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Abstract

Although the discovery of the V617F mutation in the JAK2 gene has modified the understanding and treatment of poly-

cythemia vera (PV), some patients display complex characteristics not recognized in the recent 2022 WHO classification. In

the case reported here, no JAK2V617F nor JAK2 exon 12 mutations were identified. Yet, next-generation sequencing (NGS) in

blood revealed mutations in the DNMT3A and SH2B3 genes, in a context of neurofibromatosis with NF gene mutation. Af-

ter concluding to atypical PV, the patient was successfully treated with ruxolitinib for five years, confirming the efficacy of

this drug in this unusual situation. However, the patient ultimately progressed to a myelodysplastic/myeloproliferative syn-

drome or possible acute leukemia and died before a scheduled allogeneic transplant. Moreover, the latest molecular assess-

ment showed the appearance of a new LZTR1 mutation, related to the neurofibromatosis background, but which had sur-

prisingly not been disclosed before. In conclusion, in this unusual molecular landscape of an otherwise typical PV likely to

involve only rare patients, it is interesting to report that ruxolitinib displayed sustained clinical efficacy.
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Introduction

Over the past 40 years, the diagnosis and management of polycythemia vera (PV) has benefited from significant advances. In

2005, the discovery of the V617F mutation in the JAK2 gene has been one of the most unexpected yet significant event in the

history of PV [1]. Since then, the development of Jak2 inhibitors has changed the course of this disease [2]. In the 5th edition of

the WHO classification of hematolymphoid tumours [3] the mutational landscape of myeloproliferative neoplasms (MPN) is

mentioned, citing 17 variant types, taking into account the fact that molecular technologies have now entered daily practice.

However, some patients with complex characteristics are not recognized in this recent classification. Such a case with atypical

molecular features is reported here.

Case Description

A 45-year-old Caucasian woman was admitted for exploration of polycythemia and presented with discrete erythrosis  of  the

face and disseminated centimetric rounded skin lesions with a thickened "café au lait" appearance, characteristic of neurofibro-

matosis (NF). She mentioned that her mother and grandmother had similar skin lesions. She did not complain of pruritus, had

no hepatosplenomegaly nor palpable peripheral adenopathy. The patient reported a history of permanent headaches, although

she had been on irbesartan-based antihypertensive treatment for two years.  Complete blood count (CBC) disclosed a hemo-

globin (Hb) level of 17.3 g/dL, a hematocrit of 53% and reticulocytes at 96x109/L. The leukocyte count was of 12.9x109/L with

10.2x109/L absolute neutrophil count (ANC), 1.8x109/L lymphocytes and 266 x109/L platelets.

The initial work-up ruled out the presence of a pheochromocytoma, which would have explained both the polycythemia and ar-

terial hypertension, since 5-hydroxy indoleacetic acid (5-HIAA), free cortisol and urinary catecholamines were normal, as well

as a postural aldosterone/renin test. Electrocardiogram and abdominal computerized tomography (CT) were also normal.

Investigation of neurofibromatosis at a reference center confirmed the presence of "café au lait" spots, ephelides on large folds

and approximately one hundred cutaneous neurofibromas. No subcutaneous neurofibromas nor ruby angiomas were detected.

Next generation sequencing (NGS) revealed the presence of a heterozygous pathogenic neurofibromatosis (NF) gene class 5

variant (c.586+1G>T) that confirmed neurofibromatosis type 1 [4].

A secondary origin for the polycythemia was investigated and ruled out by demonstrating normal ventilation polygraphy, renal

and thyroid functions. There were no JAK2 V617F nor JAK2 exon 12 mutations. Bone marrow biopsy (BMB) identified only

discrete bone marrow (BM) fibrosis. Measurement of blood mass confirmed polycythemia associated with hemoconcentration,

with a hematocrit of 56%, a blood volume of +42% and a plasma volume of -21%. Endogenous erythropoietin levels were very

low (<2.5UI/L). Spontaneous endogenous erythroid proliferation of peripheral blood was positive for erythroid colony forming

units (CFU-E) at 87 CFU/105 mononucleated cells and CFU-E without EPO at 41 CFU/105 mononucleated cells. Further NGS

blood test exploration revealed three mutations of DNMT3A, respectively exon 14 c1621del p.C541Vfs*110 (2%), exon 16

c.1913C>T p. S638F (2%) and exon 19 c.2322+3A>G (6%). Moreover a mutation of the SH2B3 gene (exon 7 c.1283dupA

p.H428Qfs*2B) at 7% was evidenced.

In spite of the absence of a clearer histological orientation on BMB, the diagnosis of JAK2 nonmutated polycythemia with mu-

tated DNMT3A/SH2B3 was retained, even if the allelic load was low. Clonal hematopoiesis of undetermined potential (CHIP)

[5] was however not completely ruled out, since SH3B3 mutations have been reported in JAK2-negative erythrocytosis [6]. A

schedule of erythrocyte depletion, combined with aspirin therapy, was implemented. After 6 months, results were disappoint-

ing since the Hb level had increased to 18 g/dL and the hematocrit remained at 56%. Headaches persisted, and above all, a se-

vere iatrogenic iron deficiency was induced by phlebotomy. Bloodletting was stopped in favor of continuous treatment with
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ruxolitinib (20 mg twice daily). This choice of treatment was motivated by the potential, yet negligible, mutagenic risk attribut-

ed to hydroxyurea, increased by the simultaneous presence of NF [7-9] After three months of ruxolitinib therapy, an excellent

response was observed, with normalized Hb level (13 g/dL) and hematocrit (45%), allowing to pursue treatment.

