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Ematologia 



Paroxysmal  nocturnal  
hemoglobinuria  

(PNH)


• Clonal	
  disease	
  of	
  HSC	
  
• Acquired	
  soma4c	
  muta4on	
  of	
  the	
  X	
  –
chromosome	
  gene	
  PIG-­‐A	
  	
  

•  Lack	
  of	
  expression	
  	
  of	
  the	
  GPI-­‐anchored	
  
proteins	
  on	
  HSC	
  

EPIDEMIOLOGY: rare disease (1-5 per million/year) 
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THE COMPLEMENT CASCADE REGULATION IN PNH 
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THE COMPLEMENT CASCADE REGULATION IN PNH 
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THE COMPLEMENT CASCADE REGULATION IN PNH 
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THE COMPLEMENT CASCADE REGULATION IN PNH 
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Adattato da Cellular and Molecular Immunology AK Abbas, AH Litchman and JS Pober, 3rd Edition. 1991 WB Saunders; Philadelphia. 
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1. Chronic hemolytic anemia with paroxistic crises 

          Intravascular hemolysis, complement mediated 

2. Propensity to thromboembolisms 

 Often at unusual site, especially veins 
 (cerebral veins, hepatic veins, splenic vein) 

THE CLINICAL TRIAD OF PNH	



3. Variable cytopenia 

Stigmata of marrow failure, possible 
overlapping with aplastic anemia (AA/PNH) 





Blood 2008	



French	
  cohort	
  (n=460)	
  

•  Classic PNH: intravascular hemolysis with Hb< 12 g/dl and /or thrombosis at diagnosis but	


 no evidence of bone marrow failure: PMN > 1.5 x 109 cells/L and PLTS120 >109 cells/L, 	


•  AA-PNH: at least, 2 or 3 cytopenias (Hb<10 g/dL, PLTS  <80x109/L, PMN < 1x109 /L).	


•  Intermediate PNH: who did not fulfill the last 2 subcategories’	
  

	
  52	
  	
  SCT	
  (22	
  died)	
  
	
  402	
  no	
  SCT	
  (96	
  died)	
  	
  



NATURAL HISTORY OF PNH 
Impact of thrombosis on survival	



De Latour et al, Blood 2008	



Thrombosis is the main cause of death 
as well as the complication with the 
largest impact on quality of life and 
survival of PNH patients, regardless 

the specific PNH subcategory 



Blood 2008	



French	
  cohort	
  (n=460)	
  



Suppor4ve	
  therapy	
  
•  Iron	
  support	
  
• Red	
  blood	
  cell	
  
transfusions	
  //	
  iron	
  
chelaJon	
  

•  Ev	
  IdrataJon	
  
• CorJcosteroids	
  	
  
• Antocoagulant	
  therapy	
  	
  

(vitamin	
  K	
  antagonist;	
  LMWH)	
  

Cura4ve	
  therapy	
  
• Allogeneic	
  –	
  HSCT	
  (sib)	
  

	
  
	
  

Life	
  threatening	
  status	
  	
  
SAA,	
  high	
  trasfusion	
  requirement,	
  severe	
  /

recurrent	
  thrombosis	
  

TherapeuCc  approach  



ISST	
  Manageable	
  	
  
Symptoms	
  
Mild	
  PNH	
  

Severe	
  PNH	
  



7	
  pts	
  
Fludara	
  	
  90mg/m2	
  
TBI	
  200	
  



Transplant  expericences

Ref	
   N°	
   Condi4oning	
   OS	
   GVHD	
  

Saso	
  BJH	
  1999	
  
IBMTR	
  

48	
  sib	
  
6	
  MUD	
  
1	
  aplo	
  
2	
  Syn	
  	
  

BuCY	
  53%	
  
TBI	
  21%	
  

5yrs	
  OS	
  56%	
  
(MUD	
  1/7	
  alive)	
  

AGVHD	
  II-­‐IV:34%	
  
ECGVHD:33%	
  

Bemba	
  BJH	
  1999	
  
France	
  

16	
  sib	
   CyTBI	
  6	
  %	
  
CyTAI	
  50%	
  
Cybased	
  43%	
  

5yrs	
  OS	
  58%	
  
	
  

AGVHD	
  II-­‐IV	
  50%	
  
ECGVHD11%	
  

Santarone	
  
Haematol	
  2010	
  
GITMO	
  

22	
  sib	
  
2	
  MUD	
  
1	
  aplo	
  
1	
  MMR	
  

BuCy	
  58%	
  
RIC	
  42%	
  

5yrs	
  OS	
  57%	
   AGVHD	
  42%	
  
ECGVHD	
  16%	
  

Saso	
  BJH,	
  1999	
  
Bemba	
  	
  BJH,1999	
  

Santarone	
  Haematol	
  2010	
  



SCT and PNH: an EBMT retrospective study 

211 SCT for PNH from the EBMT database (1978-2007) 

GF	
  7%	
  
II-­‐IV	
  AGVHD	
  40%	
  
CGVHD29%	
  
Relapse	
  pnh	
  clone	
  1	
  pt	
  

68%	
  



SCT and PNH: an EBMT retrospective study 

211 SCT for PNH from the EBMT database (1978-2007) 

Conclusions 
Allogeneic stem cell transplantation is probably not a suitable 
treatment option for life-threatening thromboembolism in PNH	
  

