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Additional Gene Mutations May Contribute to Crenolanib Resistance

« Overall mutational spectrum identified with whole exome sequencing data from 29 resistance samples showed higher frequency in WT1, NRAS, SF3B1, STAGZ,
ASXL1, IDH2, TET1 and CCND3 compared to mutation frequency seen in AML patient samples with FLT3 ITD or D835 mutations from TCGA database (n=54) (Table 7).
VAF changes (subtraction) before and after crenolanib treatment from 19 paired cases were calculated (Table 8), and NRAS, ASXL1, and STAG2 showed higher

VAF after crenolanib resistance (Figure 3).

Introduction: Variation of the D835 residue of FLT3 occurs in ~5% of de novo AML cases and is a prominent feature of
drug resistance in the setting of FLT3-ITD. Crenolanib treatment of AML patients exhibiting FLT3 D835 and/or FLT3-ITD

Ultra-deep Sequencing of FLT3 TKD

No New D835 Mutations Arise After Crenolanib Treatment .

positive tumors has yielded significant clinical responses. However, these clinical responses to single-agent crenolanib ) E)fon 20 of FLT3 was sequenced in palreq samplgs from six (6) .p.a’.uents \_Nho had I_:LT3 ITD with no_ TKD mutations at the time of staﬁmg crenolgnlb FLT3 L L [ ] [ ] Percentage | M 'TD+D835
were transient, so we performed whole exome sequencing to determine the mechanisms of crenolanib resistance. « With an average of 203,964 reads, there is no evidence of acquisition or increase in allelic burden in any of the D835Y/H/R/V mutations at the time of relapse :?:tli:;\t 1907 | 1551 | 1500 | 1501 | 1499 | 1896 | 1914 | 1502 | 1548 | 1909 | 1895 | 1892 [ 1908 | 1894 | 1549 | 1905 | 1912 [ 1910 | 1503 | 1496 | 1899 | 1498 | 1550 | 1888 | 1900 | 1904 | 1887 | 1893 | 1504 O4v:;a|l T(éE)BA ] :;T;g,
Mutation of the FLT3 F691 “gatekeeper’ residue is a known resistance mechanism to crenolanib and other FLT3 inhibitors : ~ Baseline D835Y D835H D835R D835V  Coverage Coverage P DNMT3A L] 44.8 ST W frame shin
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in vitro. Hence, secondary mutation of FLT3 at the gatekeeper or other sites was hypothesized to be a predominant ——T 68886 | 270143 NRAS/KRAS 103 | 37 stop gain
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Methods: Genomic DNA was isolated from bone marrow aspirates from 42 AML patients treated with crenolanib. We __ baseline 144746 143752 domain — ;I\%Tu ) 23 764
performed whole exome sequencing using lllumina Nextera exome capture and paired-end sequencing on an lllumipa GeDl <— K429E CCND3 ] 6.9 0
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2500 HiSeq. Paired specimens (pre/post-treatment) were available for 19 of these patients, allowing for analysis of 1914 c5D1 ITD CEBPA 34 37
acquired mutations in the context of crenolanib therapy. ceD1 PHF6 ] 34 | 19
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Results: Although secondary mutation of FLT3 at the gatekeeper residue, FLT3 F691, was predicted to be a prominent C9D1 136920 136600 Cytosol — 572 CBL ] 34 53
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cases exhibited a FLT3 gatekeeper mutation despite good coverage of the FLT3 locus (average of 134 fold read depth; Y 288054 289777 e o Fe91L TP53 | 34| 26
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at alternative residues, D200N, K429E, and L601F, in 3 other patients. Hence, only 6/42 (14%) of patients exhibited C3D1 272778 272778 Rgfﬁz@ LTS K298 [ 24 :
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: : : : : ‘ | ' ' of FLT3 showing position of all Table 7. Overall mutational spectrum of all patients at their latest sampling time point.
crenolanib resistance in the absence of secondary FLT3 mutations. Exome analysis revealed that many of these cases Table 2. D835 mutation status of patients with FLT3-ITD at baseline (data are read counts at each 10Gi). mutations described in this study. P P piing P
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Conclusions: Crenolanib is broadly effective against FLT3-ITD and FLT3-D835 mutant AML. Despite predictions of FLT3 « (Gatekeeper mutation F691L of FLT3 is known to be insensitive to crenolanib, based on pre-clinical assay (Table 1) WT1 092 005 0 0 ©O0 ©0 O o0 012 0 ©0 007 0 0 ©0 0 o0 o o 4 ® ASXL1
