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Review Article - Clinical

Clinical and Mechanistic Characteristics of Current JAK 
Inhibitors in IBD

Elleni J. Pippis, PharmD,* and Bruce R. Yacyshyn, MD, FRCPC, FACG, AGAF†

Crohn’s disease (CD) and ulcerative colitis (UC) are chronic, immune-mediated diseases of  the gastrointestinal (GI) tract. Their etiology is 
complex and involves immune (eg, cytokines) and nonimmune (eg, environment) mediated contributions, causing inflammatory damage to 
the GI tract. Though cytokines contribute a major role in the inflammatory process of  both CD and UC, there are some key differences in 
which cytokines are involved in the pathobiology of  CD and UC. Over the past several years, new biologic-directed therapies have focused 
on controlling specific aspects of  inflammation associated with both conditions. Although these treatments have benefited patients overall, 
approximately 30% of  patients still do not respond to induction (initial) therapy, and up to 50% of  patients lose response to treatment over 
a year. Many of  these therapies are administered parenterally and have been associated with adverse events such as serious infections or ma-
lignancy. Therefore, there is a significant unmet medical need for these patients to minimize symptoms and promote GI healing. There are 
several therapeutic agents in the pipeline, including oral, small molecules, which hold much promise. One group of  small molecules known 
as Janus kinase (JAK) inhibitors offers an additional option for treatment of  chronic inflammatory conditions, based on currently available 
data. The article will focus on the potential benefits of  JAK inhibitors as oral, small molecules, such as the potential role of  selectivity, and 
potential risks.
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INTRODUCTION
The inflammatory bowel diseases (IBDs) of Crohn’s di-

sease (CD) and ulcerative colitis (UC) are multifactorial, chronic, 
relapsing, immune-mediated conditions of the gastrointestinal 
(GI) tract.1, 2 Although the clinical classification of these con-
ditions is limited to these 2 primary forms, IBD is complex in 
etiology, clinical presentation, and therapeutic responsiveness. 
Complexity of this disease is due to the pathologic manifesta-
tion of a diverse series of triggers including genetic predisposi-
tion, environmental exposures, and the gut microbiota.2 Specific 
triggers of CD and UC involve a combination of immune- and 
nonimmune-mediated factors including chemokines, cytokines, 
and inflammasomes playing a role in the development of these 
conditions.1 It is not fully understood which of these factors 
are the initiators of inflammation and which are compounders; 

however, as a disorder of immune-dysregulation, there is an ac-
cepted recognition of the role of the innate immune system to 
initiate inflammation, followed by the adaptive immune system 
to maintain this inflammation, resulting in disease progression.1 
The first line of defense against pathogenic infection as a poten-
tial etiology and many other aspects of the innate and adaptive 
immune responses are unbalanced3 and lead to a chronic inflam-
matory state, resulting in the damage observed in both CD and 
UC. This article is a review of JAK pathway pathophysiology 
and how the newly available agents in this drug class offer a new 
target for the treatment of IBD.

METHODS
Literature search strategy included reviewing all orig-

inal research articles published in the last 10 years generated 
from an automated, internal (Gilead) OVID literature search 
for Janus kinase (JAKs) inhibitors and α4β7 integrins, in addi-
tion to a PubMed search for articles relating to inflammatory 
bowel disease and/or abstracts from IBD-related conferences. 
Search terms included but were not limited to inflammatory 
bowel disease, tofacitinib, upadacitinib, filgotinib, ozanimod, 
TD-1473, ustekinumab, vedolizumab, immunogenicity, ad-
herence, compliance, selectivity, adverse events/effects, serious 
adverse events/effects malignancy, nonmelanoma skin cancer, 
herpes zoster, serious infection, cytokines, small oral molecules, 
thromboembolism, deep vein thrombosis, and pulmonary 
embolism.

