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Diffuse large B-cell lymphoma (DLBCL) is curable in about 2/3 of patients with R-CHOP
immunochemotherapy. Risk stratification of DLBCL that employs the International
Prognostic Index (IP1) is a robust predictive prognostic model, developed more than two
decades ago and grouped patients into four categories with a 2-year survival of 34% in the
highest risk group(1). The revised IPI confirmed the prognostic ability of these factors in the
rituximab era, stratifying the outcome of patients using similar prognostic markers and
regrouping patients into 3 categories: patients with 3 or more risk factors had the worst PFS
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of 53% (2). Despite overall improvements with rituximab, the prognosis continues to remain
poor in patients with high risk features.

Lenalidomide is an oral immunomodulator with direct anti-tumor activity and indirect anti-
neoplastic actions through its immunologic effects. Our group and others previously showed
that len induces antiproliferative effects against lymphoma cell lines (3, 4). Increased
number and functional activity of NK cells were demonstrated in pre-clinical models treated
with len (5). The anti-tumor effects of len were augmented by rituximab associated
antibody-dependent cellular cytotoxicity (6).

We postulated that maintenance therapy may eradicate residual disease and prevent the
emergence of chemotherapy resistant disease clone. In this study we evaluated the role of len
monotherapy with or without rituximab following R-CHOP in patients with intermediate-
high to high risk DLBCL.

Adult patients with newly diagnosed DLBCL in complete remission after standard front line
therapy with R-CHOP chemotherapy with or without radiation with high or high-
intermediate risk IPI (>3 if age >60 years or >2 if age less than 60 years) were included in
the study. Patients were randomized to one of the two arms within 4-12 weeks of completing
chemotherapy or radiation.

Patients in arm A received len 25 mg daily, Days 1-21, followed by 7 days of rest (28-day
cycle). Cycles were repeated every 28 days for a total of 12 cycles. Patients in arm B
received len 20 mg daily, days 1-21, followed by 7 days rest (28-day cycle). Rituximab was
administered at a dose of 375 mg/m? intravenously on Day 8 of Cycle 1 of len and repeated
on Day 8 of odd numbered cycles (Cycles 1, 3,5, 7, 9, and 11) for a total of 6 doses from
randomization. Patients received thromboprophylaxis with aspirin unless they required
treatment for known thrombosis. Per protocol, imaging studies were performed every 3
months for the first year of randomization.

The primary endpoint of the study is to assess the one-year relapse-free survival for patients
treated with len alone (Arm A) or the combination of len and rituximab (Arm B). The
current standard therapy of DLBCL is treatment with immuno-chemotherapy with rituximab
and CHOP and 40% of patients in the high or high-intermediate risk groups experience a
relapse as early as one year (7). The expectation is that a 25% difference of relapse will have
clinical significance when compared to historical controls. A sample size of 64 patients was
recommended at initial enrollment that also accounted for a drop out rate of 10%. At interim
analysis, response rates were noted to be higher than expected. With a sample size of 22 in
each arm, we estimated 80% power to detect a difference of 25% between the null
hypothesis that the one year relapse is 40% and the alternative hypothesis that the one year
relapse is 15% using a two-sided significance level of 2.5%. Therefore an adjusted total
enrollment of 44 patients was planned. Response assessment was based on previous
standards that include Cheson criteria for NHL. Data analysis was performed on an
intention-to-treat basis. This clinical trial was registered with NCI at clinicaltrials.gov
(NCT00765245)
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Forty-four patients were enrolled between February 2008 and August 2013. Baseline
characteristics of patients receiving maintenance therapy are listed in table 1.

