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ABSTRACT

FLT3 internal tandem duplication (ITD), one of the most frequent mutations 
in Acute Myeloid Leukemia (AML), is reported to be an unstable marker, as it can 
evolve from FLT3 ITD- to ITD+ during the disease course. A single-gene sensitive 
mutational screening approach may be helpful for better clarifying the exact timing 
of mutation occurrence, especially when FLT3 ITD appears to occur late, at disease 
progression. We developed an amplicon-based ultra-deep-sequencing (UDS) approach 
for FLT3 mutational screening. We exploited this highly sensitive technology for the 
retrospective screening of diagnosis, relapse and follow-up samples of 5 out of 256 
cytogenetically normal (CN-) AML who were FLT3 wild-type at presentation, but tested 
ITD+ at relapse or disease progression. Our study revealed that all patients carried a 
small ITD+ clone at diagnosis, which was undetectable by routine analysis (0,2–2% 
abundance). The dynamics of ITD+ clones from diagnosis to disease progression, 
assessed by UDS, reflected clonal evolution under treatment pressure. UDS appears 
as a valuable tool for FLT3 mutational screening and for the assessment of minimal 
residual disease (MRD) during follow-up, by detecting small ITD+ clones that may 
survive chemotherapy, evolve over time and definitely worsen the prognosis of 
CN-AML patients.

INTRODUCTION

Mutations in the FMS-related tyrosine kinase 3 
(FLT3) gene represent one of the most frequent and 
clinically challenging event in Acute Myeloid Leukemia 
(AML), occurring in the 25% of newly diagnosed cases 
[1]. Two types of FLT3 mutations have been described: 
activating internal tandem duplications (FLT3 ITD) in or 
near the juxtamembrane domain of the receptor, and point 
mutations within the activation loop of the tyrosine kinase 
domain (FLT3 TKD) [2]. FLT3 ITD are independent 
predictors of bad prognosis in cytogenetically normal 
(CN-) AML and they represent a challenge of great 

interest, due to the high frequency and to the availability 
of specific inhibitors [3–5].

In the absence of FLT3 ITD, Nucleophosmin 1 
(NPM1) mutations generally confer a favourable 
prognosis and NPM1-mutated AML cases do not undergo 
allogenic transplantation in first complete remission 
(CR1). High FLT3 ITD allelic burden (greater than 
33%) instead associates with poor prognosis and high 
relapse rate (RR). Therefore, high level mutant FLT3 
ITD patients are candidate for transplantation in CR1, 
according to donor availability [6, 7]. Moreover, recent 
studies showed that also low levels of FLT3 ITD (defined 
between 5% and 25% of mutant level) predict an increased 
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cumulative incidence of relapse (CIR), independently of 
NPM1 mutational status. Since the RR is among the most 
relevant parameters guiding decisions about allogenic 
transplantation in CR1, also low FLT3 ITD levels should 
be taken into account [8, 9].

Several studies reported that FLT3 ITD is an 
unstable marker during disease evolution, with a non-
homogeneous allelic burden and with cases progressing 
from FLT3 ITD- to FLT3 ITD+ status and viceversa [10, 
11]. Recent whole genome sequencing analyses provided 
new insights into the origin and clonal evolution of AML 
mutations: “initiating” driver mutations (as FLT3 ITD) 
are early events and are relevant to leukemogenesis and 
targeted therapy, while cooperating mutations occur later 
and contribute to disease progression [12]. This evidence 
suggests that a single-gene ultra-deep mutational screening 
approach may be helpful to monitor FLT3 mutational 
status over time and to promptly identify FLT3 ITD clones 
expanding at relapse or disease progression [13].

Next-generation sequencing (NGS) has overcome 
the technical limits of routine molecular diagnostics 
methods. The high sensitivity of NGS technologies 
allows discriminate between polyclonal and compound 
mutations and to accurately quantify the mutated clone 
abundance [14–16]. Therefore, NGS appears as an 
attractive strategy to detect FLT3 mutations in AML 
patients, especially in cases showing a complex pattern of 
clonal evolution, in which FLT3 mutations evolve during 
the disease course.

