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Aplastic anemia 

Normal 



Aplastic anemia 

Contraction of stem cell pool	



Cytopenia 

Normal Marrow aplasia 

Takaku et al, Blood 2010	



CML	



Takaku et al, Blood 2010	



AA 



Hematopoietic 
stem cell 

Pathophysiology of aplastic anemia 



Hematopoietic stem cells in AA 
Hematopoietic progenitor cultures 



GENE EXPRESSION PROFILING IN CD34+ FROM AA PATIENTS 

Over-expressed 
•  Apoptosis 
•  Stress response 
•  Cytokine/chemokine transduction 
•  Defense/immune response genes 
•  Cell cycle/proliferation inhibitors 

Down-expressed 
•  Cell cycle/proliferation promoters	



“…the transcriptome analysis 
of HSC in AA is consistent with 
the presence of stressed, 
immunologically activated or 
dying target cells rather than of 
an intrinsically abnormal 
population.“ 



Hematopoietic 
stem cell 

Pathophysiology of aplastic anemia 

The immune 
system 



CIRCULATING ACTIVATED SUPPRESSOR T 
LYMPHOCYTES IN APLASTIC ANEMIA 
N.C. Zoumbos, P. Gascon, J.Y. Djeu, S.R. Trost, and N.S. Young 
Volume 312 January 31, 1985 Number 5 



Molecular Tracking of Pathogenic Clonotypic T-cells 

BMMNC 
CD33+ 
CD34+ 



T-REGULATORY CELLS IN APLASTIC ANEMIA 
Solomou et al., Blood 2007 



Th17 CELLS IN APLASTIC ANEMIA 
Peffault De Latour et al., Blood 2010 First Edition 

• Increased in AA patients 

• Correlate with disease status 

• Normalize after treatment in 
good responders only 

PR PR 

Good responders 

Poor responders 



Pathophysiology of aplastic anemia 

Contraction of stem cell pool	



Cytopenia 

Acquired 
Direct toxicity 
–  Chemicals 
–  Radiation 

Acquired 
Idiopathic: multifactorial? 

–  Immunity (cytokine 
polymorphism, HLA) 

–  Stem cell self-
renewal (telomerase 
complex) 

Genetic susceptibility Immune-mediated 

–  Drug 
metabolites 

–  Auto-
immune 

–  Virus-related 

–  Permissive SNPs 

Constitutional 
Intrinsic defect 
–  Fanconi’s anemia 
–  Dyskeratosis 

congenita 
–  Shwachman-

Diamond syndrome 
–  Congenital 

amegakaryocytic 
thrombocytopenia 



The actual meaning of somatic mutations in hematology 
Do all mutations imply cancer (especially in marrow failure)? 



Hemolysis	



Cytopenia	



Aplastic Anemia 

PNH 

Bone Marrow Failure and PNH 

AA +  
PNH clone(s) 

Aplastic 
anemia 



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) 

EPIDEMIOLOGY: rare disease (1-5 per million/year) 



Evidence of marrow failure in PNH 

CNR, 1973 

Histograms from Sirchia	
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(per µl) 

Platelets 
(per µl) 

Rotoli et al, Blood 1982 



CLINICAL OVERLAP BETWEEN PNH AND BMF 

AA 

Florid PNH 

AA/PNH 

Hypoplastic 
PNH 

Subclinical 
PNH 

MDS? 
IMF? 



