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This study explores the application of Azathioprine in the treatment of ulcerative 
colitis (UC) and the challenges associated with its long-term use. While short-term 
studies demonstrate the efficacy of Azathioprine in steroid-dependent UC, long-
term data on its risks, including malignancies, infections, and chronic toxicity, remain 
insufficient. Furthermore, the impact of Azathioprine on patients’ quality of life over 
extended periods is still unclear. The research highlights the importance of optimizing 
Azathioprine dosing based on genomic data, particularly through TPMT and NUDT15 
genotyping, to minimize adverse effects. However, further research is needed to 
develop individualized treatment strategies that can improve efficacy and reduce 
toxicity. The identification of predictive biomarkers, through genomics and proteomics, 
is likely to play a crucial role in improving treatment precision by identifying patients 
who are most likely to benefit from Azathioprine therapy. Additionally, combining 
Azathioprine with biologic therapies (such as anti-TNF agents or integrin inhibitors) and 
interventions targeting the gut microbiome may enhance the drug’s effectiveness while 
reducing reliance on steroids. Overall, large-scale clinical trials are urgently needed 
to evaluate the benefits and risks of these emerging therapies, ultimately supporting 
more personalized treatment approaches for steroid-dependent UC patients.
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1 Introduction

Ulcerative colitis (UC) is a chronic, relapsing inflammatory bowel disease characterized 
by inflammation and ulceration of the colonic mucosa, typically involving the rectum and 
colon (1). The disease follows a variable course, with periods of remission and flare-ups. UC 
has a global prevalence, with higher rates observed in developed countries, especially in North 
America and Europe (2). It is most commonly diagnosed in young adults, particularly between 
the ages of 20 and 40 years, although it can affect individuals at any age (3).

The pathogenesis of UC is multifactorial, involving a complex interaction between genetic 
susceptibility, environmental factors, and immune system dysregulation (4). In steroid-
dependent UC, patients experience chronic inflammation and mucosal injury that require 
prolonged corticosteroid use to manage flare-ups (5). However, this long-term corticosteroid 
dependency is accompanied by significant concerns, including the development of side effects 
such as osteoporosis, hypertension, and glucose intolerance (6).

Corticosteroids have long been the mainstay of treatment for UC flare-ups due to their potent 
anti-inflammatory properties. However, their prolonged use is associated with numerous adverse 
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effects, such as weight gain, bone demineralization, increased infection 
risk, and metabolic disturbances, including glucose intolerance and 
hypertension (7, 8). These risks are particularly problematic in patients 
with steroid-dependent UC, as they require continuous corticosteroid 
therapy to manage their symptoms, leading to a cycle of dependency (7, 
8). This situation underscores the pressing need for alternative, steroid-
sparing therapies that can provide effective disease control while 
minimizing the risks of corticosteroid-related complications (8). In 
recent years, various immunosuppressive therapies, biologic agents, and 
small-molecule drugs have been developed to address this need, offering 
promising options for achieving remission and improving the overall 
quality of life for patients (9).

Azathioprine, an immunosuppressive agent, has emerged as a key 
treatment for steroid-dependent UC (10). As a purine analog, 
Azathioprine works by inhibiting purine synthesis, disrupting DNA and 
RNA production in rapidly proliferating immune cells, particularly T 
and B lymphocytes (10, 11). This results in a reduction in the 
inflammatory immune response that drives UC pathology. Azathioprine 
is metabolized into its active form, 6-mercaptopurine (6-MP), which is 
responsible for its therapeutic effects (12).

Initially introduced as a second-line therapy for patients who were 
unresponsive to or intolerant of corticosteroids, Azathioprine is now 
primarily used for maintaining remission in steroid-dependent UC, 
rather than for inducing remission (12). Numerous clinical studies have 
shown that Azathioprine effectively reduces steroid dependency, controls 
flare-ups, and improves long-term disease management (11, 13–22). 
However, its use requires careful monitoring due to potential side effects, 
such as bone marrow suppression, hepatotoxicity, and an increased risk 
of infections (14–17, 20). Despite these risks, Azathioprine remains a 
critical tool in the management of steroid-dependent UC, providing an 
effective steroid-sparing alternative for patients seeking long-term 
remission and improved disease control.

