-adapted BV
dose-escalation cohort (cohort 2) were the same as for cohort 1. Patients
enrolled onto cohort 2 were treated with 1.8 mg/kg of BV intravenously
every 3 weeks for two cycles followed by CT/PET. Patients in CR after two

cycles received two additional cycles of BV at 1.8 mg/kg. Patients in PR/

SD after two cycles received 2.4 mg/kg BV for two cycles. Responses were

assessed by investigators according to the 2007 Cheson criteria (primary

end point) and were also assessed using the 2014 Lugano classification.

The decision to administer, the type, and number of cycles of addi-

tional salvage therapy before AHCT was at the discretion of the treating

physician. AHCT was performed according to institutional practices.

CD68 assessment by immunohistochemistry was performed as previ-

ously described [10] when tumor tissue (preferentially obtained at the

time of relapse) was available.

Statistical analysis

The primary end point of this analysis was 2-year PFS. OS was a secon-

dary end point. Baseline characteristics were reported descriptively. PFS

and OS were estimated using the Kaplan–Meier method and the log-rank

test was used to compare OS and PFS between subgroups. P-values were

two-sided with a significance level of 0.05. Univariate and multivariable

logistic regression models were used to assess associations between clini-

cal characteristics and use of additional chemotherapy after BV. Cox

regression models were used to identify factors associated with post-

AHCT PFS and OS. For multivariable analyses, factors significant at the

P< 0.10 level univariately were included. All data were analyzed using

SAS version 9.3 (Cary, NC).

Results

PET-adapted escalation of brentuximab vedotin

Twenty patients were enrolled onto cohort 2 between 9/2014 and

3/2016 and all were evaluable for safety and efficacy. The baseline

characteristics of cohort 2 patients are described in Table 1. The

median number of BV cycles received was 4 (range, 2–4). Eleven

patients (55%) achieved CR after two cycles and were treated at

1.8 mg/kg for all four cycles, while eight patients had PR/SD after

two cycles and then were treated at 2.4 mg/kg in cycles 3–4. One

patient had PD after two cycles and discontinued BV. BV dose-

escalation was well-tolerated, there were no grade 3 or 4 AEs

among escalated patients. The most common adverse events

(AEs) in patients who received escalated BV dosing were periph-

eral neuropathy (63%, Gr2 13%), rash (50%, Gr2 25%), elevated

alanine aminotransferase (50%, all Gr1), hypertension (50%, all

Gr1), and arthralgia (50%, Gr2 13%). No patients who had BV

dose-escalation converted to CR. The overall best response rate

was 85% (17/20) and the CR rate was 55% (11/20). One patient

with PR after two cycles who underwent BV dose-escalation had

PD at the EOT response assessment. Similarly, a patient in CR

after two cycles who received two additional cycles of standard

dose BV had PD at EOT.

In total, eight patients received salvage combination chemo-

therapy after BV, and the overall best response rate to post-BV

chemotherapy was 88% and CR rate was 50%. Eighteen (90%)

cohort 2 patients (18/20) successfully proceeded to AHCT, with

14 in CR and 4 in PR at the time of AHCT. Of the two patients

who did not undergo AHCT, one underwent allogeneic hemato-

poietic cell transplantation (alloHCT) after receiving multiple

subsequent lines of therapy and one patient had initial PR follow-

ing subsequent salvage therapy but had PD before AHCT and

was not responsive to subsequent treatments (supplemental

Figure S1, available at Annals of Oncology online).
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Final response data in entire cohort

In total, 57 patients were accrued to cohorts 1 and 2, and 56 were

evaluable for efficacy. The baseline characteristics for all enrolled

patients are listed in Table 1. The overall best response rate to

second-line BV was 75% (42/56) and CR rate was 43% (24/56).

Response rates were identical regardless of the response criteria

utilized. Across both cohorts, 28 patients required additional che-

motherapy after BV. The overall best response rate to chemother-

apy in these patients was 86% (24/28) and the CR rate was 50%

(14/28). Univariate and multivariable logistic regression models

were used to assess the possible association between clinical char-

acteristics (Table 1) and need for post-BV salvage chemotherapy.

Patients with poorer performance status (Karnofsky� 80) [odds

ratio (OR) 4.76, 95% confidence interval (95% CI): 1.19–19.08,

P¼ 0.028] were more likely to receive additional chemotherapy

after BV. A lack of prior radiation therapy during initial treat-

ment was associated with need for post-BV chemotherapy in uni-

variate analyses, but was not significant in multivariate analyses

(OR: 3.80, 95% CI: 0.92–15.73, P¼ 0.066).