PATHOPHYSIOLOGY OF PNH 
The dual hypothesis (Rotoli and Luzzatto, Baillieres Clin Haematol 1989) 



IMMUNE RESPONSE AND BONE MARROW FAILURE 
SYNDROMES 
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T-cell 
malignancies 
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GvH 
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LGL 

Clonal T-cell expansion  



AA and… 
… the non-
transplant 
treatment 



Survival improved with 
years, mostly due to: 
ü Better supportive 
therapy 
ü Better salvage treatment 
(SCT) 

OUTCOME OF IMMUNOSUPPRESSION FOR SAA 
Improvement over the years 

2000-­‐10	
  
1990-­‐00	
  
	
  
1980-­‐90	
  
	
  
1975-­‐80	
  

EBMT Database 
 
N=3202 

Courtesy of Jakob Passweg 



ü n=420 (174 non-responders) 
ü Infection-related mortality from 37% to 11% 
ü Incidence of IFIs from 49% to 8% 

The most relevant breakthrough in AA treatment was the anti-infectious 
supportive care: keeping AA patients alive until they recover (IST or SCT) 

CID 2011 
Group 1: 12/1989-10/1986 
Group 2: 11/1986-10/2002 
Group 3: 11/2002-04/2008 

Supportive care 
The improvement in anti-infectious management 



IMPROVING ATG-BASED IMMUNOSUPPRESSION 
The benefit of combining ATG and cyclosporine A 

ü CyA speed hematological response without affecting survival 

Treatment of aplastic anemia with antilymphocyte globulin and methylprednisolone 
with or without cyclosporine. The German Aplastic Anemia Study Group ���

	

N Frickhofen, JP Kaltwasser, H Schrezenmeier, A Raghavachar, HG Vogt, F Herrmann, M Freund, P Meusers, A 
Salama, and H Heimpel 	



2003 

1991 



IMPROVING ATG-BASED IMMUNOSUPPRESSION 
The benefit of combining ATG and cyclosporine A 

ü CyA reduces early treatment failure 
but not long-term relapse rate 

Frickhofen et al, Blood 2003 



n=112   hATG x 4 (40mg/kg) + CsA x 6 m 

Hematological response is the 
main predictor for outcome 

3m survivors 

OS 55% @7y;  
OR 60% @ 3m, 61% @ 6m, 58% @ 1y 

2003	



3m survivors 



rATG is inferior to hATG in first line treatment of SAA, as indicated by 
hematological response and survival 

NEJM 2011 

ü Phase III prospective randomized study, first-line treatment  
ü hATG + CyA (n=60) vs rATG + CyA (n=60) 
ü OR @ 6m 68% vs 37% (p<0.001) 



Blood 2012 

rATG is inferior to hATG in first line treatment of SAA, as indicated by 
hematological response and survival 

ü Phase II pilot study rATG + CyA (n=35)  
ü Retrospective matched comparison (pair-matched) with hATG + CyA (n=105) 
ü Pilot rATG + CyA study: OR 40% @ 6m (CR 3%, PR 37%) 

      



REASONS FOR BAD OUTCOME IN SAA 

ü  Primary failures 
−  Refractoriness (about a third: predicting factors and early 

identification) 

−  Partial responses 

ü  Secondary failures 
−  CyA-dependent responses 

−  Relapses 

−  Recurrent diseases 

ü  Late failures 
−  Clonal evolution 

−  Secondary malignancies 

Many AA patients are not cured by IST!!! 



n=112   

In all recent studies, the incidence of clonal evolution is about 10%, 
regardless the specific treatment 

2003	


Clonal evolution (3y)	


• 11% MDS (especially 7-)	


• 10% PNH	



Evolution to MDS (3y) 
• 21% hATG 
• 14% rATG 

hATG x 4 (40mg/kg)  
+ CsA x 6 m 

NEJM 2011 
Blood 2012 



REASONS FOR TREATMENT FAILURE 
 

• Pathophysiology other than immune-mediated  

• Irreversible stem cell deficit 

• Insufficient immunosuppression 

Improve immunosuppressive therapies 



RELAPSES AFTER IST 
The role of maintenance CyA therapy 

Frickhofen N. Blood. 2003 (101). 1236-1242 

Maintenance CyA is required 
to sustain blood counts after 
initial response to IST 



ü Retreatment by rATG is more effective in relapsed than in refractory patients 
ü OS not affected due to salvage therapy 

