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Inflammatory bowel disease (IBD) is a chronic immune-mediated condition of the gastrointestinal tract that requires chronic treatment and strict surveillance. Development of new monoclonal antibodies targeting one or a few single cytokines, including anti-tumor necrosis factor agents, anti-IL 12/23 inhibitors, and anti-α4β7 integrin inhibitors, have dominated the pharmacological armamentarium in IBD in the last 20 years. Still, many patients experience incomplete or loss of response or develop serious adverse events and drug discontinuation. Janus kinase (JAK) is key to modulating the signal transduction pathway of several proinflammatory cytokines directly involved in gastrointestinal inflammation and, thus, probably IBD pathogenesis. Targeting the JAK-STAT pathway offers excellent potential for the treatment of IBD. The European Medical Agency has approved three JAK inhibitors for treating adults with moderate to severe Ulcerative Colitis when other treatments, including biological agents, have failed or no longer work or if the patient cannot take them. Although there are currently no approved JAK inhibitors for Crohn’s disease, upadacitinib and filgotinib have shown increased remission rates in these patients. Other JAK inhibitors, including gut-selective molecules, are currently being studied IBD. This review will discuss the JAK-STAT pathway, its implication in the pathogenesis of IBD, and the most recent evidence from clinical trials regarding the use of JAK inhibitors and their safety in IBD patients.
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1. Introduction

Inflammatory bowel disease (IBD), which comprises Crohn’s disease (CD), and ulcerative colitis (UC), is characterized by chronic inflammation of the digestive tract. The etiology and pathogenesis of IBD remain unclear but likely implicate an interaction between environmental exposure, genetic risk, immunity, and gut microbiota (1). Cytokines play a crucial role in IBD pathogenesis by modulating the inflammatory cascade at numerous levels. An imbalance between pro-inflammatory and anti-inflammatory cytokines leads to disease perpetuation and tissue destruction by impeding the resolution of intestinal inflammation in IBD (2). Thus, research has long focused on identifying cytokines as potential targets for treating intestinal inflammation.

The introduction of biological therapies has revolutionized the management and outcomes of IBD. Infliximab, a tumor necrosis factor (TNF)-alpha receptor blocker, was the first monoclonal antibody approved for treating IBD in 1998. Three other anti-TNF molecules would follow adalimumab, golimumab, and certolizumab. Unfortunately, many patients show a poor response to these treatments. Immunogenicity through antibody production can also lead to the loss of response (3). Other pathways have been targeted, such as interleukin (IL) 12/23 axis and lymphocyte tracking using ustekinumab and vedolizumab, respectively. These agents are administered parenterally, which may burden healthcare systems and patients considerably (4). Therefore, there is a paramount need for drugs to maximize treatment efficacy while maintaining a good safety profile.

Janus kinase (JAK) inhibitors are a new therapeutic strategy in IBD. JAK inhibitors are the first IBD small molecule therapy and are administered orally. As they quickly enter the systemic circulation, they have a rapid onset of action and can induce fast clinical response (5). Compared to TNF-α inhibitors or anti-α4β7 integrin inhibitors that block a single or a few specific molecules, JAK inhibitors can block multiple cytokines from different inflammatory pathways simultaneously, thus potentially improving the therapeutic response (6). Dysregulation of JAK/STAT signaling has been described in numerous immune disorders, including IBD (7). JAK inhibitors do not elicit anti-drug antibodies; thus, immunogenicity is not an issue concerning JAK inhibitor therapy (8). This article aims to provide an overview of JAK inhibitors by presenting available information on already approved JAK inhibitors and those in clinical development for treating IBD.



2. JAK-STAT signaling pathway

JAK is a family of intracellular tyrosine kinases, which include JAK1, JAK2, JAK3, and tyrosine kinase 2 (TYK2), that transduce cytokine-mediated signals via the STAT pathway (Figure 1). They are involved in multiple processes including immune and inflammatory responses (9).
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FIGURE 1
The JAK/STAT pathway constitutes a membrane-to-nucleus signaling module and induces the expression of various mediators of inflammation. Shown above are the different JAK inhibitors and their selectivity for different membrane JAK receptor subtypes; the immunological pathways inhibited by each receptor and their biological effects are shown below.


Briefly, the JAK/STAT pathway works as follows (6): JAKs are activated by cytokine binding to its specific cell-surface receptor, which causes receptor dimerization and activation of their corresponding JAKs. JAKs then trigger phosphorylation in the cytoplasm and acts as a docking site for the STATs; docking of STATs causes their phosphorylation, dissociation from the receptor chains, dimerization with each other, and their eventual translocation to the cell nucleus. Gene transcription is activated, producing proteins implicated in immune response and inflammation pathways, creating and potentially aggravating a pro-inflammatory feedback loop.

JAK inhibitors suppress the JAK-STAT downstream signaling by interfering with the phosphorylation of JAK. Notably, specific JAK receptors show specificity for different cytokines. In IBD, cytokines associated with disease pathogenesis include IL-5, IL-9, IL-13, and IL-33 for UC, IL-10, IL-12, IL-27, and interferon (IFN)-γ for CD and IL-6, IL-12, IL-17, IL-21, IL-23, and TNF-α for both (10). Specifically, IL-23 activates JAK2 and the STAT3 pathway, and TYK2 activates the STAT4 pathway, whereas IL-6 activates JAK1, JAK2, and TYK2 via the STAT3 pathway (11). Since the inhibition of a specific JAK is related to a unique effect (12), the therapeutic possibilities of targeting the JAK-STAT pathway are vast.



3. JAK inhibitors


3.1. Tofacitinib

Although designed initially as a JAK3-specific inhibitor, tofacitinib is now considered a pan-JAK inhibitor since further studies demonstrated a binding affinity for JAK1 and, at higher doses, JAK2 (13).