Outcomes in all patients who underwent AHCT

Overall, 50 (88%) of 57 enrolled patients proceeded to AHCT

after receiving second-line BV. Of the six evaluable patients who

did not undergo AHCT, three patients ultimately proceeded to

alloHCT and three patients were refractory to other salvage thera-

pies. Twenty-eight patients (56%) proceeded directly to AHCT

without post-BV chemotherapy, including one patient who

received consolidative radiotherapy before AHCT. The remain-

ing 22 patients (39%) received additional salvage chemotherapy,

and only one patient required more than one type of salvage ther-

apy regimen (supplemental Figure S2, available at Annals of

Oncology online). Aside from the one patient, no other patients

received pre-AHCT consolidative radiotherapy. Baseline charac-

teristics of the patients who underwent AHCT are described in

Table 1. Fifty-eight percent of patients had primary refractory

disease after induction therapy and 80% of patients had bulky

disease (defined here as >5 cm) at diagnosis. Thirty-seven

patients (74%) were in CR, 12 (24%) were in PR, and 1 patient

had SD at the time of AHCT. Following AHCT, seven patients

underwent post-AHCT consolidative radiotherapy, two patients

received consolidative BV, one patient received consolidative

radiotherapy and BV, and three patients received consolidation

with a PD-1 inhibitor as part of an investigational protocol.

Stem cell mobilization and collection information and engraft-

ment data for cohort 1 were reported previously [10], and

the findings in cohort 2 were similar. Among the cohort 2

patients, median cell dose collected was 7.96� 106 CD34 cells/kg

(range, 2.77–30.5), median time to neutrophil engraftment was

11 days (range, 10–12), and platelet engraftment was 17 days

(range, 14–24).

The median follow-up time in the cohort was 25.5 months

(range, 0.2–58.9) in all patients, and 26.5 months (range, 3.9–

58.9) in survivors. The 2-year PFS and OS in all patients who

underwent AHCT were 66.8% (95% CI: 51.5–78.2) and 93.3%

(95% CI: 80.2–97.8), respectively (Figure 1A and B). The 2-year

nonrelapse mortality was 4.0% (95% CI: 1.0–15.6), and the rate

of relapse/PD was 29.2% (95% CI: 18.8–45.6). Among patients in

Table 1. Baseline characteristics of patients in PET-adapted BV escalation
cohort (N 5 20), all patients enrolled onto study (N 5 57), and all
patients who underwent AHCT (N 5 50)

Variable PET-adapted
BV escalation
cohort
(N 5 20)

All
patients
(N 5 57)

All AHCT
patients
(N 5 50)

n (%) n (%) n (%)

Patient gender
Female 12 (60) 29 (51) 24 (48)
Male 8 (40) 28 (49) 26 (52)

Median age in years (range) 25 (15–57) 32 (11–67) 31 (11–59)
KPS at enrollment

70 0 (0) 2 (3) 1 (2)
80 4 (20) 14 (25) 10 (20)
90 9 (45) 28 (49) 26 (52)
100 7 (35) 13 (23) 13 (26)

Stage at diagnosis
I 1 (5) 2 (4) 2 (4)
II 9 (45) 27 (47) 24 (48)
III 7 (35) 11 (19) 9 (18)
IV 3 (15) 17 (30) 15 (30)

B symptoms at diagnosis
No 3 (15) 14 (25) 13 (26)
Yes 12 (60) 35 (61) 29 (58)
Unknown 5 (25) 8 (14) 8 (16)

Bulky disease at diagnosis
No 4 (20) 9 (16) 9 (18)
Yes 15 (75) 47 (82) 40 (80)
Unknown 1 (5) 1 (2) 1 (2)

Bone marrow involvement at diagnosis
No 13 (65) 42 (74) 37 (74)
Yes 4 (20) 8 (14) 7 (14)
Unknown 3 (15) 7 (12) 6 (12)

Initial treatment regimen
ABVD 17 (85) 51 (89) 44 (88)
ABVEþPC 3 (15) 4 (7) 4 (8)
ABVD/BEACOPP 0 (0) 2 (5) 2 (4)

Prior radiation therapy
No 15 (75) 43 (75) 36 (72)
Yes 5 (25) 14 (25) 14 (28)

Relapsed or refractory status
Relapsed 8 (40) 22 (39) 21 (42)
Primary refractory 12 (60) 35 (61) 29 (58)

