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Aplastic anemia
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Karolinsk . -
Institutet Aplastisk anemi

o Idiopatisk (immunologisk)
o Kongenital — t.ex. Fanconi
o Sekundar till kemoterapi, lakemedel, radioterapi och kemiska medel

o Infektionsutlost?



Karolinsk .
Institutet Definition

o Pancytopeni, samt en benmarg med lag cellularitet (<30%).
o Definitionen ar baserad pa fynd hos barn och unga vuxna.

o For dldre patienter kan 30% gransen vara svar att applicera eftersom cellhalten sjunker
med aldern.
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Incidence and outcome of acquired aplastic anemia—real-world
data from patients diagnosed in Sweden from 2000-2011

by Krista Vaht, Magnus Goéransson, Kristina Carlson, Cecilia Isaksson, Stig Lenhoff,
Anna Sandstedt, Bertil Uggla, Jacek Winiarski, Per Ljungman, Mats Brune,
and Per-Ola Andersson

Haematologica 2017 [Epub ahead of print]

Haematologica. 2017 Oct;102(10):1683-1690.
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Karolinsk .
Institutet Incidence

o 2.35/million 1inhabitants/year
o 2.87/million inhabitants/year in the age group 15-20 yo
o 4,36/million inhabitants/year in the age group >60 yo

o Median age 60 ys



Pathophysiology of aplastic anemia

The immune
system
Hematopoietic

stem cell

A

i it

i . n I-._.

[

- } T— Bone marrow
g T
r G ] %
’ A — Spl
] pleen

‘ll 4, |.' :"I

W

B

Lymph nodes



Immune pathophysiology of aplastic anemia

— Escape from self- @ @@lo — Newly expressed Ags

tolerance maintenance T-cell poo (exogenous, mutated,
mechanisms / @ @@ @ cross-reacting, tissue specific)
[ |

" a el %@ °
0.8 &6 606
Co00PE O

® 00 0 ©

@O @@@@@(@

® ©@@© @@ @@@@

oligoclonal T-cell response




Immune pathophysiology of aplastic anemia

— Escape from self- @ @@IO — Newly expressed Ags

tolerance maintenance T-cell poo (exogenous, mutated,
mechanisms / -@ @ @ cross-reacting, tissue specific)
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Mechanisms of hematopoietic stem cell damage

Toxic agents

’Viruses

DNA

Reactive damage TPO-R

oxygen
species Growth
Proliferation factors

/ and survival

Cycling Cell cycling K ¢
blockade

Telomerase
complex ‘

TCR protein polymorphisms

+ inflammatory
cytokines

Perforine/granzyme

Effector T-cells Risitano AM, et al. Curr Stem Cell Res Ther. 2007;2:39-52.




Karolinsk . . .
Institutet Lakemedel och aplastisk anemi

o NSAID (de ”’storsta” bovarna ar borta fran marknaden)
n Psykofarmaka (dito)
o Sulfapreparat

o Guld

1 Acetazolamid



Karolinsk .
Institutet Kemiska medel och AA

o Bensen

n Andra ffa klorerade kolviten.

o Lakemedel och kemiska medel har troligen olika mekanismer inklusive
toxisk effekt pa stromat



Karolinsk .
institutet  Pathogenesis

Aplastic anemia 1s currently viewed as an autoimmune disease where auto-reactive
lymphocytes recognize and destroy primitive elements of the hematopoietic compartment
resulting in pancytopenia.

This view is supported by evidence both in the clinic and in the laboratory.

Oligoclonal T-cells that correlate with disease activity have been i1dentified in patients with
severe aplastic anemia suggesting an antigen driven expansion.

In vitro, destruction of bone marrow progenitor cells has been shown to be induced by
cytotoxic cells, mediated by TH1 related molecules, and dependent on Fas-Fas ligand.

Regulatory T cells are decreased and Th17 cells increased in severe aplastic anemia
patients at presentation. These observations have been confirmed in vivo in a marrow
failure mouse model.