Tofacitinib was the first JAK inhibitor approved by the FDA and EMA in 2018 for treating moderate-to-severe UC based on two induction trials and one 52-week maintenance trial (Table 1). The OCTAVE Induction 1 and 2 trials that included over 1,100 patients with moderate-to-severe UC unresponsive to conventional or anti-TNF treatment were randomized to receive oral tofacitinib 10 mg twice daily (bid) or placebo for 8 weeks (14). These studies showed that remission at week 8 was achieved by 18.5 and 16.6% of the patients receiving tofacitinib 10 mg bid vs. 8.2 and 3.6% of the patients with UC in the placebo group, respectively (p = 0.007 in OCTAVE Induction 1 and p < 0.001 in OCTAVE Induction 2) (Table 2). Furthermore, clinical response and mucosal healing rates at 8 weeks were higher in the tofacitinib arm. However, the incidence of infection (overall and severe) was significantly higher in the tofacitinib-treated group.


TABLE 1    JAK inhibitors approved or in current development for IBD.
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TABLE 2    Major RCTs including JAK inhibitors for UC treatment.
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In a 2018 meta-analysis including biologic naive and non-naive UC patients, tofacitinib demonstrated the most relevant treatment effect in clinical remission (OR, 11.88; 95% CI, 2.32–60.89), and mucosal healing (OR, 4.7; 95% CI, 2.2–9.9) (15).

Patients with at least a partial clinical response to therapy after completing the OCTAVE Induction 1 or 2 trials were re-randomized to maintenance therapy with tofacitinib 10 or 5 mg bid or placebo for another 52 weeks in the OCTAVE Sustain trial. Remission was achieved in 34 and 41% of patients in the 5 mg and the 10 mg bid group, respectively, compared to 11% in the placebo group, with both dosages reaching statistical significance (p < 0.001). At week 52, patients receiving tofacitinib also achieved clinical response, sustained mucosal healing, and sustained steroid-free remission at higher rates than patients on placebo (14).

The OCTAVE Open (16) is a long-term extension, open-label trial evaluating the efficacy and safety of extended induction (16 weeks) with tofacitinib 10 mg bid in patients who did not respond to initial 8-week induction. Patients who achieved clinical response after 16 weeks were followed for another 36 months. The results showed that 52.2% of patients who did not achieve a clinical response by week 8 in the induction studies achieved a clinical response following extended induction. The rate of adverse effects was similar between both periods. At 12 months of OCTAVE Open, 70.3% of delayed responders maintained a clinical response, 56.8% achieved endoscopic improvement, and 44.6% endoscopic remission. At 36 months, 56.1, 52.0, and 44.6% maintained clinical response, endoscopic improvement, and remission, respectively.

Data from the meta-analysis by Taxonera et al. (17), including over 1,100 patients from 11 different studies, showed that at weeks 12–16, 47% of patients with UC reached clinical remission, 64.2% clinical response, 44.3% corticosteroid-free remission. And 48.3% mucosal healing at week 8. Those patients with no prior exposure to biologic agents showed a higher response rate at week 8 (OR 1.38; 95% CI 1.03–1.84). These results are concordant with those from clinical trials.

The RIVETING trial showed that most patients in stable remission on maintenance tofacitinib 10 mg bid could reduce the dose and remain in remission (18). Endoscopic remission and no previous failure to anti-TNF were associated with clinical remission during follow-up. Data was limited to the first 6 months.

Current guidelines advocate for tofacitinib in patients with moderately to severely active UC at an initial dose of 10 mg bid for at least 8 weeks, followed by a 5 mg bid of maintenance therapy. In patients not achieving remission after 8 weeks, prolonging the 10 mg bid dose can be considered for another 8 weeks. If a satisfactory therapeutic response after 16 weeks is not achieved, it should be considered a therapeutic failure, and tofacitinib discontinued (19).

For moderate-to-severe CD, tofacitinib 10 mg bid was studied in two phase II/IIB induction trials and one phase IIb maintenance trial (20). Tofacitinib failed to meet the primary endpoint of Crohn’s disease activity index of less than 150 points at 8 weeks from induction and maintenance at 26 weeks (Table 3).


TABLE 3    Major RCTs including JAK inhibitors for CD treatment.
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3.1.1. Acute severe ulcerative colitis

Acute severe ulcerative colitis (ASUC) is a life-threatening medical complication of UC. Patients with ASUC are hospitalized for rapid induction with intravenous corticosteroids. However, 30% of patients will not respond to corticosteroids alone and will require rescue treatment with ciclosporin or infliximab (21). Accelerated induction infliximab therapy has also decreased the need for colectomy in these patients. In a study evaluating an accelerated dosing strategy of infliximab, patients receiving three induction doses within 3 weeks had lower colectomy rates than standard dosing (6.7 vs. 40%; p = 0.039) (22). In another multicentre, retrospective study with over 200 ASUC patients, patients receiving a 10 mg/kg induction dose of infliximab presented a lower colectomy rate compared to the 5 mg/kg regime, although no difference was observed between regular and accelerated dosing strategies (23).

Promising results were first published regarding the use of tofacitinib as induction therapy for patients with ASUC; however, data was limited to small uncontrolled case series (24, 25). More recently, Berinstein et al. (26) performed a retrospective case-control study including over 150 biologic-experienced patients admitted with ASUC requiring intravenous corticosteroids. One-fourth of patients received tofacitinib and were matched to controls (n = 40 vs. n = 113). Patients received tofacitinib at either standard induction doses of 10 mg bid or an off-label dose of 10 mg three times daily (tid) for nine doses followed by 10 mg bid. The 10 mg tid posology was chosen based on the reported efficacy of 15 mg bid in the phase II trial and its short half-life of 3.2 h. Tofacitinib at an initial dose of 10 mg tid was protective against colectomy at 90 days compared with matched controls, whereas 10 mg bid was not. Rates of complications and steroid dependence were not different between groups. Larger prospective studies are much needed before making any solid recommendation regarding optimal dosing, duration, or safety of tofacitinib for ASUC treatment.