Table 1: Patient-reported evolution of hematological parameters over time.

Parameter Day 30 Day 60 Day 90

Hemoglobin 13 g/dL 17 g/dL 15 g/dL

Hematocrit 0.47 0.51 0.47

Leukocytosis 42x10
9

/L 62x10
9

/L 101x10
9

/L

Neutrophils 32x10
9

/L 25x10
9

/L 49x10
9

/L

Lymphocytes 2 x10
9

/L 14 x10
9

/L 6 x10
9

/L

Monocytes 6 x10
9

/L 4 x10
9

/L 9 x10
9

/L

Eosinophils 1 x10
9

/L 2 x10
9

/L 4 x10
9

/L

Basophils 1 x10
9

/L 3 x10
9

/L 5 x10
9

/L

Myelemia 0.07 0.09 0.21

Blasts 0.06 0.11 0.06

Platelets 38 x10
9

/L 22 x10
9

/L 17 x10
9

/L

However, 5 years later, the biological picture suddenly deteriorated with the sequence reported in Table 1 over 3 months. BM

aspiration disclosed between 4% and 11% blasts. Peripheral blood monocyte immunophenotype was not suggestive of chronic

myelomonocytic leukemia (CMML). BMB revealed only type 1-2 fibrosis and rare CD34 blasts, with no evidence of infiltration.

The karyotype was normal. Myeloid NGS now revealed, in addition to the known NF1, SH2B3 and DNMT3A mutations, an

LZTR1 (leucine zipper like post translational regulator) exon 8 mutation (c.742G>A p.G248R) at 92% as shown in Figure 1.

Figure 1: Biological worsening at month 60 under ruxolitinib

Hb electrophoresis,  performed to exclude a masked haemoglobinopathy and with a view to the possible use of  hydroxyurea,

showed a high level of A/F Hb at 50/49%, a profile compatible with hereditary persistence of fetal hemoglobin (HPFH). Clinical-
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ly, the patient still presented with headaches, but also fatigue and a palpable splenomegaly (2–3 cm on the costal margin), con-

firmed by CT scan (15 cm). Transformation to myeloproliferative CMML or myelodysplastic/myeloproliferative (MDS/MPN)

syndrome was suggested, as was late-onset juvenile myelomonocytic leukemia (JMML). The patient underwent sequential treat-

ment with a combination of hydroxyurea-ruxolitinib followed by azacitidine-venetoclax. Unfortunately, she died from a mas-

sive stroke that occurred during catch-up chemotherapy prior to a planned allogeneic stem cell transplantation.

Discussion

All in all, this patient had major polycythemia, collapsed erythropoietin levels, a pathological blood mass, clear spontaneous ery-

throid progenitor growth and the surprising discovery of an SH2B3 mutation, not mentioned in the latest WHO 2022 classifica-

tion. The simultaneous presence of an LZTR1 mutation and fetal hemoglobin in this patient with a context of NF places this dis-

ease in the RASopathy subgroup. Notably, the SH2B3 mutation has also been found in children diagnosed with juvenile myelo-

monocytic leukaemia (JMML) associated with LZTR1 mutation and NF. Of note, 10% of these children experience long sponta-

neous remission, with possible relapse in adulthood [3-10]. The patient evolution reported here suggests that a probable JAK-2-

negative SH2B3-positive polycythemia may progress to myeloproliferative CMML, MDS with fibrosis (MDSf) or late-onset

JMML. This particular landscape could favor evolution towards transformation. Of note, although this case does not fit in any

of the WHO 2022 algorithm subsets, ruxolitinib therapy at standard doses yielded good results. The mutagenic potential of hy-

droxyurea, anagrelide, pipobroman and even ruxolitinib remains controversial. However, in children with JMML, SH2B3 mu-

tated hematopoietic cells appear to be more sensitive to treatment with Jak2 inhibitors, notably ruxolitinib, momelotinib and to-

facitinib, but this sensitivity is more striking for ruxolitinib [11]. This "collective" toxicity leaves few therapeutic options, with

the possible exception of the use of interferon [12]. The protein encoded by SH2B3, LNK, is regulator of the JAK-STAT path-

way and an important regulator of hematopoiesis [13]. SH2B3 mutations have been reported in a number of MPNs but only sel-

dom associated with JAK2 V617F negativity [14]. In 2017, Maslah et al. [6] published a molecular study of 320 MPN where 3

patients with myelofibrosis (MF) or essential thrombocythemia (ET) were found to have SH2B3 exon 7 mutations. In this publi-

cation, a summary of 37 reported mutations of SH2B3 is provided, associated in 20 cases to wildtype JAK2. In this series, there

were 4 mutations of SH2B3 exon7, three of them together with JAK2V617F, associated again with ET or MF, but not PV. It

thus appears that the mutations observed in the patient reported here is a new one. Appearance of the clonal mutation of

LZTR1 [15] is likely associated to the neurofibromatosis of the patient, but it is surprising that it emerged at such a high variant

allele frequency at this late stage of the patient history.

Conclusion

Polycythaemia remains a compound disease. Clearly, new mutations can be linked to an increased risk of transformation, as de-

monstrated by this case, but need to be demonstrated in larger cohorts. Indeed, bigger NGS panels for patients with MPN diag-

noses will likely allow for the identification of different, yet unidentified, molecular landscapes that might help for the recog-

nized of new patient subsets with different predicted outcomes. This might lead to a modification of the current WHO classifi-

cation in such context. Moreover, that such patients can respond to ruxolitinib even in the absence of JAKV617F mutation is an

important message or this case report.
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