
cytopenia and thus would not be classifiable as MDS. Using standard
laboratory values for cytopenias (Hb ,13 g/dL [males], ,12 g/dL
[females], ANC ,1.8 3 109/L, platelets ,150 3 109/L), the data
demonstrated that only 1.8% patients evaluated in that study of 7012
MDS subjects would lack a cytopenia (1.3% of patients when
nonproliferative chronic myelomonocytic leukemia patients were
excluded). Of note, and relevant predominantly for patients with low
marrow blast counts in the IWG-PM cohort, the patient’s blood
counts also needed to demonstrate $2 months of stable disease as
a potential means of excluding other causes for the cytopenias.

Regarding our main point, it is of relevance that the MDS database
(n5 816) used to generate the IPSS (Table 1)11 similarly demonstrated
that 19% of these patients lacked a cytopenia if defined by the
prognostic level cutpoints used by theWHOand also incorrectlywould
not have been considered to have MDS. Similar findings were found
in an independent study using these cytopenic cutpoints.13 Prior
investigations have demonstrated ethnic-, age-, and altitude-related
differences in normal Hb levels14,15; ethnic-, age-, and sex-related
differences in platelet levels16,17; and ethnic- and sex-related differ-
ences in platelet and white counts.18 Thus, being cognizant of these
conditional blood count variations, we recommend that standard
hematologic values be used to define cytopenias in MDS and believe
a modification of the WHO definition of cytopenias as 1 of the criteria
(in addition to definitive morphologic and/or cytogenetic findings) to
diagnose MDS would be valuable and most accurate.
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To the editor:

Chronic neutrophilic leukemia in a child with a CSF3R T618I germ line mutation

Lawrence J. Druhan,1 Daniel P. McMahon,2 Nury Steuerwald,1 Andrea E. Price,1 Amanda Lance,1 Jonathan M. Gerber,1 and

Belinda R. Avalos1

1Department of Hematologic Oncology and Blood Disorders, The Levine Cancer Institute, and 2Pediatric Hematology/Oncology, The Levine Children’s

Hospital, Carolinas HealthCare System, Charlotte, NC

Chronic neutrophilic leukemia (CNL) is a rare myeloproliferative
neoplasm characterized by sustained elevation of neutrophil count,
splenomegaly, and poor prognosis. Activatingmutations in the colony-
stimulating factor 3 receptor (CSF3R), also known as the granulocyte
colony-stimulating factor (G-CSF) receptor, have recently been iden-
tified in 80% of patients studied with CNL.1,2 The most common

mutation isT618I,which renders the receptor ligand independent through
constitutive JAK/STAT activation.1,3 The strong association of acti-
vating CSF3R mutations with CNL has led to the addition of a CSF3R
T618I mutation or other activating CSF3R mutation to the diagnostic
criteria for CNL in the 2016 revision to the World Health Organization
(WHO) classification of myeloid neoplasms and acute leukemia.4
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CNL is generally a disease of older adults with a median
survival of,2 years (range, 1-106 months).2 The natural history
remains poorly understood due to its rarity, insidious onset,
and delay in diagnosis.5 Approximately 200 cases of CNL have

been reported, largely as single case reports and small case
series.6

We report a childwithCNLand a germ lineCSF3RT618Imutation
with stable leukocytosis for 11 years. The patient was a full-term infant

A
2007 2008 2009 2010 2011 2012 2013 2014 2015

WBC (x109/L) 37.1 33.3 30.7 28.2 26.8 25.5 24.1 25.9 26.1

HGB (g/dL) 12.1 12.5 12.2 12.5 12.3 12.6 12.1 13.0 12.9

HCT (%) 35.3 36.1 35.7 37.0 34.0 37.0 38.0 37.0 38.5

Platelets (x109/L) 320.5 273.3 234.0 208.0 191.0 172.5 157.5 149.0 134.8

ANC (x109/L) 26.8 25.1 22.8 15.5 22.2 19.4 21.5 20.9 21.7

Neutrophils (%) 72.0 75.3 75.0 55.0 83.0 75.0 89.2 67.5 68.5

Bands (%) 10.0 6.0 9.3 26.3 4.0 13.0 13.5 14.5

B

Patient mutational status of genes associated with myeloproliferative neoplasms (MPNs)

