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Terminology and definition:  
coining names for drugs 

Most	
  new	
  names	
  consist	
  of	
  three	
  parts:	
  a	
  prefix,	
  an	
  infix	
  and	
  
a	
  stem	
  

  Prefix:	
  means	
  nothing;	
  differen,ates	
  drug	
  from	
  others	
  in	
  
class	
  

  Infix:	
  used	
  occasionally;	
  further	
  subclassifies	
  

  Stem:	
  usually	
  at	
  the	
  end	
  of	
  a	
  name,	
  indicates	
  place	
  in	
  
nomenclature	
  scheme;	
  novel	
  stems	
  suggest	
  novel	
  drug	
  
ac,on;	
  drugs	
  with	
  the	
  same	
  stem	
  are	
  related	
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Enrollment	
  dates:	
  
Dec	
  2012	
  –	
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  2013	
  

1:1	
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  Stra0fied	
  by	
  number	
  of	
  prior	
  lines	
  of	
  therapy	
  and	
  by	
  sMIPI	
  

Ibru0nib	
  (N	
  =	
  139)	
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  mg	
  daily	
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  Cycle	
  1,	
  Day	
  1 

Treat	
  to	
  PD	
  or	
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toxicity 

Temsirolimus	
  (N	
  =	
  141)	
  

Intravenous	
  temsirolimus	
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  mg	
  on	
  Cycle	
  1,	
  Days	
  1,	
  8,	
  15;	
  
then	
  75	
  mg	
  on	
  Days	
  1,	
  8,	
  15	
  of	
  
all	
  subsequent	
  cycles	
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  Secondary	
  end	
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  included:	
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  (CR	
  +	
  PR)	
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  survival	
  
•   Dura,on	
  of	
  response	
  

•   Time	
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  treatment	
  
•   Safety	
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  outcomes	
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  Results	
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  At	
  a	
  2-­‐year	
  landmark,	
  the	
  PFS	
  rate	
  was	
  41%	
  for	
  ibru,nib	
  versus	
  7%	
  for	
  temsirolimus	
  

  Inves,gator-­‐assessed	
  HR	
  for	
  ibru,nib	
  versus	
  temsirolimus	
  was	
  0.43	
  (95%	
  CI,	
  0.32-­‐0.58)	
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Pa0ents	
  at	
  risk 
Ibru,nib 139 114 101 83 77 45 34 8 5 0 0 
Temsirolimus 141 93 69 45 33 19 11 3 1 0 0 
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PFS	
  and	
  ORR:	
  Outcomes	
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  Number	
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Pa0ents	
  at	
  risk 
Ibr	
  1	
  prior 57 47 43 39 37 21 19 3 2 0 0 
Tem	
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  prior 50 33 24 13 11 6 4 0 0 0 0 

82 67 58 44 40 24 15 5 3 0 0 
91 60 45 32 22 13 7 3 1 0 0 
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Treatment-­‐Emergent	
  AEs	
  (≥	
  20%	
  of	
  Pa0ents)	
  

16	
  

Safety	
  Popula0on	
   Ibru0nib	
  (N	
  =	
  139)	
   Temsirolimus	
  (N	
  =	
  139)	
  

AE,	
  %	
   Any	
  Grade	
   Grade	
  ≥	
  3	
   Any	
  Grade	
   Grade	
  ≥	
  3	
  

Hematological	
  
Thrombocytopenia	
   18.0	
   9.4	
   56.1	
   42.4	
  

Anemia	
   18.0	
   7.9	
   43.2	
   20.1	
  

Neutropenia	
   15.8	
   12.9	
   25.9	
   16.5	
  

Nonhematological	
  
Diarrhea	
   28.8	
   2.9	
   30.9	
   4.3	
  

Fa,gue	
   22.3	
   4.3	
   28.8	
   7.2	
  

Cough	
   22.3	
   0.0	
   22.3	
   0.0	
  

Pyrexia	
   16.5	
   0.7	
   20.9	
   2.2	
  

Nausea	
   14.4	
   0.0	
   21.6	
   0.0	
  

Peripheral	
  edema	
   12.9	
   0.0	
   22.3	
   2.2	
  

Epistaxis	
   8.6	
   0.7	
   23.7	
   1.4	
  

Stoma,,s	
   2.9	
   0.0	
   20.9	
   3.6	
  
Rates	
  shown	
  are	
  not	
  adjusted	
  for	
  differences	
  in	
  exposure.	
  



Mechanisms of action of lenalidomide in 
lymphoma cells and nodal microenvironment 

Gribben J., J Clin Oncol 2015. 



MM: continuous improvement  
in overall survival 

18 Bergsagel MD 2104 ASCO Educational Book  



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.	
  



