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Abstract

Background: Recurrent or refractory (R/R) classical Hodgkin lymphoma (CHL) may be cured 

with multiagent salvage chemotherapy followed by autologous stem cell transplant. The aim 

of this study is to determine the safety and efficacy of dose dense (DD) brentuximab vedotin 
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(BV) combined with ifosfamide, carboplatin, and etoposide (ICE) chemotherapy in second line 

treatment of CHL.

Methods: We conducted a single-arm, open-label phase 1/2 study of DD-BV-ICE. BV was 

delivered on days 1 and 8 at either 1.2 or 1.5 mg/kg IV (capped at 150 mg) with standard dosing of 

ICE on days 1–3 for two cycles. The primary endpoint was to determine the recommended phase 2 

dose (RP2D) and complete response (CR) rate in response-evaluable patients after 2 cycles with a 

pre-specified target of 78%.

Findings: Between October 16, 2014 and February 10, 2020, we enrolled 45 patients with 

a median age of 31 (range 20–60). The RP2D dose was determined to be BV 1.5 mg/kg 

IV. Objective responses and CRs occurred in 91% and 74% among all 43 efficacy evaluable 

patients. Grade 3–4 hematologic toxicity was common, including neutropenia (33, 73%), anemia 

(6, 13%), and thrombocytopenia (36, 80%). Grade 3–4 non-hematologic toxicity included febrile 

neutropenia/sepsis (6, 13%), elevated ALT (5, 11%), hyperglycemia (3, 7%), pulmonary embolism 

(2, 4%), and elevated AST (2, 4%). There was one (2%) on treatment death due to multi-system 

organ failure. Serious adverse events were seen in 14 (31%) of patients.

Interpretation: DD-BV-ICE is a rapid and active salvage regimen for R/R CHL patients despite 

a CR rate just under the pre-specified target. Efficacy results are comparable to previously 

presented BV-chemo salvage combinations delivered over significantly longer durations.

Introduction

Classical Hodgkin lymphoma (CHL) is highly curable with frontline combination 

chemotherapy with or without consolidative radiotherapy. Success rates range from 85–90% 

in early-stage patients(1, 2), to 75–80%(3–5) in advanced stage patients. Patients requiring 

second-line therapy may still be cured with multiagent salvage chemotherapy followed by 

autologous stem cell transplant (ASCT)(6–8). However, up to half of patients will remain 

refractory to chemotherapy or relapse after ASCT. The likelihood of long-term remission 

following ASCT for relapsed/refractory (R/R) CHL is predicted by complete metabolic 

response to pre-ASCT salvage therapy(9). Importantly, patients with primary refractory 

CHL appear to have lower success rates with standard salvage approaches, and improved 

combination regimens are needed.

The anti-CD30 antibody-drug conjugate brentuximab vedotin (BV) is highly active as 

monotherapy in relapsed/refractory CHL. In a pivotal study, patients with CHL who relapsed 

after ASCT had an overall response rate (ORR) of 75%, and a CR rate of 34% occurring 

at a median of 12 weeks (10). However, the median PFS was 5.6 months, indicating that 

these responses were not durable in most patients without additional therapy(11). This 

has led to the study of BV sequentially or in combination in a variety of CHL treatment 

settings, including as first salvage. BV has been previously studied in CHL sequentially with 

ICE (ifosfamide, carboplatin, etoposide)(12) and in combination with bendamustine(13), 

ESHAP (etoposide, methylprednisolone, cytarabine, and cisplatin)(14), and nivolumab(15). 

Unfortunately, none of the published studies evaluated strategies to safely escalate the 

cumulative BV doses concurrently with standard chemotherapy to rapidly maximize the CR 

rate. While early results of BV in combination with ICE for first salvage chemotherapy 

Lynch et al. Page 2

Lancet Haematol. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in CHL has been presented in abstract form(16), there is no currently published data 

on concurrent BV with ICE chemotherapy, particularly in a patient population who have 

exclusively received ABVD or ABVD-like primary chemotherapy.

We hypothesized that concurrent therapy with dose-dense BV and 2 cycles of ICE would 

be safe, efficient, and produce high CR rates necessary for superior outcomes after ASCT. 