3.2. Filgotinib

Filgotinib (Jyseleca, Gilead, Galapagos) is an oral, once-daily JAK1 inhibitor (27). In late 2021, the EMA approved its use for the treatment of adult patients with moderate to severe UC when other treatments, including biological agents, have failed or no longer work or if the patient cannot take them. Filgotinib has an elimination half-life of 6 h, but it also produces an active metabolite with a half-life of up to 27 h (28). Both filgotinib and the active metabolite contribute to the clinical benefit of the molecule. Full pharmacodynamic effects are reached at a dose of 200 mg daily.

The phase IIb/III SELECTION trial assessed filgotinib efficacy for the treatment of UC, including two induction and one maintenance study (29). Patients were randomized to once-daily filgotinib at 200 or 100 mg dose or placebo. Patients in clinical remission or response in the induction studies at week 10 entered the maintenance study. Significantly more patients on filgotinib 200 mg were in clinical remission, defined as the composite of stool frequency, rectal bleeding, and endoscopic remission by weeks 10 and 58. At week 10, there was no difference in clinical remission between filgotinib 100 mg and placebo. However, by week 58, there was a significant difference in the filgotinib group. The adverse event rate was similar between the treatment and placebo groups. There were six cases of herpes zoster in the filgotinib group and none in the placebo group after 58 weeks of follow-up, four in the filgotinib 200 mg and two in the 100 mg group.

The phase II FITZROY study examined the efficacy and safety of filgotinib for the treatment of moderate-to-severe CD (30). Enrolled patients were randomized to receive filgotinib 200 mg or a placebo for 10 weeks. According to their response, patients were re-assigned to filgotinib 200 mg, filgotinib 100 mg, or placebo for an additional 10 weeks. More patients that received filgotinib achieved clinical remission (p = 0.0077; 47 vs. 23%). The clinical remission rate at week 10 was higher among anti-TNF naïve patients. There was a numerically higher difference in all filgotinib-treated groups in both endoscopic response and mucosal healing. Differences versus placebo did not reach statistical significance beyond this period. Serious infections were reported in 3% of filgotinib-treated patients and none in the placebo group.

A phase III study to evaluate the efficacy and safety of filgotinib in CD is currently ongoing [NCT02914561 (31), NCT02914600 (32)], as is a phase II trial assessing filgotinib in perianal fistulizing CD (NCT03077412) (33).



3.3. Upadacitinib

The FDA and the EMA have recently approved Upadacitinib (Rinvoq, AbbVie) for treating adult patients with moderate to severe UC when other treatments, including biological agents, have failed or no longer work or if the patient cannot take them. Upadacitinib shows increased selectivity for JAK1 compared with JAK2, JAK3, and TYK2. It is metabolized mainly in the liver, eliminated by renal excretion, and has a half-life of 4 h. Data from U-ACHIEVE induction (UC1) and U-ACCOMPLISH (UC2), and one maintenance study, U-ACHIEVE maintenance (UC3), supported its approval. These phase III trials randomly assigned patients with moderate to severe UC to upadacitinib 45 mg daily or placebo for 8 weeks (induction studies) (34). Responders were re-randomized to maintenance doses of 15 and 30 mg or placebo for an additional 52-week period (maintenance study).

Results of the UC1 and UC2 induction studies showed that at week 8, remission was reached by 26 and 34% of patients receiving upadacitinib 45 mg vs. 5 and 4% of patients in the placebo group [21.6% (adjusted treatment difference); 15.8–27.4 for UC1 and 29%; 23.2–34.7 for UC2].

Interestingly, the definition of clinical remission used by the authors is quite more stringent than in previous studies as only a rectal bleeding score of 0 is considered remission, while Physician’s Global Assessment (PGA) is excluded from Mayo score due to its subjectiveness. Also, the criteria for mucosal healing requiring both endoscopic and histological remission, defined as endoscopic score of 0 and a Geboes score < 2, were also more stringent compared to previous studies. Upadacitinib 45 mg has shown to improve UC symptoms as early as day 1, thus providing patients with fast symptom relief (35). Furthermore, early symptom improvement has been associated with clinical remission or clinical response by week 8. Moreover, the TOUR study showed significant and persistent improvement in UC disease activity patient reported outcomes (PROs) as soon as day 3 in a real-world setting (36).

In the maintenance study, more patients taking upadacitinib achieved remission than those on placebo (30.7% for upadacitinib 15 mg and 39% for upadacitinib 30 mg vs. 12% placebo). Safety results in UC were consistent with the safety profile of upadacitinib, with no new significant safety risks reported. The most commonly reported adverse reactions were nasopharyngitis, creatine phosphokinase elevation, and acne. Thrombotic events, major cardiovascular events, malignancy excluding non-melanoma skin cancer, and gastrointestinal perforation were infrequently reported.

Recently, two systematic review and network meta-analyses have been published with upadacitinib ranking highest for the induction of clinical remission in UC (37, 38). In Burr’s meta-analysis, upadacitinib also ranked first for endoscopic improvement in patients who had received anti-TNF before. Interestingly, upadacitinib ranked highest for adverse effects in both studies.