Disease status at AHCT
CR 37 (74)
PR 12 (24)
SD 1 (2)

Conditioning regimen
BEAM 33 (66)
CBV 9 (18)
Y90-labeled anti-CD25/BEAM 7 (14)
BeEAM (Be ¼ bendamustine) 1 (2)

AHCT, autologous hematopoietic cell transplantation; CR, complete
response; PR, partial response; SD, stable disease; CBV, carmustine, cyclo-
phosphamide, and etoposide; BEAM, carmustine, etoposide, cytarabine,
melphalan; Y90, yttrium-90; PET, positron-emission tomography; BV,
brentuximab vedotin; KPS, Karnofsky Performance Status.
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CR at the time of AHCT (n¼ 37), 2-year PFS was 70.9% (95%

CI: 52.4–83.3) as compared with 53.8% (95% CI: 24.8–76.0) in

patients who were not in CR (P¼ 0.12, Figure 1C). Patients who

achieved CR with BV alone and proceeded directly to AHCT

(n¼ 23), had a 2-year PFS of 77.8% (95% CI: 54.6–90.1).

Patients who did not have a CR with BV, but achieved CR after

receiving additional therapy (n¼ 14) had a 2-year PFS of 60.2%

(95% CI: 28.8–81.3). Patients not in CR (n¼ 13) at the time of

AHCT had a 2-year PFS of 53.8% (95% CI: 24.8–76.0, three-way

P¼ 0.25, Figure 1D).

Among all 27 patients who proceeded directly to AHCT after

receiving BV alone, including 4 patients in PR, the 2-year PFS was

77.4% (95% CI: 56.5–89.2) when compared with 57.0% (95% CI:

33.4–75.0) in patients (n¼ 22) who received post-BV chemother-

apy (P¼ 0.15, Figure 1E). Although the number of patients is

small (n¼ 4), the 2-year PFS in patients who proceeded to AHCT

in PR after BV alone was 75% (95% CI: 13–96). In a univariate

Cox model, there were no baseline characteristics significantly

associated with post-AHCT PFS or OS, therefore no multivariate

analyses were performed. In the subset of patients with CD68
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Figure 1. (A) Progression-free survival (PFS) in all patients treated with second-line brentuximab vedotin (BV) who underwent autologous
hematopoietic cell transplantation (AHCT). (B) Overall survival in all patients treated with second-line BV who underwent AHCT. (C) Post-
AHCT PFS in patients who were in complete remission (CR) at the time of AHCT compared with patients not in CR at the time of AHCT. (D)
Post-AHCT PFS in patients who achieved CR after BV alone compared with patients who entered CR with BV followed by chemotherapy com-
pared with patients not in CR at the time of AHCT. (E) Post-AHCT PFS in patients who received BV alone compared with patients who
received BV followed by chemotherapy before AHCT.
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testing available (n¼ 23), CD68 expression was not prognostic

for post-AHCT outcome (P¼ 0.66, data not shown).

Discussion

In our study of second-line BV in patients with rel/ref cHL, we

demonstrate that limited duration BV dose-escalation is tolerable

and that BV is an effective first salvage therapy and bridge to

AHCT with acceptable post-AHCT outcomes. In the small num-

ber of patients who underwent BV dose-escalation, no signal of

increased toxicity was observed compared with patients treated

with standard doses of BV. However, BV dose-escalation did not

convert any patients from PR/SD to CR and there was a PD event

in a patient receiving dose-escalated BV. BV dose-escalation is

not a recommended approach.

Using an initial regimen of BV alone, a high proportion of

patients proceeded to AHCT (88%). Similar to the findings by

Moskowitz et al. [11], the overall 2-year post-AHCT PFS (67%)

and OS (93%) observed in the cohort were excellent. In univari-

ate and multivariate models, poorer performance status was asso-

ciated with a higher likelihood of requiring post-BV salvage

chemotherapy. There were no factors significantly associated

with post-AHCT outcomes. Patients in a PET-negative CR at the

time of AHCT, achieved either with BV alone or with BV plus

additional salvage therapy, had higher a rate of 2-year post-

AHCT PFS, though not significantly so. Although the result was

not statistically significant likely due to the small number of

patients not in CR at the time of AHCT, the trend we observed is

consistent with the known prognostic value of pre-AHCT PET

on post-AHCT outcomes [14–19]. Our analysis of predictive fac-

tors differs from the findings reported by Moskowitz and col-

leagues, who found no factors significantly associated with

response to second-line BV, but observed that pre-AHCT PET

was significantly associated with AHCT outcome in their cohort.

