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Assumptions and Agenda

Assumption: the basic principles of PCR and NGS as well as
concepts of cfDNA/ctDNA have been covered in Day 1.

Agenda
A. RT-PCR: CML and AML
ddPCR : NPM1 in AML
NGS with UMIs and error correction
MDS and AML by NGS
IGH and TCR by NGS
cfDNA for lymphoid neoplasms
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Calibration Curves

Standard curve of calibrators of 10x dilutions
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Cycle CT

2*x=10;x=3.3
Each 10x dilution should be 3.3 CT apart.

BCR-ABL1 Math: How big is your denominator?

« ABL1 C; not matter as much if the sample is positive.
50 _ 500 _ 5000
1000 ~ 10000 ~ 100000

« ABL1 C; matters a lot if the sample is negative... it changes the analytical
sensitivity of the assay

0 0 0
100 * 10000 * 100000 / \
Cr %IS MR = log (100/%IS)

24 0.002% 4.7
25 0.004% 4.4
26 0.008% 4.1

\‘ 27 0.016% 3.8 /




Molecular Milestones in CML

* Major Molecular Response (MMR): MR3 or 0.1% IS

— disease progression is uncommon once this level of cytoreduction has been achieved
— 20-59% of patients achieve MMR within 1 year on imatinib

— 60-80% of patients achieve MMR within 5 years on imatinib

» Deep Molecular Response (DMR) = at least MR 4 or < 0.01% IS
— 35-68% of patients achieve DMR within 5 years

EARLY TREATMENT RESPONSE MILESTONES"

BCR-ABL1 (IS) 3 months 6 months 12 monthsk
>10%! YELLOW
>1%-10% YELLOW
>0.1%-1% LIGHT GREEN
MMR <0.1%
Hochhouse et al. Leukemia. 2020; 34:966-984.
NCCN Guidelines, CML, 2021.
To STOP or not to STOP...

Stim 1 Trial

Sursivalwithout molecular relapsa

na 34 21 16 16 16 1
ona 35 18 13 12 11

Numberat i
Low 35
Intermediate 23 12
Hgh 8 2 1 1 1 0 0 0 0

p-0432
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p-0008
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sk Manths since discontinuation of imatinib

5 0 19 19 18 1y B 5

8 8 7

ale 26 19 15 15

< —— Male
i \L —— Female
ﬁ- M do better than F

b .

p-003
— T T

15 12 1 10 4
4 13 12 1 93 6 2

¢ Longer TKl— imatinis-s0ments
—— Imatinib <50 months

Rx does
better

p-0033

S S s S S O N A
3 6 9 12 15 18 1 M4 F

Months since discontinuation of imatinib

DMR (MR4.5) > 2y and >5
QPCRs during that time

38% maintained molecular
remission

98% of relapses within 8 mo

All relapse pts responded to
imatinib 400mg

62 achieved CR again after
restarting TKI (median time to
CR =3 mo)

Mahon et al. Lancet Oncol. 2010; 11:1029-1035.




... That is the question

Table 8 Requirements for tyrosine kinase inhibitor discontinuation.

Mandatory:

« CML in first CP only (data are lacking outside this setting)

+ Motivated patient with structured communication

* Access to high quality quantitative PCR using the International
Scale (IS) with rapid turn-around of PCR test results

« Patient’s agreement to more frequent monitoring after stopping
treatment. This means monthly for the first 6 months, every
2 months for months 6-12, and every 3 months thereafter.

Minimal (stop allowed):

« First-line therapy or second-line if intolerance was the only reason
for changing TKI

» Typical el3a2 or el4a2 BCR-ABLI transcripts

* Duration of TKI therapy >5 years (>4 years for 2GTKI)

« Duration of DMR (MR* or better) >2 years

+ No prior treatment failure

Optimal (stop recommended for consideration):

+ Duration of TKI therapy >3 years

« Duration of DMR > 3 years if MR*

* Duration of DMR > 2 years if MR*>

Table 10. Summary of Limited Longer-Term Follow-up Data from the TKI Discontinuation Trials