Kk Orsakar infektioner AA och 1 sa fall hur?

o Huvudsakligen association till virusinfektioner

o Hepatitassocierad AA (non-A,B,C,D,E,G hepatit). Mekanism sannolikt
immunologisk

o Parvovirus. Orsakar PRCA men AA?? Fallrapporter, sma serier

o HHV-677?
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Institutet Svarighetsgrad

Severe AA: Mimst 2 av foljande kriteria skall vara uppfyllda
Reticulocyter < 60x10°/1

TRC < 20x10°/L

ANC <0.5x10°/L

Very severe AA (VSAA) som SAA men ANC < 0.2 x10%/1

Moderat — non-severe (n-SAA
Nar kriterierna for SAA ej ar uppfyllda.



Karolinska 1 he diagnostic dilemma

Institutet

Hypoce]lular'

MDS I

Inherited : Acquired - Clonal evolution
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Institutet Utredningsschema

Handlaggningsschema misstankt aplastisk anemi

Uppfylls Provtagning
definitionen for _ steg 2
aplastisk anemi

Provtagning
steg 1.

Annan diagnos?
Annan di 57 j i
nnan diagno: ‘ Nej. diagnos?

Ja. ¢ i Ta om prover e

Ej AA ' enligt steg 1
efter nagra
veckor

Jal Kontakta
snarast HCT
center

Kandidat for
trippel
IST/HCT?

Frén vardprogrammet




Karolinska  Basal diagnostik — steg 1

Institutet

Hb, vita, trombocyter, B-diff , MCV. retikulocyter, B12, folsyra, (homocystein, MMA),
S-Fe, jarnmattnad, ferritin, leverstatus

DAT, ANA, anti-ds DBA immunglobulinnivaer
Benmargsbiopsi fran tva lokaler

Genetisk analys kan goras antingen 1 steg 1 eller 2 beroende pa hur stark misstanken ar
pa AA eller hematologisk malignitet 1 forsta hand MDS.

Virusserologier (HIV, hepatit B, C, CMV, EBV, ev. parvovirus B19). PCR for HEV om
samtidig eller historia pa tidigare leverpaverkan.



Karolinska

Institutet SAA 1nriktad diagnostik — steg 2

Ny benmarsbopsi. Immunhistokemi for CD34 och CD117 om inte gjort 1 steg 1.

Cytogenetik med FISH for kromosom 7 (-7; del7qg/der(1;7) for alla patienter med komplettering med NGS panel for
somatiska varianter hos patienter aktuella for annan behandling 4n “’supportive care” , t.ex. Myeloid TWIST panel eller
motsvarande.

HLA-typning av patient och potentiell syskondonator bor goras redan vid diagnos pé alla patienter som kan tdnkas bli
aktuella for BMT. Rikligt material frén blod eller benmarg skickas vid grav cytopeni. Ett alternativ &r HLA-typning
frdn munslemhinna.

Om syskondonator saknas bor screening efter registergivare utforas. Vid hotande klinik (t.ex. vSAA, blodnings- o/e
infektionsproblematik) eller om fataliga potentiella donatorer 1 registren bor formell sokning efter registergivare
startas, aven om IST planeras.




Karolinska

Institutet SAA 1nriktad diagnostik - forts

* HLA-typning kan dven overvigas som led i utredningen. HLA-DRB1*15 (DRB1*15:01 och 15:02) 6kar
risken for att utveckla AA. DRB1*1501 har ofta en liten PNH klon och svarar bra pd immunsuppressiv
behandling.

 Telomerldangd med ev komplettering av sekvensering av telomergenerna

* MDS NGS panel hos patienter aktuella for annan behandling an ”supportive care” t.ex. Myeloid TWIST
panel eller motsvarande

« UPD péa kromosom 6p (kan koras pa klinisk genetik 1 Lund)

« IBMFS panel hos patienter under ca 45 eller de som har familjeanamnes pa kongenital benmargssvikt/MDS.
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Institutet Utredningsschema

Handlaggningsschema misstankt aplastisk anemi
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Retituier Heriditir/kongenital AA

o Genetisk predisposition for IBMFS ér inte ovanligt framfor allt inte hos patienter som
insjuknar fore 40-45 ars alder.

n Patienter med hereditet for ’benmargssvikt” som uppvisar sjukdom forst 1 vuxen alder
har troligen en ’mildare” mutation som gor att typiska kliniska tecken pa det specifika
syndromet (t.ex Fanconis anemi eller telomerassjukdomar) inte foreligger.

o Det finns darfor skél att ta en IBMFS panel (arftlighets utredning for medfodda
varianter) 1 alla fall pa alla yngre patienter med misstanke pa aplastisk anemu.
Analysen avseende arftlighetutredning bor utforas pd DNA extraherat fran
fibroblaster.



