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A B S T R A C T   

Chronic neutrophilic leukemia (CNL) is a rare myeloproliferative disease accompanied by mutations in CSF3R. 
Here, we present a patient with CNL who developed to acute myeloid leukemia (AML) at the same time that a t 
(4;12)(q12;p13) translocation appeared. The uniqueness of this cytogenetic abnormality led us to delineate the 
molecular aberrations relevant for clonal evolution. While the CSF3R mutation was present throughout the 
course of the disease, the SETBP1 mutation was newly acquired at the AML transformation. The present case 
suggests that careful monitoring of t(4;12)(q12;p13) and SETBP1 is crucial to predict AML evolution in CNL 
patients.   

1. Introduction 

Chronic neutrophilic leukemia (CNL) is a rare myeloproliferative 
neoplasm accompanied by hallmark mutations in CSF3R. Approximately 
200 cases with CNL have accumulated over the past several decades [1]. 
Disease progression occurs by acquisition of additional cytogenetic 
and/or molecular abnormalities, and 10–21% of cases develop into 
acute myeloid leukemia (AML) [1]. However, the t(4;12)(q12;p13) 
translocation observed in our case has not previously been associated 
with AML transformation. 

We report herein, for the first time, a patient with CSF3R-mutated 
CNL developing into AML simultaneously with the appearance of t(4;12) 
(q12;p13). 

2. Case report 

A 55-year-old man was found out to have leukocytosis on his health 
check-up and was referred to Saiseikai Central Hospital in July 2013. At 
the onset, he had systemic symptoms such as flushing and night sweats. 
The findings of physical examination were unremarkable, and his spleen 
was not palpable. The complete blood count revealed a white blood cell 
(WBC) count of 26.7 × 109/L with 85.5% neutrophils, 1.0% meta
myelocytes and myelocytes, 12.0% lymphocytes and 1.5% eosinophils, 
along with a hemoglobin of 12.7 g/dl and a platelet count of 216 × 109/ 
L. Neutrophils were characterized by toxic granulation and Döhle 

bodies. Bone marrow aspiration showed maturing granulopoiesis 
without an increase in blasts (Fig. 1A). Karyotype analysis showed no 
clonal abnormalities. The results of blood chemistry were all within 
normal limits. The serum level of granulocyte-colony stimulating factor 
was also within normal range (< 19.5 pg/mL). 18F-fluorodeoxy-glucose 
positron emission tomography/computed tomography demonstrated 
splenomegaly (19 cm in length) and diffuse 18F-fluorodeoxy-glucose 
uptake in the spleen and bone marrow (maximum standardized uptake 
value: 7.67 and 13.2, respectively) was observed. 

The patient was tentatively diagnosed as myeloproliferative 
neoplasm, unclassifiable and was followed conservatively; however, 
both WBC and platelet counts continued to rise, together with pro
gressing anemia. In March 2014, nine months after the initial exam, the 
spleen showed a remarkable increase in size (to 24 cm in length), and the 
complete blood count showed a WBC of 40.5 × 109/L with 87% neu
trophils but no blasts, together with a hemoglobin of 8.5 g/dl, and a 
platelet count of 114 × 109/L. Genomic sequencing for CSF3R gene from 
exons 14 and 17 confirmed the presence of heterozygous CSF3R-T618I. 
He was diagnosed as having CNL, and was placed on hydroxyurea. 

In November 2014, he started complaining of splenic pain and early 
satiety due to the continuing enlargement of his spleen (now 27 cm in 
length). Splenic irradiation also failed to reduce the spleen size; total 
dose given was 10 Gy. On follow-up 1 year after initiation of hydroxy
urea therapy, in March 2015, results of bone marrow biopsy showed 
slight reticulin fibrosis and secondary myelofibrosis was diagnosed. He 
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was placed on ruxolitinib at the dose of 5 mg twice daily, which sub
sequently increased to 20 mg twice daily, and hydroxyurea was dis
continued. Ruxolitinib was well tolerated, and all clinical symptoms 
including cachexia were improved. WBC counts were stabilized within 1 
month; however, these beneficial responses were not durable. 

