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Goals  

 Efficacy of lenalidomide in lymphoma in 2016 

 Mechanism of action 

 Single-agent studies in relapsed patients 

 Combinations 

 Current FDA-approvals in lymphoma 

 Relapsed mantle cell lymphoma 

 Current key trials to watch  

 



Disclosure 

 Mayo Clinic receives research support for 

clinical trials from Celgene, the manufacturer 

 Celgene advisory board activities 

 No personal compensation 

 In the US, single-agent lenalidomide is 

approved for relapsed MCL after 2 

regimens (one of which contains 

bortezomib) 

 Anything else I refer to today is “off-label” 



Mechanisms of Action 

 No other approved drug for lymphoma has these 

unique mechanisms of action 

 Immunomodulatory agent 

 Direct anti-tumor activity 

 Anti-angiogenic 

 Immunostimulatory 

 Stimulates T-cell and NK cell cytotoxicity 

 



Mechanisms of Action of Lenalidomide in Lymphoma 

Cells and the Nodal Microenvironment 

Gribben JG, et al. J Clin Oncol. 2015;33:2803-11. 

T-Cell Effects 

Activation and proliferation  

↑ Immune synapse formation 

↑ CD8+ T-effector cell activity 

Stimulation of cytotoxic CD8+ and  

helper CD4+ T cells 

↑ Dendritic cell antigen presentation 

NK-Cell Effects 

↑ Number and activity of NK cells 

↑ Enhanced ADCC 

↑ Immune synapse formation and 

direct NK killing  

Microenvironment Effects 

↑ Anti-inflammatory cytokines: 

IL-2, IL-8, IL-10, IFN-γ, TNF-a 
 

↓ Inflammatory cytokines:  

IL-1, IL-6, IL-12, TNF-a 
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Malignant B-Cell Effects 

↑ p21WAF-1, AP-1 

↓ CDK2, CDK4, CDK6, Rb 

↓ Akt, Gab1 phosphorylation 

↑ G0/G1 arrest; ↓ proliferation 

IL-2 



Four IMiDs 

 Thalidomide – no lymphoma approvals 

 Myeloma only 

 Lenalidomide – relapsed MCL 

 Pomalidomide– no lymphoma approvals 

 PCNSL trial ongoing 

 CC-122 (investigational) – a nonphthalimide 

analog of thalidomide that retains binding to 

cereblon 



•  Is there evidence of single-agent activity 

in relapsed NHL? 

•  Study proposal to test this was approved 

March 2004 

 •  Trials NHL-001, 002, and 003  

 •  Lena 25 mg days 1-21 q 28 days 

 

 

Lenalidomide 



Annals of Oncology 26:1667-77, 2015 



Single –Agent Lenalidomide – 9 Years: 2004 -

13 

Annals of Oncology 26:1667-77, 2015 

2009 

2008 

2011 
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Lenalidomide/Rituximab = 

Revlimid/Rituximab = R2 

R2 + Bortezomib 

R2CHOP 

R2 + Bendamustine 

See Table 2 Annals of Oncology 26:1667-

77, 2015 for full summary 

Combinations – R2 



J Clin Oncol 2015:33:3635-3640 

Combinations for Relapsed Lymphoma 



J Clin Oncol 2015:33:3635-3640 



J Clin Oncol 2015:33:3635-3640 

Lenalidomide works better  

with rituximab 
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Comparative Summary of Response Rates for 

Lenalidomide and R2 in R/R Follicular Lymphoma 

16 

________________________ 

Len 

Rel/Ref FL 

aGrade 3 follicular lymphoma. 

FL=follicular lymphoma; CR=complete response; PR=partial response; R2=lenalidomide + rituximab; Rel/Ref=relapsed/refractory. 

__________________________ 

R2 

Rel/Ref FL 
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It Works 

What About R2 for Upfront? 



R2-Revlimid/Rituximab  

 Upfront therapy; Phase II; Single-Institution 

 Lenalidomide 20 mg days 1-21 q 28 

 Rituximab 375 mg/m2 each cycle 

 6 cycles; response assessment; optional 12 

total 

 No rituximab maintenance 

 110 patients enrolled over 3 years (2008-11) 

 Follicular lymphoma – 50 

 Marginal zone – 30 

 SLL - 30 

 

 

18 

Fowler et al Lancet Oncol. 2014;15(12):1311-8 



R2-Revlimid/Rituximab  

All patients 
 ORR 90% (93/103 evaluable) 

 CR 63% (65/103) and PR 27% (28/103) 

Follicular patients 
 ORR 98% (45/46 evaluable) 

 CR 87% (40/46) and PR 11% (5/46) 
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Fowler et al Lancet Oncol. 2014;15(12):1311-8 



R2-Revlimid/Rituximab  
20 

Fowler et al Lancet Oncol. 2014;15(12):1311-8 



R2-Revlimid/Rituximab  
21 

Fowler et al Lancet Oncol. 2014;15(12):1311-8 



NCT01476787- 

RELEVANCE 
22 



•  Best response rates for single-agent Lena 

in relapsed disease were in MCL 

•  R2 was effective in upfront for FL (2014) 