We aimed to understand the dynamics and evolution 
of ITD mutations in CN-AML cases, which showed 
FLT3 ITD positivity only at follow-up by conventional 
sequencing methodologies. To this purpose, we moved 
from a PCR assay followed by denaturing HPLC analysis 
(1–5% sensitivity) to an amplicon-based ultra-deep-
sequencing (UDS) approach, which is currently the most 
sensitive approach, by exploiting the Roche 454 Life 
Sciences technology [17, 18]. We analyzed diagnosis, 
relapse and follow-up samples of 5 out of 256 CN-AML 
patients, who tested negative for FLT3 ITD at diagnosis 
by routine approaches, but carried FLT3 ITD at relapse 
or disease progression. Retrospective UDS screening 
of FLT3 mutational status in these patients revealed the 
presence of small ITD+ clones, which were undetectable 
by routine analysis.

RESULTS

Robustness of UDS for FLT3 mutational 
analysis

Sequencing run metrics

Sequencing runs generated an average of 121122 
reads (range, 69624–171904). Sequencing depth was 
between 1951 and 14273 reads per base across the runs 
(average 8077).

Sensitivity of mutation detection

To test the method sensitivity in the detection of 
mutated clones, we took advantage of the AML cell lines 
MOLM-13 (harbouring a heterozygous ITD mutation) 
and OCI-AML3 (expressing wild-type FLT3). We 
diluted MOLM-13 RNA with OCI AML3 RNA, thus 
obtaining the following rates of FLT3 ITD mutation: 50% 
(undiluted), 25% (1:2 dilution), 5% (1:10 dilution), 2,5% 
(1:20 dilution), 0,25% (1:200 dilution), 0,125% (1:400 
dilution) and 0,06% (1:800 dilution).

Sequencing results showed signals of mutation 
down to 0,125% mutation abundance, which we consider 
the detection limit in our experimental setting. The 
concordance between the average variant frequencies 
detected at different dilution levels and the expected 
frequencies are shown in Figure 1.

Inter- and intra-run reproducibility

Inter-run reproducibility of UDS was assessed by 
sequencing MOLM-13 samples obtained by separate 
RT and PCR steps in two independent runs. Intra-run 
reproducibility was tested by sequencing 3 replicate 
MOLM-13 samples with 3 different barcode indexes in the 
same run. The samples showed comparable ITD variant 
frequency, thus confirming high inter- and intra-assay 
reproducibility of the results (Table 1).

Concordance between conventional and UDS methods 
in clinical sample testing

To verify the performance of UDS in the detection 
of ITD mutations in clinical AML samples, we performed 

Table 1: Inter-run and intra-run reproducibility
RUN1 RUN2

REPL.1 REPL.2 REPL.3 REPL.1 REPL.2 REPL.3 MEAN SD CV

MOLM-
13

ITD 
(50%) 53,92 55,57 53,38 53,16 50,99 53,18 53,37 1,47 0,03

Inter- and intra-run reproducibility were tested in repeated runs using independent MOLM-13 replicates (including 
independent RT and PCR steps between run1 and 2).
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parallel UDS and conventional analyses on 20 AML 
samples from patients enrolled in an experimental clinical 
trial (AMBIT FLT3 inhibitor AC220–002). ITD mutation 
analysis was performed before and after treatment, by PCR 
and D-HPLC followed by Sanger sequencing and by UDS. 
The results are shown in Table 2: UDS detected all the ITD 
mutations identified by conventional analysis, with 100% 
concordance in terms of ITD size and sequence. Moreover, 
2 ITD mutations that were under the detection limit of 
conventional tests could be detected by UDS (underlined 
in red in Table 2). The results confirmed the concordance 
between conventional and UDS methods in clinical sample 
testing and highlighted the highest sensitivity of UDS.

UDS revealed multiple minimal ITD mutated clones 
present at diagnosis and undiscovered by Sanger-
based assay

To explore the clonal evolution of FLT3 mutations, 
22 AML samples collected from 5 patients were analyzed 
by UDS (three or more time points per patient).

The mutations detected by conventional analysis 
were confirmed by UDS (relapse and disease progression 
samples of 3 and 2 patients, respectively). Moreover, 
8 samples showed one or more additional FLT3 ITD+ 
clone by UDS , which were not detectable by routine 
analysis (dots below the dotted line in Figure 2). Notably, 

all ITD+ clones becoming detectable at follow up by 
routine analysis were found at low frequency (0,2% to 
2%) at the time of diagnosis by UDS. Four cases (UPN 
1, 2, 3 and 5) carried a single ITD mutation, while UPN 
4 had two small ITD mutated clones and one of them 
expanded over time (ITD (1919), Figure 2).