Articles

www.thelancet.com/oncology   Published online May 13, 2014   http://dx.doi.org/10.1016/S1470-2045(14)70191-3 1

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. 

REAL07 phase II R2-CHOP21 in elderly untreated 
DLBCL: ORR 92%, CR 86%; PFS and OS 

2-­‐year	
  OS 
All	
  pa,ents 92% 

2-­‐year	
  PFS	
  
All	
  pa,ents	
   80%	
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Vitolo U, et al. Lancet Oncol. 2014;15:730-7. 



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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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. 
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GA101 (Obinutuzumab): Designed for increased antibody-dependent 
cellular cytotoxicity (ADCC) and Direct Cell Death 

Type II 
anti-CD20 mAb1  

Glycoengineered 
Fc region2  

Increased 
Direct Cell Death2  

Increased  
antibody-dependent 
cellular cytotoxicity 

(ADCC)2 

Extensive clinical development program to evaluate the superiority of GA101 
over rituximab in multiple head-to-head trials 



Confidential – for GA101 investigators’ use in the 
clinical development programme only 
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GA101 exhibited up to 100-fold higher ADCC potency than rituximab 
and ofatumumab on Z138 and SU-DHL4 cell lines 

ADCC, antibody-dependent cell-mediated cytotoxicity; PBMC, peripheral blood mononuclear cells 
Herter S, et al. Poster presentation at ASH 2010 (Abstract 3925). 

GA101-induced ADCC 
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SU-DHL4 (NK92 LC3 E11) 

Antibody concentration (ng/ml) 
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Obinutuzumab  
    1000 mg i.v. Days 1, 8 and 15 Cycle 1;  
     Day 1 Cycle 2–6 (28 day cycles) 
Bendamustine  
     90 mg/m2/day i.v.  Days 1 and 2 Cycles      
     1–6 (28 day cycles) 

GADOLIN: Study design (NCT01059630) 

iNHL, indolent non-Hodgkins lymphoma; G-B, obinutuzumab plus bendamustine; G, obinutuzumab.  

G-B 

B 

Rituximab-refractory 
CD20+ iNHL  

(incl FL, MZL and SLL) 

(N=413) 

G-maintenance 
CR/ PR/ SD 

R 
1:1 

Obinutuzumab  
   1000 mg i.v. every 2    
   months for 2 years or    
   until progression 

Bendamustine 
     120 mg/m2/day i.v. Days 1 and 2 Cycles      
     1–6 (28 day cycles) 

Stratification factors: 
•   NHL subtype (FL vs other)  
•   Prior therapies (≤2 vs >2) 
•   Refractory type (R-mono vs R-chemo) 
•   Geographic region 

•   International, randomized, open-label study  
•   Response monitored by CT scan post-induction, then every 3 months for 2 years, then every 6 months    



GADOLIN primary outcome: IRF-assessed PFS 

IRF, independent radiology facility; HR, hazard ratio; CI, confidence interval; NR, not reached. 

IRF-assessed PFS G-B (n=194) B (n=202) 

Events, n 71 (37%)  104 (51%) 
Median PFS, months 
(95% CI) NR (22.5–NR) 14.9 (12.8–

16.6) 
Stratified HR (95% CI) 0.55 (0.40–0.74) 
Log-rank p-value p=0.0001 
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Brentuximab Vedotin (SGN-35)  
Mechanism of action 

Brentuximab vedotin (SGN-35) ADC 

ADC binds to CD30 

MMAE disrupts 
Microtubule network 

ADC-CD30 complex  
traffics to lysosome 

MMAE is released 

Apoptosis 

G2/M cell 
cycle arrest 

anti-CD30 monoclonal antibody 
protease-cleavable linker 
monomethyl auristatin E (MMAE), potent antitubulin agent 



Younes A et al, J Clin Oncol 2012;30: 2183-2189. 
Reused with permission. ©2012 Journal of Clinical Oncology. American Society of Clinical Oncology. All rights reserved. 

Phase II Pivotal Study of BV 
Patients with R/R HL post ASCT 
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•   37-yr-old male diagnosed with 
HL 

•   Prior treatment: 
–   Five chemotherapy regimens 
–   Two radiotherapy regimens 
–  ASCT  
–   Rituximab 

•   Cycle 2 restaging: CR 

From New England Journal of Medicine, Younes A, et al.  
Brentuximab Vedotin (SGN-35) for Relapsed CD30 Positive Lymphomas, 363;1812–21;Suppl Appendix.  

Copyright © 2010 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society. 