- TreatmentPriorto | No.of | P°PIh2ne Burstonof MR - Tragerss Median Treatment-free
Discontinuation | Patlents el Ty Follow-up | Remission (TFR) Rate
sTIMAz Imatinb + inerferon 100 |MRSOforatleast2years | Loss of MR5.0 T7months | 38% at 60 months
45%
TWISTER? Imatinib % inerferon 40 |MR45foratleast2years | Loss of MR5.0 103 months | (molecular relapse-free
survival 45% at 8 years)
HOVON?1¢ Imatinb + cytarabine 15 | MR45foratleast2years | Loss of MR4S 3months | 33% at 24 months
ASTIMZE Imatinb % inerferon 80 |MRSOforatleast2years | Lossof MMR 31months | 61% at 36 months
ISAV study?"® Imatinib (after failure of 108 | CMRforatleast 18 months | Loss of MMR 36 months 52% at 36 months
interferon or hydroxyurea)
KID study?” Imatinb % inerferon 90 |MR45foratieast2years | Lossof MMR 27months | 59% at 24 months
Stop 26-TKize | Dasatinib/Nilotinib 60 | MR45 for atleast 24 months | Loss of MMR 47 months 549% at 48 months
(frst- or secondine)
DASFREE pasaiil 84 | MR4S for 12 months Loss of MMR 2 years 46% at 24 months
(frst- o secondine)
ENESTFreedom?® | Niltinib (first-ine) 190 | MRAS for 12 months Loss of MMR 96 weeks 49% at 96 weeks
ENESTop study?' | Niotinib (second-iine) 126 | MRAS for 12 months Loss of MMR 96 weeks 53% at 96 weeks
DADI Dasatinib (firstline) 68 | MR45foratleast24 months | Loss of MMR 23 months 55% at 6 months
DADI2 Dasalinib (second-ine) 63 | MR4.0foratleast 12 months | Loss of MR4.0 4amonths | 44% at 36 months
EURO-SKI% Any TKI 758 | MR4Oforatleast1year | Loss of MMR 27months | 50% at 24 months

Hochhouse et al. Leukemia. 2020; 34:966-984.
NCCN Guidelines, CML, 2021.

2021 NCCN Guidelines on APL

t(15;17) by karyotype, FISH, or molecular

Prove the translocation

At diagnosis prior
to Induction

If morphology and clinical history is highly suspicious but
testing is negative, consider the possibility of an APL

variant

D10-14 Induction

Recommended to NOT perform any studies

Morphologic and molecular
studies may be misleading

Post Induction

BM for documentation of morphologic remission

The presence of measurable
cytogenetic or molecular markers
does not carry prognostic or
therapeutic implications

Post Consolidation

PCR on PB to document mCR
(does not specify quantitative or qualitative)
(Should do earlier at 3-4 months during consolidation if

If PCR+, repeat BM and PCR in 2-
4 weeks. If still positive = relapse
1. If negative, monitor q 3mo x 2y.

on ATRA/As203)
M .D':"ng For high risk pts, PCR testing q3mo x 2y on PB, in the "BMis mor: ?.enSifﬁvi;Bbm
aintenance same lab with same sensitivity recommendation for 5.
(PCR- after Forl isk ot itori ‘b If pt becomes PCR+, repeat BM

Consolidation) or low risk pts, monitoring may not be necessary and PCR in 2-4 weeks
After Relapse For cases of documented morphologic remission by BM, Determines consolidation vs

X clinical trial, auto vs allo SCT
Chemotherapy PCR on BM to determine molecular status decision

NCCN Guidelines, AML, 2021.




Core Binding Factor Leukemias: t(8;21), inv(16)

A

fusion transcript ratio (%)

RUNX1-RUNX1T1 CBFB-MYH11
§ - ’ + ’
e .
i

) == Iil j
B T 1L T
i i l
g i

B diagnosis [ ] MRD1 | ] MAD2 [ ] MRD3

Persistent transcript in remission

Failure to achieve >3 log reduction is highly
predictive of relapse (but not OS)

o

>3 log reduction

¢ < 3 log reduction

(EESES SRR S NSIEEEN

RFS probabilty

g4

reduczon « 3i0g or mere

Uiennd,
...............

