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Abstract

The diagnostic utility of somatic mutations in the context of cytopenias is unclear: clonal
hematopoiesis can be found in healthy individuals, patients with aplastic anemia (AA), clonal
cytopenia of undetermined significance (CCUS) and myelodysplastic syndrome (MDS). We
examined a cohort of 207 well-characterized cytopenic patients with a 640-gene next generation
sequencing (NGS) panel and compared its diagnostic utility with a “virtual” 41 gene panel. The
TET2 SF3B1, ASXL 1, and TP53were the most commonly mutated genes (frequency > 10%).
Mutations in the 640-gene panel show high sensitivity (98.3%) but low specificity (47.6%) for
diagnosis of MDS. Notably, mutations of splicing factors and genes in the RAS pathway are
relatively specific to MDS. Furthermore, high variant allele frequency (VAF) predicts MDS: when
the VAF is set at 20%, the positive predictive value (PPV) for MDS is 95.9%, with a specificity of
95.3%. The presence of two or more somatic mutations with >10% VAF showed a PPV of 95.2%.
While the “virtual” 41-gene panel showed a mild decrease in sensitivity (95.7% vs 98.3%), 100%
specificity was observed when either VAF was set at 220% (100% vs 95.3%), or two or more
somatic mutations had VAFs > 10%. Our study shows targeted gene panel sequencing improves
the diagnostic approach and accuracy for unexplained cytopenia, with its high sensitivity and high
PPV for MDS when applying VAF cutoffs. Furthermore, a 41-gene panel was shown to have at
least comparable performance characteristics to the large 640-gene panel.
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INTRODUCTION

The presence of cytopenias can be diagnostically challenging.1-2 There are many non-
neoplastic causes of cytopenias, including vitamin deficiency, drug, infection, inflammation,
immunologic disorders and others.3 Distinguishing MDS from other causes of cytopenias
remains a clinical conundrum in some patients. Prevalence of both MDS and unexplained
cytopenia increases with age, reaching 20% at age 85 and older for the latter.#:> While

one of the important features of MDS is morphologic dysplasia, assessment of dysplasia is
subjective. Diagnostic criteria of 10% or over the dysplasia threshold by the World Health
Organization (WHO) for MDS is controversial,® and dysplasia can be seen in non-neoplastic
conditions.”:8 Evidence of clonality, another important and more objective feature of MDS,
is commonly provided by cytogenetics. However, recurrent chromosomal abnormalities are
only detected in about 50% of patients®11 with MDS, limiting the utility of cytogenetics.

In recent years, targeted NGS panels have been used in oncology for early detection

of tumor, risk stratification and prognosis, disease monitoring, and targeted therapy.12-16
Mutational analysis for patients with unexplained cytopenia is becoming common practice,
especially in large academic medical centers.17:18 Detection of somatic mutations provides
clonal evidence for MDS, but for the most part, the diagnostic utility of somatic mutations
in patients with cytopenia is not well-defined. Somatic mutations can be detected in over
30% of patients with unexplained cytopenia who do not meet the diagnostic criteria of
MDS,! healthy older individuals without evidence of disease,1%-21 and patients with AA.22
It is important to study whether the size of the clones harboring mutation, the number of
mutations, the genes being mutated, or the specific mutations have diagnostic utility to point
to a specific etiology.2 Moreover, an increasing number of somatic mutations have been
identified in MDS.23-28 Most published studies used NGS panels with 30 to 50 genes,29:30
and the optimal target gene panel and the impact of panel size are not well-defined.

In this study, with over 200 clinical cases of unexplained cytopenia, we assessed the clinical
utility of mutational analysis for cytopenia workup with a large NGS panel (640 genes), and
also assessed and compared different NGS panel sizes.

METHODS

Patients and samples

This study was approved by the Institutional Review Board (IRB) at the Johns Hopkins
Medical Institutions. A total of 207 consecutive patients with documented peripheral blood
unilineage, bilineage and trilineage cytopenias, who had bone marrow and peripheral blood
samples submitted to a CLIA-certified molecular pathology laboratory for NGS. This

was at the discretion of the treating clinician, and they were enrolled from the Johns
Hopkins Hospital between September 2015 and March 2018. The list of 640 genes in

