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A B S T R A C T

Fms-like tyrosine kinase 3-internal tandem duplication (FLT3-ITD) is a key predictive factor for the prognosis of
acute myeloid leukemia (AML). We compared the detection sensitivity of fragment analysis with that of PCR-
electrophoresis using MV4-11 (FLT3-ITD) and NKM-1 (FLT3-wild type) cell lines. DNA of these cells was mixed at
different ratios and subjected to PCR-electrophoresis or fragment analysis. PCR-electrophoresis was found to
have an FLT3-ITD allelic ratio (AR) detection limit of 0.034–0.072. Visual inspection of the PCR-electrophoresis
revealed a lower detection sensitivity than that of fragment analysis. Therefore, it is essential to conduct frag-
ment analysis when screening for FLT3-ITD.

1. Introduction

Complete remission can be achieved in 60–80% of cases with acute
myeloid leukemia (AML) by using effective induction therapy [1].
Since, however, the five-year survival rate remains around 40%, both a
finer classification of prognosis and the development of new treatment
methods have been strongly called for. In recent years, developments
such as the Fms-like tyrosine kinase 3 (FLT3) inhibitor, the isocitrate
dehydrogenase 1/2 (IDH1/2) inhibitor, the B-cell lymphoma/leukemia-
2 (Bcl-2) inhibitor venetoclax, and the ability to select a therapeutic
agent based on concurrent gene abnormalities have added greatly to the
field [2–6].

FLT3-internal tandem duplication (FLT3-ITD) mutations are ob-
served in approximately 25–30% of AML cases and have become a key
predictive factor for poor prognosis in AML [7,8]. Clinicians have
proposed allogeneic hematopoietic stem cell transplantation (allo-
HSCT) as a proactive intervention for AML patients during their first
complete remission if they are FLT3-ITD-positive [9]. Recently, a clas-
sification system for patients has been proposed using the FLT3-ITD
allelic ratio (AR), in which nucleophosmin (NPM1) positivity coupled
with a low FLT3-ITD AR indicates a favorable prognosis. It has been

suggested that such patients need not undergo allogeneic hematopoietic
stem cell transplantation during the first complete remission [2,10].
However, given that FLT3-ITD has long been regarded as an unfavor-
able prognosis factor, several reports that are skeptical of this re-
commendation have been published. [11,12] With the introduction of
FLT3 inhibitors, FLT3-ITD has become an even-more important in-
dicator for determining subsequent treatment modalities.

In clinical settings, peripheral blood (PB) samples can be used to
screen for FLT3-ITD if, for any reason, bone marrow (BM) specimens
cannot be tested. It is thus hypothesized that similar levels of tumor
cells are in the BM as in PB. One study has suggested that FLT3-ITD
expression is greater in PB than in BM samples; another describes an
exceedingly rare case in which FLT3-ITD was detected in only PB
[13,14]. These reports indicate potentially different FLT3-ITD test re-
sults depending on the type of specimen examined.

FLT3-ITD detection methods include agarose gel electrophoresis
following polymerase chain reaction (PCR-electrophoresis) and frag-
ment analysis using capillary sequencing. The aim of this study was to
compare the sensitivity of these FLT3-ITD detection methods as well as
to analyze results between BM and PB samples.
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2. Materials and methods

2.1. Patients

[Case 1]: a 39-year-old female, WBC 4000/μL, PB myeloblasts
13.0%, BM myeloblasts 22.6%, Hb 6.2 g/dL, platelets 11.4 × 104/μL,
LDH 220 IU/L, normal karyotype, and FAB class M2. [Case 2]: a 62-
year-old female, WBC 10,540/μL, PB myeloblasts 51.0%, BM myelo-
blasts 40.0%, Hb 9.0 g/dL, platelets 21.5 × 104/μL, LDH 481 IU/L,
normal karyotype, and FAB class M2.

