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Abstract

:

Perianal fistulas are a common complication of Crohn’s disease (CD) that has, historically, been challenging to manage. Despite the strong available evidence that anti-tumor necrosis factor (anti-TNF) agents are useful in the treatment of perianal fistulizing Crohn’s disease (PFCD), a significant number of these patients do not respond to therapy. The use of therapeutic drug monitoring (TDM) in patients with CD receiving biologic agents has evolved and is currently positioned as an important tool to optimize and guide biologic treatment. Considering the treatment of PFCD can represent a challenge; identifying novel tools to improve the efficacy of current treatments is an important unmet need. Given its emerging role in other phenotypes of Crohn’s disease, the use of TDM could also offer an opportunity to enhance the effectiveness of available therapies and improve outcomes in the subset of patients with PFCD receiving biologics. Overall, there is mounting evidence that higher anti-TNF drug levels are associated with better rates of “fistula healing”. However, studies have been limited by their use of subjective outcomes and observational designs. Ultimately, further interventional, randomized controlled trials looking into the relationship between drug exposure and fistula outcomes are needed.
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1. Introduction


Crohn’s disease (CD) is an increasingly prevalent chronic inflammatory bowel disease (IBD) characterized by the development of inflammation in the gastrointestinal tract [1,2]. Among those patients with Crohn’s disease, some develop perianal fistulizing Crohn’s disease (PFCD). This is a debilitating phenotype that can be seen in up to a third of patients [3,4,5]. Its incidence increases with distal disease and its presence is associated with an overall worse prognosis [3,6]. It can lead to significant pain, perineal disfigurement, and fecal incontinence. Furthermore, patients with severe, refractory disease may also require proctectomy and permanent ostomy [7]. A multidisciplinary approach that includes combined medical and surgical therapies guided by radiologic and endoscopic diagnostics has shown to have a higher success rate in managing this phenotype than medical therapy alone [8]. Although there are multiple medical options available for the management of PFCD, most of them are limited in their overall efficacy.



Over the last decade, anti-tumor necrosis factor (anti-TNF) agents, particularly infliximab (IFX), have demonstrated their effectiveness in this subset of patients and have become first-line medical therapy in the treatment of PFCD. However, as with luminal Crohn’s disease, a significant fraction of patients do not respond to therapy. This has led into the investigation of pharmacokinetic mechanisms of non-response, such as low drug levels and anti-drug antibodies with fistula healing. Observational studies have revealed limited evidence that the use of TDM in patients with PFCD on biologics may potentially have a role in improving outcomes. In this narrative review, we sought to summarize the current evidence behind those biologic therapies utilized in PFCD while highlighting the emerging role of TDM in patients presenting with this phenotype.




2. Evidence behind the Current Biologic Therapies Utilized in the Management of Perianal Fistulizing Crohn’s Disease


Although there is growing evidence supporting the role of biologics in PFCD, there is a significant gap in knowledge regarding the positioning, optimization, and use of the biologics that are now available. Within these agents, IFX is one of the most recognized options due to the availability of randomized controlled trials supporting its efficacy in this patient population. The exact role of the newer generations of biologics, such as vedolizumab (VDZ) and ustekinumab (UST), remains less clear [9,10].



The first double-blind, placebo-controlled trial which studied anti-TNFs in PFCD was published in 1999 by Present et al. [11]. The study included 94 patients who were randomized to induction therapy with IFX dosed at 5 mg/kg, 10 mg/kg, or placebo at 0, 2, and 6 weeks. The primary endpoint of the trial was defined as a reduction of 50% or more in the number of draining fistulas at two or more consecutive study visits, which were required to be 21 days apart. The resolution of a draining fistula was defined as the lack of drainage upon gentle finger compression. The authors found that 68% of those patients receiving IFX at a dose of 5 mg/kg and 56% of those receiving IFX at a dose of 10 mg/kg achieved this primary endpoint. This rate of effectiveness was significantly higher than the 26% seen in the group that received placebo. Complete response, defined as absence of drainage on two consecutive visits, was seen in 55%, 38%, and 13% of patients treated with IFX 5 mg/kg, IFX 10 mg/kg, and placebo, respectively. The response rate in this initial trial did not appear dose related, with the 5 mg/kg group having a higher rate of response than the 10 mg/kg group.



