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Abstract: Janus kinase (JAK) inhibitors have emerged as a potential therapeutic 
class across immune-mediated diseases, prompting interest in their application to 
vasculitis. Although data remain limited, early evidence suggests that JAK 
inhibition may offer clinical benefit in selected settings, including large-vessel 
vasculitis and Behçet’s disease and monogenic vasculopathies such as adenosine 
deaminase 2 deficiency (DADA2) and VEXAS syndrome, where treatment options 
are often restricted and disease control is challenging. In these conditions, 
modulation of intracellular signaling pathways may translate into improvements 
across systemic, cutaneous, and hematologic domains. Overall, while JAK 
inhibitors represent a promising and biologically plausible therapeutic avenue for 
difficult-to-treat vasculitic conditions, current evidence is derived almost entirely 
from retrospective studies and case series. Ongoing and future investigations are 
needed to define efficacy and optimal treatment strategies.  
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1. Introduction 

Vasculitides comprise a heterogeneous group of systemic inflammatory disorders characterized by immune-
mediated injury of blood vessel walls of varying caliber, leading to ischemia, tissue damage and organ dysfunction [1]. 
Despite differences in clinical expression across large-, medium-, and small-vessel diseases, many forms of 
vasculitis share convergent immunopathologic pathways driven by dysregulated cytokine signaling. Increasing 
evidence places the JAK–STAT axis at the crossroads of vascular inflammation, particularly in large-vessel 
vasculitis (LVV), giant cell arteritis (GCA), Takayasu arteritis (TAK) and Behçet’s disease (BD) [2]. 

In LVV, vascular lesions are characterized by granulomatous inflammation sustained by dendritic cells, 
macrophages, and highly activated Th1 and Th17 cells, whose functions depend on STAT1/2/4 and STAT3 signaling 
pathways, respectively. These effector populations depend heavily on JAK-STAT–mediated cytokine circuits, including 
IFN-γ, IL-6, IL-12, IL-23, and IL-17 [3–6]. These cytokines drive not only immune activation but also the vascular 
remodeling that ultimately leads to luminal compromise [7–9]. Transcriptomic studies confirm marked activation of 
these pathways in arteritic lesions, accompanied by increased production of IFN-γ, IL-17, and IL-21 [10,11]. In parallel, 
in BD, innate immune activation is more prominent, with increased STAT3 phosphorylation in monocytes and T 
cells contributing to neutrophil hyperreactivity and endothelial dysfunction [12,13]. 

The Janus kinase (JAK)–signal transducer and activator of transcription (STAT) pathway represents a central 
intracellular signaling hub for more than 50 cytokines and growth factors [14]. Upon ligand binding, paired JAKs 
(JAK1, JAK2, JAK3, TYK2) phosphorylate STAT proteins, which translocate to the nucleus and drive 
transcription of inflammatory, angiogenic, and tissue-remodeling genes [15]. Aberrant activation of this pathway 
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has been documented in arterial lesions of GCA and TAK [16,17] and in circulating immune cells of BD12, 
providing a biologically coherent rationale for the use of pharmacologic JAK inhibition. 

JAK inhibitors (JAKi), including agents with preferential selectivity for JAK1 (upadacitinib, filgotinib), 
JAK1/2 (baricitinib, ruxolitinib), JAK1/3 (tofacitinib), or TYK2 [18], have been approved for the treatment of 
several immune-mediated diseases. Their capacity to simultaneously modulate multiple inflammatory cytokines 
distinguishes them from single-target biologics. 

Over the past decade, the therapeutic use of JAK inhibitors has expanded considerably across immune-mediated 
rheumatic diseases. Beyond inflammatory arthritis, growing evidence supports their efficacy in several connective 
tissue diseases, where they have shown promising effects on disease activity and glucocorticoid sparing [19–24]. 
These clinical observations, together with increasing knowledge of the role of the JAK–STAT pathway in immune 
regulation, have provided a strong biological rationale for investigating JAK inhibition in vasculitis. 

By blocking multiple upstream cytokine networks, JAKi offer the possibility of simultaneously targeting 
different immune pathways, attenuating Th1/Th17-driven pathology in large-vessel vasculitis while dampening 
innate effector responses in BD (Figure 1). 

 

Figure 1. Pro-inflammatory cytokines relevant to vascular inflammation activate JAK–STAT pathways 
downstream of their receptors, promoting transcriptional programs that sustain Th1/Th17 responses, innate immune 
activation, and vascular remodeling. JAKi target this intracellular signaling hub, enabling simultaneous modulation 
of multiple cytokine networks involved in vasculitic disease. 