No	
  Difference	
  in	
  AA	
  pts	
  if	
  SCT	
  in	
  upfront	
  or	
  ader	
  ISS	
  (16pts)	
  
No	
  Difference	
  in	
  AA	
  pts	
  for	
  stem	
  cell	
  source	
  but	
  BM	
  <	
  CGVHD	
  



RIC and PNH 
The NIH experience 

ü Conditioning: CTX 120 mg/kg (-7/-6), Flu 125 mg/m2 (-5/-1) 
ü Immunosuppression: hATG (40x4), CsA, MTX (or MMF) 
ü HLA-matched siblings (1 mother); SCT source PBSC 

N=17; indication to SCT:  
−  BMF (10) 
−  hemolysys (4)  
−  thrombosis (3) 

2014	
  



HaploidenCcal  hematopoieCc  stem  cell  transplant  in  
paroxysmal  nocturnal  hemoglobinuria  
Hong  Tian,  Liming  Liu,  Jia  Chen  et  al  
Leukemia  &Lymphoma  2016;  Vol  57,  N=  4,  835-­‐841


N°	
  18	
  (2007-­‐2013)/	
  Haploiden4cal	
  10	
  pts	
  
Median	
  age	
  	
  25	
  yrs	
  (13-­‐54)	
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Stem	
  cell	
  source:	
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  BM	
  +	
  PB	
  9	
  

CondiJoning	
  regimen:	
  
•  Cytarabine:	
  4	
  g/m2	
  	
  -­‐5	
  to	
  -­‐2	
  
•  ATG	
  	
  2,5	
  mg/Kg	
  -­‐5-­‐2	
  
•  Busulfan	
  (4mg/Kg/day)	
  -­‐8	
  to-­‐6	
  
•  CY	
  1,8	
  g/m2	
  -­‐5-­‐4	
  
•  SimusJne	
  (Me-­‐CCNU;	
  250	
  mg/m2)	
  -­‐3	
  
GVHD	
  prophylaxis	
  
CSA,	
  MFM,	
  MTX	
  

Follow	
  up(months)status	
  

Alive	
  9/10	
  
Median	
  17	
  months	
  (14-­‐29)	
  
Dead	
  16	
  months	
  (InfecJon)	
  

GVHD	
  

Acute	
  II-­‐III	
  	
  	
  	
  	
  	
  4	
  
Chronic	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  7	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Limited	
  5	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Extensive	
  1	
  

Editorial	
  Leukemia	
  &	
  Lymphoma	
  
	
  Flore	
  Sicre	
  de	
  Fontbrune	
  &	
  Regis	
  Peffault	
  de	
  Latour	
  



SCT and PNH: an EBMT retrospective study 

Case-control comparison between SCT and best supportive care 
SCT (n=211, 1978-2007, EBMT) vs best care (n=402, 1950-2005, French Registry). 
 

No pt received eculizumab 



SCT and PNH: an EBMT retrospective study 
 

APLASTIC ANEMIA  

QuickTime™ and a
GIF decompressor

are needed to see this picture.

No statistically 
significant 
difference: 

 Possible benefit  

IST over SCT? 

One	
  to	
  one	
  matching	
  between	
  transplanted	
  and	
  non-­‐transplanted	
  pa5ents	
  
30	
  matched	
  pairs	
  of	
  transplanted	
  vs	
  non-­‐transplanted	
  pts	
  

Best	
  results	
  with	
  SCT	
  in	
  sAA,	
  SIB,	
  >	
  2002	
  



SCT and PNH: an EBMT retrospective study 
 

THROMBOTIC EVENT 
 

Global	
  matching	
   stratum	
  A	
  :	
  non	
  	
  SCT,	
  age	
  <30	
  years	
  and	
  delay	
  ≥	
  3	
  months,	
  
	
  or	
  delay	
  <	
  3	
  months	
  between	
  PNH	
  and	
  TE	
  event	
  
stratum	
  B:	
  non	
  SCT,	
  age	
  ≥	
  30	
  years	
  and	
  delay	
  ≥	
  3	
  months	
  



Extension Trial - Blood 2007; N = 195"

Pilot Study – NEJM 2004; N = 11! TRIUMPH – NEJM. 2006; Phase III Trial, N = 87!