At a median follow up of 3.64 years, in the intent-to-treat population, the one-year DFS and
OS were 89% and 91% respectively. The two-year DFS and overall survival (OS) were 86%
(72%-94%) and 91% (77%-96%), respectively. For patients in arm A and arm B the one-
year DFS were 95% and 86%, respectively. The two-year DFS was 86% (63% - 95%) vs.
86% (62% - 95%) and the two-year OS was 86% (62% - 95%) vs. 95% (72% - 99%) ,
respectively (P=NS). A subset analysis on the outcome of patients based on cell of origin
was performed. The PFS and OS were not statistically different between the two groups
(Figure 1). Five patients had disease relapse, including 2 patients while receiving study drug.
Three of these patients died due to disease progression and 2 patients are alive after
receiving salvage therapy that included autologous stem cell transplant. One death occurred
during the study period that was secondary to a surgical procedure and unrelated to the study
drug.

The most common grade 3-4 toxicities included neutropenia (57%), fatigue (13%), diarrhea
(9%), rash (9%). Nausea and vomiting occurred in 2 patients. One patient developed deep
vein thrombosis that was related to disease progression. Hyperuricemia occurred in one
patient. Related grade 1-2 toxicities include endocrine abnormalities [hypo/hyperthyroidism]
in 29.5% and rash 65%. Other grade 1-2 toxicities that were reported in at least 15% of
patients included diarrhea, constipation, anemia, hyperglycemia, nail changes and
thrombocytopenia. Two pts discontinued treatment due to adverse events, one patient due to
fatigue and the other patient withdrew from the study. One patient was diagnosed with colon
cancer after completion of maintenance therapy. (supplementary table 1)

Per the protocol, dose modifications were made only in len (supplementary table 2). During
treatment, dose reductions to level =1 (20 or 15 mg) were made in 9 patients, dose level -2

(15 or 10 mg) in 12 patients and to level =3 (10 or 5mg) in three patients. Most of the dose

reductions occurred during cycle 2-5 of the planned 12-month treatment. Cytokine analysis
was performed on patients pre and post treatment with len. (supplementary figure).

Strategies to overcome the negative impact of high-risk IPI include intensifying induction
therapy by adding newer agents to standard therapy, consolidating therapy by using
sequential agents following induction therapy, or maintenance strategies for a defined
period. Treatment intensification with regimens such as rituximab, doxorubicin,
cyclophosphamide, vindesine, bleomycin and prednisone (R-ACVBP) or an infusional
regimen with rituximab, etoposide, prednisone, vincristine, doxorubicin and
cyclophosphamide (R-EPOCH) both showed some benefit for low IPI patients, but not for
high-risk patients (8). The addition of novel agents such as bortezomib, ibrutinib, and other
newer agents to the existing backbone of R-CHOP is an exciting approach, but studies with
these agents have not yet shown benefit in the frontline setting.

Consolidative autologous stem cell transplant in patients with high-intermediate or high-risk
aggressive B or T-cell NHL following chemotherapy demonstrated improvement in PFS but
not in OS.(9) Furthermore, this approach is not feasible in older patients or in patients with

Leukemia. Author manuscript; available in PMC 2017 March 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reddy et al.

Page 4

organ compromise. Enzastaurin, a potent inhibitor of PKC, also demonstrated no clinical
benefit when used in combination with R-CHOP, even with a maintenance phase included
(10, 112).

Our data show that immunomodulatory therapy following initial chemo-immunotherapy in a
high risk group of patients appears promising and support the use of len following R-CHOP
therapy in patients with high-risk diffuse large B-cell population. We did not observe an
added benefit of rituximab to lenalidomide. Our study interpretations may be limited by the
small number of patients and potentially a highly selected group of patients.

Len, as a single agent has activity in relapsed/refractory DLBCL with an overall response
rate of 19-28% (12). Len when combined with R-CHOP appeared to be effective in
untreated DLBCL (13) Nowakowski et al., combined len with R-CHOP therapy in newly
diagnosed DLBCL, the results of which suggested that the negative prognostic impact of
non-GC can be overcome with the addition of len (14). In the current study, we did not
identify the preferential action of len in either subgroup, although the small sample size
could explain this.

