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53 Abstract 
54 Recent advances in next-generation sequencing (NGS) have enabled 
55 the detection of subclinical minute FLT3-ITD. We selected 74 newly diagnosed 
56 cytogenetically normal acute myeloid leukemia (AML) samples in which FLT3-
57 ITD was not detected by gel electrophoresis. We sequenced them using NGS 
58 and found minute FLT3-ITDs in 19 cases. We compared cases with clinically 
59 relevant FLT3-ITD (n=37), cases with minute FLT3-ITD (n=19), and cases 
60 without detectable FLT3-ITD (n=55). Molecular characteristics (location, length) 
61 of minute FLT3-ITD were similar to those of clinically relevant FLT3-ITD. 
62 Survival of cases with minute FLT3-ITD was similar to that of cases without 
63 detectable FLT3-ITD, whereas the relapse rate within 1 year after onset was 
64 significantly higher in cases with minute FLT3-ITD. We followed 18 relapsed 
65 samples of cases with clinically FLT3-ITD-negative at diagnosis. Two of 3 cases 
66 with minute FLT3-ITD relapsed with progression to clinically relevant FLT3-ITD. 
67 Two of 15 cases in which FLT3-ITD was not detected by NGS relapsed with the 
68 emergence of minute FLT3-ITD and one of them showed progression to 
69 clinically relevant FLT3-ITD at the second relapse. We revealed the clonal 
70 dynamics of subclinical minute FLT3-ITD in clinically FLT3-ITD-negative AML. 
71 Minute FLT3-ITD at the initial AML can expand to become a dominant clone at 
72 relapse.
73
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74
75 Introduction
76 The FMS-like tyrosine kinase 3 internal tandem duplication (FLT3-ITD) 
77 is the most common recurrent mutation in acute myeloid leukemia (AML) 
78 1,2. FLT3-ITDs are predominately located in exons 14 and 15 and affect the 
79 juxtamembrane domain of the membranous tyrosine kinase receptor 3-5. An 
80 oligoclonal FLT3-ITD clone has been detected in a single patient 6,7. Some 
81 cases acquired FLT3-ITD in relapsed samples despite FLT3-ITD being absent 
82 in initial AML samples 8-11. Clinically, FLT3-ITD was detected by agarose gel or 
83 capillary electrophoresis of the polymerase chain reaction (PCR) product 9,12. 
84 The detection sensitivity of these methods is about 1-5% variant allele 
85 frequency (VAF) 12. The PCR amplicon sequence determined by using next-
86 generation sequencing (NGS) enabled detection of subclinical minute FLT3-ITD 
87 clones 13-15. For the cases with emerging FLT3-ITD on relapse, retrospective 
88 NGS assay of initial AML revealed the existence of a small subclone with FLT3-
89 ITD in several cases 11,16. However, the prevalence of subclinical minute FLT3-
90 ITD in clinically FLT3-ITD-negative cases was not clarified. We analyzed 
91 clinically FLT3-ITD-negative samples by NGS to determine the prevalence of 
92 subclinical minute FLT3-ITD in cases with cytogenetically normal (CN)-AML, 
93 because FLT3-ITD was most frequent in CN-AML compared to other 
94 karyotypes 17. We followed relapsed samples from the cohort and determined 
95 the dynamics of minute FLT3-ITDs. 
96
97 Patients and Methods
98 Patients
99 Hokkaido Leukemia Net (HLN) is a prospective cohort study collecting 

100 acute leukemia samples from affiliated hospitals in Hokkaido, the northernmost 
101 island of Japan 17,18. For detection of FLT3-ITD, genomic DNA from diagnostic 
102 samples was amplified by PCR using primer set of FLT3-ITD For: 5’- 
103 GCAATTTAGGTATGAAAGCCAGC-3’ and FLT3-ITD Rev: 5’- 
104 CTTTCAGCATTTTGACGGCAACC-3’ and subjected to 3% agarose gel 
105 electrophoresis (100 V, 40 min). FLT3-ITD alleric ratio (AR) was determined by 
106 standard capillary electrophoresis (CE) for evaluating prognostic stratification by 
107 European LeukemiaNet (ELN) 2017 19. The results for FLT3-ITD were timely 
108 returned to the doctors in charge. In this study, we focused on cytogenetically 
109 normal (CN) AML without FLT3-ITD diagnosed by gel electrophoresis. We 
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110 retrospectively analyzed the samples by NGS to detect subclinical minute FLT3-
111 ITD. This study was conducted in compliance with the ethical principles based 
112 on the Declaration of Helsinki and was approved by the institutional review 
113 board of Hokkaido University Hospital (No. 015-0344). Written consent for 
114 participation in the study was obtained from all of the patients. 
115

