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ALL MRD on Pre-TED Oct 2025

185. Specify method(s) that was used to assess measurable residual disease status (check all that  189. Which leukemia immunophenotype was used for measurable residual disease detection?

apply) (at infusion) (check all that apply) (at infusion)
O FISH - Go to question 186 O Original leukemia immunophenotype — Go to question 190
0O Karyotyping — Go to question 187 O Aberrant phenotype — Go to question 191

O Flow cytometry — Go to question 188

0 PCR - Go to question 192 190. Lower limit of detection: (for the original leukemia immunophenotype)

O NGS - Go to question 193 191, Lower limit of detection: (for the aberrant phenotype) .
O ClonoSEQ - Go to question 194
O Not assessed — Go to end of form 192. Was measurable residual disease detected by PCR? (at infusion)
O Yes
186. Was measurable residual disease detected by FISH? (af infusion) 0 No
O Yes
O No 193. Was measurable residual disease detected by NGS? (at infusion)
O Yes
187. Was measurable residual disease detected by karyotyping assay? (at infusion) 0 No
O Yes
O No 194. Was measurable residual disease detected by ClonoSEQ? (at infusion)
0O Yes
188. Was measurable residual disease detected by flow cytometry? (at infusion) 0 No
O Yes

O No
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What is the need?

« Expand MRD data for better interpretation and predictive
value

« Establish a minimum standard representing “high
sensitivity” testing
 Most important for “negative” MRD status

« Capture discrete data where possible

« Maintain balance between feasibility for data professionals
and value for use in studies and CSA risk adjustment




Possible changes for MFC

Was measurable residual disease detected using a multiparameter flow cytometry? (at
infusion)

O Yes

« Continue to collect 0 No
e Include value in % If yes, the level of detection was reported in __ %

What was the source of tissue assayed?
Blood
Bone Marrow

What was the level of sensitivity reported for the multiparameter flow cytometry
assay

Sensitivity of less than 1 x 10 (eg 1 x 103, 1 x 10?)
Sensitivity of at least 1 x 10 or greater (eg 1 X105, 1 x 10®)

Unknown
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Possible changes for NGS

Was measurable residual disease detected by NGS specific for Immunoglobulin/T-cell
receptor (IG/TCR) gene re-arrangements? (at infusion)

O Yes

O No
O Indeterminant/assessed below the level of detection

If yes report the level of residual sequences detected clonal cells/mil and submit
the redacted report

Specify assay used for assessment

e Clonoseq
e |nvivoscribe

e Other assay specify....

Specify source of tissue assayed ? (at infusion)
O BM
O PB
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What Is NGS-MRD? Clonoseq Test Principles

Immunosequencing of Receptor Genes Enables Precise and Sensitive MRD Measurement'2

W V region Variable genes Diversity genes Joining genes
B D region IgK/L | 50-60 | | | | 9 |
M J region IgH 51 23 6
TCRB 48 2 13
TCRy 14 5
518/ 00 0/

CDR3-coding region GCTAGTGGCAGTCGTTCGTAGTACGAGCATGCA
CGTAGCAGATGGATGGCATCGTACGAGCATTAG

GTAG AGTCAGTACAGGCAGTGCAGG'AGTAA

GTCAGCGATCAGTCGGTACGATCHATATAGGAG
ATGCTCAGTCACGTAGCGAATCTATAGGCATGC

This “barcode”:

« ldentifies all malignant cells associated with the tumor
* |Is retained over time even as the clone evolves

The VDJ region of the receptor gene represents * Is a stable, trackable marker of disease

a quantifiable molecular “barcode” « Directly measures cancer cell burden at any given time
Y, throughout clinical management

* T-cell testing is available as a CLIA-validated LDT and has not been cleared or approved by the FDA.

BCR, B-cell receptor; CDR, complementarity-determining region; lg, immunoglobulin; MRD, measurable (minimal) residual disease; NGS,

next-géneration sequencing; PCR, polymerase chain reaction; TCR, T-cell receptor. = (. =

1. Abbas AK, et al. Cellular and Molecular Immunology. 8th ed. 2. Carlson CS, et al. Nat Commun. 2013;4:2680. Theoretzlca_l limit of d_ete_ctlon of
https://doi.org/10.1038/ncomms3680 ~10-7, limit of quantitation 10-6.