2 Study search and selection

A systematic search strategy was devised to identify studies 
evaluating the use of Azathioprine in the treatment of steroid-dependent 
UC. The search was conducted across two major databases: PubMed and 
China National Knowledge Infrastructure, employing key search terms 
including “Azathioprine,” “ulcerative colitis,” and “steroid-dependent.” 
This approach aimed to ensure a broad representation of studies from 
both international and local sources. No restrictions were applied based 
on publication date, and studies published in English and Chinese were 
included to encompass the global body of research available up to 
October 1, 2024.

To be eligible for inclusion, studies had to meet the following criteria: 
(1) they specifically focused on Azathioprine as a treatment for steroid-
dependent UC; (2) they employed one of the following study designs: 
randomized controlled trials, retrospective studies, or observational 
studies; and (3) they were published in English or Chinese. Studies were 

excluded if they did not meet these criteria, including those that did not 
specifically address Azathioprine in the context of steroid-dependent 
UC, duplicates, or studies with non-randomized designs such as cohort 
studies, case reports, or systematic reviews without original data.

A total of 225 studies were identified initially. After applying the 
eligibility criteria, 206 studies were excluded for being irrelevant to the 
topic or failing to meet the inclusion criteria. The remaining 19 studies 
were subject to full-text review. Of these, 10 studies were excluded due 
to the following reasons: they were not clinical trials or lacked a 
comparison group. Ultimately, 9 studies met the eligibility criteria and 
were included in the final analysis (Figure 1).

3 Mechanism of action and 
pharmacology of Azathioprine

3.1 Overview of Azathioprine’s mechanism

Azathioprine is a purine analog with immunosuppressive 
properties, primarily exerted through the inhibition of purine 
synthesis (10). This inhibition disrupts DNA and RNA production in 
proliferating cells, which are especially critical in the immune 
response. Once ingested, Azathioprine is metabolized into its active 
form, 6-MP, in the liver. 6-MP inhibits the enzyme inosine 
monophosphate dehydrogenase (IMPDH), which plays a key role in 
the de novo purine synthesis pathway (10–12). By reducing the 
availability of purine nucleotides, Azathioprine limits the proliferation 
of immune cells such as T-cells and B-cells, which are central to the 
pathogenesis of UC (11, 23). This suppression of immune cells reduces 
the excessive inflammatory response that drives the disease. 
Additionally, Azathioprine modulates several inflammatory pathways 
in UC, notably through the reduction of pro-inflammatory cytokines 
like tumor necrosis factor-alpha (TNF-α), interleukin-1 beta, and 
interleukin-6 (18, 22). This multifaceted mechanism contributes to the 
reduction in colonic inflammation and helps control disease activity, 
providing a steroid-sparing alternative for patients with steroid-
dependent UC.

3.2 Pharmacokinetics and 
pharmacodynamics

The pharmacokinetics of Azathioprine are crucial in determining 
its therapeutic efficacy and safety profile (10). Following oral 
administration, Azathioprine is well absorbed, with peak plasma 
concentrations reached within 1–2 h. However, its bioavailability can 
vary, with estimates suggesting it is around 50% (24). Once absorbed, 
Azathioprine is rapidly converted into its active metabolite, 6-MP, 
primarily in the liver (25). 6-MP is further metabolized into both 
inactive metabolites and its active form, which exerts the therapeutic 
effects. One key metabolic pathway involves the enzyme thiopurine 
methyltransferase (TPMT), which is responsible for converting 6-MP 
into its inactive metabolites (25). The activity of TPMT is genetically 
determined, and genetic polymorphisms can significantly influence 
both the efficacy and toxicity of Azathioprine (25). Patients with 
reduced TPMT activity metabolize Azathioprine more slowly, leading 
to higher concentrations of 6-MP, which can increase the risk of 
adverse effects (25). Conversely, individuals with high TPMT activity 