One year later, in March 2016, the WBC count showed another rapid 
increase, to 214.5 × 109/L, and this time 21% of WBCs were small to 
medium sized blasts bone marrow aspiration showed hypercellular 
marrow with increased blasts complicated with multilineage dysplasia. 
Blasts possessed a blocky chromatin pattern but negative for myelo
peroxidase activity (Fig. 1B). Some myeloid precursors showed hypo
granulation. Erythroid cells were markedly reduced in number. 
Megakaryocytes were adequate in number, but they were dysplastic, 
with micromegakaryocytes and small megakaryocytes. The immuno
phenotype was positive for CD13, CD33, CD34, CD117, HLA-DR. and 
CD7. Genetic analysis revealed no FLT3/ITD mutations. Cytogenetic 
examination revealed a t(4;12)(q12;p13) translocation in 19 out of 20 
metaphases. Thus, the diagnosis of AML with t(4;12)(q12;p13) was 
made. Fluorescent in situ hybridization (FISH) analysis using break- 
apart probes for the 4q12 region on cultured peripheral blood cells 
confirmed CHIC2 or PDGFRA gene rearrangement (presumably trans
located to derivative chromosome 12) in 58% of nuclei (Fig. 1C). 

The patient was placed on chemotherapy with cytarabine and 
daunorubicin. Fourteen days after the induction therapy, the peripheral 
blood contained as much as 60% blasts. FISH for the 4q12 split signal 
also showed an increase, up to 85%. Bone marrow biopsy showed a 
reticulin fibrosis (grade 2) without hematopoiesis. The patient under
went two cycles of azacytidine with reduction in the peripheral blood 
blasts to 7%. In July 2016, the patient underwent haploidentical he
matopoietic cell transplantation after conditioning with fludarabine and 
total body irradiation (12 Gy). Although he achieved full donor 
chimerism, he died of hepatic veno-occlusive disease 51 days after the 
transplantation. The autopsy showed hypocellular marrow without 
blasts and moderate myelofibrosis; both the liver and spleen were free of 
leukemic cell infiltration. 

To assess the sequential molecular events, we studied the mutations 
of CSF3R, SETBP1, ASXL1, SRSF2 and CBL using genomic sequencing 
with the stored samples from the peripheral blood both in CNL (March 
2014) and AML (April 2016) phases. At the time of molecular studies in 
CNL, the patient did not receive any therapy. The patient signed 

informed consent for sample collection in accordance with the Decla
ration of Helsinki. The samples were polymerase-chain-reaction ampli
fied using the primers described previously [2] and subject to 
mutational analysis by Sanger sequencing on an Applied Biosystems 
3730xl DNA Analyzer with an Applied Biosystems BigDye Terminator 
v3.1 Cycle Sequencing Kit. In the chronic phase, the evaluation of 
mutational status identified heterozygous CSF3R-T315I as was noted 
previously. This heterozygous mutation remained the same at the 
AML-transformation phase. Additional SETBP1-gene mutation (I871T) 
with variant allele frequency of 69% was found at AML transformation, 
after being negative in the chronic phase. Hence, both t(4;12)(q12;p13) 
translocation as well as SETBP1-gene mutation were observed during 
the leukemic transformation. 

3. Discussion 

To the best of our knowledge, we have described, for the first time, a 
unique episode of transformation to AML with t(4;12)(q12;p13) in a 
patient previously diagnosed as CNL. The t(4;12)(q12;p13) trans
location is a very rare rearrangement, reported in less than 1% of AML or 
myelodysplastic syndrome cases and mainly occurring in de novo AML 
[3]. To date, only 7 patients have been described in the blast phase of 
myeloproliferative neoplasm [3, 4]. In our case, several previously 
described features of t(4;12)(q12;p13), such as CD7 expression, absence 
of myeloperoxidase activity, unique blast morphology with multilineage 
dysplasia and failure of the first induction chemotherapy were present 
[3, 4]. 

