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* French Cohort Study, 2183 PID patients
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e * 26% had autoimmunity or inflammation, g ©

2 occurs in all age groups T

- * relative risk to develop autoimmune g <

I cytopenia in PID is 120x, AIHA 830x, ITP 60x .
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g g =

o o . ¢ °

S) * allergy is a risk factor, outcome is worse! =
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a * 15% of Al cytopenias in children are estimated =

" to be based on a PID
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é » not all cytopenias are ALPS- or CVID-linked ot ik

< | »>85% are not linked to a known PID i
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Autoimmunity in Primary Immunodeficiencies
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Own observations — Austrian ITP study

background

JWRONG* —
stem cell

o * Nationwide, retrospective study % % of cohor 0 197~ disedse may
o . . . Immune-/Autoimmune Disease cause ITP
£ e 81 patients with chronic ITP S .
i  Median age 8.57 years (1-17) ;é; o
S| e+ Many (>1/3) had other or 81 o Pancytopenia
© additional diagnoses: g ymphoprolferatin
g e LRBA, CHAI, ALPS..., SLE & Granulomatous Inflammaton
7 * Fanconi anemia, RCC, MDS ° MPsili sanfilippo
a * Congenital thrombocytopenias...
2 * (chronic) infections Sipurzynski et al., Semin. Hematol. 2016
d * International guidelines for
2 diagnosis & treatment were not
2 adhered to
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MDS-linked ITP/Evans preceding AML in RASopathy

» !/

& * Chilblain lupus in 3-yo boy
g ,histiocytic Sweet syndrome*
O .
5  ANA, APLA, Coombs borderline
> positive
©
o .
& * Pancytopenia developed after 7 ‘
'E.'CIJ months B clinical course & treatment MSD-HICT (TCRaR/CD10 dep
@) . . Remission
% * Only responsive to prednisolone e
A ] iR lfl!;%(l chimerism
a e But.. AML developed after tapering cneroqung ¥ ou

. T |} B
o of prednisolone = ws o g
= . transfusions a % L__g g
3 * RASopathy (RALD) was diagnosed VDML CIERTTON
. and treated
B * Remission 5 years after HSCT S S T AVES g L ape:oyrs
3
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—g BLOOD. 2014 Oct 9;124(15):2337-2344
5 antibody-mediated
Qo . .
5 CVID proliferation
% SLE ,
g 5 CID* (LRBA, CTLA4, Pi3Kd) SMELEOSE XLP-1,2
o CID* Ye, Good CHP CD27/CD70
S N 0 FHL1-5 ITK
2 WAS, WIP [+ptl defect] ” [ITP, AIHA, AIN, ES] (& \g° Griccellio AL

22q11 s \ e?o\) IPEX(-like) "
Z [SAA, MDS-RCC] y *e‘ CHS, HPS-2
2 . o [secondary HLH]
7 Cytopenias
2

: - a®
% 55\0 boh
e € mq

. 3 R e SDS, DKC
E \asia CHH, Schimke
2 \odysP ’
3 o {:} 5 | mye IKAROS deficiency
0 (virus) infection-mediated MonoMac/GATA2 RD & other syndromes
s drug-induced; nutritional SCN1
% mallgnoma . PNH/CD59
S myelokathexis, WHIM
(@]

*incl. hypomorphic mutations in SCID genes, CD40, CD40L, etc.; # excl. primary defects of phagocyte number or func 20 <
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IVIG e
plasmapheresis ‘ , 2%
o

2

0 cal vpie
£ corticosteroids L 1amtuzumab
= “some”: JAK1/2 inhibitors
% HSCT (ruxolitinib, tofacitinib, baricitinib)
] modulate: > tocil / b ’
E MMF, AZT, 6 I\:I:\P( sirolimus ? tocilizuma
8 VIG Cytopenias
..aé; MTX Ver in PID

Sirol;
§ > rutln,bmus
= p /n,b~ TPO-RA
o /3K Inh/blt (eltrombopag, romiplostim)
@ ‘on et [erythropoietin]
1"’0 alemtuzumat GCSF’ CXCR4 Intracellular Space
(1]
% eculizumab
2 TNT01/3
§_ abatacept
g ?hydroxychloroquine
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Deviations of the immune system: a common theme?