Herein we present the results of a phase I/II study of BV in combination with ICE as second 

line therapy for relapsed/refractory CHL.

Methods

Study Design and Participants

This was a prospective, single-arm, open-label phase 1/2 study. Patients age 18 or older with 

a diagnosis of first relapse or primary refractory CHL after one prior line of therapy. Prior 

consolidative radiation as part of frontline combined modality therapy was allowed. Patients 

were required to have at least one FDG-avid measurable site of at least 1 cm in longest axis. 

Additional inclusion criteria included Eastern Cooperative Oncology Group performance 

status 0–1 (performance status of 2 was allowed if due to underlying lymphoma). Adequate 

organ function was required as defined by absolute neutrophil count (ANC) ≥ 1,500/μL, 

platelets ≥ 100,000/μL, serum creatinine < 1.5 mg/dL or creatinine clearance > 60 mL/min, 

total bilirubin < 2 times upper limit of normal (unless due to Gilbert’s syndrome), AST/ALT 

< 2.5 times upper limit of normal. Key exclusion criteria included known diagnosis of HIV, 

pregnant/nursing women, prior malignancies within 5 years, evidence of CNS lymphoma, 

prior receipt of brentuximab vedotin, peripheral neuropathy grade > 1, pelvic radiation 

within 12 months, chemotherapy within 3 weeks, and other medical conditions that would 

contraindicate an aggressive chemotherapy regimen.

The phase 1 portion of the study was designed to determine the safety and tolerability of the 

study combination with a primary endpoint to determine a maximum tolerated dose (MTD) 

of BV to be administered with ICE chemotherapy. This portion was conducted with a “3+3” 

design with a starting dose level 1 of BV 1.2 mg/kg on days 1 and 8.

This was a single center study conducted at the University of Washington/Seattle Cancer 

Care Alliance in accordance with the Declaration of Helsinki and approved at the local 

institutional review board. Written informed consent was obtained from each patient prior to 

enrollment.

Procedures

Study treatment consisted of two cycles (cycle length 21 days) of combination therapy 

of BV with ICE chemotherapy. The administration schedule for each cycle included ICE 

administeration as an inpatient on days 1–3 according to previously published dosing 

(ifosfamide 5 g/m2 with equal amounts of mesna infused over 24 hours on day two, 

carboplatin area under the curve (AUC) 5 on day 2, and etoposide 100 mg/m2 on days 

1–3). BV was administered as an inpatient on day 1 and outpatient on day 8 (Supplementary 

figure 2).
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Subsequent cycles of therapy could not begin until the ANC was ≥ 1,000/μL, platelets 

≥ 50,000/μL, with normal liver and kidney function as defined by the inclusion criteria. 

Treatment could be delayed for up to 3 weeks for toxicity, after which the patient would be 

removed from protocol treatment.

Growth factors (filgrastim, pegfilgrastim or equivalent) were mandated by the protocol. 

Antiemetics and prophylactic antibiotics were administered at investigator discretion per 

institutional standard of care. Hematopoietic stem cell mobilization and collection was 

permitted during cycle 2. Details and timing of mobilization and collection were deferred to 

the investigator per institutional standard of care. While it was anticipated that most patients 

would proceed with high-dose therapy and ASCT following completion of two cycles of 

study therapy, patients could go on to receive other therapy at the discretion of the treating 

physician. However, BV was no longer provided by the study after 2 cycles. In addition, 

post-ASCT maintenance therapy was optional and could be administered per institutional 

standard of care.

A status report including accrual, adverse events, and death information was reviewed by 

the Fred Hutchinson Cancer Research Center (FHCRC) data safety monitoring committee 

annually. In addition, the study was monitored regularly by the FHCRC Clinical Research 

Support office.

Exploratory studies were done to evaluate the microenvironment. Immunohistochemical 

(IHC) evaluation was performed in the University of Washington IHC laboratory on 

paraffin embedded tissue sections treated with antibodies to CD68, granzyme B, and 

CD20 (molecules previously shown to correlate with outcomes in CHL(18–20)) using an 

automated staining technique as described previously(21). Cells staining for CD68 and 

granzyme B were counted by JRF in least two representative high-power fields (tumor cell 

areas; at least 500 cells counted) and the percentage of positive cells as a fraction of overall 

cellularity was calculated. Fraction of cells staining for CD20 was estimated at low and 

medium power.

