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Ruxolitinib and pegylated
interferon in Chronic
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due to a pathogenic CSF3R
germline variant: a case report
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Chronic neutrophilic leukemia (CNL) is a rare myeloproliferative neoplasm

characterized by CSF3R mutations. Here, we report the first case of a CNL

patient positive for a de-novo germline CSF3R T618I variant effectively treated

with ruxolitinib and pegylated interferon (peg-IFN), obtaining normalization of

blood counts and maintaining good disease control for over 8 years. In addition,

the RUNX1 L56S variant was detected at diagnosis and confirmed in subsequent

next-generation sequencing (variant allele frequency of 50.4%). Although this

variant has been debated, it is now widely recognized as a benign polymorphism

and current evidence shows it does not modify prognosis. Our report adds to the

growing body of evidence confirming the importance of a good evaluation of the

mutational status of driver mutations in the setting of germline variants.
KEYWORDS
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Introduction

Chronic neutrophilic leukemia (CNL) is a BCR-ABL1 negative myeloproliferative neoplasm

(MPN) characterized by sustained mature neutrophil proliferation (white blood cell count ≥ 25

× 109/L, with ≥80% segmented neutrophils plus bands), bone marrow (BM) granulocytic

hyperplasia, and hepatosplenomegaly (1). It has a median age at diagnosis of 71 years and a

median survival of 24 months (2). The discovery of oncogenic driver variants in the colony-

stimulating factor 3 receptor (CSF3R), most frequently CSF3R T618I, in the majority of patients

(3) led to the addition of this mutation to the diagnostic criteria for CNL in the 2016 World
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Health Organization (WHO) classification (4) and the International

Consensus Classification (ICC) of Myeloid Neoplasms and Acute

Leukemias (5). Though the presence of an activating CSF3R

mutation supports the diagnosis of CNL, it is not definitive. In fact,

not only have additional known pathogenic mutations, such as those in

ASXL1 and SETBP1, been reported in CSF3Rmutated patients (2), but

this mutation has also been found in other myeloid neoplasms, with a

major impact on prognosis (6–9).

Due to the rarity of the disease, no standard of care exists (2).

An allogeneic stem cell transplant (allo-HSCT) is the only therapy

that improves survival (10, 11). Other therapeutic approaches

include splenectomy, sometimes complicated by postoperative

worsening of neutrophilia (12, 13), and conventional

chemotherapy with hydroxyurea (HU), often used as a first-line

agent. Interferon-alpha (IFN-a) and pegylated interferon-a (peg-

IFN-a) have been proven to be effective treatments and should be

considered as a first-line therapy for young patients, or as a later

option if previous therapies fail (2). Increasing evidence has shown

the efficacy of the JAK1/JAK2 inhibitor ruxolitinib (3, 14–16).

While in most cases the clinical history of the disease indicates

the presence of a CSF3R mutation, very few cases in literature have

reported CNL resulting from germline mutations. We present the

first case of a patient with CNL with a de novo germline CSF3R T618I

variant who was effectively treated with ruxolitinib and peg-IFN.
1 NGS technology was used to examine a panel of 30 myeloid genes: ABL1,

ASXL1, BRAF, CALR, CBL, CEBPA, CSF3R, DNMT3A, ETV6, EZH2, FLT3, HRAS,

IDH1, IDH2, JAK2, KIT, KRAS, MPL, NPM1, NRAS, PTPN11, RUNX1, SETBP1,

SF3B1, SRSF2, TET2, TP53, U2AF1, WT1, and ZRSR2.
Case description

Herein, we report a 29-year-old woman with CNL positive for a

germline CSF3R T618I variant. At birth, her absolute neutrophil count

was 80000/mmc [with neutrophil precursors on peripheral blood (PB)

< 10%] and it was not associated with anemia or thrombocytopenia.

BM studies performed at 1 and 5 months of age revealed myeloid

hyperplasia with conserved maturation, <5% myeloblasts, and no

dysplastic features; her karyotype was normal and the BCR::ABL1

fusion gene was absent. Her family history was negative for

hematological diseases. At 6 months of age, her spleen size

demonstrated by ultrasound was 8.8 cm. Her PB features (absence of

anemia, thrombocytopenia, or monocytosis), the lack of monosomy 7

or other chromosomal abnormalities, normal levels of hemoglobin-F

for age, and normal in vitro growth of granulocyte progenitors

(dependent on and proportional to the addition of growth factors)

permitted the exclusion of juvenile myelomonocytic leukemia (JMML)

as a diagnosis (1, 4, 17). The absence of the Philadelphia chromosome

and the absence of granulocytic dysplasia and dysgranulopoiesis in the

BM allowed the exclusion of Ph+ Chronic Myeloid Leukemia (CML)

and Myelodysplastic syndromes/myeloproliferative neoplasms (MDS/

MPN) with neutrophilia (previously aCML) (1), respectively.