the panel is shown in Table S1. All patients underwent routine diagnostic evaluation for
their hematologic abnormalities, with a comprehensive bone marrow evaluation, including
morphologic review of bone marrow aspirate smears and bone marrow biopsy, flow
cytometry and cytogenetic studies. Cytogenetic findings were interpreted according to the
WHO classification.31:32 All patients underwent NGS for diagnostic workup of cytopenia.
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As part of the diagnostic process for these patients, a thorough work up for non-marrow
based (or non-clonal) causes of cytopenias was performed before NGS testing. We ruled

out vitamin deficiencies, autoimmune causes, peripheral destruction and other marrow
suppressive issues (such as medication induced). Patients with a diagnosis of acute
leukemia, myeloproliferative neoplasms (MPN), lymphoma, other neoplasms or history of
cytotoxic therapy for other malignancies were excluded from the study. Cytopenia was
defined as a hemoglobin level <10 g/dL, absolute neutrophil count <1.8 x 10%/L, or platelet
count <1.00 x 1011/L in at least one lineage. The gold standard for patient classification was
a combination of blood cell counts, blood and marrow morphology and cytogenetic studies.
The diagnosis of MDS was based on the criteria of the WHO classification of myeloid
neoplasms and its revision.31-33 The MDS patients were classified as either low grade (bone
marrow blast<5% and peripheral blood blasts <1%), or high grade MDS (bone marrow blast
5%-19% and/or peripheral blood blasts 2%-19%).32:34

Targeted gene panel sequencing

Libraries were prepared using the Agilent SureSelect-XT Target Enrichment Kit. Briefly,
between 0.2 and 1 ug of DNA was fragmented to a size of 250 to 300 bp, using a Covaris
M220 sonicator. The DNA fragments were end-repaired and A-tailed, then adaptors were
added by ligation and the fragments were enriched by PCR (six cycles). Each library

was then hybridized to a SureSelect custom panel 2.8 M bait set (Agilent) according to

the manufacturer's protocol. The custom panel was designed as a comprehensive cancer
gene panel, and covered 640 genes important in oncogenesis. After stringent washing the
captured DNA was amplified with 12 cycles of PCR per manufacturer's protocol. The size
and concentration of captured DNA was assessed using a Tapestation 2200 (Agilent). All
captured samples were clustered on a cBOT system, and sequenced on a single lane of

a PE-flow cell on a HiSeq2500 (I1lumina), using a 2 x 150 bp PE protocol. All reads

were aligned to the human genome (GRCh37/hg19), using the Burrows-Wheeler alignment
(BWA) algorithm. The final BAM file was used for variant calling with a custom variant
caller pipeline, which called variants directly from the BAM file with a 1% VAF filter, a
filter of >3 mutant read in both directions, and a strand bias filter. The 1% VAF filter was
chosen from limit of blank experiments. Our variant caller pipeline integrated information
of strand bias scoring, coverage, VAF, dbSNP annotation, COSMIC annotation, mutation
region, and mutation types. Two strand bias scores were calculated: the first one (SB1)
considered only strand bias in variant reads: MAX (Var+, Var-)/ (Var+, Var-); the second
(SB2) adjusted variant calls for inherent strand bias: (Var+/Ref+)/ (\Var-/Ref-). A variant
call passed the strand bias filter if either SB1 = 0.7 and/or 2.0 = SB2 = 0.5. An additional
filter which compares the VVAF of the variant detected, and the background noise of the
same loci based on a pool of normal samples was also applied. The mean sequencing
coverage was around 850 reads, and exceeded 300 reads in more than 94% of all regions.
After common SNPs (minor allele population frequency =1%), synonymous mutations, and
intronic mutations were filtered, presumptive somatic mutations were identified based on
the following criteria: VAF < 25% which cannot be explained by cytogenetic change, loss
of function mutations (frame-shift mutations or nonsense mutations), or =10 samples in
Catalogue of Somatic Mutations in Cancer (COSMIC) database with the same mutations.
All mutations were confirmed by manual inspection with integrative genomics viewer (IGV)
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(http://software.broadinstitute.org/software/igv/). A virtual panel of 41 genes was selected
based on the most common mutated genes in MDS 3° (Figure 1 of the reference) and
AA22 (Figure 1 of the reference), with the genes whose mutations are absent in our cohort
excluded.

2.3 1 Statistical analysis

All of the data were given as mean + SD or median (range). Statistical significance of
mutated genes in different groups was determined by ANOVA, ttest and Chi-Square Test
with a contingency table. A Pvalue less than .05 was considered statistically significant.

