
Sabina	
  Chiare+,	
  MD	
  PhD	
  
May	
  17th,	
  2018	
  

	
  

Sapienza,University	
  of	
  Rome	
  	
  

CD22: Inotuzumab ozogamicin 



Acute	
  lymphoblas0c	
  leukemia	
  (ALL)	
  

ALL	
   is	
   a	
   malignant	
   disorder	
   characterized	
   by	
  
the	
   uncont ro l l ed	
   p ro l i f e raGon	
   and	
  
accumulaGon	
  of	
  immature	
  cells	
  

ALL	
   affects	
   both	
   children	
   -­‐being	
   the	
   most	
  
common	
   neoplasm	
   in	
   childhood-­‐	
   and	
   adults:	
  
highest	
  incidence	
  in	
  children	
  aged	
  2-­‐5	
  



Premises.	
  Outcome	
  of	
  ALL	
  

Age	
  cohorts	
  
Yea
rs	
  

Pr
ob

ab
ili
ty
	
  

Chiare+	
  S	
  et	
  al.	
  Haematologica	
  2013	
  

At diagnosis (5202 cases) 

Gökbuget	
  N	
  et	
  al.	
  Haematologica	
  2016.	
  

At relapse	
  (1618	
  cases) 

Progressive worsening with age 
 
Improvement in survival obtained with: 
-Pediatric-inspired regimens  
-MRD-driven intensification 
 

Survival after relapse does not outreach 
20-30% 
 

After II CR achievement, allo-SCT is a must 
  
Novel strategies required  
 



Monoclonal	
  an0bodies	
  	
  



Inotuzumab	
  ozogamicin:	
  not	
  an	
  immunotherapy!	
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1)	
   Inotuzumab	
   binds	
   to	
   CD22;	
   2)	
   the	
   complex	
   inotuzumab	
   ozogamicin-­‐CD22	
   is	
  
internalized;	
  3)	
  CD22	
  is	
  later	
  re-­‐expressed	
  on	
  lymphoblast	
  surface;	
  4)	
  calicheamicin	
  
is	
  acGvated	
  by	
  the	
  enzymaGc	
  acGon;	
  5)	
  calicheamicin	
  is	
  transported	
  in	
  the	
  nucleus,	
  
leading	
  to	
  DNA	
  break	
  and	
  apoptosis 



Topics	
  	
  

•  As	
  salvage	
  monotherapy	
  

•  As	
  salvage	
  therapy	
  in	
  combinaGon	
  

•  In	
  the	
  front-­‐line	
  se+ng	
  	
  



INO-­‐VATE	
  ALL	
  
Phase	
  III	
  mulG-­‐center	
  randomized	
  studyfor	
  R/R	
  ALL	
  

	
  
	
  
Primary	
  end	
  points:	
  CR	
  	
  and	
  OS	
  
Secondary	
  end	
  points:	
  safety	
  measures,	
  duraGon	
  of	
  
remission,	
  PFS,	
  rate	
  of	
  SCT	
  feasibility,	
  and	
  MRD	
  
negaGvity	
  

INO	
  ARM	
  
Ino	
  	
  1.8mg/m2	
  
(0.8mg/m2	
  d	
  +1	
  

0.5	
  mg/m2	
  d	
  +8	
  and	
  +15)	
  
Cycle	
  1:	
  21	
  days	
  	
  

Following	
  cycles	
  :	
  28	
  days	
  

vs 

SOC	
  
FLAG	
  

HD-­‐ARAC	
  
Mitoxatrone	
  and	
  ARA-­‐C	
  (up	
  to	
  4	
  cycles)	
  

Median cycles received: 3 Median cycles received: 1 

Kantarjian et al, NEJM 2016 



INO-­‐VATE	
  ALL:	
  pa0ents	
  

Based on ITT: 109 pts in each arm 
Majority of patients in 1° or 2° salvage 
treatment  
 
