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AA – PNH 2024

✓ What we know

✓ What we should know

✓ What YOU can do!

From the Bedside

To the Bench



Maciejewski et al. Blood 2002; 19(9):3129-35.
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✓ 1/3 of patient with AA have 
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✓ PIG-A mutations, 

in AA with GPI- cells = de novo PNH  
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AA – PNH 2024 ✓ What we know

What I used to teach …

What are numbers in 2024 !



AA – PNH 2024 ✓ What we know

PNH AA

Bi- or pancytopenia

Peffault de Latour et al. Blood

2008;112:3099–106.

Socié et al. Lancet

1996;348:573–77.

Kelly et al. Blood

2024;143:1157–66.

✓ What we should know
Long-term outcome Anti C5; N = 509

38 Transplanted for SAA

58 Treated for AA

Cumulative
incidence?

Death from 

AA & MDS/AML

(or treatment)
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PNH AA
✓ What we should know

AJH 2016: 91; 366-70

Eculizumab vs. Control (no C’ blockade)

Cumulative incidence of aplastic anemia

in the treated cohort of patients was lower (1% [<1 to 5]) 

than in the historical control cohort diagnosed after 1985 

(10% [4 to 8]) or before 1985 (10% [4 to 8]).

But number in patients treated with Ecu

long-term follow-up was short …



AA – PNH 2024

AA PNH

✓ What we know

Scheinberg P et al. 

Haematologica 2010;95:1075-1080ATG + CSA

- GPI- clone was detected in 83 (40%) 

patients pre-treatment, 

- Median clone size was ~10 %

- In patients without a detectable clone pre-

treatment, the appearance of a clone 

after IST was infrequent

ATG + CSA +/- Eltrombopag Peffault deLatour R et al. 

N Engl J Med 2022; 386:11- 23

GPI-: at diagnosis
Tichelli A. Br J Haematol. 1988: 69(3); 413-8

PNH 31%
ATG

ATG + CSA (long-term)
PNH was diagnosed 4.3 to 9.4 years 

after the diagnosis of aplastic anemia 

(actuarial probability, 10% at 11 years)

Frickhofen N. BLOOD. 2003: 101(4):1236-42

ATG + CSA + Eltrombopag (long-term)
??
Patel BA. BLOOD. 2022: 139(1):34-43
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AA – PNH 2024

AA PNH

ATG + CSA +/- Eltrombopag

Peffault deLatour R et al. 

N Engl J Med 2022; 386:11- 23

GPI mutation (VAF): first 24 Months

✓ What we know



AA – PNH 2024

AA PNH

Unpublished EBMT data; ASH 2024 

Multivariable analysis

HR P-value

arm 0.12 0.000

age40 0.70 0.518

vSAA 1.14 0.265

2y clinical PNH: 

✓ Arm A (ATG + CSA) 8.1% (95% CI, 2.7% to 13.5%) 

✓ Arm B (ATG + CSA + Eltrombopag 1.1% (95% CI, 0% to 3.2%) Cumulative
incidence of hemolytic PNH 
ATG+CsA vs ATG+CsA & Epag

✓ What we should know
Eltrombopag Added to Standard IST is Superior to IST Alone 

as Front-line Treatment 

for Severe Aplastic Anemia: Final 2-year Analysis of EBMT-

SAAWP RACE Study 



GPI-anchor

deficiency

GPI-deficient cell

Step 1
Somatic mutation

of PIG-A

Selected cells

Immunological

selection

Step 2
Immunological attack

selective damage
(GPI vs other molecules) 

Expanded cells

Benign tumor-like 

expansion

Step 3
Growth advantage

Normal hematopoietic 

stem cells

AA – PNH 2024 ✓ What we know

Luzzatto L, Bessler M, & Rotoli B

Cell 1997: 88; 1-4 

Luzzatto L

Br J Haematol 2020: 189; 802-5 

From the Bedside

To the Bench



AA – PNH 2024 ✓ What we know

Blood, 1967: 30; 251- 254

Blood, 2017: 30; 2363- 72



AA – PNH 2024 ✓ What we know

See Neal’s & Lucio’s Lecture

My own landmark papers

JCI 2001: 108; 765-73

Risitano AM, Maciejewski JP, Green S, Plasilova M, Zeng W,  

& Young NS

Lancet 2004; 364: 355–64

Zeng W, Maciejewski JP, Chen G, & Young NS

AA

Autologous T-cell

mediated



AA – PNH 2024 ✓ What we know

Maciejewski JP et al.

BLOOD 1997; 89: 1173-81

PNH

Functional analyses

Erythroid
Myeloid

CD34+CD59+

CD34+CD59-

CD34+CD59-

CD34+CD59+

CD34+
“Impaired growth and

elevated Fas receptor expression 

in PIGA+ stem cell; in primary PNH”

J Clin Invest. 2000;106(5):689-696

http://www.jci.org.proxy.insermbiblio.inist.fr/106/5


124:2698-2704; 2014 373:1673-1676; 2015

AA – PNH 2024 ✓ What we know

AA

Myeloid mutations

Peffault deLatour R et al. 

N Engl J Med 2022; 386:11- 23



124:4529-4538; 2014

AA – PNH 2024 ✓ What we know

PNH

Myeloid mutations



AA – PNH 2024 ✓ What we know

Single cell

Analyses: AA

Wu Z & Young NS 

BLOOD 2023; 142:1193- 1207

Zhu C et al.  BLOOD 2021; 138:23-33

Most NON-SAA

DEGs, 86.56% in 1 cell type only, 

indicating heterogeneous disease

Only bone marrow–derived CD8 T cells 

enhanced expression of TGF-b and 

FASL: unique interactions between BM–

derived T cells and HSPCs ?

HSC/MLP

MEP

Pro-B

ETP

GMP

Zhao X, Gao S, et al. BMC 2020; 13:514

Normal hematopoiesis

SAA ?



AA – PNH 2024 ✓ What we know

Single cell

Analyses: AA / PNH

HLA Loss

Leukemia (2023) 37:202–211



AA – PNH 2024 ✓ What we should know

Pulendran and Davis, Science, 2020

A rare disease with few cells

➢ Bloom of new (SC) technologies

➢ The advent of muti-omics in AA - PNH 

Questions (among others)  now can be addressed

➢ AA; Disease heterogeneity

✓ autoimmune vs immune mediated BMF

➢ PNH; Long-term (life long?) hematopoiesis sustain by

1 (few) PIG-A mutated clone (s) 

➢ AA/PNH; Clonal (malignant?) evolution

✓ Where (which cell subsets)?

✓ Escape of most (mutated?) fitted clones to sustain

hematopoiesis  or pre-malignant state?



AA – PNH 2024 ✓ What we should know



AA – PNH 2024 ✓ What we should know



AA – PNH 2024 ✓ What we should know

Jakobsen et al., 2024, 

Cell Stem Cell 31, 1127–1144

bioRxiv preprint doi: https://doi.org/10.1101/2023.09.11.557271

In Revision Sept 2024



AA – PNH 2024 ✓ What we should know

Science 378, 152 (2022)

Mutations

Phylogenic tree

construction



AA – PNH 2024 ✓ What we should know

JCI in press preview
2024 August 29:e180331. doi: 10.1172/JCI180331



AA – PNH 2024 ✓ What YOU can do!
A fascinating era!Bandyopadhyay et al., 2024, Cell 187, 1–21

Nature. 2024 Mar;627(8003):389-398. doi: 10.1038



AA – PNH 2024 ✓ What YOU can do!

R Peffault De Latour

D Michonneau

Habemus Papam!

FRENCH ITALIAN 

With GOD
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