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Abstract

There remains no one standard induction for nodal-based peripheral T-cell lymphoma (PTCL). We 

conducted a phase II study of lenalidomide plus CHOEP as a novel induction strategy. Patients 

received CHOEP at standard doses in combination with 10 mg of lenalidomide on days one 

through ten of a 21-day cycle for six cycles of therapy followed by observation, high dose therapy 

with autologous stem cell rescue, or maintenance lenalidomide per provider preference. Among 39 

patients evaluable for efficacy, the objective response rate after six cycles was 69%, with complete 

response in 49%, partial response in 21%, stable disease in 0% and progressive disease in 13%. 

Thirty-two patients (82%) completed full induction and seven patients (18%) discontinued for 
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toxicity, primarily hematologic. Any grade hematologic toxicity occurred in over 50% of patients, 

with grade 3 or 4 febrile neutropenia occurring in 35% of patients despite mandated growth 

factors. With a median followup of surviving patients of 21.3 months, the estimated two-year 

progression-free and overall survival was 55% (95% CI 37%–70%) and 78% (95% CI 59%–89%), 

respectively. In sum, six cycles of lenalidomide plus CHOEP resulted in a modest response 

rate primarily due to hematologic toxicity which prevented all patients from completing planned 

induction.

INTRODUCTION:

Improvements in the initial treatment of peripheral T-cell lymphomas (PTCL) are 

needed. While initial responses to standard therapies, such as CHOP (cyclophosphamide, 

doxorubicin, vincristine, and prednisone) or CHOP plus etoposide (CHOEP) can be 

high, durable remissions are less frequent and long-term survival is unsatisfactory.1 As 

such, exploration of investigational induction regimens is warranted. Lenalidomide is an 

immunomodulatory agent with activity in PTCL.2,3 Accordingly, we performed a phase I/II 

evaluation of lenalidomide plus CHOEP in untreated, stage II-IV PTCL. The phase II results 

are presented here.

METHODS:

Design

In this multicenter phase I/II trial, adult patients with stage II-IV PTCL-NOS, 

angioimmunoblastic T-cell lymphoma (AITL), anaplastic lymphoma kinase-negative 

(ALK−) ALCL, ALK-positive ALCL (if International Prognostic Index [IPI] of 3–5), 

enteropathy-associated T-cell lymphoma, or hepatosplenic T-cell lymphoma were eligible. 

Patients were required to have absolute neutrophil count > 1000 cells/mm3 (unless 

cytopenias secondary to lymphoma), platelet count > 100,000/μL (or > 75,000/μL if bone 

marrow involvement by lymphoma or splenomegaly), serum creatinine < 2.0 mg/dL or 

calculated creatinine clearance > 45 mL/min, and aminotransferase levels ≤ 2.5 times the 

upper limit of normal (or ≤ 5 if hepatic involvement of lymphoma). No prior therapy was 

allowed except for prednisone. The study was registered as NCT02561273.

Treatment

The phase I portion was a 3 + 3 protocol to determine the maximum tolerated dose 

of lenalidomide in combination with CHOEP. Based on the phase I results, 10 mg of 

lenalidomide was chosen for the phase II portion. Lenalidomide was administered on days 

one through ten in combination with standard dose CHOEP. Therapy was administered 

for six planned cycles, with each cycle being 21 days. In responding patients after six 

cycles (complete or partial response), either high dose therapy with autologous stem cell 

rescue (HDT/ASCR) or maintenance lenalidomide (12 cycles of 10 mg for 21 days of a 

28-day cycle) were allowed based on physician preference. Mandatory prophylaxis with 

anticoagulation and growth factor was required.
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Assessments

Full staging with a bone marrow biopsy and positron emission tomography/computed 

tomography (PET/CT) was required. Response assessments occurred after two and six 

cycles of therapy; response category was defined as CR, partial response (PR), stable disease 

(SD), or progressive disease (PD) as per the Revised Response Criteria for Malignant 

Lymphoma. If baseline bone marrow was involved with lymphoma, documentation of 

clearance was required for a CR. Adverse event (AE) monitoring was performed using the 

National Cancer Institute Common Terminology Criteria for Adverse Events version 4.02.