Ph+ ALL and t(4;11)+ representing about 
20% of population for each arm 

Kantarjian et al, NEJM 2016 



INO-­‐VATE	
  ALL:	
  Results	
  
Inotuzumab	
  
	
  
Dose	
  reducGon:	
  12% 	
  	
  
Dose	
  interrupGon	
  for	
  CR:35%	
  
	
  
CR:	
  80.7% 	
  	
  
	
  
MRD	
  negaGvity	
  in	
  CR:	
  78.4%	
  
	
  
SCT	
  feasibility:	
  41%	
  

SOC	
  
	
  
Dose	
  reducGon:	
  3%	
  
Dose	
  interrupGon	
  for	
  CR:	
  15%	
  
	
  
CR:29.4%	
  (33%)	
  
	
  
MRD	
  negaGvity	
  in	
  CR:	
  28.1%	
  
	
  
SCT	
  feasibility:	
  11%	
  
	
   Kantarjian et al, NEJM 2016 



INO-­‐VATE	
  ALL:	
  Results	
  according	
  to	
  subgroups	
  

Kantarjian et al, NEJM 2016 



INO-­‐VATE	
  ALL:	
  Results	
  according	
  to	
  subgroups	
  

Kantarjian et al, NEJM 2016 



INO-­‐VATE	
  ALL:	
  dura0on	
  of	
  remission	
  and	
  
PFS	
  	
  

Median duration of remission: 4.6 
months vs 3.1 months 

Median PFS: 5.5 months vs 1.8 
months 

Kantarjian et al, NEJM 2016 



INO-­‐VATE	
  ALL:	
  OS	
  
Exploratory post-hoc 
analysis of restricted 
mean surival time  
applied 

“ it was noted that the data for OS appeared to depart from the proportional-hazards assumption, as 
reflected by an apparent heterogeneity in the curve for standard therapy. Because of this, an 
exploratory post hoc analysis of restricted mean survival time was performed, which showed longer 
mean OS with inotuzumab ozogamicin than with standard therapy (P=0.005). On the basis of the 
apparent separation of the overall survival curves after approximately 14 months, it may be 
speculated that the survival benefit occurs at later time points”. 

Median OS: 7.7 months vs 6.7 months 



Hepa0c	
  toxicity	
  aNer	
  inotuzumb:	
  a	
  
concern	
  

Liver-related adverse events of any grade: 
Increased aspartate aminotransferase level: 20% of Ino and 10% of SOC 
patients 
Hyperbilirubinemia: 15% of Ino and 10% of SOC patients 
Increased alanine aminotransferase level: 14% of Ino and 11% of SOC patients 
VOD:  15 patients (11%) up to 2 years after randomization, 10 had veno-
occlusive disease after transplantation. 

Ino	
  arm	
  (n=109)	
   SOC	
  arm	
  (n=120)	
  

Any	
  grade	
  (%)	
   Grade	
  >	
  3	
  (%)	
   Any	
  grade	
  (%)	
   Grade	
  >	
  3	
  (%)	
  

Febrile	
  
neutropenia	
  

16	
  (12)	
   15	
  (11)	
   22	
  (18)	
   21	
  (18)	
  

VOD	
   15	
  (11)	
   13	
  (9)	
   1	
  (1)	
   1	
  (1)	
  

Sepsis	
   3	
  (2)	
   3	
  (2)	
   6	
  (5)	
   6	
  (5)	
  

Kantarjian et al, NEJM 2016 



Inotuzumab	
  and	
  allo-­‐SCT	
  (I)	
  
Aim:	
   to	
   idenGfy	
   factors	
   associated	
   with	
  

outcomes	
  aeer	
  allo-­‐SCT	
  in	
  prev	
  treated	
  R/R	
  
ALL	
  pt	
  with	
  InO.	
  