Recent data suggests that patients with DLBCL treated with standard immunochemotherapy
who remain event-free 2 years (EFS-24) following the diagnosis have an excellent outcome
with an overall survival similar to the general population. These results suggest EFS-24 as a
surrogate primary end point while designing future trials as observing patients beyond 24
months added little benefit(15). The 2-yr DFS of 86% in our study is encouraging in this
high-risk group of patients and may reflect an overall survival benefit, although it is
unknown whether the kinetics of DLBCL relapse are the same after len treatment. Longer
follow up will be informative to determine this.

The treatment related side effects that occurred during the year long therapy were expected
and manageable. The primary hematological adverse event was myelosuppression that was
managed with dose modifications. The incidence of thyroid abnormalities was higher than
previously reported and may have indirectly contributed to fatigue.

Our data support the evaluation of an ongoing randomized phase 3 study comparing len to
placebo maintenance in this patient population by the LY mphoma Study Association
(LYSA) (NCT01122472)

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Grant Support: This trial was supported in part by the NIH5k-12 CA090625-09 and Vanderbilt CTSA UL1
RR024975

REFERENCES

1. A predictive model for aggressive non-Hodgkin's lymphoma. The International Non-Hodgkin's
Lymphoma Prognostic Factors Project. N Engl J Med. 1993; 329(14):987-94. [PubMed: 8141877]

Leukemia. Author manuscript; available in PMC 2017 March 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reddy et al.

10

11.

12.

13.

Page 5

. Sehn LH, Berry B, Chhanabhai M, Fitzgerald C, Gill K, Hoskins P, et al. The revised International

Prognostic Index (R-1PI) is a better predictor of outcome than the standard IP1 for patients with
diffuse large B-cell lymphoma treated with R-CHOP. Blood. 2007; 109(5):1857-61. [PubMed:
17105812]

. Hernandez-l1lizaliturri FJ, Reddy N, Holkova B, Ottman E, Czuczman MS. Immunomodulatory drug

CC-5013 or CC-4047 and rituximab enhance antitumor activity in a severe combined
immunodeficient mouse lymphoma model. Clin Cancer Res. 2005; 11(16):5984-92. [PubMed:
16115943]

. Reddy N, Hernandez-llizaliturri FJ, Deeb G, Roth M, Vaughn M, Knight J, et al.

Immunomodulatory drugs stimulate natural killer-cell function, alter cytokine production by
dendritic cells, and inhibit angiogenesis enhancing the anti-tumour activity of rituximab in vivo. Br
J Haematol. 2008; 140(1):36-45. [PubMed: 17995965]

. Zhu D, Corral LG, Fleming YW, Stein B. Immunomodulatory drugs Revlimid (lenalidomide) and

CC-4047 induce apoptosis of both hematological and solid tumor cells through NK cell activation.
Cancer Immunol Immunother. 2008; 57(12):1849-59. [PubMed: 18392823]

.Wu L, Adams M, Carter T, Chen R, Muller G, Stirling D, et al. lenalidomide enhances natural killer

cell and monocyte-mediated antibody-dependent cellular cytotoxicity of rituximab-treated CD20+
tumor cells. Clin Cancer Res. 2008; 14(14):4650-7. [PubMed: 18628480]

. Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, Bouabdallah R, et al. CHOP chemotherapy

plus rituximab compared with CHOP alone in elderly patients with diffuse large-B-cell lymphoma.
N Engl J Med. 2002; 346(4):235-42. [PubMed: 11807147]

. Recher C, Coiffier B, Haioun C, Molina TJ, Ferme C, Casasnovas O, et al. Intensified chemotherapy

with ACVBP plus rituximab versus standard CHOP plus rituximab for the treatment of diffuse large
B-cell lymphoma (LNH03-2B): an open-label randomised phase 3 trial. Lancet. 2011; 378(9806):
1858-67. [PubMed: 22118442]

. Stiff PJ, Unger JM, Cook JR, Constine LS, Couban S, Stewart DA, et al. Autologous transplantation

as consolidation for aggressive non-Hodgkin's lymphoma. N Engl J Med. 2013; 369(18):1681-90.
[PubMed: 24171516]

. Crump MLS, Fayad L, Lee J, Rocco AD. A Phase 111 Study Of Enzastaurin In Patients With High-
Risk Diffuse Large B Cell Lymphoma Following Response To Primary Treatment: The Prelude
Trial. Blood. 2013; 122(21)

Hainsworth JD, Arrowsmith ER, McCleod M, Hsi ED, Hamid O, Shi P, et al. A randomized, phase
2 study of R-CHOP plus enzastaurin vs R-CHOP in patients with intermediate- or high-risk diffuse
large B-cell lymphoma. Leuk Lymphoma. 2015:1-3.