Since the patient was asymptomatic, no treatment was started. She

received regular checks of her BM, including cytogenetics, to exclude

dysplastic evolution. Her neutrophil levels during childhood stabilized

at 30-40000/mmc without the need for treatment and without evidence

of major infectious episodes. The persistence of a significant

splenomegaly (21 cm at the age of 14) determined a mild

thrombocytopenia, with values just above 100x10^9/L. At 20 years of

age, because of her spleen size (24 cm) and consequent symptoms, she
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underwent a splenectomy; after the procedure, an increase in

neutrophil and platelet counts occurred, forcing attending physicians

to start therapy with HU 1500 mg/die.

At this point, the patient was referred to our adult

hematological center. BM evaluation revealed expansion of

granulocyte lineage, <1% myeloblasts, and no dysplastic features.

A biological study using next-generation sequencing (NGS) on a

panel of 30 myeloid genes1 identified NM_000760.4(CSF3R):

c.1853C>T, p.Thr618Ile (T618I), and NM_001754.5(RUNX1):

c.167T>C, p.Leu56Ser (L56S) variants on PB. No other variants

were detected. In addition, no rearrangements involving PDGFRA,

PDGFRB, FGFR1, or PCM1-JAK2 were found in this patient. Of

note, at that time, variant allele frequency (VAF) was not reported.

The CSF3R T618I is a pathogenic variant associated with CNL both

in somatic and germline states (Clinvar Variation ID:208339). The

patient’s clinical history and the results obtained supported the

diagnosis of CNL (4). The first treatment option proposed was allo-

HSCT, which she has consistently declined.

Since HU did not contain neutrophil counts (21 years, 98,100/

mmc), therapy with ruxolitinib was started at a dose of 20 mg with

good tolerance. However, it was not sufficient to control the

neutrophilia (25 years, 12,750/mmc), therefore, based on expert

opinion, literature on combination therapy in MPN (18), and in

vitro studies of the role of IFNs in neutrophil apoptosis (19, 20),

peg-IFN was introduced at a weekly dose of 45 mcg. After 3 months,

it was increased to 90 mcg weekly in association with ruxolitinib 40

mg, while HU was discontinued. With ruxolitinib and peg-IFN,

good control of the disease was obtained, with normalization of

both neutrophil and platelet counts after 6 weeks of treatment,

which is still being maintained after 8 years with good tolerance and

no significant side effects (the lifelong trend of neutrophil and

platelet counts are described in Figures 1, 2, respectively). The risk

of progression based on the score by Szuber et al. (15) remained low,

supporting the maintenance of the cytoreductive therapy. BM

studies, performed at 26 and 29 years (Figure 3), remained

unchanged, as did molecular and cytogenetic studies. NGS

confirmed the presence of the T618I variant in the CSF3R gene

(VAF 49,8%) and RUNX1 L56S (VAF 50,4%). Sanger sequencing of

exon 14 of the CSF3R gene in DNA extracted from BM, PB, and

saliva confirmed the presence of the variant in a heterozygous state

in all three tissues, consistent with the germline origin. In addition,

Sanger sequencing in the proband’s parents established its de novo

nature (absent in parents).
Discussion

CNL is a rare neoplasm and its true incidence is unknown (2). It

mainly affects older adults, and CSF3R T618I or other activating CSF3R

mutations in these patients are present. However, recent evidence
frontiersin.org
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suggests that CNL may also develop from germline mutations

(described patients with a germline CSF3R T618I mutation are

summarised in Table 1). The first case of a CNL patient with a

germline CSF3R T618I variant was reported in 2016 (21). The patient

in question had a stable leukocytosis for 11 years, splenomegaly, and

mildly decreased platelets; no additional variants were identified and she

was never treated. A different variant in the CSF3R gene (T617N),

transmitted with an autosomal dominant pattern of inheritance with

complete penetrance and which is responsible for hereditary chronic

neutrophilia, was previously identified by Plo et al. (22). The first case of

a family with CNL resulting from a constitutional CSF3R T618I variant
Frontiers in Hematology 03
was reported by Duployez et al. (23). The proband, an 18-year-old man

with splenomegaly and leukocytosis, was diagnosed with CNL. The

finding of an overlapping asymptomatic clinical picture in his sister

(age: 9 years) led physicians to study the whole family. A heterozygous

germline CSF3R T618I variant was identified in both children and the

mother (with stable leukocytosis and splenomegaly that have never been

investigated). In addition, a heterozygous variant of uncertain

significance (VUS) in NRAS (c.54_55delAC:p.L19Dfs*12; VAF 49%)

was identified in the proband’s sister and mother. The proband, due to

symptomatic splenomegaly, started ruxolitinib treatment up to 30 mg.