.
| ——Y

<3log reduction

1 Overall Survival (p = 0.066)

[ 6 12 18 24 30 36 42

months

Jourdan et al. Blood. 2013; 121(12):2213-2223.
NCCN Guidelines, AML, 2021.
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B. ddPCR : NPM1 in AML




ddPCR

* Digital Droplet PCR

E6C@ =~ 0000
—
EE@E © 0000
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B
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NPM1: Well established marker of AML used for MRD

* Digital Droplet PCR ...

CCTG

ABAG
Common CTTG etc.
forward‘ J M It pI
> robes
lcvgmzmut exon 11 H:. exon 12 ‘ p
probe. PCR
Common
forward
X | M It pI
NPM1 w.t. /
cDNA | exon 11 || | exon 12 ‘ =
I o arim oire o e
probe

¥ @

N —

Control gene _ b

Mencia-Trinchant et al. JMD. 2017;19(4):537-548.




NPM1 by ddPCR

= = 10—
,\‘? 10 = .
= - [ e (T}
w 1= .. < 1 o
= PR > ]
[ J = 0.1 "
= =19 E ol
g * S oom R
- .01
E 0.014 I =y E : - =
' .
& 0.001- ] = 0.001
= [+4
& undet{ « o O Undet =« « =
o =]
El (3 T T T T 1
T T 1 T 1 S NN NN D
S LS. & S o IN
FSS & N &
ddPCR NPM1 mut VAF (%) Daep seq NPATLmut VAF (%)
DNA-based MRD method Sensitivity / PPA (%) Specificity / NPA (%) PPV (%) NPV (%)
BM Detectable leukemic transcripts by RT-gPCR
qPCR (95% CI) 84.4(71.2-92.3) 81.8(61.5-92.7) 90.5 (77.9-96.2) 72.0(52.4-85.7)
ddPCR (95% CI) 71.1(56.6-82.3) 100 (93.1-100) 100 (89.3-100) 62.9 (46.376.8)

Deep seq (95% CI) 0.0 (45.5-73.0)
PB Detectable leukemic transcripts by RT-gPCR

GPCR (95% CI) 92.3 (66.7-98.6)
ddPCR (95% CI) 69.2 (42.4-87.3)
Deep seq (95% CI) 61.5(35.5-82.3)

100 (93.1-100)

96.7 (83.3-99.4)
96.7(83.3-99.4)
96.7(83.3-99.4)

100 (87.6-100) 55.0(39.8-69.3)
96.7 (83.3-99.4)
879 (72.7-95.1)
85.3 1(69.9-93.6)

92.3(66.7-98.6)
90.0(59.6-98.2)
88.9 (56.5-98.0)

» Typical decision point is at 3 log reduction from baseline.

Type A
LOD 1/10,000

108
10
5 >0.99
EE 104 Pe
§§ 109
38
2T 102
P
10!
108
109 10! 102 10° 10* 10° 1¢f
Type A NEWTmut
dPCR format
Multiplex assay
%' 1/1,000 dilution  1/10,000 dilution
< |
K] 249 23
E
=1 y
£
sl 1 7
] L
El| @ = *
g Type-specific assay (type A NPM1)
5 1/1,000 dilution 1/10,000 dilution
&l —
b 228 25
a
g
I
=}
Nl =

NAMmut multiplex assay

Multiplex
LOD 2.4/10,000
1: p.> 0.99
0

10°
100 100 102 10° 10 105 108

NPM fmut type-specific assay
A NPM1)

1/50,000 dilution GM12878
4 3|
f }
v v
150,000 dilution GM12878
1 3 : |
v L

NPM1mut droplet fiuorescent signal intensity

Mencia-Trinchant et al. JMD. 2017;19(4):537-548.
Pettersson et al. IntJ Lab Hemat. 2021;00:1-11.
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C. NGS with UMIs and error correction




Methods to increase analytical sensitivity of NGS

* Just get a LOT of reads (deep and ultra deep sequencing)
* Unigue molecular identifiers (UMI, molecular barcodes)
* Error correction on a per nucleotide basis

UMls * Noise (individual errors) can
be introduced by PCR or by
t AL et qmﬁfmm—%—% SequenC|ng and can be
e (difficult to separate from a
— o —1x — true variant
9/ N\
—— s~ — * If a subset of reads with the
— m e same UMI have a change,
- X 5 % then it is likely noise.
- s S = * If all reads with the same
% % R — UMI have a change, then it is
33% VAF 50% VAF 30% VAF likely a true variant