The phase II CELEST trial evaluated the efficacy and safety of upadacitinib in CD patients. This study assessed multiple doses of upadacitinib as an induction treatment until week 16, followed by blinded extension therapy for 36 weeks (39). Clinical remission at week 16 and endoscopic remission at 12 or 16 weeks were assessed. Upadacitinib did not improve clinical remission rates at week 16 at any tested dose (except for the 6 mg dose at the p < 0.1 level). However, upadacitinib did improve endoscopy remission at week 12 compared with placebo for the 3 mg, 12 mg, 24 mg bid, and 24 mg qd (once daily) doses in a dose-dependent manner. Efficacy was maintained for most study endpoints through week 52. Regarding the safety profile of upadacitinib, more infections and severe infections were observed compared to placebo, including three cases of herpes zoster.

Results from the phase III U-EXCEED and U-EXCEL induction studies and the U-ENDURE maintenance study are awaited [NCT03345836 (40), NCT03345823 (41)].

In a recent systematic review and network meta-analysis, upadacitinib 45 mg ranked third in the induction of clinical remission in CD patients. Moreover, upadacitinib 30 mg once daily ranked first in terms of maintenance of clinical remission (42).



3.4. Peficitinib

Peficitinib (ASP015K, Astellas Pharma) is a JAK1/JAK3 inhibitor that is metabolized in the liver and whose half-life is 2.8–13 h (28). Safety and efficacy of peficitinib were evaluated in a phase IIb trial where patients with moderate-to-severe UC were randomized to receive peficitinib 25, 75, or 150 mg once daily, or peficitinib 75 mg twice daily, or placebo (43). The primary endpoint established as a dose-response to peficitinib at week 8 was not achieved. No more trials regarding peficitinib are currently in progress.



3.5. Izencitinib

Izencitinib (TD-1473, Theravance Biopharma) is an oral gut-selective pan-JAK inhibitor intended to lower the systemic toxicity of pan-JAK inhibition. Sandborn et al. (44) demonstrated in a phase 1b study that oral TD-1473 administration achieved high, biologically active colonic tissue exposure with low plasma concentrations. Interestingly, TD-1473 showed approximately 40-fold stronger potency for TYK2 compared to tofacitinib. IL-12 and IL-23 signal via JAK2 and TYK2, and to a much lesser extent for JAK1 or JAK3. A molecule with higher avidity for TYK2 (or JAK2) could prove more effective, especially in CD, as seen for ustekinumab, by inhibiting IL-12 and IL-23 (45).

For UC, an 8-week phase IIb dose-finding induction study failed to reach the primary endpoint defined as a change in the total Mayo score at week 8 relative to placebo (NCT03758443) (46). The safety and efficacy data of this phase IIb study were planned to inform induction and maintenance dose regimens for a confirmatory phase III induction study and the ongoing maintenance study. A phase II study of izencitinib in moderately to severely active CD was recently finished, pending results (NCT03635112) (47).



3.6. Ivarmacitinib

Ivarmacitinib (formerly SHR0302) (Reistone Biopharma Company Limited) is a selective JAK1 inhibitor. Ivarmacitinib has been shown to be at least 10 times more selective for JAK1 than for JAK2, and 77 and 420 times more selective for JAK1 than for JAK3 and TYK2, respectively (48).

The AMBER2 phase II studied Ivarmacitinib’s safety profile and efficacy (49). Doses of 8 mg once daily (OD), 4 mg bid, and 4 mg OD in moderate-to-severe UC patients were explored. Patients received ivarmacitinib for 8 weeks in the induction phase and remained in the same treatment group for a further 8 weeks (extension phase); patients receiving placebo were randomized to one of the three active treatment groups. The primary endpoint was the clinical response rate at week 8, and it was significantly higher in the 8 mg OD (46.3%), 4 mg bid (46.3%), and 4 mg OD (43.9%) groups than in placebo (26.8%). Clinical remission rates were also significantly higher for all ivarmacitinib groups. There is an ongoing phase 3 study with Ivarmacitinib for UC (NCT05181137) (50), for which patients are still being recruited.

Recently, a phase II study to investigate ivarmacitinib in patients with Crohn’s Disease (NCT03677648) (51) has been completed; this is a 12 + 12 weeks study in which patients complete the first 12-week treatment phase and enter a blinded arm in the 12-week extension phase. Results are pending.



3.7. OST-122

OST-122 (Oncostellae) is an oral, gut-restricted, and subtype-selective Jak3/Tyk2/Ark5 inhibitor designed for the local treatment of UC, CD, and fibrotic lesions in CD. Tolerability of the drug was adequate in a phase 1 study in healthy volunteers and proved stability during the gastrointestinal transit, with no significant plasma levels detected. The gut-restricted pharmacokinetic profile of OST-122 is theorized to lower the risk of systemic toxicities compared to other JAK inhibitors. NCT04353791 (52) is a phase Ib/IIa study to evaluate the safety and tolerability of treatment with OST-122 in patients with moderate-to-severe UC over 28 days. There is no available data from this study.



3.8. Deucravacitinib

Deucravacitinib (BMS-986165, Bristol-Myers Squibb) inhibits TYK2, which modulates IL-12 and IL-23 pathways, by binding selectively to the JH2 pseudokinase domain and not to the active catalytic site of TYK2 (53). Deucravacitinib effectively treated psoriasis in a phase II trial (54). Two phase II, randomized, double-blinded, placebo-controlled clinical trials to investigate the efficacy and safety of deucravacitinib in patients with moderate-to-severe CD (NCT03599622; LATTICE study) (55) and UC (NCT03934216; LATTICE-UC) (56) are currently in progress.



3.9. Other JAK inhibitors

Brepocitinib (PF-06700841) (Pfizer) is a selective TYK2 (IL-12 and IL-23) and JAK1 inhibitor designed to improve outcomes in clinical efficacy and safety compared to other JAK inhibitors (e.g., erythropoietin modulation) (57).

Ritlecitinib (PF-06651600) (Pfizer) is a selective JAK3 inhibitor designed to be highly effective in γc-cytokine signaling inhibition while preserving the JAK1-dependent anti-inflammatory signaling (58).