Abbreviations: UC, Ulcerative colitis; 6-MP, 6-mercaptopurine; IMPDH, Inosine 

monophosphate dehydrogenase; TPMT, Thiopurine methyltransferase; IBD, 

Inflammatory bowel disease; TDM, Therapeutic drug monitoring; 6-TGN, 

6-thioguanine nucleotides; TNF-α, Tumor necrosis factor-alpha.
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may metabolize the drug more rapidly, potentially reducing its efficacy 
(24). In addition to TPMT, recent studies have highlighted the 
importance of another genetic variant, NUDT15, in predicting 
Azathioprine-induced leukopenia and optimizing dosing strategies 
(26, 27). NUDT15 is an enzyme involved in the metabolism of 
thiopurine drugs, and mutations in the NUDT15 gene, particularly 
the C415T variant, have been associated with an increased risk of 
severe myelosuppression in patients receiving Azathioprine (28). 
Notably, NUDT15 mutations are more prevalent in Asian populations, 
and genotyping for NUDT15 is recommended alongside TPMT 
testing to personalize Azathioprine dosing and minimize toxicity (27). 
Therefore, pre-treatment testing for both TPMT and NUDT15 
polymorphisms is critical to ensure safe and effective use of 
Azathioprine in patients with steroid-dependent UC.

3.3 Dose–response and safety 
considerations

The dosing of Azathioprine in steroid-dependent UC requires 
careful individualization to balance efficacy and safety (11). The usual 
starting dose is between 1.5 to 2.5 mg/kg body weight per day, 

depending on the patient’s clinical condition and response to the drug. 
Adjustments may be made based on therapeutic goals, side effects, and 
patient tolerance (11). Monitoring during treatment is essential to 
ensure the drug is both effective and well-tolerated (29). Key 
parameters to assess include complete blood counts to detect 
leukopenia or thrombocytopenia, liver function tests to monitor 
hepatotoxicity, and signs of infection (29, 30). Leukopenia, a reduction 
in white blood cells, is a common side effect of Azathioprine and 
increases the risk of infections, making regular monitoring crucial 
(29). Hepatotoxicity, often indicated by elevated liver enzymes, is 
another serious adverse effect that requires attention (30).

4 Clinical efficacy of Azathioprine in 
steroid-dependent UC

4.1 Summary of clinical trials

Azathioprine has been extensively studied for its efficacy in 
managing steroid-dependent UC, particularly its ability to reduce 
corticosteroid dependence and maintain sustained remission (14–22) 
(Table 1). A pivotal randomized controlled trial by Ardizzone et al. 

FIGURE 1

Flowchart of study selection.
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demonstrated that Azathioprine achieved clinical and endoscopic 
remission in 53% of patients compared to 21% in the 5-aminosalicylic 
acid group, emphasizing its superior efficacy in steroid tapering and 
remission maintenance (14). However, it is important to note that 
current guidelines, such as those from the European Crohn’s and 
Colitis Organization and the American Gastroenterological 
Association, recommend against using Azathioprine as an induction 
therapy due to its slow onset of action and the availability of more 
effective induction agents, such as biologics and corticosteroids (31, 
32). Instead, Azathioprine is best utilized as a maintenance therapy to 
sustain remission and reduce steroid dependency. Similarly, Mantzaris 
et  al. highlighted the comparable efficacy of Azathioprine 
monotherapy and its combination with olsalazine, affirming 
Azathioprine as a viable standalone option for maintaining remission 
in steroid-dependent UC (15).