¢ Clinical Utilization: MRD and
chimerism
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Methods to increase analytical sensitivity of NGS

* Just get a LOT of reads (deep and ultra deep sequencing)
* Unique molecular identifiers (UMI, molecular barcodes)
* Error correction on a per nucleotide basis




Error Correction

Error rate
(per base type)

Error rate
(per base type)

W No barcoding or polishing
1 Barcoding

10~3 ¢ W Polishing
m iDES

107

107°

10

1077
A>C A>G A>T C>A C>G C>T

107°
1074
107
10°°
7
T>G T>C T>A G>T G>C G>A
Substitution type

Barcoding
only

Polishing
only

iDES

100

W True positive
M False positive

Percentage

90
01 80
10.01 70
Variant calls ordered 2 6332@‘\%:2‘5
by validation status )
and observed AF 95% confidence
(>1x read support) read support

Newman et al. Nature Biotechnol. 2016;34:547-555.
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D. MDS and AML by NGS




MDS MRD

A Reduced. ity Conditioning, No P B Myelob C No Prog
100 3 100 3
_ 2 —_
& £
P L . 1
5 5
w Day 30 | Day 100 T Day 30 | Day 100
. £ £
& s )
o Progression 5 x
E £
g g
E £ 25
i ]
= s
Initial Sample ~ Day 30 Day 100 Initial Sample Day 30 Day 100
(N=16) (N=16) (N=12) (N=35) (N=35) (N=23)
€ Reduced-Intensity Conditioning, Progression D Myeloblative Conditioning, Progi
100 3 100: 3
- 2 — ne 2
g 1 & 1
= 75 —] = 75
= ]
E Day 30 | Day 100 E Day 30 | Day 100
= =
w50 w5
. S E:
E 3
Progression £ :
= 35 £ 5 E—
& 3
= =
Initial Sample ~ Day 30 Day 100 Initial Sample Day 30 Day 100
(N=20) (N=20) (N=12) (N=15) (N=15) (N=11)

Duncavage et al. NEJM.2018;379:1028-1041.

AML MRD

Who are highly dysregulated and have trouble signaling...

x = variable number of passenger mutations
y = founder mutation(s)

z = secondary mutation(s)

n = progression mutation(s)

*

Splicing
(SF3B1, SRSF2, U2AF1, ZRSR2)

Epigenetic
(ASXL1, TET2, DNMT3A)

High Grade
MDS or AML

Progression
—

Rain shock and awe on the BM (7+3)

ranscription
(RUNX1, ETV6)

McClure et al. ... Kim. J Mol Diagn. 2018 Nov;20(6):717-737.
Jongen-Lavrencic et al. NEJM. 2018:378(13)1189-1199.
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E. IGH and TCR by NGS




IGH Gene Rearrangements

Sizes up to >350 nt, so FFPE

degradation a significant concern

HEG-4 2012034 Fsa ‘i
g - 3 bp apart
Framework 1, /\/&M/\,A)\/MA/W\ / (inframe)
o 20 502l ’T | I
i i \
a f [ | ’
5 Framework 2’\U‘(\\M\p\/\f\m\m' .
D 20 s ’i— |
: i, Framework 3
i : H\WW I V\/ Wi
CDR1 CDR2 CDR3
FR1 | FR2 | FRZ —— U
& v @ fo- fr e on
—
— ~ ~100 bp
~200 bp
~300 bp

Analytical Sensitivity: how low can you go?

1% clonal population
A} - n nl\l\l\/\/\/\/\l\l\ﬁﬁ n n - y
3% clonal population
Jz — n /\I\/\[\I\I\I\f\m\: - . o
GGGGG 5% clonal population
L PN W
hA 10% clonal population
S - 4 n
[L 25% clonal population
i A AN anAL AN MR A& n

Kim chapter 88 from Wintrobes14!" Ed.




NGS vs CE

IGHV3-33_01-J6
100 | s —
90 0350 360 80 260 300 3 30 350
B o s s
70 N \
60 g .
50 96% 97% 94% 90% l; : B
40 * g
30 o
20
10 (N
0 L IGHV3-30_03-I5
Overall FR1 FR2 FR3 g:
(n=94) (n=94) (n=31) (n=31) 2
Concordant *
m Discordant: NGS clonal ’

» Discordant: CE clonal -

Arcila et al. JMD (2019) 21:330-342.

