Oc¢cia pueAoyevAhc Asuxaipia
YToA€IUUATIKA VOOOC HE
KUTTAPOUETpiIa ponc:

TToTe kai utd moieg TTpolmoBOéaoeiC;

Katepiva Yappa
Tunua AvodgoAoyiag - IogtoouuPatothtag
.N.A. «O EvayyeAwgpog»



Idaviké cuoTnua MRD

1) epapuooiyo oTa TEPIOCOOTEPA TEPIOTATIKA TNC
utto diepeuvhon vooou

2) €101KO YId TO VEOTTAAOHATIKO KUTTAPIKO TUTIO
3) euaioBbnTo

4) emTPETTEl TNV TOOOTIKA EKTIUNON TOU (OPTioU
ThG VOOOU



MéBodoi yia Tnv avixveuon Tng MRD
otnv AML

ITable 11
Methods for Detection of Minimal Residual Disease in AML
Technigue Advantages Disadvantages Sensitivity
Standard morphologic studies — Low sensitivity; not suitable for low level 1%-5%
of leukemic cells
Cytogenetics — Labor-intensive; slow; requires metaphase 5%
chromosome preparations
FISH Dividing cells not required; large number of cells  Labor-intensive; limited sensitivity 0.3%-5%
can be analyzed in a short time; interphase
FISH precludes need for high-quality meta-
phases (cf standard cytogenetics)
Gene rearrangements by Low risk of contamination; patient-specific Labor-intensive; slow; limited sensitivity 1%-5%
Southern blotting
PCR analysis Can be identified with limited set of primers; False-positive results; applied in <50% of 104 to 1075
high stability of DNA; relatively easy; rapid AML cases; relatively expensive
{(1-3 d); no (or very low <107%) background in
normal cells; sensitive; patient specific
Flow cytometric immuno- Applicable for most cases (>80%); quantification  Not as specific as PCR; presence of 1074
phenotyping simple; single cell analysis; cell viability can be subpopulation in AML; immuno-

determined; information on normal cells;
relatively easy; cheap; rapid (1-2 d); relatively
patient-specific

phenotypic shifts can occur between
diagnosis and relapse

AML, acute myeloid lenkemia, FISH, fluorescence in sim hybridization; PCR, polymerase chain reaction.



AAyopIBuocC via Thv avixveuon TnG
MRD otnv AML

Screening panel of MoAbs by multiple staining assays
at presentation of BM samples

|
AML ALL

using 5-color staining and CD45 gating strategy

Secondary panel to identify LAP

| LAP+ patient |

| LAP- patient |

Definition of specific LAP+ per patient
and the % of LAP+ at diagnosis

[Not suitable to track MRD |

[Use LAP+ during follow-up BMs to track MRD |

|Establish % MRD after every cycle of treatment|

[Correlate % MRD with relapse, RFS, and 0S|

El-Mawali et al, 2009



ATUuTh £éKppaon -Leukemia associated
immunophenotype - LAIP

1) aoUyxpovn avTiyoviki ékppacn dnA. TAQUTOXPOVN EKPpaAch awpwy
Kdl wpipgwyv O€IKTWY 010 010 KUTTAPO, OTTWC N CUVEKPPACH TOU
CD34 kai Tou CD15.

2) ékppacn deikTh AAANC KUTTAPIKAC aeipdc, OnA. Ekppacn dEIKTWY
TNC AEUQIKAC O€IpdC Kal TTIo oUyKeKpIpéva Twy CD2, CDY5, CD7,
CD10, CD19 oTouc PAdoTec pUeAIKAC oEIpdC

3) umepékppaon avtiyovou, dnA. maBoAoyikd auvfnuévn Ekppaocn
OUYKEKPIUEVOU AVTIYOVOU avd KUTTApO

4) un avapevopevec 1010TNTEC okédaong, Tou mepiAappdavouv Tnv
EKPpaAon AsH@IKWY avTiyovwy oe PAdoTIKA KUTTApd HE UYNAR
euBcia kal Adyia okédaon, TTOU avTIOoToIXoUV OTd QUOIoAoYIKA
pueAoeidn KUTTApPA

5) amouadia éKppaong €10IKWY Yyid TNV KUTTAPIKA OgIpd avTiyovwy,
Tov TepiAapPdvel amoucia Twy AVAUEVOHEVWY AVTIYOVWY, OTIWG
Ta CD13, CD33 oToug pueAikoUc PAdoTEG.