Scheinberg Br J Haematol. 2006 

Relapsed: 65% 
response 

Refractory: 30% 
response 



Improving IST: 
intensification by a 

third drug 



APC (HLA+Ag) triggering 

Naive 
T-cell	



APC	



Cytokine release (IL-1, IL-6) Cell-cell contact	



TCR 
Autoantigen 

HLA 

T-cell activation	


Activated 

T-cell	



IL-2 
release	

 IL-2 signaling	



T-cell  
differentiation 

Effector 
T-cell	



Second signals 
(IL-2, IL-12, IL-23, 
IL-4, IL-6, IL-17) 

Proliferation 

Expanded 
effector T-cell 

pool	



T-cell  
expansion 

Marrow damage	



Haematopoietic niche 
Haematopoietic stem cells 

Effector mechanisms	



Inflammation	



TNF-α 
IFN-γ 

Perforine/
granzyme 

Fas-L	



Cell-cell contact	

Inhibitory cytokines 

Anergy 
inductors 

• CTLA4-Ig 
• Anti-CD154 

CNIs 
• CyA 
• FK506 

IL-2 R blockers 
• Daclizumab 
• Basiliximab 

MToR inhibitors 
• Sirolimus 
• Everolimus 

Anti-lymphocyte agents 
              Biologicals           Cytostatics 

• CTX 
• MMF 
• MTX 
• AZA 

ü Selective 
• Rituximab 
• Visilizumab 
• Zanolimumab 
• Apolizumab 
• Alefacept 
• Efalizumab 

ü Broad 
• ATGs 
• Alemtuzumab 

Anti-cytokines 

ü TNF-α 
• Etanercept 
• Infliximab 
• Adalimumab 
ü IFN-γ 
• Fontolizumab 

Steroids 

? 

STRATEGIES OF IMMUNOSUPPRESSION (Risitano, BJH 2010) 



n=104 (38% vSAA) 
hATG+CsA+MMF 

Overall response 3m 56% (14CR + 43PR) 
Overall response 6m 62% (16CR + 48PR) 



Relapse Clonal evolution 



Sirolimus (Rapamune®) 



Improving IST: 
alternative regimens 
(not ATG-based) 



CYCLOPHOSPHAMIDE FOR TREATMENT OF SAA 
The Johns Hopkins experience 

ü CI of fungal infections: 21% (naive) and 39% (refractory) 
ü Slower but more robust and durable responses 
ü No clonal evolution 

n=44 

n=23 n=44 

n=23 

TFR 

CR 

Overall Survival Failure Free Survival 

ü N=67 (44 naive, 23 refractory); 50 mg/kg/day for 4 days (total 200 mg) 
ü OR 71% in naive, 48% in refractory patients 
ü OS and FFS 88% and 58% in naive patients, 62% and 27% in refractory patients 



Long-term analysis (median 38m): 
• No difference in response  
• No prevention of late complication of SAA/SAA treatment 

CYCLOPHOSPHAMIDE FOR TREATMENT OF SAA 
NIH randomized trial 

 
 
 
 
n=31  
ATG+CsA vs CTX+CsA 
Early termination due to increased toxicity  

 in the CTX arm (3 early deaths because  
 of infections, plus additional cases  
 rescued by granulocyte transfusions) 

 



Moderate-dose cyclophospamide plus CsA for AA 
The NIH experience (Scheinberg et al, Blood 2014 in press) 

ü Confirmed IFI n=6;  
ü Early termination due to unacceptable toxicity 
ü No reason to further investigate this regimen 

ü CTX 30 mg/kg x 4 dd (total dose 120 mg) + CsA 
ü N=22, all naive (2010-2012) 
ü OR 9/22 (41%) 
ü Severe and long-lasting neutropenia 

22% 

28% 

72% 



Blood 2012 

? 