116 FLT3-ITD NGS assay

117 Genomic DNA was purified using a QIAamp DNA Mini Kit (QIAGEN, 
118 Hulsterweg, Netherlands). Genomic DNA was PCR-amplified using high-fidelity 
119 Taq polymerase (PrimerSTAR GXL DNA Polymerase, TAKARA BIO INC, 
120 Shiga, Japan) with forward and reverse primers [forward primer: 5’-
121 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-
122 GCAATTTAGGTATGAAAGCCAGC-3’, reverse primer: 5'-
123 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-
124 CTTTCGCATTTTGACGGCAACC-3’, each consisting of the adapter sequence 
125 following the FLT3 locus-specific sequence (underline) targeting FLT3 exons 14 
126 and 15)]. PCR products were gel-purified using a QIAquick Gel Purification Kit 
127 (QIAGEN). Purified PCR products were deep-sequenced at Research Institute 
128 for Microbial Disease, Osaka University (Osaka, Japan) using a Miseq 
129 sequencer (Illumina, San Diego, CA) with 250 bp paired-end reads. To establish 
130 sensitivity that is sufficient for the detection of 1 mutated allele in 10,000 alleles, 
131 a minimum input of 100 ng genomic DNA (30,000 alleles /15,000 cells 
132 equivalent) was tested. Each sample was sequenced at a more than 20,000 
133 paired-end read depth. Paired-end sequencing data were sorted by read length. 
134 The reference sequence was amplified as a 329-bp read. We manually 
135 extracted elongation events equal to or more than 3 bp. A BLAT search was 
136 performed at the University of California Santa Cruz genome browser to verify 
137 genomic alterations (https://genome.ucsc.edu/cgi-bin/hgBlat). The specific 
138 location of the inserted sequence of the duplicated sequence was verified with 
139 or without several non-templated-nucleotide filler sequences between 
140 duplicated sequences. The length, origin, and VAF of each event were 
141 analyzed. Using an FLT3-ITD-positive AML cell line (MOLM-14), the limit of 
142 quantitative detection of minute FLT3-ITD was 0.0067% (Figure S1). On the 
143 other hand, none of the samples from healthy individuals (N=3) showed FLT3-
144 ITD > 0.0067% by NGS assay. We defined “minute FLT3-ITD” as one that was 

https://genome.ucsc.edu/cgi-bin/hgBlat
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145 not detected by gel electrophoresis but was detected by NGS with a VAF of 
146 more than 0.0067%. 
147

