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Diffuse Large B-Cell Lymphoma 

CHOP21	
  vs.	
  R-­‐CHOP21	
  

Do we need to improve R-CHOP results in DLBCL? 

Coiffier	
  B	
  et	
  al,	
  Blood	
  2010.	
  

Diffuse	
  large	
  B-­‐cell	
  lymphoma:	
  
–  	
  30-­‐40%	
  of	
  all	
  NHL	
  
–  	
  DistribuJon	
  by	
  age:	
  53%	
  >	
  60	
  years	
  



Do we need to improve R-CHOP results in DLBCL 

…intensifying chemotherapy? 

Cunningham D et al, Lancet 2013 

RCHOP21	
  vs.	
  RCHOP14	
  



Improving DLBCL outcome: intensifying 

chemotherapy? 

High-dose chemotherapy and ASCT? 

6	
  



Untreated DLBCL de novo or Follicular gIIIb or PMBCL with extrathoracic 
localization; age 18-65 years; aa-IPI 2-3; CNS negative 

Rituximab	
  375	
  mg/sqm	
  R 
MegaCHOP14:	
  Cyclophosphamide	
  1200	
  mg/sqm	
  d	
  1	
  	
  
Doxorubicine	
  70	
  mg/sqm	
  d	
  1	
  
VincrisJne	
  1,4	
  mg/sqm	
  (capped	
  at	
  2	
  mg)	
  d	
  1	
  
Prednisone	
  100	
  mg	
  dd	
  1-­‐5	
  

CHOP14:	
  Cyclophosphamide	
  750	
  mg/sqm	
  d	
  1	
  	
  
Doxorubicine	
  50	
  mg/sqm	
  d	
  1	
  
VincrisJne	
  1,4	
  mg/sqm	
  (capped	
  at	
  2	
  mg)	
  d	
  1	
  
Prednisone	
  100	
  mg	
  dd	
  1-­‐5	
  

MAD 

BEAM 

Mitoxantrone	
  8	
  mg/sqm	
  dd	
  1-­‐3	
  
Citarabine	
  2000	
  mg/sqm/bid	
  dd	
  1-­‐3	
  
Dexametasone	
  4	
  mg/sqm/bid	
  dd	
  1-­‐3	
  

BCNU	
  300	
  mg/sqm	
  d	
  -­‐7	
  
Cytarabine	
  200	
  mg/sqm/bid	
  	
  dd	
  -­‐6,-­‐5,-­‐4,-­‐3	
  
Etoposide	
  100	
  mg/sqm/bid	
  dd	
  -­‐6,-­‐5,-­‐4,-­‐3	
  
Melphalan	
  140	
  mg/sqm	
  d	
  -­‐2	
  

mCHOP 

mCHOP 

CHOP 

CHOP 

CR,	
  CRu,	
  PR	
  



Intention-to-treat analysis on 399 patients;  
median follow-up 25 months 

overall 2-year PFS: 65% (95% CI:59-70) 
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p=0.009	
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Response 
R-HDC+ASCT 

n =  199 
R-dose dense 

n = 200 

CR/CRu 76% 72% 

Umberto	
  Vitolo	
  ASH	
  2012	
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Months

R-HDC+ASCT
R-dose dense

P=	
  0.8008	
  

81%	
  

79%	
  	
  

2-year OS:  
R-HDC+ASCT vs R-CHOP/R-MegaCHOP  



R-CHOEP-14 or R-Mega-CHOEP in young high-risk 
patients with aggressive lymphoma:  

 DSHNHL 2002-1 trial >2 

Schmitz N, et al Lancet Oncology 2012 
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(MegaCHOEP) and combined both regimens with 
rituximab (R-CHOEP-14 and R-MegaCHOEP). The trial 
was designed as a proof-of-principle study to address the 
role of dose-intensity in the rituximab era.

Methods
Patients
Between March 3, 2003, and April 7, 2009, we did a 
prospective, randomised, open-label, phase 3 study at 
61 centres experienced in lymphoma treatment including 
ASCT. Eligible patients were between 18 years and 
60 years of age who presented with biopsy-proven, 
untreated, CD20-positive, aggressive B-cell lymphoma.14 
The diagnosis was re viewed by a panel of six reference 
pathologists. Only patients with two or three risk factors 
(Ann Arbor stage III or IV, elevated lactate dehydrogenase, 
Eastern Co operative Oncology Group [ECOG] perfor-
mance status 2 or 3) of the age-adjusted IPI were eligible.2 
Patients with diagnosis of any malignancy other than 
aggressive B-cell lymphoma, substantial impairment of 
cardiac, pulmon ary, hepatic, or renal function, bone-
marrow infi ltration more than 25%, active hepatitis, 
known HIV-positivity, or hyper sensitivity to any study 
drug, or simultaneous participation in other clinical 
studies were excluded. No lymphoma-directed therapy 
except for prednisone (100 mg orally for 3 days) and 
vincristine (2 mg) was allowed before study entry.

Our study complied with the declaration of Helsinki 
and respected the guidelines of good clinical practice. 
The institutional review board or ethics committee of 
each participating centre approved the study protocol 
and its amendment. All patients gave written informed 
consent.

Randomisation and masking
The trial was not masked. After obtaining informed 
consent investigators faxed the registration form to the 
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Figure 1: Study design
Doses of the drugs administered with the MegaCHOEP programme (CHOEP with escalated the doses of cyclophosphamide, etoposide, and doxorubicin) varied with each treatment cycle as indicated. 
Vincristine and prednisone are absolute doses. Doses for cyclophosphamide, doxorubicin, and etoposide are reported as mg/m². Stars represent one infusion of rituximab. CYC=Cyclophosphamide. 
DOX=doxorubicin. ETO=etoposide. PRD=prednisone. VCR=vincristine. CHOEP-14=cyclophosphamide, doxorubicin, vincristine, etoposide, prednisone. PBSC=peripheral blood stem cells.

136 assigned to R-CHOEP-14 139 assigned to R-MegaCHOEP-14

4 withdrew consent
2 missing data

4 withdrew consent
3 missing data

130 in the intent-to-treat population 132 in the intent-to-treat population

15 did not complete chemotherapy
       7 treatment failures
       2 change of diagnosis†
       1 patient decision
       2 for unknown reasons
       3 had toxic effects

   1 did not receive any study treatment*
37 did not complete chemotherapy
        4 treatment failures
        2 change of diagnosis†
        1 patient decision
        2 for unknown reasons
        6 had toxic effects
      15 changed to R-CHOEP-14‡
         5 changed to R-CHOEP-14 at end 
             of study§
         1 bone marrow involvement >75%
         1 intercurrent disease

115 completed chemotherapy 94 completed chemotherapy

63 received radiotherapy 54 received radiotherapy

306 patients randomly assigned to a treatment group

16 patients assigned to MegaCHOEP 
       without rituximab; treatment arm 
       stopped April, 2004

