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Introduction
Inflammatory bowel disease (IBD) including ulcerative colitis 

and Crohn’s disease are chronic relapsing disorders of intestinal 
inflammation which leads to decreased quality of life, disability, 
and bowel damage resulting in hospitalizations and surgeries [1]. 
Several genetic models have been developed for the inflammatory 
cascade that leads to the chronic inflammation seen in IBD, but 
none of these models have been able to account for all the observed 
pathophysiologic features. This complexity is probably secondary  

 
to the intricate nature of IBD and an incomplete understanding  
of the interactions between the mucosal immune system and 
the intestinal microbiota [2]. The current goal of treatment is to 
achieve clinical, endoscopic and histologic remission of disease 
activity. Management of IBD is generally divided into induction and 
maintenance phases. These phases involve achieving remission of 
inflammation quickly usually over a 2-3 month period and then 
maintenance of that clinical and histologic remission beyond that 
point (Table 1).
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Table 1: Therapeutic Goals in Inflammatory Bowel disease.

Therapeutic Goals in Inflammatory Bowel disease

Clinical Improvement and remission

Steroid-free healing

Maintenance of remission

Maintained mucosa and transmural healing

Decrease in hospitalization and surgical interventions

Prevent/treat complications

Enhance natural course of the disease and quality of life
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5-ASA acts as a topical anti-inflammatory agent that has 
efficacy within the lumen of the intestine [3]. Although its use 
is well established in ulcerative colitis, its efficacy in its effect in 
Crohn’s disease is not better than placebo. Mild-to-moderate 
ulcerative colitis can be managed with oral 5-ASA treatments, but is 
not effective for moderate-to-severe disease. Older treatments for 
moderate-to-severe IBD include steroids and thiopurines including 
azathioprine, mercaptopurine, and methotrexate (Table 2). Despite 
the efficacy of prednisone in improving acute symptoms of IBD 
patients, they have not consistently demonstrated effectiveness in 
controlling histologic inflammation. In addition, side effects related 
to long term use of steroids can be debilitating including but not 
limited to insomnia, personality changes, acne, fatigue, and weight 
gain. Alternative agents such as the oral controlled ileal release 
budesonide have been developed. Budesonide is efficacious in the 
management of inflammation in the terminal ileum and right colon. 
This makes budesonide effective for short-term relief of symptoms 
for mild-to-moderate IBD but not a good long-term option. The 
efficacy of thiopurines to maintain medically induced remission as 
well as to prevent post-operative recurrence in IBD has been well 
established. In the SONIC trial, the mucosal healing rate in patients 
in clinical remission was not significantly different between the 
azathioprine and anti-TNF monotherapy arms (36% vs. 43%) [4]. 
Despite their effectiveness many patients elect to stop thiopurine 
therapy. Up to 40 percent of patients discontinued thiopurine 
therapy in the first 4 months of treatment due to intolerance or 
ineffectiveness [5].  In addition, there is no doubt that thiopurines 
safety profile is inferior as there is a significant risk of developing 
lymphoma and non-melanoma skin cancer [6]. No satisfactory 
management of IBD was achieved prior to the development of 

infliximab. Current recommendations for the management of IBD 
with biologics include the use of early therapy with a treat-to target 
strategy to achieve clinical remission, mucosal and histologic healing 
which ultimately decrease the risk of corticosteroid use, surgeries, 
hospitalizations and increases quality of life [7].  Available biologic 
agents include anti-tumor necrosis factor alpha (TNF-a) agents 
including infliximab, adalimumab, certolizumab, and golimumab; 
anti-integrin agents including vedolizumab and natalizumab; 
and anti-interleukin (IL) 12-23 agents such as ustekinumab. 
Unfortunately, despite remarkable progress in the management 
of moderate-to-severe IBD patients, there are significant rates 
of primary non-response, loss of response, and adverse events, 
thereby necessitating additional treatment options. Additionally, 
the burden of intravenous administration or subcutaneous 
injection accompanied by associated high cost necessitate the 
development of alternative treatments. In recent years, remarkable 
research has focused on the development of oral small molecule 
agents (Table 3). Unlike antibodies that can develop with biologic 
agents, oral small molecule formulations do not carry the same risk 
of immunogenicity. Their molecular characteristics and size allow 
for a more convenient oral administration and avoids the potential 
development of anti-drug antibodies. The purpose of this review 
article is to summarize available novel oral small molecule agents 
in treatment of patients with IBD. Two of the oral small molecule 
agents, tofacitinib and ozanimod were already approved by the FDA 
for patients with moderate-to-severe ulcerative colitis. This review 
will not include other novel and emerging therapeutic modalities 
such as Laquinimod, ABX464, microbiome targeted or stem cell 
therapies.