Unfortunately, the course of the disease is not known since regular
FIGURE 1

Neutrophil counts over the years based on the treatments.
FIGURE 2

Platelet counts over the years based on the treatments.
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follow-ups were not conducted. Recently, a four-generation family with

germline transmission of the T618I mutation has been reported (20).

The proband, who was diagnosed with CSF3R T618I-mutated CNL at

48 years of age, had several family members showing neutrophilia in

their blood tests; in these relatives (from 4 to 51 years of age), analyses

using whole-exome sequencing revealed the presence of a germline

CSF3R T618I variant. Interestingly, none of them progressed to

acute leukemia.

Several authors (2) have argued that a natural history of CNL,

like other MPNs, predicts a chronic phase, which may evolve into

accelerated and blastic phases, and that further genetic variations

are required for disease evolution (24, 25). Furthermore, the

presence of a germline heterozygous CSF3R variant in patients

with hematologic malignancies was identified as a risk factor for the
Frontiers in Hematology 04
development of the disease (26). A case report suggested that de

novomutations in GATA2 and KIT and the increased allelic burden

of RUNX1 (c.1009_1022del; p.337_341del) were possible

contributors to ruxolitinib resistance in a CNL patient (27).

Stoner et al. proved that RUNX1 and STAG2 mutant subclones

were present at disease progression and that cooperating mutations

of CSF3R and RUNX1 could be an early marker of acute myeloid

leukemia (AML) transformation (28). Zhang et al. demonstrated

that CSF3R mutations are rare in AML, occasionally associated with

core-binding factor gene abnormalities, such as RUNX1-RUNX1T1

(29). The presence of a concurrent RUNX1 germline variant (quite

likely given the VAF of 50%), could have resulted in doubts

regarding the diagnosis, since in the current WHO classification,

the patient should be formally diagnosed with “Myeloid neoplasms
TABLE 1 Clinical presentation, molecular data, and therapy of the described patients with a germline CSF3R T618I mutation.

Patient Clinical presentation Additional mutations Treatment

Druhan et al., 2016 –

Proband (age: 11)
Leukocytosis, splenomegaly
and thrombocytopenia

No Never treated

Duployez et al., 2019 –

Proband (age: 18)
Leukocytosis and splenomegaly No Ruxolitinib 15 mg BID

Duployez et al., 2019 –

Proband's mother (age: 37)
Leukocytosis and splenomegaly NRAS c.54_55delAC:p.L19Dfs*12 Never treated

Duployez et al., 2019 –

Proband's sister (age: 9)
Leukocytosis and splenomegaly NRAS c.54_55delAC:p.L19Dfs*12 Never treated

Lance et al., 2024 –

Proband (age: 48)
Leukocytosis, hepatosplenomegaly No • Splenectomy

• Hydroxyurea
• Imatinib
• Ruxolitinib up to 20 mg BID

Lance et al., 2024 –

Proband's sister (age: 51)
Leukocytosis No Never treated

Lance et al., 2024 –

Proband's niece (age: 30)
Leukocytosis No Never treated

Lance et al., 2024 –

Proband's great-niece (age: 4)
Leukocytosis No Never treated
FIGURE 3

Histopathological panel with the morphological details of the patient’s bone marrow biopsy.
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associated with germline predisposition” (1). However, her clinical

presentation (neutrophilia vs. thrombocytopenia, which is most

commonly associated with a RUNX1 germline mutation) supported

the diagnosis of CNL (30). In addition, even though at the time of

diagnosis a RUNX1 L56S variant was controversially classified, it is

now largely considered a benign polymorphism (31, Clinvar

Variation ID:239045). Therefore, it is not currently possible to

correlate a RUNX1 L56S variant with a prognosis.
Conclusion

In this report, we described the first case of CNL with a germline

CSF3R mutation that was effectively treated with a combination

therapy of ruxolitinib and peg-IFN. The treatment allowed good

control of the disease and we did not record clonal evolution or

changes in the mutational status. Although the therapy is effectively

controlling neutrophil levels, the germline nature of the CSF3R

mutation implies that the disease cannot be considered curable. The

considerable risk of disease progression to acute leukemia emphasizes

the importance of strict surveillance.

In conclusion, this report confirms that CNL patients may have

different clinical courses; besides an analysis of mutational status,

identification of germline origin may lay the foundations for studies

on genetic predisposition and the need for screening in at-risk families.

For the study of germline variants, it will be useful for clinicians to

consider fibroblasts as the preferred alternative for confirming germline

mutations. The disease can be stabilized and controlled with novel

agents such as ruxolitinib; the new therapeutic combination of

ruxolitinib and peg-IFN suggests that effective personalized strategies

can improve clinical results.
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