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Background

A Higher Proportion of Patients Have Detectable MRD in BM Than in PB

Surrogate endpoints that are reliable predictors of clinical benefit are urgently needed to enable the efficient and timely clinical assessment Bone Marrow MRD (N=328) Peripheral Blood MRD (N=311)

of novel agents targeting specific genetic drivers of acute myeloid leukemia (AML). NPM1 mutations (NPM1m), predominantly tetra- 350 350 Bone Marrow (B) Peripheral Blood

nucleotide insertions in exon 12, are found in approximately 30% of younger, newly diagnosed AML patients. As clonal leukemogenic driver — (A) : T =% ¥ ool — VRD Nagane (R — MED Foutos CR— MED Negae OBt R 4 % ¥ Comorsd —————— VRD Nagne (R — MED Foutos CR— MRD Negae G 1 R

mutations, NPM1m are found exclusively in leukemic blasts and their daughter cells, making them ideal for sensitive detection of 300 . 300 B % o5 | ‘ E 05 | ‘

measurable residual disease (MRD) using quantitative polymerase chain reaction (QPCR)i or next-generation sequencing (NGS)i based 2 250 2 e . : o 00 01 NPARBIM/ 10 : N \ "o 00. 01 NPAWEBM/ 10

methods. Over 50 studies reported in peer-reviewed publications including several cooperative group trials, have shown that NPM1m AML = = f | £ e —————

patients in complete remission (CR) have significantly better survival if they are MRD negative compared to those who are MRD positive. o 200 = BM MRD pos o 200 2 BB VRD bos 2 0 | P 2 o |

The prognostic significance of_MRD negativity in _patients With_CR with incomplete count recovery (CRi) or partial hematolo_gic_recovery ; 150 210 B wBM MRD neg ; 150 920, B 97% IR ﬁeg “‘3 . 2 ol

(CRh) has not yet been established. Based on this body of evidence, the European LeukemiaNet (ELN) recommends monitoring molecular = - £ 639 I 78% 4 !

MRD in NPM1m AML patients during treatment to help guide treatment decisions. In January 2020, the US FDA issued guidance on the s 1 > 100 —geRPl vt BERLE S B S

use of MRD as an endpoint in clinical trials in hematologic malignancies, including AML. Recommendations included the use of bone 50 50 St ) N N B st i e nio Sl we W noy R @ o o o

marrow (BM) as the preferred substrate for measuring MRD, as well as the selection of a prespecified post-induction therapy time point, i 220, I 25% P E—_—_— T S .

ideally in CR with recovery of peripheral blood (PB) counts. Ivey and colleagues investigated the prognostic value of post-remission MRD O 0,00 0.10 1 O 10 O 1000 1000 0 5 0 0D 0. 1060 1 O 10 O 1005 1000 ©) . . fune Sinee Randomizaton D) _ fune Sinee Randomization