2 TIKTOYpauua (dot-plot) puaioAoyikol BM
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2. TPAThYIKA

- TauTtoTmoinon Tou povadikoU avooopaivoTuTIoU HE
TTOAUXPWHATIKA Xpwon

- KaBopiopo6c Tou/Twv e€IdIKWv yid Tov doOevA
LAIPs

« IxvnAatnon tng MRD agoU emiteuxBei n CR kai
Kard Tnv TdpakoAouBnon (Oepameia ecpodou,
edpaiwanc, TapakoAoudnon)



TauTtoTtoinon avooowdivoTuTIou

« MeydAoc apiBuoc pBopiloucwy ouaiwyv
- Koiva avriyova CD34, CD45, CD117
+ KareuBuvTthpiec odnyiec



KaBopiopoc LAIPs

- Qctwpia
“ E1dikoTNTA: TOCOOTO O€E YUaIoAoyikO BM
TPOOOAKN OEIKTWY AWPOTNTAC
% Euai06ngoia: mooooTo ékppaonc LAIP oto
BPAAoTIKO TANBUONO
YynAn >560%, evdidueon 20-50%, xaunAn 10-
20%
% 2.700€epoOTNTA: cUTIEIpia



2uxvotntec LAIPs o AML,
(pUOI0AOYIKO Kal avayevvwpevo B

Frequencies of LAPs in 51 AML Samples, 10 Normal BM Samples, and 5 Regenerating BM Samples

LAPsin Positive Cells in Positive Cells in
No.af AML (%) Normal BM (%) Log Difference Regenerating BM (%) Log Difference
Cases
LAP With AML™ Min Max Median Min Max Min Max Median Min Max Min Max
~D344/CD2+ B 26 0.001 0.000 0.0C
CD34+4/CD7+ 12 1R 0.002 .000 ) (
CD34+/CD10+ | 22 ).012 0,000 ) 0
CD34+/CD18+ 2 24 ) .002 .000 ) (
cD ¥ 1 1 0.003 0.000 ) (
CD1 1 | 30 0.003 0.000 ) 0
CL 1 7 17 0.001 0.000 ) 0
Cin 1 53 1.00: 0.000 ) (
0 ( ). 00K 0.00 ) 0
| 30 0,000 ) (
| 1 0.000 ) (
0 0.000 )
20 10 0.000 0 0
5 29 0.000 ) 0O
: 10 0,000 ) 0
15 1 0.005 ) (
10 12 00 )
(8] 00 ) (
| 1) U000 ) {
1" .00 0.000 ) (
1 0.067 0.001 )
22 10 0.0C 0.00 ) ¢
11 f 0 0.000 ) ) 0
Minimum 0 0 0 0.000 ).0M 2297 2 99 ) O01 (
Maximum 0 92 0.067 0,006 ). 18¢ 1.48 1.96 ). O8F 0.023 0.443 4 36 1 81

AML, acute myeloid lenkemin: BM, bone marrow: LAP. Jenkemin-associated phenotype: Max, maximum: Min, minimum: NC, no cases found for the defined nbermnt
mununophenonpe

" Some cases have more than | LAP

T CD34+/CD15+/CD33%™ was defined.

El-Mawali et al, 2008



O1 ouxvoTepol kal TTAéov euaioOntol LAIPs pe paon th
uéyiotn log d1apopd Twv TOCOOTWY TWV BETIKWY
KUTTdpwv atnv AML oe oxéon pe puaiohoyiko (A) kai
avaysvvwpevo (B) BM

5.04
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w
g 4.8
@ 3 4.7
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= 4.6
o D
o 46
i o 4.5
é 4.5 E ra
'g 44 E 43
- 4.3 E 42
%21 CD34+  CD34+  CD34+  CD34+ CD34+ CD34+ CD34+ 'CD117+ CD34+ CD34+ CD117+ CD117+
CD2+ CD7+ CD19+ CD11b+ CD56+ CD7+ CD19+ CD2+ CD11b+ CD56+ CD11b+ CD56+
Most Aberrant and Sensitive LAPs Most Aberrant and Sensitive LAPs