31 RESULTS

3.11 Demographic and clinical features of patients with cytopenia

In this study, as shown in Table 1, 34 of 207 patients were diagnosed with AA, 68 patients
were diagnosed as low grade MDS, 47 patients were diagnosed as high grade MDS, 6
patients were suspicious for but not diagnostic for MDS, and the remaining 52 patients
showed no evidence of a primary marrow disorder (defined as cytopenia group in this study).
The AA patients were mostly <50 years old, while MDS patients were mostly 60 to 80

years old. The demographic and clinical features of 207 patients with cytopenia are shown in
Table 1, and the demographic and clinical features of six suspected MDS patients without a
definite diagnosis are shown in Table S2.

3.21 Frequency and spectrum of somatic mutations

Of all 207 patients, 588 somatic mutations involving 181 genes were detected, with 79 genes
showing recurrent mutations (Figure 1A); the other 102 genes had only one mutation each
(Table S3). As shown in Figure 1A, TETZ, ASXL1, SF3B1and TP53showed the highest
mutation frequencies, each involving more than 10% of all patients. The SF3B1 mutations
occur predominantly in low-grade MDS (MDS with ring sideroblasts), and 7P53 mutations
occur predominantly in high-grade MDS. The MAG/1 mutations occurred exclusively in
cytopenia patients, and A/GA mutations occurred exclusively in AA patients. Consistently,
somatic mutations in 7P53, RUNX1 and ASXL 1 predict high grade MDS (P < .001),
whereas spliceosome gene SF3B1 mutations predict low grade MDS (P < .001). We then
selected 41 genes which are commonly mutated in MDS3° and AA22 as a “virtual panel”,
and studied the mutation distribution based on gene function (Figure 1B). Mutations of
splicing factors including SF3B1, SRSF2, ZRSR1, UZAF1 and U2AF2, as well as those

in RAS pathways, occur almost exclusively in MDS. In contrast, mutations of factors
involving DNA methylation, especially 7E72and DNMT3A, do occur in both AA and
cytopenia groups, supporting the presence of clonal hematopoiesis of indeterminate potential
(CHIP).20.21.36-38 Fyrthermore, in this cohort, somatic mutations involving SRSF2, RUNXI,
UZAF1, ZRSRZ, CBL, IDHZ2, NRAS, NF1, IDH1, PHF6, ETV6, NCOR2, SMC3, FLT3,
CEBFA, NPM1, KIT, GATAZ, UZAF2, SETBPI, WT1, CUXIand RIT1 were only found in
the MDS group, not in AA and cytopenia groups. The PIGA (12%) was the most frequently
mutated gene in AA cases, and 7E72(10%) was the most frequently mutated gene in the
cytopenia group.
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Predictive value of variant allele frequency

The 588 somatic mutations identified in the 207 samples have VAFs ranging from 1.0%

to 88.1% (Figure 2A). The MDS patients had a higher mean VAF than AA and cytopenia
groups (Figure S1A). Overall, 67 of 68 (98.5%) low grade MDS patients carried somatic
mutations with a mean VAF of 32.8% (n = 67), 46 of 47 (97.9%) high grade MDS patients
carried somatic mutations with a mean VAF of 38.9% (n = 46). Twenty of 34 (58.8%)

AA patients showed somatic mutations with a mean VAF of 11.2% (n = 20); 25 of 52
(48.1%) cytopenic patients without evidence of a primary marrow disorder showed somatic
mutations with a mean VAF of 8.4% (n = 25). With the 41 gene NGS panel, a total of

363 somatic mutations were identified with VVAFs ranging from 1.1% to 84.2% (Figure
2B). Similar to the 640-gene NGS panel, MDS patients showed higher VAFs than AA and
cytopenia patients (Figure S1B). Among them, 64 of 68 (94.1%) low grade MDS patients
carried somatic mutations with a mean VVAF of 31.8% (n = 64), 46 of 47 (97.9%) high
grade MDS patients carried somatic mutations with a mean VAF of 38.0% (n = 46), while
12 of 34 (35.3%) AA patients carried somatic mutations with a mean VAF of 7.7% (n =
12). Thirteen of 52 (25.0%) patients in the cytopenia group carried somatic mutations with
a mean VAF of 4.5% (n = 13). With both 640-gene and 41-gene panels, the percentages

of MDS patients with mutations and mean VAFs are significantly higher than patients from
both AA and cytopenia groups, while there are no significant difference between AA and
cytopenia groups (by chi-square test).

