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abstract

PURPOSE Physicians treating hematologic malignancies increasingly order targeted sequencing panels to in-
terrogate recurrently mutated genes. The precise impact of these panels on clinical decision making is not well
understood.

METHODS Here, we report our institutional experience with a targeted 40-gene panel (MyeloSeq) that is used to
generate a report for both genetic variants and variant allele frequencies for the treating physician (the limit of
mutation detection is approximately one AML cell in 50).

RESULTS In total, 346 sequencing reports were generated for 325 patients with suspected hematologic ma-
lignancies over an 8-month period (August 2018 to April 2019). To determine the influence of genomic data on
clinical care for patients with acute myeloid leukemia (AML), we analyzed 122 consecutive reports from 109
patients diagnosed with AML and surveyed the treating physicians with a standardized questionnaire. The panel
was orderedmost commonly at diagnosis (61.5%), but was also used to assess response to therapy (22.9%) and
to detect suspected relapse (15.6%). The panel was ordered at multiple timepoints during the disease course for
11% of patients. Physicians self-reported that 50 of 114 sequencing reports (44%) influenced clinical care
decisions in 44 individual patients. Influences were often nuanced and extended beyond identifying actionable
genetic variants with US Food and Drug Administration–approved drugs.

CONCLUSION This study provides insights into how physicians are currently using multigene panels capable of
detecting relatively rare AML cells. The most influential way to integrate these tools into clinical practice will be to
perform prospective clinical trials that assess patient outcomes in response to genomically driven interventions.
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INTRODUCTION

Integrating individualized genomic information into care
to improve patient outcomes is an area of interest within
oncology.1 Methods for obtaining genomic information
include internal testing, which typically occurs at
larger academic institutions, or outsourced assess-
ment through centralized commercial laboratories.
Genomic data can be obtained from single-gene testing,
targeted sequencing panels, or comprehensive—whole
genome or whole exome—sequencing approaches.

All sequencing data used for cancer assessment re-
quires variant identification and annotation. Some
single-gene tests and two multitarget panels are cur-
rently US Food and Drug Administration (FDA) ap-
proved and have associated companion diagnostics
that designate a specific cancer subtype and indica-
tion.2 However, the vast majority of variant identification

and annotation is performed by laboratory developed
tests (LDTs),3 for which results are provided as a clinical
report. These reports typically require a certain level of
genomic literacy to understand and implement.4,5 Lack
of report standardization, inadequate genomic training,6,7

limited infrastructure to support oncologists,1,8 and lim-
ited resources—for example, low reimbursement rates
and lack of access to clinical trials—are thought to hinder
the impact of sequencing data on clinical care.9,10 The
result is a discrepancy between the identification of
clinically actionable variants11 and implementation of
change in treatment decisions.1,12

Acute myeloid leukemia (AML) sequencing data are
particularly complex because of the genetic and clonal
heterogeneity of AML cases. More than 250 re-
currently mutated genes and specific hotspot vari-
ants have been described in AML,13 and prognostic
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significance may depend on cooperating covariants in mul-
tiple other genes.14 For example, European LeukemiaNet/
National Comprehensive Cancer Network guidelines specifi-
cally mention six genes/mutations in their risk stratification
guidelines, all of which must be evaluated in parallel for risk
stratification.15,16 In addition, whereas pathogenic variants
within three genes—FLT3, IDH2, and IDH1—have been
used as predictive markers for FDA-approved targeted
therapeutics,17-19 ongoing clinical trials have demonstrated
predictive utility for other pathogenic variants that do not yet
have approved companion diagnostics.20

Next-generation sequencing (NGS) data can provide in-
formation beyond therapeutic sensitivity/resistance that is
not currently captured by FDA-approved diagnostics.
Specifically, quantification of the variant allele frequency
(VAF) of tumor-associated variants has been used to detect
persistent molecular disease (PMD) after therapies are
administered, and predict both relapse risk21 and survival
outcomes.22-24 Although multipanel LDT diagnostics are
being used on patients with AML to supplement treatment
decisions, the utility of these reports is not well described.