* Expansion of self- @

intracellular peptide

reactive T and B cells degradation Akt
. . q
* Signs of exhaustion @%\)\3{\0“ * *

e ——
and senescence oo - = Tloss of naivity, ~ ~
Epi t difi 5 $remature senescence & apopto€is \

* Epigenetic modifiers:

of T & B lymphocytes, Y e

. - N failing tolerance -’ o

* infections RS ST - ©
* Intestinal microbiome < *

-t

background

Targeted
therapies

DD SIC-REG study |biomarkers

. . r;\ —
—> Diagnostic or e utoimmur S g =
treatment-stratifying & cytopenia * 2 ;;D:

biomarkers? ® blood )..)..

©2015 by American Society of Hematology
Blood 2015;125:741-742

conclusions results
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e.g.: TEMRA & Senescence: GAT
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Epigenetic requlators: Microbiome & cytopenias? prospective studies warranted
pig y

H

> 4,5% ynklassifizierbares Alpha-
Proteobakterium ¥

> 2,5% Faecalibacterium prausnit
¥ 14,5% Ruminococcaceag sp. 1

2,2% Haemophilus sp.

10% Enterobacteriaceae sp.
(Enterobacter/Klebsiella Gruppe)

ks 1,7% Campylobacter sp. (C. gracilis
100%)

6,3% Fusobacterium sp. (F. nucleatum
1000/

< LRBA deficiency

oligosymptomatic, under abatacept
“* 13,5% Streptococcus sp. (S.
thermophiles/salivarius/etc. 100%)
9,4% Lactobacillus sp. (L. reuteri 100%)

— * 10,5% Bifidobacterium sp (B.

< CHAI

Evans Syndrome
oligosymptomatic
under MMF

> 31% Bagteroides sp. l

— ) = ) =

¥ 5% Bifidobacterium ¥

~ ~ ™ - adolescentis 100%)

S S S S

= = = X

o~ N d < <
- k__Bacteria;p__Actinobacteria _ k__Bacteria;p__Firmicutes Gorkiewicz and SEIdEI,
B < Bacteria;p _Bacteroidetes - k__Bacteria;p Fusobacteria unpublished data
- k__Bacteria;p Cyanobacteria k__Bacteria;p _Proteobacteria
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Severe Immune Cytopenia Registry: www.SIC-reg.org

Developed with help of Oliver Kindler, diploma student, now M.D. )
retrospective survey

prospective multicenter study including:

 persisting/chronic ITP [from 6 months duration]
e autoimmune hemolytic anemia [from start]

background

-

e Evans Syndrome [from start] —
+isolated-Autoimmune neutropenia —
Aims: ‘

 discover underlying diseases early optimize management l

* recommend and harmonize diagnostic steps

* recommend stratified first & second line therapy identify novel variants

* recommend when to refer to which centres

« gather data on epidemiology and use of modern identify modifiers

DD | SIC-REG study | biomarkers

(incl. off-label) drugs
e provide platform at the interface of hem-immun

conclusions results
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http://www.sic-reg.org/

SYnopsis

Inclusion criteria:

1. Patient >6m <25yrS InitialtéiI:anostic

background

Patient > 6 mo

1

Immune
phenotype incl.
senescence,
cytokine Panel,
other biomarkers

Genetic
diagnostics
(clinical routine
or off-study
research

Intestinal
microbiome
analysis

Initial treatment
CRF (optional)

2. persistent & chronic ITP
(>6 months after first manifestation)
3. AIHA (immediately) Rl aneie

months,
diagnostic CRF

cooperation)

Regular
follow-up
(with every
study visit)

Regular
follow-up
(with every
study visit)