275 randomly assigned to a treatment group

15 patients assigned to CHOEP-14 
      without rituximab; treatment arm 
      stopped April, 2004

Figure 2: Trial profi le
The doses of the drugs administered with the MegaCHOEP regimen (CHOEP with escalated doses of 
cyclophosphamide, etoposide, and doxorubicin) varied with each treatment cycle as shown in fi gure 1. 
R-CHOEP-14=cyclophosphamide, doxorubicin, vincristine, etoposide, prednisone, and rituximab. R-MegaCHOEP=R-
CHOEP with escalated doses of cyclophosphamide, etoposide, and doxorubicin. *Due to CNS disease detected after 
randomisation. †Due to incoming reference pathology. ‡The protocol stipulated for a change of treatment arm in case 
of mobilisation failure or excessive toxic eff ects. §As recommended by the data safety and monitoring committee.
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Kaplan-Meier estimates at 3 years, with 95% CIs, were 
calculated for event-free survival, progres sion-free 
survival, and overall survival. Multivariable analyses 
were done with Cox proportional-hazard models 
adjusted for stratifi cation variables. Sensitivity analyses 
(ie, per-protocol analyses, complete treatment analyses) 
were done to assess the robustness of the results. 
Subgroup analyses according to the age-adjusted IPI 
were done as planned in the study protocol to investigate 
whether the treatment eff ects were homo geneous. 
Baseline charac teristics were reported as per centages 
except for age, which was reported as the median. 
Qualitative data (eg, non-haematological toxic eff ects) 
were analysed by use of χ² test and, if necessary, by 
Fisher’s exact test. Relative dose and relative dose-
intensity were assessed according to the Kaplan-Meier 
method as described elsewhere.21 Diff erences between 
groups were classed as signifi cant for p values less than 
or equal to 0·05. Statistical analyses of effi  cacy were 
done with SPSS PASW 18. This study is registered with 
ClinicalTrials.gov, number NCT00129090.

Role of the funding source
Staff  members of the DSHNHL were responsible for 
distribution and collection of case report forms, data entry, 
and validation, coordination of monitoring procedures, 
elaboration of queries, adverse event reporting, statistical 
analyses, and production of the study report. Annual study 
group meetings served as platforms for progress reports 
and decisions on trial conduct. Deutsche Krebshilfe, who 
provided funding for study, had no role in study design, 
data collection and analysis, interpretation or writing the 
report. All authors had full access to the raw data in this 
study and the corresponding author had fi nal responsibility 
for the decision to submit for publication.

Results
We enrolled 306 patients, 31 of whom were treated with out 
rituximab (fi gure 2). 262 patients with CD20-positive, 
aggressive B-cell lymphoma received chemotherapy and 
rituximab and formed the intention-to-treat-population of 
this analysis. More than 90% of those patients received 
prephase therapy with vincristine and prednisone.
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Figure 3: Kaplan-Meier estimates of outcomes by treatment group in the intention-to-treat population
Event-free survival (A), progression-free survival (B), and overall survival (C) for the intention-to-treat population. Overall survival for the 192 patients with 
age-adjusted IPI 2 (D). R-CHOEP-14=cyclophosphamide, doxorubicin, vincristine, etoposide, prednisone, and rituximab. R-MegaCHOEP=R-CHOEP with escalated 
doses of cyclophosphamide, etoposide, and doxorubicin.
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Kaplan-Meier estimates at 3 years, with 95% CIs, were 
calculated for event-free survival, progres sion-free 
survival, and overall survival. Multivariable analyses 
were done with Cox proportional-hazard models 
adjusted for stratifi cation variables. Sensitivity analyses 
(ie, per-protocol analyses, complete treatment analyses) 
were done to assess the robustness of the results. 
Subgroup analyses according to the age-adjusted IPI 
were done as planned in the study protocol to investigate 
whether the treatment eff ects were homo geneous. 
Baseline charac teristics were reported as per centages 
except for age, which was reported as the median. 
Qualitative data (eg, non-haematological toxic eff ects) 
were analysed by use of χ² test and, if necessary, by 
Fisher’s exact test. Relative dose and relative dose-
intensity were assessed according to the Kaplan-Meier 
method as described elsewhere.21 Diff erences between 
groups were classed as signifi cant for p values less than 
or equal to 0·05. Statistical analyses of effi  cacy were 
done with SPSS PASW 18. This study is registered with 
ClinicalTrials.gov, number NCT00129090.

Role of the funding source
Staff  members of the DSHNHL were responsible for 
distribution and collection of case report forms, data entry, 
and validation, coordination of monitoring procedures, 
elaboration of queries, adverse event reporting, statistical 
analyses, and production of the study report. Annual study 
group meetings served as platforms for progress reports 
and decisions on trial conduct. Deutsche Krebshilfe, who 
provided funding for study, had no role in study design, 
data collection and analysis, interpretation or writing the 
report. All authors had full access to the raw data in this 
study and the corresponding author had fi nal responsibility 
for the decision to submit for publication.

Results
We enrolled 306 patients, 31 of whom were treated with out 
rituximab (fi gure 2). 262 patients with CD20-positive, 
aggressive B-cell lymphoma received chemotherapy and 
rituximab and formed the intention-to-treat-population of 
this analysis. More than 90% of those patients received 
prephase therapy with vincristine and prednisone.
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Figure 3: Kaplan-Meier estimates of outcomes by treatment group in the intention-to-treat population
Event-free survival (A), progression-free survival (B), and overall survival (C) for the intention-to-treat population. Overall survival for the 192 patients with 
age-adjusted IPI 2 (D). R-CHOEP-14=cyclophosphamide, doxorubicin, vincristine, etoposide, prednisone, and rituximab. R-MegaCHOEP=R-CHOEP with escalated 
doses of cyclophosphamide, etoposide, and doxorubicin.

EFS  PFS  OS  



Stiff PJ, NEJM 2013 



Stiff PJ, NEJM 2013 

Enrolled: 370 patients.  
Randomized: 253 patients in CR after CHOP +/- R x 5 

CR 68% after RCHOP x 5 



Stiff PJ, NEJM 2013 

Survival rates according to IPI risk categories 



Do we need to improve R-CHOP results in DLBCL? 

ü  A	
  becer	
  recogniJon	
  based	
  of	
  hystopathological	
  subtypes	
  
ü  Combining	
  novel	
  drugs	
  to	
  standard	
  chemoimmunotherapy	
  

R-CHOP is the backbone… 



Lenz G et al. N Engl J Med 2008;359:2313  
 

15% Unclassificable 

Diffuse Large B- Cell 
Lymphoma 

R-CHOP 

A better evaluation of unfavorable DLBCL 
subsets: COO profile subgroups 

The	
  GEP	
  classifica.on	
  is	
  not	
  available	
  in	
  the	
  daily	
  clinical	
  prac.ce	
  	
  



…The	
  prognosJc	
  role	
  of	
  COO	
  assessed	
  by	
  IHC	
  	
  is	
  poorly	
  reproducible	
  	
  with	
  controversial	
  
results	
  in	
  the	
  Rituximab	
  era!	
  