Paraffin-embedded biopsy specimens were analyzed for identifiable IgH or IgK sequences 

which were analyzed in peripherals blood samples at baseline, post-cycle 2, and post 

ASCT. DNA was extracted and analyzed by Adaptive Biotechnologies similar to previously 

published methods(22).

Outcomes

The primary endpoints of the study were to determine the RP2D of BV in combination with 

ICE and to determine the CR rate after completion of 2 cycles of therapy.

Secondary endpoints include safety, peripheral blood stem cell (PBSC) yield, progression­

free survival (PFS), overall survival (OS), and correlative biomarkers. Additional post-hoc 

descriptive analyses include stratification of PFS by primary-refractory (defined as never 

achieving a CR to primary therapy or relapse within 3 months) vs. non-primary refractory as 

well as ASCT vs. no ASCT.
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Statistical design

The highest potential dose tested was dose level 2 of BV 1.5 mg/kg on days 1 and 8. 

It was estimated that 9–12 patients would be needed to complete the phase 1 portion. A 

dose-limiting toxicity (DLT) was defined as any non-hematologic grade 4 or 5 adverse event 

(excluding asymptomatic grade 4 laboratory abnormalities), grade 3 or higher peripheral 

neuropathy, treatment delay of > 3 weeks following cycle 1 due to prolonged recovery from 

observed toxicity, or inability to complete one full cycle of therapy due to toxicity. All 

enrolled patients were evaluated for safety.

Once the MTD of BV was determined, enrollment was continued with a phase 2 expansion 

cohort to further evaluate the efficacy of this combination by treating a minimum of 36 

additional patients. The primary endpoint of this portion of the study was complete response 

(CR) rate after two cycles of DD-BV-ICE. If the true CR rate of DD-BV-ICE is 78%, this 

would provide 80% power to detect a statistically-significant increase in the CR rate from an 

historical rate of 60%(9) based on a one-sample chi-square test with a one-sided significance 

level of 5%. Analyses of secondary endpoints were primarily descriptive. Patients who 

completed study therapy and an end of treatment response assessment were evaluable for 

response, including patients who had dose interruptions or modifications due to toxicity. 

Statistical software R version 3.6.0 was used for analyses using packages dplyr, survival, and 

survminer.

Responses were determined using the 2007 Revised Response Criteria for Lymphoma 

(Cheson et al.)(17) after completion of up to two cycles of study therapy. Additional imaging 

was not required by the protocol either before or after ASCT but could be performed per the 

discretion of the investigator. Safety assessments were performed at baseline and on day 1 

and 8 of each cycle. Adverse events (AEs) were monitored through study therapy until an 

end of treatment visit approximately 30 days after last dose of study therapy or initiation of 

additional anticancer therapy (whichever was earlier). AEs were graded and defined using 

the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) 

version 4.0. This study was registered with clinicaltrials.gov (#NCT02227199).

Role of the funding source

The study was designed by the investigators of the study with input from Seagen, Inc. The 

investigators were responsible for the implementation of the study, data collection, analysis, 

and interpretation of the data. All authors had full access to the data in the study and accept 

responsibility to submit for publication. The draft manuscript was composed by the first 

author and corresponding author and all authors contributed to reviewing and editing the 

final manuscript. Seagen, Inc was not directly involved in the decision to publish this data 

or in the process of drafting of the manuscript, but were provided a copy of the manuscript 

prior to submission which led to minor edits for clarification.

Results

Forty-five patients were enrolled between October 16, 2014 and February 10, 2020. Three 

patients consented but were not enrolled due to patient decision, no confirmation of relapse, 

Lynch et al. Page 5

Lancet Haematol. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT02227199


and worsening performance status. Enrollment ended after planned accrual goals were 

met. Patient disposition including response to therapy, receipt of ASCT, and additional 

lymphoma-directed therapy are outlined in figure 1. Median age was 31 (range 20–60). 