BCR/ABL JAK2 MPL CALR PDGFR FGFR1 ASXL1 SETBP1 TET2

neg WT1 WT WT WT (A and B) WT WT2 WT

145

1650 1700 1750 1800 1850

150 155 160 165

WT

C
NGS Sequencing of the CSF3R  gene
Genomic DNA Extracted from Whole blood

Chrom Position Ref Variant
Protein 
Varient

Allele 
Frequency Quality

Patient
chr1 36931579 G A - 48.4 2858.32
chr1 36932097 C T p.W791* 15.6 1444.83
chr1 36933434 G A p.T618I 49.4 9962.51
chr1 36937059 A G p.T420T 100 31730
chr1 36937065 A G p.R418R 100 31271.2

Unaffected Mother
chr1 36931579 G A - 38.6 2148.21
chr1 36937059 A G p.T420T 100 31721.7
chr1 36937065 A G p.R418R 100 31460.2

Unaffected Father
chr1 36931579 G A - 49.7 1489.26
chr1 36933096 T C - 54 11430.1
chr1 36937059 A G p.T420T 48.7 9546.63
chr1 36937065 A G p.R418R 49.3 9541.21

Unaffected Sib
chr1 36931579 G A - 44.4 2504.06
chr1 36937059 A G p.T420T 100 31678.3
chr1 36937065 A G p.R418R 100 31301.9

Genomic DNA Extracted from Patient Buccal Cells
chr1 36931579 G A - 60.8 2690.92
chr1 36933434 G A p.T618I 52 10800.2
chr1 36937059 A G p.T420T 100 31914.8
chr1 36937065 A G p.R418R 100 31822.4

D

E

41 yo
Normal GCSF
Normal ANC

42 yo
Normal GCSF
Normal ANC

13 yo
Normal GCSF
Normal ANC

10 yo
Below normal GCSF
Elevated ANC since birth

Figure 1. Heterozygous germ line CSF3R T618I mutation in a child with CNL. (A) Serial blood counts by year showing white blood count (WBC), hemoglobin (HGB),

hematocrit (HCT), platelet count, absolute neutrophil count (ANC), percentage of neutrophils, and percentage of bands. (B) Mutational analysis of genes frequently implicated

in myeloproliferative neoplasms (MPNs) using next-generation and/or Sanger sequencing (WT, wild type; neg, negative). 1V617F and exon 12 mutations were not detected.

A single nucleotide polymorphism (SNP) in exon 9 (L393V) was detected. 2Mutations in ASXL1 were not detected. M1249V, a known SNP, was identified. (C) Using next-

generation sequencing (NGS), the entire CSF3R gene was sequenced from genomic DNA (gDNA) from whole blood from the patient, the unaffected parents, and the

unaffected sibling, as well as from gDNA isolated from a buccal swab from the patient. A heterozygous T618I mutation was identified in the gDNA isolated from both blood and

buccal cells from the patient. CSF3RW791* was detected in blood cells only from the patient at low frequency (16%). (D) Confirmation of the CSF3R T618I mutation in patient

cells in panel C by Sanger sequencing. (E) Patient pedigree showing the CSF3R T618I mutation present in the patient but undetectable in either parent or the unaffected

sibling. Serum G-CSF levels were below normal in the patient but within the normal range in the parents and unaffected sibling.
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girl with leukocytosis at birth (leukocyte count, 35 000 per cubic mil-
limeter; absolute neutrophil count, 29 000). Bone marrow studies at
5 months revealed hypercellular marrow with granulocytic hyperpla-
sia, ,1% myeloblasts, no dysplastic features, and normal karyotype/
fluorescent in situ hybridization. At 4 years of age, splenomegaly was
demonstrated by ultrasound. The patient remained healthy without
evidence of leukocyte adhesion defect or chronic infections or inflam-
mation. Serial blood counts showed persistent leukocytosis (range,
24 000-37 000)with normal hemoglobin and platelet count (Figure 1A).
Both parents and the only sibling had normal blood counts. At 10 years
of age, due to increasing splenomegaly and a mildly decreased platelet
count of 134 3 109/L, a bone marrow examination was repeated, and
was unchanged. Cytogenetics and fluorescent in situ hybridizationwere
normal, and nomutationswere detected in JAK2,MPL,CALR,PDGFR
A/B, or FGFR1. Polymerase chain reaction for BCR-ABLwas negative
(Figure1B). SerumG-CSFwasundetectable.Deep sequencing revealed
a CSF3R T618I mutation that was confirmed by Sanger sequencing of
patient DNA from both buccal and blood cells with an ;50% mutant
allele frequency (Figure 1C-E). No mutations were identified in
ASXL1, SETBP1, or TET2 (Figure 1B), which are frequently reported
in association with a T618I mutation in patients with CNL.5 A CSF3R
W791X mutation was detected at a low frequency (;16%) in the
patient’s blood cells but not buccal cells (Figure 1C). Repeat molecular
studies 14 months later were unchanged with no additional mutations
identified or changes in the mutant CSF3R allele frequencies detected.