El-Mawali et al, 2008



KaBopiopoc LAIPs

* 2 XNUATIOUOC

%1 deikTng mpoyovikwy KutTdpwy (CD133, CD34,
CD117)

%1 pueAhikoc deiktne (CD33, CD13)
% atumo¢ 0€iKTNG

% Av 1 LAIP oxnuartiopoc kai deUtepou pe dAAo
TIPOYOVIKO Kdl dAAo HUEAIKO



LAP REPORT form

number registration number

measured by centrum

judged by centrum

AML

Populations (see commentory 1)

remarks

Immature leukaemic blasts
Mature leumaemic blasts
Leukaemic blasts (CD45aberrant)
Lymfocytes

Monocytes

Granulocytes

LAPS (see commentory 2)

Judgement of the quality of LAPs

LAPs aberrancy

% aberrancy

LAP

% LAP

specificity

sensitivity

stability

quality

~N o o1 A W DN -

8

number of aberrancies

Remarks




IxvnAdtnon MRD

+ TTooooTdé LAIP+ kutTdpwy

* MRD av > mooooToU ae puaoioAoyiko 1
avaysvvwpevo BM

« Avagpopd guaioOnoiac yid To CUYKEKPIHEVO
KEVTPO



2. TPATNYIKA 0p10O£TNONC YIa avixveuon
MRD

De novo AML BM after BM after
st cycle 2nd cycle
e No gate 1
] Characterization of WBC
8. compartment (R1)
Defining of
CD45dim . - 2
.blaStS Exclusion of cell fragments
inWBC H and/or dead cells (R2)
compartment -
. o’ In R1+R2 3
9 ﬂ b m Identification of CD45 dim /
g 3 SSC blasts (R3)
Tl | T
] TH o
- g4 o In R1+R2+R3 4
5 i 5 g i Gate on CD117+ cells (R4)
a a F o
- o, | o 8
Defining of T TR T
LAP+ cells s e s
in WBCt ar: o . o In R1+R2 5
compartment || o R 2 : Gate on CD117+ cells
a a a which are CD45dim (R5)
8 8 8
T E A -
CD45EC D CD45EC D CD45EC D
- - - In R1+R2+R3+R4+R5 6
M Al A L Gate on CD33+CD7+ cells,
S 4 which are CD117+
= = CD45dim : LAP+ cells (R6)
B S 0" In R1+R2+R3+R4+R5+R6
@ o €] 2 @ Backgating of LAP+ cells in
5 = a a CD117/SSC plot
=% | 8 | ©.
T - I
- s g g
d 4 d
Backgating = = = In R1+R2+R3+R4+R5+R6
of LAP+ X ] ] Backgating of LAP+ cells in
cells [ 8 [ a SSC/FSC plot
R S L In R1+R2+R3+R4+R5+R6
o o o Backgating of LAP+ cells in
: @ i@ 2 |9 a CD45/SSC plot
8 | 8 8
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MRD report form

number |[registration number|cycle/day [measured by center judged by center

AML

Cell populations % Remarks

Blasts
Lymfocytes
monocytes
granulocytes

LAPS in WBC compartment quality of the LAP

no LAP LAP% at diagnosis specificity sensitivity  |stability % LAP in WBC % MRD in WBC

MRD yes / no /not evaluable

Comment




Commentary
Cell populations
Percentages of blasts, lymfocytes, monocytes en granulocytes are established in the white blood cell compartment (WBC, i.e. CD45-FSC)

LAPS in WBC compartment

LAP% at diagnosis  Note in the column "LAP% at diagnosis" the LAP as percentage of the blasts
as established in newly diagnosed material.

quality of LAPS: Establish the specificity,sensitivity and stability of the LAPS according to the definitions as described below

specificity as defined in the SOP " Defining Leukaemia Associated Phenotypes in newly diagnosed Acute Myeloid Leukaemia"
sensitivity as defined in the SOP " Defining Leukaemia Associated Phenotypes in newly diagnosed Acute Myeloid Leukaemia"
stability as defined in the SOP " Defining Leukaemia Associated Phenotypes in newly diagnosed Acute Myeloid Leukaemia"