This study sought to better understand the extent to which
genomic reports influence clinical decision making for
patients with AML. This paper describes physician expe-
rience with a targeted gene panel (MyeloSeq) that in-
terrogates 40 recurrently mutated genes or gene hotspots
and returns gene variant and VAF data to the treating
physician. We determined usage patterns over an 8-month
period and surveyed treating physicians regarding how they
used the panel results in clinical care.

METHODS

Study Design and Patient Eligibility

This study was conducted at Washington University
School of Medicine (Human Research Protection Office

#201801112). We aimed to study approximately 100 pa-
tients with AML in less than 1 year after the initiation of the
study. All consecutive reports ordered by a physician at any
point in a patient’s treatment between August 17, 2018,
and April 9, 2019, were analyzed. The panel was a targeted
sequencing assay that evaluated 40 genes and gene
hotspots that are recurrently mutated in myeloid malig-
nancies (Data Supplement).25 For each patient who was
found to have a definitive diagnosis of AML, a survey was
sent to the treating physician. Patients with acute pro-
myelocytic leukemia (M3 AML subtype) were excluded.26

The treating physician was asked to complete a nine-
question survey to determine how the physician used the
panel to inform treatment decisions (Data Supplement).

Panel Design and Processing

The panel uses an amplicon capture-based enrichment
with unique molecular identifiers for ultra-high variant
sensitivity that targets an approximately 98-kb space
(HaloPlex Target Enrichment System; Agilent Technolo-
gies, Santa Clara, CA). Patients with a definitive diagnosis of
AML were verified by evaluating the patient’s standard
diagnostic workup. This included evaluating bone marrow
morphology, standard panels of flow cytometric markers,
and a panel of routine cytogenetic and molecular marker
studies, including fluorescence in situ hybridization probes.
Target enrichment, variant calling strategies, and variant
annotation methods are described in the Data Supplement.

The median number of failed genes across all reports was
two (range, 0 to 24 genes).WT1 (n = 211 cases), CUX1 (n =
197 cases), and CEBPA (n = 111 cases) were genes that
most frequently failed coverage requirements. Gene failure
was attributable to specific gene regions that were difficult
to target using existing reagents. A summary of the assay
validation report is provided in the Data Supplement.

CONTEXT

Key Objective
Whereas physicians have increased the use of targeted sequencing panels to inform treatment decisions for

patients with hematologic malignancies, the impact and utility of sequencing data on clinical decision making is
not well understood. Through standardized surveys, this study captured the nuanced impact of sequencing
data on clinical decision making for patients with acute myeloid leukemia.

Knowledge Generated
Physicians self-reported that 50 of 114 sequencing reports (44%) influenced clinical care decisions with 56 total

influences reported, 38 of which were related to therapeutic options, 10 related to risk stratification in first
clinical remission, and eight involving measuring persistent molecular disease. In 11% of all patients, the panel
was ordered at multiple timepoints during the disease course for persistent molecular disease monitoring.

Relevance
This study demonstrates that physicians are integrating sequencing data obtained at various points in the acute

myeloid leukemia disease course into clinical decision making, mostly to determine therapy choices, stratify
relapse risk, and measure persistent disease.
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Variant Annotation and Physician Survey

Reports were generated using annotated variant call format
files, binary alignment map files, preliminary clinical an-
notation, and quality metrics. Reports were reviewed by
faculty members from the Washington University De-
partment of Pathology and Immunology and signed out
within the secure network. The final report was integrated
into the patient’s electronic medical record for review by the
treating physician. Physicians were surveyed after reports
were issued using the standardized electronic question-
naire (Data Supplement). If physicians did not respond to

the initial contact, reminders were provided to increase the
response rate.