Pre and Post HCT Ig/TCR NGS MRD Predicts for Relapse
in ALL

Retrospective multi-center analysis of pre and post HCT NGS MRD in adult ALL

Pre-HCT NGS MRD at any value Post-HCT NGS MRD at any value
increases incidence of post-HCT relapse increases hazard of post-HCT relapse
N=139
N =122 MRD,,, level, hazard ratio (P-value) 6
§ il o 54 Detectable, HR=6.31 (P <.0001);:n =48
= 50% - Very high (>107%), HR = 6.98 (P=.0014); n 2 —
5 = i
3 40% - Low (<107%), HR=3.56 (P=.01); n = 24 =
2 30% - 23
2 20% - High (21010 <1079, HR=289 (P=.12); & ,.
g 10% - § - Undetectable, Reference; n= 91
oS Undetectable, Reference; n = 82
0% - T T T T T T T 0
0O 90 180 270 360 450 540 630 0O 90 180 270 360 450 540 630
Days since HCT Days since HCT

Number at risk
122 107 98 92 83 72 64 59

Liang et al Blood Adv. 2023 Jul 25;7(14):3395-3402.
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Low-level MRD positivity
predicts relapse after Tisagenlecleucel

MRD

th r. eSh O I d A Events, n Median (95% ClI) B Events, n Median (95% CI)
1.00 Negative (n=57) 21 35 (12-NE) Negative (n1=57) 16 NE (37-NE)
t 10_6 Positive (1= 10) 3 NE (2.6-NE) 1.00 Positive (1= 10) 4 NE (4.1-NE)
at 1u”" > 075+
B 2 075
o ; 3 ' B
S 050+ i P s 5
s 8 0.50+
o &
w 0.25— @ i
P=053 Day 28 BMNGS-MRD O 025 P=0.46 Day 28 BMNGS-MRD
0.00 — == Negative —j— Positive 0.00 4 == Negative —— Positive
rr 1 1T 11T 1 11 1T 1T 1T 1 1T o rrrrrrrrrrnrnrd
0 3 6 9121518212427 30333639424548 0 3 6 912151821242730333639424548
Months after infusion Months after infusion
Day 28 BMNGS-MRD  Number at risk Day 28 BMNGS-MRD  Number at risk
Negative 57 49 37 31 2522 201916151411 8 1 1 1 0 Negative 57 57 57 5248 44 38353230262318 5 4 3 1
Positve 106 2 2 2 2 2 2 2 2 2 2 2 2 2 00 Positve 1010 9 8 7 7 6 6 5 5 5 4 4 4 4 2 1
I n CI U d I n Cl c D Events, n Median (95% CI)
- 1,00 Events, n Median (95% Cl) 1.00 — MRD=0(n=47) 9 NE (NE-NE)
deteCtabIe but ’ MRD=0(n=47) 12 NE (19-NE) '_1 MRD >0 (n=20) 11 24 (10-NE)
MRD >0 (n=20) 12 6.2 (5.6-12)
t 2 0754 > 075+
no = =
. 8 3
quantifiable g 0507 g 007
} Q a
0] w
MRD (<10-6) i 025+ © 025~
- 7 P=0.00047  pay o8 BUNGS-MRD | S P=0.0038 Day 28 BMNGS-MRD
0.00 4 == MRD=0 =4=MRD>0 0.00 — == MRD =0 == MRD >0
1 1 1 1 I 1 I I I I 1 I 1 1 1 1 1 I I 1 I I 1 I 1 I I I I I 1 1 I 1
0 3 6 9121518212427 3033 3639424548 0 3 6 9 1215182124 27 30 33 36 39 42 45 48

Months after infusion Months after infusion
Day 28 BMNGS-MRD  Number at risk

0 MRD =0 47 47 47 44 42 39 34 31 29 27 23 20 16 5 4 3 1

0

MRD>0 20 20 19 16 13 121010 8 8 8 7 6 4 4 2 A1

Day 28 BMNGS-MRD  Number at risk
MRD=0 47 40 31 27 24 21 19 18 15 14 13 10 8

11 1
C|BMTR® MRD>0 2015 8 6 3 3 3 3 3 3 3 3 2 2 2 0
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Low-level MRD positivity precedes overt relapse
by several weeks

— Consecutive testing:
075- Of 26 patients with

consecutive MRD-

" | NGS>0:

--19 relapsed

Cumulative frequency

o --6 were censored for
T T I T T T T T T I T T
0 30 60 90 120 150 180 210 240 270 300 330 H CT
Days ahead of relapse
—— NGS-MRD* >0 but <10 — NGS-MRD" at 10 —— MFC-MRD* -- 1 IOSt to fOI IOW' u p
Cumulative number of events

