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The	
  following	
  Monday,	
  he	
  was	
  :red	
  and	
  the	
  fa:gue	
  
was	
  aEributed	
  to	
  his	
  physical	
  effort	
  

On	
  Wednesday	
  he	
  had	
  serious	
  hemorrhages	
  and	
  was	
  
taken	
  to	
  hospital	
  

On	
  Thursday,	
  promyelocy:c	
  leukemia	
  was	
  diagnosed	
  

He	
  died	
  on	
  Saturday	
  of	
  more	
  hemorrhages	
  

Bernard	
  J,	
  History	
  of	
  APL,	
  Leukemia	
  1993	
  	
  

L.S.,	
  a	
  professional	
  cyclist,	
  came	
  second	
  one	
  spring	
  
Sunday	
  in	
  the	
  race	
  from	
  Paris	
  to	
  Tours,	
  in	
  which	
  he	
  
averaged	
  40	
  Km/h	
  



Acute	
  Promyelocy/c	
  Leukemia:	
  

From	
  Highly	
  Fatal	
  to	
  Highly	
  Curable	
  	
  

First	
  descrip:on	
  1957	
  



..	
  

Evidence	
  is	
  here	
  presented	
  for	
  the	
  existence	
  of	
  a	
  special	
  
type	
  of	
  acute	
  myelogenous	
  leukemia…	
  

It	
  is	
  suggested	
  that	
  this	
  type	
  is	
  named	
  acute	
  promyelocy/c	
  leukemia	
  (APL).	
  
It	
  seems	
  to	
  be	
  the	
  most	
  malignant	
  form	
  of	
  acute	
  leukemia	
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First description of the promyelocyte 
       Gustavo Pittaluga (1940) 



• 	
  10%-­‐15%	
  of	
  acute	
  myeloid	
  leukemias	
  (AMLs)	
  

• 	
  100-­‐120	
  cases/year	
  in	
  Italy	
  	
  	
  

• 	
  Median	
  age	
  40	
  (vs	
  70	
  in	
  other	
  AMLs)	
  

• 	
  Same	
  incidence	
  in	
  M/F	
  	
  

• 	
  De	
  novo	
  and	
  therapy-­‐related	
  

Epidemiology	
  	
  



• 	
  Life-­‐threatening	
  bleeding	
  tendency	
  	
  
• 	
  Dysplas:c	
  promyelocytes	
  in	
  the	
  marrow	
  

• 	
  Usually	
  abrupt	
  onset,	
  with	
  rapidly	
  progressing	
  
	
  	
  	
  coagulopathy	
  (medical	
  emergency)	
  	
  	
  

Main	
  presen/ng	
  features	
  	
  



Con/nuing	
  Early	
  Death	
  in	
  APL	
  
Popula/on-­‐based	
  studies	
  

Study	
   	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
   	
   	
   	
  ED	
  rate	
  (<	
  30	
  d)
	
  	
  

Swedish	
  Registry1 	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  29	
  % 	
  	
  	
  	
  	
  
	
   	
   	
   	
  	
  

SEER	
  (USA)2	
   	
   	
   	
   	
   	
  17	
  %	
  
	
  
Stanford	
  University3 	
   	
   	
   	
  26	
  %	
  
	
  
Canadian	
  Registry4	
   	
   	
   	
   	
  22	
  %	
  

	
   	
  	
  

	
  	
  	
  1Lehman,	
  Leukemia	
  2011;	
  2Park,	
  Blood	
  2011;	
  	
  3McClellan,	
  Haematologica	
  2011;	
  
	
  	
  	
  4	
  Paulson,	
  	
  BJH	
  2014	
  



Responses	
  with	
  
anthracycline	
  chemo	
   1973	
  

First	
  descrip:on	
  1957	
  

Acute	
  Promyelocy/c	
  Leukemia:	
  
From	
  Highly	
  Fatal	
  to	
  Highly	
  Curable	
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Jean	
  Bernard	
  



Avvisa:	
  et	
  al.	
  Blood	
  2002	
  

	
  Randomized	
  APL0389	
  Trial	
  	
  
(pre-­‐ATRA	
  era)	
  	
  



GIMEMA	
  trials	
  in	
  newly	
  diagnosed	
  APL	
  	
  	
  

• 	
  77-­‐81:	
  DNR	
  
	
  
• 	
  82-­‐88:	
  IDA	
  

• 	
  89-­‐93:	
  IDA	
  vs	
  IDA+AraC	
  

• 	
  93-­‐99:	
  AIDA	
  0493	
  

• 	
  99-­‐00:	
  MyAIDA	
  
	
  