SG035-0001: Phase 1 dose-escalation study in patients with  
rel/ref CD30+ lymphoma 

30 

Case study 





Moskowitz C.H. et al., The Lancet, 2015 







Pilot study of brentuximab vedotin plus AVD/ISRT in 
previously untreated early-stage, unfavorable-risk HL 

Objectives: Primary: safety, pulmonary toxicity; Secondary: prognostic significance of 
interim PET (Deauville criteria), preliminary efficacy 

Dose and schedule:  

Kumar A et al. ICML 2015, Oral presentation from Abstract #88 * >7 cm in MTD or >7 cm in MCD 

31 

Pt Characteristics, N=30 

Median age, yrs (range) 31 (18–59) 

CD30+ HL, % 100 

     CD20+ 13 

     EBV +, n=27 11 

Stage II, % 100 

Unfavorable risk features, ≥1 (%) 100 

     B symptoms, % 47 

     ESR >50 or ESR >39 with B-symptoms, % 67 

     Nodal sites >2, % 67 

     Extranodal involvement, % 47 

     Bulk ≥10 cm, % 47 

Anterior mediastinal mass >10 cm, n=14; 
median size, cm (range) 

13 (10–16.9) 

Bulky by MSK definition*, n=28 (%) 86 





ECHELON-1: Ongoing phase 3 trial of brentuximab 
vedotin and AVD vs. ABVD in frontline advanced HL 

Radford, et al. ISHL 2013; Cologne, Germany (P017) 
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Schema: 

Objectives: 
•  Primary: PFS 
•  Secondary:  

-  Overall survival 
-   Others: CR rate, safety, EFS, DFS, ORR, DOR, 

duration of CR, rate of irradiation for those not in 
CR, CR at the end of front-line therapy, rate of 
cycle 2 PET negativity, HRQOL, PK, 
immunogenicity  

PFS = Progression-free Survival, IRF = Independent review facility, EFS = Event-free survival, DFS= Disease-
free survival, DOR= Duration of response, HRQOL= Health-related quality of life, PK= Pharmacokinetics 

Treatment regimen: 
•   Brentuximab vedotin + AVD (up to 6 cycles): 

-   Brentuximab vedotin 1.2 mg/kg IV infusion on 
days 1 and 15 of each 28-day cycle 

-   Doxorubicin 25 mg/m2 IV infusion on days 1 
and 15 of each 28-day cycle  

-   Vinblastine 6 mg/m2 IV infusion on 1 days and 
15 of each 28-day cycle  

-   Dacarbazine (DTIC) 375 mg/m2 on days 1 
and 15 of each 28-day cycle 

•   ABVD (up to 6 cycles): 
-  Doxorubicin 25 mg/m2 IV infusion on days 1 

and 15 of each 28-day cycle 
-  Bleomycin 10 units/m2 IV infusion on Days 1 

and 15 of each 28-day cycle 
-  Vinblastine 6 mg/m2 IV infusion on 1 days and 

15 of each 28-day cycle  
-  Dacarbazine (DTIC) 375 mg/m2 on days 1 

and 15 of each 28-day cycle  
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Evasion of the Immune Response Is One of the 
Emerging Hallmarks of Cancer1 

Tumor cells can evade 
detection and destruction by 

the immune system 

Tumor cells encourage 
growth of new blood vessels 

Tumor cells invade and 
metastasize to other tissues 

Tumor cells divide 
without control 

Activated T 
Cells 

1. Hanahan D et al, Cell. 2011;144:646–674.  

Tumor cells can reprogram 
cellular metabolism to gain 

energy 

Emerging Hallmarks 

Established Hallmarks 

Tumor cells resist 
cell death 

Tumor cells evade 
growth suppressors 

Tumor cells sustain 
proliferative signaling 
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Exploiting the PD-1 Immune Checkpoint 
Pathway1 

Reprinted by permission from Macmillan Publishers Ltd: Nat Rev Cancer,1 copyright 2012.  

PD-1 = programmed cell death protein 1; TCR = T-cell receptor; MHC = major histocompatibility complex; PD-L1 = programmed  
cell death ligand 1; PD-L2 = programmed cell death ligand 2. 
1. Pardoll DM. Nat Rev Cancer. 2012;12:252–64.  

Dendritic cell Naïve T cell Activated T cell Tumor cell 

PD-1 

Antigen 

PD-1 
PD-L2 

MHC TCR 

•   Emerging research has 
identified PD-1 as an 
immune checkpoint 
pathway that tumor cells 
may exploit to evade 
immune surveillance 

•   Tumor cells may block 
immune responses via the 
PD-1 immune checkpoint 
pathway by expressing the 
dual PD-1 ligands, PD-L1 
and PD-L2 

Priming Phase of 
Activation Effector Phase 

PD-L1 



40 

Tumor cells 
evade destruction 

3. Exploiting the PD-1 Immune Checkpoint 
Pathway1  

PD-1 

PD-L2 

-
T cell 

Inactivation 

•   PD-1 is upregulated on 
activated T cells during 
the effector phase of the 
immune response 

•   PD-L1 and PD-L2 
engage the PD-1 
receptor on T cells to 
downregulate T-cell 
activity in the effector 
phase 

Dendritic cell Naïve T cell Inactivated T cell Tumor cell 

PD-1 

Antigen 

MHC TCR 

PD-L1 

-

Priming Phase of 
Activation Effector Phase 

Reprinted by permission from Macmillan Publishers Ltd: Nat Rev Cancer,1 copyright 2012.  