Retituier Heriditir/kongenital AA

Fanconianemi: Kromosomfragilitetstest kan dvervigas om man trots negativ panel har misstanke pa
Fanconianemi.

Shwachman-Diamonds sjukdom:
GATA-2 deficiency syndrome:
SAMDY / SAMDYL

Dessa ingér 1 IBMFS panelen

Telomersjukdomar: Telomerldngds bestims 1 Umea och mutationsanalys for TERC, TERT, DKC1 TINF2, RTELI,
PARN, ACD, NOP10, NHP2, WRAP53, RTELI, CTCI, PARN (se ovan) rekommenderas hos unga vuxna

Det ar viktigt att hos patienter med misstanke pa telomerassocierad aplastisk anemi ta en noggrann
familjeanamnes och tdnka pa sjukdomar 1 andra organ sdsom lungfibros och levercirrhos.




Karolinsk
Institutet Telomerer och AA

o AA har associerats med korta telomerer

n Foreslagits vara kopplat till ”hematopoietic stress™
o Kongenitala BMF syndrom har associerats med telomerkomplexmutationer

o TERT mutationer har ocksa hittats 1 en grupp av “1diopatiska” AA patienter



. Cumulative Incidence of Clonal Evolution
b According to Pretreatment Telomere Length

Evolution rate by telomere length Evolution to monosomy 7 or complex
cytogenetics by telomere length

u—y
[ ]
=l

Telomere length quartile
1 {shortest)
------ 2-4

=
oo
i

=
b

Log-rank P=.009 ; Log-rank P =.002

=
ha

=
5
=
g
L
B
£ 044
L
o
L
e
(N

Follow-up, v Follow-up, y
Mo, at risk Mo. at risk
Telomere length Telomere length

quartile quartile
i 46 42 30 26 17 14 1 46 43 33 28 20 16
2-4 137 124 120 94 73 62 2-4 137 128 124 99 78

Scheinberg, P. et al. JAMA 2010;304:1358-1364
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o Om mojlig heriditar sjukdom pavisas bor genetisk radgivning erbjudas patient och family.

o Utredning av ev familjedonator for motsvarande genetisk mutation maste ocksa goras
innan SCT eftersom flera av dessa mutationer arvs autosomalt dominant.
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Institutet.  ancinia:

> Clinical
* Disease installation
» Progressive versus acute (CBCs history)
 Personal history
» Early development
» Physical exam

e Familial history
» Hematological disorders
» Extra hematological disorder (Lung and cirrhosis)



Difference between acquired and inherited aplastic anemia?

|
PNH <1%
PNH > 1%
> 18 years < 18 years
’ FA breakage test —#| Fanconi
*CBCs < 2 years
* Familial history <10 years > 10 years
* Normal HbF & aFP

* Normal physical exam I I
NGS Telomeres + NGS ‘

J Normal | |
v

Idiopathic aplastic anemia
Others ﬁ
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Hypocellular/hypoplastisk MDS

Blaster
Sideroblaster

Retikulin

PRCA eller PWCA
T-LGL med pancytopeni

MGK, ERB, GRAN dysplasi

Differential diagnosis

Cytological/histological variables

Requisite criteria

Bone marrow blasts AND/OR CD34 + cells 25%
Bone marrow blasts AND/OR CD34 + cells 3—4%
Fibrosis grade 2-3*

Dysmegakaryopoiesis

Co-criteria

Ring sideroblasts 2 15%

Ring sideroblasts 5-14%

Severe dysgranulopoiesis

Bono et al, Leukemia 2019




Retituier Differentialdiagnostik MDS

AA MDS

Splenomegali Nej Mojligt
Cytopeni Ja Ja
Dysplasi erytropoes Mojligt Mojligt

granulocytopoes Nej Mojligt

trombopoes Nej Mojligt
Blastokning Nej Mojligt
BM CD34 THC <1% >1%
Fibros Nej Mojligt
Cytogenetik Forekommer -7/del(7q)/der(1;7)
Molekyldra markorer Vanliga Vanliga
UPD kromosom 6 Vanlig (10-15%) Nej
PNH klon (liten) Vanlig Ovanlig
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Institutet Clonal hemapoiesis in AA