status in NPM1m patients treated in the AML17 trial.? This study showed that MRD detected after 2 cycles of intensive chemotherapy in PB _ o _ _ o _ T ® e s e G, M Rorles G SRR g ua B en i o e o e G, TN Rasite (R, =M Neerthm O enlOk
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was more strongly associated with relapse-free and overall survival than MRD after 1, 3, or 4 cycles.
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P rpose Figure 3: Numbers of patients in CR after cycle 2 classified as MRD negative or positive based on various copy number thresholds in BM or PB.
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To build on this foundation and to provide further evidence for the value of MRD as a surrogate endpoint for prospective, randomized trials : : : : : "
in patients with newly diagnosed NPM1m AML receiving novel agents in combination with intensive chemotherapy, we have evaluated the Patients With MRD-Negative CR Have Better EFS Than Patients With MRD-Positive CR = =
relationship between MRD status in patients who have achieved CR, CRi, or CRh after 2 cycles of chemotherapy and event-free survival Bone Marrow Peripheral Blood 00 00
. . . . . . . . INumber at Risk (Cumulative Events) [Number at Risk (Cumulative Events)
(EFS) and overall survival (OS) in an analysis of patient-level data pooled from 3 large cooperative group trials. MRD in all 3 studies was Y R o ) e i ) ) e EE B o 1) 15 e e 1
assessed by quantitation of NPM1m transcripts using reverse transcriptase-mediated gPCR (RT-gPCR) normalized to ABL transcripts. (A) (B) i i o i & & & no_atn non st o 2 0
To account for timing consistency of MRD detection across studies, we have limited this analysis to patients who had available data to ©0. 01 NPAABIM/ 10 ©0. 01 NPAABIM/ 10 Time Since Randomizaton Time Since Randomization
assign response and MRD status by day 42 from the start of chemotherapy cycle 2. s N=107
Analvsis Sets Figure 6: Kaplan-Meier estimates of EFS for patients who achieved or remained in morphologic CR, CRI, or CRh and underwent molecular MRD
y N=255 assessment by RT-qgPCR within 42 days of the start of chemotherapy cycle 2. EFS HRs at varying thresholds for defining MRD-negative CR, CRi, or CRh
m e b = g Q. SAL Figure 1: Deidentified data for 1,128 patients N=114 are summarized in Table 4.
Together /\I GROUP Lssjkfmniae]anz Who aChIeved CR, CRI, Or CRh and had MRD
ALt (6 PR m—— 08 (05 data_after 2 cycles of ch_emotherapy were Table 4: EFS Hazard Ratios (HRs): MRD-Negative CR vs MRD-Positive CR, MRD-Negative CRi/CRh, and MRD-Positive CRi/CRh
provided by the UK National Cancer Research Peripheral Blood EFS HR (95% CI) MRD-Negative CR vs
| ! | institute (NCRI) for the AML17 trial* (N=539), MRD-Negative Definition
Raw data for all patients (N=1,128) the German AML Study Group (AMLSG) for the ¢0.01 NPM1m/10% ABL1 0.63 (0.42i 0.91) 1.0 (0.51 2.0) 0.77 (0.57 1.25) 0.36 (0.251 0.5) 1.11 (0.711 1.67) 0.38 (0.25i 0.59)
AMLSG 09-09 trial> (N=497), and the Study (®)) (D) ¢0.1 NPM1m/104 ABL1 0.59 (0.38i 0.91) 1.0 (0.53i 1.67) 0.77 (0.48i 1.25) 0.34 (0.24i 0.5) 1.11 (0.71i 1.67) 0.37 (0.24i 0.59)
_ A No response assessment by cycle 2 day 42 (N=327) : ; ial3 , . , . . .
> Excluded (N=515) — & (o R e e 2 iy 42 (N-155) Alliance Leukemia (SAL) for the AML2003 trial 5o 1 NP ABL 10 oo 1 Ne st 10 ¢1 NPM1m/10% ABL1 0.45 (0.31i 0.67) 0.83 (0.48i 1.43) 0.63 (0.4i 1) 0.33 (0.23i 0.48) 1 (0.67i 1.43) 0.38 (0.24i 0.59)
(N=105). These data were standardized using ¢10 NPM1m/104 ABL1 0.40 (0.28i 0.59) 0.77 (0.5i 1.25) 0.67 (0.42i 1) 0.36 (0.24i 0.53) 1 (0.711 1.43) 0.4 (0.25i 0.67)
Includedv(N=613) cdildea Standard Data Tabulation Models. Data included N=82 N=203 ¢100 NPM1m/10% ABL1 0.36 (0.247 0.53) 1.0 (0.671 1.43) 0.71 (0.42i 1.11) 0.3 (0.24i 0.5) 1.11 ( 0.83i 1.43) 0.31 (0.16i 0.59)