NCT03395184 (59) and NCT02958865 (60) are two phase II randomized, double-blind, placebo-controlled, parallel-group studies of PF-06651600 and PF-06700841 as induction and maintenance therapy in patients with moderate-to-severe CD and UC, respectively. NCT02958865 has been completed, pending results. NCT03395184 is stated as active but has yet to recruit patients.




4. Safety and adverse effects


4.1. Infections

JAK inhibitors are associated with a high risk of infection by the herpes zoster virus (HZ). A pooled post hoc analysis from induction, maintenance, and open-label studies in UC patients treated with tofacitinib showed that 5.6% developed HZ. The incidence rate (IR) was 4.07 over a mean of nearly 2 years. The risk factors were patients 65 years or older, 9.55; Asian race, 6.49; prior anti-TNF failure; and tofacitinib 10 mg bid dose, 4.25. Older age and previous anti-TNF failure were the only independent risk factors in the multivariate analysis (61).

The primary immune response to HZ virus comes from the type I and II IFN pathway, facilitated and transmitted at the transmembrane level by various JAK pathways such as JAK1-TYK2 and JAK1-JAK2. Their signaling activates the STAT proteins system (62). In a recent network meta-analysis (63), tofacitinib, and others JAK inhibitors increase the risk of herpes zoster infection even with low doses. The higher risk was specifically with tofacitinib 10 mg bid (RR = 6.90; 95% CI 1.56–30.63) and upadacitinib 45 mg o.d. (RR = 7.89; 95% CI 1.04–59.59).

In phase III clinical trials for filgotinib in UC, HZ was reported in one case in the 200 mg group and one in the 100 mg group (64). In a pooled analysis of patients with RA, the 200 mg treated patients had more risk than the 100 mg group, with an IR of 8.7. A previous history of HZ, Asian race, and age ≥ 50 years were associated with increased risk (65).

Three HZ cases were reported during the induction period of upadacitinib in CD patients and one in the upadacitinib UC trial (39).

Thus, it is recommended that the adjuvanted recombinant HZ subunit vaccine (Shingrix) be administered intramuscularly in two doses 2 months apart to prevent HZ in patients older than 50. Live vaccines (Zostavax®) are contraindicated in patients under immunosuppressive therapy, including JAK inhibitors (66, 67).



4.2. Hyperlipidaemia

Tofacitinib can cause a reversible rise in serum levels of lipids, mainly in the first 6 weeks. After 4–8 weeks of treatment, the levels remain stable and can return to baseline upon cessation of the drug (68). Previous studies on IBD have shown that inflammation can lower lipid levels; therefore, controlling the inflammatory response may result in higher levels (69).

A phase I study in RA patients receiving tofacitinib showed that the cholesterol ester fractional catabolic rate was higher in RA compared to healthy subjects. The cholesterol ester production and cholesterol efflux rate were similar (70). In a recent real-world evidence study in Spain, the incidence of hypercholesterolemia was 6.6% from the total cohort (71).

A post hoc analysis of 22 RCTs assessing MACEs (major adverse cardiovascular events) JAK inhibitor-treated patients showed a RR of MACEs of 1.07 (95% CI, 0.56–2.03). When only placebo-controlled RCTs were analyzed, a RR of 1.09 (95% CI, 0.54–2.21) was observed (72). There was a similar incidence of MACEs in the UC tofacitinib studies compared to RA studies (MACE IR, 0.37 in OLE studies) (73).

Data from the pivotal clinical trials demonstrated that at 8 weeks, there were more critical rises in total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) in tofacitinib-treated patients. C-reactive protein was inversely correlated with lipid levels. The Reynolds Risk Score estimates the 10-year cardiovascular events, taking into account the C-reactive protein and other traditional risk factors was the same in patients treated with tofacitinib or placebo (74).

Data from studies of patients with RA receiving upadacitinib moderate increases in lipid levels were associated with a significantly better response to clinical activity; there are no studies regarding cardiovascular risk assessment as tofacitinib (75). In the pivotal studies for upadacitinib, it was observed that total cholesterol concentrations were increased in all treatment arms. In contrast, the ratio of low-density lipoprotein and high-density lipoprotein cholesterol remained normal (34). In filgotinib studies, during induction, there was a modest increase in total fasting cholesterol, LDL, and HDL in all treatment groups. However, during maintenance, there was no elevation of blood lipids in the filgotinib groups, and the levels remained stable (29).

In a study with PsA treated with filgotinib, TC, LDL-C, and HDL-C levels increased versus baseline, resulting in a decreased TC/HDL-C ratio (76).

Patients should have a baseline fasting lipid profile and another determination 4–8 weeks after starting treatment and every 6 months after that. If additional CV risk factors are detected, lipid-lowering agents should be started (67, 77).



4.3. Venous thromboembolism

FDA and EMA recommend avoiding JAK inhibitors in patients at risk for venous thromboembolism (VTE), including deep vein thrombosis (DVT) and PE (pulmonary embolism). The ORAL Surveillance safety study of tofacitinib in patients with RA ≥ 50 years old, with one or more cardiovascular risk factors, showed a higher risk of PE in patients on tofacitinib 10 mg bid compared to patients with an anti-TNF (78).

There are confounding factors in calculating the actual risk of JAK inhibitors in VTE. The risk factors that raise the risk of DVT, PE, and ATE are; a previous history of VTE, a hypercoagulable state, reduced mobility, and recent major surgery or trauma. Smoking, MI in the previous 3 months, age higher than 50 years, malignancy, obesity, use of combined oral contraceptives or hormonal replacement therapy, and long flights have also been described (66, 67). However, patients with chronic inflammatory diseases, like untreated RA or IBD patients with active disease, may also have a higher risk for venous thrombosis.