N Engl J Med
373(1):35-47; 2015

B Multiple W Missense Nonsense [l Frameshift Splice-site |l Other
mutations mutation mutation mutation mutation mutation

U.S. Cohorts Japanese Cohort

Somatic Mutations and Clonal BCOR or BCORL1 3 [P te—

Hematopoiesis in Aplastic Anemia e , N | - . ——

ASXL1

Evolution

Immune-mediate Rapid

BM destruction expansion
DNMT3A

Clonality 1s not cancer!

BCORL1

Loss of
selective

advantage? Ve @ P S. OGAWA; Blood 2016




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

Clonal Analysis of CD4"'/CD8" T Cells in a Patient with Aplastic Anemia

Ulrich Moebius,* Friedhelim Herrmann,* Thierry Hercend,? and Stefan C. Meuer”

* Abteilung Angewandte Immunologie, Institut fiir Radiologie und Pathophysiologie, Deutsches Krebsforschungszentrum,
6900 Heidelberg, FRG, *Innere Medizin I, Albert Ludwig Universitdt, Freiburg, FRG,

$Unité Biologie Cellulaire, Institute Gustave Roussy, 94800 Villejuif, France

J. Clin. Invest. Volume 87, May 1991, 1567-1574 28
- oume N % EXPERIMENTAL

HEMATOLOGY

EL ,\i:\ ﬁ R Experimental Hematology 23 (1995): 433
Establishment of a CD4+ T cell clone recognizing autologous hematopoietic
progenitor cells from a patient with immune-mediated aplastic anemia.
Nakao S, Takamatsu H, Yachie A, Itoh T, Yamaguchi M, Ueda M, Shiobara S, Matsuda T.

Blood, Vol 89, No 10 iMay 15), 19587: pp 3691-2685
Isolation of a T-Cell Clone Showing HLA-DRB1*0405-Restricted
Cytotoxicity for Hematopoietic Cells in a Patient With Aplastic Anemia
By Shinji Nakao, Akiyoshi Takami, Hideyuki Takamatsu, Weihua Zeng, Naomi Sugimeri, Hiroto Yamazaki,

Yuji Miura, Mikio Ueda, Shintaro Shiobara, Takeshi Yoshioka, Toshihiko Kaneshige, Masaki Yasukawa,
and Tamotsu Matsuda

Changes in T-cell receptor VB repertoire in aplastic anenua: effects of different
Immunosuppressive regimens

Hoon Kook, Antonio M. Risitano, Weihua Zeng, Marcin Wlodarski, Craig Lottemann, Ryotaro Nakamura

John Barrett, Neal S. Young, and Jaroslaw P. Maciejewski -
BLOOD, 15 MAY 2002 - VOLUME 99, NUMBER 10

Oligoclonal and polyclonal CD4 and CD8 lymphocytes n aplastic anemia
and paroxysmal nocturnal hemoglobinuria measured by V[3 CDR3
spectratyping and flow cytometry BLOOD, 1 JULY 2002 - VOLUME 100, NUMBER 1

Antonio M. Risitano, Hoon Kook, Weihua Zeng, Guibin Chen, Neal S. Young, and Jaroslaw P. Maciejewski




Differential diagnosis

Hypocellular/hypoplastic MDS

Percentage (%)

100+

80

60

40

20

AA-cBMF

h-MDS

n-MDS

I No alt
I Cytogen abn

Cytogen and somatic mut

Somatic mut

 Gene  |Pathway |
FASXLT " chromatin & histones modifier

chromatin & histones modifier

'KDM6A ~ chromatin & histones modifier

cohesin complex

'DNMT3A  DNA methylation
IDH1 ~ DNA methylation
IDH2 ~ DNA methylation
'TET2  DNA methylation
'SF3B1 | RNAsplicing
'SRSF2. | RNA splicing
‘U2AF1 | RNAsplicing
'ZRSR2. | RNAsplicing

signalling
signalling
signalling
signalling
signalling
signalling

'CEBPA  transcription regulation
'ETV6  transcription regulation
'GATA2 transcription regulation
'NPM1 | transcription regulation
"RUNX1  transcription regulation
'TP53 | tumor suppressor

Bono et al, Leukemia 2019



Retituier Viktigt budskap!

