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•  PTCL	  	  accounts	  for	  ~10-‐15	  %	  of	  all	  NHL	  

•  PTCL	  subtypes:	  many	  enBBes	  with	  diverse	  biological	  
features	  and	  clinical	  presentaBon	  

•  Aggressive	  disease	  with	  an	  oFen	  poor	  prognosis	  with	  
convenBonal	  treatment	  

PTCL  
Few  (  …of  many  )  Facts

B-‐cell	  
lymphomas	  T-‐cell	  

lymphomas	  



First  Challenge….  

•  T-‐cell	  prolymphocyBc	  leukemia	  

•  T-‐cell	  large	  granular	  lymphocyBc	  leukemia	  

•  Chronic	  lymphoproliferaBve	  NK	  cells	  

•  Aggressive	  NK-‐cell	  leukemia	  

•  Adult	  T-‐cell	  lymphoma/leukemia	  

•  Systemic	  EBV-‐posiBve	  T-‐cell	  lymphoma	  

•  Extranodal	  NK/T-‐cell	  lymphoma,	  nasal	  type	  

•  Enteropathy-‐type	  intesBnal	  T-‐cell	  lymphoma	  

•  Hepatosplenic	  T-‐cell	  lymphoma	  

•  AngioimmunoblasBc	  T-‐cell	  lymphoma	  

•  AnaplasBc	  large-‐cell	  lymphoma,	  ALK	  posiBve	  

•  AnaplasBc	  large-‐cell	  lymphoma,	  ALK	  negaBve	  

•  Peripheral	  T-‐cell	  lymphoma,	  NOS	  

•  Mycosis	  fungoides	  

•  Sézary	  syndrome	  

•  Primary	  cutaneous	  CD30+	  lymphoproliferaBve	  

•  Primary	  cutaneous	  anaplasBc	  large	  cell	  

•  Lymphomatoid	  papulosis	  

•  Borderline	  lesions	  

•  Subcutaneous	  panniculiBs-‐like	  T	  cell	  	  

•  Primary	  cutaneous	  gamma-‐delta	  T	  cell	  

•  Hydroa	  vacciniforme	  lymphoma	  

•  Primary	  cutaneous	  aggressive	  epidermotropic	  CD8+	  cytotoxic	  T	  
cell	  

•  Primary	  cutaneous	  small/medium	  CD4+	  T-‐cell	  lymphoma	  
(provisional)	  

Swerdlow SH, et al. WHO classification of tumours of the haematopoletic and lymphoid tissues. 2008. 

ClassificaBon	  



Second  Challenge……  
Overall  Survival  in  PTCL

PTCL Subtypes 
ALK+ ALCL ALK– ALCL PTCL-NOS AITL NK/TCL ATLL 

5-yr OS rate 70% 49% 32% 32% 42% 14% 

•  Majority	  of	  paIents	  (>	  85%)	  
received	  an	  anthracycline-‐
containing	  regimen	  

Vose J, et al. J Clin Oncol. 2008;26:4124-4130.  



First	  Relapse	  or	  Progression	  of	  PTCL	  

Mak V et al. JCO 2013;31:1970-1976 
©2013 by American Society of Clinical Oncology 



Molecular  subtypes  in  T-‐NHL

PTCL-NOS can be divided into 2 major subgroups with

significantly different outcomes

After excluding molecularly reclassified cases, 121 cases remained
in the PTCL-NOS subgroup (supplemental Figure 4). Unsuper-
vised hierarchical clustering showed at least two major subclusters
with significant difference in OS (P 5 .03) (supplemental Figure
4A-B). One of the groups (cluster 1) showed high expression of
GATA3 and its known target genes (CCR4, IL18RA, CXCR7, IK).
The other cluster showed significantly higher expression of TBX21
(T-bet) and EOMES and their known target genes (CXCR3, IL2RB,

CCL3, IFNg). Overall, GATA3 and TBX21 mRNA showed an
inverse expression pattern and concordance with GATA3 and
TBX21 protein expression (Figure 3A,C-D). We then defined
a gene signature (Figure 3A) that can distinguish theGATA3 (33%,
40/121) from the TBX21 subgroup (49%, 59/121) with .80%
confidence, and the remaining 22 intermediate cases were termed
“Unclassified.”We again observed a significant (P5 .01) survival
difference (5-year OS of 38%; [95%CI; 25%-56%]) for the TBX21
group compared with (19% [95% CI; 9%-38%]) the GATA3
subgroup. Differences in expression of TBX21 and GATA3mRNA