Background	
  and	
  popula0on:	
  Phase	
  3	
  INO-­‐
VATE	
  trial;	
  InO	
  n=77;	
  SOC	
  n=31	
  

Results:	
  
-­‐More	
  InO	
  pts	
  achieved	
  MRDneg	
  	
  (71%)	
  vs	
  

control	
  group(26%)	
  
	
  

-­‐Less	
  InO	
  group	
  received	
  add	
  therapy	
  before	
  
HSCT(14%	
  vs	
  55%)	
  

	
  

-­‐NRM	
  rates	
  were	
  higher	
  in	
  InO	
  group	
  at	
  1yr	
  
(36%	
  vs	
  20%)	
  and	
  at	
  2yrs	
  (39%	
  vs	
  31%)	
  
but	
  relapse	
  rate	
  were	
  lower	
  both	
  at	
  1yr	
  
(23%	
  vs	
  29%)	
  and	
  2yrs	
  (33%	
  vs	
  46%)	
  
	
  

-­‐No	
  significant	
  difference	
  in	
  post	
  allo-­‐SCT	
  
survival	
  observed	
  among	
  groups.	
  
	
  

	
  

VOD	
  observed	
  in	
  5	
  pts	
  (all	
  	
  
during	
  the	
  first	
  100	
  days	
  aeer	
  
allo-­‐SCT)	
  InO	
  and	
  0	
  in	
  SOC	
  
group.	
  
	
  
Conclusions:	
  
-­‐  Compared	
  with	
  the	
  SOC,	
  InO	
  

permiied	
  more	
  pts	
  with	
  R/R	
  ALL	
  
to	
  proceed	
  to	
  allo-­‐SCT	
  in	
  CR/Cri	
  
with	
  MRDneg	
  

-­‐  In	
  order	
  to	
  reduce	
  NRM	
  and	
  
improve	
  OS	
  avoid	
  dual	
  alkylator	
  
condiGonings	
  regimens,	
  especially	
  
those	
  containing	
  Thiotepa.	
  

	
  
	
  
	
  

	
  
Stellijesn et al, EHA 2017 abs#P525 



Inotuzumab	
  and	
  allo-­‐SCT	
  (II)	
  
•  Aim:	
  to	
  invesGgate	
  transplant	
  

outcomes	
  for	
  pts	
  with	
  or	
  without	
  InO	
  
exposure.	
  

•  Method:	
  Nested	
  control	
  comparison	
  of	
  
pts	
  transplanted	
  during	
  the	
  year	
  in	
  
which	
  they	
  recived	
  InO.	
  

•  Popula0on:	
  251	
  pts	
  with	
  B-­‐ALL	
  (median	
  
age	
  35yr;	
  range	
  4-­‐70)	
  who	
  received	
  
allo-­‐SCT	
  

•  Results:	
  
–  VOD:	
  21	
  pts	
  (8%);	
  median	
  onset	
  19	
  

days	
  following	
  allo-­‐SCT;	
  
–  	
  Fatal	
  VOD:	
  in	
  5	
  overall	
  pts	
  (2%),	
  	
  

Factors	
  contribu-ng	
  to	
  VOD	
  	
  	
  
–  Prior	
  exposure	
  to	
  InO	
  (HR	
  3.05,	
  

95%	
  C.I.	
  1.3-­‐7.2,	
  p=0.01)	
  
–  Receiving	
  a	
  busulfan-­‐based	
  

transplant	
  preparaGve	
  regimen	
  
(HR	
  3.4,	
  95%	
  C.I.	
  1.02-­‐12,	
  p=0.05).	
  

Protec-ve	
  factors	
  to	
  VOD	
  	
  
–  Not	
  receving	
  a	
  prior	
  SCT	
  (HR	
  0.3,	
  

95%	
  C.I.	
  0.1-­‐0.8,	
  p=0.02).	
  

Classification and regression tree analysis show that the combination of 
InO and a double alkylator preparative regimen was significantly 
associated with VOD(HR 5.9, 95% C.I. 1.9-18, p=0.002). 