Immunoistochemistry as a surrogate technique 
to identify Cell of Origin 

Hans et al. Blood 2004; 103: 275-82 



Scott D et al. Blood 2014; 123: 1214-1217 

Nanostring	
  technology	
  	
  

A better recognition of unfavorable DLBCL subsets: 
COO profile subgroups 

GCB 

GCB 

ABC 

ABC 



GCB=189	
  (55%)	
  ABC=108	
  (31%)	
   Unclassicable=38	
  (11%)	
  

Pts	
  	
  344	
  	
  R-­‐CHOP	
  



Scott D et al. J Clin Oncol 2015; 33: 2848-56 

Nanostring	
  technology	
  	
  predicts	
  survival	
  in	
  DLBCL	
  treated	
  with	
  R-­‐CHOP	
  



18	
   Lenz	
  et	
  al.	
  N	
  Eng	
  J	
  Med	
  2010;362(15):1417-­‐1429	
  

• Gene	
  Expression	
  Profiling	
  Subsets:	
  histologically	
  indisJnguishable	
  ;	
  molecularly	
  
disJnct;	
  differenJal	
  sensiJvity	
  to	
  targeted	
  agents	
  

Molecular	
  AberraJon	
   GBC	
   ABC	
  

BCL2	
  transloca=on	
   ++	
   -­‐	
  

c-­‐rel	
  amplifica=on	
   ++	
   -­‐	
  

EZ2H	
  muta=on	
   ++	
   -­‐	
  

MYD88	
  muta=on	
   +	
   +++	
  

CD79A,	
  CD79B	
  muta=on	
   -­‐	
   ++	
  

BCL6	
  transloca=on	
   +	
   ++	
  

BCL6	
  pathway	
   +++	
   ++	
  

MYC	
  pathway	
   +	
   +++	
  

NF-­‐κB	
  pathway	
   -­‐	
   +++	
  

BCR	
  pathway	
   -­‐	
   ++	
  

IRF4	
  pathway	
   -­‐	
   +++	
  

Targets	
   Agents	
   GCB	
   ABC	
  

proteasome	
  (NFκB)	
   bortezomib	
  
MLN4924	
   ++	
  

mTOR/	
  
PI3	
  kinase	
  

BKM120	
  
SAR245409	
  
everolimus	
  

++	
  

PKCβ	
   sotrastaurin	
   ++	
  

BTK	
   ibru>nib	
   ++	
  

SYK	
   GS9973	
   ++	
  

AKT	
   MK2206	
   ++	
  

Microenvironment	
   lenalidomide	
   +	
   ++	
  

Different targets and agents in GBC and ABC DLBCL 
subtypes 



Lenz	
  et	
  al.	
  NEJM,	
  2008	
  
Compagno	
  et	
  al,	
  Nature	
  2009	
  
Davis	
  et	
  al,	
  Nature	
  2010	
  

ABC-DLBCL is addicted to NF-kB 
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Do we need to improve R-CHOP results in DLBCL? 

ü  A	
  becer	
  recogniJon	
  based	
  of	
  hystopathological	
  subtypes	
  
ü  Combining	
  novel	
  drugs	
  to	
  standard	
  chemoimmunotherapy	
  

R-CHOP is the backbone… 



Mechanisms of Action of Lenalidomide in Lymphoma 
Cells and Nodal Microenvironment"

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-α 
 

↓ Inflammatory cytokines:  
IL-1, IL-6, IL-12, TNF-α	



Malignant  
B Cell 

NK 
Cell 

Immune synapse 
formation 

XXX 

CD20 NK 
Cell 

 + 
Rituximab 

ADCC and  enhanced 
cytotoxicity 

IFN-γ 
IL-10 

IL-8 

T Cell 

XXX T-cell activation 
and proliferation 

CD8+  
T Cell 

Malignant B-Cell Effects 
↑ p21WAF-1, AP-1 
↓ CDK2, CDK4, CDK6, Rb 
↓ Akt, Gab1 phosphorylation 
↑ G0/G1 arrest; ↓ proliferation 

IL-2 

Presented with permission from J. Gribben."



Lenalidomide in relapsed/refractory DLBCL 

Author N. ORR  CR/Cru Median PFS  
(months) 

Median DOR 
(months) 

Wiernik  
2008 

26 19% 15% 2-3 

Witzig  
2011 

108 28% 7% 2.7 4.6 

REVEAL 
2013 

77 43% 18% 3.5 

Witzig et al 2011 

Histology, n (%) ORR 

Aggressive NHL, 49 (100%) 17 (35%) 
DLBCL, 26 (53%) 5 (19%) 
MCL, 15 (31%) 8 (53%) 
Follicular g3, 5 (10%) 3 (60%) 

Wiernik	
  PH	
  et	
  al,	
  J	
  Clin	
  Oncol	
  2008.	
  



Co-stimulation with DCs Without co-stimulation with DCs 

Reddy N, et al. Br J Haematol. 2007;140:36-45. 

IMiD enhancement of rituximab-dependent ADCC ex vivo is mediated 
via co-stimulation of NK-cells by DCs 
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 Rituximab  Isotype  Splenocytes  Rituximab  Isotype  PBMC 
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Lenalidomide plus R-CHOP21 in elderly patients with 
untreated diff use large B-cell lymphoma: results of the 
REAL07 open-label, multicentre, phase 2 trial
Umberto Vitolo, Annalisa Chiappella, Silvia Franceschetti, Angelo Michele Carella, Ileana Baldi, Giorgio Inghirami, Michele Spina, Vincenzo Pavone, 
Marco Ladetto, Anna Marina Liberati, Anna Lia Molinari, Pierluigi Zinzani, Flavia Salvi, Pier Paolo Fattori, Alfonso Zaccaria, Martin Dreyling, 
Barbara Botto, Alessia Castellino, Angela Congiu, Marcello Gaudiano, Manuela Zanni, Giovannino Ciccone, Gianluca Gaidano, Giuseppe Rossi, 
on behalf of the Fondazione Italiana Linfomi

Summary
Background Up to 40% of elderly patients with untreated diff use large B-cell lymphoma (DLBCL) given a regimen of 
rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone every 21 days (R-CHOP21) relapse or 
develop refractory disease. Lenalidomide has high activity in relapsed or refractory aggressive B-cell lymphomas. In 
phase 2 of the REAL07 trial, we aimed to establish the safety and effi  cacy of the combination of lenalidomide and 
R-CHOP21 in elderly patients with untreated DLBCL.

