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Initial viral insult L Proinflammatory environment 8 Immune mediated bone marrow injury

Origin of GPI-AP deficient clones

~Reduction of T regs (CD4+, CD25 +, FOXP3+)

- Expansion of Thi (CD4+, IFN-y, TNF-a)

- Expansion of Thi7 (D4, IL:6, IL-17, TNF-a)

- Expansion of autoreactive CD8+ cytotoxic T cells

Preferential survival of PIG-A

gene mutated HSC
Clonal expansion with second
genetic or epigenetic event

Inoue et al. 2003, Young et al. 2006, Parker et al. 2009, Shimamura et al. 2010, Muti et al. 2018
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« Heterogeneous group
« Overlapping diseases
« Propensity to develop MDS/AML
+ Acquired forms >80%
« Idiopathic forms >75%
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Clinical utility of testing for GPI-A
deficient clones in BMFS
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/ \SiﬁofAA patients < 40 years have germline mutations /

Amegakaryocytic trombocytopenia
Reticular dysgenesis (TAR)

Hypocellular BM (< 30%): 10

- Presence of GPI-deficient clone is predictive of response
o IST and lower incidence of later MDS/AML
- 10-15% of cases show clone evolution

Presence of GPI-deficient clone: high NPV for IBFS

Young et 1, 2006, Ate et 201, Shmamra et s, 2080, Deser et s, 2016, Keat 203, Sty 5L 2017, Ot 2017, Mt . 2026
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Clinical utility of testing for GPI-A
deficient clones in PNH

Aplastic
Chronic hemolysis

No clinical evidence
No laboratory evidence
Small PNH phenotypes

Small / medium / big PNH clone Minor clone (<1%) / cells with PNH phenotype (<0.1%)

Young et al 2006, Wang et a. 2008, de Latour et al. 2008, Parker et al, 2009, Hil et al. 2012, DeZern et al. 2014, Ristano et al. 2016, Kiick et al, 2016, Townskey etal. 2017
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Diagnostic Workflow for iBMFS

agnosis of BMF o
H
PNH Workout for
Flow Cytometry Acquired BMF

Multiplex NGS panels

Chromosomal Breakage Studies and
Lymphocyte Telomere Length

Medical history, physical
Confirmatory Gene exam., lab. findings suggestive
Analysis for FA or DC for IBMES

GPI-AP deficiency evaluation by Flow Cytometry - Rule out GPI-A deficiency

Ak [I'f‘ﬁ [ scenes e s s oo
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FBC: ia, anemia with reti enia, mak
BM aspirate and trephine biopsy

- aplastic bone marrow, without dysplasia and blast infiltration
[ i by ient cells in /FiSH
- 12%: -7/del(7q), del 13q, trisomy 8

SNP-A (do not require dividing cells:
- 19% of unbalanced chromosomal defects

Mutation analysis

- cca 20% associated with myeloid genes typically detected in MDS )
- More favorable: PIG-A, BCOR/BCOR1 ’"é:f
- Less favorable: DNMT3A, ASXL1, TP53, RUNX1, CSMD1 Frres
- MDS associated mutations also occur in healthy older individuals - clinically NOT
predictable P!
GPI-AP deficiency evaluation by Flow Cytometry =
- rule out iBMFS (AA) B
- prediction of response to IST and risk of transformation to MDS/AML —— =
- clone evolution monitoring
Young NS 1l 2006, Kuts 1 . 2008, Ogau .. 2016, 1. et . 2012, Shinamsa 1 . 201, Korashi et . 2012, Wt 1, 2018

GPI-anchor deficiency in BMFS
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A MDS Unexplained cytopenia ~ Pancytopenia

Sugimori et al., 2012, Movalia et al. 2011, Raza et al., 2014, Morado et al. 2016

Importance of high ivity assay (> 0.01
ESCCA Screening and Monitoring of

European Saciety
for Clinical Cell Analysis

)

GPI-anchor deficiency

If no transplantation

cal or clinically
nt PNH clone
on Eculizumab

PNH

Spontaneous

remission

Sporadic
spontaneous
remission
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FBC: ia, anemia with r ia, makrocytosis.

BM aspirate and trephine biopsy =
- hypoplastic bone marrow (h-MDS) morphological evidence of dysplasia

Cytogenetics / FISH

54% MDS (-5, 50, -7, 7q-, +8, 20q-.....)

abnormal cytogenetic clone does not imply the dg. MDS L
—

Mutation analysis

-35%

- Favorable: SF381 srmin

- Adverse <5% blasts: NPM1, NRAS, WTL, SRSF2, ASXLL, IDH2, GATA2, TPS3,
RUNX1, EZH2, PRPFS
- Adverse 5-30%: TP53, RUNX1, EZH2, PRPFS, FLT3, CBL

‘GPI-AP deficiency evaluation by Flow Cytometry e

- prediction of response to IST and risk of transformation to MDS/AML %

- clone evolution monitoring ———
mrmmITET —

Maciejouski et i 2004, Gupta o . 2008, Hosokaua et a. 2012, Holbo et al. 2013, Yostizao otal. 2015, Moriazay et al. 2003
Juswal otal 2014, Genovese et . 2014, Hafrach o1 . 2014, Young ot . 2016, Kilck et 2016, Sancly etal 2017
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Screen for PNH
at the diagnosis
of AA

Clinical indications for PNH
include: “Evidence of bone
marrow failure”, including

Reassess every 6
months for
2 years

Reassess every
3 months for 2 years

“suspected or proven apla:
or hypoplastic anemia

BCSH?
“Patients should be screened
for PNH at the diagnosis of AA.”