This is the first report of a germ line CSF3R T618I mutation and
the youngest reported patient to date with CNL. Our patient is also the
longest living patient reported with CNL. The patient’s sustained
neutrophilia, splenomegaly, and morphological and molecular studies
fulfill the 2016WHOdiagnostic criteria for CNL. A previous report by
Plo et al identified a different activating germ line CSF3R mutation
as the basis for hereditary chronic neutrophilia.7 These investiga-
tors identified an autosomal-dominant CSF3R T640N point mutation
(reported as T617Nusing the traditionalCSF3R numbering system that
does not include the signal peptide) with complete penetrance in 12 of
16 members of a 3-generation pedigree. The T640N mutation affects
the transmembrane domain ofCSF3R and not the membrane proximal
region towhich the T618Imutation localizes. Like the T618Imutation,
constitutive phosphorylation of the JAK/STAT signaling pathway
by the T640N mutation was demonstrated, which could be abrogated
by the JAK2 inhibitor AZD1480. Transplantation of hematopoietic
stem cells expressing the CSF3R T640N mutant in mice also induced
a myeloproliferative-like disorder.

More recently, Maxson et al identified a T640N mutation in 2
patients meeting WHO criteria for true CNL/atypical chronic myeloid
leukemia (CML).8 The features of many of the affected family mem-
bers in the pedigree reported by Plo et al with the T640Nmutation also
satisfy the 2016 WHO diagnostic criteria for CNL. Notably, 6 of the
12 affected family members were 20 years of age or younger. These
data and our owndemonstrate that CNL is a disease that is not restricted
to the elderly. We recommend that CNL be included in the differential
diagnosis of unexplained neutrophilia in children and that mutational
analysis of CSF3R be performed.

Germ line analyses were not performed in the initial studies linking
presumed somatic CSF3R mutations to CNL, so it is possible that
a congenital origin for CNL may have been missed in these cases.1,2

The presence of a germ line CSF3R T618I mutation in our patient that
was not detected in either parent suggests that the mutation arose as
a result of geneticmosaicismor as a spontaneousmutation in utero.Our
patient and the pedigree reported by Plo et al emphasize the importance

of performing germ line studies in patients with CNL. Such studies
should help to better define the causality and natural history of CNL.

A clinical course for CNL similar to CML that is composed of
a chronic phase, an accelerated phase, and blast transformation has
been suggested by several investigators.5 Blast transformation has
been reported to occur in 20% of patients with CNL at a median of
21 months from diagnosis. To date, all reported cases have been
myeloid, and most of these patients have been found to have
mutations in other genes such as ASXL1 and SETBP1 in addition to
an activating CSF3R mutation.5 These observations, together with
our own demonstrating stable leukocytosis over a 11-year time
period in a patient with CNL harboring aCSF3R T618I mutation but
lacking mutations in other genes, provide strong evidence that
additional mutations are required for progression of CNL, analogous
to the secondary molecular alterations observed in transformation
of CML.9 The pathophysiologic relevance of the acquired low-
frequency CSF3RW791Xmutation in our patient that has remained
stable for 14 months and was previously described in 1 other patient
withCNLand aT618Imutation remains unknown.1 Serialmolecular
studies in patients with CNL should help define genetic abnormal-
ities associated with different phases of CNL and their impact on
prognosis and therapy.
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