Methods REAL07 was an open-label, multicentre trial that was done in 13 centres in Italy and one in Germany. 
Eligible patients were aged 60–80 years; had newly diagnosed, untreated, CD20-positive, Ann Arbor stage II–IV 
DLBCL or grade 3b follicular lymphoma; had an Eastern Cooperative Oncology Group performance status of 0–2; had 
an International Prognostic Index (IPI) risk of low-intermediate, intermediate-high, or high; and were fi t according to 
comprehensive geriatric assessment. Participants were to receive 15 mg oral lenalidomide on days 1–14 of six 21-day 
cycles, and standard doses of R-CHOP21 chemotherapy (375 mg/m² intravenous rituximab, 750 mg/m² intravenous 
cyclophosphamide, 50 mg/m² intravenous doxorubicin, and 1·4 mg/m² intravenous vincristine on day 1, and 
40 mg/m² oral prednisone on days 1–5). The primary endpoint was frequency of overall response (complete response 
[CR] and partial response [PR]), which was assessed by ¹⁸F-fl uorodeoxyglucose (¹⁸F-FDG) PET at the end of the 
treatment. Analyses were by intention to treat. This trial is registered with ClinicalTrials.gov, number NCT00907348.

Findings 49 patients were included in phase 2: nine had been enrolled into phase 1 between Oct 23, 2008, and 
June 4, 2009, and had received the maximum tolerated dose of 15 mg lenalidomide; and 40 were enrolled into 
phase 2 between April 28, 2010, and June 3, 2011. 45 patients (92%, 95% CI 81–97) achieved a response (42 [86%] CR; 
three [6%] PR). Three patients (6%) did not respond and one (2%) died for reasons unrelated to treatment or 
disease. 277 (94%) of 294 planned cycles of lenalidomide and R-CHOP21 were completed. Grade 3–4 neutropenia 
was reported in 87 cycles (31%), grade 3–4 leukopenia in 77 (28%), and grade 3–4 thrombocytopenia in 35 (13%). 
No grade 4 non-haematological adverse events were reported. No patients died during the study as a result of toxic 
eff ects.

Interpretation Lenalidomide with R-CHOP21 is eff ective and safe in elderly patients with untreated DLBCL.

Funding Fondazione Italiana Linfomi and Celgene.

Introduction
Diff use large B-cell lymphoma (DLBCL) occurs mostly 
in elderly people. At diagnosis, more than 50% of 
patients with DLBCL are older than 60 years, meaning 
that treatment of the disorder is particularly 
challenging.1,2 The addition of the anti-CD20 
monoclonal antibody rituximab to a regimen of 
cyclophosphamide, doxorubicin, vincristine, and 
prednisone (R-CHOP) has led to substantial advances 
and a new standard of care.2–7 About 70% of elderly 
patients are expected to achieve remission after 
R-CHOP, with 58% surviving to 5 years.5 However, up 
to 40% of patients given R-CHOP either relapse or 
develop refractory disease. Therefore, development of 
new fi rst-line regimens appropriate for elderly people 

that can replace or integrate the standard treatment is 
important for improvement of long-term outcome.7

The International Prognostic Index (IPI) is the most 
powerful clinical instrument for assessment of DLBCL 
prognosis, and its value has been confi rmed in patients 
taking rituximab-based regimens.8,9 In addition to clinical 
factors, diff erent biological characteristics of DLBCL 
aff ect outcome. Two molecularly distinct forms of DLBCL 
with diff erent gene-expression patterns have been 
identifi ed by gene expression profi ling—germinal centre 
B-cell-like (GCB) and activated B-cell-like—which derive 
from diff erent cells of origin and have distinct clinical 
features.10,11 Notably, the activated B-cell-like form occurs 
signifi cantly more frequent in elderly people than in 
younger individuals.11 To translate these fi ndings into a 
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After three cycles, we assessed intermediate clinical 
response by CT. Patients who had achieved a complete 
response or partial response (as assessed by the criteria 
established by Cheson and colleagues26) received the fi nal 
three cycles. Patients who had not achieved a complete or 
partial response stopped receiving lenalidomide and 
R-CHOP21 at this point. We assessed fi nal response in 
all patients 1 month after the end of their last cycle of 
treatment by contrast-enhancement CT and mandatory 
PET-CT scans with standard outcome measures for 
clinical trials (complete response, partial response, stable 
disease, and progressive disease).26 During follow-up, 
patients were clinically assessed every 2 months and had 
CT scans every 6 months up to 24 months after the end 
of the treatment, or until death or study completion.

We monitored safety routinely throughout the trial, 
recording adverse events, vital signs, and laboratory 
safety assessments. We recorded complete blood counts 
and serum chemistry between days 7 and 14 of each cycle. 
We categorised and graded adverse events according to 
the National Cancer Institute Common Terminology 
Criteria for Adverse Events (version 3.0).

Two pathologists (GI and MG) centrally reviewed 
diagnostic lymphoma samples from each patient. 
Immunohistochemistry was used for cell-of-origin 
profi le analysis; gene expression profi ling was not done. 
Briefl y, sections stained with haematoxylin and eosin 
from all available formalin-fi xed paraffi  n-embedded 
blocks were reviewed and selected for immuno histo-
chemistry. Heat-induced antigen retrieval techniques 
were applied to sections (3–4 µm) after deparaffi  nisation. 
After primary antibody incubation (appendix), the 
immunocomplexes were detected with a diamino-
benzidine immuno peroxidase-based detection kit (Bond 
Polymer Refi ne Detection; Menarini, Florence, Italy). 
Immuno histo chemical analysis was done with a semi-
automated stainer (Bond-maX; Menarini, Florence, 
Italy). GI and MG independently reviewed a CD20 stain 
to assess the percentage of tumour cells by visual 
estimation (in 10% increments). Diff erences of opinion 
were resolved by joint review with a multihead 

microscope. Cases were deemed positive for specifi c 
antibodies (appendix) if at least 30% of lymphoma cells 
were stained with each antibody and classifi ed based on 
Hans’ algorithm.13 The intensity of staining was also 
recorded.

Outcomes  
The primary endpoint was frequency of overall 
response (partial response and complete response) 
1 month after completion of six cycles of lenalidomide 
and R-CHOP21. We assessed this endpoint at the end 
of treatment to obtain a precise response assessment 
based on fi ndings of ¹⁸F-fl uorodeoxyglucose (¹⁸F-FDG) 
PET, which are more reliable if done at least 3–4 weeks 
after the end of chemotherapy.26 Secondary endpoints 
were progression-free survival (PFS), overall survival, 
event-free survival, and analysis of the association 
between outcome and cell-of-origin profi le.26 PFS was 
measured from diagnosis to date of progression, 
relapse, or death from any cause. Patients with a partial 
response who were given an additional treatment (ie, 
unplanned radio therapy) without apparent progression 
were not deemed failures for the PFS analysis. Event-
free survival was measured from diagnosis to date of 
progression, relapse, death from any cause, initiation of 
new treatment without progression, or treatment 
discontinuation.26 In an exploratory analysis, we 
stratifi ed oucome by IPI status.