148 Statistical analysis

149 Overall survival (OS) was calculated as the time from the date of 
150 diagnosis to death or last follow-up; the probability of OS was estimated using 
151 the Kaplan–Meier method, and differences between patient groups were 
152 analyzed using the log-rank test. Cumulative incidence of relapse (CIR) was 
153 computed according to the method described by Gray’s test. The Mann–
154 Whitney U test was used to compare data between groups. P-values < 0.05 
155 were considered statistically significant. All statistical analyses were performed 
156 using EZR 20. 
157
158 Results
159 A total of 111 CN-AML cases were registered in HLN from January 
160 2017 to December 2019. Thirty-seven cases were FLT3-ITD-positive by gel 
161 electrophoresis (cases with clinically relevant FLT3-ITD: crFLT3-ITD). The 
162 remaining 74 clinically FLT3-ITD-negative cases were analyzed by the NGS 
163 assay to determine whether they had subclinical minute FLT3-ITD clones. 
164 Surprisingly, 28 independent minute FLT3-ITDs were identified in 19 cases 
165 (minute FLT3-ITD: mFLT3-ITD) and they accounted for 25.7% of the clinically 
166 FLT3-ITD-negative cases. We added an analysis of capillary electrophoresis for 
167 all samples with FLT3-ITD detected by NGS. CE detected FLT3-ITD in all cases 
168 with clinically relevant FLT3-ITD. On the other hand, CE could not detect cases 
169 with minute FLT3-ITD except for 1 case with a borderline FLT3-ITD allelic ratio 
170 (AR) of 0.066. We divided the patients into 3 groups (cases with crFLT3-ITD, 
171 cases with mFLT3-ITD, and cases without detectable FLT3-ITD). The 
172 characteristics of each patient group are shown in Table 1. The percentage of 
173 blast cells, white blood cell count, WT1 expression and percentage of cases 
174 with NPM1 mutation were higher in cases with crFLT3-ITD and cases with 
175 mFLT3-ITD compared to cases without detectable FLT3-ITD (Table1). The 
176 number of patients treated with intensive chemotherapy was larger in the 
177 crFLT3-ITD group. The percentage of patients who received allogeneic stem 
178 cell transplantation was larger in the crFLT3-ITD group, but the difference was 
179 not significant. 
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180 To clarify the characteristics of mFLT3-ITD, we analyzed 19 of 37 
181 crFLT3-ITD samples by NGS as a control. The characteristics of mFLT3-ITDs 
182 were compared to those of crFLT3-ITD with the highest VAF in each case 
183 (n=19) (Table 2). VAF of FLT3-ITD was higher in cases with crFLT3-ITD 
184 (crFLT3-ITD vs mFLT3-ITD, VAF: 2.6-45.7%, median 27.5% vs 0.0077-3.1%, 
185 median 0.16%) (P<0.0001). FLT3-ITDs with filler sequences were more 
186 common in cases with crFLT3-ITDs than in cases with mFLT3-ITDs (crFLT3-
187 ITD: 52.6% vs mFLT3-ITD: 14.3%, P=0.0085). Other parameters such as 
188 location or length of the ITD were comparable in the crFLT3-ITD and mFLT3-
189 ITD groups (Figure S2). The location of the ITD showed a cluster at exon 14 of 
190 FLT3 (Figure S2). Fifteen (78.9%) of the 19 cases with crFLT3-ITD and 5 
191 (26.3%) of the 19 cases with mFLT3-ITD had more than two independent 
192 mFLT3-ITDs (Figure 1A). Oligoclonal mFLT3-ITDs were also detected in cases 
193 with crFLT3-ITD. The number of independent ITDs ranged from 1 to 5 (median 
194 number:1) per patient in cases with mFLT3-ITD. The number of independent 
195 ITDs was larger in cases with crFLT3-ITD (1-6, median: 3) (P<0.0027) (Figure 
196 1B). The lengths of both FLT3-ITDs were similar (crFLT3-ITD: 18-96 bp, median 
197 48 bp vs mFLT3-ITD: 18-93 bp, median 43.5 bp) (Figure 1C) and always 
198 multiples of 3 (3N) (Table 2). The findings suggested that mFLT3-ITD was in-
199 frame and had been biologically selected by its functional mutation. Clones with 
200 FLT3-ITD always accounted for a small population of blasts in cases with 
201 mFLT3-ITD (Figure 1D). On the other hand, FLT3-ITD percentages were mostly 
202 proportional to blast percentages in cases with crFLT3-ITD, whereas crFLT3-
203 ITD could also represent a fraction of blast cells in some cases with crFLT3-ITD 
204 (Figure 1D). 
205 The 5-year survival rates of cases with crFLT3-ITD, cases with mFLT3-
206 ITD and cases without detectable FLT3-ITD were 25.7%, 53.6% and 50.2%, 
207 respectively (Figure 2A). Cases with crFLT3-ITD tended to have a poor 
208 prognosis. In contrast, cases with crFLT3-ITD and cases with mFLT3-ITD had 
209 higher relapse rates at 1 year than that in cases without detectable FLT3-ITD 
210 (Figure 2B). 
211 In a median follow-up period of 25 months after initial diagnosis, 33 
212 cases relapsed among 72 cases who achieved complete remission (CR) (11 
213 cases with crFLT3-ITD, 7 cases with mFLT3-ITD, and 15 cases without 
214 detectable FLT3-ITD). We collected 23 relapse specimens from 18 of the 22 
215 cases in the latter two groups with clinically FLT3-ITD-negative [first relapse 
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216 (rel1), 18; second relapse (rel2), 5]. FLT3-ITD became clinically relevant in 2 
217 cases in rel1 and 2 cases in rel2 (Figure 3A, B). Regarding rel1, 2 of 3 cases in 
218 the initial mFLT3-ITD-positive group developed clinically relevant FLT3-ITD, 
219 while none of the 15 cases in the FLT3-ITD undetected group developed 
220 crFLT3-ITD (P=0.020). In both rel1 and rel2, cases that developed crFLT3-ITD 
221 were positive for mFLT3-ITD at the preceding time point.
222
223 Discussion