FLT3-ITD testing was conducted using samples taken at disease
onset to determine the course of treatment. Case 1 provided a BM
sample at our institution and PB sample at an outside lab, while Case 2
provided a PB sample at our institution and BM sample at an outside
lab.

All samples were obtained at diagnosis after written informed
consent in accordance with the Declaration of Helsinki. All the ex-
periments were approved by the Ethics Committee at each institution.

2.2. FLT3-ITD detection methods

Following a previously reported method [15, 11], a 5′-GCAATTTA
GGTATGAAAGCCAGC-3′ forward primer and 5′-CTTTCAGCATTTTGA
CGGCAAC-3′ reverse primer were used for PCR. For fragment analysis,
a fluorescent marker was added at the 5′ end of the primers. Approxi-
mately 25 ng of DNA was added to a mixture of 0.2 mM of each primer
with TaKaRa Taq (Takara Bio, Shiga, Japan) (0.25 µL TaKaRa Ex Taq
polymerase, 4 µL dDNP mixture, and 5 µL Ex Taq Buffer) and the entire
mixture was brought to an overall volume of 50 µl with sterile purified
water. The resulting mixture was subjected to polymerase chain reac-
tion amplification at 95 ℃ for 3 min, followed by 35 cycles at 98 ℃ for
5 s, 64 ℃ for 30 s, 72 ℃ for 1 min, and 72 ℃ for 7 min. The amplified
products were electrophoresed through 3% agarose gels and visualized
under UV light using ethidium bromide staining. Cases with an addi-
tional higher molecular weight band were identified as FLT3-ITD–po-
sitive. The outside laboratory used a TaKaRa PCR FLT3/ITD Mutation
Detection Set (Takara Bio, Shiga, Japan) to perform gel electrophoresis
in a similar fashion. The FLT3-ITD AR was analyzed by fragment ana-
lysis using Applied Biosystems 3130 and 3130xl Genetic Analyzers
(Thermo Fisher, Carlsbad, CA). FLT3-ITD AR was calculated as the ratio
of the area under the curve (AUC) of mutant to wild-type alleles (FLT3-
ITD/FLT3wt). FLT3-ITD allelic frequency was calculated as the AUC of
mutant alleles as a percentage of mutant and wild-type alleles. If there
was more than one mutant, the AUCs were added together unless there
were no cases associated with this scenario.

2.3. Sensitivity analysis of FLT3-ITD detection methods

MV4-11 cells were purchased from the American Type Culture
Collection (ATCC) and NKM-1 cells were purchased from the JRBC cell
bank. DNA was extracted from MV4-11 (FLT3-ITD) and NKM-1
(FLT3wt) cell lines, mixed at different ratios (Table 1), and subjected to
PCR-electrophoresis or fragment analysis. Analyses were performed in
triplicate for both DNA extracted from these cell lines and the patient
samples. For each patient, the differences in the averages of the AR
between BM and PB were assessed using an unpaired t-test. The re-
sulting data was used to assess the relationship between PCR-electro-
phoresis sensitivity and fragment analysis.

3. Results

3.1. Sensitivity comparison between PCR-electrophoresis and fragment
analysis

Results from PCR-electrophoresis sensitivity analysis using mixed
MV4-11 and NKM-1 samples are shown in Fig. 1A. FLT3-ITD AR is

reduced, and bands indicating abnormal FLT3-ITD are faint. Detection
sensitivity of PCR-electrophoresis ranged between 0.034 and 0.072 for
the AR. Results from the AR sensitivity analysis using mixed MV4-11
and NKM-1 samples are shown in Fig. 1B and Table 1. The fragment
analysis was shown to be more sensitive than PCR-electrophoresis,
seemingly detecting FLT3-ITD at ARs of approximately 0.017.

3.2. Detection comparison by FLT3-ITD analysis method for BM and PB
samples

For Case 1, BM was positive for FLT3-ITD as analyzed by PCR-
electrophoresis equipment at our institution, but PB samples were ne-
gative when analyzed by an outside lab. In contrast, Case 2 was nega-
tive for FLT3-ITD based on PB analysis using our in-house PCR-elec-
trophoresis; however BM samples were positive upon analysis by the
outside lab.