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regulators, suggesting a more elaborate genetic/epi-genetic mechanism of resistance to crenolanib. « Only one (1) out of 20 (5%) of crenolanib-treated AML patients developed gatekeeper mutation F691L at the time of relapse fDT:fZ 8 8 034 8 8 8 8 8 8 8 8 8 ’ 8 8 8 0-34 8 8 f N W
* None of the other patient had any apparent increase in the F691L clone CSF3R o 0o o0 o0 o0 ©O0 o0 o0 o0 o0 0 0 0 0 019 0 o0 o o 1 “:’ o DNMT3A
| | | | | BCORL1 o o o o O O O O O O O O 0 0O 0 01 0 0 © 1
I d . Patient Cvcle/Da Baseline F691L F691L Coverage  Coverage Patient Cvcle/Da - Baseline ~ F691L  F691L Coverage  Coverage CEBPA o o o o o0 o o0 0 o 0 o0 O 0 0 02 0 o 0 o 1 ﬁ e NPM1
ntroduction T y FLT3 TTT>C TTT>G TTT >C TTT >G hid Y RT3 TIT>C  TIT>G TTT>C TTT >G IDH2 © o 0o o o o o 0o ©0o 0 0 0 0 0 0 0 0 013 0 1 <
.................... cib1 e 2 180345 180129 capt £ 8% 15 185383 185361 PHF6 oo o0 o0 o0 o0 o0 o0 o0 o0 O0 0 O 0 0 0 0 [028 O 1
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. . . 1885 c1b1 De3s 4 s 201611 201504 c1b1 i 2 168555 168498 Table 8. VAF changes (subtraction) before and after crenolanib resistance from 19 paired cases were calculated. B 3 treatment against after crenolanib treatment.
« Gate keeper mutation F691L and another mutation, D698N, were the only two recurring mutant clones out of C2D1 198619 198574 1497 C2D1 ITD 271716 271349 0.7 0 07
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FLTS positive AML patients - | o | T csD1 4z 18 i7e002 175969 [ cior Lo a 285602 285576 FLT3 ITD + D835 clone was reduced, but a drug resistant subclone emerged during treatment
« These type Il inhibitors, binding only to the inactive conformation of FLT3, are intrinsically resistant to activating follow-up 184083 184022 1499 c2D1 ™ 49 14 332312 332030 * Patient 1550 responded to crenolanib and achieved CRi after one cycle of crenolanib (28 days). | |
mutations in the kinase domain (TKD) (Figure 1) 1001 cipt mw 33 1’ lester 163148 C3D1 315583 | 312464 * Atremission, low level of IDH2 and PHF6 mutant were detected, suggesting the presence of a potentially drug resistant subclone.
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 In this study, whole exome sequencing as well as ultra-deep sequencing of FLT3 exon 17 and 20 were conductedto C3D1 e e 167835 167774 1201 C2D1 ITD+D835 81 7 248251 248451 ° ° ° °
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e, [TD+DB3SDe 1 Table 3. F691 mutation status of all patients (data are read counts at each loci). « Patient received an allogeneic stem cell transplantation after cycle 3 and received crenolanib maintenance therapy 34 days after the transplant. The aberrant clone
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ITD+D835H 1  Four months after transplant, patient relapsed due to minimal residual disease, with mutation profile identical to the founder clone, FLT3-ITD and mutations in NPM1,
ITD + D835V 131248  Low allelic burdens of A833S, D839Y/G and N841K were detected at baseline in four (4) patients, and these clones were eliminated during the course of DNMT3A and CCND3 and CHEK2.
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Table 1. IC5_0 of crenolanib on different Figure 1. Relative resistance of different FLT3 inhipitors: The values are fold-difference in IC, relative to ITD alone cot 4 9 13  311(044%) 76676 77140 74859 71166 WBC: White blood cells; BM: Bone marrow; VAF: Variant allele frequency: NA: Not available
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Ob'ectives C5D1 175004 174990 172601 170114 « Patient 1496 had hematological improvement after 4.5 months of crenolanib treatment.
j 1497 ¢ibr - 8 1945(096%) ¢ 7 201582 203442 19994 197003 e Crenolanib was efficient in eliminating the D835 mutant clone, as evidenced by the substantial reduction of the D835 mutant allelic burden.
C4D1 185833 187380 182663 180028 « However, there was a significant increase in the allelic burden of RUNX1, NRAS and STAGZ2 during the course of treatment. This expanding subclone was likely to be a FLT3
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« To determine additional somatic mutations in the exome that may be acquired at the time of crenolanib resistance WEGC