Figure 1: Study profi le

49 patients included (9 from phase 1)

1 died

48 patients completed 3 cycles

44 patients completed 6 cycles

4 treatment interruptions
 3 adverse events
 1 progressive disease

 Enrolled patients 
(n=49)

Age (years) 69 (64–71)

Sex

Men 29 (59%)

Women 20 (41%)

Eastern Cooperative Oncology Group performance status

0–1 42 (86%)

2 7 (14%)

Ann Arbor stage

II 6 (12%)

III 8 (16%)

IV 35 (71%)

International Prognostic Index risk

Low-intermediate risk 19 (39%)

High-intermediate or high risk 30 (61%)

Lymphoma type

Diff use large B-cell lymphoma 45 (92%)

Follicular lymphoma grade 3b 4 (8%) 

Bone marrow involvement 17 (35%)

B symptoms 21 (43%)

Increased lactate dehydrogenase concentration* 22 (45%)

Increased β2 microglobulin* 34 (69%)

Data are median (IQR) or n (%). *Higher than the upper limit of normal.

Table 1: Baseline clinical characteristics



Median follow-up of 28 months. N = 49	
  elderly	
  DLBCL	
  pa=ents. 
DLBCL, diffuse large B-cell lymphoma ; PFS, progression-free survival; OS, overall survival; R2-CHOP, 
lenalidomide and rituximab plus cyclophosphamide, doxorubicin, vincristine, prednisone. 
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AEs,	
  adverse	
  events;	
  DLBCL,	
  diffuse	
  large	
  B-­‐cell	
  lymphoma;	
  DVT,	
  deep-­‐vein	
  thrombosis.	
  

REAL07 phase II R2-CHOP21 in elderly 
untreated DLBCL: safety data – all grades AEs 

Haematological AEs by  
% of treatment cycles (n = 277)  

Non-haematological AEs by  
% of patients (n = 49)  

Vitolo	
  U,	
  et	
  al.	
  Lancet	
  Oncol.	
  2014;15:730-­‐7.	
  



PFS	
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  in	
  R2CHOP	
  and	
  RCHOP	
  Case	
  Match	
  
Control	
  in	
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  DLBCL	
  

R2CHOP 64 patients median age 65 (22-87), IPI int-
high and high 52% : PFS and OS 

Agent	
   Dose	
   Route	
   Day	
  of	
  
cycle	
  

Lenalidomide 25	
  mg p.o. 1–10 

Rituximab 375	
  mg/
m2 

i.v. 1 

Cyclophosphamide 750	
  mg/
m2 

i.v. 1 

Doxorubicin 50	
  mg/m2 i.v. 1 

Vincris=ne 1.4	
  mg/m2 i.v. 1 

Prednisone 100	
  mg/
m2 

p.o. 1-­‐5	
   

Pegfilgras>m 6	
  mg s.c. 2 

Aspirin 81	
  mg p.o. daily 

Nowakowski GS, et al. J Clin Oncol. 2015;33:251-7.   
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IBRUTINIB  IN DLBCL 

TOTAL	
  N^	
  	
  PATIENTS 	
  56 	
  	
  
FL 	
  16	
  
CLL/SLL 	
  16	
  
MCL 	
  9	
  
DLBCL 	
  7	
  

MZL/MALT 	
  4	
  
WM 	
  4	
  



aOne	
  pa=ent	
  received	
  rituximab	
  only.	
  
R-­‐CHOP,	
  rituximab	
  plus	
  cyclophosphamide,	
  doxorubicin,	
  vincris=ne,	
  prednisone.	
  

n	
  (%)	
  
280	
  mg	
  
(n	
  =	
  7)	
  

420	
  mg	
  
(n	
  =	
  4)	
  

560	
  mg	
  
(n	
  =	
  21)	
  

Combined	
  
(n	
  =	
  32)	
  

All	
  
(n	
  =	
  33)a	
  

Overall	
  response	
   6	
  (86)	
   4	
  (100)	
   20	
  (95)	
   30	
  (94)	
   30	
  (91)	
  

	
  	
  	
  Complete	
  response	
   5	
  (71)	
   3	
  (75)	
   15	
  (71)	
   23	
  (72)	
   23	
  (70)	
  

	
  	
  	
  Par=al	
  response	
   1	
  (14)	
   1	
  (25)	
   5	
  (24)	
   7	
  (22)	
   7	
  (21)	
  

Stable	
  disease	
   0	
   0	
   0	
   0	
   0	
  

Progressive	
  disease	
   0	
   0	
   0	
   0	
   0	
  

Not	
  evaluable	
   1	
  (14)	
   0	
   1	
  (5)	
   2	
  (6)	
   3	
  (9)	
  

Best	
  response	
  to	
  treatment,	
  assessed	
  by	
  
Revised	
  Response	
  Criteria	
  for	
  Malignant	
  Lymphoma	
  

Younes A, et al. Lancet Oncol. 2014;15:1019-26. 27	
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Ibrutinib and R-CHOP for untreated CD20+ B-cell NHL: 
adverse events 

IbruJnib	
  plus	
  R-­‐CHOP	
  (N	
  =	
  33)a	
  

n	
  (%)	
   Grade	
  1–2	
   Grade	
  3	
   Grade	
  4	
   Grade	
  5	
  
Nausea	
   22	
  (67)	
   1	
  (3)	
   -­‐	
   -­‐	
  
Vomi=ng	
   19	
  (58)	
   1	
  (3)	
   -­‐	
   -­‐	
  
Fa=gue	
   15	
  (45)	
   -­‐	
   -­‐	
   -­‐	
  
Cons=pa=on	
   14	
  (42)	
   -­‐	
   -­‐	
   -­‐	
  
Thrombocytopenia	
   14	
  (42)	
   7	
  (21)	
   -­‐	
   -­‐	
  
Diarrhoea	
   12	
  (36)	
   1	
  (3)	
   -­‐	
   -­‐	
  
Headache	
   11	
  (33)	
   -­‐	
   -­‐	
   -­‐	
  
Peripheral	
  sensory	
  neuropathy	
   10	
  (30)	
   -­‐	
   -­‐	
   -­‐	
  
Alopecia	
   9	
  (27)	
   -­‐	
   -­‐	
   -­‐	
  
Dyspnoea	
   9	
  (27)	
   -­‐	
   -­‐	
   -­‐	
  
Anaemia	
   8	
  (24)	
   6	
  (18)	
   -­‐	
   -­‐	
  
Febrile	
  neutropenia	
   -­‐	
   6	
  (18)	
   -­‐	
   -­‐	
  
Leukocytosis	
   -­‐	
   1	
  (3)	
   -­‐	
   -­‐	
  
Neutropenia	
   1	
  (3)	
   1	
  (3)	
   23	
  (70)	
   -­‐	
  
Parainfluzae	
  virus	
  infec=on	
   -­‐	
   1	
  (3)	
   -­‐	
   -­‐	
  
Periorbital	
  celluli=s	
   -­‐	
   1	
  (3)	
   -­‐	
   -­‐	
  
Pyrexia	
   3	
  (9)	
   1	
  (3)	
   -­‐	
   -­‐	
  
Tes=cular	
  oedema	
   -­‐	
   1	
  (3)	
   -­‐	
   -­‐	
  
Urinary	
  tract	
  infec=on	
   2	
  (6)	
   1	
  (3)	
   -­‐	
   -­‐	
  
Comiked	
  suicide	
   -­‐	
   -­‐	
   -­‐	
   1	
  (3)	
  

Adverse	
  events	
  that	
  occurred	
  in	
  ≥	
  10%	
  of	
  paJents,	
  and	
  all	
  Grade	
  3–5	
  events	
  

Younes A, et al. Lancet Oncol. 2014;15:1019-26. 