Since we did not observe particularly high PCR-electrophoresis
sensitivity compared to fragment analysis in the previous analysis, each
sample was also analyzed using both methods. PCR-electrophoresis
resulted in positive FLT3-ITD in the BM from Case 1, but other samples
were negative for FLT3-ITD (Fig. 2A). Alternatively, fragment analysis
resulted in positive detection of FLT3-ITD for both BM and PB samples
in both cases. However, the FLT3-ITD AR was lower in PB than in BM
for Case 1, which was below the detection sensitivity for PCR-electro-
phoresis (Fig. 2A). Similarly, for Case 2, AR values in the BM and PB
samples were both lower than the FLT3-ITD detection sensitivity for
PCR-electrophoresis (Fig. 2B). The above results suggest that PCR-
electrophoresis does not provide high enough sensitivity when de-
tecting FLT3-ITD; thus, samples with low FLT3-ITD AR may provide
false negative results when analyzed via PCR-electrophoresis-based
tests alone.

4. Discussion

We found that the detection sensitivity of PCR-electrophoresis for
AR is between 0.034 and 0.072, whereas the detection sensitivity of
fragment analysis for AR is approximately 0.017. We can conclude that
fragment analysis is more sensitive and results in fewer false negatives
than PCR-electrophoresis. For Case 1, in which the percentage of
myeloblasts in PB was approximately half that observed in BM, FLT3-
ITD was undetectable by PCR-electrophoresis of PB. In similar cases
with low myeloblast percentages, clinicians should be aware that low
FLT3-ITD AR may cause a false negative result when employing PCR-

Table 1
Results of fragment analysis.

Mixture

sample

no.

DNA Calculated value Actual value

(fragment

analysis)

MV4-

11

(%)

NKM-

1 (%)

Allele

frequency

(%)

Allele

ratio

(AR)

Allele ratio

1 100 0 100 ∞ ∞

2 33.3 66.7 33.3 0.499 0.511 ± 0.005

3 16.7 83.3 16.7 0.200 0.222 ± 0.002

4 13.3 86.7 13.3 0.153 0.172 ± 0.013

5 10 90 10 0.111 0.126 ± 0.007

6 6.7 93.3 6.7 0.072 0.080 ± 0.001

7 3.3 96.7 3.3 0.034 0.035 ± 0.001

8 1.7 98.3 1.7 0.017 0.022 ± 0.006

9 0.7 99.3 0.7 0.007 0

10 0.2 99.8 0.2 0.002 0

11 0 0 0 0 0

FLT3-ITD allele ratio (AR) was calculated as the ratio of the area under the
curve (AUC) of mutant to wild-type alleles (FLT3-ITD/FLT3wt).
FLT3-ITD allele frequency was calculated as the AUC of mutant alleles as a
percentage of mutant and wild-type alleles.
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electrophoresis. To clarify the present results, a comparison between
the PB and BM from a larger number of cases would be beneficial.
Unfortunately, we were only able to examine two cases in this report,
but are planning to carry out an analysis of a larger number of cases in

the future.
Cases like ours, in which the AR varies between BM and PB, are

exceedingly rare. This may warrant caution when interpreting FLT3-
ITD test results. Determinations based on PCR-electrophoresis testing

Fig. 1. Results from PCR-electrophoresis and fragment analysis. DNA was extracted for PCR using mixtures of MV4-11 and NKM-1 cells in different proportions. (A)
Results from agarose gel electrophoresis. Reduction in AF was accompanied by fainter FLT3-ITD bands. Bands indicating ITD were visible at a 0.072 AR but were
difficult to confirm at lower ARs. Detection limit for FLT3-ITD was between AR = 0.034–0.072. (B) Results from fragment analysis. AR was calculated using WT and
ITD waveform area. Detection limit for FLT3-ITD was AR = 0.017. AF: allelic frequency; WT: FLT3wt; ITD: FLT3-ITD; bp: base pair.