In long-term assessments, Park et al. reported a remission rate of 
54.7% over three years, with the success rate increasing to 71.2% 
among patients who continued Azathioprine therapy beyond six 
months. These findings underscore its enduring role in UC 
management (19). Furthermore, retrospective studies, such as those 
by Zheng and Lin et al., corroborate Azathioprine’s effectiveness, albeit 
with inherent limitations due to study design and cohort size (16, 17). 
Collectively, these trials highlight Azathioprine’s potential as a cost-
effective and accessible therapy, particularly in settings where biologics 
may not be readily available (Table 1).

4.2 Critical analysis of clinical trials

While the existing clinical trials demonstrate the efficacy of 
Azathioprine in steroid-dependent UC, several limitations should 
be acknowledged. Many studies, such as those by Lin et al., suffer from 
small sample sizes, short follow-up periods, which restrict the 
generalizability of their findings (17, 22). For instance, the study by 
Lin et al. included only 40 patients with a follow-up period of six 
months, which may not adequately capture long-term outcomes or 
rare adverse events (22). Additionally, the heterogeneity of UC severity 
across studies complicates the interpretation of results, as patients with 
extensive or refractory disease may exhibit suboptimal responses to 
Azathioprine monotherapy. Moreover, the lack of standardized dosing 
protocols and monitoring strategies across studies further limits the 
comparability of results. For example, some studies initiated 
Azathioprine at a fixed dose (14–18). These methodological 
shortcomings emphasize the need for large-scale, long-term, 
randomized controlled trials with standardized protocols to refine 
treatment guidelines and provide more robust evidence for 
Azathioprine’s use in diverse UC populations.

4.3 Efficacy in inducing and maintaining 
remission

Azathioprine is highly effective in maintaining remission in 
steroid-dependent UC, but its role in inducing remission is limited 
due to its slow onset of action. While some studies have reported 
remission within two to four months of initiation, current 
guidelines recommend against using Azathioprine as an induction 
therapy, favoring faster-acting agents such as biologics or 

corticosteroids for this purpose (31, 32). Instead, Azathioprine is 
best utilized as a maintenance therapy to sustain remission and 
reduce steroid dependency (Table  1). For instance, Lin et  al. 
observed that Azathioprine treatment not only decreased 
corticosteroid dependency but also reduced the occurrence of 
corticosteroid-related adverse effects, such as gastrointestinal ulcers 
and Cushing’s syndrome (17).

Its long-term utility is equally remarkable. Wang et al. reported 
that Azathioprine achieved a clinical efficacy rate of 92.1%, 
significantly outperforming corticosteroid therapy. Additionally, 
combination strategies have been explored to enhance 
Azathioprine’s effectiveness (21). Chen et  al. demonstrated that 
combining Azathioprine with modified Yuanyang Decoction 
improved mucosal healing and significantly reduced inflammatory 
markers such as interleukin-8 and TNF-α compared to 
monotherapy (18, 22). Modified Yuanyang Decoction, a traditional 
Chinese medicine formulation, has been shown to possess anti-
inflammatory and immunomodulatory properties, which may 
synergize with Azathioprine to enhance mucosal healing and 
reduce disease activity in steroid-dependent UC patients (18). 
Further studies are needed to elucidate the mechanisms underlying 
this synergistic effect and to optimize the dosing and administration 
of this combination therapy. Similarly, studies have suggested that 
Azathioprine, when combined with biologics or corticosteroids, can 
expedite disease control and prolong remission in severe or 
refractory UC cases (18, 19) (Table 1).

4.4 Challenges in efficacy assessment

Despite its clinical utility, challenges remain in evaluating 
Azathioprine’s full therapeutic potential. One significant issue is 
variability in patient response, often influenced by genetic factors. This 
variability underscores the necessity of pharmacogenetic testing prior 
to initiating Azathioprine therapy to optimize outcomes and minimize 
risks (19) (Table 1).