Table 2: History of IBD Treatment.

Year Drug

1979 Sulfasalazine and steroids

1980 Antibiotics, Azathioprine, 6-MP

1993 5-ASA

1994 Budesonide

1995 Methotrexate

1998 Infliximab

2007 Second generation anti-TNF agents

2014 New biologic agents

2015 Biosimilars

2019 Oral immunomodulators

Table 3: Oral Agents in Development for Treatment of IBD.

Target Effect Agents

Janus kinase receptor-1 (JAK-1) Anti-JAK-1 Filgotinib, upadacitinib, TD-1473

Sphingosine1-P1-5 Prevention of lymphocyte trafficking Ozanimod. Etrasimod, Amiselimod

Anti-alfa-4 integrin Integrin antagonist AJM300

Phosphodiesterase 4 inhibitors Lysis of cAMP Apremilast

TNF focused Anti-TNF AVX-470, OPRX-106
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JAK Inhibitors
One of the new treatment strategies that has been developed 

is the targeting of the Janus kinase (JAK) family of tyrosine kinases 
[8]. The functions of this family of tyrosine kinases is broad, but 
evidence suggests that innate and adaptive immune responses 
require JAK-STAT signaling to mediate several pathways of cytokine 
function. These agents inhibit cytokines in the inflammatory 
cascade such as IL-9, IL-12, IL-23 and interferon-gamma. Several 
studies have supported this hypothesis by demonstrating 
significant upregulation of JAK transcripts in intestinal mucosa of 
patients with active ulcerative colitis [9]. These facts make targeting 
the JAK-STAT an appealing therapeutic modality in IBD. This has led 
to the development and regulatory approval by the United States 
Food and Drug Administration (FDA) of therapies targeting the JAK 
pathway for the treatment of IBD [10]. One of those therapies is 
a non-specific pan-JAK inhibitor tofacitinib, which was approved 
by the FDA in 2018 for the treatment of patients with moderate-
to-severe ulcerative colitis. The Octave trial which included 
the phase 3 clinical trial that led to the regulatory approval of 
tofacitinib for the treatment of ulcerative colitis included patients 
randomly assigned to 10 mg of tofacitinib twice daily or placebo 
for 8 weeks. Clinical remission (determined to be a Mayo Clinic 
score of less than 2 and a rectal bleeding score of 0) at 8 weeks 
occurred in 18.5% of patients assigned to tofacitinib versus 8.2% 
of patients assigned to placebo (P = 0.007) [11]. The Octave sustain 
maintenance study re-randomized week 8 responders to receive 10 
mg or 5 mg of maintenance tofacitinib twice daily or placebo for 52 
weeks. Remission at 52 weeks was significantly higher in patients 
treated with 5 mg (34.3%) and 10 mg (40.6%) of tofacitinib than 
with placebo (11.1%; p<0.001 for both comparisons with placebo). 
Notably, tofacitinib has a rapid onset of induction and has shown 
to be effective in refractory anti-TNF exposed ulcerative colitis 
patients compared to placebo [12]. Similar studies in patients with 
Crohn’s disease failed to achieve primary and secondary endpoints 
though there were modest improvements in inflammatory 
markers; this was probably due to the study design and unusually 
high placebo response rate seen in the study [13]. Clearly more 
research in the use of tofacitinib is needed to elucidate its efficacy 
in patients with Crohn’s disease. This data makes tofacitinib an 
attractive treatment option for patients with moderate-to-severe 
ulcerative colitis.  However, tofacitinib can inhibit the immune 
system to a degree that increases the risk of herpes zoster, serious 
bacterial infections, tuberculosis, and upper respiratory tract 
infections [14]. The safety committee of the European Medicines 
Agency performed a review of tofacitinib due to the concern 
for an increased risk of developing pulmonary embolisms [15]. 
Subsequently, the FDA released warnings about the risk of blood 
clots leading to a boxed warning. All patients irrespective of their 
risk factors for developing thromboembolism should be monitored 
for signs and symptoms of pulmonary emboli. Sudden death 
in patients using high doses of tofacitinib was seen in patients 
primarily with rheumatoid arthritis and not with inflammatory 