Ethics, Consent, Permissions, and Consent to Publish

This study was conducted at Washington University School
of Medicine and was approved by the Washington University
Human Research Protection Office (#201801112). Consent
information sheets were sent to all individuals who partici-
pated in the study. This information sheet included in-
formation on consent to publish. All reasonable steps were
taken to ensure confidentiality of participant information.
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FIG 1. Distribution of patient di-
agnoses. (A) Distribution and (B) rel-
ative frequency of hematologicb
disorders for the 346 samples evalu-
ated with the sequencing panel. Di-
agnosis is based on the clinical history
ascertained by pathologists signing out
the report. Acute myeloid leukemia
(AML) with acute promyelocytic leu-
kemia (APL) subtype—designated by
a light blue bar under the AML distri-
bution bar chart—were not eligible for
analysis with the sequencing panel.
BALL, B-cell acute lymphoblastic leu-
kemia; BPDCN, blastic plasmacytoid
dendritic cell neoplasm; CCUS, clonal
cytopenia of undetermined signifi-
cance; CML, chronic myeloid leuke-
mia; CMML, chronic myelomonocytic
leukemia; CLL, chronic lymphoblastic
leukemia; DLBCL, diffuse large B-cell
lymphoma; ET, essential thrombocy-
topenia; HCL, hairy cell leukemia;
ICUS, idiopathic cytopenias of un-
determined significance; MCC, Merkel
cell carcinoma; MDS, myelodysplastic
syndrome; MM, multiple myeloma;
MPN, myeloproliferative neoplasm, not
otherwise specified; PMF, primary my-
elofibrosis; PNH, paroxysmal nocturnal
hemoglobinuria; PV, polycythemia vera;
TALL, T-cell acute lymphoblastic leukemia;
WM, Waldenström macroglobulinemia.
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Code and Data Accessibility

Figures and data analysis were performed using python
(v 3.6.1), R (v 3.5.2), and Anaconda (v 4.3.0). Figures were
generated using seaborn (v 0.8.1), SankeyMATIC (v BETA),
and GenVisR (v 1.15.3).27 Sequencing panel data and
survey data are made available in the Data Supplement.
Raw sequencing data from reports were not made available
for patient privacy reasons.

RESULTS

Identification of Variants in Myeloid Malignancies

Over an approximately 8-month period (August 2018 to
April 2019), 346 reports from 325 unique patients were
generated. Themedian return time was 12 days (range, 4 to
89 days). Themedian number of reports ordered permonth
was 15 (range, 11 to 30 reports). There were 824 variants
observed in the 40 targeted genes across all 346 reports
(Data Supplement). The distribution of patient diagnoses
for which a report was generated is shown in Figures 1A
and 1B. The most common diagnoses were myelodys-
plastic syndrome (n = 128 samples; 37%) and AML (n =
124 samples; 36%).

Patterns of Panel Use

There were 124 reports from patients with AML. The
median time from sample accession to sign out was
13.4 days (range, 4 to 36 days). The reports from patients
with AML, after removing patients with APL subtype (n =
122 samples), were derived from 109 unique patients who
were under the care of 14 physicians (Table 1). The
distribution of variants from these patients reflected the
expected AML genomic landscape13,14 (Fig 2). In total, 38
of 40 genes interrogated by the panel were observed in at
least one AML report. Only 13 samples had no observed
variants, eight of which were acquired from patients who
were determined to be in clinical remission using bone
marrow biopsy.

Reports were ordered at various points in the disease
course. The most common timepoint was at diagnosis (n =
75 of 122 [61.5%]). The next most common timepoint was
during disease assessment (n = 28 of 122; [22.9%]),
followed by potential relapse (n = 19 of 122 [15.6%];
Fig 3A). For reports ordered during disease response as-
sessments, seven were ordered post-induction, six were
ordered after allogeneic hematopoietic cell transplant
(alloHCT), five were ordered during ongoing treatment with
a hypomethylating agent, two were ordered after consoli-
dation with high-dose Ara-C, and seven were ordered
during or after salvage therapy (Fig 3B). One case was
ordered at an undefined timepoint.

Treatment Regimens Guided by Variants

Physicians provided survey responses for 120 of the 122
AML reports, a 98% response rate. Of those, six were in-
eligible for additional analysis—two patients were lost to
follow up and four declined treatment. Of the remaining
114 reports, physicians described 56 influences from 50
reports. On the basis of these data, the sequencing report
was a factor in determining therapy decisions in 50 (43.8%)
of 114 cases (Fig 4A). There was no significant difference in
the proportion of cases with influences among timepoints
(diagnosis, relapse, and disease assessment; see Data
Supplement). The patient accepted the treatment plan
93% of the time (n = 38 of 41 cases).