Moreover, the heterogeneity of UC severity impacts Azathioprine’s 
efficacy, with patients suffering from extensive or refractory disease 
often exhibiting suboptimal responses to monotherapy (19, 20) 
(Table 1). Another challenge lies in the limitations of existing clinical 
trials. Many studies, such as those by Zheng and Lin et al., suffer from 
small sample sizes, short follow-up periods, and retrospective designs, 
which restrict the generalizability of their findings (16, 17). These 
methodological shortcomings emphasize the need for large-scale, 
long-term, randomized controlled trials to refine treatment protocols 
and broaden the evidence base for Azathioprine’s use in diverse 
UC populations.

In summary, Azathioprine remains a cornerstone in the 
management of steroid-dependent UC due to its proven efficacy in 
reducing corticosteroid dependence, maintaining remission, and 
improving mucosal healing (Table 1). However, its clinical application 
is complicated by patient variability, disease severity, and limitations 
in current evidence. To maximize its therapeutic potential, future 
research should focus on addressing these challenges through 
pharmacogenetic approaches, combination strategies, and robust 
clinical trials. By doing so, Azathioprine’s role in personalized UC 
management can be further enhanced, offering improved outcomes 
for a broader range of patients.
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5 Safety and side effects of 
Azathioprine in UC patients

Azathioprine, while effective in treating steroid-dependent UC, is 
associated with a range of adverse effects (14–17, 20). Common side 
effects include gastrointestinal disturbances, such as nausea, vomiting, 
and diarrhea, which are often dose-dependent (29). Bone marrow 
suppression, including leukopenia, thrombocytopenia, and anemia, is 
a more serious concern, leading to increased susceptibility to 
infections (30, 33). Although rare, severe adverse events include an 
elevated risk of malignancies, particularly lymphomas and skin 
cancers, as well as serious infections, such as opportunistic pathogens, 
due to the drug’s immunosuppressive properties (29). This underscores 
the need for vigilant patient monitoring during treatment.

Long-term safety concerns with Azathioprine use have been 
increasingly documented in recent studies. Yewale et al. conducted a 
real-world study evaluating the long-term safety and effectiveness of 
Azathioprine in inflammatory bowel disease (IBD) patients (34). Their 
findings highlighted that while Azathioprine is effective in maintaining 
remission, long-term use is associated with an increased risk of 
malignancies, particularly lymphoproliferative disorders and 
non-melanoma skin cancers (34, 35). However, the reported rate of 
malignancy was relatively low (1.8%), and these results were 

corroborated by a recent longitudinal follow-up study by Ranjan et al., 
which also emphasized a minimal risk of lymphoma and 
non-melanoma skin cancer despite long-term use of thiopurines in 
IBD patients (34, 36). The conclusion of both studies supports the 
long-term use of Azathioprine, although larger, more comprehensive 
studies are needed to further address its long-term safety profile in 
IBD. Additionally, Singh et al. provided an updated review on the use 
of thiopurines in IBD, emphasizing that prolonged Azathioprine 
therapy is linked to an increased incidence of intolerance or adverse 
effects (35). These studies underscore the importance of regular 
surveillance for malignancies and infections in patients on long-term 
Azathioprine therapy.

To minimize risks, regular monitoring is essential. Pre-treatment 
testing for genetic variations is critical to minimize the risk of severe 
bone marrow suppression (37). Routine blood tests to monitor white 
blood cell counts, liver function, and kidney function are essential 
throughout treatment (29). Monitoring should be  more frequent 
during the initial stages, with adjustments based on the patient’s 
response to therapy. Liver function tests are particularly important 
due to the risk of hepatotoxicity associated with Azathioprine (30).

Long-term use of Azathioprine raises additional safety concerns, 
particularly regarding its impact on quality of life. Persistent 
gastrointestinal symptoms and a heightened risk of malignancy can 

TABLE 1 Summary of included studies.