Switchto Development of
PNH signs/
symptoms

Reduce frequency
only if PNH clone
size remains stabl

yearly testing

1. Parker C, et al. 2005, 2. Borowitz MJ, et al 2010, 3. Kilick SB, et al. 2016
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Nactumal Hemeglobinuria (PHK) and other Bane Marraw
Disorders - Part 1

PROVIDE VALIDATED APPROACHES meeting criteria for high:

setngs or .
o cytometric detaction of Paraeysmal Nocturnal
PNHK Part 2 * Accuracy / Trueness - EQA, ILC

[
Foagen Seloction

« Clinical specificity (TN/TN+FP) - > 99%
« Analyti ificity - library of validated MoAbs
: « Clinical sensitivity (TP/TP+N) - >99%
1cCs/EScCn Consemus Guiselines o setect G garicrent
et Parcaysmar Nochu i | i itivity/ LOD - 20 events for reproducible detection
el Tl Lt

« Functional sensitivity/ LOQ - 50 events for reproducible quantification
« Intra-assay imprecision / Repeatability - < 2% / 5%
« Inter-assayimprecision / ibility - < 2% / 5%

IECSASCCA Conserss Gusdelines for the Fow Cytometric
Testing for Patience with Sus pucted Parosysmal Nacturnal
Homoglobinuria (FNH) Validation and Quality Assurance

Guidelines for 8 (PN 2018
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CDS9PE Titrations: The Good. The Bad and The Ugly

iccs/escea Flow Cytometrc Testing f Cytometry 8 Clin Cytom. 2018
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Beckman Coulter

Target | Antibody Conugates | Purpose
GPinked (Ne +
Mo)

Pre-analytical considerations-
reagent selection: WBCs

Panel design

24aser: 5-color assay (CD157)
FLAER, CDI57PE, CDB4ECD, CDISPE-CyS, CD4SPE-Cy7

FLAER Alexadss

CD24-PE GPLinked (Ne)
co24-APC

34aser: 5-color assay (CD157)
FLAER, CDI5TPE, CD4SPErCP-CyS 5, CDBAAPC, ]
FLAER, CDISTPE, CD45 PerCP-Cy5.5, CD15 (MMA) APC, CDB4 PE-Cy7

GPinked (Mo)

Coreapcron
P —
Wi FLAER
wee | P GPrined (Ve - FLAER, CD2APE, CD14PEICPCYS 5, CDISAPC, CDBPE Cy7, CDAS APC.Cy7
vo) No FLAER
Cosipes Gatrg on COIS7PE, CDASPEICR, CDBIPE Cy7, CD24APC, CDLAPCCyT,
costeco Voroces CO157PE. GDISPE-Cys, COBPE-CyT, COR4APC, CD14APC-Cy,
Cosapc
Cotspos Gatng on Saser: -color assay (3 GPI markers)
Co1s percp-efTio | Newrophis FLAER, CDISTPE, COSPerCP.CyS S, COBAPE-Cy7, CORAPC, COLAPG Oy,
Cots percpoyss :
Py p— FLAER, CDISTPE, COISPECyS, COBAPE Cy7, CORAPC, COLAPG Oy,
CoisKo RBC exchion +
Cos-eFas0 patern recognivon

ICCSIESCCA Consensus Guidelines for the Flow Cytomeric Testing for Patients with Suspected Paroxysmal Nocturnal Hemoglobinuria (PNH) . Cytometry B Cin Cytom. 2018
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Analytical considerations-
RBCs analysis strategy

[Time gate 53) [wec)
RoC: 99308 lc02350. Singiers : 99.40

4

[Ungated)

Cout

o o

iccs/escea Flow Cytometrc Testing f Cytometry B Clin Cytom. 2018
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&\ ESCCA Pre-analytical considerations
w e reagent selection: RBCs

Target 22:?:;;% [V sSM Clone and Vendor
10F7MN (eBio)
CD235a- Gating YTH 89.1 (Cedarlane)
FITC on RBC (NN
JC159 (DAKO)
RBC
GPI- S\éfﬂéjéiﬁl\?i)lrogen)
CD59-PE linked for
MEM-43
RBC Acquisition: cca 10 min Acquisition: cca 20 min

(EXBIO/Cedarlane)

ESc Cytometry B Cin Cytom. 2018

9 with
Sutherland DR, Richards SJ, Ortz F, Nayyar R, Benko M, Marinov , llingworth A. Cytometry B 2019 submitted
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Pre-analytical considerations-
reagent selection: WBCs