224 Conventionally FLT3-ITD was detected by agarose gel or capillary 
225 electrophoresis 7. An oligoclonal FLT3-ITD was detected by a conventional 
226 assay 6,7. Detection limits for FLT3-ITD by gel electrophoresis and capillary 
227 electrophoresis were reported to be 0.034–0.072 and 0.017 in FLT3-ITD AR, 
228 which represented 3.3-6.7% and 1.7% in VAF 12. Recent advances in NGS 
229 have enabled the detection of subclinical minute FLT3-ITDs 14,16,21. The 
230 detection limit of FLT3-ITD by NGS has reached 0.001-0.01%. 13,14,16,22 A 
231 sensitive method revealed more heterogeneity of FLT3-ITD in each patient that 
232 might be correlated with prognosis 6,23. Detection of mFLT3-ITD is also useful 
233 for MRD monitoring in FLT3-ITD-positive cases 13-15,22,24. The latest consensus 
234 document from the ELN MRD working party placed the FLT3-ITD as the level of 
235 evidence: IV, grade of recommendation: B with the level of agreement of 94% 
236 25. The document said the detection of FLT3-ITD most likely represents residual
237 AML when detected, but is often subclonal and has a low negative predictive 
238 value and better to use in combination with additional MRD makers 25.

239 Clones with FLT3-ITD mutation are unstable in the clinical course. 
240 FLT3-ITD-positive AML can relapse in the absence of a FLT3-ITD clone, while 
241 clinically FLT3-ITD-negative AML can relapse with a FLT3-ITD clone 8-11,26. 
242 Retrospective analysis of relapsed AML cases with emerging FLT3-ITD 
243 revealed the existence of FLT3-ITD at a low VAF in the initial AML samples 
244 11,16. However, there has been no report on the prevalence of mFLT3-ITD 
245 clones in cases with clinically FLT3-ITD-negative AML at diagnosis. We 
246 hypothesized that the preexisting mFLT3-ITD could expand and contribute to a 
247 relapsed disease and we revealed the prevalence of minute FLT3-ITD by 
248 analyzing clinically FLT3-ITD-negative cases. Multiple minute FLT3-ITDs were 
249 detected in 31.6% (6/19) of cases with minute FLT3-ITD (Figure 2C). The fact 
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250 that there are multiple FLT3-ITD clones within a single case and the fact that 
251 FLT3-ITD is present only in a subset of blasts suggest that the FLT3-ITD 
252 mutation is an event that occurs in the late stages of AML pathogenesis. 
253 Furthermore, single-cell analysis clearly showed that FLT3-ITD occurs as a later 
254 event in the hierarchy of clonal diversity of AML 27-29. 
255 The presence of FLT3-ITD in AML was known as a poor prognostic 
256 marker until the introduction of FLT3 inhibitors 19. Originally, the existence of 
257 FLT3-ITD was considered as a poor prognostic maker in the national 
258 comprehensive cancer network (NCCN) guideline 2017 30, then FLT3-ITD high 
259 (AR>0.5) represented a poor prognostic maker whereas FLT3-ITD low (AR<0.5) 
260 did not have a prognostic impact compared to FLT3-ITD negative in the ELN 
261 2017 and NCCN 2019 guideline 19,31. The recent update further abrogated the 
262 prognostic impact of FLT3-ITD under upfront usage of FLT3 inhibitors 32. Our 
263 data suggested that a minute clone with FLT3-ITD would not be associated with 
264 a poor prognosis because cases with mFLT3-ITD showed overall survival 
265 similar to that of cases without detectable FLT3-ITD. 
266 It is intriguing that fillers at duplicated sites are more common in 
267 crFLT3-ITDs than in mFLT3-ITDs (Table 2). An N-nucleotide filler at the 
268 duplicated site was speculated to be attributed to terminal deoxynucleotidyl 
269 transferase (TdT), which plays a key role in immunoglobulin rearrangement 33. 
270 Borrow J et al. reported that a FLT3-ITD N-nucleotide filler had a higher G/C content 
271 (66.9%), dinucleotide composition, and length characteristics consistent with synthesis 
272 by TdT. Other than the percentages of filler sequences at the duplicated sites, 
273 we could not find any difference in the location or length of each FLT3-ITD 
274 between crFLT3-ITDs and mFLT3-ITDs in terms of location or length. All 
275 mFLT3-ITDs were multiples of 3 bp, an in-frame duplication that seemed to be 
276 biologically selected with a gain of function. Other factors such as collaborative 
277 mutations or environmental conditions might contribute to the expansion of 
278 FLT3-ITD. Our findings revealed the mechanisms underlying FLT3-ITD 
279 emergence at relapse despite the mutation being absent in the initial sample. 
280 NGS identified mFLT3-ITD in one-fourth of cases with clinically FLT3-ITD 
281 negative AML (Figure 4). Together with cases with crFLT3-ITD, almost half of 
282 the CN-AML cases had clones with FLT3-ITD which could increase at relapse 
283 (Figure 4). Still, we could not predict which FLT3-ITD clone expand or 
284 disappeared. 
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285 Cases with mFLT3-ITD had a relapse rate within 1 year after diagnosis 
286 that was similar to that in cases with crFLT3-ITD, who were reported to have a 
287 shorter duration of remission 26. NPM1 mutations positively correlate with AML 
288 with FLT3-ITD 34. The percentage of NPM1 mutation was higher in cases with 
289 mFLT3-ITD similar to that in cases with crFLT3-ITD. These similarities might be 
290 due to background conditions that contribute to the creation of FLT3-ITD. NPM1 
291 mutation, which has been considered to occur in the founder clone of AML, 
292 could lead to yielding the clone with FLT3-ITD as a later event 27,35. 
293 Expansion or acquired clone with FLT3-ITD at relapse is also known as 
294 adaptive resistance to venetoclax-based combinations 36. Venetoclax is a potent 
295 BCL2 inhibitor that is used for the treatment of fit and unfit AML 37,38. Dinardo et 
296 al. reported that the expansion (n=3) or acquisition (n=2) of FLT3-ITD in 
297 patients with adaptive resistance to venetoclax occurred early after initial 
298 remission (within 1 to 6 months) 36. Clonal selection by BCL2 inhibition would 
299 confer a growth advantage to the clone with FLT3-ITD which up-regulates 
300 MCL1 36,39,40.　Considering these mechanisms, we speculated that cases with 
301 mFLT3-ITD would have a risk of relapse with emerging FLT3-ITD, especially if 
302 they are treated by a venetoclax-based regimen.
303
304 Conclusion
305 This study is the first study clarifying the clonal dynamics of 
306 minute FLT3-ITD in clinically FLT3-ITD-negative AML. One-fourth of with 
307 clinically FLT3-ITD-negative AML cases could have mFLT3-ITDs. Cases with 
308 mFLT3-ITD showed traits shared with cases with crFLT3-ITD such as a higher 
309 percentage of blast cells, WBC count, WT1 expression and percentage of 
310 NPM1 mutation. Minute FLT3-ITD at the initial onset of AML could expand to 
311 become a dominant clone in relapsed disease. The clinical significance of 
312 an FLT3 inhibitor for patients with mFLT3-ITD needs to be clarified in the future.
313
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357 Table 1. Characteristics of the cases categorized by FLT3-ITD status
358 Table 2. Characteristics of clinically relevant and minute FLT3-ITD
359
360 Figure legends
361 Figure 1 Comparison of FLT3-ITDs in clinically relevant and minute ITDs
362 A. Identified FLT3-ITDs in each case. Each circle represents independent FLT3-
363
364