Predictive Influences

In 35 of 50 reports, physicians indicated that they rec-
ommended at least one therapy on the basis of the variants
identified by the sequencing panel (Fig 4B). On the basis of
sequencing panel results—35 reports with 38 corre-
sponding influences—physicians reported recommending
a hypomethylating agent in 14 patients for a TP5320 or
TET228,29 variant, kinase inhibitors (midostaurin or gilter-
itinib) in 12 patients with a FLT3 variant30 and one patient
with a KIT variant,31 and IDH1/IDH2 inhibitors were rec-
ommended for eight patients.32 There were three patients
for whom a clinical trial was recommended on the basis of
observed variants or persistent disease.

TABLE 1. Summary of Patient, Report, and Physician Characteristics
Characteristic (n = 109) Value

Patient (n = 109)

Median age, years 65 (23-90)

Sex

Male 58 (53.2)

Female 51 (46.8)

Report (n = 122)

Median time from accessioning to report sign out, daysa 12 (4-36)

Physician (n = 14)

Mean time in practice, yearsb 22 (8-44)

Academic rank

Professor 5 (36)

Associate professor 4 (29)

Assistant professor 5 (36)

Degree type

MD 8 (57)

MD/PhD 5 (36)

MD/MBA 1 (7)

Sex

Male 11 (79)

Female 3 (21)

NOTE. Data are presented as No. (%) or No. (range) as indicated.
aElimination of one outlier that had issues associated with billing.
bSince graduation from medical school.
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There were 31 cases with an FLT3 variant. In 16 of 29
eligible cases (two patients refused treatment), physicians
reported the following influences: 12 used the NGS panel to
prescribe an FLT3 inhibitor and four influences were in-
dependent of FLT3 status. In three of these four cases,
patients had an FLT3 inhibitor prescribed based on
a previously known result from a different genetic test.
There were 13 cases in which the patient had an FLT3
variant, but the physician reported no influence. Of these
13 cases, three patients died before treatment initiation
and eight had an FLT3 inhibitor prescribed based on
a previously known result from a different genetic test (Data
Supplement).

Risk Stratification for Transplant in First

Clinical Remission

Physicians identified 10 reports that influenced patient risk
assessment and alloHCT recommendation (Fig 4B).

Specifically, alloHCT was not recommended in first com-
plete remission in six patients, based on the presence of
bialleleic CEBPA variants (n = 2), KIT variant status (n = 1),
lack of high-risk variants (n = 1), or differential clearance of
co-occurring variants after induction therapy (n = 1). For
the latter patient, three variants were detected at diagnosis
(DNMT3A [VAF = 42%], NPM1 [VAF = 38%], and RAD21
[VAF = 43%]). However, postinduction, the sequencing
panel showed persistence of the DNMT3A R882H variant
with a high VAF (43%). For this patient, postconsolidation
PMD testing by flow cytometry33 was negative. The phy-
sician reported that the clearance of all previous variants
and the patient’s cytogenetic abnormality, with the ex-
ception of the DNMT3A R882H variant, suggested that the
variant is evidence of an age-related clonal hematopoiesis
with an increased risk of relapse over time.

In contrast, there were four patients for whom physicians
reported recommending alloHCT in first complete
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remission. These recommendations were based on TP53
variant status (n = 2), DNMT3A variant status (n = 1), and
co-occurrence of multiple variants (DNMT3A, NPM1, and
FLT3 internal tandem duplication; n = 1).14

Assessment for PMD

There were eight cases in which the sequencing panel
was used to assess for PMD (Fig 4B). In five cases, the
physician indicated that the reports confirmed relapse/
progression of AML, including one case of bone marrow–
negative, extramedullary relapse in the esophagus (Fig 5D).
There were three patients who were being assessed for PMD
while in an apparent clinical remission. Two of the three
patients did not show persistent AML via PMD assessment.
The third patient showed three residual variants at low VAF
(CEBPA [VAF = 4%], SMC1A [VAF = 4%], andWT1 [VAF =
3%]), suggesting persistent disease.