bowel disease [16,17]. Another important concern related to 
the use of tofacitinib is the increased risk of lymphoma and non-
melanoma skin malignancies [18]. In a recent study, 1455 patients 
receiving tofacitinib at a dose of 5 mg twice daily and 1456 patients 
receiving tofacitinib at a dose of 10 mg twice daily were compared 
to 1451 patients receiving a TNF inhibitor. Over a 4 year follow up 
period, incidences of cancer and major cardiovascular events were 
higher in patients receiving the combined tofacitinib  doses (4.2% 
and 3.4%, respectively) than with a TNF-alpha inhibitor (2.9% and 
2.5%) [19]. The hazard ratios were 1.33 for major cardiovascular 
events and 1.48 for cancer (particularly non-melanoma skin 
cancer); the non-inferiority of tofacitinib was not demonstrated. 
Rarely, gastrointestinal perforations can occur during tofacitinib 
therapy with data demonstrating and incidence of 0.2% [20]. It is 
important to remember that patients should be advised to reduce 
their dose of tofacitinib in half when combining treatment with 
cytochrome P450 inhibitors such as fluconazole and ketoconazole.

Selective JAK inhibitors have also been recently studied for the 
treatment of patients with IBD, including Crohn’s disease. Filgotinib, 
is a selective JAK inhibitor that was approved by the FDA for the 
treatment of rheumatoid arthritis. Filgotinib selectively targets the 
JAK1 cytokine at a 30-fold selectivity over JAK2. JAK2 inhibition is 
thought to lead to higher rates of anemia and thrombocytopenia 
through the interfering of erythropoietin and thrombopoietin 
and granulocyte-macrophage colony-stimulating factor which 
would make selective JAK1 inhibition an attractive option [21,22]. 
The phase II Fitzroy study demonstrated early clinical benefit of 
filgotinib in patients with Crohn’s disease. Fitzroy included patients 
with a disease activity score (CDAI) of 220-450 and confirmed 
endoscopically active Crohn’s disease. A total of 174 patient with 
moderate-to-severe active Crohn’s disease were randomly assigned 
to receive 200 mg of filgotinib daily or placebo for 10 weeks. 
Clinical remission (indicated as a CDAI score of <150) at 10 weeks 
was achieved in 47% of patients treated with filgotinib and 23% 
of patients who were given placebo (P = 0.0077). Endoscopic 
improvement at 10 weeks was not significantly different [23]. The 
phase II study, Divergence 2, examined the effect of filgotinib in 
patients with perianal fistulizing Crohn’s disease. Patients with a 
documented history or perianal fistulizing Crohn’s disease with at 
least one to two external openings with drainage previously treated 
with immunomodulators or anti-TNFs were randomly assigned 
to receive filgotinib 200 mg, 100 mg or placebo once daily for 24 
weeks. The primary endpoint was fistula response with a reduction 
of greater than 1 from baseline in the number of fistulas and no 
fluid collections seen on MRI at week 24. Unfortunately, the study 
was not well powered as there was low recruitment rates due to the 
COVID-19 pandemic leading to a total of 57 participants. Results 
did demonstrate a numerically higher proportion of patients in the 
filgotinib 200 mg group (47%) versus the placebo group (25%) 
who achieved the primary endpoint [24]. Further studies with a 
large patient population will be required to further elucidate the 
efficacy of filgotinib in patients with fistulizing Crohn’s disease. 
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The Selection trial included two induction studies, a maintenance 
study, and a long- term extension study examining the efficacy of 
filgotinib in the treatment of moderate-to-severe ulcerative colitis. 
Adults with moderate-to-severe ulcerative colitis were randomized 
to filgotinib 200 mg, 100 mg or placebo once daily for 11 weeks. 
Patients who responded to selected treatment at week 10 were 
re-randomized to continue filgotinib or placebo for an additional 
47 weeks. Clinical remission was evaluated at week 10 and 58. 
Filgotinib demonstrated clinical remission rates significantly 
improved over placebo (47% vs 23%) at 10 weeks. Secondary 
endpoints such as endoscopic remission, mucosal healing, and deep 
remission did achieve numerical improvement but failed to achieve 
statistical significance. At week 58 remission was achieved at a 
rate of 58% in the filgotinib group compared to placebo at 29.5%. 
These findings suggest that filgotinib is efficacious at inducing and 
maintaining remission in patients with ulcerative colitis. Due to the 
efficacy demonstrated by filgotinib regulatory approval for use in 
moderate-to-severe ulcerative colitis as well as Crohn’s disease is 
expected soon. The common side effects reported in patients taking 
filgotinib are quite similar to tofacitinib including but not limited 
to serious infections, herpes zoster, venous thrombosis, pulmonary 
embolism and gastrointestinal perforations [25,26]. It is of note 
that filgotinib was rejected for approval by the FDA in the treatment 
of rheumatoid arthritis on concerns of toxicity and reduced sperm 
count [27,28]. Two ongoing trials (MANTA and MANTA-Ray) are 
pending and will provide additional safety data on the matter in 
patients with IBD.