Har patienten en klinisk och morfologisk bild som vid AA sa tillfor
vanligtvis inte narvaro av molekyldara markorer nagot som paverkar
behandlingsvalet utan patienten skall behandlas som en AA.
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Incidence and outcome of acquired aplastic anemia—real-world
data from patients diagnosed in Sweden from 2000-2011

by Krista Vaht, Magnus Goéransson, Kristina Carlson, Cecilia Isaksson, Stig Lenhoff,
Anna Sandstedt, Bertil Uggla, Jacek Winiarski, Per Ljungman, Mats Brune,
and Per-Ola Andersson

Haematologica 2017 [Epub ahead of print]

Haematologica. 2017 Oct;102(10):1683-1690.
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Vaht et al Haematologica. 2017 Oct;102(10):1683-1690.



Karolinska
Institutet

Relative survival ratio

Relative survival

Relative survival by age group
Aplastic anemia in Sweden 2000-2011

m— <60 year (n=126) 95% Cl

e 60- years (n=131) 95% Cl

Vaht et al Haematologica. 2017 Oct;102(10):1683-1690.
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Institutet The fight — ongoing since 40+ years!

SCT IST




Taetituer Val av primirbehandling - faktorer

o Alder

o Antal neutrofila granulocyter (kraftigt prognosdrivande)
o Svarighetsgrad 1 ovrigt (transfusionsbehov)

o Finns det en syskondonator (ung patient)?



Ka*,o“,,s;(a When should we start a treatment?

Institutet

SAA, severe AA; VSAA, very severe AA.
Camitta BM, et al. Blood. 1976;48:63—70.

r
Moderate

Not all criteria for SAA

PNN >0.5x10%L

) 1

Transfusions?

(SAA h
Hypocellularity (<30%) and at
least 2/3 criteria:
PNN <0.5x10°/L
Platelets <20x10°/L
Reticulocytes <20x10°/L
VSAA
PNN <0.2x10°/L
\ J
Treatment

Yes

No

Follow-up




Karolinsk .
Institutet Supportive care

Transfusioner anpassas individuellt

Stralade blodprodukter under och minst 6 man efter immunosuppression
Infektionsprofylax baseras pa granulocyttal och behandling
Tillvaxtfaktorer reckommenderas €j som rutin (EPO, G-CSF)

Kelering — viktigt vid langvarigt transfusionsbehov!



Karolinska

Institutet Svenska AA vardprogrammet - 2023

Forsta linjens behandling

|

SAA

HLA-ID
syskon

Ja Nej

. Ljungman, Vaht, Lenhoff
st | for svenska BMT gruppen
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Institutet Moderat AA

o Icke transfusionskravade moderat AA behover inte nodvandigtvis
behandlas utan kan enbart kontrolleras.

o Enbart cyclosporin har simre resultat an ATG/CyA (randomiserad studie)

n Data med enbart eltrombopag ar begransade



Karolinsk < . .
Institutet Overlevnad moderat (icke-svar) AA

Kohortstudie av 259 patienter
76 obehandlade

84 CyA

44 ATG + CyA

20 CyA + EPAG

10 EPAG

Od

Od

d

d

O

O

Fattizzo et al Leukemia 2023
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Respons och overlevnad 1 olika grupper.

Untreated
N=76

Time to treatment, /
months

Median follow up,
months

87 (6-218)

Response at 6 months (N = 144)

Overall response, /
N(%)

CyA
N-84
2 (0-102)

74 (8-210)

55/75 (73)

ATG + CyA
N=44
2 (0-30)

112 (11-278)

20/27 (74)

CyA + EPAG
N =20
2 (0-2)

25 (6-99)

13/19 (68)

EPAG
N=10
0 (0-8)

41 (6-56)

7/8 (87)

Other
N=25
1 (0-120)

43 (12-113)

12/15 (79)

All treated
N=183
2 (0-120)

46 (6-278)

108/144 (75)