Molecular Basis of Action
Cytokines play an important role in maintaining home-

ostasis of the GI tract. Though many of the components of 
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innate and adaptive immune system produce cytokines that are 
responsible for the initial inflammatory process, which is de-
signed to be protective in nature, they also play an important 
role to help “turn off” any protective inflammatory response 
once the insult has been resolved.1 Crohn’s disease and UC are 
distinct pathologies with different clinical and pathological fea-
tures, so it makes sense that different cytokines are produced 
within the inflamed gut of these patients.4 Because the cytokines 
released in IBD are implicated in the development of IBD and 
its complications,4 blocking these pro-inflammatory cytokines 
has become a focus for the treatment of IBD.4, 5 The discovery 
of these cytokines as key drivers of this immune-mediated di-
sease has led to the discovery of many drug therapies targeting 
these pathways.6 Medical treatment of IBD focuses on control-
ling active and chronic GI inflammation, prevention of disease 
progression, and induction of clinical, biochemical, endoscopic 
and histological remission.1 To date, the major focus of thera-
peutic development is targeting various aspects of the immune 
system based on the identification of specific immune-mediated 
inflammatory targets identified in IBD.1 Therefore, both cyto-
kine production and intracellular signaling are important tar-
gets for the treatment of IBD.5

The Status of Therapeutic Options in IBD
Current treatment of IBD is based largely upon a trial 

of treatment approach. Biologics, mainly tumor necrosis factor 
(TNF) alpha inhibitors, have become the mainstay of treat-
ment as first-line for moderate to severe UC and CD because 
these agents target the cytokines involved in IBD and thus 
have revolutionized the treatment of these conditions7; how-
ever, they do not induce complete remission in all patients, 
reflecting the complexity of inflammatory diseases.7 Lack of 
response to therapy can be as high as 50%.8 The cumulative re-
lapse rates vary between 67% and 83% after 10 years.8 Even for 
the more recently introduced biological therapies, a significant 
number of patients have an inadequate response due to primary 
nonresponse (around 30%) or loss of response over the time 
after initial remission9 (secondary nonresponders, around 50% 
of responders) or develop an adverse event that leads to drug 
discontinuation.8 Biologic limitations include route of adminis-
tration (intravenous or subcutaneous) and the development of 
antidrug antibodies (ADAs).10–14

Immunogenicity (detection of ADA) develops in 10%–
20% of patients receiving anti-TNF therapy, and the devel-
opment of these antibodies can lead to loss of response.10 
Immunogenicity associated with vedolizumab and ustekinumab 
ranges from 2% to 5%.11–13 The variability and/or loss of clinical 
response to a range of therapeutic options has partially driven 
the need for new drug classes and mechanisms of action. This 
in addition to a lack of personalized medicine options for pa-
tients has made predicting clinical response to any specific ther-
apeutic regimen a challenge for many patients. This is where 

novel, small molecules such as Janus kinase inhibitors may play 
a role in the treatment of IBD.

Potential Targets of JAK Inhibitors
Janus kinases are a family of 4 intracellular tyrosine 

kinases known as JAK1, JAK2, JAK3, and tyrosine kinase 
2 (TYK2), and they interact with a family of 7 signal trans-
ducers and activators of transcription (STATs),15 which include 
STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, and 
STAT6.16 JAK1, JAK2 and JAK3 are ubiquitously expressed, 
whereas JAK3 is mainly localized in hematopoietic cells.17

The JAK-STAT pathway has many important functions 
including playing an active role in innate immunity, adaptive 
immunity, and hematopoiesis and participating in cellular pro-
cesses like cell growth, survival, differentiation, and migration 
of various immune cells.15 Due to this multifactorial role in 
human physiology, the JAK-STAT signaling pathway plays a 
key role in several inflammatory diseases17 such as IBD. The 
JAK-STAT pathway operates downstream of more than 50 to 
60 cytokines, growth factors, and hormones and is regarded as 
a central communication node for the immune system.18, 19 An 
important element of JAK function is that they pair with each 
other.20 Because JAKs are activated in pairs, the different com-
binations of JAKs are associated with different cytokine recep-
tors; thus the inhibition of each type of JAK leads to inhibition 
of signaling of a specific subset of cytokines and different ef-
fects (Fig. 1).8, 19–36 Table 1 displays the cytokines and their re-
spective JAK pairing.15, 19, 37

The steps involved in the JAK-STAT pathway10 are as 
follows (Fig. 2): First, Cytokine binds to its specific cell-surface 
receptor, causing receptor dimerization and activation of the 
associated JAKs. Next, activated JAKs are phosphorylated, 
which then act as docking site for STATS. Once docked, STATs 
are also phosphorylated by the activated receptor-associated 
JAKs. Then phosphorylated STATs dissociate from the re-
ceptor chains, dimerize with each other, and translocate to the 
cell nucleus where gene transcription occurs. This activated 
transcription/translation produces proteins (eg, cytokines) that 
mediate immune responses and inflammation, completing the 
inflammation feedback loop.