% LAP in WBC Note the percentage of LAP as found according to the analyses

% MRD in WBC Note the percentage of MRD

MRD yes /no / not evaluable Encircle the right resuit

Comment Explain the result



IdiaitepoTnTec The MRD otnv AML

- AML avooogpaivoTuTikAn €TEPOYEVELD
« 2TIKTOYpdUHATA adTTAWNEVA O€ eupeia TTEPIOXNA
* Oxi cluster 6mmwce otnv ALL



SS

Exkppaon CD34 oTnv TepioXn Twv
awpwyv KUTTdpwv (CD45 weak)

CD34 PC5 CD34 PC5 CD45 ECD

Amoulet C et al, 2010



2 UOTNUATIKO Cross-gating oTIC TTEPIOXEG
TWV dWpwV Kal WPiHWV KUTTAPWV TNC

SS

CD34 PC7
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CD45 APC
1

CD11b FITC
Gating CD34
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N »

SS
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Rl
Tt

I N -

1

< . _ .
i; ‘E; 15 10
CD45 APC

CD34 PC7
CD34 PC7

CD11b FITC CD11b FITC
Gating CD117 Gating CD11b

Amoulet C et al, 2010



TTepiopiopoi

- ‘EAAs1yn tpoTUTIWONCG
- Aduvdpia TauToToinong TPOTTOTT0INCGNC

- AuokoAia oe CD34-CD117- mepioTaTikd Kai og
M4, M5



Table 1. Aberrant phenotypes used in MRD studies.
Aberrant phenotype No (%)
Cross-lineage infidelity 2 (M)
Ch2 R
CO7 14
COLY B
NI 8
Arttigen over-expression a (10
CO34~ ]
Antigen under-expressian 5 (5)
CO33- B
Asymchmnous antigen expression 48 (hl)
CO34°/COAE /My |
TdT /My i
CO34*/C011b+ 11
(CO34°,CO1 170/ HLA-DR- My R
(CO34,COL17)/C04 /My R
(CO34COL 1T )/ CO15™/ My 15
(CO34°,COL17+)/C014 or CDES" /My 5

Owerall, 94 abervant phenotypes were detected in 45 patienss. My: myyeloid

marker



Frequencies of LAPs in 51 Patients With AML

Range of Positive

No. of Cells in AML Bone
LAPs (n = 200) Cases Marrow (%)
Lineage infidelity (n = 40)
CD34+/CD2+ 5 26-92
CD34+/CD7+ 12 11-88
CD34+/CD10+ 1 22
CD34+/CD19+ 2 24-65
CD117+/CD2+ 5 13-91
CD117+/CD7+ 1 18-90
CD117+/CD10+ 1 17
CD1174/CD19+ 2 15-53
CD34+/Glycophorin A+ 0 0
CD117+/Glycophorin A+ 1 30
Asynchronous antigen expression (n = 146)
CD34+/CD11b+ 1 11-80
CD34+/CD14+ 0 0
CD34+/CD15+ 20 10-36
CD34+/CD56+ 5 29-84
CD34+/CD64 + 6 10-49
CD34+/CD65+ 15 11-63
CD117+/CD11b+ 10 12-62
CD117+/CD14+ 0 0
CD117+/CD15+ 25 10-55
CD117+/CD56+ 6 11-80
CD117+4/CD6B4+ 9 11-70
CD117+/CD65+ 22 10-62
CD33+/CD15+ 2 80-94
CD33+/CD64 + 5 18-97
CD33+/CD65+ 5 10-99
CD33+4/CD11b+ 3 20-26
CD33+/CD56+ 2 10-78
Lack of lineage-specific antigen (n = 14)
CD334++4/CD13- 5 93-99
CD33-/CD13++ 9 25-98

AML, acute myeloid leukemia; LAPs, leukemia-associated phenotypes: +, positive;

++, strong positive; -, negative.