ITD. Oligoclonal FLT3-ITD can be detected in both cases with crFLT3-
ITD and cases with mFLT3-ITD.

365 B. Number of independent FLT3-ITDs per case
366 C. Distribution of lengths of FLT3-ITDs.
367 D. Blast percentage and highest FLT3-ITD percentage for each case. The
368
369

dashed line represents the expected percentage of FLT3-ITD assuming 
all blasts have hemizygous FLT3-ITD. 

370
371 Figure 2
372 A. Overall survival
373 The total cohort was analyzed. Cases with crFLT3-ITD, n=37; cases with 
374 mFLT3-ITD, n=19; cases without detectable FLT3-ITD, n=55
375 B. Relapse rate
376 Patients who achieved CR were analyzed. Cases with crFLT3-ITD, n=23; 
377 cases with mFLT3-ITD, n=15; cases without detectable FLT3-ITD, n=34
378
379 Figure 3
380 A. Dynamics of minute FLT3-ITD clones in relapsed cases. FLT3-ITD became
381 clinically positive in 2 cases in the first relapse and in 2 cases in the second 
382 relapse. In both the first and second relapses, cases that developed clinically 
383 positive FLT3-ITD had been positive for mFLT3-ITD at the preceding time point.
384 B. Time course of 3 cases that acquired clinically relevant FLT3-ITD at relapse.
385 Case 1, Case 2, and Case 3 correspond to each case in Figure 4A. In Case 1, 
386 the clone that had existed as mFLT3-ITD at initial AML became crFLT3-ITD at 
387 relapse. In Case 2 and Case 3, clones that were not present as mFLT3-ITD 
388 became crFLT3-ITD at relapse. Rel: relapse
389
390 Figure 4
391 Oligoclonal FLT3-ITD in AML.
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392 At subclinical levels, oligoclonal minute FLT3-ITD exists in FLT3 wild-type cases 
393 and may contribute to relapse with emerging crFLT3-ITD.
394
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Table 1. Characteristics of cases categorized by FLT3-ITD status
determined by gel electrophoresis Clinically relevant FLT3-ITD Clinically FLT3-ITD-Negative

