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Aplastic anemia:

Pathophysiology



Hematopoietic 

stem cell

Pathophysiology of aplastic anemia



Hematopoietic stem cells in AA
Hematopoietic progenitor cultures



GENE EXPRESSION PROFILING IN CD34+ FROM AA PATIENTS

http://www.bloodjournal.org/content/vol103/issue1/cover.shtml
http://www.bloodjournal.org/content/vol103/issue1/cover.shtml


Differential expression of specific gene classes 

among normal and AA CD34+

Over-expressed

• Apoptosis

• Stress response

• Cytokine/chemokine 

transduction

• Defense/immune response 

genes

• Cell cycle/proliferation 

inhibitors

Down-expressed

“…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.“

http://www.bloodjournal.org/content/vol103/issue1/cover.shtml


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

http://content.nejm.org/


Establishment of a CD4+ T cell clone recognizing autologous hematopoietic 

progenitor cells from a patient with immune-mediated aplastic anemia.

Experimental Hematology 23 (1995): 433

Nakao S, Takamatsu H, Yachie A, Itoh T, Yamaguchi M, Ueda M, Shiobara S, Matsuda T.

T-cell clonality in aplastic anemia
A surrogate marker for Ag-driven immune response



Candidate auto-antigens in aplastic anemia
Evidence of auto-antibodies in AA patients

A pathogenic antibody-mediated autoimmune response?

Non-pathogenic antibodies as markers of the underlying immune 

derangement?

An Ag-specific B-cell response interplaying with a T-cell response?

− These putative auto-Ag may trigger (as whole proteins or derived epitopes) 

a cytotoxic T-cell response in vitro (but Ag-specific T-cells were never 

demonstrated in vivo in AA patients)



T-cell pool

Escape from self-

tolerance maintenance 

mechanisms

Newly expressed Ags 

(exogenous, mutated, 

cross-reacting, tissue specific)

oligoclonal T-cell  response

TCR

hematopoietic stem cells

mature blood cells

Immune pathophysiology of aplastic anemia



T-cell pool

Escape from self-

tolerance maintenance 

mechanisms

Newly expressed Ags 

(exogenous, mutated, 

cross-reacting, tissue specific)

effector mechanisms

— Fas

— IFN-g

— TNF-a

— Perforin mature blood cellsoligoclonal T-cell  response

TCR

hematopoietic stem cells

Immune pathophysiology of aplastic anemia



Molecular Tracking of Pathogenic Clonotypic T-cells

BMMNC
CD33+
CD34+



Aplastic anemia

Normal



Aplastic anemia

Contraction of stem cell pool

Cytopenia

Normal Marrow aplasia

Risitano, Haematologica 2018



Aplastic anemia:

Diagnosis



Full blood counts:

- Pancytopenia

- At least 2 cellular lines are decreased 

Aplastic anemia
Diagnosis



Aplastic anemia
Diagnosis

Required:

- bone marrow aspirate 

- trephine biopsy should be done

 Celullarity should not be based on aspirate
 fragments and trails are hypocellular

 variable amounts of residual hemopoietic cells
 prominent fat spaces

 megakaryocytes and granulocytic cells are:
 reduced or absent
 without dysplasia



Aplastic anemia
Diagnosis

Required:

- bone marrow aspirate 

- trephine biopsy should be done

A trephine is crucial to assess:
overall cellularity

topography of hemopoietic cells 
to exclude an abnormal infiltrate

Tangential biopsies: subcortical marrow 
normally is hypocellular

Bone marrow cellularity is age dependent

Proliferation stable 
Apoptosis: ￪ ageing

Ogawa et al. Mechanisms of Ageing and Develop 117 (2000) 57-68



Aplastic anemia
Summary

Pancytopenia

Persistent, unexplained marrow 

aplasia

- Hematopoiesis replaced by fat 

cells

No specific marker

- Diagnosis by exclusion

Severity need to be defined 



Aplastic anemia
Cytogenetics and flow cytometry

Due to hypocellular bone marrow frequently insufficient metaphases

FISH for chromosomes 5 and 7 should be considered

isolated del(13q) favorable long-term outcome

An abnormal cytogenetic clone does not imply the diagnosis of MDS or AML

Cytogenetic abnormalities can be present in up to 12% of typical AA patients

Detection of small PNH clones has implications for defining the disease.