The safety and efficacy of tofacitinib were described in the OCTAVE Open study (79). The authors concluded that tofacitinib had an acceptable safety profile during long-term therapy for UC. The IRs for thromboembolic events in tofacitinib-treated patients correspond to those reported for UC patients in general. However, the label for tofacitinib in UC was updated to include this risk.

In a post hoc study of patients with UC tofacitinib-treated, there was a report of one VTE case and four PE events; during the study, all VTE cases were in patients on a 10 mg bid dose (61). It is recommended that the use of a 10 mg bid of tofacitinib for more than 3 months should be avoided, especially in high-risk VTE patients, to decrease that risk (66). However, long-term safety data on UC patients on the 10 mg bid dose is needed.

The incidence rate of VTE for upadacitinib was 1.1 per 100 patient-years; in the case of filgotinib, one PE episode was reported in the 100 mg dose arm, and two DVTs were reported in the placebo arm (80, 81). At this moment, it is unknown if this is a drug class adverse event or due to inhibition of a specific pathway, data that must be confirmed in long-term studies; therefore, it cannot be established that selective JAK-1 inhibition is a measure to decrease the risk of VTE.



4.4. Cytopenias

Tofacitinib can induce a mild and transient decrease in blood cell counts, which are normalized over time in long-term follow-up studies. In a trial in patients with RA, IR for neutropenia and lymphopenia were 0.52 and 1.11; however, no patients developed severe infections within the month of their lowest neutrophil count. In patients with severe lymphopenia (defined as < 0.5 × 103 cells/mm3), 5 cases had associated severe infections (82). The theoretical mechanism is the JAK2 signaling blockade that intervenes in hematopoiesis. Izencitinib, also a pan-JAK inhibitor, could potentially cause pancytopenia, although there are no reports.




5. Pregnancy and breastfeeding

Due to the scarce data on pregnant patients with IBD, current European Crohn’s and Colitis Organisation (ECCO) guidelines recommend that JAK inhibitors are contraindicated (83). Contraception during treatment with tofacitinib and 4–6 weeks after the last dose is recommended by the manufacturer (84). Tofacitinib is assumed to cross the placenta as a small molecule. There is a report of 11 cases of maternal and 14 cases of paternal exposure to tofacitinib before or during pregnancy; the outcomes were 15 healthy newborns, 2 spontaneous abortions, 2 medical terminations but no congenital malformation or fetal/newborn fatalities (85).

There are reports in filgotinib-treated rats where a decreased male fertility was observed due to impaired spermatogenesis, but there was no effect on female fertility (86). The MANTA and MANTA-RAy are two studies with men with active IBD and rheumatic diseases, respectively, that are ongoing to evaluate the proportion of patients with ≥ 50% decrease from baseline in sperm concentration at week 13, comparing filgotinib 200 mg vs. placebo; they informed in an interim report that there are not significant differences in sperm concentration between both groups (filgotinib 6.7%, placebo 8.3%) (87).

Because there is currently no solid evidence of its safety, JAK inhibitors should be avoided in women seeking pregnancy. Furthermore, tofacitinib should be discontinued for at least 1 week before conception, given its short half-life. Regarding breastfeeding, the current recommendation is not to breastfeed if possible or to wait for a least 18 h after tofacitinib intake (83).



6. Discussion

Targeting the JAK-STAT pathway offers great potential for IBD. Tofacitinib, upadacitinib, and filgotinib are approved treatments for moderately to severely active UC. UC patients who had not responded to conventional therapy or biologics were treated with tofacitinib and had a higher rate of clinical remission, clinical response, and mucosal healing at week 8 in phase III studies. Furthermore, UC patients who received tofacitinib as maintenance therapy had a higher remission rate at week 54. By contrast, clinical trials of tofacitinib for CD have been disappointing, as no differences in response or remission at various doses have been shown compared with placebo. However, the selective JAK1 inhibitors upadacitinib and filgotinib showed increased remission rates in patients with moderate to severe CD. Other JAK inhibitors, including gut-selective molecules, are complete or ongoing for UC and CD. JAK inhibitors have undoubtedly revolutionized the IBD landscape as they provide clinicians with agents characterized by their rapid mechanism of action and oral administration, generally well received by patients. However, current drug development requires not only effectiveness but a reasonable safety profile at the same time. Accordingly, there is a growing trend toward personalized therapy, where the specific patient’s needs are met with tailored treatment according to the patient’s characteristics and preferences.

One of the biggest concerns regarding JAK inhibitors is cardiovascular and VTE risks. To date, most safety data come from RA studies, in which MACE and cancer rates were increased with the use of tofacitinib compared to anti-TNF agents. How valid the extrapolation of safety data from RA to UC has often been questioned based on the different etiopathogenesis and patients’ characteristics of these two entities, such as an older age of disease onset and a higher rate of comorbidities in the case of RA. Moreover, no increased risk of VTE, PE, and DVT events was seen in patients on JAK inhibitors with immune-mediated inflammatory diseases in a recent meta-analysis (88).

Current guidelines and recent EMA advice (89) advocate for minimizing the potential serious side effects of JAK inhibitors and restricting their use in those aged 65 years or above, those at increased risk of major cardiovascular conditions and cancer, and those who smoke or have done so for a long time. It makes sense that in the case of using any JAK inhibitors in this population, the lowest possible dose should be used to minimize potential side effects of these drugs. The warning applies to all licensed JAK inhibitors in Europe regardless of their indication (tofacitinib, abrocitinib, baricitinib, upadacitinib, filgotinib).

Of special mention is the higher risk of herpes zoster among patients treated with JAK inhibitors. Interestingly, a meta-analysis showed a higher relative risk of herpes zoster in those patients receiving tofacitinib compared to filgotinib or upadacitinib (72). Whether JAK-1’s selectivity of upadacitinib and filgotinib is relevant in terms of overall security, compared to other pan-JAK inhibitor options, remains to be seen.

