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Impact Statement

Vacuoles, E1 enzyme, X-linked, autoinflammatory,
somatic (VEXAS) syndrome is a new described and
genetically proven entity for which the therapeutic
approach is still debated. Our work provides a
description of a case in which the therapeutic choice
was directed toward the selective JAK-1 inhibitor
filgotinib. Indeed, Janus kinase inhibitors (JAK-I)
represent a promising option for the treatment of
several VEXAS manifestations, and there are only
a few cohorts of patients affected by VEXAS for
which this therapeutic strategy was adopted, with
satisfactory results. However, to our knowledge, this
is the first described case in which filgotinib was
employed. Since the JAK-STAT pathway, involved
in several inflammatory disorders, is a key element

Abstract

Vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic (VEXAS) syndrome
is a novel described autoinflammatory entity for which the diagnosis is defined
by somatic mutations of the UBA7 X-linked gene in hematopoietic progenitor
cells. The clinical manifestations are heterogeneous since they range from
autoinflammatory symptoms to the presence of underlying hematologic disorders
such as myelodysplastic syndromes. Response to treatment in VEXAS is very poor
and to date, the therapeutic strategies adopted are only partially effective. However,
recently described cohorts of subjects with VEXAS treated with Janus kinase
inhibitors (JAK-I) proved that these drugs can be effective in the treatment of several
manifestations related to the disease. Herein, we carried out a brief literature review
that includes cohorts and single cases in which JAK-| were adopted as a promising
strategy to manage VEXAS patients. Subsequently, we described our experience
with JAK-1 in VEXAS, illustrating the first case, to our knowledge, of a 65-year-old
man who was successfully treated with the selective JAK-1 inhibitor filgotinib.

in the pathophysiology of this disorder and, in turn,
in the expression of the clinical manifestations, we
included a mini review that illustrates the VEXAS
cases treated with JAK-| so far.
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VEXAS syndrome is a novel described autoinflammatory
hematological disease! that embodies a mosaic of differ-
ent clinical and biological manifestations that can make the
diagnosis quite challenging. VEXAS syndrome was first
described in 2020, in 25 males with inflammatory features
developed after the fifth decade of life, presenting with vari-
ous hematological abnormalities; they all had somatic muta-
tions affecting methionine-41 (p.Met41) in the UBAI gene
(on chromosome X), which encodes for the major E1 enzyme
that initiates the ubiquitylation cascade.? Several VEXAS
cases have been described in single reports or in larger case
series to date.3-° Once established that only the genetic analy-
sis can confirm the diagnosis, the main challenge remains
how to properly treat patients with VEXAS at present.
Different approaches have been proposed, from hypometh-
ylating agents,” passing by glucocorticoids and biologic
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disease-modifying antirheumatic drugs (bDMARDs) such
as anti-interleukin (IL)-6 or anti-IL-1, although the latter with
conflicting evidences,®3° but particular attention has recently
focused on JAK-L5