- About 50% are ‘aplastic’ with small clones and no hemolysis.

PNH clone size measurements:

at presentation

serial monitoring should be performed at least yearly



Aplastic anemia
Differential diagnosis

Characteristics AA hypoplastic MDS

dyserythropoiesis sometimes yes

abnormal neutrophil no yes

dysplastic megakaryocytes no yes

fibrosis no occasional

increased blasts no Sometimes (ALIPS)

CD34+ cells in BM < 1.0% sometimes increased

clonality possible sometimes

splenomegaly absent occasional

Bennett & Orazi. Haematologica 2009 Feb; 94(2):264-843-70

Bennett et al. Sem Hemato 2000;37:15-29

Hama A et al. Rinsho Ketsueki 2011 Aug ;52(8) :653-8



Aplastic anemia
Differential diagnosis

Fanconi anemia:

- Positive chromosomal breakage test (MMC or DEB) that still represents the 
diagnostic  gold standard.

Screening: telomere length

Dyskeratosis congenita

- Asymptomatic:  

- Frequent association with TERC, TERT mutation

- (10% all idiopathic forms)

- Rarely, with TINF2 gene mutation

- Recognizable phenotype of DC:

- TINF2, NHP2, NOP10, DKC1 mutation



Aplastic anemia
Severity

Severe AA (SAA)

At least two of the following three criteria have to be fulfilled:

- Reticulocytes <60x109/L (using an automated analyzer) or < 20 x 109/l (manual count)*

- Platelets < 20x109/L  

- Neutrophil count <0.5 x109/L

Very severe AA (vSAA)

Same criteria of SAA have to be fulfilled; but the neutrophil count has to be < 0.2 x109/l

Non- severe AA

Patients not fulfilling the criteria for SAA and vSAA. 

* The different values are because automated count may over-estimate the counting at low level of reticulocyte counts, i.e. it reads 50x109/L but in 

reality they are less

Based on peripheral values and bone marrow findings



Aplastic anemia:

Disease course and treatment



Aplastic anemia: the natural history
In the ‘70s almost always a fatal disease

Years

6543210
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Utah, total (n = 99)

Mortality 80-90% at 1-2 years 

Most patients <35 y/o

AA Study Group (n = 

63)

Camitta et al, Blood 1979; 53:504

Williams et al, Sem Hematol 1973; 10:195



To transplant or not to transplant?

Locasciulli et al, Haematologica 2007



Treatment algorithm of aplastic anemia
Updated to 2017

Peffault De Latour, ASH Educational 

2016



Toward a cure for aplastic anemia

No. 

at risk: 92      69      49        26       11        1 

OS - Not censored for HSCT

0 500 1000 1500
0

50

100

N=92; 97% at 2y

OS – MSD vs UD

MSD, n=12, 100%

UD, n=33, 90%



n=420 (174 non-responders)

Infection-related mortality from 37% to 11%

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



Survival improved with 

years, mostly due to:

Better supportive 

therapy

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



Improving IST for AA: 
chronicle of failures… 

and unpredictable
success 



IMMUNOSUPPRESSION AS A TREATMENT FOR SAA
The European pioneers

ALG may be effecive as treament of SAA even 

without stem cell support, with results at least 

equivalent to stem cell transplantation

18

20

12

 Gluckman et al, Br J Haematol 1982
n=170 ATG vs ATG + haplo-SCT vs HD-MP OS 62,7% no diff among arms
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G-CSF, granulocyte-colony stimulating factor.

1. Champlin RE, et al. Blood. 1985;66:184-8. 2. Marmont AM, et al. Prog Clin Biol Res. 1984;148:271-87. 
3. Tisdale JF, et al. Lancet. 2000;356:1554-9. 4. Tisdale JF, et al. Blood. 2002;100:4668-70. 5. Scheinberg P, et al. Blood. 2014;124:2820-3. 6. 

Scheinberg P, et al. Br J Haematol. 2006;133:606-11. 7. Scheinberg P, et al. Haematologica. 2009;94:348-54.  8. Locasciulli A, et al. Haematologica. 
2004;89:1054-61.