SHEPHERD – Blood 2008;  N = 97!

Eculizumab	
  was	
  licensed	
  by	
  the	
  Food	
  and	
  Drug	
  
AdministraJon	
  in	
  March	
  2007	
  and	
  by	
  the	
  

European	
  Medicines	
  Agency	
  in	
  June	
  2007	
  for	
  the	
  
treatment	
  of	
  PNH	
  	
  



Eculizumab	
  effect	
  on	
  PNH	
  pa4ents	
  



New  Era  
SOLIRIS®  Blocks  Terminal  Complement


Lectin Classical Alternative 
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Microorganisms 

Antigen-Antibody  
Complexes 

Constitutive/ 
Microorganisms 

Figueroa, et al. Clin Microbiol Rev. 1991;4:359-395. 
Walport. N Engl J Med. 2001;344:1058. 
. 

C5b-9 
Cause of Hemolysis 

 in PNH 

C5a 

C5b 

SOLIRIS® 

•  Proximal functions of 
complement remain intact 

• Weak anaphylatoxin 
• Immune complex and apoptotic body 

clearance 
• Microbial opsonization 

•  Terminal complement 
activity is blocked 

•  SOLIRIS® binds with high 
affinity to C5 



ECULIZUMAB AND PNH: EFFECTS ON SURVIVAL 

Untreated vs Ecu-treated PNH Treated PNH vs normal population 

OS	
  	
  on	
  eculizumab	
  was	
  compared	
  with	
  age-­‐	
  and	
  sex-­‐matched	
  	
  
control	
  averages	
  obtained	
  using	
  2001	
  United	
  Kingdom	
  census	
  
data	
  	
  from	
  the	
  United	
  Kingdom	
  Office	
  of	
  NaJonal	
  StaJsJcs.	
  	
  

OS	
  of	
  30	
  pts	
  with	
  PNH	
  assessed	
  between	
  1997	
  and	
  2004	
  	
  
who	
  fulfilled	
  the	
  criteria	
  for	
  treatment	
  with	
  eculizumab	
  	
  
was	
  also	
  compared	
  with	
  the	
  treated	
  paJent	
  group	
  	
  





Control group: PNH patients with indication to eculizumab 
(clinically meaningful hemolysis and/or thrombosis)  

123	
  pts	
  >	
  2005	
  

191	
  pts	
  

zoom	
  

43	
  pts	
  
Iori,	
  PNH	
  Meet	
  of	
  	
  Expert,	
  Milano	
  2016	
  	
  



Caution!
The Soliris® increases the risk of meningococcal infection!
 !
• Vaccination before starting the drug"
• Revaccination periodically according to the guidelines for meningococcal vaccination "
• Patient monitoring for early signs of infection (antibiotics)"
• Administration with caution in patients with infections in place"

Patients who discontinue the Soliris®should be closely 
monitored for the onset of severe hemolysis!



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
CR	
  32%	
  

NR	
  18%	
  

RP	
  	
  8<Hb<11	
  
50%	
  

N	
  	
  22	
  

2011	
   Iori	
  AP,	
  Milano	
  2016	
  

Eculizumab	
  response	
  



§  Polymorphisms of C5 at Arg 885 
–  Single heterozygous missence (p.Arg885His) mutation (generating 

a new ApaLI restriction site) found in 11 out 11 Japanese PNH 
patients lacking any response to eculizumab (n=345; 3,3%)  

–  also found in healthy Japanese population (allelic frequence 3,5%) 

 

§  The mutation affected the 
binding to eculizumab 

–  A similar mutation 
(p.Arg885Cys) was found in a 
non-responder from Argentina 
(Asian ancestry) 

 

Genetics of response to eculizumab in PNH: C5 
Rare C5 mutation may result in resistance (Nishimura et al, NEJM 2014) 



EXTRAVASCULAR HEMOLYSIS   

This variability of response (Figure 1) is not yet fully explained. 
In some patients, a poor or suboptimal response may indicate 
that the extent to which bone marrow failure was contributing to 
anemia had been under-estimated. In others, a suboptimal response 
is related at least in part to an important shift in pathophysiology that 
takes place in patients on ECU (see Figure 2). In essence, because 
GPI-negative (PNH) red cells are protected from complement lysis, 
they survive much longer in circulation (at first sight regarded as 
paradoxical, an increase in the proportion of PNH red cells is a 
typical feature of patients on ECU). ECU affects only the distal 
complement pathway, thus neutralizing the handicap caused by the 
deficiency of CD59 on PNH red cells, but since these are also defi-
cient in CD55, there will be a gradual accumulation of C3 fragments 
on their surface (see Figure 2), and these C3-opsonized red cells will 
be susceptible to phagocytosis by macrophages in the reticuloen-
dothelial system20,21. This mechanism of extravascular hemolysis – 
which we must regard as iatrogenic – causes the Coombs test to 
become positive22 (it is classically negative in untreated PNH); 
more importantly, it may limit the improvement in anemia because 
it develops at the same time that intravascular hemolysis ceases.