Clonal evolution of FLT3 ITD mutations assessed by 
UDS analysis

Patients UPN 1 and UPN 3, who were not treated 
with conventional chemotherapy at diagnosis, showed 
a progressive expansion of the ITD+ clone at follow-up 
(Figure 2A and 2C). UPN1 had a small ITD+ clone at 
diagnosis (0,25% by UDS). Despite obtaining an initial 
partial remission by cytoreduction with Hydroxyurea, the 
patient relapsed seven months after diagnosis, due to the 
progressive expansion of the ITD+ clone which became 
the dominant one (41,29%) and remained stable over time 
(Figure 2A).

Patient UPN 3 received best supportive therapy 
(BST). The ITD+ clone progressively increased (from 
1,34% at diagnosis to 29,4% after 14 months of follow-
up), along with the appearance of a minor ITD+ clone 
(0,6%) and two small TKD mutated clones (D835Y and 
D839G at 5,23% and 1,44% of abundance, respectively) 
in the sample tested 11 months after diagnosis. The patient 

Figure 1: Sensitivity of mutation detection. Sensitivity of mutation detection was measured by serial dilutions of MOLM-13 with 
OCI-AML3 RNA (harbouring a heterozygous ITD mutation ad wild-type FLT3, respectively). The following dilutions of MOLM-13 RNA 
were tested: 50% (undiluted), 25% (1:2 dilution), 5% (1:10 dilution), 2,5% (1:20 dilution) and 0,25% (1:200 dilution), 0,125% (1:400 
dilution) and 0,06% (1:800 dilution).

Figure 1: Sensitivity of mutation detection. Sensitivity of mutation detection was measured by serial dilutions of MOLM-13 with 
OCI-AML3 RNA (harbouring a heterozygous ITD mutation ad wild-type FLT3, respectively). The following dilutions of MOLM-13 RNA 
were tested: 50% (undiluted), 25% (1:2 dilution), 5% (1:10 dilution), 2,5% (1:20 dilution) and 0,25% (1:200 dilution), 0,125% (1:400 
dilution) and 0,06% (1:800 dilution).
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was enrolled in an experimental clinical trial (2 cycles 
of AMBIT FLT3 inhibitor AC220–002 oral compound, 
at the dosage of 135 mg/daily for 28-days cycles) and 
achieved a complete morphological remission, along with 
the decrease of the major FLT3 ITD mutated clone in the 
sample tested 5 months after therapy (~5%) (Figure 2C).

Patient UPN 4 received conventional induction 
chemotherapy and after an initial expansion of the FLT3 
ITD+ clone, he achieved a complete morphological 
remission at the end of a “3+7” induction schedule. 
At molecular level, the remission was marked by 
reduction of the ITD+ clone to undetectable levels by 
Sanger assay and UDS. The patient then received three 
courses of consolidation, followed by autologous stem 
cells apheresis, in preparation for autologous stem cell 
transplantation. Unfortunately, the patient relapsed four 
months after achieving remission, when one of the ITD 
mutated clones, detectable at diagnosis at low levels 
(3,6%), became homozygous (88%) likely by loss of 
heterozygosity (LOH) of the mutated allele. LOH was 
previously reported to be frequent in AML patients, 
suggesting a general mechanism of AML clonal evolution 
and disease progression [19]. The patient was treated with 
the oral tyrosine-kinase inhibitor (TKI) Sorafenib, at the 
standard dosage of 400 mg twice daily, for one month. The 
drug was well tolerated, and no adverse events occurred. 
Unfortunately, no haematological response was observed. 
Accordingly, after one month of treatment, UDS revealed 
the persistence of the major ITD+ clone, that remained 
stable at 89,7%, and the appearance of two additional 

FLT3 TKD mutated clones, D839G and D835H at 1,48% 
and 3,27% of abundance, respectively (Figure 2D). These 
mutations are able to confer resistance to Sorafenib 
treatment, as previously reported [20, 21].