PD-1 = programmed cell death protein 1; PD-L1 = programmed cell death ligand 1; PD-L2 = programmed cell death ligand 2. 
1. Pardoll DM. Nat Rev Cancer. 2012;12:252–264.  
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PD-1 inhibitors: mechanism of action 
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PD-­‐1	
   Nivolumab	
   Fully	
  human	
  IgG4	
  mAb	
   BMS	
   ph	
  III	
  

Pidilizumab	
   Humanized	
  IgG1	
  mAb	
   Cure	
  Tech	
   ph	
  II	
  

Pembrolizumab	
   Humanized	
  IgG4	
  mAb	
   Merck	
   ph	
  III	
  

AMP-­‐224	
   Recombinant	
  PD-­‐L2	
  Fc	
  
fusion	
  protein	
  

GSK	
   ph	
  I	
  

PD-­‐L1	
   BMS-­‐936559	
   Fully	
  human	
  IgG4	
  mAb	
   BMS	
   ph	
  I	
  

MEDI4736	
   Engineered	
  human	
  
IgG1	
  mAb	
  

MedImmune	
   ph	
  III	
  

MPDL3280A	
  
(Atezolizumab)	
  

Engineered	
  human	
  
IgG1	
  mAb	
  

Genentech	
   ph	
  III	
  

MSB0010718C	
   Engineered	
  human	
  
IgG1	
  mAb	
  

EMD	
  Serono	
   ph	
  II	
  



N Engl J Med. 2015 Jan 22;372(4):320-30.  

 CheckMate 066 ClinicalTrials.gov 
number, NCT01721772. 



n engl j med 372;21, 2015 

CheckMate 067  
ClinicalTrials.gov  
NCT01844505. 
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CheckMate 017 (NCT01642004) - Study Design 

•   One pre-planned interim analysis for OS 
•   At time of DBL (December 15, 2014), 199 deaths were reported (86% of deaths required for final 

analysis) 
•   The boundary for declaring superiority for OS at the pre-planned interim analysis was P <0.03 

Pa0ents	
  stra0fied	
  by	
  region	
  	
  
and	
  prior	
  paclitaxel	
  use	
  

Nivolumab	
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•   Primary	
  Endpoint:	
  	
  
–   OS	
  

•   Addi0onal	
  Endpoints:	
  	
  
̶  Inves,gator-­‐assessed	
  ORR	
  
̶  Inves,gator-­‐assessed	
  PFS	
  
̶  Correla,on	
  between	
  PD-­‐L1	
  
expression	
  and	
  efficacy	
  

̶  Safety	
  
̶  Quality	
  of	
  life	
  (LCSS)	
  

•   Stage	
  IIIb/IV	
  SQ	
  NSCLC	
  
•   1	
  prior	
  pla0num	
  doublet-­‐based	
  
chemotherapy	
  

•   ECOG	
  PS	
  0–1	
  
•   Pre-­‐treatment	
  (archival	
  or	
  fresh)	
  
tumor	
  samples	
  required	
  for	
  PD-­‐L1	
  
analysis	
  	
  

N	
  =	
  272	
  

LCSS	
  =	
  Lung	
  cancer	
  symptom	
  scale	
  



Overall Survival 
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OS and PFS by PD-L1 Expression 

•  Survival benefit with nivolumab was independent of 
PD-L1 expression level 

•   PD-­‐L1	
  expression	
  was	
  measured	
  in	
  pre-­‐treatment	
  tumor	
  biopsies	
  
(DAKO	
  automated	
  IHC	
  assay)15	
  

PD-­‐L1	
  
expression	
  

Pa0ents,	
  n	
   Unstra0fied	
  	
  
HR	
  (95%	
  Cl)	
  

Interac0on	
  	
  
P-­‐value	
  Nivolumab	
   Docetaxel	
  

OS	
  
≥1%	
   63	
   56	
   0.69	
  	
  	
  (0.45,	
  1.05)	
  

0.56	
  
<1%	
   54	
   52	
   0.58	
  	
  	
  (0.37,	
  0.92)	
  
≥5%	
   42	
   39	
   0.53	
  	
  	
  (0.31,	
  0.89)	
  