Evolution, N(%)
AA, N

AML, N

MDS, N

PNH, N

Death, N

13/76 (17)

15/84 (18)
1

Fattizzo et al Leukemia 2023

11/44 (25)

5/20 (5)
1

2/10 (20)
1

2/25 (8)
1

48/259 (18)
4

4

16

24

42/231




nstitutar IST vs BMT

o Ingen jamforande studie

o Registerdata av olika typ

o Olika aldrar

n Olika svarighetsgrad.
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1.0 —

0.8

0.6

0.4 —

Survival probability

0.2 —

0.0

87,5 % (Cl 95%, 78-97)

Sibling transplantation

N. at risk
61

I I I I I
12 24 36 48 60

Time (months)

53 38 35 33 30

72

28

Secondary cancer

Osteonecrosis

Cardiovascular
complications

Endocrine
dysfunctions

2 (0-9)
21 (10-36)

2 (0-9)

19 (9-31)

Saint Louis experience.
Konopacki J, et al. Haematologica. 2012;97:710-6.




Karolinska  S1b]ing transplantation — effect of age

Age 1-20; n= 870
Age 21-40; n= 636

Age >40 ; n= 226

P<0.001

Bacigalupo A. Blood. 2017;129:1428-36. Gupta V, et al. Haematologica. 2010;95:2119-25.




K linsk o .
Institutet Benmaérgstransplantation

o OBS Benmairg och inte perifera stamceller
o Patienterna har bara nackdelar av GVH

o Om ung och syskongivare skall BMT goras sa fort som mojligt
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BM vs PB vid SAA
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‘Tnstitutet Konditioneringsregimer

Patienter < 40 ar med syskondonator
Cyklofosfamid 50 mg/kg per dag fran dag -5 till -2
r-ATG (Thymoglobulin) 3,75 mg/kg per dag, dag -3 och -2

Patienter >40 ar med syskondonator

Fludarabin 30 mg/m? per dag fran dag -5 till -2
Cyklofosfamid 30 mg/kg per dag, dag -5 till - 2

r-ATG (Thymoglobulin) 3,75 mg/kg per dag, dag -3 och -2

Patienter med obeslaktad donator

Fludarabin 30 mg/m? per dag fran dag -5 till -2
Cyklofosfamid 30 mg/kg per dag fran dag -5 till - 2

r-ATG (Thymoglobulin) 3,75 mg/kg per dag, dag -3 och -2
TBI 2 Gy dag -1




Karolinska T ate effects

Main determinant of morbidity 1s chronic GvHD

HLA-identical sibling
Cy-ATG
Marrow
CsA + MTX

Survival probability

Frabability of chronic GvHD

0 12 24 36 48 60 72
Time (months)
N. at risk
61 38 35 33 30 28

Haematologica 2012;97:710-716

— Overall

- Bxtensive

36 48

Time (months)
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institutet  Unrelated transplantation

French cohort Validation cohort (EBMT)
(n=131) (n=751)

0 - 1 risk factor, 4-y OS5 = 76%

e i

e —
et

2 — 3 risk factors, 4-y 05 = 60%

Overall survival
Overall survival

Bacigalupo, Blood 2016; Devillier R, ef al. Haematologica. 2016;101:884-90.

3 Risk factors
- Age (30)
- MUD versus mismatch UD

- BMT later than the first
year post AA diagnosis
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urvival probability

[=]
!

Maonths since Tx

Survival probability

Months since Tx

MUD upfront

OS : 86%

Cause of death : total 10 patients
Infection : 4 pts (40%)
GVHD : 3 pts (30%)

Graft failure: 1 pts (10%)

GRFS : 81%

(Probability to be alive with no primary disease, no acute

Secondary malignancy : 1 pts (10%)

GVHD 3-4 & no moderate /severe chronic GvHD)

European Society for Blood and
Marrow Transplantation

Saving lives since 1974
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Karolinska Haplo-identical transplantation (Post-Cy)

100 % Causes of death:
- IBMF (2/4):
* ] infection
e 1 GvHD

75 %

50 %
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OS 74% at 2 years
25 % - Aquired (7/32):

5 infections
e 2 other HSCT-related

0 % Months since Tx

N at risk: 36

o 36 patients (32 with acquired SAA and 4 with IBMF)