Patient UPN 5 showed resistance to conventional 
induction chemotherapy (Cytarabine and Idarubicine). 
UDS analysis revealed a progressive expansion of the 
ITD+ clone over time (from 3,78% at diagnosis to 12,3% 
two months later), while the TKD mutated clone D835Y 
was successfully inhibited by the treatment (from 8,96% at 
diagnosis to 0,2%). The sample tested by UDS at disease 
progression (4 months after diagnosis) showed a further 
increase of the ITD mutated clone (15% of abundance), 
while the D835Y clone remained stable (0,2%).

Finally, patient UPN 2 was characterized by TKD 
D835Y mutation (43%) and a small ITD mutated clone 
(revealed only by UDS analysis, 0,4%) at diagnosis. 
After two months of conventional chemotherapy 
treatment (3+7 schedule with Gemtuzumab-Ozogamicin, 
Cytarabine and Idarubicine), the patient obtained a 
complete morphological remission, with the ITD+ clone 
remaining stable (~0,1%) and the TKD D835Y mutated 
clone dropping down (from 43,5% at diagnosis to 
1,37% at CR). At relapse, which occurred three months 
later, UDS analysis revealed that the ITD and D835Y 
clones increased to 30% and 24,5%, respectively, 
showing that the extensive use of UDS, associated with 
correct time-points of molecular monitoring, could be 
critical for relapse prediction and therapeutic decisions 
(Figure 2B).

Table 2: Concordance between conventional and UDS methods in clinical sample testing
Baseline Post AC220

UPN Age Cytogenetic Profile BMB (%) FLT3 ITD (%) BMB 
(%)

FLT3 ITD (%)

6 63 46XY 100 ITD 1863 (33bp):0,7%
ITD 1906 (36bp):77% 100 ITD 1906(36bp):96%

7 71 46XY 100 ITD 1920 (90bp):29% 5 ITD 1920 (90bp):5%

8 40 46XX 80 ITD 1922(69 bp): 1,8% 100 ND

9 55 46XX;t(2;8)(q15,q24) 100 ITD 1874 (45bp):39,8% 100 ITD 1874 (45bp):54,4%

10 60 46XY 80 ND 90 ND

11 63 Complex 100 ND 100 ND

12 70 47XY;+11 90 ITD 1909 (45bp):27,3% 80 ITD 1909 (45bp):20,7%

13 50 46XX;t(6,11)(q27,q23) 100 ND 100 ND

14 55 47XX;+21 100 ND 100 ND

15 67 46XX 80 ND 80 ND

Clinical AML samples from patients treated with the FLT3 inhibitor AC220 were screened for the presence of ITD mutations 
before and after therapy by PCR, followed by DHPLC and Sanger Sequencing, and by UDS (BMB: bone marrow blasts, ND: 
not detected). The ITD mutations in red were detected exclusively by UDS analysis.
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DISCUSSION

FLT3 ITD mutations are independent predictors 
of poor prognosis in AML, particularly in CN-AML 
patients. They are one of the most frequent and clinically 
challenging AML aberrations and therapeutic decisions are 

extensively affected by results and interpretation of FLT3 
mutational screening [6, 22, 23].

Several studies described the instability of FLT3 
ITD during the disease course, with cases evolving from 
FLT3 ITD- to FLT3 ITD+ and viceversa [10, 11]. As for 
the dynamics of clonal evolution, recent whole genome 

Figure 2: Evolution of FLT3 ITD+ clones during the disease course in 5 CN-AML analysed by UDS. Circles dimensions 
represent the percentage of the ITD+ clones over total FLT3 RNA during follow-up; colours indicate mutated clones and the dotted lines 
mark the threshold of detection of routine Sanger Sequencing method. For each patient, the FLT3 mutational status and clone abundance 
is reported at each time point of analysis. The small graph shows the percentage of bone marrow blast cells all over the disease course. 
(PR: partial remission; CR: complete remission; BM: bone marrow).
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sequencing analyses revealed that AML relapse frequently 
occurs by outgrowth of sub-clones gaining a small cluster 
of new mutations, favoured by DNA damage induced 
by cytotoxic chemotherapy [24]. Among recurrent AML 
mutations, FLT3 ITD has been defined a driver mutation, 
which sustains the founding clone for progression to a 
frank leukemia [12, 24].