Nearly all patients (44, 96%) received ABVD with or without omission of bleomycin by 

the end of frontline therapy. Overall, 29 patients (64%) had primary refractory disease. 

Thirty-eight patients (84%) were at high risk of relapse with at least one of the criteria 

outlined in the AETHERA trial(23, 24) that included inability to achieve CR with primary 

therapy (15, 33%), remission duration of < 1 year (37, 82%), and extranodal sites at relapse 

(11, 24%). Several patients had multiple AETHERA risk factors, including 15 (33%) with 2 

risk factors, and 5 (11%) with 3 risk factors. Additional patient characteristics are outlined in 

table 1.

In the phase 1 portion of the study, the first 3 patients were treated with BV at dose level 

1 of 1.2 mg/kg without any DLTs. Only 1 of the next 6 treated with BV dose level 2 of 

1.5 mg/kg experienced a DLT. Therefore 1.5 mg/kg was determined to be the MTD and 

recommended phase 2 dose. An additional 36 patients (for an overall total of 42 at the phase 

2 dose) received at least one cycle of the combination therapy.

Most patients (41/45, 91%) completed both cycles of therapy. One patient experienced grade 

5 multi-system organ-failure during cycle 1 that was considered treatment-related. One 

patient was removed from protocol due to non-compliance, and two patients omitted cycle 2 

due to toxicity (grade 4 sepsis, grade 3 Sweet syndrome attributable to G-CSF). Two patients 

received both cycles of ICE but omitted at least one dose of BV due to toxicity. Cycle 2 

was delayed in 13/41 (32%) of the remaining patients by a median of 7 days (range 6–17) 

due to toxicity, primarily elevated transaminases (10/13, 77%). Nearly all (44/45, 98%) 

patients experienced at least one treatment emergent adverse event (TEAE). Serious adverse 

events (SAE) were experienced by 14 (31%) patients. Peripheral neuropathy was common 

(16/45, 36%), but grade 2 or higher peripheral neuropathy was rare (3/45, 7%). Grade 

3–4 hematologic toxicity was common, including neutropenia (73%), anemia (6, 13%), and 

thrombocytopenia (36, 80%). Other grade 3–4 non-hematologic toxicity included febrile 

neutropenia/sepsis (6, 13%), elevated ALT (5, 11%), hyperglycemia (3, 7%), pulmonary 

embolism (2, 4%), and elevated AST (2, 4%). Additional information on adverse events is 

provided in table 3.

Forty-three patients were evaluable for efficacy (including two patients who did not receive 

cycle 2 due to toxicity but were evaluable for response). Overall response to combination 

therapy is outlined in table 2. Overall response rate (ORR) and CR for all enrolled patients 

were 91% (95% CI 77.9–97.4%) and 74% (95% CI 58.8–86.5%), respectively. This CR rate 

was below the pre-specified CR target of 78%. Several post-hoc analyses were performed, 

and among the primary refractory patients, ORR and CR were 86% and 68%, respectively. 

ORR and CR were calculated for patients stratified by early stage (93%, 82%) vs. advanced 

stage (88%, 63%) at enrollment, respectively. Among 14 response-evaluable patients who 

never achieved a CR to primary therapy, 9 (64%) achieved a CR with DD-BV-ICE. A 

waterfall plot of responses to therapy is illustrated in supplemental figure 1.
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Among the 43 patients who completed study therapy, 37 ultimately proceeded with ASCT. 

Some of these patients received additional chemotherapy at the discretion of the clinician 

or transplant physician prior to ASCT with the goal of deepening the clinical response or 

bridging prior to transplant. Post study treatment responses among these 8 patients who 

received additional treatment include 3 in CR, 3 with a partial response (PR), and 2 with 

stable disease (SD). All these patients had reduction in tumor volume with study therapy. 

In addition, 5 of 8 of these patients received only one additional cycle of chemotherapy 

prior to proceeding with ASCT. Among the 6 patients who did not receive an ASCT, 

two patients were in CR but did not have adequate social support for ASCT. Another 

two patients declined ASCT after completion of study therapy. One patient progressed 

after study treatment but was lost to follow up. This left only one patient who was truly 

chemorefractory and therefore unable to proceed with ASCT. Additional detail is outlined in 

Figure 1.