In the t(4;12)(q12;p13) translocation, ETV6 for 12p13 has been re
ported to be variably fused to a genomic region which frequently in
volves CHIC2 and PDGFRA for 4q12 [3]. However, the impact of the 
CHIC2 or PDGFRA/ETV6 fusion protein on AML pathogenesis is not well 
understood. Intriguingly, the additional molecular events that have 
recently been reported in patients with t(4;12)(q12;p13)-positive AML 
are in line with those found in CNL. The most commonly mutated genes 
in the t(4;12)(q12;p13) AML were ASXL1 (50%) and SRSF2 (31%), but 
SETBP1 and CBL were also mutated in 6% of the cases [3]. The ASXL1, 
SRSF2, SETBP1 and CBL mutations are found in 30–81%, 21–44%, 
14–56% and 25% of patients with CNL, respectively [1]. Of note, we 
detected an SETBP1 T871I mutation at the time of AML transformation, 
which is hypothesized to facilitate the acquisition of t(4;12)(q12;p13) 

Fig 1. Clonal evolution in a patient with CSF3R-T618I CNL to AML with t(4;12)(q12;p13). (A) Bone marrow aspiration smear showing maturing granulopoiesis 
without an increase in blasts at diagnosis (Wright-Giemsa stain, 1,000x original magnification). (B) Bone marrow aspiration smear showing blasts with small- to 
medium-size, round nuclei and a blocky chromatin pattern in agranular cytoplasm at AML transformation (left, Wright-Giemsa stain, 1,000x original magnification; 
right, peroxidase stain, x1,000 original magnification). (C) FISH analysis was performed using break-apart probes for the 4q12 region on cultured peripheral blood 
cells. The tri-color break-apart probe (5′FIP1L1 in green, 3′FIP1L1→5′PDGFRA in orange, and 3′PDGFRA in aqua) showed 1 triple fusion, 1 green-orange fusion 
(arrow), and 1 separate aqua signal (arrow), which confirmed CHIC2 or PDGFRA gene rearrangement (presumably translocation to derivative chromosome 12) in 
58% of the nuclei. 
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translocation that can drive AML. 
Clonal evolution detected by cytogenetic analyses is seen in 12.5% of 

patients with CNL [1]. The common chromosomal alterations observed 
during clonal evolution of CNL are deletion 11q, deletion 12p, deletion 
20q and trisomy 21 [1, 5]. There are a total of 5 cases of CNL in which 
both cytogenetic and molecular clonal evolutions have been recorded. 
Table 1 shows the clinical features of these 5 cases including ours [5,6, 
8]. All cases used ruxolitinib in the clinical management of the disease. 
Cases 3, 4 and 5 had a chromosomal aberration at AML transformation, 
involving either chromosome 12 aberration or trisomy 19. Notably, the 
concurrent molecular parameter in all three cases was the SETBP1 mu
tation, which may act as a driver of the progression from CNL to AML. 
Zhang et al. proposed SETBP1 mutations to be early events in the clinical 
course of CNL [9]. In our case, while retrospective analysis of peripheral 
blood from CNL diagnosis was negative for SETBP1 mutations, the 
SETBP1 variant allele frequency of 69% at the time of AML diagnosis is 
consistent with an early mutation. Unfortunately, peripheral blood 
samples for molecular examinations were not stored at loss of hy
droxyurea or ruxolitinib responsiveness in CNL phase, so the exact time 
for acquisition of this aberration remains speculative. While Sanger 
sequencing was performed it is conceivable that higher sensitivity 
methodologies such as comprehensive next-generation sequencing 
could have detected the SETBP1 variant earlier or revealed other hidden 
pathogenic mutations. The sensitivity of the mutational analysis we used 
was recognized as being approximately 25% to 30% mutant allele fre
quency. Banfi et al. recently showed that the SETBP1 mutation leads to 
aberrant proliferation, oncogene deregulation, DNA damage, and 
resistance to apoptosis [10]. Even though it is still controversial whether 
SETBP1 mutations can be prognostic markers in CNL, it is logical to 
believe that they may be associated with blastic transformation [1]. 

The resistance of ruxolitinib in CNL is also a matter for debate [11]. 
Parenti et al. recently reported a primary myelofibrosis patient in whom 
ruxolitinib seemed to increase PD-L1 expression on preexisting leukemic 
CD34-positive cells, along with reduced T-cell activation during disease 
progression to AML [12]. However, the mechanism by which ruxolitinib 

contributes to the process of CNL-associated transformation of AML 
remains to be elucidated. 

Taken together, our case and the literature suggest that careful 
monitoring of t(4;12)(q12;p13) and SETBP1 is crucial to predict AML 
evolution in CNL patients. 
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