We next assessed diagnostic utility of NGS for MDS diagnosis based on VAF. As shown

in Tables 2 and S4A, the sensitivity of the 640-gene NGS panel for MDS was 98.3%,

and the negative predictive value (NPV) was 95.3%. We first performed Receiver Operator
Characteristic analysis for VAF, designating MDS as “positive”. As shown in Figure S2,
VAF is a significant predictor for MDS based on both 640-gene and 41-gene panels. Using
20% as a cutoff shows maximum sensitivity and specificity with the 640-gene panel, and
shows 100% specificity for MDS with the 41-gene panel. When the VAF for one or more
variants was set at 20% the PPV for MDS was 95.9% with a specificity of 95.3% (Tables 2
and S4B). While the presence of two or more somatic mutations at any VAF in a specimen
predicts MDS with a PPV of 76.3% (Tables 2 and S4C), the PPV was increased to 95.2%
when the VAF cutoff is set to 10% (Tables 2 and S4D). On the other hand, with the 41-gene
NGS panel the sensitivity for MDS was 95.7% (Tables 2 and S4E). When the VAF was set
at 20%, the PPV for MDS reached 100% with a specificity of 100% (Tables 2 and S4F).
While presence of two or more somatic mutations at any VAF in a specimen predicts MDS
with a PPV of 91.9% (Tables 2 and S4G), the PPV was increased to 100% when the VAF
cutoff was set to 10% (Tables 2 and S4H). Overall mutational profiling with both 640-gene
and 41-gene NGS panels was sensitive in predicting MDS, while the 41 gene-NGS panel
was more specific, and a mutation with >20% VAF, or =2 mutations with >10% VAF highly
predicts MDS.

The predictive value of the quantity and types of mutations

We also analyzed the diagnostic value of the number of mutated genes (Table S5 and Figure
S4). The mean mutation number of low-grade and high-grade MDS patients (3.6 and 4.8
respectively by the 640-gene panel, and 2.3 and 3.4 respectively by the 41-gene panel)
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was significantly higher than AA and cytopenia patients (1.5 and 1.3 respectively by the
640-gene panel, and 0.5 and 0.4 respectively by 41-gene panel) (P< .05 by ttest). However,
there are no significant differences in the types of mutations (single nucleotide variants

vs insertions vs deletions) in each group (Figure S3A,B). Interestingly, 64% (158/247)

and 71% (157/221) of the mutations detected by the 640-gene panel in low-grade and
high-grade MDS patients, respectively, were also detected in the 41-gene panel. However,
only 36% (16/44) and 32% (17/53) of mutated genes by the 640-gene panel in AA and
cytopenia patients (Table S5), respectively, were on the list of 41 genes, suggesting most

of the mutated genes detected by the 640-gene panel in the non-MDS patients were not
common driver genes. As shown in Figure S4A,B, if we only consider mutations with
significant clone size (VAF = 10%), non-MDS patients have either zero or one mutation,
while myelodysplastic syndrome patients have a broader range of mutation numbers, with
up to eight in some high-grade MDS patients. Greater than five mutations are only observed
in high-grade MDS patients.

Next-generation sequencing improves sensitivity of cytogenetic study for MDS

In the 201 patients with a definitive diagnosis, 91 showed normal karyotype, 68 showed
abnormal karyotype and 42 patients showed failed cytogenetic studies or had no cytogenetic
studies done (Table 1). We compared the sensitivity and specificity of cytogenetics changes
with NGS. As shown in Table S6A, the specificity of cytogenetic abnormality for MDS
was 89.7%, but the sensitivity for MDS was only 61.4% (62/101). A “cytogenetic change
OR mutation” criterion (cytogenetic change or mutations of VAF = 1%) (Table S6A)
provides 100% sensitivity and 100% NPV for MDS. This means all MDS cases have either
cytogenetic changes or mutations, and we should exercise extreme caution in diagnosing
MDS when there are no cytogenetic changes. and also no mutations detected by the 640-
gene panel. On the other hand, a “cytogenetic change AND mutation” criterion (Table S6B)
could provide 100% specificity and 100% PPV for MDS with both 640-gene and 41-gene
panels, which means a diagnosis of MDS is highly likely if there are both cytogenetic
changes and mutations.