Based on this evidence, we aimed to gain new 
insights into the dynamics of FLT3 ITD clones, including 
outgrowth and clonal evolution in treated CN-AML cases 
evolved from FLT3 ITD- to FLT3 ITD+. In those cases, 
FLT3 ITD does not appear to be a driver mutation, as it 
was acquired at disease progression. In our cohort of 886 
clinically and molecularly characterized AML patients, 
who were treated and followed at Seràgnoli Institute of 
Hematology-University of Bologna between 2002 and 
2013, we found 5 CN-AML who were FLT3 ITD- at 
diagnosis and became FLT3 ITD+ at relapse or during 
follow-up.

Here we provide a high-coverage UDS strategy for 
FLT3 mutational testing that is able to detect small ITD 
mutated clones, even lower than 1% of abundance.

UDS analysis of FLT3 in the 5 CN-AML from 
diagnosis to relapse or disease follow-up revealed that all 
patients actually carried a small ITD+ clone at diagnosis, 
that was undetectable by conventional Sanger-based 
analysis (relative abundance of 0,2–2%).

A recent study by Ottone et al. exploited a patient-
specific real-time quantitative-PCR (RQ-PCR) strategy 
to increase FLT3 ITD detection sensitivity of the routine 
RT-PCR assay [25]. They also observed that patients who 
were FLT3 ITD- at diagnosis and relapsed as FLT3 ITD+, 
actually had a small original FLT3 ITD+ clone, which 
remained undetectable by routine analysis. However, this 
strategy of ITD detection has a low applicability potential 
in the routine practice and especially at diagnosis, since it 
requires a patient-specific RQ-PCR approach. Our method, 
based on a universal UDS protocol for FLT3 analysis, is 
instead applicable on a routine base in the AML molecular 
diagnostic setting, leading to a great advance in the 
baseline screening of FLT3 mutational status in terms of 
sensitivity.

Since recent studies demonstrated that detection of 
low allele burden of FLT3 ITD affects the RR, sensitive 
methods able to detect even small FLT3 ITD+ clones 
become crucial in the routine molecular diagnostics. Indeed, 
allogeneic transplantation in CR1 should be recommended 
to all patients showing FLT3 ITD positivity, irrespective 
of the allele burden [9]. Accordingly, early detection of 
FLT3 ITD positivity of UPN4 case since diagnosis would 
have argued for alternative therapeutic strategies, including 
allogeneic stem cell transplantation [26].

Thanks to the high sensitivity in revealing low 
abundance mutations, UDS could be a valuable tool also 
for MRD assessment and prediction of clinical resistance 
to TKI treatment [16, 17, 27].

Its application during disease follow-up could help 
identify alternative and personalized therapies, based on 
the patient’s molecular status. Clonal evolution analysis 
by UDS showed that the ITD+ clone became undetectable 
in one of the two patients who achieved clinical 
remission after receiving conventional chemotherapy. 
The other patient had a therapy-resistant ITD+ clone, 
which remained detectable by UDS also at complete 
morphological remission (0,1%), suggesting that the high 
sensitivity of the approach may be a suitable tool for MRD 
monitoring at follow-up.

The dynamics of therapy-related clonal evolution 
indicate that small FLT3 ITD+ subclones may have been 
selected under chemotherapy pressure and may have 
expanded, becoming dominant at relapse. Indeed, FLT3 
ITD has been associated with chemoresistance in leukemic 
cells and the introduction of TKI in the clinical practice 
has, at least in part, overcome the barrier for eradicating 
these leukemic clones [24, 28, 29]. In the patient who did 
not receive conventional chemotherapy, the FLT3 ITD+ 
clone progressively expanded, thanks to the proliferative 
and survival advantage provided by class I AML mutations 
to hematopoietic progenitors [30].

The ability to detect small mutated clones at early 
disease stages will be highly relevant to guide therapeutic 
decisions, especially in FLT3 ITD+ cases. Indeed, selective 
TKI treatment can help eradicate the ITD mutated clones 
in combination with conventional chemotherapy [21]. 
Moreover, since TKI treatment pressure can induce the 
selection of mutated resistant clones, UDS analysis will 
provide early detection of secondary TKD alterations that 
may impair sensitivity to TKI [20]. This issue is relevant to 
FLT3 TKI treatment. Since sequential therapy with FLT3 
inhibitors with diverse resistance profiles may provide 
clinical benefits, the application of a sensitive method to 
detect, monitor and act on drug-resistant clones during 
treatment may be a suitable strategy towards personalized 
therapeutic approaches [31].