NGS-MRD" >0 but <10°® 0 0 1 1 2 3 6 6 7 8 9 10
NGS-MRD" at 107° 11 14 22 28 32 35 35 36 36 36 36 36
MFC-MRD™ 15 21 27 30 30 30 30 30 30 30 30 30

T T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330

' C|BMTR Blood Cancer Discov (2022) 3 (1): 66-81.
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NGS-MRD in BM predicted relapse in pediatric patients post-
transplant

MFC and NGS-MRD 30 Days Posttransplant in BM

10_ =™ MFC MRD-positive 10_ =™ NGS MRD-positive (n=15)
== MFC MRD-negative NGS MRD-negative (n=38)

> 08 | P=091 > 0.8 | P <0.0001
= =)
3 06 3 06
o - = -
& N=112 & N=53
3 04 8 04
Q. Q.
o o
[ o)
X 0.2 o 0.2

0.0 | | | | | 0.0 | | | | |

0 200 400 600 800 1000 0 200 400 600 800 1000
Time Since Transplant (Days) Time Since Transplant (Days)

Flow cytometry in BM At 10-4. NGS in BM At 105,
BM, bone marrow; MFC, multiparametric flow cytometry; MRD, measurable (minimal) residual disease; NGS, next-generation

) CIBMTR pulsfigﬁi?c&”gé al. Blood. 2015;125(22):3501-3508.
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Pretransplant NGS-MRD Predicted Relapse in Children/Young
Adults Independent of Conditioning Regimen

Cumulative Incidence of Relapse by EFS by Conditioning Regimen EFS by Conditioning
Pretransplant NGS-MRD Status in Patients Who Were Regimen in Patients Who
NGS MRD-Positive or Unknown Were NGS MRD-Negative
1.0+ 1.0- 1.0
P=0.004 P=0.01 |_| TBI (N=7) P=0.27
2 0.8 5, 0-8- 5, 0-87 Non-TBI (N=12)
© 2 TBI (N=20 2
'g 0.6- NGS MRD-positive (N=14) § 0.6- (N=20) § 0.6
2 & o
g 0.4 NGS-MRD unknown (N=24) ‘—; 0.4- | E 0.4
1] = =
2 _|_|_I e Non-TBI (N=18) L— &
% 0.2- @ 0.2- on-Tel (N=18) @ 0.2
0 ._I' NGS MRD-negative (N=19) 0 0
0 1 2 3 0 1 2 3 0 1 2 3
Time (years) Time (years) Time (years)

NGS-MRD in PB or BM.
BM, bone marrow; MRD, measurable (minimal) residual disease; NGS, next-generation sequencing; PB, peripheral blood; TE

body irradiation.
C' B MTR® Friend BD et al. Pediatr Blood Cancer. 2020;67(2):e28079.
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Adult ALL MRD

Data




RWE: Pre-Transplant NGS MRD is Prognostic for Risk of Relapse
in Adults with ALL

N=122
MRD,,. level hazard ratio (p-value)

(o))
3
o~

— Very high (>10-3), HR = 6.98 (p = 0.0014); n =5

50% -+

40% A
Low (<10%), HR = 3.56 (p = 0.01); n = 24

50% 1 High (210 to <10-3), HR = 2.89 (p = 0.12); n = 11

20% A

10% Undetectable, Reference; n = 82

0%

Cumulative incidence of Relapse (%)

0 90 180 270 360 450 540 630
Days since HCT

Numberatrisk 122 107 98 92 83 72 64 59

Flow cytometry in BM At 10-4. NGS in BM At 10.
BM, bone marrow; MFC, multiparametric flow cytometry; MRD, measurable (minimal) residual disease; NGS, next-generation sequencing.

C| B MTR Liar’19 EC. et al. Blood Adv. 2023.
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NGS MRD Further Risk Stratifies Patients who are MRD-Negative
by MFC

100 4 N 5-year CIR 100
N MRD"9by MFC and NGS at CR 10 0%
§ == MRD"9by MFC + MRDP°*by NGS at CR 16 39%
o == MRDP°*by MFC and NGS at CR 11 56% g
3 [
4 >
S ?
e = 50-
— .
O
N 5-year OS
MRD"9by MFC and NGS at CR 10 90%
== MRD"9by MFC + MRDP®*by NGSatCR 16 62%
== MRDP°*by MFC and NGS at CR 11 61%
0 I I 1 1 ) 1 1 |
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Time (months) Time (months)