Early translational and clinical data across GCA, TAK, and BD suggest meaningful steroid-sparing effects, 
prevention of relapse, and improvement in vascular inflammation, highlighting JAK inhibition as one of the most 
promising emerging approaches for refractory or relapsing vasculitis. 

Emerging observations from rare conditions affecting vessels, such as DADA2 and VEXAS syndrome, 
highlight the potential involvement of JAK-related mechanisms. While clinical experience with JAK inhibitors is 
increasing in VEXAS syndrome, evidence in DADA2 remains largely limited to mechanistic studies supporting 
activation of the IFN-JAK-STAT pathway. 

Data on other forms of vasculitis are limited. Preliminary signals suggest a broader role of JAK/STAT 
dysregulation. In polyarteritis nodosa, increased STAT3 activation has been reported in circulating T cells [25], while 
in Kawasaki disease elevated CXCL10, a STAT-induced chemokine, has been detected during active phases [26,27]. 
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2. Large-Vessel Vasculitis 

Large-vessel vasculitis refers to inflammatory disorders that primarily involve large-caliber vessels, leading 
to vascular wall damage, stenosis, and ischemic complications [28]. Preclinical studies have begun to delineate 
how suppression of JAK-STAT pathway alters the course of vascular inflammation. In vitro exposure of T cells 
from patients with TAK to ruxolitinib or tofacitinib suppressed Th1 and Th17 polarization, promoted regulatory 
T-cell differentiation, and reduced CD25 expression [29]. In a GCA mouse model, tofacitinib disrupted the 
survival of tissue-resident memory T cells, downregulated key transcriptional programs, and reduced the 
production of IFN-γ, IL-17, and IL-21, directly linking JAK/STAT blockade to attenuation of vascular 
inflammation [30]. These mechanisms extend beyond immune modulation: JAK inhibition also attenuates vascular 
remodeling by reducing endothelial expression of growth factors, such as platelet-derived growth factor (PDGF), 
fibroblast growth factor 2 (FGF2), vascular endothelial growth factor (VEGF), thereby suppressing angiogenesis 
and intimal hyperplasia [30–33]. In experimental aortitis, JAK blockade restored physiological STAT3 
phosphorylation and suppressed endothelial IL-17A expression, collectively dampening vascular injury [34]. 

Clinical experience, though still evolving, increasingly supports these biological predictions. In GCA, 
retrospective studies [35,36] reported clinically meaningful improvement, substantial glucocorticoid-sparing 
effects, and an acceptable safety profile in patients with relapsing or refractory disease treated with tofacitinib, baricitinib, 
or upadacitinib. Treatment with JAKi has been associated not only with clinical improvement but also with measurable 
reductions in vascular inflammation, as demonstrated by decreased ^18F-FDG uptake on PET/CT [37,38]. 

These signals were corroborated by a prospective open-label pilot trial, in which baricitinib 4 mg/day 
achieved sustained disease control and allowed steroid discontinuation in the majority of relapsing patients, with 
only a single relapse over 52 weeks [39]. 

Most importantly, the phase 3 SELECT-GCA trial [40] has now provided the first high-quality randomized 
evidence for JAK inhibition in vasculitis. In 209 patients with new-onset or relapsing GCA, upadacitinib 15 mg 
once daily combined with a 26-week glucocorticoid taper achieved significantly higher rates of sustained remission 
at 52 weeks compared with placebo plus a 52-week taper. Benefits extended to key secondary endpoints, including 
sustained complete remission, time to flare, cumulative steroid exposure, and patient-reported outcomes. The 
safety profile was encouraging, with no major cardiovascular events and an overall tolerability comparable to that 
observed in other immune-mediated diseases. Notably, the 7.5 mg dose did not demonstrate superiority over 
placebo, underscoring the importance of achieving sufficient JAK1 inhibition. 

In TAK, evidence is more fragmented but increasingly compelling. Kong et al. [41] reported that tofacitinib 
was superior to methotrexate in controlling disease activity and preventing relapses in a prospective cohort. 
Complementing this, several small case series and reports have documented responses to tofacitinib in patients 
with highly refractory TAK, often after failure of multiple biologics [42–47]. Notably, a recent multicentre 
international retrospective study further supported these findings, showing a complete response in 50% of patients 
at 6 months, together with significant reductions in disease activity, C-reactive protein levels and glucocorticoid 
requirements [48]. 