Patients With No Change in Treatment Regimens in

Response to Sequencing Panels

There were 64 cases for which the physician noted no
change in therapeutic plan on the basis of the report. For the
majority of cases (n = 35), the physician did not state
a reason. Of those stated reasons, themost commonwas that
no actionable variants were observed (n = 14; Fig 4B). There
were 14 physicians who were surveyed for this study (Data
Supplement). The total number of eligible surveys completed
by each physician and the total number of cases where the
physician changed his or her plan is shown in Figure 4C.

The sequencing panel reports the VAF and thus can detect
possible inherited variants. One patient was found to have
a GATA2 variant observed at a VAF of 52%, indicative of
a possible germline variant, which prompted an action by
the treating physician. A subsequent skin biopsy de-
termined that the patient did not have a germline pre-
disposition for disease.

Multiple Sequencing Panels for Longitudinal Disease

Monitoring and Response

There were 12 patients for whom the treating physician
ordered multiple reporters during the disease course21

(Fig 5 and Data Supplement). Figure 5A shows an
example of how persistent variants resulted in a therapeutic
influence. After induction, despite some variants demon-
strating response to initial therapy, the IDH2 VAF of
39% (46% at diagnosis) resulted in initiation of enasidenib.
Figure 5B shows a patient for whom the physician obtained
three sequencing panels for longitudinal PMD monitoring.
The first report was ordered at relapse post-transplant and
showed five variants. Two months later, a subsequent re-
port showed no PMD. A month later, the third report
showed the re-emergence of three variants despite no
excess blasts on the bone marrow biopsy, which resulted in
a second alloHCT. Figure 5C shows how a physician used
sequential reports to observe the patient’s molecular re-
sponse to a donor lymphocyte infusion and gilteritinib.
Figure 5D shows how the reports diagnosed extramedullary
relapse in a patient with negative bone marrow biopsy
findings. The extramedullary disease showed the presence
of some original variants (NF1 and EZH2), loss of other
variants (DNMT3A), and three novel variants (CUX1,
PTPN11, andWT1), some of which had clinical implications.34,35

Additional cases with multiple reports are provided in the Data
Supplement.

Reimbursement and Clinical Care Access

One of the biggest challenges for the widespread clinical
implementation of NGS-based diagnostics has been in-
consistent reimbursement from payers. Coverage and re-
imbursement for MyeloSeq was divided into inpatient
testing (26%) and outpatient testing (74%), and 90% of
outpatient testing was reimbursed across all payers. There
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was no specific pattern in terms of the diagnosis of rejected
claims (Data Supplement).

DISCUSSION

This study reports our institution’s experience using a tar-
geted capture sequencing panel to inform clinical care in
patients with AML. The sequencing panel was ordered

most commonly at diagnosis, and the majority of influences
reported by physicians (68%) were related to therapeutic
interventions. Predictive influences expanded beyond the
detection of variants using FDA companion diagnostics,
such as prescribing hypomethylating agents for TP5320 or
TET228,29 variants. We observed that physicians often made
decisions on the basis of multiple co-occurring variants at
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diagnosis, during disease assessment, and/or at multiple
timepoints during the disease course.

This study suggests that physicians are increasingly relying
on the evaluation of multiple co-occurring variants in
parallel; therefore, simultaneous analysis of these genes is
necessary. Furthermore, PMD monitoring after cytotoxic
induction therapy and transplantation21,36 has prognostic
value; therefore, the VAFs reported on the gene panel
studied here were being used to supplement existing
standard-of-care mechanisms for residual disease as-
sessment. Although it is clear that physicians are using this
test to measure and assess PMD, this test was not designed

for measurable residual disease testing, and the limit of
detection is not within the European LeukemiaNet guide-
lines for measurable residual disease assessment.15,37 The
prognostic information provided by the detection of per-
sistent variants, the optimal depth of clearance, and the
required limit of detection are all areas of active in-
vestigation requiring additional study in prospective clinical
trials.