C| BMTR Short NJ, et al. Blood Adv. 2022;6(13):4006-14.
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FELIX: Depth of MRD response (10°) to CAR-T therapy correlates with
prolonged survival

Event-free survival by MRD status Overall survival by MRD status
Patient with MRD-negative remission had longer EFS 70% of patients in MRD-negative remission are
alive
100 e = e,
90 90
80 80
= 70 = 70
c £
@ o
2 60 2 60
] o oo ® ®
2 &
>~ 50 -~ 50
3 a0 - 3 a0
o ©
2 a
2 30 2 30
o o
20 Events,n  Median EFS (95% Cl) 20 Events,n  Median OS (95% Cl)
10 — MRD-negative remission (n=57) MRD <10 22 17.9 (12.3-NE) 10| —— MRD-negative remission (n=57) MRD <10 17 NE
o MRD-positive remission (n=11) MRD 210" 5 4.5 (1.7-NE) o MRD-positive remission (n=11) MRD 210¢ 8 8.9 (1.7-NE)
4] 3 6 9 12 15 18 21 24 27 30 33 36 39 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42
Time (months) Time (months)
Patients at risk Patients at risk
57 55 45 37 25 16 12 8 3 1 1 1 o] o] 57 57 56 53 46 30 18 13 5 2 2 1 1 1 0
1 8 1 1 1 1 1 (o] (4] 0 o] 0 0 0 1 9 9 5 4 3 3 1 1 0 0 (o] 0 0 o]
Median follow up: 21.5 months (range: 8.6-41.4) Median follow up: 21.5 months (range: 8.6-41.4)

Cl: confidence interval; EFS: event-free survival; MRD: minimal residual disease;

° OsS: I ival
c | B MTR Jabb%\tljerré, estu;\II.IVBaIOOd. 2024;144(Suppl 1):963
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NGS-MRD Identified Patients With T-Cell* ALL by TCRB
Rearrangements

Posttreatment Day 29

1.0 B MFC BNGS

1x 10" -

— —
X X
— —
o o
[ R
] ]

Frequency

1 x 10

1 x10°

4463489 7155936335352550 13283049663965416151647 45824014
MFC- and NGS-neg MFC-neg, NGS-pos MFC-pos and NGS-pos
Patient Number

* T-cell testing is available as a CLIA-validated LDT and has not been cleared or approved by the FDA.
ALL, acute lymphoblastic leukemia; MFC, multiparametric flow cytometry; MRD, measurable (minimal) residual disease; neg, negative; NGS, next-generation sequencing; pos,

sitiye; T T- or beta.
et':l Mn 1 2012;4(134):134rab63.
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NGS-MRD Identified Leukemia-associated Receptor
Rearrangements and Track These Sequences to Predict RFS

Multiple Disease-Associated Sequences MRD Status Is Predictive of Relapse
Are ldentified Across Loci

o 40-
8 MRD-negative, <10 (n=15)
§ 20 . 100- —— MRD-positive, >10 (n=13)
g 2
o o
O I I I I 1 1 1 2
1 2 3 4 5 6 7 '
# of Clonal Ig/TCR* Gene a
. ©
Rearrangements per Patient o 504
(14
< %] + 4 =
Q Q
£ | T + T 1 : '
o |
g2 10 . ]
c
O g— 0 | T T T T T
O g 0 12 24 36 48 60 72
L O I I I I I I
IGH-VDJIGH-DJ IGKTCRB*TCRD*TCRG* Relapse-Free Survival (months)

Receptor

* T-cell testing is available as a CLIA-validated LDT and has not been cleared or approved by the FDA.

NGS-MRD in PB at 10-°.

MFC, multiparametric flow cytometry; Ig, immunoglobulin; MRD, measurable (minimal) residual disease; NGS, next-
generation sequencing; PB, peripheral blood; RFS, relapse-free survival; TCR, T-cell receptor.

Mannis GN et al. Biol Blood Marrow Transplant. 2016;22(6):1030-1036. https://doi.org/10.1016/j.bbmt.2016.02.004




Evidence for Blood-Based Monitoring of Post-HCT Ig/TCR NGS MRD in ALL

Prospective observational study comparing blood and marrow-based NGS MRD in .
126 paired marrow/blood samples among 69 adult ALL patients undergoing HCT

Blood versus bone marrow MRD: All time points

r 0.87

10 - p < 0.0001

| total samples 126 ° = 0_87
g 10 . PPV 87%: NPV 90%
& 100
= e + 14 discordant PB/BM pairs:
= b . 7 PB+/BM-