Visit after 6
months,
treatment CRF

4. Evans Syndrome (immediately .
cause O

secondary ID = Visit after 12

secondary ITP months, then
yearly,
diagnostic CRF

Exclusion criteria:
1. No malignancy or HSC

Visit after 12
months, then
EETYA
treatment CRF

TOOO

* Time points (months): . )
0,6,12, 24,36, 48 e

. CRF’ blood’ 5t00| after inclusion
* Everything may be done locally

Repeat at every
change or
termination of
treatment

DD | SIC-REG study | biomarkers

End of study
(end of follow-

* Biomarker analyses may be sent to Graz up or end of

. . . . . SIC-Reg.org) ® _. _
* Non-exclusive: patients will be registered within sic-reg.org

appropriate disease-specific other registries as
well (e.g. PARC-ITP; EWOG-MDS; Fanconi
Anemia Registry...)

conclusions results
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Congenital
TP

background

Hemolytic
anemia

BMF,
malignancy

hematological causes

Primary
immuno-
deficiency

DD | SIC-REG study biomarkers

Auto-
immune
disease

immunological causes

conclusions results

giant platelets?
MPV, IPF
morphology

morphology,

hemolysis ?
MCV, RDW, Reti

MDS-RCC, [SAA],
OP, DBA, RD

DNT, biomarkers

SLE

ANA, dsDNA,
ESR, APLA,
CH50/AH50

CMV
parvo-B19
HHVES, ...

Research Unit Pediatric Hematology & Immunology

family history
(kidneys,
cataract...)

Coombs

blood group
Plt/Neutroph-Abs

Fanconi A.
"MC)

diagnosis to start
correct treatment

Bmem,IgG,A,M
vaccin. Ab, IgE

AITD, DM
autoantibodies

HCV, HIV
EBV, AdV

M.G.Seidel

GPS, MYHS9,
WAS, BSS, GT,
... (IFM, FACS)

Hb el’'phor,
B12, folate,
RBC-enzymes,
methylmalonacid-
uria, homocystein

SDS
stool/elastase
Gaucher’s D.
enzyme/gene

CID

naive T, TRECs,
gdT, proliferation

enteropathy
celiac d., VitA
calprotectin, other:
neurological, joints,
skin, etc.

Helicobacter,
Campylobacter

vWS II, HUS,

coagulation,
VvWEF:Ag, VWF:Rco,
ADAMTS13

CAD

cold/warm
agglutinins, C3d;

TMA sc5-9, €3

DKC (Telomeres),
PNH (FACS),
GATA?2 (DC-ratio)
Searching for a
common pattern

senescence*
cytokines™
CTLA4*, LRBA*

IGF, BP3, HGH
PTH, VitD3
P-STAT3/5*
Searching for a
common pattern
stool:
microbiome*

SIC-reg.org prospective registry study

3 extremely rare
genetic diseases
discovered

hematology
gene panel
(WES)#

hematology
gene panel
(WES)*

PID
gene panel
2 extremely rare
genetic diseases
discovered

gene panel
(WES)#

Medial University of Graz



DD congenital thrombocytopenia, examples

Suppl. Figure 1.

background

r-=1 ,_\
. Family A [
e 16 of 65 ch TP
0 chronic LT
na. I 5dyrs,a/w
o o 1 n.f.e.; custody for A.2 i
admission Dg = ITP r et Family B
1 I_ _l‘ H
. L2 ~=’ B1: 27yrs; 30yrs, a/w
I n G ra Z CO h O rt 9 n Ot ITP I A.1: 33yrs; n.a. history of chronic ITP reportedly normal CBC; n.f.e.
H history of chronic “ITP” duringamem
during aao escence; untreated, only monitored;
treated with rituximab; moderate bleeding B2: 3
. . L . ; . : 3yrs;
° 4 3 d | t I t t h remission after splenectomy; (petechiae, hematoma); ) )
+ a u re a I Ve S W I moderate bleeding (epistaxis, A.2: 10yrs; variable mild neutropenia; varlal:.)Ie mild TP and o
petechiae, hematoma); chronic TP; unaware of any parental blood disease occasional, moderate neutropenia since 1%t year;

untreated, only monitored;