• 	
  00-­‐05:	
  AIDA	
  2000	
  (risk-­‐adapted)	
  

• 	
  06-­‐12:	
  AIDA	
  vs	
  ATO+RA	
  
	
  



Established	
  in	
  1982	
  
by	
  F.	
  Mandelli	
  	
  	
  
	
  
-­‐	
  Non-­‐profit	
  clinical	
  studies	
  
-­‐	
  Homogenize	
  rx	
  in	
  the	
  country	
  
-­‐	
  Reference	
  laboratories	
  
-­‐	
  Diagnos/c	
  standardiza/on	
  

-­‐	
  Interna/onal	
  collabora/ons	
  	
  
	
  

151	
  Clinical	
  Centers	
  
	
  	
  	
  9	
  	
  Centralizing	
  Labs	
  



Responses	
  with	
  
anthracycline	
  chemo	
   1973	
  

First	
  descrip:on	
  1957	
  

Specific	
  chromosome	
  lesion	
  
iden:fied	
  

1977	
  

Acute	
  Promyelocy/c	
  Leukemia:	
  
From	
  Highly	
  Fatal	
  to	
  Highly	
  Curable	
  	
  



t(15;17)	
  is	
  the	
  Diagnos/c	
  Hallmark	
  of	
  AML	
  M3	
  
(J	
  Rowley	
  1977)	
  



Responses	
  with	
  
anthracycline	
  chemo	
   1973	
  

First	
  descrip:on	
  1957	
  

Specific	
  chromosome	
  lesion	
  	
  
iden:fied	
  1977	
  

Response	
  to	
  ATRA	
  	
  
(Vit.	
  A	
  deriva:ve)	
   1987	
  

Acute	
  Promyelocy/c	
  Leukemia:	
  
From	
  Highly	
  Fatal	
  to	
  Highly	
  Curable	
  	
  



From	
  Confucius	
  to	
  differen/a/on	
  therapy	
  
“If	
  you	
  use	
  laws	
  to	
  direct	
  the	
  people,	
  and	
  punishments	
  
to	
  control	
  them,	
  they	
  will	
  merely	
  try	
  to	
  evade	
  the	
  laws,	
  
and	
  will	
  have	
  no	
  sense	
  of	
  shame.	
  	
  

Re/noic	
  

	
  	
  Acid	
  

(ATRA)	
  

“Malignant	
  cells	
  induced	
  to	
  differenAate	
  with	
  ATRA.”	
  	
  ME	
  Huang,	
  Blood	
  1988	
  

But	
  if	
  by	
  virtue	
  you	
  guide	
  them,	
  and	
  by	
  the	
  rites	
  you	
  
control	
  them,	
  there	
  will	
  be	
  a	
  sense	
  of	
  shame	
  and	
  
of	
  right.”	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
   	
   	
  Confucius	
  551-­‐479	
  B.C.	
  

Adapted	
  from	
  Wang	
  ZY	
  &	
  Chen	
  Z,	
  Blood	
  2008	
  



Responses	
  with	
  
anthracycline	
  chemo	
   1973	
  

First	
  descrip:on	
  1957	
  

Specific	
  chromosome	
  lesion	
  	
  

iden:fied	
  
1977	
  

Response	
  to	
  ATRA	
  	
  
(Vit.	
  A	
  deriva:ve)	
   1987	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Altered	
  genes	
  iden:fied	
  1990	
  

Acute	
  Promyelocy/c	
  Leukemia:	
  
From	
  Highly	
  Fatal	
  to	
  Highly	
  Curable	
  	
  



Cloning	
  of	
  the	
  t(15;17)	
  

Pier	
  Giuseppe	
  
	
  	
  	
  	
  	
  	
  Pelicci	
  



The	
  PML/RARα	
  fusion	
  protein	
  
	
  	
  Why	
  so	
  important	
  in	
  diagnosis	
  and	
  treatment	
  	
  

• 	
  Unique	
  to	
  APL	
  (disease	
  hallmark)	
  

• 	
  Strongly	
  correlated	
  with	
  pathogenesis	
  

• 	
  Targeted	
  by	
  specific	
  therapies	
  

• 	
  Detec:on	
  predicts	
  response	
  to	
  ATRA	
  &	
  ATO	
  

• 	
  Ideal	
  marker	
  for	
  residual	
  disease	
  monitoring	
  



 
 
 
 
 