There were several limitations associated with this study.
Reports were evaluated over an 8-month period at a single
academic institution among physicians with experience
interpreting genomic results. In addition, not all surveys
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were returned contemporaneously and tests were ordered
at different timepoints during the disease course (Fig 3).
Whereas the proportion of cases with influences was not
significantly different among timepoints (Data Supple-
ment), influence types might be different between time-
points and should be evaluated further to understand the
impact of disease timepoint on treatment decisions. Finally,
each physician had a varied number of patients (range, one
to 18 patients) with a large range in the number of cases
reported to be influential (0% to 90%). Larger longitudinal,
multi-institutional studies are needed to better understand
interphysician variability in incorporating genomic data into
clinical decision making.

This study evaluated reports from the first 8 months after
launch of the diagnostic. Even though the diagnostic was
relatively new at the studied institution, physician experi-
ence with ordering internal and external genomic LDTs
was high. The physicians were also experienced in
interpreting genomic data, having participated in large
genomic trials,20,21,38-41 with many of them being clinical
investigators themselves. Given that the influence of ge-
nomic data varies on the basis of physicians’ experience
with genomic data,6,7 the results presented here might not
extrapolate to institutions that are unfamiliar with ordering
and interpreting sequencing-based diagnostics.

The sequencing panel has several additional limitations.
The use of a tumor-only panel—that is, lack of a germline or

normal reference sequence—prevented variants from
being definitively called somatic. In addition, some highly
relevant variants—for example, CEBPA—had a nonzero
failure rate which could influence results. In future studies,
it will be important to ascertain from physicians if any
aspect of the test or the molecular report is unclear, biased,
or difficult to interpret.

There are several outstanding questions in the field that
could be addressed using a test similar to the one described
in this paper. The prognostic value of residual DNMT3A,
TET2, and ASXL1mutations after treatment is incompletely
understood,21,36,42 and the difference between a residual
leukemic clone versus rising clonal hematopoiesis43 needs
additional study. In addition, longitudinal assessment of
VAFs during treatment could predict response to and ef-
ficacy of targeted therapies. Our group is currently con-
ducting a prospective clinical trial (ClinicalTrials.gov
identifier: NCT02178241) to address some of these out-
standing questions.

In summary, the results from this study suggest that vari-
ants and associated VAFs are being integrated into clinical
care to influence therapy choices, stratify relapse risk, and
measure persistent disease. These uses should be fur-
ther evaluated in prospective trials to determine if deci-
sions that are supplemented by genomic data can improve
outcomes.
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APPENDIX

Supplementary Methods: Panel Design and Processing

The panel is generally ordered for one of the following conditions: acute
myeloid leukemia (AML), myelodysplastic syndrome (MDS), cytope-
nia, clonal cytopenia of undetermined significance, clonal hemato-
poiesis of indeterminate significance, myeloproliferative neoplasm, or
other myeloid disorders. Specimens were obtained from bone marrow
aspirates, peripheral blood, or DNA extracted from fresh tissue. All
steps of sample processing were performed in a clinical diagnostic
laboratory that is College of American Pathologists accredited and
Clinical Laboratory Improvement Amendments licensed. Clinical di-
agnosis, including disease status, was defined by board-certified
hematopathologists.

The panel uses an amplicon capture-based enrichment with unique
molecular identifiers for ultra-high variant sensitivity that targets an
approximately 98-kg base pair space (HaloPlex Target Enrichment
System; Agilent Technologies, Santa Clara, CA). The panel is generally
ordered for one of the following conditions: AML, MDS, cytopenia,
clonal cytopenia of undetermined significance, clonal hematopoiesis
of indeterminate significance, myeloproliferative neoplasm, or other
myeloid disorders. Specimens were obtained from bone marrow as-
pirates, peripheral blood, or DNA extracted from fresh tissue. All steps
of sample processing were performed in a clinical diagnostic laboratory
that is College of American Pathologists accredited and Clinical
Laboratory Improvement Amendments licensed. Clinical diagnosis,
including disease status, was defined by board-certified hema-
topathologists. Patients with a definitive diagnosis of AML were verified
by evaluating the patient’s standard diagnostic workup. This included
evaluating bone marrow morphology, standard panels of flow cyto-
metric markers, and a panel of routine cytogenetic and molecular
marker studies, including fluorescence in situ hybridization probes.