Add androgens to 

ATG1
No increase in response rate

Add or replace ATG with high-dose 

corticosteroids2

No increase in response rate; high 

toxicity

• Standard IST for patients with SAA/vSAA who are not eligible for HSCT is  horse 
antithymocyte globulin (hATG) plus ciclosporin (CsA) since 20 years



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

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

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

http://jama.ama-assn.org/


rATG is inferior to hATG in first line treatment of SAA, as indicated by 

hematological response and survival

NEJM 2011

Phase III prospective randomized study, first-line treatment 

hATG + CyA (n=60) vs rATG + CyA (n=60)

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

Phase II pilot study rATG + CyA (n=35) 

Retrospective matched comparison (pair-matched) with hATG + CyA (n=105)

Pilot rATG + CyA study: OR 40% @ 6m (CR 3%, PR 37%)



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 contactInhibitory 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

Selective
•Rituximab

•Visilizumab

•Zanolimumab

•Apolizumab

•Alefacept

•Efalizumab

Broad
•ATGs

•Alemtuzumab

Anti-cytokines

TNF-α
•Etanercept

•Infliximab

•Adalimumab

IFN-γ
•Fontolizumab

Steroids

?

STRATEGIES OF IMMUNOSUPPRESSION (Risitano, BJH 2010)
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G-CSF, granulocyte-colony stimulating factor.

1. Champlin RE, et al. Blood. 1985;66:184-8. 2. Marmont AM, et al. Prog Clin Biol Res. 1984;148:271-87. 
3. Tisdale JF, et al. Lancet. 2000;356:1554-9. 4. Tisdale JF, et al. Blood. 2002;100:4668-70. 5. Scheinberg P, et al. Blood. 2014;124:2820-3. 6. 

Scheinberg P, et al. Br J Haematol. 2006;133:606-11. 7. Scheinberg P, et al. Haematologica. 2009;94:348-54.  8. Locasciulli A, et al. Haematologica. 
2004;89:1054-61.

Add androgens to 

ATG1
No increase in response rate

Add or replace ATG with high-dose 

corticosteroids2

No increase in response rate; high 

toxicity

Replace ATG with high-dose 

Cy3,4
Toxicity

Replace ATG with moderate-dose 

Cy5

Excessive toxicity secondary to 

neutropenia
Add mycophenolate mofetil to 

ATG/CsA6

No improvement in 

response/survival

Add sirolimus to 

ATG/CsA7

No improvement in 

response/survival
Add G-CSF to 

ATG/CsA8

No improvement in 

response/survival

• Standard IST for patients with SAA/vSAA who are not eligible for HSCT is  horse 
antithymocyte globulin (hATG) plus ciclosporin (CsA) since 20 years



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



Retreatment by rATG is more effective in relapsed than in refractory patients

OS not affected due to salvage therapy

Scheinberg Br J Haematol. 2006

Relapsed: 65% 

response
Refractory: 30% 

response



n=104 (38% vSAA)

hATG+CsA+MMF

Overall response 3m 56% (14CR + 43PR)

Overall response 6m 62% (16CR + 48PR)



Relapse Clonal evolution



Sirolimus (Rapamune®)



CYCLOPHOSPHAMIDE FOR TREATMENT OF SAA

The Johns Hopkins experience

CI of fungal infections: 21% (naive) and 39% (refractory)

Slower but more robust and durable responses

No clonal evolution

n=44

n=23 n=44

n=23

TFR

CR

Overall Survival Failure Free Survival

N=67 (44 naive, 23 refractory); 50 mg/kg/day for 4 days (total 200 mg)

OR 71% in naive, 48% in refractory patients

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)

http://bloodjournal.hematologylibrary.org/content/vol100/issue13/cover.dtl


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

Confirmed IFI n=6; 

Early termination due to unacceptable toxicity

No reason to further investigate this regimen

CTX 30 mg/kg x 4 dd (total dose 120 mg) + CsA

N=22, all naive (2010-2012)

OR 9/22 (41%)

Severe and long-lasting neutropenia

22%

28%

72%



Blood 2012

?