First	
  descrip:on	
  1957	
  
Responses	
  with	
  

anthracycline	
  chemo	
   1973	
  
Specific	
  chromosome	
  lesion	
  
iden:fied	
  

1977	
  

Response	
  to	
  ATRA	
   1987	
  

	
  Altered	
  genes	
  iden:fied	
  1990	
  
High	
  cure	
  rates	
  with	
  

ATRA	
  +	
  Chemo	
   1993	
  

Acute	
  Promyelocy/c	
  Leukemia:	
  
From	
  Highly	
  Fatal	
  to	
  Highly	
  Curable	
  	
  



G.	
  Avvisa/	
  



1997-­‐2012	
  	
  

Chemotherapy	
  era	
  

Reported	
  outcomes	
  for	
  APL	
  	
  
pre-­‐	
  and	
  a`er	
  ATRA	
  
Su
rv
iv
al
	
  (%

)	
  
Su
rv
iv
al
	
  (%

)	
  

Time	
  (mo)	
  

Fenaux	
  et	
  al,	
  1993;	
  Mandelli	
  et	
  al,	
  1997;	
  Sanz	
  et	
  al,	
  1999;	
  BurneE	
  et	
  al,	
  1998;Tallman	
  et	
  al	
  2002,	
  	
  
Asou	
  et	
  al,	
  2007;	
  	
  Lengfelder	
  et	
  al	
  2009,	
  Iland	
  et	
  al,	
  2012	
  	
  



AIDA	
  protocol	
  is	
  exported	
  	
  
(and	
  refined)	
  	
  

Miguel	
  A	
  Sanz	
  



Defini/on	
  of	
  Relapse	
  Risk	
  Groups	
  



	
  	
  	
  	
  	
   	
  	
  	
  	
  Problems	
  with	
  ATRA	
  and	
  	
  	
  	
  	
  	
  	
  	
  
Chemotherapy	
  

• 	
  Induc:on	
  death	
  

• 	
  Death	
  in	
  remission	
  

• 	
  Toxicity	
  of	
  consolida:on	
  therapy	
  

• 	
  Therapy-­‐related	
  MDS/AML	
  (t-­‐MN)	
  



Responses	
  with	
  
anthracycline	
  chemo	
   1973	
  

First	
  descrip:on	
  1957	
  

Specific	
  chromosome	
  lesion	
  	
  

iden:fied	
  
1977	
  

Response	
  to	
  ATRA	
  	
  
(Vit.	
  A	
  deriva:ve)	
   1987	
  

	
  Altered	
  genes	
  iden:fied	
  1990	
  
High	
  cure	
  rates	
  with	
  

ATRA	
  +	
  Chemo	
   1993	
  

Response	
  to	
  	
  
Arsenic	
  Trioxide	
  (ATO)	
  1996	
  

Acute	
  Promyelocy/c	
  Leukemia:	
  
From	
  Highly	
  Fatal	
  to	
  Highly	
  Curable	
  	
  





Acute	
  Promyelocy/c	
  Leukemia:	
  
From	
  Highly	
  Fatal	
  to	
  Highly	
  Curable	
  	
  

Responses	
  with	
  
anthracycline	
  chemo	
   1973	
  

First	
  descrip:on	
  1957	
  

Specific	
  chromosome	
  lesion	
  	
  
iden:fied	
  1977	
  

Response	
  to	
  ATRA	
  	
  
(Vit.	
  A	
  deriva:ve)	
   1987	
  

	
  Altered	
  genes	
  iden:fied	
  1990	
  
High	
  cure	
  rates	
  with	
  

ATRA	
  +	
  Chemo	
   1993	
  

Response	
  to	
  	
  
Arsenic	
  Trioxide	
  (ATO)	
  1996	
  Improved	
  	
  

ATRA	
  +	
  Chemo	
  	
  
combina:on	
  

2004-­‐6	
  



B: Low/Intermediate C: High 

A: all patients 

AIDA 2000 

AIDA 0493 

p<0.0001 

DFS time since CR (years) 

AIDA 2000 

AIDA 0493 

p=0.0021 

DFS time since CR (years) 

AIDA 2000 

AIDA 0493 

DFS time since CR (years) 

p<0.0001 

AIDA 2000 Vs AIDA 0493 (historical) 

Lo-Coco et al, Blood 2010 



	
  PML/RARα:	
  func/onal	
  domains	
  	
  

de Thé et al. J Cell Biol 2012 



Elihu	
  Estey	
  



Experience	
  with	
  Arsenic	
  in	
  APL	
  (Estey	
  et	
  al.)	
  