Analyses

The primary objective was to evaluate the CR rate after six cycles. We hypothesized that six 

cycles would achieve a CR rate of 60% versus the null hypothesis of 40% in the intent-to-

treat population. According to a two-stage Simon optimum design and using a Type I error 

of 9% and power of 85%, 37 patients would be needed to evaluate our hypothesis (with 22 

patients needing to achieve CR). An interim analysis was planned after the first 19 patients 

treated at the MTD were evaluable for response, at which point at least 9 patients must 

have achieved CR to continue accrual. Key secondary endpoints included ORR and median 

progression-free (PFS) and overall survival (OS).

RESULTS:

Patients

Baseline characteristics are shown in Supplemental Table 1. Upon pathology review, one 

patient was re-classified as having Hodgkin lymphoma; therefore, while 40 patients were 

evaluable for toxicity, 39 patients were evaluable for efficacy (Supplemental Figure 1).

Efficacy

Thirty-two patients (82%) completed six cycles of lenalidomide-CHOEP induction, with 

seven patients (18%) discontinuing for toxicity. Response rates after six cycles are shown 

in Table 1. The ORR was 69% with CR in 49%—as such, the hypothesized CR rate of 

60% was not achieved. There was no difference in ORR by histology (p=0.97). After 

induction, 16 patients (41%) received HDT/ASCR, 10 patients (26%) received maintenance 

lenalidomide, and 1 patient (3%) was observed. Among the 32 patients who completed 

the full six cycles of induction, the ORR was 84% with a CR rate of 60%. There was no 

difference in ORR in those ≤ 60 or > 60 years (p=0.61) (Supplemental Table 2).

Safety

Safety data is shown in Supplemental Table 3. Over 50% of patients experienced any 

grade cytopenias. Grade 3/4 febrile neutropenia occurred in 38% of patients (n=15) despite 

mandated growth factor support. In those who discontinued due to toxicity, two discontinued 

after cycle one, one discontinued after cycle two, three discontinued after cycle three, and 

one discontinued after cycle four.
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Survival

With a median followup of surviving patients of 21.3 months, the estimated two-year PFS 

and OS was 55% (95% CI 37%–70%) and 78% (95% CI, 59%–89%), respectively (Figure 

1). By histology, two-year PFS for PTCL-NOS, AITL, and ALK− ALCL was 55% (95% 

CI, 29%–74%), 67% (95% CI, 38%–84%), and 25% (95% CI, 1%–67%) (p=0.38). By 

histology, two-year OS for PTCL-NOS, AITL, and ALK− ALCL was 75% (95% CI, 47%–

90%), 93% (95% CI, 59%–99%), and 37% (95% CI, 1%–81%) (p=0.16) (Supplemental 

Figure 2). Among those who completed induction and received maintenance lenalidomide 

(n=10), completed induction and underwent HDT/ASCR (n=16), completed induction and 

received neither maintenance nor HDT/ASCR (n=1), discontinued due to toxicity (n=7), 

or experienced progression of disease with induction (n=5), two-year PFS was 56% (95% 

CI, 20%−81%), 81% (95% CI, 52%–94%), 100% (95% CI, 100%–100%), 27% (95% 

CI, 1%–67%), and 0%, respectively (p<0.001) (Supplemental Figure 3). Similarly, OS 

varied significantly among these five groups (p=0.0093) (Supplemental Figure 4). There 

was no significant difference in survival in those who completed induction and received 

maintenance lenalidomide (n=10) versus HDT/ASCR (n=16) (Supplemental Figures 5 and 

6). Finally, there was no difference in PFS or OS in those ≤ 60 versus > 60 years 

(Supplemental Figures 7 and 8).

DISCUSSION:

There remains no one standard of care in the upfront management of nodal-based PTCLs. 