0.47	
  
<5%	
   75	
   69	
   0.70	
  	
  	
  (0.47,	
  1.02)	
  
≥10%	
   36	
   33	
   0.50	
  	
  	
  (0.28,	
  0.89)	
  

0.41	
  
<10%	
   81	
   75	
   0.70	
  	
  	
  (0.48,	
  1.01)	
  
Not	
  
quan,fiable	
   18	
   29	
   0.39	
  	
  	
  (0.19,	
  0.82)	
  

PFS	
  
≥1%	
   63	
   56	
   0.67	
  	
  	
  (0.44,	
  1.01)	
  

0.70	
  
<1%	
   54	
   52	
   0.66	
  	
  	
  (0.43,	
  1.00)	
  
≥5%	
   42	
   39	
   0.54	
  	
  	
  (0.32,	
  0.90)	
  

0.16	
  
<5%	
   75	
   69	
   0.75	
  	
  	
  (0.52,	
  1.08)	
  
≥10%	
   36	
   33	
   0.58	
  	
  	
  (0.33,	
  1.02)	
  

0.35	
  
<10%	
   81	
   75	
   0.70	
  	
  	
  (0.49,	
  0.99)	
  
Not	
  
quan,fiable	
   18	
   29	
   0.45	
  	
  	
  (0.23,	
  0.89)	
  

PD-­‐L1	
  nega,ve	
  expression	
  

PD-­‐L1	
  posi,ve	
  expression	
  

Not	
  quan,fiable	
  

0.25	
   1.0	
   2.0	
  

Nivolumab Docetaxel 
0.5	
  0.125	
  

Nivolumab	
  benefit	
  was	
  independent	
  of	
  PD-­‐L1	
  expression	
  



CheckMate 057 (NCT01673867) Study Design 

•   PD-L1 expression measured using the Dako/BMS automated IHC assay14,15 
–   Fully validated with analytical performance having met all pre-determined acceptance criteria for sensitivity, specificity, 

precision, and robustness 

a	
  Maintenance	
  therapy	
  included	
  pemetrexed,	
  bevacizumab,	
  or	
  erlo,nib	
  (not	
  considered	
  a	
  separate	
  line	
  of	
  therapy);	
  b	
  Per	
  RECIST	
  v1.1	
  criteria	
  as	
  determined	
  by	
  the	
  inves,gator.	
  

Ra
nd

om
iz
e	
  
1:
1	
  

•   Stage	
  IIIB/IV	
  non-­‐SQ	
  NSCLC	
  
•   Pre-­‐treatment	
  (archival	
  or	
  recent)	
  tumor	
  
samples	
  required	
  for	
  PD-­‐L1	
  

•   ECOG	
  PS	
  0–1	
  	
  
•   Failed	
  1	
  prior	
  pla0num	
  doublet	
  

•   Prior	
  maintenance	
  therapy	
  alloweda	
  

•   Prior	
  TKI	
  therapy	
  allowed	
  for	
  known	
  
ALK	
  transloca0on	
  or	
  EGFR	
  muta0on	
  

N	
  =	
  582	
  

Nivolumab	
  
3	
  mg/kg	
  IV	
  Q2W	
  

un,l	
  PD	
  or	
  
unacceptable	
  toxicity	
  

n	
  =	
  292	
  

Docetaxel	
  
75	
  mg/m2	
  IV	
  Q3W	
  	
  

un,l	
  PD	
  or	
  
unacceptable	
  toxicity	
  

n	
  =	
  290	
  

•   Primary	
  Endpoint	
  
–   OS	
  

•   Addi0onal	
  Endpoints	
  
–   ORRb	
  
–   PFSb	
  
–   Safety	
  
–   Efficacy	
  by	
  tumor	
  PD-­‐L1	
  expression	
  
–   Quality	
  of	
  life	
  (LCSS)	
  

Pa0ents	
  stra0fied	
  by	
  prior	
  maintenance	
  therapy	
  	
  
and	
  line	
  of	
  therapy	
  (second-­‐	
  vs	
  third-­‐line)	
  



Overall Survival 

Symbols	
  represent	
  censored	
  observa,ons.	
  