The global tofacitinib UC clinical program analysis, including data with up to 7.8 years of tofacitinib exposure, showed consistency with the previously known safety profile of tofacitinib in UC (90). Unfortunately, dose dependency could not be thoroughly evaluated as most patients were on the 10 mg bid dose.

Fast onset of action is critical in UC patients with a severe disease where corticosteroid-sparing is a priority. The TOUR study shows real-world data on the speed of action of tofacitinib in UC. Administration route preference should be considered as long as JAK inhibitors are a valid therapeutic option for a specific patient. The patient’s medical record is relevant, not only concerning those factors that might guide clinicians toward another therapeutic alternative (elderly age, previous thromboembolic or cancer disease, smoking status, as exposed above), but also the presence of rheumatological manifestations of IBD, where JAK inhibitors are an excellent option to cover both entities.

Tofacitinib is currently approved in Europe for treating RA, psoriatic arthritis, ankylosing spondylitis, and polyarticular juvenile idiopathic arthritis, as well as UC. However, one should consider that positive results in treating other immune-mediated inflammatory diseases cannot be directly applied to extraintestinal manifestations management. In a post hoc analysis of the OCTAVE Induction 1 and 2 and OCTAVE Sustain, only the tofacitinib-treated patients showed improvement in peripheral arthritis at week 52 (91). Phase III studies showed the effectiveness of tofacitinib over placebo in ankylosing spondylitis, suggesting it may also be efficacious in axial spondyloarthropathy (92), unlike ustekinumab which has proven ineffective (93). Tofacitinib has also been successfully used to treat refractory uveitis, scleritis (94), and pyoderma gangrenosum (95). These findings situate tofacitinib and, by extension, JAK inhibitors as the preferred second-line therapy in patients with EIMs.

There is already growing evidence regarding real-world data on all the approved JAK. In a systematic review and meta-analysis comprising 830 patients and nine studies (93), tofacitinib achieved induction of clinical response and remission rates at week 8 of 51 and 37%, respectively, and maintenance of clinical response and remission rates at week 24 of 40 and 29%, respectively. There are already a few small cohorts of real-world patients using upadacitinib for both UC (94) and CD (95) with promising results.

Recently, Chugh et al. published their real-world experience with upadacitinib in CD. In total, 36 of all 45 CD patients included in the analysis received the agent for the CD indication (96). Upadacitinib was effective in inducing remission. No new safety issues were observed.

How to position JAK inhibitors into the IBD therapeutic algorithms remains a matter of debate. To date, anti-TNF molecules are the most commonly used first-line agents. Considering the high anti-TNF therapy failure rates, potential contraindications, and adverse effects, the expansion of the therapeutic armamentarium for IBD is paramount.

In a recent real-world study including patients with anti-TNF and vedolizumab failure, tofacitinib and ustekinumab were equally effective as third-line biologics in inducing steroid-free clinical remission at 12–16 weeks (97).

In another retrospective study comparing the effectiveness of tofacitinib and ustekinumab after anti-TNF failure, no differences were observed in steroid-free clinical remission at either week 52, and drug survival rates were similar (98).

Finally, data analysis from the nationwide Dutch Registry cohort showed superior effectiveness of tofacitinib compared to vedolizumab in anti-TNF experienced UC patients, along with comparable safety outcomes (99).

Further studies are warranted to guide the positioning of biologics and JAK inhibitors in patients with anti-TNF refractory UC.

There is no data on the use of JAK inhibitors in patients failing a previous JAK inhibitor in IBD. Large prospective studies are needed to demonstrate the superiority of one JAK inhibitor over other, as inferred from network meta-analyses. Such an approach may be reasonable when a partial clinical and/or endoscopic response has been reached without achieving the final therapeutic goal. There is emerging evidence from RA patients. In a real-world population of RA, including four hundred treatment courses of JAK inhibitors, switching to another JAK inhibitor resulted in higher drug retention than switching to an anti-TNF (100). In this study, tofacitinib was the most commonly used initial JAK inhibitor (83.2%), whereas baricitinib and upadacitinib were the most common second-line options.

JAK inhibitors are a relatively new therapeutic strategy to treat UC and CD, characterized by an oral route of administration, short half-life, and fast onset of action. Large, prospective head-to-head trials, including JAK inhibitors and biologics, are eagerly awaited to position these molecules into the current therapeutic algorithm.
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Drug Target Gut selectivity IBD type Status
Tofacitinib JAK1/JAK3 No CD Phase 2 completed (NCT00615199, NCT01393626)

uC FDA/EMA approved
Peficitinib JAK1/JAK3 No CD No studies

ucC Phase 2 completed (NCT01959282)
Upadacitinib JAK1 No CD Phase 3 completed (NCT03345836), active not recruiting

ucC (NCT03345823)

FDA/EMA approved

Filgotinib JAK1 No CD Phase 3 active, not recruiting (NCT02914561), enrolling by

ucC invitation (NCT02914600)

EMA approved, FDA rejected

Izencitinib (TD-1473) pan-JAK Yes CD Phase 2 terminated (NCT03635112)

ucC Phase 2b/3 terminated (NCT03758443)
Ivarmacitinib (SHR0302) JAK1 No CD Phase 2 completed (NCT03677648)

ucC Phase 2 completed (NCT03675477)
OST-122 (Oncostellae) JAK3/TYK2/ARK5 Yes CD No studies

ucC Phase 1b/2a recruiting (NCT04353791)
Deucravacitinib TYK2 No CD Phase 2 recruiting (NCT03599622)
(BMS-986165) ucC Phase 2 active, not recruiting (NCT03934216)
Brepocitinib (PF-06700841) JAK1/TYK2 No CD Phase 2 active, not recruiting (NCT03395184)

ucC Phase 2 completed (NCT02958865)
Ritlecitinib (PF-06651600) JAK3 No CD Phase 2 active, not recruiting (NCT03395184)

ucC Phase 2 completed (NCT02958865)
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phase