The differences are likely due to the relatively small sizes of the

cohorts.

Notably, traditional salvage chemotherapy was avoided before

AHCT in half of the patients treated with a second-line BV

approach. These patients were able to avoid inpatient admissions

for the administration of chemotherapy, treatment-related cyto-

penias, transfusions, and other organ toxicities associated with

combination salvage chemotherapy. Additionally, high doses of

chemotherapy are associated with late organ and bone marrow

toxicity, and secondary malignancies, so although these patients

ultimately received high-dose chemotherapy as part of their

AHCT conditioning regimen, there is theoretical benefit to hav-

ing received less chemotherapy overall. We have not yet observed

any post-AHCT secondary malignancies in our cohort, but the

current follow-up time is not sufficiently long and there is no

control group with which to make any comparison. A striking

finding is the favorable post-AHCT 2-year PFS (77%) in patients

who proceeded to AHCT after BV alone. It is important to note

that the median follow-up time after AHCT in our study is only

�26 months. However, in patients treated with standard salvage

chemotherapy, the great majority of post-AHCT relapses occur

within 2 years [10]. Thus far, there does not appear to be an

increase in post-AHCT relapse in patients who received BV alone

before AHCT. These results suggest that the depth of response

achieved with second-line BV alone appears comparable with a

chemotherapy-induced remission, and appears to be of sufficient

depth to provide durable remission in conjunction with AHCT.

In patients who required additional therapy after second-line

BV, the delay of traditional salvage chemotherapy did not appear

to impact the response rate to subsequent chemotherapy (86%

ORR, 50% CR). It might have been expected that the population

of patients who failed or had an insufficient response to second-

line BV might have been a particularly high risk group selected

for resistance to therapy. However, among patients who pro-

ceeded to AHCT after receiving additional post-BV salvage che-

motherapy, the delay of chemotherapy did not appear to

negatively impact the overall post-AHCT PFS. Overall, only four

patients (7% of overall cohort) were unresponsive to subsequent

salvage chemotherapy. Our findings suggest that patients who

require additional therapy after second-line BV are readily sal-

vaged with third-line chemotherapy and chemosensitive patients

have acceptable post-AHCT outcomes.

Although our findings are promising, the prognostic impor-

tance of PET-negativity before AHCT mandates further improve-

ment to the second-line therapy CR rate to achieve the goal of

supplanting combination salvage chemotherapy as the standard

of care. However, our findings and those of Moskowitz and col-

leagues [11] demonstrate the plausibility of studying alternative,

nonchemotherapy-containing second-line salvage regimens and

support the ongoing development of BV-based salvage therapy

approaches. There is an ongoing study evaluating second-line BV

plus nivolumab, which has demonstrated promising tolerability

and efficacy in preliminary analyses [20]. In addition, other trials

have demonstrated high response and CR rates when BV has

been added to traditional salvage chemotherapy, including stud-

ies adding BV to etoposide, methylprednisone, cytarabine, and

cisplatin (ESHAP), dexamethasone, cytarabine, cisplatin

(DHAP), or bendamustine [21–23]. Although BV-based combi-

nation regimens have produced higher CR rates, a BV-first

sequential approach as reported here and by Moskowitz and col-

leagues [11] allowed many patients to avoid chemotherapy before

AHCT. This may be an especially desirable approach in older

patients and patients with comorbidities who may be able to bet-

ter tolerate second-line BV rather than salvage chemotherapy fol-

lowed by AHCT. Finally, it should be noted that our study only

included patients who were naı̈ve to BV. If BV ultimately

becomes a part of front-line therapy, additional studies will be

necessary to understand the role of BV-based salvage therapy in

patients with prior BV exposure.

Conclusion

In summary, our study demonstrated the tolerability of PET-

adapted BV dose-escalation and the encouraging post-AHCT

outcomes after second-line BV in patients with transplant-

eligible rel/ref cHL. It is notable that half of the patients who were

enrolled and treated with a second-line BV approach were able to

proceed directly to AHCT, avoiding traditional combination che-

motherapy without sacrificing efficacy. Reducing total chemo-

therapy exposure may have long-term benefits for a population

of primarily young patients, potentially minimizing long-term

risk of organ toxicity and secondary cancers. Although not a cur-

rently FDA-approved indication for the use of BV, our findings
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support the use of BV as second-line therapy of rel/ref cHL and

continued study of salvage regimens that incorporate novel

agents.
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