Genetic variants in or expression of certain JAK-STAT 
cytokines have been associated with CD and/or UC.2, 16, 38, 39 
The JAK-STAT cytokines primarily affiliated with CD are in-
terleukin (IL)-12 and interferon (IFN),-γ 39 and those primarily 
affiliated with UC are IL-5, IL-9, IL-13, and IL-33.19, 39 The 
JAK-STAT cytokines implicated in both CD and UC are IL-6, 
IL-21, and IL-23.19, 39 Because there are some differences in the 
cytokines involved in each condition, there may be a difference 
in therapeutic response to agents that block different cyto-
kines.20 Several other cytokines, such as TNF and IL-17A/F, 
are also involved in the pathobiology of IBD but are not medi-
ated through the JAK-STAT pathway.19, 39
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Interferon-γ signals via JAK1/JAK2; and IL-2, IL-4, IL-7, 
IL-9, IL-13, IL-15, and IL-21 signal through JAK1/JAK3.4, 19, 37 
Interferon-α, IFNβ, and the cytokines IL-10, IL-19, IL-20, and 
IL-22 signal through JAK1/TYK2.4, 19, 36 There is potential that 
a dual JAK1/TYK2 inhibitor may enhance efficacy by inhibi-
tion of TYK2-mediated IL-23 signaling.40 The cytokines that 
signal through JAK1/JAK2/TYK2 include IL-6, IL-11, IL-27,37 
IL-12, and IL-23.8

JAK1 has been suggested to dominate in IL-2 induced 
JAK1/JAK3 and IL-6 induced JAK1/JAK2/TYK2 signaling 

pathways; therefore, selective JAK1 inhibitors could represent a 
specific target, allowing higher doses and potentially achieving 
efficacy of inflammatory conditions19 while avoiding dose-
limiting pharmacodynamics (eg, adverse effects) observed with 
less specific JAK inhibitors.8 JAK3 will always pair with JAK1 
and is only associated with cytokines IL-2, IL-4, IL-7, IL-9, 
IL-15, and IL-21 (γ-common chain).20

JAK2 is unique when compared with the other JAKs be-
cause it can pair with itself, unlike the other kinases.15 JAK2 
controls the signaling of cytokines IL-3 and IL-5 and the growth 

FIGURE 1.  Figure shows the interaction between different cytokines and JAK pairings and resultant physiologic effects in both healthy and disease 
states. Normal cytokine signaling through JAK pairs is essential for bodily functions such as providing immunity against pathogens and hemato-
poiesis. In inflammatory bowel disease, an exaggerated immune response leads to excessive signaling through the JAK-STAT pathway, resulting in 
overexpression of proinflammatory cytokines and a cycle of chronic, relapsing gastrointestinal inflammation and potential damage. 
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factors of granulocyte-macrophage stimulating colony factor 
(GMSCF), erythropoietin (EPO), and thrombopoietin.8, 20  
JAK2 also regulates IL-12 and IL-23.4 Moreover, activation 
of JAK2 contributes to IL-23 but not to IL-12 signaling, sug-
gesting that IL-12 might be the most appropriate stimulus for 
evaluating TYK2 coding variation.36 Because JAK2-dependent 
EPO signaling results in decreases in hemoglobin levels,20 this 
side effect seems to be the main reason for not exploiting the 
pharmacodynamic potential of pan-JAK inhibitors with sys-
temic activity.8

Because JAK2 activity is essential for hematopoiesis,20 
inhibition will likely result in low blood cell counts.30 JAK2 in-
hibition increases platelet counts, and rare cases of deep vein 
thrombosis (DVT) and pulmonary embolism (PE) have been 
reported.36

Tyrosine kinase 2 mediates a small number of cytokine 
pathways20 and is associated with IFN-γ, IL-12, and IL-23 re-
ceptors in conjunction with JAK2.4 Therefore, the potential 

selective inhibition of TYK2 mainly regulating IL-12, IL-23, 
and IFN signaling, with limited effect on transducing signaling 
for other cytokines, could lead to less systemic side effects.36 
Deficiencies in TYK2 would impact IFN-γ, IFN-α/β IL-12, 
and IL-23 signaling20; however, TYK2-dependent signaling is 
not yet fully delineated.20

Therapeutic Targets of JAK in IBD
Because JAK enzymes interact with many of the cyto-

kines that are implicated in IBD, they are an attractive thera-
peutic option and key drug target20 and may offer an advantage 
over biologics such as TNFα inhibitors, anti-α4β7 integrin in-
hibitors, or those that block only IL-12/23.