« 2uxvotnTta LAIPs o¢
aoBeveic ye AML

El-Mawali et al, 2009



TTooooTd acOevwy pe LAIPs

Various LAPs and Their Frequencies

Asynchronous Lineage Antigen Aberrant Absence of
No.of MFC  LAPs Antigen Infidelity = Overexpression  Light-Scatter Lineage-Specific
Report Colors Used (%) Expression (%)° (%)’ (%) Properties (%)°  Antigens (%)
Al-Mawali et al™ 3 64 52 35 ND ND 35
Al-Mawali et al' 5 %4 73 20 ND ND 7t
Babusikova et al* 2 56 13 42 1 NR NR
Bahia et al? 3 89 824 343 NR NR NR
Drach et a?' 2 51 13 32 NR NR 16
Macedo et al’ 2and 3 73 62.5 375 175 32.5 NR
Reading et al° 2and3 85 70 54 NR NR NR
Laane etal® 3 935 83 55 16 NR 9
San Miguel et al'’ 3 NR 78 29 21 17 NR
Feller etal? 4 60 55 45 25 NR NR
Voskova et al® 2 82 50 64.3 14.3 50 27.8
Kern et al'0 3 100 14.2f 2647 329 NR 26.41

AML, acute myeloid leukemia; LAPs, leukemia-associated phenotypes; MFC, multiparameter flow cytometry; ND, not done; NR, nof reported.

* Percentage of total AML cases unless otherwise indicated.

¥ Percentage of total number of LAPs.

£ Babusikova O, Glasova M, Konikova E, et al. Leukemia-associated phenotypes: their characteristics and incidence in acute leukemia. Neoplasma. 1996:43:367-372. Laanc E,
Derolf AR, Bjorklund E, et al. The effect of allogeneic stem cell transplantation on outcome in younger acute myeloid lenkemia patients with minimal residual disease detected
by flow cytometry at the end of post-remission chemotherapy. Haemarologica. 2006:91:833-836.

El-Mawali et al, 2009



MeAéTec MRD othv AML

RESULTS OF SELECTED MRD STUDIES IN AML

Subtype [Target gene/| Patient| Informative |Method| Informative Reference
control genemumber] timepoint MRD level _
Adults: |AMLI-ETO/| 21 Post- RQ-PCR] Transcript: |Lerov et al. 2005 [5
(8:21) | TBP ratio consolidation control >10" -
A1l adults] WTI/ABL 116 j61-120 days &RQ-PCR] =04 % Weisser et al,
121-180 days 2[][]533
post start of
chemotherapy
Adults: CBFB- 21 Post- RQ-PCR| =0.25 % Buonamici
inv(16) |MYH{I/ABL completion of et al. 3[][]3] 3
chemotherapy
Adults: AMLI- 25 Post- RT-PCR] 1000 mol/mg| Tobal et al. 3(](](]9
t8:21) | ETOABL consolidation / of RNA
intensification
Adults: | AMLI- 28 Post- RQ-PCR>10 transcript| perea et al. 200610
t(8:21) | ETO/ABL completion of copies
inv{ 16) CBFB- 27 [chemotherapy| FC 0.1 %
MYHII/ABL
All adults]  Aberrant 126 Post-first FC =>0.01 % San Miguel et al,
phenotypes induction 200117
All adults]  Aberrant 142 |Post-remission] FC =0.035 % Maurillo et al,
phenotypes 20082Y
All Aberrant 252 Post-first FC =0.5% Sievers et al. ’_)[][]'_322
children | phenotvpes induction
All Aberrant 46 Post-first FC =0.1% Coustan-Smith et
children | phenotypes induction al. 3[1[132-
All Aberrant 150 [Priorto second] FC >0.1% Langebrake
children | phenotypes induction et al. 200623

Abbreviations: RQ-PCR, real-time polymerase chain reaction; FC, flow cytometry




KAIVIKEC HEAETEC

Aiadoxikd dciyuarta peTd Bepameia spddou: Tpwipun utoTpomh 6Tav MRD+
CR emi 52 epd. 6Tav MRD- (Drach et al )
TTooooTd MRD petd 1° kUkAo (17%), 2°(0,14%). 3°(0,11%) kKUKAo XhueloBepameiag Kal oTa
oUMeyévta PBMCs (0,13%) ouoxeTiCeTal 1oxupd pe emipiwon eAcBepn umotpomic (RFS).
ATtoAuToC ap1Buoc MRD cuoxeTileTal 1oxupd He Thv KAIVIKA €Kpaan.
Mmc’t)r'ro| )népag TnG Oepameiag ekTipnon kdOe 3 prvec av€non MRD onpaiver uotpoth (Feller
eta