: . 7 PB-/BM+
o

| I
0 10° 1O 10° 10* 10° 10%

Median 90 days - first MRD* to clinical
relapse

Log10 MRD: bone marrow

Difference in log MRD between blood and bone marrow
4 Mot detectable, 66 samples
= < 0.5, sample results equal, 2 samples
e < (05 sample results unequal, 26 samples
e 0.5fo < 1, sample results unequal, 15 samples
« >= 1, sample results unequal, 17 samples

CIBMTR Muffly et al Blood Adv. 2021 Aug 24:5(16):3147-3151
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Additional Insights and Tips re Ig/TCR NGS MRD in ALL

Retrospective multi-center analysis of pre and post HCT NGS MRD in adult ALL

Clonotype is important for interpretation Sequence LOD is important for interpretation

N = 119 B-cell ALL patients .
P Residual Sequence Detected
Post-HCT clonotype ESTIMATED MRD VALUE:
detection Qutcome Assessed below LOD: Range 0 - <1 residual clonal cells per million nucleated cells **
** Sequence detected below Limit of Detection; frequency too low to enable consistent MRD determination across samples.
Relapsed Total nucleated cells evaluated from this sample: 2,055,018
SPECIMEN TYPE ESTIMATED SEQUENCE 95% CONFIDENCE INTERVAL
ABUNDANCE (RESIDUAL
CLONAL CELLS PER MILLION
NUCLEATED CELLS)
Only non-IgH Died in
ever positive remission IGH - Sequence F Blood not detected Q-=1
IGK - Sequence G | Blood 10"t 4-17
SUPPLEMENTAL SEQUENCE INFORMATION
| sEQUENCE LIMIT OF DETECTION (PER MILLION CELLS) 3 LIMIT OF QUANTITATION (PER MILLION CELLS) &
Survived IGH - Sequence F <1 1
No clonal | IGK - Sequence G 93 116
detection ' ‘

LIBMTR Liang et al Blood Adv. 2023 Jul 25;7(14):3395-3402.
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Possible changes guant PCR

° CO N t| nue to CO I I - Ct qu mgasurable residual c'jisease' detected usiqg a quantitative PCR -baseq asgay? (aft
infusion) (need to have instructions for handling more than one category in this section)

e Include value in % O Yes

O No

ber/abl transcripts (applies only to Ph+/bcr-abl positive ALL)

SAANANS AN

1. Yes

2. No

If yes, report the level at which bcr/abl1/control ratio is detected _ %

What was the source of tissue assayed?
Blood

Bone Marrow

CIBMTR.org




Ig/TCR NGS vs BCR::ABL1 RTPCR MRD in ALL

Multilineage vs lymphoid-only Ph+ ALL

Ph* ALL
-,
: —
U

1(9:22)(q34;911)

Transcriptomics

b
|
UMAP 2

Multilineage cluster

Genomics

dMOPDIN

IKZF1
homozygous
deletion

CDKN2A/PAX5
deletions

DMODIN

HBS1L deletion

‘ Lymphoblasts

@ Myeloid cells

B cells

. T cells

Y BCR:ABL1 fusion

CIBMTR

s Rrelapinier E. Blood, 2024, Apr 4;143(14):1322-1323

Ig/TCR tracking more specific and progn:

60

40

BCR::ABL1 MRD Response (%)

MRD response

B :0.1%
20.01%
I I N
"L
fo

\3‘\3‘\3‘\!‘%
&
@

Q

1.00
0.80
0.60
w
a
0.40
0.20 4 — MRD2 BCR:ABL <0.01% & IG/TR <0.01% -1 5 _ o0
~— MRD2 BCR::ABL 20.01% & IG/TR <0.01% :l
osiood— MRD2 BCR::ABL >0.01% & IG/TR 20.01%

mber at risk

0 1 2 3 a4 5 6
Time (years)

80 64 42 Nn 22 9 2
67 60 a4 27 20 n 1
a3 28 19 12 9 5 1

Kim R et al JCO 42, 3140-3150(2024).

IG/TR MRD Response (%)

DFS

0.40
0.20 +

0.00

Number at risk

MRD response

= MRD4 BCR::ABL <0.01% & IG/TR <0.01% - 95

= MRD4 BCR::ABL 20.01% & IG/TR <0.01% i P =.00
= MRD4 BCR::ABL 20.01% & IG/TR 20.01%

0 1 2 3 4 5 6
Time (years)

110 91 62 45 27 15 3

49 39 29 19 13 5 0

13 6 4 3 1 0 1]

21