The use of JAK-I for the treatment of VEXAS syndrome
has hardly been reported to date. The current literature
reports only a few case series on the topic, and the number
of patients treated with JAK-I as a second line strategy, after
multidrug failures (mostly steroids, conventional synthetic
[cs] disease-modifying antirheumatic drug [DMARDs],
bDMARDs, azacytidine, and calcineurin inhibitors), is very
limited (Table 1). The relative literature was searched in
PubMed and Embase in December 2022. The terms related to
“VEXAS” and all the synonyms for “JAK-I” were matched.
The largest cohort of VEXAS subjects treated with JAK-I is
described in a multicenter international study by Heiblig
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et al.5 In this retrospective analysis carried out in 30 patients,
12 were treated with ruxolitinib, 11 with tofacitinib, four with
baricitinib, and three with upadacitinib. In general, 50% of
the patients had a clinical response after one month of treat-
ment; a marked laboratory improvement, reported as 50%
reduction in C-reactive protein (CRP) levels, was observed
in 20 patients, while a complete response was assessed in
11 of them. According to a subgroup analysis carried out by
the authors, ruxolitinib appeared to have a better efficacy
compared to other JAK-I at one and six months, especially
on the hematologic side (mean hemoglobin levels) regard-
less of the association or not with an underlying myelod-
ysplastic syndrome (MDS). In addition, at 6.9 months, the
75% of the patients were still receiving ruxolitinib, while
only the 28% were still on therapy with a JAK-I other than
ruxolitinib.> This effect probably relies on the mechanism
of action on JAK1 and JAK2, rather than JAK1 and JAK3
(as for tofacitinib), and on the inhibitory activity exerted on
tyrosine kinases 2 (TYK-2), a member of the Janus kinase
(JAK) family of receptor-associated tyrosine kinases ubiqui-
tously expressed in blood cells.!%!! The largest VEXAS cohort
reported by the French VEXAS Study Group consists of 116
patients.? Of these, 15 received JAK-I (no type specified).
The use of JAK-I in this cohort was restricted to 10 patients
belonging to cluster 1 and five of cluster 3, regardless of the
type of mutation. JAK-I were indeed employed in patients
with mild-to-moderate disease with fewer constitutional
symptoms, less lung involvement, lymph node enlarge-
ment and/or unprovoked venous thrombosis, but also in
those characterized by older age, more frequent weight loss,
less chondritis, more cutaneous vasculitis, and higher CRP
median values.? In another report of 11 genetically proven
VEXAS, three patients received JAK-I (one tofacitinib and
two ruxolitinib); ruxolitinib, administered in monotherapy
after azacytidine failure, resulted in a spectacular regres-
sion of skin lesions in one patient.® Other small case series
or reports described the use of baricitinib,!? upadacitinib,*
ruxolitinib,’® and tofacitinib!4-18 (see Table 1).

In our experience, we aimed to employ filgotinib, a selec-
tive JAK-1 inhibitor, to treat our patient. A 65-year-old man
was admitted to the general hospital for hyperpyrexia (max.
39°C), unilateral pleural effusion, worsening dyspnea in the
last 20days, and moderate asthenia, despite several courses
of large-spectrum antibiotics. Two months earlier, an epi-
sode of chondritis of the ears occurred along with a discrete
tenosynovitis of both wrists. His past history included a
radical prostatectomy due to prostate cancer in 2012 and
subsequently radiation therapy (70 Gy) treatment, following
remission. Over the past two years, he developed a lower
limbs leukocytoclastic vasculitis presenting with erythema-
tous macules with palpable purpura bilaterally, treated with
azathioprine and low dose glucocorticoids (methylpredni-
solone 8 mg/day). In October 2021, he had an episode of
deep vein thrombosis (DVT) on the left femoral-iliac axis,
treated with apixaban. In November 2020 due to progressive
asthenia, fatigue, and the finding of cytopenia in laboratory
exams, he underwent bone marrow biopsy (BMB). The histo-
logical analysis showed a reduction in cellularity (20%) and
described maturation and topographical disorders aspects.
Subsequently, the karyotype was analyzed (normal) and the
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paroxysmal nocturnal hemoglobinuria (PNH) clone resulted
negative as well.