Imaging and biomarker studies provide additional mechanistic support, demonstrating reductions in arterial 
inflammation and normalization of cytokine profiles in parallel with clinical improvement after tofacitinib therapy [49]. 

A prospective cohort from a tertiary referral centre [50] showed that baricitinib may also induce remission in 
refractory TAK, further reinforcing the therapeutic relevance of JAK inhibition in this setting. Additional data 
regarding the efficacy of tofacitinib in TAK are anticipated from an ongoing clinical trial (NCT04299971) [51]. 
Concurrently, the JAK1-selective inhibitor upadacitinib is being examined in a phase-3, multicenter, placebo-
controlled study (SELECT-Takayasu; NCT04161898) [52]. 

3. Behçet’s Disease 

Behçet’s disease is a multisystem inflammatory disorder characterized by recurrent mucocutaneous lesions, 
ocular involvement, vascular inflammation, and, in some patients, neurologic or gastrointestinal disease [53]. Early 
clinical experience with JAKi in BD is encouraging but heterogeneous. Tofacitinib has shown potential efficacy 
in intestinal disease and in vascular and systemic features [54–56]. Baricitinib has demonstrated broader benefit, 
achieving mucosal healing in intestinal Behçet’s [57] and improving vascular manifestations [58]. More recently, 
upadacitinib induced rapid remission in anti-TNF–refractory uveitis with macular edema [59], raising the 
possibility that selective JAK1 inhibition may be especially effective in ocular inflammation, a domain 
traditionally difficult to manage and associated with considerable morbidity. The prominence of STAT3 signaling 
in BD provides a plausible mechanistic foundation for these clinical results. 
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4. Adenosine Deaminase 2 Deficiency 

Adenosine deaminase 2 deficiency (DADA2) is a rare monogenic vasculopathy resulting from biallelic loss-
of-function mutations in ADA2 (formerly CECR1). Its clinical expression is remarkably heterogeneous, including 
mucocutaneous ulcers, intestinal involvement, livedo racemosa, and thrombotic complications [60]. Because of its 
rarity, therapeutic evidence derives almost entirely from case series, and no controlled clinical trials have yet been 
conducted. Anti-TNF agents remain the cornerstone of therapy, reflecting the central role of TNF-driven macrophage 
activation in the disease; however, even these agents fail to adequately control all disease manifestations. Responses 
to IL-1 blockade have generally been incomplete, and the role of B-cell depletion with rituximab remains uncertain 
because of limited follow-up and variable outcomes reported across isolated cases [61]. 

The pathogenesis of DADA2 is defined by a complex interplay between innate and adaptive immune cells, 
initiated by the insufficient or absent enzymatic activity of ADA2. Loss of ADA2 function impairs the conversion 
of adenosine to inosine, leading to extracellular adenosine accumulation. This metabolic disturbance promotes 
chronic activation of innate immune cells, with increased NETosis and a shift of macrophages toward an M1 
inflammatory phenotype with increased TNF-α production while endothelial and myeloid cells sustain 
inflammation through NF-κB and interferon pathways. Recent evidence indicates that the IFN–JAK–STAT1 axis 
is prominently activated in DADA2, with the strongest signatures observed in monocytes and T cells. Persistent 
STAT1 signaling amplifies pro-inflammatory macrophage responses, disturbs T-cell homeostasis, and impairs B-
cell maturation, suggesting that immune dysregulation in DADA2 extends beyond the TNF- and NF-κB–
dependent mechanisms traditionally described in the disease. These findings provide a biological rationale for 
considering JAK inhibition as a potential therapeutic strategy. 

By modulating a key intracellular pathway through which interferons drive disease activity, JAK inhibitors 
could theoretically target components of immune dysregulation that persist despite TNF blockade, expanding the 
therapeutic options for this complex vasculopathy [62–64]. However, it is important to emphasize that no clinical 
studies or systematic evaluations of JAKi in DADA2 are currently available, and this therapeutic rationale remains 
entirely speculative. Rigorous preclinical work and dedicated clinical trials will be required to determine whether 
JAK inhibition can meaningfully modulate disease activity in this setting. 