•  R2 for MCL upfront 

R2 Upfront for Mantle Cell 



Ruan J et al N Engl J Med 2015;373:1835-44 



Ruan J et al N Engl J Med 2015;373:1835-44 

R2 for Upfront MCL 

 Induction 

 Lenalidomide 20 mg days 1-21 q28 x 12 

 Rituximab 375 mg/m2 x 9 

 Maintenance 

 Lenalidomide 15 mg days 1-21 q 28 

 Rituximab 375 mg/m2 q 2 months 

 Duration of treatment was 36 months 



Ruan J et al N Engl J Med 2015;373:1835-44 

R2 for Upfront MCL 



Ruan J et al N Engl J Med 2015;373:1835-44 



•  Rituximab maintenance is a standard of 

care after induction R-chemotherapy 

•  E2408 is testing whether R2 maintenance 

is better than R alone for FL 

•  E1411 is testing whether R2 maintenance 

is better than R alone for MCL 

Is R2 Maintenance Better? 



ECOG 2408 Follicular Lymphoma 

Enrollment complete 

Evens, ASCO 2016 



ECOG1411 Mantle Cell NHL 

Enrollment complete 

336/375 

accrued 



•  Combined with RCHOP = R2CHOP 

•  Maintenance 

 Strategies in Large Cell Lymphoma 



33 
Nowakowski G et al Leukemia. 2011;25(12):1877-81 



Lenalidomide-RCHOP (R2CHOP) 

 Untreated DLBCL eligible for RCHOP 

 Standard RCHOP-21 x 6 cycles 

 Lenalidomide d1-10 q 21 

 Three dose levels tested: 

 15 mg 

 20 mg 

 25 mg  (250 mg/cycle) 

 All patients received prophylactic Neulasta d2 

 All patients received Aspirin 81 mg daily  

34 

Nowakowski G et al Leukemia. 2011;25(12):1877-81 



35 Lancet Oncol. 2014;15(7):730-7. 



Outcome of R2CHOP (Italian) 
36 

Vitolo et al Lancet Oncol. 2014;15(7):730-7. 

• R2CHOP-13 centers in Italy 

•  DLBCL and FL 3b 

•  GCB vs non-GCB IHC (Hans) 

•  Standard RCHOP x 6 

•  Revlimid 15 mg d1-14 q 21 

(210 mg/cycle) 

•  49 patients 

•  92% (45/49) ORR 

•  86% functional CR 

 



GCB vs non-GCB 
37 

Lancet Oncol. 2014;15(7):730-7. 



Nowakowski G et al J Clin Oncol. 2014. Epub 2014/08/20  

R2CHOP for Non-GCB Type DLBCL 



Nowakowski G et al J Clin Oncol. 2014. Epub 2014/08/20  

R2CHOP RCHOP R2CHOP RCHOP 

RCHOP 

R2CHOP 



R2CHOP vs RCHOP 

• E1412 – GCB and ABC by Nanostring 

• ROBUST – ABC only by Nanostring 

• These two trials will settle the issue 

regarding R2CHOP as induction for 

DLBCL that are non-GCB 

 Some information on GCB 

 Current Studies in R2CHOP 



 Maintenance After RCHOP 

•  Maintenance Lenalidomide after 

successful RCHOP 

•  No drugs approved in that space after 

RCHOP 
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REMARC Study Design 

Register Register 

Diagnosis 
All 

Patients 
R-CHOP 

(6-8 cycles) 

CR/PR 

(3 mnths) 

Study 

Withdrawal 
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Lenalidomide 

25mg / day 

21/28 days for 2 yrs 

Placebo 

21/28 days for 2 yrs 

Induction Maintenance 

Patient Population 
– Front-line DLBCL (CD20+) 

– 60-80 years 

– Age Adjusted IPI ≥ 1 

Primary endpoint: PFS (hypothesis: alpha=5%; 

power=80%; HR=1.55);  (21 mths improvement in 

mPFS; 59.8 mths vs. 38.6 mths placebo)  

 

Secondary endpoints: OS , EFS, ORR/CR, % 

conversion from PR to CR, QoL, PFS2, safety 

N = 621 (actual was 650) 
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Iowa/Mayo Lymphoma SPORE J Clin Oncol. 2014;32(10):1066-73 

Validated in GELA 



Cause of Death 

Iowa/Mayo Lymphoma SPORE J Clin Oncol. 2014;32(10):1066-73 

Validated in GELA 



Role of Maintenance in DLBCL 

 REMARC will settle that issue but… 

 What if R2CHOP wins upfront? Do you still 

need the two years? 

 Will another trial be needed?  



Lenalidomide Summary 

 Single agent activity in many types of relapsed 

NHL 
 Highest activity in relapsed mantle cell lymphoma 

 Only FDA-approved indication in lymphoma 

 Combinations with rituximab are superior to single-

agent lenalidomide both upfront as R2 and for 

relapsed follicular lymphoma 

 R2CHOP is safe and effective for DLBCL with a 

preference to ABC type DLBCL; however, 

randomized studies are in progress to provide the 

definitive answer. 