AvdAuon ROC 0,15% 8&1dakpion MRD+/MRD-

MeTd amé Bepateia epddou n MRD ouoxeTiletal ye RFS kai ouvoAikh emipiwon (OS) (Al-
Mawali et al)

Emimedo MRD oTo TéAo¢ Thg Bepameiag epodou (0,5%) kar edpaiwong (0,2%) ouoxeTileTal
dueoa pe urotpomh Kai RFS (San Miguel et al)

Emimedo MRD (0,035%) oTo TéAo¢ TnG Oepameiag edpaiwong KAAUTEPOC TIPOYVWOTIKOC OEIKTNG
£kpaong, ahAd Kai oUoXETION HE KUTTAPOYEVETIKA, paivoTtuto MDR1, RFS ka1 OS kai
UTTOTPOTIN HeTd amo autoAoyn (Venditti et al)

Emimedo MRD oTo TéAo¢ The Bepateiac spddou ae poppohoyikh CR: a) (<10-4) oAU xapnAou
Kivduvou, P) (10-4 - 10-3) xaunAou KivéUvou, y) (10-3 - 10-2) evdidueoou Kivduvou kai 8) (>
10-2)) ugnAou kiIvdUvou (San Miguel et al)

H akpipnc ekTipnon tng MRD pe MFC £xe1 TpoyvwoTikA onpacia Kai pmopei va mtaier poAo oTIC
amo@daoeiC Yid ThV KAIVIKA aVTIHETWTION TWV doOEVWV.



Avixveuon MRD oe d1adoxika dciypara
BM oec umtoTpomh Kai gg Upean

102 1oL 10 10 10%
1 |c2 1 ez 1 |c2 c1 [c2
w‘ I.U" l.l.l1 w‘ m1
w CD117+CD15+ w CD117+CD15+ w CD117+CD15+ w ICD117+CD15+ w
=10 =10 1o =10 =10
3 24% 5 i3] 0.78% a 4 0.42%) a o .;) 0.64% a
© 100 . © 10 ©10t : R [0 R N i
CIEHC L 2 C3eeica.
- 3 | g LAY el
100 10° 10° 10 10° 10" 10 10 10° 10' 10¢ 10 100 10" 100 10° 100 10" 10° 10
CD15 FITC CD15 FITC CD15 FITC CD15 FITC CD15 FITC
10° 10° 10 10 10
Gl |G2 Gt |G2 1 G2 1 G2 G1 G2
wil CD344CD7+ w? CD34+CD7+ w0 CD34+CD7+ w10 CD34+CD7+ w194 CD34+CD7+
o o o o o 7
I 10 | 32 z 10 vy 0.12% = 1048 0.15%| =10 0.13%) Z 10 0.09%)
o e [=] (=] e [=] Q 15
) [3) . % 3] L 3] o ¥ \’
100 = 10° - 10° — 100 10%
s A2 G ol - § R 4
100 10" 100 10° 10° 10" 10¢ 10 10° 10" 10 107 10° 10" 10* 10
CD7 FITC CD7 FITC CD7 FITC CD7 FITC CD7 FITC
BM: AML at Diagnosis After Induction After Consolidation | After Consolidation Il Follow-up

El-Mawali et al, 2009



MRD otnv AML
TToTe kai utto Toleg TpoUToOEaeiC;

« Ortav avixvevetal LAIP otn diayvwaon - agpou
dlepeuvnOcei pe poooxn KAl TpoodiopicOoUv Td
XdPAKTNPIOTIKA TOU

+ TTpoomdOeia mpoTUTTWONG KAl O1ATAPNONC
oTaBepwyv ocuVONKWY KATd Thv TTdpakoAouOnon

* MeTd Tn B¢epameia epodou kai edpaiwong Kai
KATd Thv TtapakoAouBnaon avixveuon LAIPs aAAd
kKal mBavnc Tpomomoinong (amwAecia aAAd Kai
avixveuon véwv LAIPs)