Risitano et al, 2010

s.c. alemtuzumab is feasible and safe (no increased infectious morbidity)

Remarkably effective, especially in single lineage marrow failures

Frequent relapses (maintenance IS or retreatment needed)

Late failures due to refractory relapses (15%) or clonal evolution (15%)

Phase II prospective study with s.c. alemtuzumab (73-103 mg in 5 days)

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)

 4 out 13 in current remission (3 CR, 1 VGPR)

 Late failures: 2 clonal evolution (non-responders), 2 refractory relapses

 No late infectious complications

Event Free Survival

Failures Censored

AA only
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Background

•Eltrombopag as investigational treatment 
for severe aplastic anemia

Biological background Preclinical data



http://www.bloodjournal.org/content/vol87/issue10/cover.shtml


ELTROMBOPAG
A Tpo-mimetic agent



Eltrombopag may overcome the inhibitory effect of 

hemopoiesis exerted by IFN-γ via the c-MPL pathway

Interferon-γ and hematopoietic stem cells
A novel mechanism of inhibition

Alvarado et al, ASH 2017



Background

Salvage treatment: refractory and relapsed 

patients (monotherapy) Pilot study (NIH)1

•Eltrombopag as investigational treatment 
for severe aplastic anemia

1. Olmes MJ, et al. N Engl J Med. 2012 Jul 5;367(1):11-9.  2. Townsley D, et al. New Engl J Med. 2017;376(16)1540-1550. 

Biological background Preclinical data



ELTROMBOPAG IN REFRACTORY SAA
The status of art

Phase II study

n=25

Refractory SAA

Eltrombopag 50-150 mg, 

orally, for 12 weeks

44% hematological response (at least 1 lineage)

 Plt response 36%

 Hb response 24%

 ANC response 36%

Increased marrow cellularity (resp.)

Minimal toxicity (liver?), no fibrosis



ELTROMBOPAG IN REFRACTORY SAA
The status of art

Out 11 responders

− 7 still on eltrombopag, showing further 

improvement

− 4 discontinued (2 ANC responders and 2 toxicities)



ELTROMBOPAG IN REFRACTORY SAA
The risk of clonal evolution

Additional 18 patients (n=43), OR 17/43 (40%)

Long-term follow up

 Eltrombopag discontinued in 5 robust VGPR, with sustained response

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)



Background

Salvage treatment: refractory and relapsed 

patients (monotherapy) Pilot study (NIH)1

Front-line treatment (add on ATG + CsA) Phase 2 NIH study2

•Eltrombopag as investigational treatment 
for severe aplastic anemia

1. Olmes MJ, et al. N Engl J Med. 2012 Jul 5;367(1):11-9.  2. Townsley D, et al. New Engl J Med. 2017;376(16)1540-1550. 

Biological background Preclinical data



Background

Townsley DM, et al. N Engl J Med. 2017;376:1540-50.

N = 92

Treatment-naive

> 2 years of age

Efficacy 

Safety

5-year follow-upEltrombopag Day 1 to Month 6

0 1 2 3 4 5 6

Time (months)

CsA Day 1 to Month 6 

hATG Days 1–4

Treatment

Eltrombopag Day 14 to Month 6

All cohorts

Cohort 1

Cohort 2

Cohort 3

n = 30

n = 31

n = 31

All cohorts

Eltrombopag Day 14 to Month 3

• A phase 2, open-label, interventional, single-arm, sequential cohort study of 
eltrombopag in combination with immunosuppression in the first-line 
treatment of patients with SAA



Background

Townsley DM, et al. N Engl J Med. 2017;376:1540-50.

At 6 months

CR

• Platelet count 100 × 109/L

• Neutrophil count ≥ 1 × 109/L

• Hemoglobin level 10 g/dL

PR

• Blood counts not meeting 
criteria for SAA or CR

Day 14 to 

Month 6
Day 14 to

Month 3

Period of eltrombopag administration

Day 1 to 

Month 6
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26

58

47

61

35

80
87

94

0

10

20

30

40

50

60

70

80

90

100

Cohort 1 Cohort 2 Cohort 3

CR

PR

OR

P
a

ti
e

n
ts

 (
%

)



Background

1. Townsley DM, et al. N Engl J Med. 2017;376:1540-50. 2. Scheinberg P, et al. Haematologica. 2009;94:348-54. 3. Scheinberg P, et al. N Engl J Med. 
2011;365:430-8.

Cohort 3

Eltrombopag (Day 1 to Month 6) + 

IST1

Historical cohort

IST only1–3

58%

94%

CR

OR

17%

66%



Background

Townsley DM, et al. N Engl J Med. 2017;376:1540-50.