This central role in downstream signaling for cytokines 
makes JAKs an attractive target for inflammatory diseases 
such as IBD.8 The JAK inhibitors can block cytokines released 
by both the innate and adaptive immune responses,8, 41 which 
are activated in CD and UC; therefore, targeting this pathway 
seems an appropriate treatment strategy. A  principle of JAK 
inhibition that differs from cytokines inhibition using biologics 
is that the objective is not to specifically block the JAK pathway 
completely but to reversibly reduce the activity of one or more 
JAK isoforms, thus having the advantage of being able to rap-
idly reverse the effects.42 Janus kinases also vary with respect 
to their degree of selectivity, and it is hypothesized that JAK1 
selective agents may result in fewer adverse effects.36 However, 
selectivity can be associated with lower efficacy compared with 
nonselective inhibitors.8, 19 As more clinical data become avail-
able, clinicians will be able to determine the impact of selec-
tivity of JAK inhibitors in IBD or other inflammatory diseases, 
with respect to efficacy and safety.36

Small molecules, such as JAK inhibitors, can rap-
idly enter the systemic circulation,8 which may translate 
into a fast onset of  action. This effect was demonstrated 
by tofacitinib in a post hoc analysis of  OCTAVE-1 induc-
tion and OCTAVE-2 induction, both randomized, dou-
ble-blind, placebo-controlled trials, where mean analysis 
changes were significantly greater in patients with UC who 
received tofacitinib vs placebo, with reductions from base-
line stool frequency, total number of  bowel movements, 
and rectal bleeding score by day 3.43

The potential of small molecules such as JAKs to rapidly 
induce symptomatic relief  could theoretically result in less use 
of corticosteroids. Although corticosteroids have become im-
portant to manage patient symptoms initially,43 chronic use is 
not without consequence due to several known adverse events 
associated with corticosteroids and loss of response.43 Having a 
therapeutic option that can minimize or avoid the use of ster-
oids can only prove beneficial to patients with IBD43 (excluding 
cases of severe acute UC).44

Because small molecules can be administered orally, they 
have the potential to improve adherence.

TABLE 1.  Cyokines and Their Associated JAKs

Cytokine Receptors Associated JAKs 

IL-2 JAK-1, JAK-3
IL-4 JAK-1, JAK-3
IL-7 JAK-1, JAK-3
IL-9 JAK-1, JAK-3
IL-13 JAK-1, JAK-3, TYK-2
IL-15 JAK-1, JAK-3
IL-21 JAK-1, JAK-3
GM-CSF JAK 2
IL-3 JAK 2
IL-5 JAK 2
IL-6 JAK-1, JAK-2, TYK-2
IL-11 JAK-1, JAK-2, TYK-2
IL-27 JAK-1, JAK-2, TYK-2
IL-12 JAK-2, TYK-2
IL-23 JAK-2, TYK-2
IL-35 JAK-1, JAK-2
EPO JAK-2
TPO JAK-2
G-CSF JAK-2
Growth Hormone JAK-2
Leptin JAK-2
IFN α/β JAK-1, TYK-2
IFN-γ JAK-1, JAK-2
IL-28 JAK-1, TYK-2
IL-29 JAK-1, TYK-2
IL-10 JAK-1, JAK-2, TYK-2
IL-19 JAK-1, JAK-2, TYK-2
IL-20 JAK-1, JAK-2, TYK-2
IL-22 JAK-1, JAK-2, TYK-2
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Once-daily dosing was associated with significantly 
better adherence rates than twice-daily dosing for chronic dis-
eases.45 In 3 studies that evaluated different dosing schedules of 
treatment for UC with adherence and persistence to different 

formulations of mesalamine, once-daily dosing was associated 
with better adherence compared with more than once-daily 
dosing.46–48 In one of these studies, the authors attributed re-
duced relapse rates to improved adherence.47 However, more 

FIGURE 2.  Figure illustrates the steps involved in the JAK-STAT pathway.
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data are needed to evaluate the effects of  newer therapies on 
adherence and persistence and whether it will result in im-
proved outcomes. Effectiveness and tolerability to treatment 
are also important factors in patient compliance to treatment.45

Additional benefits of  oral molecules such as JAKs in-
clude no immunogenicity (no ADA), no need for therapeutic 
drug monitoring, and no infusion site reactions (infliximab 
was reported up to 2.8%, vedolizumab <5%, and ustekinumab 
2.3%–6.9%).49 Lastly, there is the potential that these agents 
may be effective in patients who have extraintestinal manifest-
ations (EIMs) associated with IBD.