Figure 1. Molecular diagnostic signatures of PTCL subgroups. (A) Unique gene expression signatures were identified for major PTCL entities using compound
covariate prediction model (see Materials and methods for details), and the predictor score from top ranking genes for each subtype was used to classify a PTCL patient.
ALCL and ENKTL groups are further differentiated into ALK(1)ALCL and ALK(–)ALCL, and NK and gd T-cell subgroups, respectively. Each column represents a PTCL patient

and each row represents a unique gene of the classifier. The relative gene expression scale is indicated below. (B) Pathological vs molecular diagnosis comparison. Substantial number
of cases from PTCL-NOSwere molecularly classified intoWHO recognized PTCL subgroups: (i) AITL (n5 21, 14%); (ii) ALK(–)ALCL (n5 17, 11%); (iii) ATLL (n5 4, 3%); (iv) gd-PTCL
(n 5 13, 9%). However, 26 AITL cases (22%) were not molecularly classifiable and changed to PTCL-NOS.

Figure 2. ALK(–)ALCL is molecularly distinct from PTCL-NOS and ALK(1)ALCL. (A) A unique gene expression signature for ALCL was identified and then ALK(1)ALCL

cases were separated from ALK(–)ALCL (reclassified ALCL cases are indicated at the top). (B) Representative gene signatures/pathway enriched in ALK(1)ALCL compared
with ALK(–)ALCL. (C) A representative re-classified ALCL case (hematoxylin and eosin staining [H&E]) with a pathological diagnosis of PTCL-NOS showing expression of

CD30, GZMB, and TIA, but no expression of ALK by immunostaining.
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Recurrent	  (	  and	  maybe	  targetable)	  	  mutaBons	  
RHOA,	  TET2,	  IDH2,	  DNMT3A,	  DUSP22,	  ALK…..	  
Some	  subtypes	  have	  stronger	  epigeneIc	  signatures	  
	  



Selected  TherapeuGcs  in  PTCL

Chemotherapy/DNA	  damage	  
Gemcitabine	  
Folate	  antagonists	  
BendamusBne	  

Proteasome	  InhibiBon	  
TargeBng	  epigenome	  
Monoclonal	  anBbodies	  
AnBbody-‐drug	  conjugates	  
Protein	  kinase	  inhibitors	  
	  



Summary  of  Selected  Novel  agents
Agent	   MOA	   Phase	   PaIents	  (n)	   Toxicity	  (	  grade	  3	  or>)	   ORR	   CRR	   DOR	  (months)	  

FDA	  approved	  

Pralatrexate	   Folate	  antagonist	   II	   111	   MucosiBs	   29%	   11%	   10.3	  

Romidepsin	   HDACi	   II	   130	   Thrombocytopenia	  
Neutropenia	  
InfecBons	  

25%	   15%	   28	  

Belinostat	   HDACi	   II	   129	   Hematologic	   26%	   10%	   13.6	  

Brentuximab	   ADC	   II	   35	   Neutropenia,	  
neuropathy	  

41%	   24%	   7.6	  

Agents	  Under	  InvesBgaBons	  

Mogamulizumab	   AnB-‐CCR4	  mAb	   II	   37	   Neutropenia,rash	   34%	   17%	   8.2	  

AliserBb	   Aurora	  A	  KI	   II	   37	   Hematologic,	  FN	   24%	   5%	   NR	  

Duvelisib	   PI3KI	   I	   33	   TransaminiBs,rash	  
Neutropenia	  

47%	   12%	   NR	  

CrizoBnib	   ALKi	   II	   9	   100%	   100%	   2-‐yr	  PFS	  64%	  

Nivolumab	   AnB-‐PD1	  mAB	   I	   5	   PneumoniBs,rash	  
Sepsis	  

40%	   0%	   NR	  



HDAC  Inhibitors:  Similar,  But  Not  the  Same

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Bolden	  et	  al.,	  Nat	  Rev	  Drug	  Discovery.	  2006;	  5,	  769.	  