No. 

at risk: 92      69      49        26       11        1 

OS - Not censored for HSCT

0 500 1000 1500
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N=92; 97% at 2y



Background

Townsley DM, et al. N Engl J Med. 2017;376:1540-50.



Background

Salvage treatment: refractory and relapsed 

patients (monotherapy) Pilot study (NIH)1

Front-line treatment (add on ATG + CsA) Phase 2 NIH study2

Front-line treatment (add on ATG + CsA) RACE trial

•Eltrombopag as investigational treatment 
for severe aplastic anemia

1. Olmes MJ, et al. N Engl J Med. 2012 Jul 5;367(1):11-9.  2. Townsley D, et al. New Engl J Med. 2017;376(16)1540-1550. 

Biological background Preclinical data
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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 SAA patients
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RACE design
• The RACE trial is an investigator-driven, open-label, phase 3, randomized 

trial comparing the combination of hATG, CsA, and eltrombopag with IST 
alone in patients with SAA

ANC, absolute neuthrophil count; vSAA, very severe aplastic anemia.

Key inclusion criteria

• Age ≥ 15 years

• SAA or vSAA defined by

o at least two of the following

– ANC < 0.5 × 109/L (SAA) or 

< 0.2 × 109/L (vSAA)

– Platelet count < 20 × 109/L

– Reticulocyte count < 60 ×

109/L

o Hypocellular BM (cellularity < 

30%) without evidence of fibrosis 

or malignant cells

R
a
n

d
o

m
iz

a
ti

o
n

 1
:1

Arm A (n = 101): IST

hATG (40 mg/kg for 4 days) 

+

CsA (5 mg/kg/day)

Arm B (n = 96): IST + eltrombopag

hATG (40 mg/kg for 4 days) 

+

CsA (5 mg/kg/day)

+ 

Eltrombopag (150 mg/day from Day 14 

until 6 months or 3 months in case of 

early CR)

Primary endpoint

• Hematologic CR at 3 months

Key secondary endpoints

• OS

• Hematologic response at 6 months

• Cumulative incidence of clonal 

evolution

• Number and allele burden of somatic 

myeloid mutations

Treatment

Central laboratory King’s college, London

Stratification based on disease severity age and center



RACE definitions & primary 

endpoint

72

• RACE criteria for response

o CR: Hb >100 g/L, neutrophils >1.0x109/L and platelets >100x109/L

o PR: no longer meets SAA criteria, Transfusion independence, Hb >8gr/dL, neutrophils 

>0.5x109/L and platelets >20x109/L (different from NIH)

o NR: not meeting criteria for response

• Clonal evolution

o Acute leukemia, myelodysplastic syndrome and/or new karyotypic abnormality

• Primary endpoint

o To detect an increase in CR from 7% in arm A to 21% in arm B at 3m (at least 96 

patients per arm)



RACE trial
Utrecht (4)

Leiden (14)

Amsterdam (3)

Groningen (4)

London-St Barth’s (1)
London-King’s(22)

Leeds (20)

Nottingham (3)

Besancon (5)

Lille (2)

Paris (39)

Rennes (5)

Lyon (10)

Toulouse (11)

Bordeaux (8)

Basel (8)

Milan (3)

Genova (4)

Rome (2)

Naples (18)

Badalona (1)

San Sebastian (8)

Barcelona (2)

Valencia (1)

• Inclusion period: July 2015 - April 
2019

• Patients: 205 treatment naïve 
patients enrolled in 6 countries and 
24 sites

• Median Follow-up: 18 months





RACE flow chart
Patients registered

(n=205)
Failure, n=3

2 deaths (cerebral hemorrhage and 

sepsis)

1 misdiagnosis (sarcoidosis)

Exclusion, n=5

2 patients with moderate AA

2 patients with MDS and 1 with AML 

Patients randomized

(n=202)

Patients analyzed

(n=197)

Patients in Arm A

(ATGAM + CsA, n=101)

Patients in Arm B

(ATGAM + CsA + EPAG, n=96)



Baseline characteristics 
Arm A Arm B Total 

No. of patients 101 (51.3%) 96 (48.7%) 197 (100%)

Age (median, min-max) 52 (15-81) 55 (16-77) 53 (15-81)

Age categories (n, %)

<18 y 7 (6.9%) 2 (2.1%) 9 (4.6%)

18-<40 29 (28.7%) 27 (28.1%) 56 (28.4%)