Clonality rules are still a challenge

MSKCC Clonality Rules
Category 1: Optimal results (>100,000 reads, >50,000 in some cases)

« dominant sequence(s) >2.5% of total reads: same VJ usage

« dominant sequence(s) >10x the polyclonal background
Category 2: Qualified results (30,000-50,000 reads)

« dominant sequence(s) >5% of total reads: same VJ usage

« dominant sequence(s) >20x the polyclonal background
Category 3: failure (<30,000 reads)

Arcila et al. JMD (2019) 21:330-342.




NGS for B cell Neoplasms: Clinical sensitivity

Clonal rearrangement detection
(characterization samples n=766)

ron =20 I [
wacr vz ves0) [ | |
RS s
LoacL nos (n=2¢) [ | |
S s

otect. (n=20) [ ||
st =200 I |
et ot (n=+o) [ |
sat (=52 [ |

0 10 20 30 40 50 60 70 80 90 100
Percent of cases
mFR1+Leader+FR2

wFR1+Leader+FR2+FR3+Kappa ([ No clone detected

BFR1 “FR1+Leader
B FR1+Leader+FR2+FR3

* Analytical LOD: 1% neoplastic cells
» Input DNA as low as 25 ng

and all IGK 100 100 100 96-98

Clinical Sensitivity by CE

Method MCL CLL FL DLBCL MZL

IGH FR1 100 95-100 30-73 50-68 48-73
IGHFR2 98-100 91-100 30-76 58-61  66-85
IGHFR3 96-100 93-100 13-52 50 62-68
IGH FR1-3 100 100 37-84 79-88 86-88
IGK 75-94 96-100 60-63 58-61  62-68
IGK 4, 50-75 61-67 57-59 46-58  48-54
all IGK 100 100 80-84 75-80 69-83
IGL 44-75 30-44 21-23 828 2829

IGH FR1-3
95-100

Arcila et al. JMD (2019) 21:330-342.
Kim chapter 88 from Wintrobes14t Ed.

NGS versus Flow Cytometry in B-ALL

100

1601

1602

1603 +

Clone Frequency
H

SREARSAINGAIERAG
iidedieascras

% MRD
Patient ID Input cells, n Sequencing Flow cytometry PCR
9 248 496 0.00004 ub uD
12 133 669 0.0027 ub 0.0017
25 142 310 0.0106 ub 0.0005
30 120 307 0.0032 ub 0.0076
31 1109253 0.0014 ub up
H 626 380 0.0005 ub 0.0051
58 171 326 0.0102 ub 0.0120
73 983 289 0.0004 ub up
98 162217 0.0097 ub 0.0038
29 161 142 0.9607 ub 1.2000
36 1070 242 ubD ub 0.0020

UD indicates undetectable.

SHBERERBIR NS

median 1 4€-04 (4 56-06 - 2 66.02)
S8 2 0E-04

median 8 0206 (1.1€-08 - 8.06-04)

2 & 228 EITEITEE ii
,Ksczsngrx,x,,xc,zz,( sxzrxcr,zxx :::cg{xzssﬂxs

1E-05 l
) I

90% concordance between NGS and FC
96% concordance between NGS and ASO-PCR

Wou et al. Clin Cancer Res. 2014;20:4540-4548.
Farham et al. Blood. 2012;120:5173-5180.




More Sensitive is Better!

Probability

Event Free Survival (HTS cutoff 1:10,000)

0.6 4
0.4 A
0.2 q
—— Flow MRD-/HTS MRD- (n=409)
===« Flow MRD-/HTS MRD+ (n=55)
0.0 { +++- Flow MRD+/HTS MRD+ (n=87)
T T T T T
0 2 4 6 8 10

Years

"] p=0.036

p<0.0001
:lp:ms

Patients with lower levels of MRD (less than 1/100,000 cells), using the increased

Survival Probability
o
]

sensitivity of clonoSEQ, have a higher probability of EFS.