Study Patient information Sample 
size

Publication 
type

Treatment Main findings

Ardizzone et al., 2006 (14) Patients with SDUC 72 RCT AZA or 5-aminosalicylic 

acid

AZA outperforms 5-aminosalicylic 

acid in inducing remission and 

reducing steroid use in SDUC.

Mantzaris et al., 2004 (15) Patients with SDUC 70 RCT AZA alone or with 

olsalazine

Patients with SDUC in remission on 

AZA do not require 5-aminosalicylic 

acid compounds.

Zheng et al., 2019 (16) Patients with SDUC 80 RCT Glucocorticoids alone or 

with AZA

AZA is effective and safe for SDUC.

Lin et al., 2017 (17) Patients with SDUC 40 RCT Glucocorticoids alone or 

with AZA

AZA effectively replaces 

corticosteroids in SDUC, reducing 

corticosteroid use and minimizing 

side effects.

Chen et al., 2016 (18) Patients with SDUC 90 RCT Glucocorticoids alone, with 

AZA, or with both AZA 

and MHUD

AZA combined with MHUD 

supports immune function, reduces 

inflammation, and promotes colonic 

and liver health in SDUC patients.

Park et al., 2013 (19) Patients with SDUC 106 Retrospective 

study

AZA AZA is an effective and long-lasting 

treatment for SDUC, with sustained 

efficacy over 3 years.

Ardizzone et al., 1997 (20) Patients with SDUC 56 Retrospective 

study

AZA AZA effectively prevents colectomy 

in steroid-resistant and SDUC, 

reducing steroid use and clinical 

relapses.

Wang et al., 2017 (21) Patients with SDUC 75 Observational 

study

AZA or prednisone AZA outperforms steroids in 

treating SDUC and is safe.

Lin et al., 2017 (22) Patients with SDUC 40 Observational 

study

AZA or prednisone AZA enhances efficacy and lowers 

IL-8 and TNF-α in SDUC.

SDUC, steroid-dependent ulcerative colitis; RCT, randomized controlled trial; AZA, Azathioprine; MDUD, Modified Healing Ulcer Decoction.
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reduce patient well-being (30, 38). The drug’s immunosuppressive 
effects may also exacerbate comorbid conditions such as osteoporosis 
and cardiovascular disease, which are common in UC patients (39, 
40). Given these potential risks, regular surveillance for malignancies, 
particularly skin cancer, is recommended. Clinicians should also 
be  vigilant about managing comorbid conditions to mitigate the 
broader health impacts of prolonged Azathioprine use (41). These 
long-term considerations highlight the need for careful risk–benefit 
assessment, especially for patients requiring extended treatment to 
maintain remission.

6 Azathioprine resistance and 
non-responders

6.1 Mechanisms of resistance

Azathioprine, despite its efficacy in treating steroid-dependent 
UC, may fail in some patients due to a variety of resistance 
mechanisms, which can be classified into genetic and environmental 
factors (37). Genetic variations play a crucial role in determining 
the response to Azathioprine (37). Notably, polymorphisms in 
drug-metabolizing enzymes, such as NUDT15, can significantly 
impact drug metabolism, leading to suboptimal therapeutic 
outcomes or severe adverse events (37). NUDT15 mutations, 
particularly the C415T variant, have been associated with an 
increased risk of Azathioprine-induced leukopenia, especially in 
Asian populations (26, 27). These genetic variations underscore the 
importance of pharmacogenetic testing prior to initiating 
Azathioprine therapy to optimize dosing and minimize the risk of 
toxicity (28). In addition, genetic variations in other enzymes such 
as IMPDH, involved in purine metabolism, may also influence the 
drug’s effectiveness (42).

Environmental factors, including gut microbiota composition, 
co-existing infections, or concurrent inflammatory stimuli, may 
exacerbate resistance (43). Alterations in the microbiome can 
influence the immune response, reducing the efficacy of 
immunosuppressive therapies like Azathioprine (43). Additionally, 
chronic inflammation in UC patients may upregulate 
pro-inflammatory cytokines, potentially bypassing the effects of 
Azathioprine and contributing to continued disease activity despite 
treatment (44).