At least one factor that influences markedly the development of this 
consequence of ECU treatment is, once again, genetic and com-
plement related. When patients on ECU are stratified according to 

their genotype for the complement receptor gene CR1, it is seen 
that among those who have a suboptimal hematological response, 
homozygotes for the low-affinity allele L are markedly more 
common, and homozygotes for the high-affinity allele H much rarer 
than expected; heterozygotes are intermediate, indicating a dosage 
effect23.

Thrombosis in paroxysmal nocturnal hemoglobinuria
Venous thrombosis, particularly in abdominal veins or in intracra-
nial veins, remains one of the most feared complications of PNH. 
Although the literature on this subject is vast, the mechanism that 
makes PNH the most vicious acquired thrombophilic state known 
to medicine18 remains elusive. Thromboplastin-like substances from 
hemolyzed red cells, inappropriate platelet activation, and failure 
of fibrinolysis may all play a role24. But in recent years the most 
significant change has been caused, also in this area, by the use of 
ECU. Although there has been no formal trial on the impact of ECU 
on thrombosis, patients on ECU have some changes in laboratory 
parameters of hemostasis25, and they have fewer thrombotic epi-
sodes than one might have expected from previous experience26,27. 
This is obviously of great clinical importance; in addition, it indi-
cates that complement blockade (whether it acts via red cells or in 
any other way) does protect from thrombosis, although not com-
pletely because thrombosis on ECU can still occur27.

Figure 2. Mechanism of (iatrogenic) extravascular hemolysis in a paroxysmal nocturnal hemoglobinuria (PNH) patient on eculizumab. 
In untreated patients (upper cartoon), as soon as C3 (yellow circles) is bound to a GPI-negative red cell (lacking CD55), C5 will be activated, 
the membrane attack complex (MAC) will form, and the red cell (which also lacks CD59) will be lyzed: accordingly, no red cells with C3 bound 
are seen in the upper flow cytometry pattern on the left. In patients on eculizumab (lower cartoon), with C5 blocked, no MAC is formed and 
there is no lysis; in return, a much larger number of C3 molecules accumulate (see lower flow cytometry pattern on the left); thus, the red 
cell is opsonized and will be prey to macrophages. This is the likely mechanism of extravascular hemolysis in PNH patients on eculizumab 
(modified from 18).
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2 1 0 13 12 11 10 9 1-8 Days 

“BREAKTHROUGH” hemolysis during eculizumab treatment 
Pharmacokinetic breakthrough 

Risitano et al. Blood, 2009  
 
 



HSCT	
  

Pros	
  
•  Cura4ve	
  approach	
  

Cons	
  
•  TRM	
  (	
  >30%)	
  
•  GVHD/QoL	
  (30-­‐40%)	
  

Eculizumab	
  

Pros	
  
•  QoL	
  /PREGNANCY	
  
•  Increase	
  OS/ReducJon	
  of	
  

Thrombosis	
  

Cons	
  
•  It	
  does	
  not	
  eradicate	
  PNH	
  clone	
  
•  Life	
  long	
  treatment	
  every	
  2	
  weeks	
  
•  No	
  response	
  (18%)	
  
•  Extravascular	
  hemolysis	
  (30-­‐40%)	
  

•  Cost:	
  around	
  	
  300.000	
  per	
  	
  
year/pt	
  

	
  

Two	
  procedures:	
  pros	
  and	
  cons	
  

ALEXION	
  Study	
  1210-­‐PNH	
  302	
  
	
  
SelecJve	
  Splenic	
  artery	
  embolizaJon	
  
	
  	
  
TT30,	
  CompstaJn,	
  Mini	
  FH,	
  AnJFD,	
  AnJ	
  FB	
  
	
  
	
  



PNH: to transplant or  
not to transplant? 

We/pa5ents	
  	
  wish	
  to	
  be	
  cured	
  even	
  if	
  risking	
  	
  
mortality/worse	
  quality	
  of	
  life	
  	
  	
  

or	
  we/pts	
  wish	
  
to	
  have	
  a	
  good	
  quality	
  of	
  life?	
  



If eculizumab is not available:East/Middle 
est Europe, Africa 
If response to eculizumab is not satisfaying: 
persistent transfusion-dependency  
(even if novel treatment strategies may become  
available in the near future; shared decision with patient) 

+/-­‐	
  Eltrombopag	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Main	
  problem:	
  
Thrombysis	
  

<40-­‐50	
  yrs	
  

>	
  40yrs	
  

Iron	
  support	
  
Vitamin	
  
Renal/Lung	
  monitoring	
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