We collected information on peripheral blood stem cell (PBSC) mobilization for all patients 

who had this performed at our center. This included patients who ultimately did not proceed 

with ASCT but excluded patients with personal or financial reasons for receiving their 

ASCT outside of our institution. We obtained information on collection for 36 patients, 

of whom 30 (83%) were able to collect at least 5 × 106 CD34+ cells/kg. ASCT was still 

performed in 5 of 6 (83%) of the remaining patients, with the other patient ultimately not 

proceeding with ASCT due to inadequate social support and not because of inadequate cell 

collection. Only 5 of 36 (14%) patients received plerixafor during PBSC mobilization. One 

patient required a second collection, with both collections being performed with growth 

factors (GCSF) and plerixafor. BEAM (carmustine, etoposide, cytarabine, melphalan) was 

the most common conditioning regimen (81%), followed by total body irradiation (TBI) + 

cyclophosphamide (11%), TEAM (thiotepa, etoposide, cytarabine, melphalan) (3%), TMB 

(thiotepa, melphalan, busulfan) (3%), and one patient (3%) with an unknown conditioning 

regimen. Median time from end of treatment PET to ASCT was 21 days (range 9–111 days). 

All patients successfully engrafted and the engraftment dates were available for 33 patients. 

Median time to neutrophil and platelet engraftment were 14 and 10 days, respectively.

Additional anti-lymphoma therapy (including maintenance) for patients achieving a 

remission was not mandated per protocol and decisions were left to the individual 

treating physician. Most patients (23/37, 63%) received either consolidative radiation and/or 

maintenance systemic therapy. Most patients received BV monotherapy (19/37, 52%) for 

a median of 9 cycles (range 1–16). Most BV monotherapy maintenance patients (11/19, 

58%) discontinued maintenance due to toxicity. Two patients (5%) received 8 doses of BV 

+ nivolumab on a different trial protocol. Post ASCT radiotherapy was administered in 

2/37 (5%) patients, one of whom then went on to receive BV monotherapy maintenance. 

Among the 4 patients who did not receive an ASCT for either personal or social reasons, 

2 received additional chemotherapy as maintenance (one received BV + bendamustine, the 

other two additional cycles of ICE). Both of these patients remain in remission without any 

subsequent evidence of progression. Two other patients were in a CR after study treatment 

and have received no additional therapy and remain in remission 28 and 60 months after last 

chemotherapy treatment, respectively.
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With a median follow up of 3.1 years (IQR 1.7–4.1 years), the estimated 2-year OS and 

PFS were 97.8% (95% CI, 93.6–100%) and 80.4% (95% CI, 68.9–93.7%), respectively. 

Only two patients who were enrolled on the study subsequently died – one patient had 

a treatment-related death after cycle 1 of treatment, and another died over 2 years after 

treatment completion of complications related to secondary myelodysplastic syndrome and 

allogeneic transplant. There were no lymphoma-related deaths observed over the course 

of the study. In figure 2 we present Kaplan-Meier curves for both OS and PFS. We also 

stratified the PFS curves by all patients and those who received ASCT. The sample size as 

well as the ad hoc nature of this analysis precluded a formal analysis. However, the PFS 

curves for all patients was very similar to those who received an ASCT. Two of 8 patients 

who received additional therapy immediately following DD-BV-ICE and then went to ASCT 

eventually relapsed as compared to 3 of 29 who did not receive additional therapy.

Proportions of CD68+ macrophages, granzyme+ cytotoxic T cells, and CD20+ background 

B cells by immunohistochemistry from either initial diagnosis or at relapse specimens were 

similar between those who achieved CR and those who did not in the initial cohort of 27 

patients in the trial (Patients enrolled August 2014 to August 2017).

Analysis of the first 19 available paraffin-embedded biopsy specimens detected an 

identifiable immunoglobulin sequence in 9 (47%) of specimens. Only 1/14 (7%) of pre­

treatment peripheral blood specimens detected an identifiable sequence. No post-cycle 2 

(n=13) or post ASCT (n=3) peripheral blood specimens were able to detect an identifiable 

sequence.