ﬁ\\ ggL((NN=_223(§9)) (N=62) demographic information, disease history, ¢1,000 NPM1m/10% ABL1 0.26 (0.15i 0.45) 1.1 (0.83i 1.67) 0.53 (0.23i 1.25) 0.19 (0.1i 0.42) 1.11 ( 0.83i 1.67) 0.06 (0.02i 0.15)
> NoCR(N=285) — A PR (N=7) No resbonse A CRIN=S6) no induction and consolidation treatments received, N=246
{ ﬁ g"tLh? ((3'512;) }(N=26)p A CRh (N=6) no morphologic response, MRD quantitatiqn after 2 N=108
CR and MRD positive MRD assessment chemotherapy cycles, relapse and survival
ol By ive l status. A total of 515 patients were excluded :
4 BMMRD (N=326) from the analysis due to lack of data to support Bone Marrow Peripheral Blood
A PBMRD (N=311) CRIi/CRh and MRD positive ) (A) (B)
or negative a morphologic response assessment and/or
A -.‘-’R‘B‘W%?B T MRD status within 42 days of the start of cycle 2 50 01 NPAREBL/ 10 50 01 NPARBL/ 10
i PBMRD (N=170) of chemotherapy. ) ) -
A "CRh (N=14) ) Table 2: EFS Hazard Ratios (HRS) for MRD'Negat|Ve CR vs MRD-Positive CR F|gure 4: Kaplan_Me|er eS'“mateS Of EFS for anentS Who ach|eved or
I oy remained in morphologic CR and underwent molecular MRD assessment
MLFS, morphologic leukemia-free state; PR, partial remission. : _ TR
MRD-Negative Definition in BM (A, C) or PB (B, D) py RT-gPCR W|.th|n 42 days of the start. _of
: C L. : : chemotherapy cycle 2. Patients are classified as being MRD positive or
Baseline Characteristics for Patients Included or Excluded From Analysis ¢0.01 NPM1m/10% ABL1 0.63 (0.43i 1) 0.38 (0.28i 0.56) negative based on the normalized copies of NPM1m transcripts per 104
_ _ Eelsle 910 Tralucled] el evalucles ¢0.1 NPM1m/10* ABL1 0.59 (0.410.91) 0.4 (0.29i 0.56) }Ac\)lflaleftirna;rr]\scl\r/:g; ?qsesg:i)\\;\ilp |2r2ascuhmpr:§);.rilzzgdsinH$§ba|1tev2ary|ng thresholds
Ra (s AML subtype e L ¢1 NPM1m/10% ABL1 0.48 (0.33i 0.71) 0.37 (0.261 0.53) 9 gativity '
. . patient subgroups appear to be well
<60 405 (66.1%) 385 (74.8%) De novo 576 (94.0%) 485 (94.2%) bal d with baseli ¢10 NPM1m/10% ABL1 0.43 (0.31i 0.62) 0.38 (0.26i 0.56)
o0 70 S EOEIIEE S demographic characteristics and risk ¢100 NPM1m/10% ABL1 0.38 (0.26i 0.56) 0.31 (0.19i 0.53) (C) (D)
Sex i
T 27 (2.4 e (43,70 0 269 (43.9%) 283 (55.0%) factors. There were slightly more ¢1,000 NPM1m/10% ABL1 0.27 (0.16i 0.48) 0.21 (0.10i 0.43)
ale (44. 00) (43. 00) 1 287 (46.8%) 192 (37.3%) yoqnger pat|ents _m the excluded 00. 1 NPMABhI 10 00. 1 NPMABhI 10
Female 341 (55.6%) 290 (56.3%) 5 51 (8.3%) 30 (5.8%) patLentE ?_ﬁup’kwmchf!s npt reflected
R . . . . . . -
3 3 (0.5%) 8 (1.6%) in the ELIN risk stratification Patients With MRD-Negative CR Have Better OS Than Patients With MRD-Positive CR
Asian 3 (0.5%) 14 (2.7%) Missing/Unknown 3 (0.5%) 2 (0.4%)
i'rﬁ‘e:':ig;ﬁf”ca“ 5 (0.8%) 3 (0.6%) ELN risk category* *ELN risk stratification is based on Bone Marrow Peripheral Blood
Favorable 438 (715%) 371 (720%) the VerS|On em IO ed |n eaCh StUd il 5 + Censored — egative —_— ositive il <] + Censored — egative _— ositive
White 519 (84.7%) 451 (87.6%) Intermediate 121 (19.7%) 96 (18.6%) POy Y (A) e ) e
Other 14 (2.3%) 10 (1.9%) Adverse 5 (0.8%) 5 (1.0%) 08+ 08 - e
Not reported 72 (11.7%) 37 (7.2%) Missing/Unknown 49 (8.0%) 43 (8.3%) }
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ECOG, Eastern Cooperative Oncology Group; PS, performance status; WHO, World Health Organization. N=255
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Figure 7: Kaplan-Meier estimates of OS for patients who achieved or remained in morphologic CR, CRi, or CRh and underwent molecular MRD
02 assessment by RT-qgPCR within 42 days of the start of chemotherapy cycle 2. OS HRs at varying thresholds for defining MRD-negative CR, CRi, or CRh
are summarized in Table 5.
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Figure 2: Patients in all 3 trials underwent double induction with a variety of

