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Janus kinase (JAK) and signal transducer and activator of transcription (STAT) pathways
mediate the signaling of multiple cytokines for a myriad of leukocyte functions.? Somatic
gain-of-function (GOF) mutations in STAT5B, especially N642H, are described in multiple
neoplasms, in particular leukemia and lymphoma, and can be associated with significant
eosinophilia.2=> A different phenotype for somatic STAT58 N642H mutations has recently
been observed whereby a nonmalignant process affects multiple hematopoietic lineages and
presents with earlyonset, extreme hypereosinophilia with urticaria, dermatitis, and diarrhea.®
We describe the responses of 2 patients to targeted JAK inhibition.

Patient A is a newly identified 2-year-old boy who presented with severe dermatitis, chronic
diarrhea, and failure to thrive. He had leukocytosis (57,000 cells/uL) and hypereosinophilia

Corresponding author: Rachel Eisenberg, MD, Albert Einstein College of Medicine, Children’s Hospital at Montefiore, Division of
Allergy and Immunology, 1525 Blondel Ave STE 101, Bronx, NY 10461. reisenbe@montefiore.org. 2213-2198.

Conflicts of interest: All authors contributed equally to this letter, and there are no conflicts of interest to disclose for any of the
authors.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Eisenberg et al.

Page 2

(22,000 cells/uL) at age 3 months (Fig 1). He had lymphadenopathy, splenomegaly,
hepatomegaly, anemia, and elevated liver transferase enzymes (alanine transferase, 71 U/L;
aspartate transaminase, 74 U/L).

His infectious history was notable for recurrent viral upper respiratory illnesses, viral
gastrointestinal illnesses, methicillin-resistant Staphylococcus aureus skin infections, and
otitis media. He experienced monthly episodes of wheezing in the setting of viral illnesses
that responded to corticosteroids and beta agonists. He had difficulty swallowing liquid
and solid foods with prominent abdominal distention and emesis. Atopic manifestations
included urticarial rash, atopic dermatitis, and food allergy with sensitization to multiple
food antigens. The patient is 1 of 8 children, and there was no family history of
immunodeficiency, malignancy, unexplained deaths, or consanguinity.

At age 1 year, he had profound eosinophilia (22,000 cells/uL, 39%), lymphocytosis
(17,600 cells/uL), and elevated IgE (4,385 IU/mL). Testing for FIP1L1-PDGFRA, JAKZ,
V617F, and other mutations associated with myeloid neoplasms was negative. There

was no evidence of clonal T- or B-cell receptor rearrangement. Bone marrow biopsy
showed 90% to 95% normocellular marrow with increased, nondysmorphic eosinophils
and normal cytogenetics. Endoscopy and colonoscopy revealed eosinophilia throughout
the gastrointestinal tract. Chest computed tomography revealed left lingular traction
bronchiectasis. Bronchoscopy cultures were negative, and cytology lacked eosinophilia,
but was notable for 50% lipid-laden macrophages, concerning for aspiration secondary

to eosinophilic gastrointestinal disease. Immune evaluation showed normal lymphocyte
immunophenotyping with appropriate ratio of naive, memaory, and regulatory T cells. PHA
and concanavalin A— induced lymphocyte proliferation was normal. He had normal B-
cell immunophenotyping, normal immunoglobulins, and appropriate antibody responses to
immunization. Live vaccines were withheld.

Next-generation sequencing revealed a de novo STAT58B N642H missense mutation. A
custom droplet digital PCR assay (PrimePCR, BioRad, Hercules, Calif) targeting the
STAT5B N642H mutation revealed variable fractions of the mutant allele, suggesting an
acquired postzygotic somatic mosaicism. The mutant allele was present in nearly 100%

of eosinophils and natural killer cells, 75% of T cells, and less than 50% in B cells and
dendritic cells (Figure 2). In addition, there was exaggerated STAT5 phosphorylation of T
cells on stimulation with I1L-6, IL-21, and IFN-a.. Baseline STAT5 phosphorylation was not
increased in the patient compared with parental controls (see Figure E1 in this article’s
Online Repository at www.jaci-inpractice.org).