Cyclic	  tetrapepIdes	  
• Romidepsin	  

Hydroxamates	  
• Vorinostat	  (SAHA)	  
• Panobinostat	  (LBH589)	  
• Belinostat	  (PXD101)	  

Benzamides	  
• EnInostat	  (SNDX-‐275)	  
• MGCD-‐0103	  

Classes  of  HDACi  are  based  on  chemical  structure

Impact	  on	  mulIple	  tumor	  pathways	  by	  
targeBng	  both	  histone	  and	  non-‐histone	  
substrates	  

-‐Not	  all	  HDACi	  have	  the	  same	  specificity	  or	  
affinity	  for	  the	  11	  different	  target	  HDACs	  
	  



•  Phase	  2,	  open-‐label,	  single-‐arm,	  internaBonal	  study	  

•  N	  =	  131	  paBents	  enrolled;	  130	  with	  histopathologically	  confirmed	  PTCL	  

•  Dosing:	  romidepsin	  14	  mg/m2	  (4-‐hour	  intravenous	  infusion)	  on	  days	  1,	  8,	  and	  15	  of	  
a	  28-‐day	  cycle	  ×	  6	  cycles	  	  

•  PaBents	  with	  SD	  or	  response	  could	  conBnue	  to	  receive	  treatment	  beyond	  6	  cycles	  at	  
discreBon	  of	  paBent	  and	  invesBgator	  

•  Response	  assessed	  every	  2	  cycles	  	  

Romidepsin-‐Pivotal  Study-‐Design

10	  Coiffier B, et al. J Clin Oncol. 2012;30(6):631-636 

Best	  response	   PTCL-‐NOS	  (n=69)	   AITL	  (n=27)	  	   Alk-‐	  ALCL	  (n=21)	  

ORR	   20	  (29)	   8	  (30)	   5	  (24)	  

CR/CRu	   10	  (14)	  	   5	  (19)	   4	  (19)	  

PR	   10	  (14)	   3	  (11)	   1	  (5)	  

SD	   16	  (23)	   9	  (33)	   5	  (24)	  



Duration of Response (IRC) 
11	  
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 Pro et al. ASH 2014 abstract # 1742 



Efficacy	  of	  Romidepsin	  in	  AITL	  

DuraBon	  of	  treatment	  

Withdrawal	  by	  paBent	  
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PaBents	  who	  remain	  on	  treatment	  
Standard	  dosing	  (3	  x	  per	  cycle)	  
Maintenance	  dosing	  (2	  x	  per	  cycle)	  
Maintenance	  dosing	  (1	  x	  per	  cycle)	  

Pro et al. ASH 2014 abstract # 1742 



Belinostat 
1000 mg/m2  

Day 1-5 x 21 day cycle 

Belinostat  
Until PD or unmanageable 

 toxicity 

Terminate  
study treatment 

PD CR, PR, SD 

R/R PTCL 
Diagnosis 

• Primary  objective:  
− ORR (CR or PR) in patients with R/R PTCL treated with belinostat monotherapy 

• Exploratory analyses were conducted to determine response by PTCL subtype 

O’Connor O. et al. J Clin Oncol 2015 

BELIEF  TRIAL  DESIGN  
InternaGonal,  open  label,  single-‐arm  study



PTCL  Response  Assessed  by  Central  Review

Response	   

CPRG	  confirmed	  	  
Efficacy	  Analysis	  Set	  

(N=120) 
n	  (%) (95%	  CI) 

CR+PR 31	  (26) (18-‐35) 

CR 13	  (11) (6-‐18) 

PR 18	  (15) 

SD 18	  (15) 

PD 48	  (40) 

NE 23	  (19) 

NE = not evaluable due to death (n=7), clinical progression  (n=10), patient withdrawal (n=5) or lost to follow-up (n=1) 
prior to first radiologic assessment 

O’Connor	  O.	  et	  al.	  J	  Clin	  Oncol	  2015	  



MutaGons  in  EpigeneGc  Regulators  in  T  cell  Lymphoma

1.Cairns	  et	  al,	  Blood	  2012	  
2.	  Lemonnier	  et	  al,	  Blood	  2012	  
3.	  O’Connor	  et	  al,	  JCO	  2011	  	  
4.	  Pro	  	  et	  al	  ASH	  2014	  
5.	  Horwitz	  et	  al	  ICML	  2013	  
 

Subtype	   IDH2R172	  1	   IDH2R1401	   TET2	  2	  

PTCL-‐NOS	   0/43	   0/43	   22/58	  (40%)	  
TFH	  58%	  vs	  other	  	  24%	  

ALCL	   0/50	   0/50	   0/18	  

AITL	   25/101	   1/101	   40/86	  (47%)	  