DISCUSSION

Diagnosis by MDS is based on morphology, and is to some extent subjective due to poor
inter-observer concordance in dysplasia assessment.® Mutation profiling may provide more
objective evidence for diagnosis of MDS in cytopenic patients.3>3%-41 Although increasing
numbers of somatic mutations have been identified in MDS, the majority of them are <5%
in frequency, and none of these somatic mutations is specific for MDS.3540 How to interpret
mutation profiling results in the workup of unexplained cytopenia remains uncertain.
Therefore, it is critical in clinical practice to use a comprehensive, well-designed gene panel
to assess for MDS in cytopenia patients. In this study we compared the diagnostic utility of
targeted NGS with a 640-gene, or a virtual 41-gene panel, focusing on clone size (VAF),
number of mutations, gene function and specific genes. The comparison of the large and
small panels enables optimization of panel size for optimal clinical utility.
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It was noted that 21 of 52 patients in the cytopenia group show mutations =2% (640-gene
panel) (Figure 2A), thus fulfilling the criteria for CCUS.3# Although some of the patients
with AA or CCUS had somatic mutations, their mean VAF are less than 11.2%. The somatic
mutation in MDS had a mean VAF at approximately 30% to 40%, indicating mutation clone
size (VAF) is relevant in distinguishing the etiology of cytopenia. This is also supported

by recent studies.?242 In our study, although the 640-gene panel is more sensitive and can
be useful for ruling out MDS, the “virtual” 41-gene panel based on the genes commonly
mutated in MDS and AA shows similar sensitivity, but higher specificity. With the 41-gene
NGS panel the presence of mutations with a VAF = 20%, or two or more mutations with a
VAF = 10% were highly predictive of MDS (Table 2). Given the lower cost and the potential
for deeper read depth, the 41-gene panel is a better fit for diagnostic workup of unexplained
cytopenia than the 640-gene panel.

Cytogenetic abnormalities provide evidence of clonality, but are not sensitive for MDS
diagnosis. In our study 62/115 (54%) MDS patients show cytogenetic abnormalities, and the
specificity of cytogenetic abnormality for MDS is 89.7% (Table S6A). Using the 640-gene
NGS panel, 2/115 of MDS patients did not carry any somatic mutations, one of whom

had isolated del(5q) and the other had a complex karyotype. This suggests that a joint test
combining somatic mutations and cytogenetics shows almost 100% sensitivity for MDS.
Such high sensitivity is diagnostically valuable in excluding MDS as a cause of cytopenia.

Most mutated genes are not specific to either MDS or AA; however, we did observe

that somatic mutations involving SRSF2, RUNX1, UZAF1, ZRSR2, CBL, IDHZ, NRAS,
NF1, IDHI1, PHF6, ETV6, NCORZ, SMC3, FLT3, CEBFA, NPM1, KIT, GATAZ, UZAF2,
SETBPI1, WTI1, CUX1and R/T1were unique to the MDS group, and mutations of PIGA
were unique to AA. All AA patients with A/GA mutations harbor PNH clones as shown by
flow cytometry. However, given the limited cohort size, the specificity of those mutations
remains to be tested. Furthermore, mutations in 7P53, RUNX1 and ASXL 1 occurred
predominantly in high grade MDS, and spliceosome gene SF3B81 mutations occurred
exclusively in low grade MDS associated with ring sideroblasts This suggests somatic
mutations in 7P53, RUNX1, ASXL1 and SF3B1 may distinguish low vs high grade MDS,
consistent with previous studies.3543-45 It has been shown that adding mutation data into
the revised International Prognostic Scoring System (IPSS-R) improves predictive value in
MDS, and adjusts MDS patients into more appropriate risk categories.*446 Furthermore,
although there are no differences in terms of the types of mutations in each group, our study
suggests that the number of mutations predicts MDS, and can also be used to distinguish
low- and high grade MDS, which is consistent with other studies.3°:40:42

In our study, six patients were suspected of having MDS but did not meet the WHO
diagnostic criteria for MDS (Table S2). Patients one, two, three and four were found to have
cytopenia which persisted >6 months, mild dysplasia (present in less than 10% of all cells in
one of the lineages), normal karyotype and no increase in blasts. These patients had somatic
mutations with >20% VAF, including splicing factors like SRSF2in some patients. These
patients carried two or more mutations with a VAF > 20% (41 gene-NGS panel) and, based
on the high PPV, we believe should be classified as MDS. On the other hand, based on
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mutation analysis, patients five and six could be predicted not to have a myeloid neoplasm
like MDS. Follow-up of these patients will be valuable to confirm our hypotheses.