Kebriaei et al, EHA 2017 abs #P739 



Topics	
  	
  

•  As	
  salvage	
  monotherapy	
  

•  As	
  salvage	
  therapy	
  in	
  combinaGon	
  

•  In	
  the	
  front-­‐line	
  se+ng	
  	
  



Mini-­‐HCVD	
  +	
  inotuzumab	
  	
  
Treatment scheme:  
Mini-HCV+ inotuzumab (and rituximab) 
 

Amended dose: 
(1.3 mg/m2 for cycle 1; 1 mg/m2 for cycles 2-4) 

Jabbour et al, JAMA Oncology, 2018 



Mini-­‐HCVD	
  +	
  inotuzumab	
  	
  

CR:	
  35	
  paGents	
  (59%)	
  
	
  ORR:	
  46	
  paGents	
  (78%)	
  
	
  

Toxicity:	
  	
  
Thrombocytopenia:	
  81%	
  	
  
Liver	
  toxicity:	
  95%	
  	
  
VOD:	
  15%	
  (median	
  of	
  3	
  
cycles)	
  
Toxicity	
  higher	
  than	
  Ino	
  alone	
  
	
  

Median	
  follow-­‐up:	
  1	
  year	
  	
  

Jabbour et al, JAMA Oncology, 2018 

46%(11ms) 

40% (8 ms) 

57% (17 ms) 

26% (6 ms) 

39% (5 ms) 

Median OS 11 vs 7.7 ms 



Topics	
  	
  

•  As	
  salvage	
  monotherapy	
  

•  As	
  salvage	
  therapy	
  in	
  combinaGon	
  

•  In	
  the	
  front-­‐line	
  se+ng	
  	
  



Inotuzumab	
  in	
  the	
  front-­‐line	
  seWng:	
  	
  elderly	
  
•  52	
  paGents	
  (median	
  	
  age:	
  68	
  years)	
  treated	
  with	
  
mini-­‐hyper-­‐CVD;	
  48	
  “treatment-­‐naive”	
  	
  

•  47	
  (98%)	
  achieved	
  a	
  response;	
  MRD	
  (flow-­‐
cytometry)	
  negaGvity:	
  78%	
  upon	
  inducGon	
  and	
  96%	
  
within	
  3	
  cycles	
  

•  Median	
  follow-­‐up:	
  29	
  months	
  
•  Grade	
  3–4	
  AEs:	
  thrombocytopenia:	
  81%	
  
	
  	
  	
  	
  infecGons	
  during	
  inducGon:	
  52%	
  and	
  consolidaGon:	
  
69%,	
  VOD:	
  8%.	
  	
  

•  12	
  deaths	
  in	
  CR	
  
Kantarjian et al, Lancet Oncology 2018 



Inotuzumab	
  in	
  the	
  front-­‐line	
  seWng:	
  	
  elderly	
  

Kantarjian et al, Lancet Oncology 2018 



Concluding	
  remarks	
  and	
  open	
  points	
  
•  Monoclonal	
  anGbodies	
  are	
  changing	
  the	
  natural	
  
history	
  of	
  ALL;	
  in	
  the	
  R/R	
  se+ng	
  beier	
  survival	
  and	
  
higher	
  HSCT	
  feasibility.	
  

•  Toxicity,	
  different	
  from	
  historical	
  ones,	
  must	
  be	
  
considered	
  	
  

•  Earlier	
  use	
  (MRD,	
  front-­‐line)	
  	
  	
  	
  	
  	
  	
  Less	
  CHT	
  needed?	
  
Less	
  HSCT??	
  cure???	
  	
  

•  The	
  soluGon	
  for	
  elderly/unfit	
  paGents?	
  
•  Should	
  we	
  start	
  thinking	
  combining	
  Moabs??	
  

•  	
  While	
  there	
  an	
  impressive	
  development	
  in	
  B-­‐ALL,	
  in	
  
T-­‐ALL	
  few	
  molecules.	
  