Pralatrexate	   Romidepsin	   Belinostat	  

ORR,	  Overall	   27-‐29%3	   25%4	   26%5	  

Complete	  response	  rate	   11%	   15%	   11%	  

AITL	  N	   13	   27	   22	  

ORR,	  AITL	  	   8%	   30%	   46%	  



• Approval	  in	  the	  relapsed/refractory	  seong	  
•  SelecBon	  should	  (	  ?)	  be	  based	  on	  

•  PTCL	  subtype	  
•  Schedule	  
•  Toxicity	  profile	  

•  Studies	  ongoing	  in	  the	  frontline	  and	  relapsed	  seong	  	  

• Maintenance	  strategy	  effecBve	  in	  responders	  
• Enrich future studies for patients with more 

sensitive disease  
16	  

HDACi	  in	  T-‐cell	  Lymphomas	  
	  



TargeGng  CD30



Brentuximab  VedoGn    
Mechanism  of  AcGon  and  Proposed  Secondary  Effects



Long-‐Term  Follow-‐upPivotal	  Phase	  II	  Study	  ALCL	  

Future	  direcIons:	  
Role	  in	  CD30	  +	  PTCL	  
CombinaBon	  therapy	  in	  front=line	  and	  R/R	  seong	  
Maintenance	  vs	  retreatment	  
Frontline	  Therapy	   ECHELON	  2	  



1. Shinkawa T, et al. J Biol Chem. 2003;278:3466-3473. 2. Ishii T, et al. Clin Cancer Res. 
2010;16:1520-1531. 3. Ishida T, et al. Clin Cancer Res. 2003;9:3625-3634. 

Mogamulizumab:  A  Defucosylated  Humanized  
AnG-‐CCR4  AnGbody

•  Mogamulizumab	  has	  enhanced	  
ADCC	  due	  to	  defucosylated	  Fc	  
region[1,2]	  

•  CCR4	  is	  highly	  expressed	  	  
	  	  	  	  (~	  90%)	  in	  ATLL[3]	  
•  Significantly	  associated	  with	  skin	  involvement	  
(P	  <	  .05)	  and	  unfavorable	  outcomes[3]	  

Extracellular	  regions	  

N-‐terminal	  

Courtesy	  of	  T.	  Ishida	  

KW-‐0761	  
Fucose	  



Mogamulizumab  (KW-‐0761):  Studies  in  PaGents  
With  T-‐Cell  Lymphoma

•  AcBve	  in	  phase	  II	  study	  in	  paBents	  with	  ATLL	  (N	  =	  28)[1]	  
•  ORR:	  50%	  (13/26);	  8	  CR	  
•  Median	  PFS:	  5.2	  mos	  
•  Median	  OS:	  13.7	  mos	  
•  AEs:	  infusion	  reacBons	  (89%),	  skin	  rash	  (63%)	  

•  AcBve	  in	  phase	  II	  study	  in	  paBents	  with	  TCL	  (	  N=37)	  )[2]	  
•  ORR:	  35	  %,	  CR	  13%	  
•  Median	  PFS	  3	  months	  

•  Approved	  in	  Japan	  for	  the	  treatment	  of	  ATLL	  

•  Ongoing	  mulBcenter,	  randomized	  phase	  III	  clinical	  trial	  of	  mogamulizumab	  vs	  
vorinostat	  in	  paBents	  with	  MF/SS[3]	  

1. Ishida T, et al. J Clin Oncol. 2012;30:837-842. 2. Ogura M, et al. J Clin Oncol. 2014;32:1157-63  
3. ClinicalTrials.gov. NCT01728805. 



TargeGng  PI3K  
PI3K-‐δ  and  PI3K-‐γ  Support  the  Growth  and  Survival  of  B-‐cell  and  T-‐cell  
Malignancies  




MTD	  reached	  at	  75	  mg	  BID	  
• 2	  dose	  limiIng	  toxiciIes	  (DLTs)	  at	  100	  mg	  BID:	  	  

•  Gr	  3	  rash;	  Gr	  3	  ALT/AST	  elevaIon	  	  
•  Limited	  myelosuppression,	  rare	  pneumoniIs	  

• Expansion	  cohorts	  enrolling	  
Safety	  PopulaIon	  (N=117)	  
•  34	  CLL	  (includes	  2	  SLL)	  
•  51	  B-‐cell	  lymphoma	  /	  17	  T-‐cell	  lymphoma	  /	  15	  Other	  