During hospitalization, laboratory data revealed a
marked macrocytic anemia (lowest Hb 7.7 g/L with MCV
104 fL), which required multiple blood transfusions; white
blood cell count (WBC) was 2300mmc/L, with platelets
count 200,000mmc/L, and a slight increase in CRP 16 mg/L
(normal value < 5mg/L) was observed. The autoimmunity
panel was negative (theumatoid factor [RF], antineutrophil
cytoplasmic antibodies [ANCAs], and antinuclear antibod-
ies [ANA]). Furthermore, the serological tests to detect viral
and bacterial antigens and antibodies of the most common
pathogens resulted negative, as well as urine microbio-
logical analysis and multiple blood cultures. A chest X-ray
revealed a conspicuous unilateral pleural effusion; therefore,
after a confirmatory chest computed tomography (CT), that
also detected pulmonary infiltrates, he underwent suction-
assisted thoracentesis with consistent exudative fluid drain-
age (negative serology). To exclude other infectious foci, an
echocardiography was performed, and a positron emission
tomography (PET)-CT showed an area of hypermetabolism
at the inferior left lung lobe, at wrists, and a general activa-
tion of the bone marrow was detected (standardized uptake
values [SUVs] not available); neoplastic processes or occult
infections were ruled out. In addition, a review of the speci-
men derived from the BMB executed for the MDS, did not
reveal the presence of vacuolization in myeloid precursors.
Therefore, after the exclusion of potential mimics and given
the mosaic of clinical manifestations (macrocytic anemia,
chondritis, tenosynovitis, leukocytoclastic vasculitis, DVT,
pleural effusion, and MDS, see Figure 1), evoking an inflam-
matory syndrome compatible with VEXAS, a genetic analy-
sis was requested. Meanwhile, the patient was discharged
afebrile, but still complained of marked asthenia (requiring
several blood transfusions after the discharge) and dysp-
nea due to the persistence of the pleural effusion, despite
two thoracenteses. His therapy at discharge included meth-
ylprednisolone 16 mg/day, indomethacin 50mg/day, and
apixaban 10mg/day. Genetic analysis was conducted via
next-generation sequencing (NGS)-based panel (69 genes)
and subsequently whole exome sequencing. The analysis
showed the variant c.121A>C (Met41Leu) on UBAI gene
(Xp11.3). Furthermore, the heterozygous variant c.144del
p- (Arg49Glyfs * 4) in the CECR1 gene (22q11.1) was detected
together with the unknown variant ¢.3G>T p.(Met1?) on
PRF1 gene (10g22.1). After a few weeks, the patient started
filgotinib at a dose of 200mg/day in association with meth-
ylprednisolone 16 mg/day. After 1.5month of therapy,
the patient reported a substantial clinical improvement
on asthenia and dyspnea. The laboratory exams showed
an initial improvement: Hb 9.4g/L, MCV 106fL, platelets
126,000 X 103/puL, CRP 2.2mg/L; after two months his clini-
cal conditions generally ameliorated, and he did not com-
plain fever, chondritis, dyspnea, or asthenia. The cytology
obtained from the peripheral blood smear of our patient is
shown in Figure 1.

It is well-known that components of the JAK/STAT
pathway can be mutated or upregulated in several hema-
tologic malignancies, and specifically, JAK-1 inhibitors are
currently approved for use in the treatment of different
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Table 1. Described cohorts of VEXAS patients treated with JAK-I (up to December 2022).

Number of patients treated Outcome UBAT mutation Coexisting hematological References
with JAK-I employed in disorder

second line

12 ruxolitinib Overall, the 50% of the patients had ¢.122T>C (p.Met41Thr)  MDS Heiblig et al.®
11 tofacitinib a clinical response after one month of  ¢.121A>C (p.Met41Leu) Atypical MDS

4 baricitinib treatment, while a marked laboratory c.121A>G (p.Met41Val)  Essential

3 upadacitinib

improvement, reported as 50%
reduction of C-reactive protein levels,
was observed in 20 patients
Ruxolitinib treated: at last FU, nine still
on therapy, one HSCT, and two deaths
Other JAK-| treated: at last FU, five still
on therapy, one withdrawal, and one
death

¢.118-1G>C (splice)
¢.118-2T>C (splice)

thrombocythemia

15 received JAK-I (no class

or type is specified)

- 10 patients cluster 1 (mild-

to-moderate disease)
- 5 patients cluster
3 (older patients)

Not specified for the sub-cohorts of
JAK-I treated

p.Met41Thr (c.122T>C)
p.Met41Val (c.121A>G)
p.Met41Leu (c.121A>C)

MDS (not specified for
each JAK-I treated)

Georgin-Lavialle et al.?

1 tofacitinib
2 ruxolitinib

Spectacular regression of the
cutaneous lesions in the patient
treated with ruxolitinib

Death in patient treated with
tofacitinib, 83 years old

(Met41Leu, Met41thr)
(met41Thr)

MDS-MLD R-IPSS score
0 (on one ruxolitinib
treated)

Bourbon et al.®

1 upadacitinib 15mg/day

Disease remission after upadacitinib
starting

¢.122T>C (p.Met41Thr)

MDS with multilineage
dysplasia

Muratore et al.*

1 baricitinib Still transfusion dependent ¢.122T>C (p.Met41Thr)  low-risk MDS IPSS-R: 3  Islam et al.'?