Ve v e RS SRR

Strata
—— MRD s 10*

#= 10%< MRD <10

== MRD 2 10*
165 152 134 a8 5

{45 38 31 8 0

1 63 49 38 16 1
0 1000 2000 3000 4000

Time (Days)

Wood et al. Blood. 2018; 131(12):1350-1359.

https://www.sec.gov/Archives/edgar/data/1478320/000119312519161447/d706383ds1.htm

NGS for other B cell Neoplasms

Plasma cell myeloma, on GEM protocols

100 ~— MRD- [<10%) n = 30
e MRD+ (107 t0 10°) n =37
° 80 ==l MRD+(>10%) n = 43
s
2 60
5 :
) 40 median 80 mo, . .
F 10003}
20 median 45 ma. { <0.001
median 27 mo. | {0.002}
[
0 50 100 150
Months
medianNR
0.3
2 .,
'g {0.002
z i0.02}
g median 55 mc.
-I—l:
0 50 100 150

Months

Disease-free survival (%)

100 ~

80 -

60 -

40

20

0

Chronic lymphocytic leukemia, post-SCT relapse

P=0.0002
i -.-MHD<10-5 R ICIOLLILTLITR L IEET -
- MRD =10
0 12 24 36 48 60 72 84 96

Months after transplant

Martinez-Lopez et al. Blood. 2014; 123:3073-3079.
Logan et al. Leukemia. 2013; 27:1659-1665.




Mycoses Fungoides

= Tumor burden often very low in ALI vs early patch phase M
» Biopsy size typically small

TCR NGS? Better Clinical Sensitivity and Quantification for MF

» Compared MF with positive TCRG by CE (n = 15) vs negative TCR by CE (n =19)
CE+ CE-

* Clones found at <5% clone frequency (analytic sensitivity)
CE NGS

NGS+

NGS- Clinical Sensitivity 44% 85% |

s\goci

* >25% clone frequency in early stage (stage | A/B, limited to skin) i
with poor prognosis

A Discovery set Discovery set

5
o
g
8

_  Earlystage Early-stage Early-stage (
S mycosis fungoides mycosis fungoides Tg mycosis fungoides
2 = - = T =1
e . Ty, B
8 e I EEEEN) o ¥4
g 2 T T2 Y rer 2o
€ — = o c | <
S . b E .| —TCF < 25% Sl | 2
87 -—Trsmm 27 —ToF > 2% B LSRR
- —TCF > 25% © ¢ 2° ‘
g 4P <0001 -] P <0001 2.l P <000
oo s L LR L Sufficool et al. J Am Acad Dermatol. 2015;73:228-236.
Time (ysars) Time (vears) Tima {ysars) Masson et al. Sci Trans! Med. 2018;10:eaar5894.




NGS for T-ALL MRD

NGS MRD 10-100 fold lower than when both FC and NGS positive

Post-treatment, day 29
14

mpFC and HTS neg m\pFeneg,HZPSﬁ)s mpFCand HTS pos
ETP-ALL and near-ETP-ALL: less likely to have a diagnostic
complete clonal rearrangement and more likely to be MRD+. Wuetal. Sci Transl Med. 2012:4:134ra63.
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F. cfDNA for lymphoid neoplasms




cfDNA Monitoring by Gene Rearrangements: DLBCL

2 log after 1 cycle

b EMR

100 No EMR
75
50

25

0S (probability)

2.5 log after 2 cycles

et MMR

100 No MMR

z
= 75
©
o
S 50
=
2.
P<.001 < P - 0047
HR, 16 {95% ClI, 3.6 to 70) HR, 11 (95% CI, 2.1 to 58)
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time Since EMR Assessment  Time Since MMR Assessment

(months)

3 4 EMRandno

I

MMR, 2% o 1
=

(months)

No EMR and no MMR, 26%

o Response by PET/CT scan
B Complete reponse
° Partial response
- Stable disease
® M Progressive disease

Change in ctDNA by Cycle 3, Day 1

ND -5 4 -3
Change in ctDNA by Cycle 2, Day 1

-2 1

0 1 2 3

Clonotype molecules per 10° G.E.

3000+

2000+

:

=]
L

Patient #46
d140: PD

d487:PD

R-DHAP Auto-BMT

T T T 1
200 300 400 500
Days
Kurtz et al. Blood. 2015; 125:3679-3687.
Kurtz et al. JCO. 2018; 36:2845-2853.