5. VEXAS Syndrome 

VEXAS syndrome is an adult-onset autoinflammatory disorder caused by somatic UBA1 mutations in 
hematopoietic progenitors, leading to defective ubiquitination in myeloid precursors and a systemic inflammatory 
phenotype characterized by cytopenia, chondritis, vasculitic features and recurrent fever [65]. The inflammatory 
signature is broad, with activation of type I and type II interferon pathways, upregulation of NF-κB–related signals 
and production of proinflammatory cytokines by dysregulated myeloid cells [66,67]. The marked interferon 
activation in VEXAS provides a biological rationale for considering JAK inhibition, given the central role of the 
JAK–STAT signaling in interferon-dependent immune activation. 

Clinical evidence for JAKi in VEXAS, although still limited, is growing. The most informative data derive 
from a multicenter retrospective cohort of 30 patients [68] in which ruxolitinib, tofacitinib, baricitinib and 
upadacitinib were administered after extensive treatment failure; approximately half achieved clinical 
improvement within one month. Ruxolitinib showed the most consistent effects, particularly on hematologic 
abnormalities, with particularly consistent improvement in hemoglobin levels. This may reflect its JAK1/2 
inhibition profile and additional activity on TYK2, a kinase broadly expressed in hematopoietic cells and 
implicated in type I interferon signaling. Improvement in inflammatory manifestations has also been reported, 
including resolution of cutaneous vasculitis with ruxolitinib and disease remission with upadacitinib in patients 
with underlying myelodysplastic features. However, these findings are currently supported only by small 
retrospective series and individual case reports. The successful use of filgotinib has also been described after two 
months of therapy [69,70]. 

Despite these encouraging findings, available evidence remains limited by heterogeneous endpoints, variable 
dosing strategies, frequent concomitant therapies, and the absence of prospective or controlled studies. Consequently, 
it remains unclear how durable these responses are or which VEXAS phenotypes might derive the greatest benefit 
from JAK inhibition. While the interferon-driven biology of the disease provides a compelling rationale for further 
investigation, current use of JAK inhibitors in VEXAS should still be regarded as experimental. 

6. Conclusions 

Although evidence is still evolving, JAK inhibition has emerged as a promising therapeutic strategy for 
several forms of vasculitis. The strongest clinical evidence is currently available for GCA, while encouraging 
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results have also been reported in TAK, BD and other forms of vasculitis. However, the available data are still 
insufficient to define how JAK inhibitors should be used in clinical practice, and whether these agents can be used 
earlier in the disease course rather than being reserved for refractory disease remains to be established. Several 
important questions still remain, including the optimal dosing strategies and the selection of appropriate candidates 
are not yet fully defined. The lack of efficacy observed with the 7.5-mg dose underscores a fundamental question 
about the minimal pharmacologic threshold required to suppress vascular inflammation. Future studies integrating 
pharmacokinetic and pharmacodynamic data may help answer this question by correlating systemic drug exposure 
with p-STAT suppression within vascular lesions. They may also clarify whether selective JAK1 inhibition offers 
advantages over broader JAK inhibition in large-vessel vasculitis as well as provide information on the optimal 
duration of treatment and the risk of relapse after treatment discontinuation. 

Safety also remains an important consideration: boxed warnings for this drug class include major adverse 
cardiovascular events, venous thromboembolism, malignancy and serious infections, including herpes zoster [71,72]. 
Although the available studies in vasculitis have not identified new disease-specific safety signals, these data are 
still limited by small sample size and relatively short follow-up [35,36,39–41,50]. Because patients with vasculitis 
often have an increased baseline risk of cardiovascular and thrombotic events related to chronic inflammation and 
vascular damage [28], careful assessment of individual risk factors remains essential when considering JAK 
inhibitor therapy. 

Another important consideration is that the JAK–STAT pathway is only one component of the complex 
inflammatory network involved in vasculitis. The persistence of inflammation driven by alternative pathways, such 
as NF-κB, may explain the variable response observed across different vasculitic phenotypes, particularly in those 
that are less dependent on Th1/Th17 cytokine circuits. A better understanding of these mechanisms may support the 
development of more personalized therapeutic strategies and, where appropriate, combination approaches. 

Overall, further prospective controlled studies are needed to better define the efficacy, safety and optimal use 
of JAK inhibitors across the different forms of vasculitis. If future studies confirm the available evidence, JAK 
inhibitors may become an important therapeutic option, particularly for GCA, TAK and BD where the strongest 
evidence is currently available. However, more evidence will be needed before they can be widely adopted in 
clinical practice. 
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