While responses to CHOP can be high, durability does not mirror respons.4 Accordingly, 

intensification with etoposide has been attempted. In non-randomized prospective and 

retrospective reports, adding etoposide to CHOP appears to improve response rates and 

event-free survival predominantly in younger patients, although OS benefits have not been 

demonstrated.5,6 In a recent analysis of over 1400 patients from the Netherlands Cancer 

Registry, CR rate was higher in those receiving CHOEP versus CHOP (60% versus 40%, 

p=0.02). However, there was no difference in OS when adjusting for age, subtype, IPI, and 

receipt of HDT/ASCR.6

Nevertheless, as CHOEP is one of the most active induction regimens, we used the CHOEP 

backbone to test lenalidomide addition in newly-diagnosed disease. This combination 

resulted in a modest ORR of 69% after six cycles. There was a high discontinuation 

rate due to adverse events, primarily hematologic. This combination failed to meet the 

prespecified expected CR rate of 60% after six cycles in the intent-to-treat population. 

In a previously reported phase II trial of lenalidomide plus CHOP in untreated patients 

with AITL, a complete metabolic response was observed in 41% of patients, below the 

prespecified expected rate of 55%.7 In our trial, response rates were predominantly affected 

by toxicity, and indeed, in those who actually completed induction (n=32), the ORR was 

84% with a CR rate of 60%. Etoposide adds considerable hematologic toxicity to CHOP, 

especially in older patients, as demonstrated in the NHL-B1 and NHL-B2 trials comparing 

CHOP versus CHOEP in patients with aggressive lymphoma.8 While lenalidomide has been 

safely combined with R-CHOP in diffuse large B-cell lymphoma,9 clearly the addition of 

lenalidomide to CHOEP in this trial resulted in additive toxicity and a high discontinuation 
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rate despite growth factors. Notably, in the aforementioned trial of lenalidomide plus CHOP 

in untreated AITL, excess hematologic toxicity was also observed.7 Potentially shorter 

courses of intensive therapy could be explored.

Attempts to incorporate active agents in upfront combinations for T-cell lymphoma have 

been challenging. The only regimen that shows a survival benefit over standard therapy in 

a randomized trial is brentuximab vedotin.10 However, two randomized phase III trials of 

alemtuzumab plus CHOP versus CHOP showed no increase in survival owing to increased 

toxicity.11,12 Similarly, a phase III trial comparing romidepsin plus CHOP versus CHOP 

failed to meet its primary endpoint of PFS,13 and a related phase II trial of romidepsin plus 

CHOEP and HDT/ASCR failed to meet a prespecified PFS.14 These trials demonstrate that 

the addition of an active agent to chemotherapy may not result in increased survival, though 

a critical distinction in the above examples is that alemtuzumab and romidepsin significantly 

increased toxicity compared to standard chemotherapy (which was not observed with 

BV-CHP). In our trial, lenalidomide added excess hematologic toxicity which prevented 

patients from actually completing induction. An ongoing randomized study (NCT04803201) 

is testing the addition of azacytidine15 or duvelisib to CHOP or CHOEP in untreated PTCL.

In conclusion, we report the phase II results of lenalidomide in combination with CHOEP in 

untreated, stage II-IV PTCL. This combination failed to reach the prespecified expected CR 

rate of 60% after six cycles. These findings were largely secondary to excess hematologic 

toxicity. Efforts to move active therapies forward in lines of therapy in T-cell lymphomas 

should prioritize agents with non-overlapping toxicity to chemotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Kaplan Meier estimates for PFS and OS.
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Table 1.

Response after Six Cycles.

Response1 Total
(n = 39)1

PTCL-NOS
(n = 19)

AITL 
(n = 16)

ALK− ALCL (n = 4)

Overall response, n (%)

 CR 19 (49) 9 (47) 7 (44) 3 (75)

 PR 8 (21) 3 (16) 5 (31) 0 (0)

 SD 0 (0) 0 (0) 0 (0) 0 (0)

 PD 5 (13) 3 (16) 3 (19) 0 (0)

 Discontinued for toxicity (prior to completion of six cycles) 7 (18) 4 (21) 2 (13) 1 (25)

Objective response rate, n (%) 27 (69) 12 (63) 12 (75) 3 (75)

1
Responses to induction are shown for patients evaluable for efficacy who completed six cycles of induction therapy.
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