ETV6—| i n ke d I e u ke m ia/fa m i | ia | autism-spectrum disorrc]izr.i ;:;:i;?::ﬁ:g:jai:fn(g;jﬂaﬂs' or malignancy moderate bleeding (petechiae, hematoma, epistaxis)
no parental history available autism-spectrum disorder
thrombocytopenia syndrome it
. T 1
- | dulthood - r 1 .0: 5
( E L FTS ) - t h e m O St fre q u e nt " \\, +11:ora’:1tiz>li>nuc;:coer !- i from bladde-:: LgLit:rr::;Eg?’%i : E——O gr?mzle:wyelofibrosis since later adulthood

---------------- ===4 o chronic CBC abnormality reported ===+ [JAK2: p.V617F, somatic]

° 7, rJi' Diabetes mellitus; I'J-'-I----a7m::.a-,;-l: :n- ----------
GFl1b, GATA2, MYH9, r . eI i O

DD | SIC-REG study biomarkers

1
\
( ry{=- : a/w, n.a.; : 1 reportedly i 1
. M h ~=’ = reportedly normal CBC ™= == normal CBC ===+ 12
1 1.2: A
osteopetrosis, M. Gaucher... .

r d- history of chronic ”ITP” since childhood
: : after one episode of hemorrhagic enteroconts at 6 yrs of age,

C.2.2: 8yrs;

°® D K T | N F 2 ——— not requiring treatment; no other bleeding tendency reported
+in childhood C.2.1: 14yrs;

from AML (TRM); chronic ”ITP” during childhood, acute lymphoblastic leukemia at 5yrs
n.a. not requiring treatment; (ALL, hyperdiploid, B cell precursor phenotyp#);

TP during maintenance therapy;
no bleeding tendency reported

[ ] P N H , FA, R CC only mild, occasional, petechial bleeding

conclusions results
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DD primary immunodeficiency, example

e Infant with CMV bronchiolitis 300 v v

and thrombocytopenia = 250

A 4 \ 4 rYyvy \ 4 Y

— platelets
eltrombopag

== romiplostim

Y ptl transfusions

* >90days mechanical ventilation £ 200

o

g
=
©
O
. . T 150 DLI
5| e Klebsiella sepsis 100 ¥ Fescl
2 . Vv PBSCT
b . 50 'l,lu
21 ¢ Low naive T cells al
o
5 | * Diagnosed with WIP deficiency o I T
S (Wiskott Aldrich interacting protein) age (weeks)

Unstimulated CcCL19

Front. Immunol. 2018; 9:2554.

Healthy donor

BLOOD 2017; 130:1949-1953

Patient

conclusions results
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Treatment is only documented

Extract of international recommendations, sic-reg.org assumes no liability whatsoever

background

4 .. N\ ]
AlIHA, ES: goal = remission cITP: goal = no risk of hemorrhage, QoL

2]
E) first line options: first line options -if treatment is needed at all:
S Prednisolone 2-5mg/kg/d days 1-3, then 1-2mg/kg/day, IVIG 0.5-0.8 g/kg according to local standards
- wean off after 4 wks > 8wks... - if Rh+: anti-D (25)50-75ug/kg s.c. or i.v.
9O dexamethasone 5-10(20)mg/m2/day>3-5 days
- second line options”:
> Prednisolone + MMF 1200mg/m2/day second line options*:
_g - if DNT /: prednisolone + sirolimus 1-2.8 mg/m2/day MMF 1200mg/m2/day = prednisolone
1 [trough level 5ng/mL] - if DNT /: sirolimus instead of MMF
(LB - if signs of CID, consider targeted therapy*, HSCT - if signs of CID, consider targeted therapy*, HSCT
o - wean off pred after 4 weeks TPOR-Agonists: eltrombopag 25-50mg/day (0.8-1.2mg/kg
Q;I) - wean off MMF after 6-12 months over 3-6 months* <6yrs); or romiplostim 100-250ug/m2/week (1-10pg/kg)
n Rituximab 375mg/m2 qw, 4 times, or 2x1g/m2 q2 wks - wean off MMF after 6-12 months over 3-6 months?
O (consider prior vaccination pneumoc., HiB, meningoc.)
O [Methylprednisolone 10-30mg/kg/d>4days] third line options*:

