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Abstract

Background: Chronic neutrophilic leukemia (CNL) is a rare myeloproliferative neoplasm (MPN) with less than 40
cases of patients being reported or clinically suspected meeting with 2008 World Health Organization (“WHQO")

diagnostic criteria. The current diagnosis of CNL remains to exclude other diseases. Recently, a new biomarker of
CSF3R mutations that is almost invariably present in CNL has been identified. There is no effective treatment for
CNL, therefore prognosis of the disease is poor, but it may be attributed to the presence of both SETBPT and CSF3R
gene mutations. The presence or absence of CSF3R mutation did not affect survival, whereas a trend for shortened
survival was observed among patients with SETBPT-mutation.

Case presentation: Here we report a 65-year old woman patient who presented with leukocytosis without sign of
fever and tumors. Bone marrow aspirates showed a markedly hypercellular feature with 76%-92% myeloid and the
dysplastic changes were found in about 7% of neutrophils cells. The bone marrow biopsy demonstrated marrow
fibrosis with Gomori staining positive (+++~++++). Cytogenetic analysis showed 46,X,del (X) (g22). No molecular
markers of BCR/ABL1 rearrangement (P210, P230, P190 and variably), JAK2V617F, FIP1L1-PDGFRA, TEL-PDGFRB, ZNF198-
FGFR1 and SETBPT mutations were identified, however, the CSF3R gene membrane proximal mutation (c.1853C > T/
p.T618l sites) was detected by PCR techniques. The patient was diagnosed with CNL and died in about 2 months
after disease diagnosis.

Conclusion: In clinical course, the CNL concurrently with severe bone marrow fibrosis and dysplastic features as
well as X chromosomal abnormality may predict a worsening prognosis regardless of SETBP1 mutation status.
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Background
Chronic neutrophilic leukemia (CNL) is an extremely
uncommon myeloproliferative neoplasm (MPN) charac-

for hematopoietic tumors [1]. However, a critical review
of the literature using these WHO diagnostic criteria
could only confirm 40 cases [2], representing approxi-

terized by sustained, mature neutrophilic leukocytosis,
hepatosplenomegaly, and bone marrow granulocytic hyper-
plasia. The key diagnostic criteria of CNL has been
retained by the World Health Organization (“WHO”)

* Correspondence: xuebinwu@hotmail.com

Department of Hematology, Beijing Shijitan Hospital, Capital Medical
University, Tieyi Road 10, Yangfangdian, Haidian District, Beijing 100038,
China

( BioMVed Central

mately 51% of the clinically suspected patients with
CNL [1], suggesting that the true rate of occurrence is
even lower than suspected [2]. In 2013, a new biomarker of
CSF3R mutations with a close association with diagnosis of
CNL was identified [3—5]. In 2016,WHO revised the classi-
fication of MPN and added the CSF3R mutations as one of
the CNL diagnostic criteria [6, 7].
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The median age of CNL diagnosis is 66 years (range:
15-86), and the median survival of CNL is 23.5 months
(range:1-106 months). The most frequent causes of death
are intracranial hemorrhage, progressive disease or blastic
transformation, and regimen-related toxicity from induc-
tion chemotherapy or transplantation [1, 2]. There is no
effective treatment for CNL and therefore prognosis is
poor. The poor prognosis factors of CNL are not clear.
Recent research has showed that new biomarkers such as
SETBPI and/or ASXLI mutations may be associated with
poor prognosis in CNL and CMML [8], and presence of
SETBPI mutation in CNL suggested a pathogenic role as-
sociated with progression of blast phase transformation
[8]. Herein, we report a case with CNL who had a very
poor prognosis due to concurrent of bone marrow fibro-
sis, dysplasia and an X chromosomal abnormality but
without SETBPI mutation.

Case presentation

Our patient is a 65-year-old Chinese woman with medical
history of 1 year hypertension and 2 years intermission
versatile skin purpura. Starting in February 2014, she had
overt aggravated skin purpura with malaise, fatigues and
anorexia. Peripheral blood count showed hemoglobin of
76 g/L, leukocytes of 72X10°/L with 92% neutrophils and
platelet count of 41X10°/L. Peripheral blood smear
examination showed no immature granulocytes and mye-
loblasts. The bone marrow aspiration revealed myeloid
hyperplasia at 92%, and then she was diagnosed with
CML-CP at a local hospital.