1 tofacitinib Resolution of inflammation NA MDS Beecher et al.'®

1 tofacitinib 5mg twice/day Unknown p.Met41Val missense myeloid dysplasia Habershon et al.14
mutation

Tofacitinib Unknown Unknown for the JAK- Unknown Casal Moura et al.'®

Ruxolitinib treated

1 tofacitinib up to 20mg day No clinical benefit during the
three months applied. HSCT later

considered due to multidrug failure

p.Met41Thr (c.122T>C)

MDS with multilineage Lotscher et al.'”

dysplasia (MDS-MLD)

1 ruxolitinib 15mg twice day Improvement with ruxolitinib, later died  ¢.122T>C (p.Met41Thr)  HLH-MAS Kao et al.’3
for sepsis
1 tofacitinib unknown Unknown ¢.122T>C (p.Met41Thr)  No Koster et al.1®

posology

1 filgotinib 200 mg/day General biological and clinical
improvement after two months of

treatment

p.Met41Leu, (c.121A>C)

MDS Current case

VEXAS: vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic; FU: follow up; JAK-I: Janus kinase inhibitors; HSCT: hematopoietic stem-cell transplantation;
MDS: myelodysplastic syndrome; MLD: multilinear dysplasia; IPSS: revised international prognostic scoring system; HLH: hemophagocytic lymphohistiocytosis;

MAS: macrophage activation syndrome.

blood disorders such as myelofibrosis and polycythemia
vera.!920 Filgotinib is a second-generation preferential
JAK-1 inhibitor that modulates a subset of pro-inflamma-
tory cytokines within the JAK-STAT pathway, which differ
from those inhibited by anti-JAK-2 or anti-JAK-3 drugs.
To our knowledge, our case is the first to describe the suc-
cessful employment of filgotinib; therefore, we can postu-
late that the efficacy of filgotinib relies on the satisfactory
outcomes recently observed with other selective JAK-1
inhibitors such as upadacitinib or the JAK-1/2 and tyrosine
kinase blocker ruxolitinib. Regarding safety, it is difficult to

establish, as VEXAS syndrome itself can also lead to infec-
tious and thromboembolic events; however, the safety and
tolerability of filgotinib have been widely assessed and no
major concerns about safety have arisen in the last months.?!
In our description, it is interesting that two other variants
were contextually detected at whole exome sequencing:
c.144del p.(Arg49Glyfs*4) on the CECRI gene (heterozy-
gous) is associated with deficiency of adenosine deaminase
(DADA) 2. However, as the sole heterozygous variant is not
sufficient to explain the clinical phenotype since the auto-
somal recessive inheritance. The second single nucleotide
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Figure 1. Peripheral blood smear of our patient and clinical manifestations. In the circle are observed granulocytes with morphological changes, including (A)
cytoplasmic vacuoles (2%) and (B) immature neutrophils (29.8%) such as band neutrophils, hyposegmented neutrophils, and pseudo Pelger—Huét-like morphology.
Vacuolated/activated monocytes (4.5%) (A) and nuclear abnormality—included binucleated cells and buds (2.5%) (C) were also observed. May Grunwald—-Giemsa
staining was used for studying cellular morphology in and to perform a cytogenic evaluation of leucocytes. Oil immersion microscopy with 1000 magnification was

applied for the analysis.

variant detected, c.3G>T p.(Met1?) on the PRF1 gene has
not been reported until now; however, more variants local-
ized at the same aminoacidic codon related to methionine
loss have been reported, and may be associated with famil-
ial hemophagocytic lymphohistiocytosis. Likewise, the sole
heterozygosity of this variant is not sufficient to explain the
clinical phenotype since the autosomal recessive inherit-
ance. Our patient presented with typical VEXAS symptoms
and no signs of hemophagocytosis in BMB or other clini-
cal manifestations were compatible with DADA2 (despite
vasculitic manifestations can occur in both the pathologies).
Therefore, the final diagnosis of VEXAS was confirmed
based on the mutation in UBAI.

In conclusion, larger cohorts are necessary to estab-
lish if, due to the lack of specific therapies and based on
the remarkable outcomes, JAK-I are candidable as first-
line therapy in VEXAS. The wide heterogeneity of the
clinical presentations of the syndrome requires an accu-
rate and more extensive clusterization of patients that
will be essential for the correct clinical and therapeutic
management.
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