The only small molecule that is currently approved for 
the treatment of UC is the JAK1/JAK3 inhibitor, tofacitinib. 
Additional JAK inhibitors being investigated for UC and/
or CD include filgotinib and upadacitinib, both JAK-1 selec-
tive inhibitors8; PF-06651600, a JAK-3 selective inhibitor40; 
PF-06700841, a TYK2/JAK1 inhibitor40;PF-06826647, a TYK2 
inhibitor50; BMS-986165, a potent binder of TYK240; and the 
gut-selective pan-JAK inhibitor, TD-14738, 40 (see Fig.  3).51–58 
Results from studies evaluating these agents show promise for 
the treatment of UC and/or CD.

There are some potential disadvantages to oral therapies. 
Janus kinases affect multiple cytokines, and nonselective agents 
may exert a broad range of systemic effects and “off-target” 
toxicity.18 Because small molecules are administered orally, 
there is the potential for drug-drug interactions, and several of 
these agents undergo hepatic metabolism by the cytochrome 
P450 system.59, 60 In addition, improved adherence of oral ther-
apies to parenterally administered drugs have not been demon-
strated in the context of IBD. Some patients may benefit from 
increased supervision coupled with increased interactions with 

health care providers at infusion centers; this may help promote 
adherence and/or compliance.45

Other potential concerns for JAK inhibitors include risk 
of increased infection and risk of malignancy due to their mul-
tiple effect on the immune system.18 Though the safety profile 
of JAK inhibitors is considered acceptable, there may be po-
tential differences with respect to selectivity, and these adverse 
effects may also be dose-dependent.36 In addition, some JAKs 
may claim selectivity, but as their dose increases, this selectivity 
may be lost.36 Tofacitinib primarily inhibits JAK-1 and JAK-3, 
but at higher doses, inhibition of JAK-2 has been observed20, 36; 
TYK2 is also inhibited to a lesser extent in biochemical assays.40

Perhaps the most prominent infection noted in patients 
who received JAK inhibitors is herpes zoster (HZ). An ob-
servational analysis using US health plan data (abatacept, 
rituximab, TNF blockers and tocilizumab) reported an approx-
imate doubling in the rate of HZ with tofacitinib compared 
with biologics in rheumatoid arthritis (RA) patients.61 In the 
OCTAVE Induction 1 and 2 trials, HZ infection occurred in 3 
patients (0.6%) and 2 patients (0.5%), respectively, in the 10-mg 
tofacitinib groups and in 1 (0.8%) patient and no patients in the 
placebo groups. In the OCTAVE Induction 1 trial, HZ infec-
tion occurred in 3 patients (0.6%) in the 10-mg group and in 1 
patient (0.8%) in the placebo group.  In OCTAVE Induction 2, 
HZ infection occurred in 2 patients (0.5%) in the 10-mg group 
and no patients in the placebo group.62 No cases of HZ infec-
tion were serious adverse events or resulted in discontinuation; 
most affected one dermatome or 2 adjacent dermatomes.62 
In the phase 2/3 UC clinical trials program for tofacitinib, 
overall 65 (5.6%) patients developed HZ.63 Eleven patients had 
multidermatomal involvement, and 1 developed encephalitis 

FIGURE 3.  Figure provides the chemical structures of JAK inhibitors currently under investigation for Crohn’s disease and/or ulcerative colitis.
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(resolved upon standard treatment). Five (7.7%) events led 
to treatment discontinuation. Incidence rates were highest in 
patients age 65 years and older, Asian patients, patients with 
prior TNF failure, and patients using 10 mg of tofacitinib twice 
daily.63

In the OCTAVE Induction 1 and 2 trials, serious infec-
tions occurred in 6 patients (1.3%) and 1 patient (0.2%), re-
spectively, in the 10-mg tofacitinib groups and in no patients 
in the placebo groups.62 In the OCTAVE Sustain trial, serious 
infections occurred in 2 patients (1.0%) in the 5-mg tofacitinib 
group, 1 patient (0.5%) in the 10-mg tofacitinib group, and 2 
patients (1.0%) in the placebo group. The rate of  serious in-
fections was higher with tofacitinib in the induction trials but 
similar across treatment groups in the maintenance trial.63