Dose Escalation 

 
8       100 mg BID 

n = 33 

75 mg BID  
MTD Expansion Cohorts 

•  R/R CLL/SLL, iNHL, MCL 
•  T-cell lymphomas 
•  Aggressive B-cell 

lymphoma 
•  Myeloid neoplasms 
•  Acute lymphoblastic 

leukemia 

25 mg BID  
Expansion Cohorts 

•  R/R CLL/SLL, iNHL, MCL 
•  High-risk/ Tx-naïve CLL 

 Duvelisib (IPI-145) Phase 1 Study 
 



Efficacy  in  CTCL    Population 
Best Response, n (%) Median Time 

to Response, 
months 
(Range) n CR PR SD PD ORR 

All TCL 33 2 (6) 12 (36) 7 (21) 12 (36) 14 (42) 1.9 (1.5, 3.8) 

PTCL 15 2 (13) 6 (40) 1 (7) 6 (40) 8 (53) 
1.9 (1.5, 3.5) 

CTCL 18 0 6 (33) 6 (33) 6 (33) 6 (33) 2.4 (1.6, 3.8) 

Clinical	  AcIvity	  in	  TCL	  

•  Clinical activity observed across PTCL and CTCL subtypes   
–  PTCL:  CRs in 1 EATCL and 1 PTCL NOS 

 PRs in 2 AITCL, 2 SPTCL, 1 PTCL NOS, 1 ALCL (ALK-negative)	  	  
–  CTCL:  PRs in 4 MF, 1 Sézary syndrome, and 1 MF-LCT  

Includes evaluable patients = at least 1 on-treatment response assessment or PD without assessment  
CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease  
ORR = CR + PR  

Horwitz	  S.	  et	  al,	  ASH	  2014	  Abstr.	  	  803	  	  



Immune  Checkpoint  Inhibitors
Nivolumab	  is	  a	  fully	  human	  immunoglobulin	  G4	  monoclonal	  
anIbody	  targeIng	  the	  programmed	  	  
death-‐1	  (PD-‐1)	  immune	  checkpoint	  pathway	  

Lesokhin	  AM,	  et	  al.	  Blood.	  2014;124	  abstract	  291.	  

Phase	  I	  Study	  
23	  paIents	  with	  NHL	  
ORR	  17%	  
PTCL	  
ORR	  40%	  (2/5)	  



GeneGc  AlteraGons  in  PTCLs

•  PTCL,	  NOS:	  t(5:9)(ITK/SYK),	  RHOA,	  FYN	  
•  AITL:	  RHOA,	  TET2,	  IDH2,	  DNMT3A,	  CD28	  
•  ALCL,	  ALK+:	  t(2;5)(NPM/ALK)	  
•  ALCL,	  ALK-‐:	  t(6;7)(DUSP22/FRA7H),	  TP63,	  PRDM1,	  del	  TP53	  
•  HSTCL:	  isochromosome	  7q,	  +8,	  STAT3,	  STAT5B	  
•  ENKTCL:	  JAK3,	  ADAM3A,	  del	  PRDM1	  and	  HACE1	  
•  EATL	  type	  1:	  gains	  of	  9q34,	  3q27,	  1q,	  5q,	  del	  16q	  
•  EATL	  type	  2:	  gains	  of	  9q34,	  8q	  (MYC),	  del	  16q	  



Crizotinib 
•  11 ALK+ relapsed NHL patients (9 ALCL) 

•  Median of 3 prior therapies 
•  Clinical responses in 10 of 11 

•  All 9 ALCL pts achieved complete remissions lasting 2-40+ 
months 

•  Negative for NPM/ALK by PCR 
•  2 -yr PFS 64% 

•  Non-cross resistant with brentuximab 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

GambacorI	  Passerini	  et	  al.	  J.	  Natl.	  Cancer	  Inst.	  2014;106:2;	  NCT01979536	  

PHASE	  I-‐II	  study	  in	  combinaBon	  with	  chemotherapy	  in	  untreated	  paBents	  
	  
• Newly	  diagnosed	  paBents	  with	  histologically	  proven	  
ALCL	  Disease	  must	  be	  	  (CD)30	  posiBve	  
• Disease	  must	  be	  anaplasBc	  lymphoma	  kinase	  (ALK)	  
posiBve	  )	  
• PaBents	  must	  have	  stage	  II,	  III,	  or	  IV	  disease	  
• Up	  to	  21	  years	  of	  age	  



Finally….  
Molecular  targeted  approaches  in  T-‐cell  Lymphomas





Grazie!
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