Selective activity of Lenalidomide and 
Ibrutinib in ABC subtype? 



Switch-off of BTK is lethal for ABC-DLBCL 

GeneJc	
  inhibiJon	
  of	
  BTK	
  
	
  is	
  lethal	
  for	
  ABC-­‐DLBCL	
  

Pharmacologic	
  inhibiJon	
  of	
  BTK	
  
	
  is	
  lethal	
  for	
  ABC-­‐DLBCL	
  

GCB	
  

ABC	
  

GCB	
  

ABC	
  

Davis et al, Nature 2010 



IBRUTINIB  IN DLBCL 

TOTAL	
  N^	
  	
  70 	
  ABC 	
  GCB 	
  	
  
	
  	
  

ABC/GCB 	
  29 	
  20	
  
Median	
  prior	
  Tx 	
  3	
  (1-­‐7) 	
  3.5	
  (1-­‐7)	
  
Prior	
  ASCT 	
  17% 	
  30%	
  

Refractory 	
  41% 	
  70%	
  	
  

ORR=	
  16/70	
  (23%)	
  
CRR=	
  	
  	
  6/70	
  (	
  	
  9%)	
  

Wilson W, ASH 2012 



	
  	
   	
  	
   By	
  GEP	
  	
  

	
  	
   Overall	
   GCB	
  	
   ABC	
  	
  

	
  	
   
LEN	
  

(n	
  =	
  51)	
  	
  

IC	
  

(n	
  =	
  51)	
   

LEN	
  

(n	
  =	
  14)	
  	
  

IC	
  

(n	
  =	
  16)	
  	
  

LEN	
  

(n	
  =	
  11)	
  	
  

IC	
  

(n	
  =	
  16)	
  	
  
ORR,	
  %	
   27.5	
   11.8	
   21.4	
   12.5	
   45.5	
   18.8	
   

p	
  value	
   0.079	
   0.642	
   0.206	
   

PFS,	
  
median,	
  
weeks	
   

13.6	
   7.9	
   13.2	
   7.1	
   82.0	
   6.2 

p	
  value	
   0.041	
   0.506	
   0.105	
   

•  Patients had received ≥ 2 prior therapies, or were ineligible for ASCT 
•  Median age 67 years 

ABC,	
  ac=vated	
  B-­‐cell	
  like;	
  ASCT,	
  autologous	
  stem	
  cell	
  transplanta=on;	
  GCB,	
  germinal	
  centre	
  B-­‐cell	
  like;	
  GEP,	
  
gene	
  expression	
  profiling;	
  IC,	
  inves=gator’s	
  choice;	
  LEN,	
  lenalidomide;	
  ORR,	
  overall	
  response	
  rate;	
  PFS,	
  
progression-­‐free	
  survival;	
  R/R	
  DLBCL,	
  relapsed/refractory	
  diffuse	
  large	
  B-­‐cell	
  lymphoma.	
   Czuczman	
  MS,	
  et	
  al.	
  Blood.	
  2014;124:abstract	
  628.	
  

A phase II/III multicentre, randomized study comparing lenalidomide with 
investigator’s choice in R/R DLBCL: efficacy 
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Median follow-up of 28 months. 
COO, cell of origin; DLBCL, diffuse large B-cell lymphoma; GCB, germinal centre B-cell like; HI/H, high-
intermediate or high risk; IPI, International Prognostic Index; LI, low-intermediate risk; PFS, progression-free 
survival; R2-CHOP, lenalidomide and rituximab plus cyclophosphamide, doxorubicin, vincristine, prednisone. 

REAL07 phase II R2-CHOP21 in elderly untreated DLBCL: 
PFS by COO and IPI 

At risk, n 
GCB  16  14  12  11  8  6  3  3           
Non-GCB  16  15  15  12  10  5  3  3  1    

GCB 
Non-GCB 

2-­‐year	
  PFS	
  
GCB	
   71%	
  
Non-­‐GCB	
   81%	
  

p = 0.705 2-­‐year	
  PFS	
  
LI	
  risk	
   89%	
  
HI/H	
  risk	
   74%	
  

At risk, n   
LI  20  19  18  15  10  6  2  2  2 
HI/H  29  26  23  19  15  9  7  4  4    

Low-intermediate (LI) risk 
High-intermediate risk or high (IH/H) risk 

p = 0.503 
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Vitolo U, et al. Lancet Oncol. 2014;15:730-7. 

PFS	
  by	
  COO	
   PFS	
  by	
  IPI	
  



Non-­‐GCB	
  subtype	
  was	
  defined	
  by	
  the	
  	
  Hans	
  algorithm.2	
  
CHOP,	
  cyclophosphamide,	
  doxorubicin,	
  vincris=ne,	
  prednisone;	
  GCB,	
  germinal	
  centre	
  B-­‐cell	
  like;	
  PFS,	
  
progression-­‐free	
  survival;	
  R-­‐CHOP,	
  rituximab	
  plus	
  CHOP;	
  R2-­‐CHOP,	
  lenalidomide	
  and	
  rituximab	
  plus	
  CHOP.	
  

1.	
  Nowakowski	
  GS,	
  et	
  al.	
  J	
  Clin	
  Oncol.	
  2015;	
  33:251-­‐7.	
  	
  	
  
2.	
  Hans	
  CP,	
  et	
  al.	
  Blood.	
  2004;103:275-­‐82.	
  

PFS in GCB and non-GCB DLBCL for patients treated 
with R-CHOP and R2-CHOP  

Historical R-CHOP PFS1 R2-CHOP PFS1 

At risk, n 
GCB 

Non-GCB 
59 
28 

49 
17 

43 
11 
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At risk, n 
GCB 

Non-GCB 
33 
22 

26 
20 

18 
14 

13 
10 

11 
5 

6 
4 

PFS	
   12	
  months	
   24	
  months	
  

GCB 73% 64% 
Non-­‐GCB 39% 28% 

p	
  <	
  0.001 

PFS	
   12	
  months	
   24	
  months	
  

GCB 64% 59% 
Non-­‐GCB 72% 60% 

p	
  =	
  0.083 
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DLBCL 
Select by 

GEP 

ABC 

Lenalidomide 15 mg x 14 days + R-CHOP21 
6 cyclesa 

n = 280 

Placebo x 14 days + R-CHOP21 
6 cyclesa 

n = 280 

GCB,  
unclassified Ineligible 

R 

aOption for 2 additional rituximab doses after completing treatment regimen (if considered standard of care per local practice). ABC,	
  ac=vated	
  B-­‐cell	
  like;	
  COO,	
  cell	
  of	
  origin	
  ;	
  DLBCL,	
  
diffuse	
  large	
  B-­‐cell	
  lymphoma;	
  ECOG	
  PS,	
  Eastern	
  Coopera=ve	
  Oncology	
  Group	
  	
  performance	
  status;	
  GCB,	
  germinal	
  centre	
  B-­‐cell	
  like;	
  	
  GEP,	
  gene	
  expression	
  profile;	
  IPI,	
  Interna=onal	
  Prognos=c	
  
Index;	
  PFS,	
  progression-­‐free	
  survival;	
  PI,	
  principle	
  inves=gator;	
  R-­‐CHOP,	
  rituximab	
  plus	
  cyclophosphamide,	
  doxorubicin,	
  vincris=ne,	
  prednisone.	
   NCT02285062.	
  