In CELEST, a randomized, double-blind, placebo-
controlled phase 2 CD study of upadacitinib, during the in-
duction period, 1 patient receiving 24 mg of upadacitinib twice 
daily (N = 36) had a nonserious HZ event, and 2 patients ex-
perienced HZ events during the maintenance period; 1 patient 
received 12  mg twice daily (n  =  59), and another patient re-
ceived 24 mg twice daily.63 Each event resolved with antiviral 
treatment. In CELEST, the incidence of serious infections was 
reported in 9 patients during induction and in 6 patients during 
maintenance, with 3 mg of upadacitinib twice daily being the 
most often cited dose.64

Among patients with CD who received filgotinib in a 
randomized, double-blind, placebo-controlled phase 2 study 
(FITZROY), 1 patient (N = 30) who initially received 200 mg 
of filgotinib as induction therapy and then had the dose re-
duced to100  mg during the maintenance therapy reported 
HZ.65 There were no HZ cases in the induction phase of the 
study where all patients received 200 mg of filgotinib once daily 
(N = 130) or placebo (N = 44). Serious treatment-emergent ad-
verse effects were reported in 9% (14 of 152) of patients treated 
with filgotinib and 4% (3 of 67) patients treated with placebo. 
Although the exact mechanism by which HZ reactivation occurs 
in the context of JAK inhibition is unclear, the downregulation 
of innate antiviral signaling through type 1 and 2 interferons 
are likely to be involved.66

Early research showed tofacitinib affected the baseline 
levels of low-density lipoprotein (LDL) and total cholesterol.67 
Moreover, normalization of HDL cholesterol was found in 
patients given tofacitinib. Although dose-dependent increases 
in cholesterol have been reported by several investigators, the 
negative clinical impact of this change has not been observed. 
Sands et al68 reported on data collected from 1157 patients ran-
domized to receive tofacitinib as part of the UC clinical pro-
gram (one phase 2 and two phase 3 [OCTAVE 1 and 2] induction 
studies, OCTAVE Sustain, and an ongoing long-term extension 
study); they reported greater increases from baseline in total 
cholesterol, high-density lipoprotein cholesterol (HDL-c), and 
low-density lipoprotein cholesterol in patients given tofacitinib 
compared with placebo at week 8.68 Lipid concentrations were 

increased in patients given tofacitinib vs patients given placebo 
through week 61. Overall, ratios of LDL cholesterol to HDL-c 
and total cholesterol to HDL-c did not change significantly 
over the 61-week period. No clinically meaningful changes 
in lipid ratios or in the composite cardiac risk Reynolds ratio 
(RRS) were observed after administration of tofacitinib.68

In CELEST, significant elevations in total, low-density, 
and high-density cholesterol and decreases in triglyceride levels 
were observed in the upadacitinib 24-mg twice-daily arm com-
pared with the placebo group at week 16; total and low-density 
cholesterol levels were also significantly elevated in the 12-mg 
twice-daily group vs placebo.64 Nonsignificant differences in 
laboratory values were observed between dose groups at week 
52. In FITZROY, exposure to 200 mg of filgotinib once a day 
resulted in an 11% increase in mean HDL and a 12% increase in 
mean LDL at week 20. In contrast, a 4% increase in mean HDL 
from baseline was seen in those with equivalent placebo expo-
sure, along with a 13% increase in mean LDL. These changes 
correspond to a 3% increase in the LDL to HDL ratio in pa-
tients treated with filgotinib at week 20 vs a 10% increase in the 
placebo group.65 Although recommendations for lipid and cho-
lesterol monitoring have not been established, an assessment 
during treatment would seem reasonable.