Another highly selective JAK inhibitor that was approved by the 
FDA for use in patients with rheumatoid arthritis, psoriatic arthritis, 
and atopic dermatitis and also has been studied for its potential 
benefit in IBD patients is upadacitinib. This molecule is even more 
selective for JAK1 then filgotinib and has been investigated in the 
Celest phase 2 trial [29,30]. Patients with ulcerative colitis who 
had been previously exposed to anti-TNFs were evaluated after 16 
weeks for primary endpoints of clinical remission, which included 
a patient reported outcome of stool frequency and abdominal pain 
score. In the induction phase of the study, although a numerical 
benefit in clinical remission could be observed in the group on 
twice daily 6 mg upadacitinib, it did not demonstrate a statistical 
response over placebo. The phase II study showed that the clinical 
remission and endoscopic improvement were achieved better than 
placebo as well as reduction in inflammatory markers. Phase III 
clinical trials of upadacitinib are ongoing and will hopefully shed 
more light on its efficacy and risk profile. Upadacitinib has similar 
adverse events as seen with tofacitinib including major adverse 
cardiovascular events and serious infections [31]. Due to the 
concerns of significant adverse events with tofacitinib, filgotinib, 
and upadacitinib, the development of a more gut selective pan-JAK 
inhibitor has been investigated. TD-1473 is a pan-JAK inhibitor that 
has demonstrated such a gut selective effect on mice with in-vitro 
studies [32]. A Phase 2b/3 set of clinical trials is currently ongoing 
to assess the efficacy and safety of induction and maintenance 

therapy with TD-1473 in subjects with moderate-to-severe active 
ulcerative colitis. Preliminary results were promising in endoscopic 
improvement along with reduction in fecal calprotectin and CRP 
levels with TD-1473 compared to placebo. If its further effectiveness 
can be demonstrated with this pending trial it has the potential to 
limit severe systemic side-effects caused by other non-GI selective 
JAK inhibitors. TYK2 is one of the JAK-STAT family proteins that is 
involved in intracellular cytokine signaling and inhibition of which 
blocks IL-12, IL-23 and IFN [33]. The oral TYK2/JAK1 inhibitor 
is well tolerated and more selective than other JAK inhibitors 
potentially limiting toxicity. Two oral TYK2/JAK1 inhibitors, 
deucravacitinib and brepocitinib, are currently recruiting in phase 
II clinical trials for the treatment of moderate-to-severe ulcerative 
colitis and also, Crohn’s disease.