She was admitted to our hospital on March 20, 2014.
Physical examination showed no other positive signs ex-
cept anemia. Complete blood count showed leukocytes of
85X10°/L with 90% mature neutrophils and 2% monocyte,
there was no increase of blasts or immature granulocytes
detected. The hemoglobin level was 74 g/L, platelet count
was 62X10°/L. CT scanning showed mild splenomegaly,
and B ultrasonography of the abdomen showed an spleno-
megaly (intercostal thickness was 5.5 cm).The lactate de-
hydrogenase (LDH) and creatinine was 499 U/L (40-240)
and 70 umol/L (35-80) respectively. Bone marrow evalu-
ation showed a markedly hypercellular with 76%-92%
myeloid cells and the myeloid:erythroid ratio was 17.9,
consisted of 1%—3% myeloblasts, 2%—8% promyelocyte,
1%-22% myelocyte, 6%—24% metamyelocyte, 30%—75%
band and neutrophils, 2%-5% eosinophils, 0.4%—3% baso-
phil, 1%-3% monocyte and 16% -18% erythroid cells. Dys-
plastic changes were found in about 7% of neutrophils
such as dikaryocyte, vacuoles, hypergranular cytoplasm
and hypersegmented nuclei (Fig. 1). The leukocyte alkaline
phosphatase(LAP) score was increased to 387 (normal
range 13-130) and the LAP positivity was 100% (Table 1).
Immunophenotyping analysis of bone marrow cells by
flow cytometry revealed that myelocytic cells consisted
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Fig. 1 Bone marrow morphology. The morphology showed markedly
hypercellular of granulopoiesis without increase in blasts. Dysplastic
changes of neutrophils such as dikaryocyte, vacuoles, hypergranular
cytoplasm, and hypersegmented nuclei were observed. a and b. Bone
marrow and peripheral cells respectively in March,21; ¢. Bone marrow
cells in March, 27; and d. Bone marrow cells in May, 14. (Wright—
Giemsa stain, 1000x)

of 82%-90% with majority of CD16 + CD10+ mature
granulocytes. The CD34 + CD117+ blast cells were 0.42%—
0.6%, monocyte of 0.76%—4.06%, and few eosinophils, baso-
phile and erythroblasts. Bone marrow biopsy examination
showed marked myeloid hyperplasia with focal fibroblasts.
Additional immunophenotyping of bone marrow cells
demonstrated negative for CK, CD23, CD34, TdT and
CD30, positive for VIM +, CD68 +, and EMA scattered +,
CD3 scattered +, CD20 individual +, CD5 a few scattered
+, MPO suffusion +, Ki-67(80%+), CD15 partial +, and the
Gomori staining was positive (+++~++++) (Fig. 2). Con-
ventional cytogenetic analysis showed 46,X,del (X) (q22) in
8 out of 9 metaphase spreads(46,X,del(X) (q22) [7, 8]
/46, XX [1]) (Fig. 3). There were no molecular markers
of BCR/ABL1 rearrangement (P210, P230, P190 and
variably), JAK2V617E FIP1L1-PDGFRA, TEL-PDGFRB,
ZNFI198-FGFRI and SETBPI mutations identified.
However, the CSF3R gene membrane proximal muta-
tion (c.1853C > T/p.T618I sites) was detected by PCR
techniques. She was then diagnosed with chronic neu-
trophilic leukemia (CNL) and treated with hydroxyurea
(1.0 g-2.0 g/day), EPO (6000 U/day) and Andriol (testos-
terone undecanoate, 160 mg/day). She was discharged on
April 2nd of 2014, and her peripheral blood counts were
leukocytes of 25X10°/L with 89% neutrophils, and Hb of
83 g/L and platelet of 25X10°/L.

She was instructed to receive regular therapy of transfu-
sion, hydroxyurea, EPO and Andriol. In late April, she ex-
perienced hematochezia. She was admitted again at our
hospital on May 11, 2014. Physical examination showed
an oral mucosa bleeding, blutpunktes and purpura on
sporadic whole body, and both lower extremities oedema
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Table 1 The results of the examinations and treatment courses of the patient