DLC-002 (ROBUST) study design: 
COO categorization made on nanostring 

•  Newly	
  diagnosed	
  ABC	
  DLBCL;	
  IPI	
  ≥	
  2;	
  ECOG	
  PS	
  ≤	
  2;	
  age	
  18–80	
  years	
  

•  Primary	
  endpoint	
  =	
  PFS;	
  N	
  =	
  560	
  

•  90%	
  power	
  to	
  detect	
  60%	
  difference	
  in	
  PFS	
  (control	
  median	
  PFS	
  es=mate	
  =	
  24	
  months)	
  

•  208	
  sites	
  expected	
  to	
  be	
  involved	
  

Sponsor: Celgene Corporation. Team leader: FIL and Mayo Clinic.  
PIs: U. Vitolo, T. Witzig.  

Writing committee: U. Vitolo, A. Chiappella, M. Spina, T. Witzig, G. Nowakowski. 



Do we need to improve R-CHOP results in DLBCL? 

ü  A	
  becer	
  recogniJon	
  based	
  of	
  hystopathological	
  subtypes	
  
ü  Combining	
  novel	
  drugs	
  to	
  standard	
  chemoimmunotherapy	
  

R-CHOP is the backbone… 



Diffuse	
  large	
  B-­‐cell	
  lymphoma	
  

Burkic	
  
lymphoma	
  

Aggressive	
  B-­‐cell	
  Lymphomas	
  	
  
in	
  the	
  WHO	
  ClassificaJon	
  (2008)	
  …	
  

5-­‐10%	
  

CytogeneJc	
  
double	
  hit	
  
lymphomas	
  

MYC/BCL2	
  HIC	
  
Double	
  expressor	
  

lymphoma	
  

20-­‐30%	
  

B-­‐CLU	
  	
  Intermediate	
  	
  	
  
unclasssifiable	
  



Genetic alterations identifiy high risk DLBCL 
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Transloca)ons  involving  MYC,  BCL2  and  BCL6

BCL2	
  t(14;18)(q32;q21)	
  in	
  18–20%	
  of	
  pa=ents	
  with	
  de	
  novo	
  DLBCL.	
  
	
  
BCL6	
  t(3;14)(q21;q27)	
  in	
  30–40	
  %	
  DLBCL,	
  more	
  osen	
  in	
  ABC	
  
	
  
BCL2	
  and	
  MYC	
  transloca=ons	
  are	
  usually	
  associated	
  with	
  GCB	
  DLBCL	
  
	
  
MYC	
  transloca=ons	
  in	
  5-­‐14%	
  of	
  DLBCL.	
  	
  
	
  
Double	
  hit	
  lymphoma	
  	
  
§  (BCL2/MYC)	
  or	
  triple	
  hit	
  (BCL2/BCL6/MYC)	
  	
  
	
  	
  	
  	
  	
  	
  have	
  worse	
  prognosis	
  	
  
§  Cannot	
  be	
  predicted	
  by	
  histology,	
  prolifera=on	
  rate	
  or	
  	
  
	
  	
  	
  	
  	
  	
  clinical	
  features	
  
§  Most	
  	
  frequent	
  in	
  GCB	
  type	
  
§  More	
  than	
  50%	
  of	
  pa=ents	
  are	
  >	
  65	
  years	
  old	
  	
  	
  
	
  
(key	
  point:	
  DHL	
  include	
  cases	
  	
  with	
  one	
  gene	
  translocated	
  
	
  and	
  the	
  second	
  gene	
  with	
  gain	
  or	
  amplifica>on)	
  



Rearrangement of MYC in R-CHOP  treated DLBCL 
u  	
  303	
  	
  DLBCL	
  	
  previously	
  	
  untreated	
  	
  	
  no	
  follicular	
  evidence.	
  
u  	
  MYC,	
  BCL6,	
  t(14;18)/	
  BCL2	
  rearrangements	
  
u  	
  245	
  evaluable,	
  35	
  (14%)	
  MYC	
  rearrangements	
  of	
  these	
  26	
  (74%)	
  double	
  HIT	
  

Barrans S. et al JCO 2010 

IPI +MYC + 

IPI +MYC + 

MYC - 

MYC+ 



Double or triple hit lymphomas have the worst outcome 

43 

	
  
Double	
  hit	
  lymphoma	
  (BCL2/MYC)	
  or	
  triple	
  hit	
  (BCL2/BCL6/MYC)	
  have	
  worse	
  
prognosis	
  

Visco et al., Hematologica 2013 



Petrich M, Gandhi M et al Blood  2014 

Ø 311	
  pts	
  DHL	
  ;	
  median	
  age	
  60	
  (19-­‐87);	
  	
  
Ø DLBCL=	
  154	
  (50%)	
  	
  BCLU=	
  150(	
  48%)	
  
Ø BCL2	
  +=	
  87%;	
  BCL6+	
  =6%	
  triple	
  Hit=	
  6%;	
  	
  
Ø GCB=	
  58	
  %	
  

R-­‐CHOP	
   100	
  (32)	
  

R-­‐Hyper-­‐CVAD	
   66	
  (21)	
  

DA-­‐EPOCH-­‐R	
   64	
  (21)	
  

R-­‐CODOX-­‐M/IVAC	
   42	
  (14)	
  

R-­‐ICE	
   9	
  (3)	
  

Others	
   31	
  (10)	
  

Educational ASH 2014 



Petrich M, Gandhi M et al Blood 2014 Educational ASH 2014 

Double Hit Lymphoma (DHL)  



Double Hit lymphoma: MDACC experience 

CharacterisJc	
  
RCHOP	
  
n	
  =	
  54	
  

R-­‐EPOCH	
  
n	
  =	
  28	
  

RHCVAD/MA	
  
n	
  =	
  34	
  

Other	
  
n	
  =	
  10	
  

All	
  	
  
n	
  =	
  129	
  

CR	
  aser	
  iniJal	
  therapy	
  
(%)	
   23	
  (40)	
   19	
  (68)	
   23	
  (68,)	
   6	
  (60)	
   71	
  (55)	
  