P value

determined by NGS assay minute FLT3-ITD without detectable FLT3-ITD 
Number of cases n=37  n=19 n=55

Median age [range] 63 [32-90] 65 [21-85] 68 [26-93] 0.33
Gender:   Male/Female 20/17 7/12 29/26 0.45
Specimens: BM/PB 28/9 17/2 48/7 0.28
WBC (/μL) [range] 62,165 [680-329,900] 23,100 [460-250,900] 10,700 [800-174,000] 0.0004
BM blast (%) [range] 85.0 [19.0-100.0] 83.0 [29.2-99.0] 66.0 [2.0-98.0] 0.0012
BM WT-1 expression(×10-4/K562)  [range] 1194.0 [23.9-7744.6] 703.0 [11.8-7244.4] 258.8 [1.0-31000.0] 0.000092
NPM1 mutation positive (%) 22 (59.5%) 10 (52.6%) 16 (29.1%) 0.0093
ELN2017: Favorable/Intermediate/Adverse 9/23/5 14/5/0 23/32/0 0.00041
Induction regimen
*Intensive Chemotherapy 31 (83.8%) 13 (68.4%) 33 (60.0%) 0.051
AZA 0 (0.0%) 0 (0.0%) 6 (10.9%) 0.055
Low-dose AraC-based Chemotherapy 3 (8.1%) 5 (26.3%) 11 (20.0%) 0.13
BSC 2 (5.4%) 1 (5.3%) 5 (9.1%) 0.88
Hydroxyurea 1 (2.7%) 0 (0.0%) 0 (0.0％) 0.51
**CR rates 23/34 (67.6%) 15/18 (83.3%) 34/50 (68.0%) 0.47
***PIF rates 11/31 (35.5%) 2/13 (15.4.%) 10/33 (30.3%) 0.46
Allo-HSCT 17 (45.9%) 4 (21.1%) 15 (27.3%)　 0.094
Time to Allo SCT, days  [range] 152 [92-225] 153.5 [104-417] 152 [92-226] 0.69
Non CR at Allo-HSCT 6/17 (35.3%) 1/4 (25.0%) 4/15 (26.7%) 0.88
Abbreviations, Allo-HSCT: allogeneic-hematopoietic stem cell transplantation, AZA: azacytidine, BM: bone marrow, BSC: best supportive care, CR: complete remission, ELN:
European LeukemiaNet, NGS: next-generation sequence, PB: peripheral blood, PIF: primary induction failure, WBC: white blood cell, WT-1: Wilms tumor-1 gene,
*Intensive Chemotherapy consisted of anthracyclines and cytarabine.
**CR rates were calculated by excluding BSC and Hydroxyurea cases from the denominator.
***PIF rates were calculated by number of cases that achieved first CR by Intensive Chemotherapy as a denominator.
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Table 2. Characteristics of FLT3-ITD

clinically relevant FLT3-ITD
(n=19)

minute FLT3-ITD
(n=28) P value

Length  [range] 48 bp [18-96 bp] 43.5 bp [18-93 bp] 0.44
In-frame mutation 19 (100%) 28 (100 %) 1
VAF (%)  [range] 27.5 [2.6-45.7] 0.16 [0.0077-3.1] ＜0.0001
ITD with filler (%) 10 (52.6%) 4 (14.3%) 0.0085
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Assessment of assay sensitivity, accuracy, and reproducibility. DNA of a FLT3-ITD-positive 
AML cell line (MOLM-14) was serially diluted in DNA of a FLT3-ITD-negative cell line (HL-60). 
Each dilution sample was analyzed in triplicate. The table shows expected ITD VAF and 
average ITD VAF by NGS of triplicated samples in each dilution. 
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