40-<65 43 (42.6%) 43 (44.8%) 86 (43.7%)

>65 22 (21.8) 24 (25.0%) 46 (23.4%)

Sex (n, %)

Male 52 (51.5%) 56 (58.3%) 108 (54.8%)

Female 49 (48.5%) 40 (41.7%) 89 (45.2%)

Severity of AA (n, %)

SAA 67 (66.3%) 62 (64.6%) 129 (65.5%)

vSAA 34 (33.7%) 34 (35.4%) 68 (34.5%)

PNH granulocytes >1.0% (n, %) 44 (44.9%) 33 (35.5%) 77 (40.3%)



RACE treatment protocol



RACE treatment protocol



RACE treatment protocol

(suggested monitoring)



Hematological response

*Prior transplantation, clonal evolution or death were considered as no response at 3 and 6m

• 3 months*:

o CR: Arm A 9.9% & Arm B 

21.9% (OR 3.2, p=0.012)

o OR: Arm A 30.7% & Arm B 

59.4% (OR 2.99, p<0.001)

• 6 months*:

o CR: Arm A: 19.8% & Arm B 

31.6% (OR 2.13, p=0.031)

o OR: Arm A: 40.6% & Arm B 

68.4% (OR 3.63, p<0.001)

• The RACE study was powered to detect an increase in CR from 7% in arm A to 
21% in arm B at 3 months (primary endpoint).
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Hematological response
NIH criteria

3 months 6 months
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Hematological response
Time to complete response: 

9.1 months (arm B) and not reached (arm A) 

(p=0.007) 

Time to first response: 

8.8 months (arm A) versus 3 months (arm B) 

(p=0.005) 



Predictors (response)

No correlation found with mutations at baseline, PNH clone, lymphocytes & reticulocytes

(Telomere length not tested) 



Safety

Arm A Arm B Total

Serious Adverse Events* 135 145 280

Fatal cases 14 8 22

Patients coming off study treatment 

prematurely requiring second line 

HSCT

13 11 24

Pregnancy 3 1 4

*Events are classified per SOC (system organ class) according to the CTCAE (Common Terminology Criteria for 

Adverse Events (US National Cancer Institute of the National Institutes of Health). 
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Arm A Arm B Total

Blood and lymphatic system disorders 17 18 35

Cardiac disorders 6 4 10

Gastrointestinal disorders 2 15 17

General disorders and administration site conditions 10 19 29

Hepatobiliary disorders 4 3 7

Immune system disorders 2 5 7

Infections and infestations 53 43 96

Injury, poisoning and procedural complications 1 2 3

Investigations 2 1 3

Metabolism and nutrition disorders 4 2 6

Musculoskeletal and connective tissue disorders 4 1 5

Neoplasms benign, malignant and unspecified (incl cysts and polyps) 3 2 5

Nervous system disorders 5 5 10

Psychiatric disorders 2 2 4

Renal and urinary disorders 9 11 20

Respiratory, thoracic and mediastinal disorders 8 6 14

Skin and subcutaneous tissue disorders 1 1 2

Surgical and medical procedures 0 1 1

Vascular disorders 2 4 6

Total 135 145 280



Fatal cases

Cause of death Arm A Arm B Total

Hemorrhages 2 0 2

Infections 9 4 13

Salvage treatment 1 0 1

Others: 2 4 6

 Acute Respiratory Distress Syndrome 0 1 1

 Aortic valve disease 0 1 1

 Concomitant lung cancer 1 0 1

 Encephalopathy of unknown origin 1 0 1

 Tamponade 0 1 1

 Thrombosis 0 1 1

Total 14 8 22



Clonal evolution – myeloid malignancy

Ar

m

Age AA Cytogenetics/Karyotypic abnormalities CE MDS somatic mutations +VAF Respon

se

Relap

se

Baseline 6 months 24 months Baseline 6 months 24 

months

3 

mo

6 

mo

A 58 SAA 46XY 46, XY, +Y, -

7[4]/46, XY[11]

Yes-

6 mo

No BCOR 0.1%, 

DNMT3A 1.24%, 

TET2 0.1%

BCOR 5.01%, 

DNMT3A 13.24% 

TET2 13.29%

NST PR CE Yes

B 19 SAA 46,XX[16] Not done or failed

(del13q at 12 &18 

months)

Normal Yes-

12 mo

Yes PIGA 7.74% PIGA 7.15% NST PR CR No

B 62 SAA 46,XY [15] 46,XY,-

13(q13q34)[2]/

46,XY[18]

Unknown

(persistent del13q at 

12 and 18 months)

Yes-

6 mo

No No mutations No mutations NST NR NR No

A 67 SAA 46, XY [20] 45,X,-

Y[3]/46,XY[17]

46,XY,del(7)(q22q3?