Different NGS strategies and platforms have 
recently become available and suitable for advanced 
molecular diagnostics of haematological malignancies. 
The MiSeq (Illumina) and Ion Proton System (Ion Torrent, 
Life Technologies) platforms allow high coverage analyses 
(up to 25 M reads per run for MiSeq and 60–80 M reads 
for Ion Proton) of a gene panel in multiple samples per 
run, thus facilitating the study of leukemogenesis and 
relapse. The Roche GS Junior (454-Life Sciences) System, 
which generates 100 thousand reads per run, is suitable 
for testing a single mutated gene in a few patients or few 
genes in a single sample at diagnosis/relapse or during 
follow-up for MRD detection.

As the performance of NGS platforms is constantly 
improving, each technology will be exploited in the 
near future to answer specific diagnostic questions, thus 
maximizing cost-effectiveness of molecular analyses in 
the haematological field [32].
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In conclusion, our study clearly indicates that 
UDS is a valuable tool to reveal small FLT3 ITD 
mutated clones that may evolve over time and worsen 
the prognosis of otherwise good prognosis CN-AML 
patients, and to optimize therapeutic strategies. UDS 
of single or few genes will help clarify the dynamics of 
clonal evolution from diagnosis to relapse and will support 
whole genome and whole exome sequencing approaches 
in the understanding of the comprehensive AML clonal 
architecture.

MATERIALS AND METHODS

Patients

We retrospectively reviewed clinical and molecular 
data of 886 AML patients treated at Seràgnoli Institute of 
Hematology-University of Bologna between 2002 and 2013: 
239 patients were FLT3 mutated (27%) and, among them, 
157 were ITD positive (18%); 256 patients had CN-AML, 
with 46 being FLT3 ITD mutated (18%). In this group of 
CN-AML, 5 patients were diagnosed as FLT3 ITD negative, 
but at early relapse or during follow-up, the FLT3 mutational 
status changed and they gained an ITD mutation.

Two of the 5 patients were also NPM1 mutated 
at diagnosis. Written informed consent for clinical trial 
enrolment and biological sample collection was obtained, 
in accordance with the Declaration of Helsinki. Patients’ 
clinical and biological characteristics are described in 
Table 3.

Routine molecular and cytogenetic 
characterization

Total RNA was extracted from Ficoll-Hypaque 
isolated bone marrow mononuclear cells collected at 
diagnosis and during clinical course and converted into 
c-DNA. Analysis of FLT3 and NPM1 gene mutations was 
performed as previously described [18].

Chromosome banding analysis was performed 
on bone marrow cells after short-term culture (24 and/
or 48 hours). The cells were treated with colchicine and 
hypotonic solution, the pellet was then fixed and washed in 
methanol/acetic acid (3:1). The cells were re-suspended in 
fixative and dropped on slides. Karyotypes were analyzed 
after G banding and defined according to International 
System for Human Cytogenetic Nomenclature (ISCN 
2013) [33]. Twenty or more metaphases per sample were 
analyzed.

Ultra Deep Sequencing of the FLT3 gene

RNA was converted into cDNA by Transcriptor 
High-Fidelity cDNA Synthesis kit (Roche Applied 
Science). The first amplification step was performed by 
polymerase chain reaction (PCR) using the FastStart 
High-Fidelity PCR System kit (Roche Applied Science), 
in order to generate 5 partially overlapping amplicons 
covering exons 11–24 of the gene. Forward and reverse 
primers consisted in an adapter sequence for emulsion 
PCR, a sample specific barcode sequence (multiplex 
identifier) for sample pooling and the gene-specific 
sequence. Primer sequences are listed in Table 4. 
Sequencing was performed on a Roche GS Junior (454-
Life Sciences) according to manufacturer’s instructions. 
Data obtained from the sequencing runs were analyzed by 
Amplicon Variant Analyzer Software (454-Life Sciences), 
using the reference gene FLT3 (GenBank accession no 
NM_004119).
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Table 3: Clinical and biological characteristics of the 5 CN-AML patients analyzed by UDS for 
FLT3 mutational status
UPN Age Sex WBC Diagnosis 

(x109/1)
% Blast 
(BM)