Discussion

To our knowledge this is the first study to examine the safety and efficacy of concurrent BV 

combined with ICE chemotherapy in an almost exclusively ABVD or ABVD-like treatment 

CHL population and the first to evaluate high-cumulative doses of BV with short course 

chemotherapy with the goal to rapidly augment the CR rate in transplant eligible patients. 

This design was in part based on the observation from the initial pivotal trial of single agent 

BV that the cumulative doses at the median time to CR of 12 weeks were 5.4–7.2 mg/kg. 

Our phase II dose delivered 6mg/kg over 6 weeks. This regimen led to a high ORR and 

CR rate of 91% and 74%, respectively, in all evaluable patients despite the inclusion of a 

high proportion of patients at high risk of poor outcomes including nearly two-thirds of the 

patients with primary refractory disease (ORR and CR rates remained high at 86% and 68%, 

respectively). The majority of evaluable patients (37/43, 86%) proceeded with ASCT, with 

most patients achieving a durable remission.

The safety profile for dose dense concurrent BV-ICE was similar to previously published 

platinum salvage regimens with the exception of peripheral neuropathy and AST/ALT 

changes. Peripheral neuropathy was common, though grade 2 or higher peripheral 

neuropathy was rare (3/45, 7%). Lower rates of grade 2 or higher peripheral neuropathy 

is likely attributable to the limited duration of BV use (only 4 doses) with this regimen. 

We noted that most patients (89%) experienced an elevation in transaminases including 12% 

with grade 3 or higher elevation. This was reversible in all patients but did lead to treatment 
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delay of cycle 2 in 10/45 (22%) of patients based on protocol-specified hold parameters. 

One patient died from multisystem organ failure without a clear sign of infection which 

was possibly related to the treatment. Treatment-related deaths with platinum-based salvage 

are uncommon but have been described in previous publications for both Hodgkin and 

non-Hodgkin lymphomas(6, 14, 25, 26). We cannot rule out the role of BV in augmenting 

the known toxicity of platinum-based salvage. Fortunately, no other patients developed this 

syndrome while on study therapy. However, this illustrates the potential risks of an intensive 

regimen like DD-BV-ICE, and providers should have an in-depth discussion with patients 

on the risks and benefits of various salvage chemotherapy options in the context of age and 

other comorbidities. We do not feel there is sufficient data to support the use of this regimen 

in patients over age 60 as we did not enroll any subjects in this age group.

The prespecified CR target of 78% was based on an expected accrual of less than half with 

primary refractory disease or early relapse, and this study did not meet that target. However, 

the actual accrual suggested that patients and physicians preferentially referred their higher 

risk patients to this study. The regimen appeared very active across all patients though CR 

rates were numerically lower in primary refractory versus in non-primary refractory disease 

(69% vs. 87%), impacting top line results. While most patients were primary refractory 

(64%), the majority were also early stage at enrollment (62%). Direct statistical comparison 

is limited by small sample size, though these competing risk factors likely serve to balance 

the overall results.

While our primary endpoint was CR rate after completion of 2 cycles of DD-BV-ICE, 

we realize that the PFS and OS secondary endpoints are affected by downstream therapy 

including maintenance. Unfortunately, this has complicated several similar phase II studies 

for second line CHL treatment. A study with BV and bendamustine included 25 of 40 

patients that went on to receive BV maintenance(13). In an abstract of sequential nivolumab 

+ ICE(27), the authors noted that the majority of patients post-ASCT went on a separate 

BV + nivolumab maintenance study. While clean data would be ideal, these similar phase 

II studies in this setting suffer from similar challenges. We believe that transparency is 

important in order to guide cross study comparisons and allow for better counseling of 

patients, so we have shared all the available data relevant to these secondary endpoints.