Date Bone Marrow Cells Peripheral cells Treatment
Myeloblasto Dysplasia LAP WBC(X107/L) Hb(g/L) PIt(X10°/L)
21/03/14 1 granulocytes 387,100% 85,N:90% 74 62 Hu
27/03/14 26 granulocytes NA 14, N:85% 60 29 Hu
31/03/14 25, N:89% 83 25 Hu
11/05/14 34,N:92% 62 3 Transfused
14/05/14 1.6 granulocytes 387,100% Transfused
17/05/14 53N:92% 65 5 Transfused
19/05/14 66,N:90% 60 21 Transfused
22/05/14 67,N:92% 56 Ihl Transfused
25/05/14 64,N:94% 67 5 Bleeding Transfused,
26/05/14 116,N:93% 34 7 Transfused
27/05/14 90,N:85% 33 29 Died

It displayed the examinations of bone marrow and peripheral cells at the process of the diagnosis and treatment courses of the patient

(+), without hepatosplenomegaly and superficial lymph-
adenopathy. Peripheral blood count showed leukocytes
of 34X10°/L with 92% neutrophils and 3% monocyte,
hemoglobin of 62 g/L and platelet of 3X10°/L. Bone
marrow showed a markedly hypercellular with myeloid
states cells and there was no increase of blasts (Fig. 1
and Table 1). PT: 12.6 s, PTA:78%, INR: 1.12, FIB:1.53 g/L,
APTT: 265 s, TT:18.7 s, D-D:1026 ng/L, FDP:5.70 pg/ml,
stool examination: bloody stool, occult blood(OB) (+), urine
assayed: OB (+++). Her condition was slightly improved
after standard treatment. On May 25, 2014, her disease
worsened from lethargy to coma after a defecation. She had
a hypomyodynamia and hypomyotonia in right limbs, and
her right pupilla was larger than left one, concurrent with
hematochezia, hematuria and hemoptysis. Peripheral blood
count showed leukocytes of 67~116X10°/L with 85%~ 94%
neutrophils but no immature granulocytes and myeloblasts.
Laboratory examination showed the hemoglobin of 56 g/L
and platelet of 11X10°/L. PT:12.4 s, PTA:75%, INR:1.12,

Fig. 2 Bone marrow biopsy. Bone marrow biopsy examination
showed markedly myeloid hyperplasia with focal fibroblasts and the
Gomori staining was positive(+++~++++). a, b and ¢ were HE
stain(400x), d was Gomori stain(400x)

FIB:3.56 g/L, APTT:25.2 s, TT:14.5 s, D-D:5243 ng/L. She
was diagnosed with cerebral hemorrhage, gastrointestinal
hemorrhage, pneumohemorrhage and respiratory failure.
She passed away on May 27, 2014.

Discussion and conclusion

CNL is a rare aggressive myeloproliferative neoplasm,
similar to other MPN, the clinical course of CNL is het-
erogeneous. Clinical course of CNL is recognized by a
chronic phase, an accelerated phase, and a blast phase
respectively. Due to lack of specific molecular markers,
the diagnosis of CNL has been considered of exclusion
until an relevant CNL CSF3R mutation was identified in
2013 [1, 3]. Colony-stimulating factor 3 receptor gene
(CSF3R) provides the proliferative and survival signal for
granulocytes and also contributes to their differentiation
and function. Nonsense somatic mutations affecting the
cytoplasmic domain of CSE3R appear to be stem cell de-
rived, associated with but not essential for severe con-
genital neutropenia -associated acute myeloid leukemia