Diagnosis 
Date

Karyotype NPM 
Diagnosis

FLT3 ITD 
Diagnosis *

Relapse/
Progression 
Date

Outcome

1 77 M 2200 35 June 2010 46,XY wild-type wild-type Jan 2011 Dead

2 72 F 244000 100 Dec 2006 46,XX wild-type wild-type May 2007 Dead

3 70 M 25700 100 Dec 2009 46,XY mutant wild-type Sept 2011 Dead

4 48 F 11300 100 May 2012 46,XY mutant wild-type Mar 2013 Dead

5 64 M 44000 100 Mar 2009 46,XY wild-type wild-type Jul 2009 Dead

*Determined by routine molecular analysis (PCR and D-HPLC analysis followed by Sanger Sequencing)
(WBC: white blood cells; BM: bone marrow)
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Table 4: Primers used for UDS analysis
AMPLICON MID SEQUENCE 5′ to 3′

1 1 FOR 5′- CGTATCGCCTCCCTCGCGCCATCAGACGAGTGC 
GTTTGGACCTGGAAGAAGTGTTCA -3′

REV 5′- 
CTATGCGCCTTGCCAGCCCGCTCAGACGAGTGCGTCGGTCACCTGTACCATCTGTAG -3′

2 FOR 5′- 
CGTATCGCCTCCCTCGCGCCATCAGACGCTCGACATTGGACCTGGAAGAAGTGTTCA -3′

REV 5′- 
CTATGCGCCTTGCCAGCCCGCTCAGACGCTCGACACGGTCACCTGTACCATCTGTAG -3′

3 FOR 5′- 
CGTATCGCCTCCCTCGCGCCATCAGAGACGCACTCTTGGACCTGGAAGAAGTGTTCA -3′

REV 5′- 
CTATGCGCCTTGCCAGCCCGCTCAGAGACGCACTCCGGTCACCTGTACCATCTGTAG -3′

2 1 FOR 5′- 
CGTATCGCCTCCCTCGCGCCATCAGACGAGTGCGTTTTAACCCTGCTAATTTGTCAC -3′

REV 5′- CTATGCGCCTTGCCAGCCCGCTCAGACGAGTGCGTATGAGTGCCTCTCTTTCAGA 
-3′

2 FOR 5′- 
CGTATCGCCTCCCTCGCGCCATCAGACGCTCGACATTTAACCCTGCTAATTTGTCAC -3′

REV 5′- CTATGCGCCTTGCCAGCCCGCTCAGACGCTCGACAATGAGTGCCTCTCTTTCAGA 
-3′

4 FOR 5′- 
CGTATCGCCTCCCTCGCGCCATCAGAGCACTGTAGTTTAACCCTGCTAATTTGTCAC -3′

REV 5′- CTATGCGCCTTGCCAGCCCGCTCAGAGCACTGTAGATGAGTGCCTCTCTTTCAGA 
-3′

3 1 FOR 5′- CGTATCGCCTCCCTCGCGCCATCAGACGAGTGCGTAATCCAGGTTGCCGTCAA 
-3′

REV 5′- 
CTATGCGCCTTGCCAGCCCGCTCAGACGAGTGCGTATTCAATTTCATCTTCAGAGTGA -3′

2 FOR 5′- CGTATCGCCTCCCTCGCGCCATCAGACGCTCGACAAATCCAGGTTGCCGTCAA 
-3′

REV 5′- 
CTATGCGCCTTGCCAGCCCGCTCAGACGCTCGACAATTCAATTTCATCTTCAGAGTGA -3′

4 FOR 5′- CGTATCGCCTCCCTCGCGCCATCAGAGCACTGTA 
GAATCCAGGTTGCCGTCAA -3′

REV 5′- 
CTATGCGCCTTGCCAGCCCGCTCAGAGCACTGTAGATTCAATTTCATCTTCAGAGTGA -3′

4 1 FOR 5′- 
CGTATCGCCTCCCTCGCGCCATCAGACGAGTGCGTGGTTCAAGAGAAGTTCAGATAC -3′

REV 5′- CTATGCGCCTTGCCAGCCCGCTCAGACGAGTGCGTTAATGGTGTAGATGCCTTCA 
-3′

2 FOR 5′- 
CGTATCGCCTCCCTCGCGCCATCAGACGCTCGACAGGTTCAAGAGAAGTTCAGATAC -3′

(Continued )
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