Duration

End point

Results

Tofacitinib NCTO01465763, 598 + 541 Induction 8 weeks 10 mg, bid Clinical remission at In the OCTAVE Induction 1 trial, remission at 8 weeks occurred in 18.5% of the
NCT01458951 (14) week 8 patients in the tofacitinib group versus 8.2% in the placebo group (P = 0.007); in
the OCTAVE Induction 2 trial, remission occurred in 16.6% vs. 3.6 (P < 0.001).
NCT01458574 (14) 593 Maintenance 52 weeks 5,10 mg, bid Clinical remission at In the OCTAVE Sustain trial, remission at 52 weeks occurred in 34.3% of the
week 52 patients in the 5 mg tofacitinib group and 40.6% in the 10 mg tofacitinib group
versus 11.1% in the placebo group (P < 0.001 for both comparisons with
placebo).
NCT03281304 (18) 140 Maintenance 6 months 5,10 mg, bid Clinical remission at Most patients in stable remission on 10 mg bid maintenance therapy maintained
month 6 remission following dose de-escalation. For patients who dose de-escalated,
those in deep endoscopic remission and those without prior TNFi failure were
more likely to maintain remission.
Upadacitinib NCT02819635, 474 + 522 Induction 8 weeks 45 mg, qd Clinical remission at More patients achieved clinical remission with upadacitinib 45 mg (26% and 34
NCT03653026 (34) week 8 in UCI and UC2, respectively) than in the placebo group (5% and 4 in UC1 and
UC2, respectively; p < 0.0001).
NCT02819635, 451 Maintenance 52 weeks 15, 30 mg, qd Clinical remission at Clinical remission was achieved by more patients receiving upadacitinib 15 mg
NCT03653026 (34) week 52 (42%) and upadacitinib 30 mg (52%) than those receiving placebo (12%;
p < 0.0001).
Filgotinib NCT02914522 (29) 2040 Induction 10 weeks 100, 200 mg, qd Clinical remission at A greater proportion of patients given filgotinib 200 mg had clinical remission
week 10 than those given placebo (induction study A 26.1 vs. 15.3%, p = 0.0157;
induction study B 11.5% vs. 4.2, p = 0.0103). Clinical remission was not
significantly different between filgotinib 100 mg and placebo at week 10.
NCT02914522 (29) 664 Maintenance 58 weeks 100, 200 mg, qd Clinical remission at 37.2% of patients given filgotinib 200 mg had clinical remission versus 11.2% in

week 58

the placebo group (p < 0.0001). Clinical remission was significantly different
between filgotinib 100 mg and placebo by week 58 (23.8% vs. 13.5, p = 0.0420).
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Duration End point Results
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Tofacitinib NCT00615199 (101) 139 Induction 4 weeks 1,5, 15 mg, bid Clinical response at week 4 | A clinical response was observed in 36% (p = 0.467), 58% (p = 0.466), and 46%
(p = 0.999) of patients given the 1, 5, and 15 mg doses of tofacitinib, compared
with 47% of patients given placebo.
NCT01393626 (20) 280 Induction 8 weeks 5,10 mg, bid Clinical response-100 or At week 8 of induction, the proportion of patients with clinical remission was
clinical remission at week 8 | 43.5% and 43.0 with 5 and 10 mg twice daily, respectively, compared with 36.7%
in the placebo group (p = 0.325 and 0.392 for 5 and 10 mg twice daily vs.
placebo).
NCT01393626 (20) 180 Maintenance 26 weeks 5,10 mg, bid Clinical response-100 or The proportion of patients with clinical response-100 or remission was 55.8%
clinical remission at week 26 |  with tofacitinib 10 mg twice daily compared with 39.5% with tofacitinib 5 mg
twice daily and 38.1% with placebo (p = 0.130 for 10 mg twice daily vs. placebo)
NCTO01470599 (102) 150 Maintenance 48 weeks 5 (patients in clinical Serious adverse effectsand | Crohn’s disease worsening was the most frequent adverse event for tofacitinib 5
remission), 10 mg (not in maintained remissions at (33.9%) and 10 mg b.d. (19.3%). Patients not in remission at baseline, receiving
clinical remission), bid week 48 10 mg b.d., had higher rates of serious adverse events (19.3%) and
discontinuation attributed to insufficient clinical response (30.7%) vs. 5 mg b.d.
(8.1% and 9.7, respectively).
Upadacitinib NCT02365649 (39) 220 Induction 16 weeks 3, 6,12, 24 mg, bid; 24 mg, | Clinical remission at week 16 | Upadacitinib did not significantly improve clinical remission at week 16 at any
qd and endoscopic remission at | dose (with the exception of 6 mg at the p < 0.1 level). Endoscopic remission at
week 12 or week 16 week 12 was increased compared with placebo for doses of 3 mg (p < 0.1), 12 mg
(p <0.1),24 mgbid (p < 0.01) and 24 mg qd (p < 0.05), in a dose-dependent
manner.
NCT02365649 (39) 180 Maintenance 52 weeks 3,6, 12 mg, bid; 24 mg qd Clinical and endoscopic Patients receiving the 12 mg bid dose had the highest, although non-significant,
remission at week 52 responses compared with the other upadacitinib doses.
Filgotinib NCT02048618 (30) 174 Induction 10 weeks 200 mg, qd Clinical remission 60 (47%) of 128 patients treated with filgotinib 200 mg achieved clinical
remission at week 10 vs. 10 (23%) of 44 patients treated with placebo
(p =0.0077).
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