      

Risitano et al, 2010 

ü s.c. alemtuzumab is feasible and safe (no increased infectious morbidity) 
ü Remarkably effective, especially in single lineage marrow failures 
ü Frequent relapses (maintenance IS or retreatment needed) 
ü Late failures due to refractory relapses (15%) or clonal evolution (15%) 

ü Phase II prospective study with s.c. alemtuzumab (73-103 mg in 5 days) 
ü N=28 (AA=13, PRCA=13, PWCA=2); first line and salvage 

 Best Hematological Response  
   n  CR  PR  OR 
SAA  13  5  4°  69% 
PRCA  13  8  3  85% 
PWCA  2  2  0  100% 



Alemtuzumab for marrow failure syndromes 
Long-term follow up (median 4 years, March 2014)  

Long-term outcome (AA only) 
ü  4 out 13 in current remission (3 CR, 1 VGPR) 
ü   Late failures: 2 clonal evolution (non-responders), 2 refractory relapses 

ü  No late infectious complications 

Event Free Survival
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The lesson from alternative IST for AA 
Take home messages 

1.  Different IS agents are biologically active as IST for AA 
ü  Different ATG preparations, cyclophosphamide, alemtuzumab 
ü  Other (novel) agents seems failing in demonstrating any benefit 

(mostly as third drug) 

2.  Lymphocyte depletion remains the most likely mechanisms of 
action of IST 
ü  But the equation more profound lymphocyte depletion = better 

clinical response has been proven wrong 
ü  Effect on specific lymphocyte subsets? 

3.  Attempts to improve non-transplant treatment for AA may be 
focused on other mechanism of action 
ü  Targeted IST agents may have a role in specific phase of AA 

treatment (i.e. induction or maintenance) or in combination with 
some standard agents (i.e., synergism) 

ü  Non-IST agent may play a more relevant role: eltrombopag 



REASONS FOR TREATMENT FAILURE 
 

• Pathophysiology other than immune-mediated  

• Irreversible stem cell deficit 

• Insufficient immunosuppression 

Eltrombopag??? 



ELTROMBOPAG IN SAA 
The status of art 

Phase II study 
n=25 
Refractory SAA 
Eltrombopag 50-150 mg, 
orally, for 12 weeks 

ü 44% hematological response (at least 1 
lineage) 

ü  Plt response 36% 
ü Hb response 24% 
ü ANC response 36% 

ü Increased marrow cellularity (resp.) 
ü Minimal toxicity, no fibrosis 



ELTROMBOPAG IN SAA 
The risk of clonal evolution 

ü Additional 18 patients (n=43), OR 17/43 (40%) 
ü Long-term follow up 

ü  Eltrombopag discontinued in 5 robust VGPR, with sustained response 
ü Clonal evolution in 8/43 (18%), mostly in non-responders (6/8); no RAEB/AML 

•  NR: 7-/del(7) [n=5], +8 [n=1]  
•  R: del(13) [n=2]  CGH 

(SNP-based) 



ELTROMBOPAG IN SAA 
The status of art 
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EBMT studies for AA 
moderate AA (EMAA) vSAA / SAA (RACE) 

Primary objective PR + CR at  6 months CR at 3 months 

Inclusion criteria  - age  > 18 years 
- Treatment requiring MAA 
(transfusion dependency or  ANC < 
1G/l or Thrombo < 30G/l or Hb < 
8,5g/dl & Reti < 60G/l) 

- age > 15 years 
- SAA/ vSAA 
- No primary allo-SCT 

Treatment CsA + Eltrombopag   
versus CsA + Placebo 

hATG (ATGAM) + CsA + Eltrombopag 
versus h ATG + CsA 

Eltrombopag 
Dosage 

150 mg (225 mg) 150 mg 

Design Placebo controlled Open lable 

Patient number 2 x 58  2 x 100 

Sponsor University hospital Ulm EBMT 
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THE EMAA trial 