[Dexamethasone 5-10mg/m2>4days] rituximab, danazol,

AZT, VCR, Dapson, (Retinoids®)

third line options*: adults: splenectomy (vaccinate!, OPSI-prophyl.)...

danazol, AZT, VCR, splenectomy, bortezomib®, carfilzomib?,
eculizumab* (CAD, PNH), CY, CSA,

\ ibrutinib®, daratumumab?,..., HSCT No liability! ) \_ @ sic-reg.org | M.G.Seidel No liability! )

iency, eculizumab in
'

51,9
7,

#order depending on immune or phenotypical abnormality; * if underlying disease is identified (e.g. p110 inhib. in APDS-study, abatacept in LRBA-deficiency & CTLA4 haploinsuffi
PNH, TMA, or TTP....), ideally within clinical studies; *largely anecdotal evidence, ideally done within clinical studies; grey font used for approaches with scarce evidence.

Kiihne T. Hamostaseologie. 2016 Oct;37(1):36-44. ; Teachey DT, Lambert MP. Pediatr Clin North Am. 2013 Dec;60(6):1489-511. ; Grace RF, Neunert C. Hematology. 2016;2016(1):698-706. ; Miano M. Br J
Go RS, Winters JL, Kay NE. Blood. 2017;129(22):2971-9. ; Miano M, Scalzone M, Perri K, Palmisani E, Caviglia I, MicalizziC, et al. Br J Haematol. 2015 Oct;171(2):247-53. ; Panigrahi A, Clark A, Myers J, Raj
Feb;64(2):287-93. ; Ladogana S, Maruzzi M, Samperi P, Perrotta S, Del Vecchio GC, Notarangelo LD, et al. Blood Transfus. 2017 May;15(3):259-67. ; Neunert C, Lim W, Crowther M, Cohen A, Solberg L, Cro!
Apr;117(16):4190-207. ; Cuker A, Neunert CE. Blood. 2016 Sep;128(12):1547-54.
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Recruitment & Participating centers

Opened April 2018 * Centers : patients

https://clinicaltrials.gov/ct2/show/NCT03576742 * Austria:
* Graz / ped. hem.-onc.: 12

* Graz / adult hematology: 1

* Officially as “pilot phase” » Klagenfurt peds.: 1
(additional analyses and grant proposal are * Innsbruck: 0
planned) . ltaly:

* Padua started enrolling
(ethics approval pending)

* Patient characteristics as of Aug.2019: * Florence (in preparation)
14 patients | 8:6 f:m | 3-22yrs (median 8) * Brescia (planned)
e cITP:6, ES: 5, AIHA:3, * Monza (planned)

. . . * Rome (in preparation
* “real |Iorospect|ve (at initial episode): 10 lin preparation)

“at relapse or follow-up”: 4 * Solvenia and Bulgaria
* Planned

* Spain
* Madrid (in preparation)
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background

Preliminary data:

* Only some PIDs stick out
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Senescence markers | Band T ,,ageing”
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Longitudinal analyses
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Data documentation

* History * PARC-ITP items (CRF) will be
* Clinical forwarded directly
e Lab * additional ICF for patients with ITP

» currently 3 of 14 pts (in progress)
* Treatment

 |f other DD is found, then

DD SIC-REG study biomarkers background

« 2 documented at each time patient is registered in
point and evaluated later respective registry
* longitudinally (per patient) and * Used as “observational patient™ in
sic-reg to compare lab phenotype

* cross-sectionally

(per disease / cohort) * 1x follow-up in 6-12m.

conclusions| results
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background

Conclusions and perspectives

* There are abundant causes of “secondary” ITP or SIC in children and
adolescents

* A prospective clinical registry study is needed

* A standardized diagnostic algorithm, mainly to raise awareness of
other DD and exclude them, is available at www.sic-reg.org

* Patient boards and “counseling” are part of the study

DD SIC-REG study biomarkers

* Biomarker study will be extended

* Additional participating centers are welcome
(including Swiss pediatric hem/oncology, German GPOH, ASPHO...)!
Email: markus.seidel@medunigraz.at or office@sic-reg.org

conclusions | results
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