Nivolumab	
  
(n	
  =	
  292)	
  

Docetaxel	
  
(n	
  =	
  290)	
  

mOS,	
  mo	
   12.2	
   9.4	
  

HR	
  =	
  0.73	
  (96%	
  CI:	
  0.59,	
  0.89);	
  P	
  =	
  0.0015	
  

Nivolumab	
  

Docetaxel	
  

1-­‐yr	
  OS	
  rate	
  =	
  51%	
  

1-­‐yr	
  OS	
  rate	
  =	
  39%	
  

292	
   232	
   194	
   169	
   146	
   123	
   62	
   32	
   0	
  9	
  

290	
   244	
   194	
   150	
   111	
   88	
   34	
   10	
   0	
  5	
  

Nivolumab	
  

Docetaxel	
  

Number	
  of	
  Pa0ents	
  at	
  Risk	
  

O
S	
  
(%

)	
  

Time	
  (months)	
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PD-­‐L1expression	
  level	
  
Nivoluma

b	
  
n	
  

Docetaxel	
  
n	
  

Unstra0fied	
  	
  
HR	
  (95%	
  Cl)	
  

Interac0o
n	
  

P-­‐valuea	
  

OS	
  

≥1%	
   123	
   123	
   0.59	
  	
  	
  (0.43,	
  0.82)	
  
0.0646	
  

<1%	
   108	
   101	
   0.90	
  	
  	
  (0.66,	
  1.24)	
  

≥5%	
   95	
   86	
   0.43	
  	
  	
  (0.30,	
  0.63)	
  
0.0004	
  

<5%	
   136	
   138	
   1.01	
  	
  	
  (0.77,	
  1.34)	
  

≥10%	
   86	
   79	
   0.40	
  	
  	
  (0.26,	
  0.59)	
  
0.0002	
  

<10%	
   145	
   145	
   1.00	
  	
  	
  (0.76,	
  1.31)	
  

Not	
  quan,fiable	
  at	
  
baseline	
  

61	
   66	
   0.91	
  	
  	
  (0.61,	
  1.35)	
  

OS and PFS Hazard Ratios by Baseline PD-L1 Expression 

PFS	
  

≥1%	
   123	
   123	
   0.70	
  	
  	
  (0.53,	
  0.94)	
  
0.0227	
  

<1%	
   108	
   101	
   1.19	
  	
  	
  (0.88,	
  1.61)	
  

≥5%	
   95	
   86	
   0.54	
  	
  	
  (0.39,	
  0.76)	
  
<0.0001	
  

<5%	
   136	
   138	
   1.31	
  	
  	
  (1.01,	
  1.71)	
  

≥10%	
   86	
   79	
   0.52	
  	
  	
  (0.37,	
  0.75)	
  
0.0002	
  

<10%	
   145	
   145	
   1.24	
  	
  	
  (0.96,	
  1.61)	
  

Not	
  quan,fiable	
  at	
  
baseline	
  

61	
   66	
   1.06	
  	
  	
  (0.73,	
  1.56)	
  

a	
  Interac,on	
  p-­‐value	
  from	
  Cox	
  propor,onal	
  hazard	
  model	
  with	
  treatment,	
  PD-­‐L1	
  expression	
  
and	
  treatment	
  by	
  PD-­‐L1	
  expression	
  interac,on.	
  

PD-­‐L1	
  expressors	
  

PD-­‐L1	
  non-­‐expressors	
  
PD-­‐L1	
  not	
  quan0fiable	
  

1.0	
  0.5	
   2.0	
  0.25	
  
Nivolumab Docetaxel 



ORR by PD-L1 Expression 

•   Median DOR was longer with nivolumab vs docetaxel in both PD-L1 
expressors and non-expressors across all expression levels  

ORR,a	
  %	
  

PD-­‐L1	
  expression	
  level	
   Nivolumab	
   Docetaxel	
  
Interac0on	
  
P-­‐value	
  

≥1%	
   31	
   12	
  
0.0019	
  

<1%	
   9	
  	
   15	
  

≥5%	
   36	
  	
   13	
  
0.0020	
  

<5%	
   10	
   14	
  

≥10%	
   37	
   13	
  
0.0021	
  

<10%	
   11	
   14	
  

Not	
  quan0fiable	
   13	
   9	
  

a	
  CR+PR	
  as	
  per	
  RECIST	
  v1.1	
  criteria.	
  Confirma,on	
  of	
  response	
  required	
  (inves,gator	
  assessment)	
  



The Biomarker Issue: PD-L1 & Histology 

CheckMate 017 
[Squamous] 

CheckMate 057 
[non-Squamous] 

Modified – Spigel ASCO 2015; Paz-Ares ASCO 2015 



PD-­‐L1	
  as	
  a	
  predic,ve	
  immune	
  biomarker:	
  assays,	
  sample	
  
collec,on	
  and	
  analysis	
  in	
  NSCLC	
  studies	
  

PD-­‐L1	
  
Assay	
  

Sample	
  
Source	
  and	
  
Collec0on	
  

Defini0on	
  of	
  
Posi0vity†	
  

Pembrolizumab	
  
Merck	
  

•   Prototype	
  or	
  clinical	
  trial	
  
IHC	
  assay	
  (22C3	
  Ab)1	
  	
  