=2 A& MBS

3

- -
PR Aa

1 2

AR K8 48 28 B8R =2 ax

i 55 = s - - an o
3 14 15 16 37 18
b |
-~ b - - - ,"',x~

19 20 21 22 X Y

Fig. 3 Karyotype of bone marrow cells. The karyotype showed
46,X,del(X)(g22), it was marked by an "arrow" in the picture. The
conventional cytogenetic G-banding technique result of analysis was
46,X,del(X) (g22) [81/46XX[1]
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[4]. Maxson et al. identified activating mutations in the
gene encoding the CSF3R in 16 of 27 patients (59%) with
CNL or atypical CML [3]. Pardanani et al research showed
that a total of 14 CSF3R mutations were identified in 13 pa-
tients, all of whom belonged to the group of CNL patients
with either WHO-defined (# = 12) or unconfirmed (7 = 1).
The overall CSF3R mutational frequency was 100% in
WHO-defined CNL and among these patients, the
CSF3RT618I occurred exclusively in WHO-defined CNL
with mutational frequency of 83% [4]. The current study
was undertaken to determine the frequency, location and
specificity of CSF3R mutations in CNL. A very strong asso-
ciation of mutations of CSF3R with WHO-defined CNL
has been established and led to the reassessment of the
current CNL diagnostic criteria. Presence of CSF3RT618]
or other membrane-proximal CSF3R mutations have been
recognized as one of the major diagnosis criteria at the
revision of the WHO criteria for the diagnosis of CNL in
2016 [7]. According to this criteria, the CNL case presented
here was diagnosed based on clinical manifestations as well
as presence of CSF3R gene membrane proximal mutation
[6, 7]. In the meantime, it has excluded other potential
diseases such as infections, inflammatory conditions, solid
tumors, and plasma cell neoplasm. The most frequent
causes of death for CNL are intracranial hemorrhage,
progressive disease/blastic transformation, and regimen-
related toxicity from induction chemotherapy or trans-
plantation [1, 2, 8]. Our patient had a fatal outcome due to
a cerebral hemorrhage event. In addition, presence of
SETBPI mutation may associate with a poor prognosis in
CNL [8], however, our patient was absence of SETBP1 mu-
tation, therefore other pathological findings such as the
bone marrow fibrosis and the dysplastic features of the
bone marrow cells could be poor prognosis factors.
Presence of myelofibrosis is rare in CNL and it is import-
ant to distinguish between the primary and secondary fi-
brosis. Primary myelofibrosis (PMF) is a clonal hematologic
malignancy with a variable disease course, its pathogenesis
is associated with JAK2-STAT pathway and the somatic
mutations included JAK2V617F, MPL, CALR and other epi-
genetic mutations (eg. TET2, ASXL1 and EZH2) rather than
CSF3R mutations [3, 4, 9-12]. Our patient had CSF3R mu-
tation without JAK2V617F, thus it would support a diagno-
sis of CNL. Bone marrow fibrosis (BMF), which results
from abnormal deposition of reticulin and collagen fibers in
the bone marrow plays a major role in the pathophysiology
and clinical manifestation of the disease and it has been
suggested that BMF may affect overall survival in patients
with myelofibrosis no matter primary and secondary fibro-
sis [12]. Our patient with BMF passed away died in less
than 3 months after diagnosis. The presence of myelofibro-
sis in CNL suggests that the disease was evolving to the
end-stage and it was reasonable to hypothesize that any dis-
ease evolution in CNL might be a worsening prognosis
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indicator [12]. Further clinical and biological studies and
longer follow up are needed to fully understand the signifi-
cant impact of BMF in patients with CNL.

Recently the SETBPI and ASXLI mutations were identi-
fied as prognostic biomarkers in CNL. Presence of SETBP1
and ASXL1 mutations have worse prognosis whereas
CSF3R variants were not prognostically significant [13].
Pardanani et al. [4] research showed that SETBPI muta-
tional frequencies in WHO defined CNL, aCML, CMML
and PMF were 33, 0, 7 and 3%, respectively and concurrent
of CSF3R and SETBPI mutations might have the worst
prognosis for survival. However, the presence or absence
of CSF3R mutation did not affect survival, whereas a trend
for shortened survival was observed among patients with
SETBPI-mutation alone [4]. Elliott et al detected SETBPI-
mutations in 5 out of 14 patients with CSF3R-mutated
CNL and suggested pathogenetic roles for SETBPI muta-
tion in disease evolution into blast phase disease of CNL
[8], but another a meta-analysis shown that the SETBPI
mutation was associated with a poor prognosis in patients
with MDS and CMML, but not in patients with CNL [14].
Therefore, the further follow-up studies are necessary to
confirm these findings so that SETBPI could be used as a
prognostic marker to guide therapeutic decisions.

Cytogenetic abnormalities are found in about 23%~
25% of CNL patients at diagnosis [2, 12]. These cytogenetic
abnormalities are not to have significance for the diagnosis
of CNL. Loss or gain of an X chromosome is usually ac-
companied by other chromosomal abnormalities and often
associated with the hematologic malignancies such as acute
leukemia, lymphoma and MDS, and also associated with
dismal prognosis [15]. The X chromosomal abnormality is
rarely found in CNL and only one case with an extra X
chromosome was reported. This case progressed to blast
crisis just in 2 months [16], so CNL with an X chromo-
somal abnormality may play an important role in the rapid
progression.