Prata et al, BMT 2019
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Horse versus Rabbit Antithymocyte Globulin
in Acquired Aplastic Anemia

Phillip Scheinberg, M.D., Olga Nunez, R.N., B.S.N., Barbara Weinstein, R.N.,

C -} Y E= - 0 s WL ™ ~ 1 ~ \AS 1
Priscila Scheinberg, M.S., | igue Biancotto, Ph.D., Colin O. Wu, Ph.D.,

B Data Not Censored for Stem-Cell Transplantation

1(}0——|_l_|

| Horse ATG

Rabbit ATG

Survival (%)

No. at Risk
Horse ATG
Rabbit ATG

NEIJM 10 Aug 2011
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Karolinska  [S'T" har utvecklats

o Tillagg av eltrombopag
o FOrst testat pa refraktira patienter och visats kunna ge trelinjara svar

n Nasta steg var studier som tillagg till forstalinjens behandling



What has happened in IST?

Standard IST for patients with SAA/VSAA who are not eligible for HSCT is horse
antithymocyte globulin (hATG) plus ciclosporin (CsA) since 30 years

Add androgens to ATGY =  No increase in response rate
Add or replace ATG with high-dose corticosteroids? =  No increase in response rate; high toxicity

Replace ATG with high-dose Cy34 —  Toxicity

Replace ATG with moderate-dose Cy> ~  Excessive toxicity secondary to neutropenia

Add mycophenolate mofetil to ATG/CsA® =  No improvement in response/survival

57

| Add sirolimus to ATG/CsA?” | = No improvement in response/survival

| Add G-CSF to ATG/CsA8 ' No improvement in response/survival

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,
G-CSF, granulocyte-colony stimulating factor. 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.



Eltrombopag first line?

- 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

/ Treatment \

All cohorts [l hATG Days 1-4

All cohorts CsA Day 1 to Month 6 :
N =92 N =30 Efficacy
= u » Cohort 1 Eltrombopag Day 14 to Month 6 Safety
n= > Cohort 2 Eltrombopag  Day 14 to Month 3
Treatment-naive n=31 foll
> 2 years of age » Cohort 3 Eltrombopag Day 1 to Month 6 5-year follow-up
0 1 2 3 4 5 6

\ Time (months) /

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



Eltrombopag first line?

At 6 months

CR

*Platelet count 100 x 10°/L
*Neutrophil count = 1 x 10°/L
*Hemoglobin level 10 g/dL

*Blood counts not meeting
criteria for SAA or CR

Historical controls IST only

CR17%
OR 68%

Patients (%)

100 -

90 A

80 A

70 -

60

50 A

40 A

30 -

20 A

10 A

94
87 mCR
80
PR
mOR
61 58
47
33 35
I 26
Cohort 1 Cohort 2 Cohort 3
Day 14 to Day 14 to Day 1 to
Month 6 Month 3 Month 6

Period of eltrombopag administration

Townsley DM, et al. N Engl J Med. 2017;376:1540-50.
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Results of the EBMT SAAWP Phase lll Prospective Randomized
Multicenter RACE Study of Horse ATG and Ciclosporin with or without
Eltrombopag in naive SAA patients

Régis Peffault de Latour, MD, PhD"?’, Judith C.W. Marsh, MD, FRCPath®, Simona lacobelli**, Sofie
R. Terwel, MSc?, Anita Hill, MD PhD®’, Constantijn J.M. Halkes, MD®, Christian Recher, MD, PhD’,
Fiorenza Barraco, MD?, Edouard Forcade, MD®, Juan Carlos Vallejo Llamas'”, Beatrice Drexler,
MD'", Jean-Baptiste Mear, MD'*, Maria Teresa van Lint'>, Reinier A.P. Raymakers, MD PhD"*,
Marco R De Groot, MD, PhD'°, Etienne Daguindaum*, Erfan Nur, MD, PhD", Wilma Barcellini'?, Nigel
H. Russell, MD", Louis Terriou, MD**", Anna Paola lori, MD*", Isabel Sanchez- Ortegazz*, Blanca
Xicoy, MD, MSCZS*, Isidro Jarque24*, James Cavenagh25, Flore Sicre de Fontbrune“, Austin
Kulasekararaj, MD, MBBS, MRCP, FRCPath®, Serena Marotta®®, Talha Munir, MD®", Jennifer M.L.
Tjon, MD, PhDB*, Suzanne Tavitian, MD7*, Aline Praires*, Laurence Clementg*, Florence Rabian, MD27*,
Alexander E Smith, PhD*, Riley Cook, MD*’, Luana Marano®®’, Morag Griffin, MD®', Elena Palmisani®®,
Petra Muus, MD, PhD?, Fabiana Cacace®®’, Jakob R. Passweg, MD, MS"", Gerard Socie, MD, PhD',
Ghulam J. Mufti, MBBS, FRCP, FRCPath, DM*, Carlo Dufour”*® and Antonio M. Risitano, MD, PhD**°