Response/ . . . . . o : ; .
. intensive regimens. (A) The induction chemotherapy randomization prior to October e s comtave v e Comtae v
Assessment 2011 was between cytarabine (Ara-C), daunorubicin (Dauno), and etoposide (ADE; 255 ) 22218)7? 122}?2) 1‘57?% fz‘sfé?) 33&3 zl(gslsf) \iiléii. ?Egii. 35;3. 0 19?{1‘7"; lfz}(s‘s? 1365345) lsoéé'%) '13;;2; 155:3 35;133. 35‘}3 35&33. Table 5: OS Hazard Ratios (HRs): MRD-Negative CR vs MRD-Positive CR, MRD-Negative CRi/CRh, and MRD-Positive CRi/CRh
(A) AML17 " course 1 [ie, cycle 1]: Dauno 50 mg/m? days 1, 3, and 5; Ara-C 100 mg/m? every e e e i
‘ 2 days " 12hours days 110, and etoposide 100 mg/m? days 1i 5; course 2: Dauno 50 © o | ) w | : MRD-Negaive Definition
20091 2011 ADE + GO vs | ADE vs DA mg/m? days 1, 3, and 5; Ara-C 100 mg/m? every 12 hours days 1i 8, and etoposide o R —— _ et — LT bt O — e S ¢0.01 NPM1m/10* ABL1 0.71 (0.43i 1.25) 1.11 (0.53i 2.5) 0.77 (0.43i 1.43) 0.45 (0.29i 0.71) 1.43 (0.77i 2.5) 0.34 (0.21i 0.56)
DA% GO 100 mg/m? days 1i 5) and Dauno and Ara-C (DA; course 1: Dauno 50 mg/m? days ; 05 2 0s- ¢0.1 NPM1m/104 ABL1 0.67 (0.42i 1.11) 1.11 (0.5i 2.5) 0.71 (0.4i 1.25) 0.48 (0.31i 0.77) 1.43 (0.77i 2.5) 0.36 (0.21i 0.59)
Course 1 Course 2 1, 3, and 5; Ara-C, 100 mg/m? every 12 hours days 1i 10; course 2: Dauno 50 E E ¢1 NPM1m/104 ABL1 0.53 (0.341 0.83) 1 (0.457 2) 0.59 (0.34i 1) 0.48 (0.37 0.71) 1.25 (0.71i 2) 0.37 (0.231 0.63)
- . . o N &) N
mg/m? days 1, 3, and 5; Ara-C, 100 mg/m? every 12 hours days 1i 8) combined with g 067 ' g 007 00. 1 NPMABDY 10 ¢10 NPM1m/104 ABL1 0.5 (0.32i 0.83) 0.83 (0.48i 1.43) 0.63 (0.38i 1.11) 0.43 (0.281 0.71) 1 (0.67i 1.67) 0.37 (0.211 0.63)
) Dauno 60 + Ara-C vs ! ) ) 2 N=246 :
201112014 5oino 90 + Ara-c > Dauno 50 +Ara-C vs gemtuzumab ozogamicin (GO) as a single dose of 3 mg/m2 or 6 mg/m?2 in course 1. g £ NC108 ¢100 NPM1m/10* ABL1 0.59 (0.36i 1) 1 (0.67i 1.67) 0.67 (0.37i 1.11) 0.37 (0.2i 0.71) 1.11 (0.71i 1.67) 0.25 (0.13i 0.5)
Neither the addition of etoposide nor GO at 6 mg/m? improved outcomes thus, from Z ‘ ~‘f ¢1,000 NPM1m/10% ABL1 0.28 (0.14i 0.53) 1 (0.71i 1.43) 0.43(0.17i 1.11) 0.18 (0.08i 0.38) 1 (0.71i 1.43) 0.04 (0.02i 0.11)
October 2011 onward all patients received DA with either 60 mg/m? or 90 mg/m? of £ 0o 001 NPWASRL 10 £ 02
Dauno in course 1, and for all patients, 50 mg/m? in course 2. After the first course : £
of induction treatment, patients were designated as high, intermediate, or low risk O e i ot oo e Comtae v . . . . . . .
(B) AMLSG 09-09 s based on a validated weighted risk score. High-risk patients were subjected to a 202N % 5B 5% ) 13 13 i) o o ) 0 43 451 i A Assessment of MRD using RT-gPCR in PB or BM after 2 cycles of intensive chemotherapy provides valuable prognostic information for
A : _ a 7 7 ZMLImths 1\;ear 2Ylears 3Ylears SYlears 7Ylears 9Ylears llYl'ears 13 Yl'ears 15 Ylears 2 Months 1 Year 2 Years 3 Years 5 Years 7 Years 9 Years 11 Years 13 Years 15 Years i ntS Wlth N PM 1m AM L
< 42 days > separate random assignment of fludarabine, Ara-C, granulocyte colony-stimulating e e patie