Yamamoto et al. [16] reviewed 15 cases of CNL who
terminated in the blast crisis and found 7 cases with dysplas-
tic changes of granulocytes in the bone marrow cells.
Among these cases, five had dysplasia in the erythroid and/
or megakaryocytic lineage, as well as in granulocytic lineage.
The median survival for 7 cases with dysplastic changes was
17.71 months, and for the other 8 cases without dysplastic
changes was 54.62 months (= 2.20586,0.05>p>0.02). Our
patient with dysplasia in the granulocytic lineage survived in
less than 3 months, thus, it is interesting to investigate if
dysplasia might be an independently prognosis factor for the
CNL. Note that utilization of novel biomarkers for CNL
diagnosis were not widely accessible, therefore diagno-
sis of CNL remains to rely on morphology features of
the bone marrow cells, such as bone marrow fibrosis
and dysplasia in the CNL. The relationship between
dysplasia and survival in CNL needs to be further
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explored in future clinical research. We hypothesize that
coexistence of an X chromosomal abnormality, severe
bone marrow fibrosis and dysplastic features of the bone
marrow cells is one of the worsening prognosis factors no
matter with or without SETBPI mutation. It is possibly
the early signs of leukemic transformation for the CNL.

No standard of care exists for CNL. The primarily and
the most commonly used treatment for CNL is hydroxy-
urea and/or interferon-a. These agents are effective in con-
trolling leukocytosis and splenomegaly and maintaining a
stable chronic phase, but not curable. No hematologic
complete remission has been reported to date following
standard induction therapy (anthracycline and cytara-
bine) for accelerated or blast phase in CNL [1, 7]. Given
the potential for progressive refractory neutrophilia and
blast transformation, allogeneic hematopoietic SCT has
been performed in a number of cases and at this time
represents the only known curative therapy [9]. Review-
ing SCT in CNL patients, it is observed that 71% of the
patients who received the transplant at the chronic phase
have an ongoing remission of more than 7 months, in con-
trast with those who received it at the accelerated phase
and died after the procedure [1]. Therefore SCT may result
in favorable long-term outcomes in selected patients, par-
ticularly when undertaken in the chronic phase of disease
[1, 7]. Optimal therapy of CNL remains to be defined, but
significant advances are anticipated in the context of
the recent progress in defining the molecular pathogenesis.
CSF3R is known to signal downstream through both JAK
and SRC tyrosine kinase pathways, and the two classes of
CSF3R mutations exhibit different downstream signaling
and kinase inhibitor sensitivities [1, 13]. Given the poor
prognosis of this disorder, the potential applicability of
JAK and/or SRC kinase inhibitors is another important
implication of the discovery of activating CSF3R mutation.
Treatment with the SRC kinase inhibitor Dasatinib and the
JAK1/2 kinase inhibitor Ruxolitinib have shown efficacy for
CNL with membrane proximal mutations and truncation
mutations respectively in some patients [1-3, 7, 11]. These
novel target-specific agents need further clinical investiga-
tion with larger CNL sample size.

CNL is still a deadly disease without effective diagnosis
and treatment. CSF3R mutations have been confirmed as
one of the WHO diagnosis criteria at the revision of CNL
in 2016. Our patient had coexisting of the bone marrow
fibrosis, dysplasia and an X chromosomal abnormality
without SETBPI1 mutation led to a very poor outcome. This
implies that CNL with severe bone marrow fibrosis and
dysplastic features of the bone marrow cells as well as X
chromosomal abnormality may predict a worsening prog-
nosis of the clinical course regardless of the SETBPI muta-
tion status. The recent developments in the knowledge of
the molecular pathogenesis are the foundations for the
identification of novel and effective therapeutic strategies.

Page 5 of 6

Abbreviations

aCML: atypical chronic myeloid leukemia; BMF: bone marrow fibrosis; CML-
CP: Chronic myeloid leukemia -chronic phase; CMML: chronic myelomonocytic
leukemia; CNL: Chronic neutrophilic leukemia; CSF3R: Colony-stimulating factor
3 receptor gene; EPO: Erythropoietin; MDS: myelodysplastic syndromes;

MPN: Myeloproliferative neoplasm; PMF: Primary myelofibrosis; SCT: stem cells
transplantation; WHO: World Health Organization

Acknowledgements
We would like to thank Dr. Kaida Wu for critical reading and useful comments
that greatly improved the manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Authors’ contributions

XBW was involved in the patient active management, conceived of the study,
collected the clinical data and drafted the manuscript. WWW, participated in
the management of patient treatment, collected and analyzed data. YZ and XW
participated in the management of patient treatment, collected and provided
data. JL was lab test. YY participated in the management of patient treatment.
All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication

Written informed consent was obtained from the kin of patient for
publication of this case report and any accompanying images. A copy of the
written consent is available for review by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 14 March 2018 Accepted: 16 March 2018
Published online: 27 March 2018

References

1. Menezes J and Cigudosa JC. Chronic neutrophilic leukemia: a clinical
perspective. Onco Targets and Therapy .2015 Sep 1;8:2383-2390. doi:
https://doi.org/10.2147/0TT.549688. eCollection 2015.