RACE flow chart
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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, %)

<18y 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%)




Hematological response

- 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). I
 CR at 3 months™: oo |
o ArmA:9.9% & Arm B: 21.9%
o Pooled Odds Ratio 3.2, p=0.012 60%
* OR at 6 months (preliminary analysis 0
n=181)*: 0%
o Arm A: 44.8% & Arm B: 71.8%
o Pooled Odds Ratio: 3.7 » mCR

3 months 6 months

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



Hematological response (NIH criteria)

NIH criteria = PR: transfusion independency not needed

Response at 3 months Response at 6 months
hATG + CsA | hATG + CsA OR hATG + CsA | hATG + CsA + OR
(Arm A) + EPAG (95%CI)* (Arm A) EPAG (95%ClI)*
(Arm B) (p-value) (Arm B) (p-value)
CR 10 (9.9%) | 21(21.9%) | 3.2(1.3-7.8) | 20 (19.8%) | 30(31.6%) 2.3(1.1-4.7)
(p=0.012) (p=0.019)
PR 55 (54.5%) | 51(53.1%) 47 (46.5%) | 44 (46.3%)
No response | 33(32.7%) | 22 (22.9%) 34 (33.7%) | 20(21.1%)
Unclassified 3 (3.0%) 2 (2.1%) 0 (0.0%) 1(1.0%)
CR+PR (OR) 65 (66.3%) | 72 (76.6%) | 2.2(1.1-4.4) | 67 (66.3%) | 74 (78.7%) 2.2 (1.1-4.3)
(p=0.033) (p=0.026)

Cohort 2 NIH (EPAG day 14 > 3 months): CR 26%, PR 61%, OR 87% at 6 months



Overall Survival
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0 6 12 18 24 30
arm

armA 101 85 54 45 17 0
arm B 96 79 93 37 19 0



French Treatment (guidelines)

Idiopathic aplastic anemia
needed to be treated

HLA-identical sibling donor No sibling donor
and age <40 or age 40 or more
HSCT hATG+CSA+Eltrombopag

[ Refractory/relapse ]
|

[ Marrow / Cy + ATG / CSA MTX ]

10/10 (8/8 matched UD)
Young (<30 years)

First year
= ~
YES: 4 NO: )
Unrelated Eltrombopag
matched BMT Repeated IST
3\-&'* v, 2 APLASIE Alternative
/*MaRiH (A@Meouitare _ (mismaichBUT)




Conclusion — French guidelines

e First line treatment:

 MRD = choice treatment 1st line for patients of 40 years old or
less

« MUD 1st line is still experimental (only pediatric)
 hATG+CSA+EIltrombopag for the others

* Refractory patients:

« MUD for patients with refractory AA of 30 years old or less is
standard of care

 Alternative BMT mainly for young patients (20 year or less)
 Eltrombopag for the others (if no already used first line)



Retituier Hur ar det med andra TPO-receptoragonister?

o Mer begriansade data

o Romiplostim —fas II studie. Trelinjara svar hos 39% av 31 refraktira patienter (Jang et al; Brit.
J. Haematol 2021)

o Avatrombopag — 56% ORR 1 fas 2 studie (25 pat som var refraktira/relapsade/intoleranta)
(Wan et al, Ann Med 2023)
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Do you know the difference between education and experience?

Education is what you get when you read the fine print; experience 1s what
you get when you don’t

Pete Seeger
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delade med sig av sina bilder!