6.2 Strategies for managing 
non-responders

Managing patients who do not respond to Azathioprine requires 
a multifaceted approach, incorporating therapeutic drug monitoring 
(TDM), dose optimization, and combination therapies (45). TDM is 
a critical tool in optimizing Azathioprine therapy. TDM involves 
measuring the levels of active metabolites, such as 6-thioguanine 
nucleotides (6-TGN), to ensure that patients are within the therapeutic 
range. Subtherapeutic levels of 6-TGN may result in treatment failure, 
while excessive levels can lead to toxicity. Regular monitoring of 
6-TGN levels allows clinicians to adjust the dose based on the patient’s 
metabolic profile, thereby improving efficacy and minimizing adverse 
effects (46).

In cases where TDM indicates suboptimal drug levels, dose 
escalation may be considered, provided that the patient does not exhibit 
signs of toxicity. However, dose adjustments should be guided by genetic 
testing for TPMT and NUDT15 polymorphisms, as these variants 
significantly influence drug metabolism and toxicity risk (37, 47, 48).

For patients who remain unresponsive despite optimal dosing, 
alternative treatment strategies should be  explored. Combination 
therapies represent another effective approach for managing 
non-responders. Combining Azathioprine with biologics such as 
anti-TNF agents (e.g., infliximab) or integrin inhibitors (e.g., 
vedolizumab) can enhance anti-inflammatory effects and improve 
disease control (46). Studies have shown that combination therapy with 
Azathioprine and biologics can lead to higher rates of mucosal healing 
and prolonged remission compared to monotherapy (46). Additionally, 
the use of JAK inhibitors (e.g., tofacitinib) in combination with 
Azathioprine has shown promise in refractory cases, particularly in 
patients with severe or extensive disease (49).

For patients who fail to respond to combination therapies, switching 
to biologic monotherapy may be necessary. Biologics such as anti-TNF 
agents, integrin inhibitors, or interleukin inhibitors (e.g., ustekinumab) 
have demonstrated efficacy in inducing and maintaining remission in 
patients with steroid-dependent UC (50, 51). The choice of biologic 
should be guided by the patient’s disease severity, prior treatment history, 
and potential side effects.

7 Current research and future directions

7.1 Emerging therapeutic approaches

Recent advancements in UC treatment have introduced novel 
therapies aimed at enhancing the efficacy of Azathioprine, particularly 
in steroid-dependent cases. The combination of immunosuppressive 
agents such as anti-TNF (e.g., infliximab) and integrin inhibitors (e.g., 
vedolizumab) with Azathioprine is increasingly explored for its potential 
to improve disease control and reduce reliance on corticosteroids (46). 
These biologics target specific immune pathways involved in UC, 
offering a complementary approach to traditional immunosuppressants.

In addition to biologics, JAK inhibitors (e.g., tofacitinib, 
upadacitinib) have emerged as a promising class of drugs for the 
treatment of UC. JAK inhibitors target the Janus kinase-signal transducer 
and activator of transcription (JAK–STAT) pathway, which plays a key 
role in the pathogenesis of UC by regulating the production of 
pro-inflammatory cytokines (49). Recent studies have suggested that 
combining Azathioprine with JAK inhibitors may enhance therapeutic 
efficacy, particularly in patients with refractory or severe UC (52). This 
combination approach may allow for lower doses of each drug, 
potentially reducing the risk of adverse effects while maintaining disease 
control. However, further research is needed to evaluate the safety and 
efficacy of this combination, particularly in the context of long-term use.

In addition to its role in maintaining remission, Azathioprine has 
been widely reported to prevent the development of auto-antibodies 
and immunogenicity against anti-TNF agents, particularly infliximab 
(53). This combination therapy can enhance the efficacy of biologics 
by reducing the risk of anti-drug antibody formation, thereby 
improving long-term disease control (54, 55).