Sphingosine-1-Phosphate Receptor Modulators
Sphingosine 1- phosphate (S1P) receptors are G protein 

coupled receptors (S1P1-S1P5) that regulate the response and 
function of various cellular and organ systems including cell 
migration, proliferation, immune response, and trafficking of T 
and B lymphocytes from lymphoid organs [34,35]. Their role in 
the ability of immune cells to migrate to inflamed tissues has made 
them a potential new target of inhibition for the management of IBD. 
Ozanimod is a new oral small molecule agent that binds with high 
affinity to several S1P receptor subtypes leading to internalization of 
the receptor in targeted lymphocytes and prevention of lymphocyte 
trafficking [36]. Ozanimod was approved for the treatment of the 
patients with relapsing multiple sclerosis in 2020 and then for 
patients with moderate-to-severe ulcerative colitis in 2021 by 
the FDA. Sandborn et al performed a phase III double blind and 
placebo-controlled trial of ozanimod as induction and maintenance 
therapy in patients with moderate-to-severe ulcerative colitis [37]. 
Patients were assigned to receive oral ozanimod 1 mg or placebo 
once daily and patients in a second cohort received open label 
ozanimod. They found that clinical remission was significantly 
higher in patients who received ozanimod than those who were 
on placebo (37% vs 18.5%, P<0.001). Clinical response was also 
significantly higher in the ozanimod group (60% vs 41%, P<0.001). 
The investigators found that rates of serious infection were equal 
in both groups. A few patients on ozanimod had higher rates of 
elevated liver transaminases. Adverse events have been reported 
with ozanimod treatment including herpes zoster, bradycardia, 
and elevation of liver enzymes, atrioventricular conduction 
delays and macula edema. Ozanimod is also being studied for 
the treatment of Crohn’s disease. In the phase II Stepstone study 
involving 69 patients with Crohn’s disease, 39.1% of patients who 
received ozinamod had clinical remission at week 12. There was 
no incidence of bradycardia or arrhythmias in these patients [38]. 
Phase III, placebo-controlled induction and maintenance studies 
of ozanimod are currently recruiting for moderate-to-severe 
Crohn’s disease. Etrasimod is another oral S1P receptor subtype 
1 modulator which has demonstrated potential efficacy in the 
treatment of patients with IBD. In the phase II Elevate trial involving 
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156 patients with ulcerative colitis, those patients receiving a 2 mg 
dose of etrasimod demonstrated endoscopic improvement over 
placebo (41.8% vs 17.8%, P=0.003). Also, compared to placebo, 
the etrasimod 2 mg group had a higher rates histologic remission 
(19.5% vs 6.1%; p=0.03). Etrasimod adverse events were reported 
as minimal with a small group of patients developing a transient, 
asymptomatic, low grade atrioventricular block that resolved 
spontaneously. Amiselimod is an oral S1P receptor modulator with 
higher selectivity for S1PR1 than other S1P receptor modulators 
[39]. A phase II trial with this agent is pending in patients with 
active Crohn’s disease. 

Anti-Adhesion Molecules
Migration of proinflammatory T cells into the gut facilitates 

inflammation that is characteristic of IBD [40]. Anti-adhesion agents 
that block lymphocyte trafficking to the gut are being investigated 
in patients with IBD. A variety of oral small molecules including 
alfa-4 integrin antagonists have been studied. AJM300 is an oral 
small molecule agent that targets alfa-4 integrin. A phase II study 
in 102 patients with moderate-to-severe ulcerative colitis showed 
higher rates of clinical response (62.7% vs 25.5%, p=0.0002), 
clinical remission (23.5% vs 3.9%, p= 0.0099) and mucosal healing 
(58.8% vs 29.4%) [41]. No major adverse events were reported. A 
phase III trial is ongoing with AJM300 in patients with ulcerative 
colitis. There is extensive research of other anti-adhesion agents in 
the treatment of inflammatory bowel disease.