factor, and idarubicin (FLAG-Ida) vs Dauno and clofarabine with the intention to _ _ - A Arange of normalized copy number (NCN) cutoff definitions for MRD negativity revealed good discriminatory power for EFS and OS in
NI L eI 2 - : e : : Table 3: OS Hazard Ratios (HRs) for MRD-Negative CR vs MRD-Positive CR i : i i i i
proceed to transplantation. Low- and intermediate-risk patients received a second abie o azard Ratios (HRs) for €gative LR VS OSItive Figure 5: Kaplan-Meier estimates of OS for patients who achieved or BM and PB
ICE +ATRA+ GO —> ICE +ATRA+ GO : : : : : _ : - - - _ ' _ _ o o
course of induction as described above, with or without a targeted agent (CEP-701; rerg:l)lnid Icr:] mog’goggg %R Sgd ‘;rgsrw.f;'.t ”Ezcmar ']Y'tED ?Sstesfme”t A MRD is more frequently detected at lower NCN thresholds in BM than PB but has less negative prognostic implications than similar
Iestaurt.ln!b). ATl e 2 'nducnon. coblses, slll IErmeelEis: .and. SogEh patients MRD-Negative Definition mn (A, C) or PB (8, D) by RT-q within ays orfhe star o levels of MRD detected in PB; applying a higher threshold of MRD positivity for BM relative to PB can identify a population at
were eligible to be randomly assigned to have 1 or 2 consolidation courses following chemotherapy cycle 2. OS HRs at varying thresholds for defining MRD comparable risk of relapse and death
. . . . . . . 4 0 o . . . . ]
the confirmation of CR. (B) Patients were randomized to 2 cycles idarubicin AL NP L e L 0.71(0.4311.11) 0.45 (0.297 0.67) negativity are summarized in Table 3. A MRD ity —ted with better EFS and OS | ¢ wheth oheral t _ ot _ ote at th
(C) AML 2003 (induction cycle 1: 12 mg/m? intravenously [IV] on days 1, 3, and 5 [for patients >60 ¢0.1 NPM1m/10% ABL1 0.67 (0.42i 1.1) 0.48 (0.311 0.77) . negatvity IS associated wi etter _ an regaraless ot whetner peripneral count recovery Is complete or incomplete at the
) 12 daye #} years old, reduced to days 1 and 3]; induction cycle 2: 10 mg/m? IV on days 1 and 3 1 NPM L/ 10% ABLL 0.53 (0331 0.83) 0.45 (0291 0.71) time o_f BM CR determination (ie, CRI/CRNh); patients with MRD-negative CRI/CRh show similar outcomes to patients with MRD-
Cource 1 Cource 2 for all patients), Ara-C (100 mg/m2 continuously 1V on days 1 to 7 [for induction cycle 4 __ __ negative CR.
2 reduced to days 1 to 5]), and etoposide (100 mg/m2 IV on days 1 to 3 [in induction SO NS Bl YA ©AlliLr ) Uaz Al ien)
Dauno + Ara-C ~ —  Dauno +Ara-C cycle 2 and for patients >60 years old, reduced to days 1 and 3]; ICE) plus all-trans ¢100 NPM1m/10* ABL1 0.56 (0.34i 0.91) 0.33 (0.18i 0.62) 1 lvev A N Engl J Med. 2016;374(5):422-433. 2. K <ch < . Blood, 2020;136(26):3041-3050. 3, Sh N . Blood. 2013
Trvelle aaf : 2 X 2 e i i . lvey A, et al. n ed. ; :422-433. 2. Kapp-Schwoerer S, et al. Blood, ; ; - . 3. Shayegi N, et al. Blood, ;
retinoic acid (ATRA; 45 mg/m?) on days 6i 8, 15 mg/m? on days 91 21 with or without ¢1.000 NPM1m/10% ABLL 0.27 (0.14i 0.5) 0.16 (0.08 0.36) 122(1))/'83-92 g PP yeg

GO 3 mg/m? IV on day 1. (C) Induction consisted of 2 cycles of standard dose

Dauno and Ara-C. . "
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