Wiernik PH, Lossos IS, Tuscano JM, Justice G, Vose JM, Cole CE, et al. Lenalidomide
monotherapy in relapsed or refractory aggressive non-Hodgkin's lymphoma. J Clin Oncol. 2008;
26(30):4952-7. [PubMed: 18606983]

Vitolo U, Chiappella A, Franceschetti S, Carella AM, Baldi I, Inghirami G, et al. Lenalidomide
plus R-CHOP21 in elderly patients with untreated diffuse large B-cell lymphoma: results of the
REALOQ7 open-label, multicentre, phase 2 trial. Lancet Oncol. 2014; 15(7):730-7. [PubMed:
24831981]

14. Nowakowski GS, LaPlant B, Macon WR, Reeder CB, Foran JM, Nelson GD, et al. Lenalidomide

combined with R-CHOP overcomes negative prognostic impact of non-germinal center B-cell
phenotype in newly diagnosed diffuse large B-Cell lymphoma: a phase I1 study. J Clin Oncol.
2015; 33(3):251-7. [PubMed: 25135992]

15. Maurer MJ, Ghesquieres H, Jais JP, Witzig TE, Haioun C, Thompson CA, et al. Event-free survival

at 24 months is a robust end point for disease-related outcome in diffuse large B-cell lymphoma
treated with immunochemotherapy. J Clin Oncol. 2014; 32(10):1066-73. [PubMed: 24550425]

Leukemia. Author manuscript; available in PMC 2017 March 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Reddy et al. Page 6

0z o
p=0873 p=04
a o
[ 1 2 3 4 5 6 7 o 1 2 3 4 s 6 7
e LT T
wmten—2 8w w4 2 ame—2z 2w % w52
am=LentRt —— 22 21 % ] 8 s 1 Lt S e & N !
Fig 1a,b

10
10
o AL{:]:
g o
£
£
£ o .
1 ]
s
H I
3 H
& o4 H
F1
i § o
8 é
02
o
7
p=0.878 0973
Lo wh—
° L 2 3 . s s ° 1 2 s 4 5 6
Voo Years
cooace—1e B 2 W s 4 2 wocs—wu W w8 & s
COomenccB—18 15 14 w1 4 g8 —s w1 :

Fig 1¢,d
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(a) Disease free survival and (b) Overall survival of patients by treatment arm (c) disease
free survival and (d) overall survival by cell of origin
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Table 1
Baseline characteristics
Patients Lenalidomide n Lenalidomide Total
(%) + rituximab n (%)
n (%)

Patients 22 (50%) 22 (50%) 44
Gender 12 (54.5%) 9 (40.9%) 21 (47.7%)
Female 10 13 23
Male
Age(rangein yrs) 61yrs 60 yrs 19-85
Median 60 yrs
IPI score (age adjusted) 4(18.1) 4 (18.1%) 8 (18.1%)
3 10 (45.4%) 14 (63.6%) 24 (54.5%)
4 8 (36.3%) 4 (18.1%) 12 (27.2%)
5
Stagelll 7 (31.8%) 4 (18.1%) 11 (25%)
StagelV 15 (68.1%) 17 (77.2%) 32 (72.7%)
Elevated LDH 10 (45.4%) 7 (31.8%) 17 (38.6%)
Prior XRT 1 2 3
Cell of origin 16*
Germinal center type 18
Non-Germinal center type 5
unknown 4
T-cell rich B cell 1
EBV positive DLBCL *two patients had double hit lymphoma (MYC/BCL2) by FISH
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