Oral corticosteroids did not ameliorate symptoms or laboratory findings. A 6-food
elimination diet somewhat improved his weight gain and dermatitis, suggesting a component
of reactivity. With a molecular diagnosis made, a targeted approach with ruxolitinib JAK
inhibition was initiated. Ruxolitinib, titrated to a dose of 50 mg/m2/dose divided twice

daily, was used on the basis of its mode of action and previous success in controlling GOF
disease in STAT1, STAT3, as well as JAK1—which has substantial phenotypic overlap with
STAT5B GOF.-9 Infectious serology was monitored, and he was on acyclovir prophylaxis.
Within several weeks, there was a marked clinical improvement with decreased diarrhea,
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increased weight gain, and improved respiratory symptoms. He showed improvement in
laboratory parameters with normalized liver transferase enzymes, peripheral eosinophilia
(900 cells/pL), leukocytosis (12,000 cells/uL), and IgE (840 1U/mL) in addition to
improvement of his anemia. His hepatomegaly (12.1 cm to 9.8 cm), splenomegaly (8.5

cm to 6.7 cm), diffuse lymphadenopathy, and bronchiectasis were significantly improved.
He was able to reintroduce all food protein antigens, his dysphagia resolved, and his weight
improved further to the 75th percentile. Although his infection frequency decreased, he

still experienced several upper respiratory illness and 1 episode of cellulitis. Nearing 1

year on therapy he continues to display a sustained response. Despite the improvement, the
proportion of subsets carrying N642H in peripheral blood was not altered (Figure 2).

Patient B was previously described and presented at 4 months of life with annular migratory
urticaria and persistent eosinophilia.

Ruxolitinib (1 mg/kg divided twice a day) was initiated at age 4 years with a prompt

decline in her eosinophil count (Figure 1). The family reported an improvement in

her gastrointestinal symptoms and energy level. There was a nonsustained improvement

in her arthralgia. The patient’s alopecia improved slightly with regrowth of wispy

hairs. She did not suffer any significant opportunistic infections on treatment. STAT5
hyperphosphorylation in response to IL-21 was alleviated by ruxolitinib treatment (see
Figure E2 in this article’s Online Repository at www.jaci-inpractice.org). Similar to patient
A, ruxolitinib treatment did not alter the frequency of cells bearing the N642H variant
(Figure 2). Ruxolitinib was discontinued after her sixth birthday with no evidence of disease
flare. However, her eosinophilia has rebounded (Figure 1).

Patient A’s presentation complements the phenotype of the previously published cases of
early-onset somatic STAT58 GOF, with marked peripheral and gastrointestinal eosinophilia,
elevated IgE, atopy, recurrent viral respiratory infections, and failure to thrive.® In addition,
we report for the first time the response to targeted therapy with ruxolitinib in this disease.
JAKSs are associated with cytokine receptors that on stimulation lead to phosphorylation and
transport of STAT proteins to the nucleus, culminating in gene expression. Ruxolitinib, a
JAK 1/2 inhibitor, broadly dampens STAT5b phosphorylation with activation. Patient A had
a remarkable response with improvement in eosinophilia, weight gain, lymphoproliferation,
bronchiectasis, and infections, with cessation of clinical food allergy. Patient B’s symptoms
were less florid, and consequently the response to treatment was less pronounced. In both
patients, ruxolitinib therapy was accompanied by a fall in the peripheral eosinophil count.

What is yet to be determined is the durability of response to JAK inhibition, the ever-
present concern for eventual malignant transformation, and when to consider bone marrow
transplantation. Nonclonal STA758 GOF is a newly recognized somatic monogenic atopic
disorder, now with demonstrable sustained response to targeted therapy.
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Clinical Implications

Early-onset somatic signal transducer and activator of transcription
5B(STAT5B) gain-of-function is a newly recognized monogenic atopic
disorder, now with demonstrable sustained response to targeted therapy.
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FIGURE 1.

Total blood eosinophil count (TEC) over time in patients A and B.
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FIGURE 2.

Percentage of cells expressing STAT58 N642H genomic DNA determined by targeted

droplet digital PCR (ddPCR) in sorted leukocyte lineages before and after ruxolitinib in

patients A and B. Percentages of cells expressing the variant are calculated as measured

allelic frequency observed x 2. NK, Natural Killer.
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