Target enrichment for the panel used a commercially available, tar-
geted, next-generation sequencing approach (HaloplexHS; Agilent
Technologies). Preparation consisted of enzymatic fragmentation;
strand-specific ligation of sequencing primers, sample indexes, 10-bp
degenerate molecular barcodes, and biotin tagging of single DNA
molecules; rapid liquid-phase enrichment of target loci using para-
magnetic streptavidin-coated beads; and on-bead polymerase chain
reaction amplification. Sequencing was performed using the Illumina
MiniSeq sequencing platform (target depth = 50× coverage).

Variant calling for the panel was performed using a computational
pipeline that employs custom-built tools created at Washington Uni-
versity. Sequencer-generated FASTQ files were first demultiplexed and
aligned to the reference genome (GRCh37). Overall reads were re-
quired to exceed 1,000,000 total reads with more than 98% aligned.

During this process, unique molecular identifier sequences are added
to the binary alignment map file. Once aligned, a custom Java-based
tool collapsed reads into read families using customized GATK soft-
ware (McKenna A, et al: Genome Res 20:1297-1303, 2010). The
minimum read family size was five reads and consensus bases had to
be in at least two thirds of the reads in the read family. Collapsed binary
alignment maps were used with standard variant calling tools, in-
cluding Varscan2 (Koboldt DC, et al: Genome Res 22:568-576, 2012),
Platypus (Rimmer A, et al: Nat Genet 46:912-918, 2014), and Pindel
(Ye K, et al: Bioinformatics 25:2865-2871, 2009). Quality control
measures included a minimum mean unique coverage of 500 reads
and more than 90% of positions within a targeted gene of more than
50× coverage. These programs detected single-nucleotide sub-
stitutions, insertions or deletions (indels) up to 10 bp, and FLT3 in-
ternal tandem duplication insertions between 21 and 108 bp. Initial
variant annotation was performed using the Variant Effect Predictor
tool (McLarenW, et al: Genome Biol 17(1):122, 2016). Annotation was
augmented using a custom variant call format file with variants
identified in the AML The Cancer Genome Atlas data set as well as
variants observed in three published sequencing reports that evalu-
ated patients with MDS (Haferlach T, et al: Leukemia 28:241-247,
2014; Papaemmanuil E, et al: Blood 122:3616-3627, quiz 3699,
2013; Walter MJ, et al: Leukemia 27:1275-1282, 2013). The final
output from the Variant Effect Predictor annotation was an annotated
variant call format file and a text file with variant information. Variant
identification was subject to the following thresholds and cutoffs for
reporting purposes: variants must be nonsynonymous, variants must
have 2% minimum variant allele frequency and five variant reads with
support on each strand (FLT3 internal tandem duplication alleles
require one read on each strand), amplicons must have at least five
reads assigned to it during consensus binary alignment map formation,
and potential somatic variants must have 0.1% maximum population
allele frequency (MAX_AF across all populations; 1000 genomes
[v.phase3; 1000 Genomes Project Consortium, et al: Nature 526:68-
74, 2015] and gnomAD database [v.170228; Karczewski KJ, et al:
Nature 581:434-443, 2020]) or presence in a custom MDS/AML
variant database.

Tier 1 (variants with strong clinical significance) and tier 2 variants
(variants with potential clinical significance), four filtered variants (ie,
variant allele frequency , 2%), and variants of unknown significance
were manually reviewed for potential clinical relevance. These variants
were used to generate a clinical report that summarized all relevant
findings. Information on the reports included interpretations from
National Comprehensive Cancer Network guidelines, WHO recom-
mendations, and outcome data from published, peer-reviewed studies
that pertained to disease prognosis and therapeutic sensitivity/
response.
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