•   Surface	
  expression	
  of	
  PD-­‐
L1	
  on	
  tumor	
  specimen*	
  

•   Ph	
  I:	
  Fresh	
  ,ssue	
  
•   Ph	
  II/III:	
  Archival	
  or	
  fresh	
  

,ssue2	
  

IHC	
  Staining:	
  
•   Strong	
  vs	
  weak	
  

expression2	
  
•   PD-­‐L1	
  expression	
  required	
  

for	
  NSCLC	
  for	
  enrollment2	
  
•   Note	
  that	
  one	
  arm	
  of	
  
KEYNOTE	
  001	
  trial	
  
requires	
  PD-­‐L1-­‐	
  tumors1	
  	
  

Tumor	
  PD-­‐L1	
  expression:1	
  	
  	
  
•   ≥50% PD-L1+ cut-off:  

32% (41/129) 
•   1-49% PD-L1+ cut-off: 

36% (46/129) 

Nivolumab	
  
Bristol-­‐Myers	
  Squibb	
  

•   Dako	
  automated	
  IHC	
  assay	
  
(28-­‐8	
  Ab)3,4	
  

•   Surface	
  expression	
  of	
  PD-­‐
L1	
  on	
  tumor	
  cells*	
  	
  

•   Archival4	
  or	
  fresh	
  ,ssue	
  

IHC	
  Staining:	
  
•   Strong	
  vs	
  weak	
  

expression3,4	
  
•   Pa,ents	
  not	
  restricted	
  in	
  

PD-­‐L1	
  status	
  in	
  2nd-­‐	
  &	
  3rd-­‐
line4	
  

•   Ph	
  III	
  1st-­‐line	
  trial	
  in	
  PD-­‐
L1+3	
  

Tumor	
  PD-­‐L1	
  expression:4	
  
•   5%	
  PD-­‐L1+	
  cut-­‐off:	
  49%	
  
(33/68)4	
  

MPDL3280A	
  
Roche/Genentech	
  

•   Ventana	
  automated	
  IHC	
  
assay	
  

•   Surface	
  expression	
  of	
  PD-­‐L1	
  
on	
  TILs5	
  

•   Archival	
  or	
  fresh	
  ,ssue	
  

IHC	
  Staining	
  intensity	
  	
  
(0,	
  1,	
  2,	
  3):	
  
•   IHC	
  3	
  (≥10%	
  PD-­‐L1+):	
  Ph	
  III	
  

trial5	
  
•   IHC	
  2,3	
  (≥5%	
  PD-­‐L1+)5	
  
•   IHC	
  1,2,3	
  (≥1%	
  PD-­‐L1+)5	
  
•   IHC	
  1,	
  0,	
  or	
  unknown	
  	
  
•   PD-­‐L1	
  expression	
  required	
  

for	
  NSCLC	
  for	
  enrollment	
  
•   x	
  

TIL	
  PD-­‐L1	
  expression:5,6	
  
•   IHC	
  3	
  (≥10%	
  PD-­‐L1+):	
  11%	
  
(6/53)	
  	
  

•   PD-­‐L1	
  low	
  (IHC	
  1,	
  0):	
  75%	
  
(40/53)	
  	
  	
  

MEDI4736	
  
AstraZeneca	
  

•   1st	
  genera,on	
  or	
  Ventana	
  
automated	
  IHC	
  
(BenchMark	
  ULTRA)	
  assay	
  
(Ventana	
  PD-­‐L1	
  (SP263)	
  
clone)7,8	
  

•   Surface	
  expression	
  of	
  PD-­‐
L1	
  on	
  TILs	
  

•   PhI:	
  Fresh	
  ,ssue	
  

IHC	
  Staining	
  intensity:	
  
•   Not	
  presented	
  to	
  date7,8,9	
  

TIL	
  PD-­‐L1	
  expression:	
  
•   Not	
  presented	
  to	
  date7,8,9	
  





	
  	
  	
  
	
  	
  	
  
	
  	
  	
  
	
  	
  	
  
	
  	
  	
  
	
  	
  U

N
IV
ER

SI
TY

	
  	
  O
F	
  
	
  T
O
RI
N
O
	
  	
  	
  
–	
  
	
  D
EP

AR
TM

EN
T	
  
O
F	
  
O
N
CO

LO
GY

	
  

Garon	
  EB	
  et	
  al	
  ,	
  NEJM	
  Apr	
  19	
  2015	
  

Keynote001:	
  outcomes	
  on	
  the	
  basis	
  of	
  	
  
PD-­‐L1	
  staining	
  

PFS	
   OS	
  



Updated Efficacy From IMvigor210: <br />Atezolizumab in Platinum-Treated Locally Advanced/Metastatic Urothelial Carcinoma (mUC) 