With a large cohort of cytopenia patients in a tertiary medical center, we systemically
assessed the diagnostic utility of targeted NGS panel and also performed parallel comparison
of large and small panels. Our study shows mutation analysis by the 41-gene NGS panel
achieves similar sensitivity compared with the 640-gene panel, but has increased specificity.
The presence of a mutation with >20% VAF, or two or more mutations with 210% VAF, is
highly predictive of MDS (Table 2). Higher numbers of mutations also correlate with MDS
(Figure S4). Furthermore, mutations of certain genes such as 7P53, SF3B1, and P/GA can
have specific diagnostic utility. It should be noted that diagnostic values calculated with
this population of patients from our referral center may not be applicable to the general
population. Another limitation of the study is a lack of long-term follow-up, especially for
the six patients with no definitive diagnosis. Thus, confirmation of our findings in other
populations and with a prospective longitudinal study will be of value.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 2.
Range plot of the variant allele frequencies of 201 cases with different NGS panels Patients

are in columns, sorted by “gold standard” diagnosis. VAFs are shown as dots within
columns; a dot at VAF = 0 indicates that the patient had no somatic mutations. The min
and max VAFs of the cases are the boundaries of each column. A, Range plot of the VAFs
by the 640 gene panel. B, Range plot of the VAFs by the 41 gene panel. VAF, variant allele
frequency

Am J Hematol. Author manuscript; available in PMC 2022 June 02.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Zheng et al.

TABLE 1

Demographic and clinical features of patients with cytopenia

Patient numbers

207

Sex, Males: females
Age, mean * SD (years)
AA
Cytopenia
MDS-low
MDS-high
Uncertain
Diagnosis
AA
Cytopenia
MDS-low grade
MDS-high grade
Uncertain diagnosis
Cytogenetics
AA
Cytopenia
MDS-Low
MDS-High

Uncertain

113/94

59.98 + 17.75 (4-91) years
4315 +17.84 (11-75)
57.23 + 19.65 (21-91)
65.54 + 12.52 (31-83)
66.53 + 14.32 (4-87)
64.67 + 9.65 (53-74)

34 (16.4%)
52 (25.1%)

68 (32.8%)

47 (22.7%)

6 (3%)

Normal karyotype  Abnormal karyotype
21 (61.8%) 2 (5.9%)
31 (59.6%) 4(7.7%)
25 (36.8%) 33 (48.5%)
14 (29.8%) 29 (61.7%)
5 (83.3%) 0 (0%)

Failed/not done
11 (32.3%)

17 (32.7%)

10 (14.7%)

4 (8.5%)

1 (16.7%)

Am J Hematol. Author manuscript; available in PMC 2022 June 02.

Page 13



Page 14

Zheng et al.

"anfea aAnaIpaid annsod ;Add ‘anfen aAnoIpald aAneBau AN :SUOIBIASIGOY

%00T %6'T6 %00T %G 18 Add
%t 19 %€ 69 %b'GL %26 AdN
%00T %6'T6 %00T %Iz, Anoyoeds
%0°'€S %969 %L'GL %.'G6  Aunnisuss
Joued auab Ty
%2 'G6 %€E'9L %6'G6 %G TL Ndd
%G 69 %L'GL %96 %€ 56 AdN
%€E'56 %T'S9 %E'S6 %9’y Anoy1oads
%L'89 %€ 78 %L'T8 %€'86  Aunnisuss
Jaued auab ot9
SUOIIeINW ZZ PUB 60T T JVA  SUORBINW ZZ %022 4VA  (%T = 4VA) suoneinw Auy

s|jaued SON uUaJayIp Ul SAIA 10} SUOIIBINW JO JBQUINU PUe SPOIND 47A JUJalIp YIm
anjeA aAnaipaid aanebsu pue anjea aanaipald aanisod ‘A1191419ads ‘A1IAIISUSS BYL "S0IND JUBIALIP YIIM SQIA 404 suoielnw Jo sduewopiad ansoubeig

¢ 3149vL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Am J Hematol. Author manuscript; available in PMC 2022 June 02.



	Abstract
	INTRODUCTION
	METHODS
	Patients and samples
	Targeted gene panel sequencing
	Statistical analysis

	RESULTS
	Demographic and clinical features of patients with cytopenia
	Frequency and spectrum of somatic mutations
	Predictive value of variant allele frequency
	The predictive value of the quantity and types of mutations
	Next-generation sequencing improves sensitivity of cytogenetic study for MDS

	DISCUSSION
	References
	FIGURE 1
	FIGURE 2
	TABLE 1
	TABLE 2