Moreover, the modulation of the gut microbiome is gaining 
traction as a therapeutic strategy. Techniques such as fecal microbiota 
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transplantation or the use of probiotics aim to restore microbial 
balance in the gut, potentially enhancing the effectiveness of 
Azathioprine and reducing inflammation, which could be pivotal in 
managing steroid dependency (56).

7.2 Personalized medicine and Azathioprine

The future of UC treatment lies in personalized medicine, 
where therapies are tailored to the individual patient’s genetic 
profile. Genomic research focusing on TPMT and NUDT15 
polymorphisms has significantly influenced the clinical application 
of Azathioprine, guiding dosage adjustments to minimize toxicity 
and improve efficacy (57). Recent studies have demonstrated that 
NUDT15 genotyping, particularly in Asian populations, can help 
predict the risk of Azathioprine-induced leukopenia and optimize 
treatment strategies (26, 27). Additionally, proteomic approaches 
are being explored to identify biomarkers that could predict a 
patient’s response to treatment, allowing for more precise and 
targeted therapy (58). Monitoring inflammatory markers such as 
C-reactive protein and fecal calprotectin can provide valuable 
insights into ongoing disease activity and predict the likelihood of 
response to therapy (59). The integration of pharmacogenomic 
testing and biomarker monitoring into clinical practice holds 
promise for improving outcomes by optimizing Azathioprine 
dosing and reducing adverse effects. Future research should focus 
on identifying additional predictive biomarkers, such as 
inflammatory markers (e.g., C-reactive protein and fecal 
calprotectin), to further refine personalized treatment strategies 
(59). This approach will help minimize the trial-and-error process 
typically associated with immunosuppressive therapies and improve 
the overall efficacy of Azathioprine in steroid-dependent 
UC patients.

7.3 Challenges and unanswered questions

Despite these advancements, there remain significant knowledge 
gaps in the long-term efficacy and safety of Azathioprine. While short-
term studies show promising results, long-term data on the risk of 
malignancies, infections, and chronic toxicity are limited (60). 
Furthermore, the impact on quality of life over extended periods of 
use remains unclear. To address these concerns, larger, more 
comprehensive clinical trials are needed to assess the sustained 
benefits and risks of Azathioprine therapy in UC patients (61). 
Additionally, future research should focus on discovering predictive 
biomarkers to help identify patients who may benefit most from 
Azathioprine and other adjunctive therapies, such as biologics or 
microbiome interventions, ultimately improving treatment efficacy 
and minimizing adverse outcomes (62).

8 Summary

Azathioprine remains a key treatment for steroid-dependent UC, 
primarily effective in maintaining remission rather than inducing it. Its 
immunosuppressive properties help reduce inflammation, but its slow 
onset of action limits its use as an induction therapy. Current clinical 

guidelines endorse Azathioprine as a maintenance therapy to prolong 
remission and minimize steroid dependency. However, its therapeutic 
efficacy and safety profile are significantly influenced by genetic factors, 
particularly polymorphisms in the TPMT and NUDT15 genes, which 
affect drug metabolism and increase the risk of adverse events such as 
bone marrow suppression and hepatotoxicity. Long-term use of 
Azathioprine is associated with significant safety concerns, including an 
increased risk of malignancies and infections. To optimize treatment 
outcomes, personalized therapeutic strategies are essential, including 
genetic testing for TPMT and NUDT15 polymorphisms to guide dosing 
and mitigate risks. Furthermore, combination therapies, especially with 
biologics, may offer benefits for patients with inadequate responses to 
monotherapy. Rigorous and regular monitoring for potential side effects 
is imperative to ensure the safe and effective use of Azathioprine in 
clinical practice. Moving forward, integrating genomic biomarkers, novel 
biologics, and microbiome-based therapies may further optimize 
treatment strategies, enhancing both efficacy and safety for steroid-
dependent UC patients.
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