(k/ul)

ITD and TKD D835 Allelic
status Burden (%)

Table 4. A833, D839, N841 mutation detected in 4 patients (data are read counts at each loci). Peripheral BM Blast

Blast (%) (%)

- Patient Cycle/Day

. Screening 2.4 35 47 D835 20 NA NA NA NA NA NA

. Methods Full Exome Sequencing S - T TR R R -
C3D1 1.0 21 26 D835 4 113 (62.4%) 184 50 (22.8%) 219 11 (52.4%) 21

C5D1 2.0 29 74 D835 2 170 (70.8%) 240 135 (47.9%) 282 34 (77.3%) 44

Patient population: Samples in this study were collected from relapsed/refractory AML patients who received crenolanib
as monotherapy. The sampled population included patients who have had durable responses to crenolanib, as well as
those who have had transient responses to crenolanib.

F691L Was Found in 7% of Patients

Consistent with the ultra-deep sequencing results, three (3) out 42 (7%) patients
developed a F691L mutation during crenolanib treatment
Among the three (3) patients with F691L mutation, only two (2) had a significant

allelic burden « Crenolanib is broadly effective against FLT3-ITD and FLT3-D835 mutant AML. No secondary D835 mutations were identified
« Despite predictions of FLT3 gatekeeper mutations (or other secondary FLT3 mutations) as a primary mechanism of resistance, we observed these events only in a

Detected Three Novel Mutations of FLT3

WBC: White blood cells; BM: Bone marrow; VAF: Variant allele frequency; NA: Not available
Table 11. Blood count, blast count and mutation status of a patient with a drug resistant subclone.

« Three (3) novel mutations were identified, and two (2) of them were present at
the time of treatment initiation

« The importance of L601F, K429E and D200N (see position in figure 2) is .
currently under investigation

Whole Exome Sequencing: To determine the potential mechanism of crenolanib resistance, the bone marrow and/
or peripheral blood samples from 42 patients who had progressed after treatment with crenolanib were assessed by
whole exome sequencing. We performed whole exome sequencing using lllumina Next era exome capture and paired-

end sequencing on an lllumina 2500 HiSeq. Paired specimens (before/after resistance) were available for 19 of these Additional BM blast Patient Cycle/Day  FLT3 mutation VAE Coverage BM blast minority (5 to 7%) of patients
patients, allowing for analysis of acquired mutations in the context of crenolanib therapy. For the other 17 patients, Patient CyclelDay MEtLaTt?o . Coverage count 004 1028 = 17 (34%) 50 °t » Instead, we observed a prominent signal of mutations in spliceosome (SF3B1), chromatin modifiers (ASXL1), cohesion complex (STAG2) and RAS pathway,
samples at the time of relapse were available. C1D1 LG6O1F 5 (8.5%) 89 83% CoD" o i 45 100/0 suggesting a more elaborate genetic/epi-genetic mechanism of resistance to crenolanib

1888 o : 1551 F691L :
Ultra-deep Sequencing: Exon 17 and exon 20 of FLT3 were also sequenced in 20 patient samples to an average of 1897 (;2[5)217 :;ig;'; :5(9%3({;) 16239 g? ;° C3D1 2 (2.2%) 92 4% El E
224,693 reads by MiSeq Next-Generation Sequencing (lllumina) (3). Samples from 17 patients were paired samples 1D 900N o Ezsf;; 13 10(; 1500 C2D1 FEIL 9 (45%) 20 78% Refe rences U=
before and after crenolanib treatment. 1907 C1D28 D200N 8 (14%) 58 7% 1.Smith et. al. (2014) PNAS 111: 5319-5324

2.Smith et. al. (2015) Leukemia. doi:10.1038. E
3.Baker et. al. (2013) Clin Cancer Res. 19: 5758-5768.
4.Smith et. al. (2012) Nature. 485: 260-263.

BM: bone marrow, VAF: Variant allele frequency;
Table 6: FLT3 F691L was detected by exome sequencing in AML patients treated with crenolanib.

BM: bone marrow, VAF: Variant allele frequency
Table 5: Additional FLT3 mutations were detected by exome sequencing in AML patients treated with crenolanib.
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