Cross trial comparisons across other BV-based salvage regimens for CHL are also 

challenging due to differences in patient composition, definitions of efficacy evaluation, 

and treatment intent. Our results were based on only 2 cycles (6 weeks) of study treatment, 

the shortest such treatment prospectively evaluated. Other BV-based regimens including BV­

nivolumab(15), sequential BV-ICE(12), and BV-bendamustine(13) all allowed for treatment 

for up to 12–24 weeks depending on the study. While not available for review in manuscript 

form, a concurrent BV-ICE study from LYSA (The Lymphoma Study Association)(16) 

included nearly half of patients who had relapsed after BEACOPP and administered therapy 

over 3 cycles followed by a 4th cycle of BV alone. While we anticipate that prolonged use 

of DD-BV-ICE based on our study may not be well tolerated, it is likely that the CR rate 

would increase with additional cycles. It is notable that the small subset of patients in our 

study that did not go on to transplant had a similarly excellent outcome with no relapses 

to date, similar to the results by LaCasce and colleagues(28). In our opinion, these data are 
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sufficiently compelling to prospectively evaluate augmented salvage regimens in comparison 

to transplant.

We performed several correlative studies including IHC assessments CD68+ macrophages, 

granzyme+ cytotoxic T cells, and CD20+ background B cells as well as attempting to 

track tumor specific immunoglobulin sequences in peripheral blood. Unfortunately, our IHC 

analysis did not appear to correlate with outcomes, and we were unable to identify a unique 

immunoglobulin sequence in the vast majority of tumor samples that could be tracked 

in peripheral blood. Since the design of our study, circulating tumor DNA (ctDNA) has 

emerged as a potential prognostic marker in CHL(29), but our banked samples were not 

compatible to consider such an analysis.

There are several limitations to our study. First, patients were enrolled from a single 

institution with experience in delivering high-intensity treatments. Second, PFS endpoints 

may be confounded by subsequent therapies including transplant and maintenance. 

Importantly, late relapses were rare regardless of post study treatment and sustained 

remissions were achieved in >75% of patients. Since all patients had reduction in disease 

burden after DD-BV-ICE, we are unable to determine the role of BV maintenance in patients 

who received BV-based salvage.

In conclusion, dose-dense BV-ICE is a rapid, effective first salvage regimen for relapsed/

refractory CHL. Efficacy results seen in our study are comparable to previously published 

BV-chemo salvage combinations often delivered over longer durations with similar 

caveats of heterogenous post-study treatments/maintenance. The safety and efficacy profile, 

particularly in primary-refractory patients, supports its use in select patients with first 

relapse CHL.
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Refer to Web version on PubMed Central for supplementary material.
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Research in Context

Evidence before this study

At the time of the study design brentuximab vedotin (BV) given every 3 weeks had been 

approved in the United States for use in classical Hodgkin Lymphoma recurrent after 

autologous transplantation or in those who were transplant ineligible after 2 prior lines of 

therapy. Weekly dosing of single agent BV had also been published in 2012 showing that 

this approach was feasible and effective. The most commonly used second line regimen 

for HL at that time was ifosfamide, carboplatin, etoposide (ICE) achieving complete 

remissions (CR) in 50–60% of patients. We queried pubmed in October 2013 using 

search terms brentuximab vedotin, Hodgkin lymphoma and chemotherapy and found 

no results with BV-chemotherapy combinations. We hypothesized that combining ICE 

chemotherapy with dose-dense BV in the second line setting could safely and rapidly 

improve CR rates and lead to better post-transplant outcomes and, therefore, conducted 

this trial.

Added value of this study

This study provides the first prospective evidence that BV can be safely combined with 

the most commonly employed second line multi-agent chemotherapy regimen in the US 

for CHL as well as to our knowledge the only data indicating that weekly dose-dense 

administration with chemotherapy is feasible. Historical controls prior to the approval 

of brentuximab vedotin show a 50–60% complete response rate to second line therapy 

with ICE chemotherapy. Other combinations with PD1 inhibitors or chemotherapy that 

have been published since our study was designed suggest a CR rate of 60–74%. Our 

study demonstrated that dose-dense BV-ICE is a rapid-acting and highly effective salvage 

chemotherapy regimen with virtually all eligible patients ultimately proceeding with 

autologous transplant. High CR rates were also seen in primary refractory patients, which 

historically had inferior outcomes. This is the first dose-dense brentuximab combination 

salvage chemotherapy regimen for transplant-eligible patients

Implications of all the available evidence

These results provide an important, rapidly administered second line option for patients 

with relapsed/refractory HL and highlight the favorable results with high CR rates seen 

even in primary refractory patients with all the caveats of cross-trial comparisons. In 