2)[7]

/46,XY[18] 

(No del7q detected 6 

and 12 months later)

No No No mutations No mutations BCOR 

1.97%

NR NR No



Long-term outcomes

• HSCT requirement (during study follow-up)

o Arm A: n=12

o Arm B: n=11

• Relapse (CI at 18 months)

o Arm A: 11.3% (95% CI, 2.2% to 20.4%)

o Arm B: 19.1% (95% CI, 9.2% to 28.9%)

• Ciclosporine independence (at 2 years)

o Arm A: 18.8%

o Arm B: 27.6%



Overall Survival

Median Follow-up: 24 months

No role of mutational status at 

baseline, 6 months; neither

new mutations between

baseline and 6 months



Long-term outcome (EFS)

Arm A: 34% 

(95% CI, 24.3% to 43.6%)

and 

Arm B: 46.5% 

(95% CI, 35.9% to 57.2%)

(p=0.002)



Long-term outcome (EFS)

Stacked cumulative incidence curves



Long-term outcome (predictors)



Improving IST for AA: 
very long term outcome

(cure???)



REASONS FOR BAD OUTCOME IN SAA

 Primary failures

− Refractoriness (about a third: predicting factors and early 

identification)

− Partial responses

 Secondary failures

− CyA-dependent responses

− Relapses

− Recurrent diseases

 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

http://jama.ama-assn.org/


Somatic mutations in AA (III)



Somatic mutations in AA: RACE

ASXL1 DNMT3A BCOR BCORL1

PIGA TET2 TP53 U2AF1

RUNX1 ZRSR2 SETBP1 SRSF2

GNAS (Hotspot
only)

SF3B1 NRas KRas

EZH2 JAK2 IDH1 IDH2

MPL CBL FLT3 NPM1

STAG2 PHF6 RAD21 PTPN11

CSMD1 ETV6 PPM1D

• Bone marrow samples systematically collected at baseline, 6 months and 24 
months
o Centralized NGS analysis performed at King’s College, using two different gene panels (one 

standard with 32 genes, and one much larger looking for >250 genes)

o The 31 gene panel

• Analysis ongoing
o Baseline somatic mutations

‒ Correlation with hematological response (and clonal evolution)

‒ Clonal dominance over time (with impact of treatment arm)

o 6 and 24 month mutations

‒ Impact of treatment arm

‒ Correlation with hematological response (and clonal evolution)



Clonal evolution – somatic mutations (I)



Clonal evolution – somatic mutations (II)



Impact of somatic mutations on response and 

additional mutations



Impact of somatic mutations on survival



Conclusion - Perspective

• EPAG, when added to standard IST (hATG and CsA), significantly increases the
rate of CR at 3 months in untreated patients with SAA with no safety concern at
time of analysis (18 months median follow-up).

• At 24 months, clonal evolution very rare (2-3%) with no difference between arms;
but it occurs 10-15 years after the diagnosis of aplastic anemia; the Long Term
Follow-Up study (RACE-2) is ongoing to answer this question in the future

• Somatic myeloid mutations assessment (on going): high sensitivity next
generation sequencing analysis was performed at baseline, 6 months and 24
months using a 31 gene target molecular bar coded panel central analysis (central
analysis at King's College, London): no increased frequency of somatic mutation in
eltrombopag arm, and no impact of somatic mutations on any outcome.

NEJM, 2022



Somatic mutations and clonal evolution



Adults vs pediatric patients
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RACE is a team: THANKS!!!
Annelies 

Kleijne

Alain 

Barrois

Marleen 

van Os

Simona 

Iacobelli

Régis Peffault

de Latour

Antonio 

Risitano

Dilyana 

Georgieva

Jako

Pranger

Marianne 

Mol

Carlo 

Dufour

Sofie

Terwel

And of course:

• all principal 

investigators and 

sites

• all patients!
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