Panel design

st | oot o | P
FTe TR P FLAGR, CDISTPE, CDISPEICP-eFT10,COBARC, COASAPC-C
o
o Gined e Siaser: Scolor assay @OI57)
FLAER, CDISTPE, CDASPeICP-CYS 5, CDBAPC
orape GPHinked (Vo) FLAER, CDISTPE, CD45 PerCP-Cy5.5, CD15 (MMA) APC, CD64 PE-Cy7
e
P prer s
wac Mo With FLAER
Py P FLAER, CDRAPE, CDI4PEICP-Cy55, CDISAPC, COBA PE-Cy7 COASAPC. T
CDBA-PECYT Monocytes No FLAER
CDISTPE, COASPHCP,COMPE.Cy. CORAPC, COLAAPC. 7, CO1
cotsarc prmy
Gotsracraio | Natoms
ot recross e Totor ey 6 Gt marors)
FLAER, CDISTPE, CDASPEICP-Cy 5 COBPE.Cy, COLAPC, COLAAPC. 1,
Err Erp—r ‘
s | iopion
cesEsce i Cpameny 8 cin o 2018
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- e s RBCs gating difficulties

Pt 2 Dynamic gating

18 e

Pt 1 Static gating Pt 2 Static gating
s w

oot ¢ gm

i ] ] | @

b f o £

5 Toom pen £ {imen Twes L e— [ S -

¥ "1 Typelliand Typell "I Typeliand Typell | = ' Microcytic anemia
Type Il gating dfficulty gating dfcutties gatig diffculties Normal WBCs

o T AN T T
e MO g, IR s PR T g g AR

Sutherland DR, Richards 5, rti F, Nayyar R, Benko M, Marinov , lingworth A Cytometry B 2019 submitted
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iRBCs (nucleated + reticulocytes) analysis
CD235a/CD59/CD71

B Corrlation between  Tolal RO v Nevtrophis
P m—
iH
e =
Tl  Neutrophis
“l EErEERANE Correlation between % Total IRBCS vs % M
| o = Manepies

Sutheriand DR, Richords s, Ortiz , Noyyar . Benko M, Marinov, lingworth A. Cytometry B 2019 i
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Analytical considerations- WBC analysis strategy

6-c FLAER/CD14/CD24 based assay

i st i vty

il

i

Sutheriond et ol 2014
Worinovetal 2016
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Cytometry B Clin Cytom. 2018

Analytical considerations- WBC analysis strategy
7-c FLAER/CD14/CD24/CD157 based assay

Sutherlond DR, Ortiz, Quest G, llingworth A, Benko M, Marinov', Noyyor and Marinov . Cytometry B 2018
iccs/escca Flow Cytometrc Testing f

23

Cytom. 2018
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Rare CD157- non PNH
cases (<0.5%)

- SNP (Arg145GIn)
- Infection (HBV)
- Unknown

Analysis of 2 GPI
markers per lineage
(Ne, Mo) and RBCs

NO False positive
results reported !1!

Sutheriand et ol 2014
Marinovetal. 2016

18-10-2019

Analytical considerations- WBC analysis strategy
5-c (2 laser) FLAER/CD157 based assay

Tsting forPatients with

20
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CD157/CD:

Marinov etal. 2016

Cytometry Bcin Cytom. 2018

Analytical considerations- WBC analysis strategy
6-c non-FLAER based assay

ICCSIES the Fiow Cytomeic Testing ents with Sus
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Reporting

- PNH clone present (>LOQ) / detectable
(>LOD, <LOQ) / absent (<LOD)

- PNH RBCs: type Il , type Il type I1+111 (%)

- PNH Ne: type 1+l
- PNH Mo type [1+111

pecte Cytomerry 8 Clin Cytom. 2018

Post-analytical considerations - reporting

Terminology CSLI H52-A2"
- GPI deficient clone >1%: PNH klon
- GPI deficient clone 0.1% - 1%: minor PNH clone

- GPI deficient clone <O.

GPI- phenotype

ccs/escea ting

24

Cytometry B Cin Cytom. 2018
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« GPI deficiency testing by HS FCM is useful in young patients to rule out inherited BMFS

+ GPI deficiency testing by HS FCM is important do detect and follow up PNH phenotypes in acquired
BMFS: 15 - 20% of patients with BMFS could develop subclinical or clinically relevant PNH clone

« GPI deficiency testing by HS FCM is important for predicting response to IST in AA and h-MDS
« GPI deficiency testing by HS FCM is important for predicting progression of AA / h-MDS to MDS/AML

« GPI deficiency testing by HS FCM is important for the diagnosis, classification and follow-up of PNH:
20-30% of patients with classical PNH could develop pancytopenia

« Mandatory analysis of 2 GPI markers on WBC (Ne, Mo) and RBCs

« Library of validated reagents for various HW configurations
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e ON BEHALF OF
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Part 1 Part 2 Part 3 Part4

A.E. Dezem DR Sutherland A. lllingworth T. Oldaker

M.J. Borowitz
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+ Report with concern to LOD a LOQ using uniform terminology (CSLI H52-A21)

« Analysis of iRBCs improves the delineation of PNH type III, type Il and normal subsets and provides
more accurate information concerning the RBC PNH clone size
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