 Stringent PCR follow-up and addition of 
 Idarubicin in pts converting to MRD+ 



Acute	
  Promyelocy/c	
  Leukemia:	
  
From	
  Highly	
  Fatal	
  to	
  Highly	
  Curable	
  	
  

First	
  descrip:on	
  1957	
  

Specific	
  chromosome	
  lesion	
  	
  
iden:fied	
  1977	
  

Response	
  to	
  ATRA	
  	
  
(Vit.	
  A	
  deriva:ve)	
   1987	
  

	
  Altered	
  genes	
  iden:fied	
  1990	
  
High	
  cure	
  rates	
  with	
  

ATRA	
  +	
  Chemo	
   1993	
  

Response	
  to	
  	
  
Arsenic	
  Trioxide	
  (ATO)	
  1996	
  Improved	
  	
  

ATRA	
  +	
  Chemo	
  	
  
combina:on	
  

2004-­‐6	
  
Chemo-­‐free	
  	
  
(ATO	
  +	
  ATRA)	
  results	
  2006-­‐12	
  

Responses	
  with	
  
anthracycline	
  chemo	
   1973	
  



Terapia	
  della	
  Leucemia	
  Acuta	
  Promieloci/ca	
  

Arsenico	
  

Acido	
  Re/noico	
  
+	
  

Chemioterapia	
  

Acido	
  Re/noico	
  
+	
  	
  ?	
  

Stato	
  dell’arte	
  nel	
  2006	
  

•  Terapia	
  “mirata”	
  
•  Alta	
  efficacia	
  
•  RidoEa	
  tossicità	
  
•  	
  %	
  guarigioni	
  ?	
  

•  Terapia	
  non	
  specifica	
  
•  Tossicità	
  importante	
  
•  	
  80%	
  guarigioni	
  



Acute	
  Promyelocy/c	
  Leukemia	
  

Low-­‐intermediate	
  risk	
  

	
  

	
  	
  

Arsenic	
  Trioxide	
  

ATRA	
  
+	
  

Chemotherapy	
  

ATRA	
  
+	
  

R	
  

APL	
  0406	
  Italian-­‐German	
  

Phase	
  III	
  Study	
  	
  

	
  



APL-­‐0406	
  Study	
  in	
  non-­‐high	
  risk	
  	
  
(GIMEMA-­‐AMLSG-­‐SAL)	
  

R	
  
Estey et al. Blood 2006  

Lo-Coco et al. Blood 2010 

Induc/on	
  

ATR
A	
  

ATO	
  

Consolida/on	
  

ATO	
   ATO	
   ATO	
   ATO	
  

Induc/on	
   Consolida/on	
   Maintenance	
  

ATRA	
  

MTX	
  +	
  6MP	
  IDA	
   IDA	
   IDA	
  MTZ	
  Chemo	
  

arm	
  

ATO	
  

arm	
  



APL0406	
  trial	
  original	
  series	
  	
  
Median	
  follow-­‐up	
  34	
  m.	
  

Lo-­‐Coco	
  et	
  al.	
  NEJM	
  2013	
  



	
  
APL	
  0406:	
  Updated	
  Follow-­‐up	
  (41.9	
  mos)	
  

	
  

p=0.0073 p=<0.0001 

Platzbecker	
  et	
  al.,	
  J	
  Clin	
  Oncol	
  2016	
  



November 2016 
  
EU Commission grants extension of indication to first line use 
of Trisenox® in combination with retinoic acid 
  
 
 
  



November 2016 
  
EU Commission grants extension of indication to first line use 
of Trisenox® in combination with retinoic acid 
  
 
 
Decision solely based on published academic data endorsing the 
benefit of Trisenox® as first chemotherapy-free treatment for APL 
and marks important advancement for patients in Europe 
  



1)  Cancer	
  is	
  not	
  an	
  irreversible	
  condi/on	
  (malignant	
  cells	
  
can	
  transformed	
  rather	
  than	
  killed)	
  

2)	
  Targeted	
  therapy	
  may	
  eradicate	
  leukemia	
  stem	
  cells	
  	
  

3)	
  Acute	
  leukemia	
  is	
  curable	
  without	
  chemotherapy	
  

Lessons	
  learned	
  from	
  APL	
  



A few key features of the APL 
saga must be stressed:  

H de Thé, Blood 2013 

•  Hallmark findings made by chance more than design 

•  Progress relied primarily on the academic world 

•  International cooperation was the key to success 

•  Basic science accompanied clinical explorations 
  providing a spectacular illustration of the power of 
  translational research  
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7th	
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