There is also a theoretical concern regarding risk of ma-
lignancy including nonmelanoma skin cancer (NMSC)18 due 
to the long-term blocking of the JAK-STAT pathway. In the 
induction trials for OCTAVE, NMSC occurred in 2 patients 
(N = 938) who both received 10 mg of tofacitinib twice daily69; 
no patients reported malignancy during the induction phase. 
In OCTAVE Sustain, NMSC occurred in 3 patients (N = 196) 
on 10 mg of tofacitinib twice daily and 1 patient in the placebo 
group (N = 198).70 Malignancy was reported in in 1 patient on 
placebo in the maintenance phase.69, 70 In OCTAVE Sustain 
(N  =  1157), overall 16 patients reported NMSC, and 13 pa-
tients reported malignancy.70 An earlier report noted that 10 of 
11 patients with NMSC had previous exposure to thiopurines, 
and 6 of 11 had prior NMSC.69 During induction in CELEST, 
there was 1 case of NMSC in the 24-mg upadacitinib twice 
daily group (N  =  36)64 in a patient with prior exposure to 
azathioprine. During the maintenance phase, 2 malignancies 
were reported: 1 patient receiving 6 mg of upadacitinib twice 
daily (N  =  37) with prior exposure to 6-mercaptopurine and 
a family history of malignancy and another patient receiving 
24 mg of upadacitinib once daily (N = 35) with no exposure to 
thiopurines or a family history of cancer.

Malignancies, including NMSC, were not reported in the 
FITZROY publication.65 Although reassuring, long-term data 
with these agents are limited in comparison with biologics such 
as TNF inhibitors, and postmarketing surveillance is essential 
in evaluating the risk of malignancies with JAKs.18

An Italian group has published 1 report of a normal 
pregnancy outcome while taking baricitinib for rheumatoid 
arthritis, although it was unintentionally given during the 
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pregnancy.71 Similarly, Mahadavan et al reported in this journal 
the outcomes of tofacitinib exposure in pregnancy to be similar 
to reference populations in nonexposed patients.72 A PubMed 
search regarding the use of upadacitinib and pregnancy out-
comes did not yield any results. The label for upadacitinib states 
that the limited human data on use of upadacitinib in preg-
nant women are not sufficient to evaluate a drug-associated 
risk for major birth defects or miscarriage. Based on animal 
studies, upadacitinib has the potential to adversely affect a de-
veloping fetus.60 Likewise, no reports of pregnancy outcomes 
and filgotininb exposure were identified in a PubMed search or 
in FITZROY.65, 73, 74

Tofacitinib recently underwent a label change regarding 
risks for thrombotic events when higher doses (10  mg twice 
daily) are administered.59 Rheumatoid arthritis patients 
50 years of age and older with at least 1 cardiovascular (CV) 
risk factor treated with 10 mg of tofacitinib twice a day had a 
higher rate of all-cause mortality, including sudden CV death, 
compared with those treated with 5  mg of tofacitinib given 
twice daily or TNF blockers in a large, ongoing, postmarketing 
safety study. Patients with rheumatologic diseases already have 
an increased risk of thrombotic events,19 and CV disease is the 
leading cause of death in patients with RA, accounting for al-
most 31% mortality.75

In the tofacitinib UC clinical development program, 1 pa-
tient had a DVT and 4 patients had a PE while taking 10 mg of 
tofacitinib twice daily.76 All patients had venous thromboembo-
lism risk factors alongside UC. These data were generated from 
phase 2 and 3 induction or maintenance or open-label extension 
studies. Among the 1157 patients who received tofacitinib as 
part of the UC clinical program, 4 patients reported an adjudi-
cated major adverse cardiac event (MACE); 3 of the 4 patients 
had 4 or more cardiovascular risk factors.68 The labeling for 
tofacitinib recommends avoiding use of tofacitinib in patients 
that may be at increased risk of thrombosis; when treating pa-
tients with UC, the label recommends using the lowest effective 
dose of tofacitinib for the shortest duration needed to achieve/
maintain therapeutic response.

In CELEST, 2 patients with risk factors for CV events 
had myocardial infarction (MI) events that were adjudicated. 
One event occurred during induction in a patient receiving 
12 mg of upadacitinib twice daily (N = 36) and the other during 
maintenance in a patient receiving 3 mg of upadacitinib twice 
daily (N = 60).64 One patient receiving 3 mg twice daily devel-
oped a mesenteric vein thrombophlebitis during the induction 
period. No events of DVT or PE were observed. The label for 
upadacitinib notes that thrombosis, including DVT, PE, and ar-
terial thrombosis, occurred in patients treated with JAK inhibi-
tors used to treat inflammatory conditions.60 In the FITZROY 
publication, there were no reports of DVT, venous thrombo-
embolism, pulmonary embolism, or MACE.65 However, 1 pa-
tient enrolled in the study did experience nonserious treatment 
emergent adverse effects (TEAEs) of severe pain in extremity 