Phosphodiesterase 4 Inhibitors
Phosphodiesterase 4 (PDE4) is part of a group of enzymes 

that catalyze the breakdown of cyclic adenosine monophosphate 
(cAMP). In inflammatory cells, PDE4 is the dominant enzyme 
responsible for this reaction and the resulting decrease in cAMP 
levels leads to an increase expression of proinflammatory factors. 
Thus, it has been postulated that if PDE4 were inhibited the resulting 
increase in cAMP levels would lead to the decreased expression 
of a number of proinflammatory factors including TNF-alfa, IL-
17, IL-23, and up-regulates anti-inflammatory IL-10 [42]. This 
makes PDE4 a potential target for the treatment of inflammatory 
disorders. Apremilast is an oral small molecule PDE4 inhibitor 
which has been approved by the FDA for the treatment of adults 
with psoriatic arthritis, plaque psoriasis, and Behcet’s disease. A 
recent phase II clinical trial demonstrated the clinical effectiveness 
of apremilast in the treatment of moderate-to-severe ulcerative 
colitis. The investigators performed a double-blind, placebo-
controlled trial in patients with active ulcerative colitis who were 
either biologic naïve or had failed conventional therapies. Patients 
were randomly assigned to apremilast 30 mg twice daily, 40 mg 
twice daily, or placebo for 12 weeks. After which patients were then 
randomly assigned to receive apremilast 30 mg or 40 mg twice 
daily for an additional 40 weeks. Endoscopies were performed and 
biopsies were obtained at the initial encounter, week 12, and week 
52 after initiation of the study. The primary endpoint for the study 
was clinical remission at week 12 (a Mayo score of 2 or less). The 

investigators found that clinical remission was achieved in the 30 
mg apremilast group at a rate of 31.6% versus 12.1% of patients in 
the placebo group (P = 0.01) [43]. Both apremilast groups (the 30 
mg and 40 mg groups) had similar improvement from baseline in 
Mayo score components. At week 52 clinical remission was achieved 
by 40.4% of patients. Endoscopic healing was achieved in 41.4% 
of patients in placebo compared to 73.7% in the 30 mg group (p< 
0.0001). Moreover, both the 30 mg and 40 mg apremilast groups 
showed greater reduction in serum C-reactive protein and fecal 
calprotectin compared to placebo. In terms of safety, headache and 
nausea were found to be the most common side effect. One patient 
had an episode of acute pancreatitis but this was no attributed to 
the study drug. Currently, a phase III trial has not been registered 
for patients of ulcerative colitis or Crohn’s disease.

Anti-Tumor Necrosis Factor Agents
Anti-TNF agents were the first class of biologic medications 

approved for the treatment of patients with inflammatory bowel 
disease [44]. Limitations of this class of medications includes the 
intravenous or subcutaneous administration, infusion reactions, 
systemic side effects related to immunosuppression, and high cost 
[45]. An oral agent with a mechanism of action restricted to the 
gastrointestinal tract would be helpful to overcome some of these 
challenges of parenterally administered anti-TNF agents. AVX-
470 is an oral polyclonal immunoglobulin that inhibits TNF-alpha 
locally in the gastrointestinal tract, minimizing systemic exposure 
[46]. In a double blind, placebo-controlled trial, 37 patients with 
active ulcerative colitis received AVX-470 (0.2, 1.6, or 3.5 grams 
per day) or placebo for 4 weeks. Endoscopic activity was assessed 
pre and post treatment exposure.46 At all AVX-470 doses, 25.9% 
of patients achieved clinical response compared with 11.1% of 
those in the placebo group. Both groups were found to have similar 
adverse event rates without significant infectious reported.46 
Further clinical trials evaluating the efficacy of AVX-470 are 
ongoing [47,48]. OPRX-106 is another oral anti-TNF agent which 
is currently undergoing evaluation for its efficacy in the treatment 
of inflammatory bowel disease [49]. In a phase II randomized 
open label clinical trial, 25 patients with ulcerative colitis who 
were administered OPRX-106 demonstrated clinical remission 
and mucosal healing with no major adverse events including 
immunogenicity. Initial studies with oral anti-TNF agents have 
shown promising results with the potential for enhanced safety 
and decreased immunogenicity. However, larger trials are needed 
to evaluate efficacy, safety and cost effectiveness.

Conclusion
Despite tremendous advancements in the field of treatments 

for IBD, there are significant rates of primary non-response, loss 
of response, adverse events and high cost thereby necessitating 
additional treatment options. Fortunately, the rapidly growing 
number of oral small molecule targeted therapies offers ease of 
administration with durable effectiveness, and an improved safety 
profile compared to the currently approved therapeutic agents.
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