the absence of randomized data, dose-dense BV-ICE may serve as an attractive salvage 

chemotherapy option, particularly for young, fit patients.
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Figure 1: Trial profile
HSCT =haematopoietic stem-cell transplantation. *Four patients received one cycle of 

brentuximab vedotin with ifosfamide, carboplatin, and etoposide; one patient received 

one cycle of ifosfamide, carboplatin, and etoposide; two patients received two cycles of 

gemcitabine, vinorelbine, and liposomal doxorubicin; and one patient received two cycles of 

brentuximab vedotin with bendamustine.
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Figure 2: 
(A) Overall survival in all patients and (B) progression-free survival in all patients versus 

those who received autologous haematopoietic stem-cell transplantation
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Table 1

Patient characteristics

Characteristic N = 45

Age, median (range) 31 (20–60)

Male, n (%) 16 (36%)

Stage at Diagnosis, n (%)

I 3 (7%)

II 24 (53%)

III 6 (13%)

IV 12 (27%)

Stage at Enrollment, n (%)

I 6 (13%)

II 22 (49%)

III 6 (13%)

IV 11 (24%)

Primary therapy received, n (%)

ABVD/AVD 43 (96%)

ABVE-PC 1 (2%)

Stanford V 1 (2%)

Prior consolidative radiotherapy, n (%) 8 (18%)

Baseline disease characteristics, n (%)

B symptoms at diagnosis 18 (40%)

Extranodal disease at diagnosis 12 (27%)

Spleen involved at diagnosis 7 (16%)

Response to frontline therapy, n (%)

Primary Refractory* 29 (64%)

Relapse 3–12 months after treatment completion 8 (18%)

Relapse > 12 months after treatment completions 8 (18%)

Relapse disease characteristics, n (%)

B symptoms at relapse 1 (2%)

Extranodal involvement at relapse 11 (24%)

Spleen involvement at relapse 4 (9%)

*
For patients with progression within 3 months, best response (including interim PET) to frontline therapy for patients with primary refractory 

disease includes: PD (1 patient), PR (14 patients), and CR (14 patients)

ABVD: Doxorubicin, bleomycin, vinblastine, dacarbazine

AVD: Doxorubicin, vinblastine, dacarbazine

ABVD/AVD: No patient received AVD alone. However, this group includes patients who received ABVD alone as well as those who initiated 
ABVD and subsequently omitted bleomycin and finished their primary treatment with AVD
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ABVE-PC: doxorubicin, bleomycin, vincristine, etoposide, prednisone, cyclophosphamide
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Table 2 –

Response at end of study therapy

Clinical response, n (%) [95% CI]

Characteristic CR PR SD PD ORR

Overall (n=43)
32 (74%)
[58.8–86.5%]

7 (16%)
[6.8–30.7%]

4 (9%)
[2.6–22.1%]

0 (0%)
[0–8.2%]

39 (91%)
[77.9%–97.4%]

Response to primary therapy

Primary refractory (n=28)
19 (68%)
[47.6–84.1%]

5 (18%)
[6.1–36.9%]

4 (14%)
[4–32.7%]

0 (0%)
[0–12.3%]

24 (86%)
[67.3–96%]

Relapse 3–12 months (n=8)
8 (100%)
[63.1–100%]

0 (0%)
[0–36.9%]

0 (0%)
[0–36.9%]

0 (0%)
[0–36.9%]

8 (100%)
[63.1–100%]

Relapse > 12 months (n=7)
5 (71%)
[29–96.3%]

2 (29%)
[3.7–71%]

0 (0%)
[0–41%]

0 (0%)
[0–41%]

7 (100%)
[59–100%]

ASCT

Yes(n=37)
3 (50%)
[11.8–88.2%]

1 (17%)
[0.4–64.1%]

2 (33%)
[4.3–77.7%]

0 (0%)
[0–45.9%]

4 (67%)
[22.3–95.7%]

No (n=6)
29 (78%)
[61.8–90.2%]

6 (16%)
[6.2–32%]

2 (5.4%)
[0.7–18.2%]

0 (0%)
[0–9.5%]

35 (95%)
[81.8–99.3%]
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