and severe embolism (pulmonary).73 Both were considered 
possibly related to filgotinib and led to temporary discontin-
uation of treatment. Both TEAEs resolved during the study.73 
Patients with IBD are also at risk for CV events (primarily my-
ocardial infarction and stroke) compared with the normal pop-
ulation.77 Olivera et  al recently published a meta-analysis of 
venous thrombosis events of 17 studies including 7 tofacitinib, 
3 upadacitinib, 3 filgotinib, and 4 baricitinib trials.78 Overall, 
24,128 patients were included, and the 10 controlled trials re-
vealed an incidence rate of these thrombotic events of 0.31 per 
100 patient years.78 In addition, as this population ages, the 
impact of JAK inhibitors on these patients remains unknown. 
However, the FDA label for each drug should be reviewed and 
considered for each patient treated, as with all medications.

SUMMARY
The pathobiology of IBD is complex and involves an 

imbalance of inflammatory cytokines, interplay between cyto-
kines, gut microbiota, environment, and genetics that has an 
impact on the overall disease. A significant unmet need in IBD 
therapy is the identification and targeted treatment of primarily 
and secondarily nonresponsive IBD. Selecting the most appro-
priate therapy for patients will become more difficult as more 
therapies become available. Although currently there is only 
1 “novel” oral therapy impacting inflammatory cytokines avail-
able for the treatment of UC (and none in CD), in the next few 
years, there will be a variety of small oral molecules from which 
to choose, ranging from JAK inhibitors, with a range of selec-
tivity, to agents that block leukocyte trafficking or sphingosine-
1-phosphate receptors for treating both UC and CD.

Disease severity (symptoms, endoscopy findings, and as-
sessing the risk for complications) is also an important consid-
eration when determining initial therapy for either CD or UC. 
Patient comorbidities such as risk for CV disease or presence of 
EIMs should also be taken into consideration when deciding on 
a treatment option, either to avoid potential adverse events or 
to optimize therapy. These patients may also be at risk for po-
tential drug-drug interactions, as many of these investigational 
agents are metabolized through the cytochrome P450 system 
and may require dosage adjustment. Of those that are not im-
pacted by drug-drug interactions, there may be a potential for 
combination therapy; however, the safety of these combin-
ations remains unknown.

Strategies such as treat-to-target, which focuses on 
achieving both clinical remission and mucosal healing,77, 79 are 
summarized elsewhere80, 81 and will impact patient management 
decisions. Managing primary, secondary, and tertiary compli-
cations of IBD is also important and is summarized by Weaver 
et al. Recently, a tool was developed to help calculate the risk 
of colectomy in patients with UC.82 Earlier therapies for CD 
or UC focused on Crohn’s Disease Activity Index or the Mayo 
Clinic Score, respectively. Symptom relief  was the primary 
focus, and mucosal healing was secondary. However, there is a 
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shift in this philosophy as more recent studies focus on a dual 
primary end point of clinical remission and endoscopic (mu-
cosal) healing.79, 80

There are several potential benefits for small mol-
ecules, including oral administration, rapid onset of  action, 
potential for increased adherence, lack of  immunogenicity, 
treatment of  EIMs, and the potential for long-lasting ther-
apeutic benefit. Small molecules, as a class, have benefited 
from our improved understanding of  inflammatory mechan-
isms in a variety of  target tissues. As for the antibody-based 
biologics, patients obtain the ultimate benefit of  these tar-
geted therapies.

Janus kinase inhibitors are encouraging treatment 
strategies because they impact multiple cytokines which are 
implicated in both UC and Crohn’s disease and can have an ad-
vantage to other agents that include no ADA development and 
oral administration. Thus far, data demonstrate effectiveness 
and safety of JAK inhibitors and other oral agents among pa-
tients with moderate to severely active disease. However, these 
agents are still relatively new, and there are limited long-term 
data with respect to biologics in IBD. Disadvantages such as 
the potential for risk of serious infections or “off-target effects” 
with long-term use remain significantly unknown. Lastly, the 
evolving field of OMICS, (including proteomics and genomics), 
and “precision medicine” will no doubt play a significant role 
in the future of selecting the most optimal therapy for patients, 
not just in IBD but in a range of other inflammatory diseases.
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