Presented By Robert Dreicer at 2016 ASCO Annual Meeting 



PD-L1 Expression on Immune Cells and Efficacy 

Presented By Jonathan Rosenberg at 2016 ASCO Annual Meeting 











1.   NCCN	
  Clinical	
  Prac,ce	
  Guidelines	
  for	
  Non-­‐Small	
  Cell	
  Lung	
  Cancer,	
  V.4.2016	
  
2.   Reck	
  M	
  et	
  al.	
  Ann	
  Oncol	
  2014;25(Suppl	
  3):27-­‐39	
  

Progression during or after platinum therapy 

Chemotherapy Antiangiogenics Immune checkpoint 
inhibitors 

Nintedanib7,a  
(+ docetaxel) 

Docetaxel3 Pemetrexed4 Ramucirumab8 
(+ docetaxel) Nivolumab9 

Not suitable for 
squamous NSCLC 

Only approved for 
adenocarcinoma 

If not given 
previously 

If docetaxel  
not given 

previously 

EGFR TKI 

Erlotinib5 

May be 
inferior to 

chemotherapy 
in WT patients 

Pembro-
lizumab10,b 

Only approved for 
patients whose 

tumors express PD-L1 

aApproved in EU only; bApproved in US only	
  

Afatinib6 

Only approved for 
squamous NSCLC 
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Global  MSD  Phase  II  Randomized  Trial    

PI:  G.  Scaglio;,  U.  Ricardi  

Chemoradiotherapy 
(Sequential/Concurrent) 

Placebo 

Pembrolizumab 
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Immune	
  Related	
  Adverse	
  Events	
  

(IRAEs)	
  

System	
   Adverse	
  Events	
  

Gastrointes,nal	
   Coli,s	
  (Diarrhea,	
  perfora,on)	
  

Renal	
   Acute	
  Inters,,al	
  Nephri,s	
  (Increased	
  serum	
  
Crea,nine)	
  

Pulmonary	
   Pneumoni,s	
  (dyspnea,	
  cough)	
  

Dermatologic	
   Derma,,s	
  (Lichenoid/	
  spongio,c	
  derma,,s,	
  rash),	
  
Vitaligo	
  

Hepa,c	
   Hepa,,s	
  (elevated	
  LFTs)	
  

Neurologic	
   Central	
  and	
  Peripheral	
  (Asep,c	
  Meningi,s,	
  Guillan-­‐
Barre	
  Syndrome,	
  Myasthenia	
  Gravis	
  	
  

Endocrine	
   Hypophysi,s,	
  thyroidi,s,	
  adrenal	
  insufficiency	
  

Ocular	
   Uvei,s,	
  Iri,s	
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•   Average	
  ,me	
  to	
  onset	
  of	
  irAEs	
  is	
  6-­‐12	
  weeks	
  
a_er	
  ini,a,on	
  of	
  therapy	
  
–  Within	
  days	
  of	
  the	
  first	
  dose	
  
–  A_er	
  several	
  months	
  of	
  treatment	
  
–  A_er	
  discon,nua,on	
  of	
  therapy	
  

•   Severity:	
  Can	
  be	
  mild	
  and	
  asymptoma,c	
  to	
  
severe	
  and	
  life	
  threatening	
  

Immune	
  Related	
  Adverse	
  Events	
  
(IRAEs)	
  





Precision Medicine 



•   Assump,on	
  :	
  “Treatment	
  T	
  is	
  effec%ve	
  for	
  condi%on	
  C,	
  as	
  
defined	
  by	
  tes%ng	
  posi%ve	
  for	
  biomarker	
  B,	
  where	
  B	
  is	
  
determined	
  by	
  diagnos%c	
  assay	
  A.”	
  	
  

•   A	
  biomarker,	
  hypothesized	
  to	
  play	
  a	
  crucial	
  role	
  in	
  the	
  disease	
  
pathway	
  

•   A	
  diagnos,c	
  assay,	
  used	
  to	
  determine	
  a	
  pa,ent’s	
  biomarker	
  
status;	
  and	
  

•   A	
  therapeu,c	
  agent,	
  intended	
  to	
  be	
  more	
  effec,ve	
  for	
  
pa,ents	
  who	
  are	
  “biomarker-­‐posi,ve.”	
  	
  



Emerging Molecular Taxonomy 
Prevalence of Phenotypes 

Biankin	
  AV	
  ,	
  Hudson	
  TJ	
  Hum.	
  Genet.	
  2011;	
  130:	
  79-­‐91	
  

even	
  the	
  most	
  frequent	
  tumors	
  are	
  a	
  collec,on	
  of	
  rare	
  diseases	
  based	
  on	
  
their	
  molecular	
  characteris,cs	
  



Darzi	
  A.	
  World	
  Ecomonic	
  Forum	
  ,	
  November	
  2012	
  