Frontline	
  SCT	
  (%)	
  	
  
Any	
  (auto+allo)	
  
Allo	
  

	
  
2	
  (4)	
  
1	
  (2)	
  

	
  
14	
  (50)	
  

0	
  

	
  
8	
  (24)	
  
1	
  (3)	
  

	
  
2	
  (20)	
  
0	
  

	
  
26	
  (20)	
  
2	
  (2)	
  

Oki et al  Br.J.Hematol. 2014 

R-­‐CHOP	
  

R-­‐EPOCH	
  

129	
  pts	
  DHL	
  ;	
  median	
  age	
  62	
  (17-­‐84);	
  IPI	
  2-­‐3	
  =61%;	
  
	
  MYC/BCL2	
  pos=72%;	
  triple	
  Hit=	
  11%;	
  GCB	
  90%	
  



DA-EPOCH-R in MYC-Rearranged Aggressive 
 B-Cell Lymphoma: PFS and OS 52 patients 

PFS	
   OS	
  
100	
  

80	
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54	
  6	
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   30	
   36	
   42	
   48	
  24	
  
Months	
   Mos	
  

Dunleavy et al ASH 2014 abs 395 (oral session) 

79%	
  

PFS	
  

Median	
  follow-­‐up:14	
  mos	
  

Characteristic n (%) 

Median age y (range) 61 (29-80) 

Male sex  71% 

Stage III/IV 73% 

Elevated LDH 53% 

CNS disease 6% 

IPI score 
0-2 
3-5 

 
35% 
65% 

Histology 
DLBCL 
BCL-U 

 
86% 
14% 

MYC by FISH 100% 

BCL2 by FISH 45% 

BCL2 high IHC 56% 



Himmunoistochemistry expression of Myc and BCL2 in  
DLBCL 
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c-­‐Myc  expression


Kluk MJ et al. PLoS ONE 2012 Horn et al., Blood 2013 
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BCL2  expression


Schneider et al., Leukemia & Lymph 2015 

Himmunoistochemistry expression of Myc and BCL2 in  
DLBCL 



Myc+:	
  ≥	
  40%	
  pos.	
  
Bcl2+:	
  ≥	
  50%	
  pos.	
  

Johnson et al J.Clin. Oncol 2012 



Overall survival of patients with DLBCL according MYC and 
BCL2 translocation (DHIT) or MYC and BCL2 protein 
expression (DE) 

20-­‐25%	
  “dual	
  protein	
  expressor	
  (DE)”	
  

5-­‐10%	
  “	
  double-­‐hit”	
  

Other	
  DLBCL	
  

Johnson et al J.Clin. Oncol 2012 



Factors Affecting Treatment Decision  
High risk patients by COO profile, myc, 

bcl2… 

Scott D et al. J Clin Oncol 2015; 33: 2848-56 

ü In	
   the	
   non–MYC-­‐posi=ve/BCL2-­‐posi=ve	
   group,	
   pa=ents	
   with	
   ABC	
   DLBCL	
   had	
   significantly	
  
inferior	
  outcomes	
  compared	
  with	
  those	
  with	
  GCB	
  DLBCL.	
  	
  

ü COO	
  did	
  not	
  provide	
   sta=s=cally	
   significant	
   risk	
   stra=fica=on	
  within	
   the	
  MYC-­‐posi=ve/BCL2-­‐
posi=ve	
  group.	
  



• R-­‐CHOP	
  inadequate	
  
• No	
  evidence	
  that	
  DH-­‐DLBCL	
  fare	
  becer	
  with	
  more	
  
aggressive	
  therapies	
  (i.e.	
  Burkic-­‐type	
  CT)	
  

•  SuggesJons	
  that	
  	
  DLBCL/BL	
  may	
  fare	
  becer	
  with	
  
Burkic-­‐type	
  CT	
  

•  Too	
  small	
  numbers	
  of	
  DH	
  paJents	
  	
  treated	
  with	
  
upfront	
  HDT-­‐ASCT	
  to	
  suggest	
  any	
  role	
  for	
  transplant	
  
procedure	
  (…same	
  for	
  DLBCL/BL)	
  

• DA-­‐EPOCH	
  very	
  acJve	
  in	
  Myc-­‐only	
  but	
  not	
  in	
  DH-­‐
DLBCL	
  (Ann	
  Oncol	
  19:iv83,	
  2008)	
  

• OpJmal	
  Targets	
  for	
  Targeted-­‐agents	
  ?	
  

What we (do not) know	
  



Class	
  of	
  drug	
   Examples	
   References	
   Phase	
  	
   n	
   PopulaJon	
   ORR	
  

SelecJve	
  
inhibitor	
  of	
  
nuclear	
  export	
  
(SINE)	
  

Selinexor	
  
	
  (KPT-­‐330)	
  

GuJerrez	
  et	
  al	
  (2014)	
   I	
   28	
   R/R	
  NHL	
   25%	
  

BH3-­‐mimeJc	
  
ABT-­‐199	
  

	
  (GDC-­‐0199)	
  
Davids	
  et	
  al	
  (2014)	
   I/II	
   44	
   R/R	
  NHL	
   44%	
  

BET	
  
bromodomain	
  
inhibitors	
  

GSK525762	
  
CPI-­‐0610	
  

NCT01943851	
  
NCT01949883	
  

I	
  
I	
  

*	
  
*	
  

R/R	
  haematological	
  
cancers	
  	
  R/R	
  NHL	
  

*	
  
*	
  

 New agents in development with potential activity 
 in MYC-driven and double hit lymphoma 



20%	
  “dual	
  protein	
  expressor	
  (DE)”	
  

5%	
  “	
  double-­‐hit”	
  

Other	
  DLBCL	
  

Intensive	
  regimens	
  (DA-­‐EPOCH-­‐R	
  )	
  +/-­‐	
  ASCT	
  
CNS	
  prophylaxis	
  with	
  HD-­‐MTX	
  and	
  HD-­‐ARAC	
  and	
  IT	
  

	
  R-­‐CHOP	
  +	
  X	
  
	
  R2-­‐CHOP;	
  	
  R-­‐CHOP+IBR;	
  R-­‐CHOP+X	
  

R-­‐CHOP	
  	
  

Future treatment for high risk DLBCL? 



Conclusions 

ü  R-CHOP is still the standard of care in DLBCL and is the 

backbone of new treatments with novel drugs 

ü  A better recognition of unfavourable DLBCL subsets is now 

recommended to better tailor the treatment 

ü  MYC should be tested in all DLBCL patients (expression and 

translocation) 

ü  MYC positive patients (cytogenetic, FISH+) and namely double hit 

patients positive should be treated with intensified regimens 

different from RCHOP +/- HDC and ASCT 

ü  ABC subtype should be included in clinical trials testing the 

addition of novel drugs to R-CHOP 