Eltrombopag in moderate Aplastic Anemia 
(MAA) and Supportive Care in Aplastic Anemia 

Britta Höchsmann & 
Hubert Schrezenmeier 

Institute of Clinical Transfusion Medicine and Immunogenetics Ulm 
German Red Cross Blood Donor Services Baden-Wuerttemberg - Hessia 
& Institute of Transfusion Medicine, University Hospital of Ulm 
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THE RACE trial 
A prospective Randomized multicenter study comparing horse 

Antithymocyte globuline (hATG) + Cyclosporine A (CsA) ± 
Eltrombopag as front-line therapy for severe aplastic anemia 

patients. 
 
 
 
 

PRINCIPAL INVESTIGATORS 
  

Regis Peffault de Latour (Paris)  Antonio M Risitano (Naples) 
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A prospective Randomized multicenter study comparing horse 
Antithymocyte globuline (hATG) + Cyclosporine A (CsA) with or 

without Eltrombopag as front-line therapy for severe 
aplastic anemia patients – RACE STUDY(1) 

 
 

 

                      

Working 
party	
  

Principal investigators	
   Trial 
Coordinator	
  

  
  
  
 

 
SAA-WP 
  
  
  
 	
  

Antonio M Risitano /  
Regis Peffault de Latour	
  

Marleen van Os	
  

  

To investigate whether Eltrombopag (Revolade, 
GSK) added to standard immune-suppressive 
treatment, CsA + hATG (ATGAM, Pfizer) increases 
the rate of early complete response in untreated AA 
patients* 
  
* Patients will be stratified by age and disease severity	
  

  
Participating 

countries	
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THE EBMT RACE STUDY 
Study design 

ü An EBMT Severe Aplastic Anemia Working Party study (approved by the 
CTO), entirely funded by Novartis and Pfizer 

ü Aim of the study: to improve the current standard treatment for SAA 

ü  To improve the robustness of hematological response of SAA patients 
receiving IST 

ü Prospective, open label, phase III randomized study 

ü  Control arm: horse ATG (40 mg/kg x 4dd, iv) + cyclosporine (5 mg/kg, os) 

ü  Investigational arm: horse ATG + cyclosporine + eltrombopag (150 mg/
die, os) 

ü Type B trial, because eltrombopag may theoretically result in a somewhat 
higher risk (mostly clonal evolution) in comparison to standard medical care 

ü Participating centers: 30 sites from 7 EU Countries (France, Italy, UK, 
Germany, Spain, Netherlands, Switzerland) 
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THE EBMT RACE STUDY 
Statistical design 

ü Superiority study 
ü Sample size calculation 

ü  Aiming to increase the 3m CR rate from 7% (Scheinberg, Haematologica 2010) 
to 21% (current NIH data) 

ü  Sample size to reject the null hypothesis at 5% significance level (alpha-error) and 
with 80% power (two-sided  test) is n=96 patients for treatment arm  

ü  Sample size increased by 4% to compensate for possibly not evaluable patients: 
total number of 200 patients (100 each arm) 

ü Randomization 
ü  1:1 randomization, including a stratified block design  
ü  Stratification according to: 

•  Disease severity: 
−  Severe aplastic anemia (SAA) 
−  Very severe aplastic anemia (VSAA: SAA plus ANC <200/µL) 

•  Age: 
−  >=15 and <40 year old 
−  >=40 year old 

ü No stopping rules (study continuation led to discretion of the DMSB) 
ü No interim analysis 
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         RACE STUDY (2) 

        SAA-WP 
TREATMENT Scheme 

Steroids	
  

Cyclosporin A  

hATG 

	
  Randomisa3on	
  	
  

               +1                         // +14                                      // +3m                                                             +24m  

Eltrombopag 

Steroids	
  

Cyclosporin A  

hATG 

   No CR    

    stop    

continue   

       Primary endpoint 3m CR 

CR 
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THE EBMT RACE STUDY 
Study flow-chart 