Fig. 2. Results from PCR-electrophoresis and fragment analysis. (A) Results from PCR-electrophoresis. Case 1-BM exhibited a faint double band indicating FLT3-ITD.
There were no clear double bands observed for Case 1-PB, Case 2-BM, or Case 1-PB. (B) Results from fragment analysis. In Case 1, the BM AR was near the detection
limit of PCR-electrophoresis. Moreover, FLT3-ITD AR was present at lower levels in PB compared to those in BM. In Case 2, AR was observed at levels lower than the
PCR-electrophoresis sensitivity range in both BM and PB. PC: positive control; NC: negative control; BM: bone marrow; PB: peripheral blood; bp: base pair; AR: allelic
ratio.
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rely on visual confirmation of detection bands, meaning the potential
for interpretation error is always present. In Case 2, FLT3-ITD was
positive in the BM sample as analyzed by the outside lab, but negative
in the same sample analyzed by PCR-electrophoresis in-house. When
the PCR-electrophoresis band is very light, it is difficult to make an
accurate visual judgment on whether it is indicative of FLT3-ITD.
Moreover, there is concern that abnormal bands may be difficult to
visualize due to low quantities of tumor cells in a given sample. It is
therefore essential to perform fragment analysis in order to augment
detection sensitivity.

Previously, we analyzed pairs of samples from AML patients taken
at initial onset/diagnosis and relapse for genetic changes. Three of the
11 (23.7%) cases initially positive for FLT3-ITD were negative in sub-
sequent testing, whereas 2/28 (8.7%) cases initially negative for FLT3-
ITD tested positive after relapse [16]. Unlike primary AML, ‘early re-
lapse’ cases with low myeloblast counts in the BM are not uncommon.
In such cases, the more sensitive fragment analysis method is re-
commended in the event of a relapse, given that lower-sensitivity PCR-
electrophoresis may result in a false negative.

European LeukemiaNet (ELN), and National Comprehensive Cancer
Network (NCCN) guidelines advise that patients positive for mutant
NPM1 with a FLT3-ITD AR of less than 0.5—corresponding to a favor-
able prognosis—should not undergo allo-HSCT treatment during the
first complete remission [2,10]. According to these standards, since the
prognosis differs at the boundary of 0.5, highly accurate measurement
of AR is necessary for cases with ARs near 0.5. As shown in Fig. 2,
fragment analysis appeared to be a reliable detection method, with the
measurement error for this technique being approximately 0.002. In
addition, we have reported that some cases with the same mutation
profiles did not achieve a favorable prognosis, and therefore required
allo-HSCT during the first complete remission [11]. As such, FLT3-ITD
screening is an important factor when determining patient suitability
for allo-HSCT.

Fragment analysis improves sensitivity and accuracy when
screening for FLT3-ITD. However, challenges associated with high costs
and labor-intensive practices cause clinical testing laboratories as well
as many other facilities to employ PCR-electrophoresis, a simpler and
cheaper method. However, it is important for clinicians to be aware of
the low detection sensitivity of FLT3-ITD tests using PCR-electrophor-
esis.

With the emergence of FLT3 inhibitors, FLT3-ITD positive AML
patients are expected to exhibit better prognoses [17]. Appropriate
administration of this drug requires high-quality companion diag-
nostics. Clinicians must be aware that testing either PB or BM samples
alone might lead to FLT3-ITD being overlooked. PCR-electrophoresis is
cheap and simple to perform; however, its sensitivity and measurement
error are inferior to those of fragment analysis, which can be used to
avoid false negatives for FLT3-ITD and to measure AR more accurately.
However, according to a retrospective analysis reported by the Eur-
opean Society for Blood and Marrow Transplantation (EBMT) in 2019,
most institutions performing transplants were not stratifying results
according to AR [18]. It is therefore recommended that future ap-
proaches to FLT3-ITD screening utilize fragment analysis.
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