2. Hlliott MA. CME Information: chronic neutrophilic leukemia 2014:update on
diagnosis, molecular genetics, and management. Am J Hematol. 2014,89:652-8.

3. Maxson JE, Gotlib J, Pollyea DA, Fleischman AG, Agarwal A, Eide CA, et al.
Oncogenic CSF3R mutations in chronic Neutrophilic leukemia and atypical
CML. N Engl J Med. 2013;368(19):1781-90.

4. Pardanani A, Lasho TL, Laborde RR, Elliott MA, Hanson CA, Knudson RA,
Ketterling RP, et al. CSF3R T618l is a highly prevalent and specific mutation
in chronic neutrophilic leukemia. Leukemia. 2013;27(9):1870-3.

5. Tefferi A, Elliott M, Pardanani A. Chronic neutrophilic leukemia: novel mutations
and their impact on clinical practice. Curr Opin Hematol. 201522:171-6.

6. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Beau MML, et al. The
2016 revision to the World Health Organization classification of myeloid
neoplasms and acute leukemia. Blood. 2016;127(20):2391-405.

7. Elliot MA and Tefferi A. Chronic Neutrophilic Leukemia2016: Update on diagnosis,
molecular genetics, prognosis and management. Am J Hematol 2016 Mar;91(3):
341-349. doi: https//doiorg/10.1002/ajh.24284. Epub 2016 Feb 9.

8. Elliot MA, Pardanani A, Hanson CA, Lasho TL, Finke CM, Belachew AA, et al.
ASXL1 mutations are frequent and prognostically detrimental in CSF3R-
mutated chronic neutrophilic leukemia. Am J Hematol. 2015;90(7):653-6.

. Uppal G, Gong J. Chronic neutrophilic leukaemia. J Clin Pathol. 2015,68:680-4.

10.  Savona MR. Are we altering the natural history of primary myelofibrosis?
Leuk Res. 2014;38:1004-12.


https://doi.org/10.2147/OTT.S49688
https://doi.org/10.1002/ajh.24284

Wu et al. BMC Cancer (2018) 18:343

Gotlib J, Maxson JE, George Tl, Tyner JW. The new genetics of chronic
neutrophilic leukemia and atypical CML: implications for diagnosis and
treatment. Blood. 2013;122(10):1707-11.

Nazha A, Estrov Z, Cortes J, Bueso-Ramos CE, Kantarjian H, Verstovsek S.
Prognostic implications and clinical characteristics associated with bone

marrow fibrosis in patients with myelofibrosis. Leuk Lymphoma. 2013;54(11):

2537-9.

Maxson JE, Tyner JW. Genomics of chronic neutrophilic leukemia. Blood.
2017;129(6):715-22.

Shou LH, Cao D, Dong XH, Fang Q, Wu Y, Zhang Y, et al. Prognostic
significance of SETBP1 mutations in myelodysplastic syndromes, chronic
myelomonocytic leukemia, and chronic neutrophilic leukemia: a meta-
analysis. PLoS One. 2017;12(2):e0171608. https://doi.org/10.1371/journal.
pone.0171608. eCollection 2017

Heinonen K, Mahlaméki E, Riikonen P, Meltoranta RL, Rahiala J, Perkkio M.
Acquired X-chromosome aneuploidy in children with acute lymphoblastic
leukemia. Med Pediatr Oncol. 1999;32(5):360-5.

Yamamoto K, Nagata K, Kida A, Hamaguchi H. Acquired gain of an X
chromosome as the sole abnormality in the blast crisis of chronic
neutrophilic leukemia. Cancer Genet Cytogenet. 2002;134:84-7.

Page 6 of 6

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central



https://doi.org/10.1371/journal.pone.0171608
https://doi.org/10.1371/journal.pone.0171608

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion and conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