 
Initial treatment 

 
 
 
 

3 month evaluation:  
primary endpoint 

 
 

6 month evaluation:  
stop eltrombopag 

Possible cross-over  
(standard arm only) 

 
12 month evaluation:  

 
Relapse: possible eltrombopag        

re-starting (investigational arm only) 
24 month evaluation: end of the study 

Randomisation

ARM A 
(hATG + CsA)

ARM B 
(hATG + CsA + Eltrombopag)

3m evaluation

6m evaluation

CR PR or NR

Stop 
Eltrombopag

Continue 
Eltrombopag

Stop 
Eltrombopag

Observation

CR or PR NR

Observation Salvage
treatment

CR PR or NR

Observation

Observation

Observation

Relapse (<6m from
eltrombopag stop)

Option for re-starting
Eltrombopag (6m)

CR or PR NR

Salvage
treatment

Option for off-label
Eltrombopag (6m)

•Alone
•+ IST

12m: CyA
tapering

Option for open-label 
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RACE trial – participating sites 

RACE trial, 11 March 2016 
 

Country # sites 
France 6 

Germany 5 

Italy 6 

Netherlands 4 

Spain 5 

Switzerland 1 

United Kingdom 5 

Total 32 
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Hematopoiesis, immunity and (clonal) evolution 
Risitano and Peffault De Latour, in press 
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Hematopoiesis, immunity and (clonal) evolution 
Risitano and Peffault De Latour, in press 
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Hematopoiesis, immunity and (clonal) evolution 
Risitano and Peffault De Latour, in press 



63	
  	
  

	
  
63 

Hematopoiesis, immunity and (clonal) evolution 
Risitano and Peffault De Latour, in press 

Clonality 
Eltrombopag: increased proliferation 

of residual HSCs vs increased 
number of recruited HSCs? 
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RACE trial – ancillary biological study 
(King’s College) 

RACE trial, 11 March 2016 
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APLASTIC ANEMIA 
Differential diagnosis with hypoplastic MDS 

Characteris3cs	
   AA	
   hypoplas3c	
  MDS	
  

dyserythropoiesis	
   some3mes	
   yes	
  

abnormal	
  neutrophil	
   no	
  	
   yes	
  

dysplas3c	
  megakaryocytes	
   no	
   yes	
  

fibrosis	
   no	
   occasional	
  

increased	
  blasts	
   no	
  	
   Some3mes	
  (ALIPS)	
  

CD34+	
  cells	
  in	
  BM	
   <	
  1.0%	
   some3mes	
  increased	
  

clonality	
   possible	
   some3mes	
  

splenomegaly	
   absent	
   occasional	
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IMPROVING IMMUNOSUPPRSSIVE TREATMENT FOR AA 
The history of a failure 

1.  No benefit from the addition of a third drug over the hATG-CsA 
platform 
ü  Mycophenolate mofetil (randomized NIH trial) 
ü  Rapamicine (open-label NIH trial) 

2.  No benefit from using non-hATG based regimens 
ü  Rabbit ATG (NIH, EBMT, etc) 
ü  Alemtuzumab (NIH, Naples) 
ü  Cyclophosphamide (John Hopkins, NIH) 

3.  Novel immunosuppressive strategies 
ü  Anti-cytokine mAbs (TNF, IFN, IL2/IL23, etc) 
ü  Daclizumab (anti-IL2R), alefacept (anti-LFA-3), efalizumab (anti-

LFA-1) 
ü  Mesenchimal stem cells 
ü  Anti-CD26 (Begedina®): in development for aGvHD 

Scheinberg et al BJH 2006; Scheinberg et al Haematologica 2009; Risitano et al BJH 2009; Scheinberg et al NEJM 2011; 
Marsh et al Blood 2013; Scheinberg et al Blood 2012 