A subsequent multicenter, double-blind, randomized, placebo-controlled trial performed by Sands et al. investigated the efficacy of IFX as a maintenance therapy for PFCD [12]. In this study, patients received an open label induction regimen of IFX 5 mg/kg at weeks 0, 2, and 6. Those patients that responded to treatment were then randomized to continue IFX 5 mg/kg or placebo every 8 weeks for 54 weeks. Response to treatment was defined as a reduction of at least 50% from baseline in the number of draining fistulas at weeks 10 and 14 after the induction regimen. The primary outcome was loss of response through week 54 of treatment defined as: recurrence of draining fistulas, need for additional or alternate therapy for worsening or persistent (luminal) disease, need for surgery, or self-discontinuation of the medication by the patient due to lack of efficacy. At the end of the follow-up, those patients that received IFX therapy had a significantly lower rate of loss of response when compared to those that received placebo (more than 40 weeks vs. 14 weeks, respectively [p < 0.001]).



What makes these trials unique is that they are among the few randomized controlled trials investigating a biologic agent for PCFD. However, a considerable limitation is the subjective nature of the primary endpoint of “fistula closure”, as it was based on the investigators’ physical evaluation of the patients and did include a more objective endpoint such as cross-sectional imaging. Additionally, the endpoint of “50% reduction in fistulas from baseline” was also left to the clinician’s assessment and different clinicians may have interpreted this endpoint differently. In an ideal scenario, a clinical trial should have a more objective, centrally read primary outcome. This has been recognized by investigators and a recent systematic review noted that radiologic outcomes are becoming more increasingly incorporated into the primary endpoints of trials investigating PFCD [13].



The efficacy of another anti-TNF, adalimumab (ADA), was shown in a sub-group analysis of the CHARM trial which demonstrated that at week 26 of treatment, complete fistula closure (defined as closure of all fistulas that were draining at screening visits) was achieved in 30% in the ADA-treated patients versus 13% of those receiving placebo [14]. This difference remained significant through week 56. Most notably, all the patients that achieved complete fistula closure at week 26 remained in remission at week 56. Another retrospective cohort study conducted in 15 tertiary centers in Spain showed that at 6 months of therapy, 66% of patients treated with ADA experienced an improvement in complex fistulas [15]. A particular strength of this study was the use of magnetic resonance imaging to assess PFCD activity. The authors did find a correlation between clinical and radiological disease activity (κ = 0.68). A more recent meta-analysis consisting of seven studies and 379 patients found that 36% (95% CI: 0.31–0.41) of patients receiving ADA had obtained complete fistula closure (defined as no draining fistulas on examination) at follow up periods ranging from 4 to 56 weeks [16].



Unlike IFX and ADA, the role of other biologics, such as certolizumab-pegol, VDZ, and UST, is less certain. Sub-group analysis of larger studies such as the GEMINI II trial and registry data show that a higher percentage of patients on VDZ experience fistula closure when compared to placebo [17,18,19,20,21,22,23]. This association is supported by the recent ENTERPRISE trial, a phase 4, randomized, double- blind, multicenter trial which evaluated the efficacy of VDZ in PFCD in patients with CD with 1-3 MRI-confirmed perianal fistulas [10]. One arm received VDZ, 300 mg IV at weeks 0, 2, 6, 14, and 22, while the other arm received the same regimen with an additional VDZ dose at week 10. At week 30, 53.6% of all subjects included in the study achieved the primary endpoint of having greater than a 50% decrease from baseline in the number of draining perianal fistulae (defined as no longer draining despite gentle finger compression). The arm randomized to receive an extra dose of VDZ at week 10 did not have better outcomes when compared to the arm that had the standard treatment regimen. However, despite the strength of being a prospective study, the generalizability of this trial was limited due to its small sample size and lack of a placebo-arm.



Regarding ustekinumab, the recent BioLAP multicenter retrospective study showed that, out of patients who had been received ustekinumab (UST) therapy for at least 3 months, 38.5% with active PFCD at initiation of treatment reached the endpoint of “clinical success” at 6 months [9]. Clinical success was defined by the absence of draining purulent material as determined by a clinician, as well as not having a need for new medical or surgical intervention. This study also showed that, among patients with a history of PFCD that was inactive at the time of ustekinumab initiation, only 22% had a recurrence of perianal disease. Despite the encouraging results, the study is limited by its poor definition of fistulas and retrospective design.




3. Therapeutic Drug Monitoring: Current Application in Inflammatory Bowel Disease


Despite the proven efficacy of biologics in IBD, up to 30% experience primary non-response, while approximately another 40% develop secondary non-response over time, requiring dose optimization or the need to switch therapy. The development of immunogenicity against the drug and/or sub-optimal drug levels can explain a significant number of therapeutic failures [24].



The advent of therapeutic drug monitoring, defined as the evaluation of serum drug concentrations and the presence/titers of anti-drug antibodies at a specific point in time has helped clinicians guide treatment by allowing them to identify those patients that may experience a benefit with dose optimization versus those where increase the dose is likely futile and should switch therapies and/or strategies. Numerous studies have demonstrated that higher serum biologic concentrations are associated with improved objective therapeutic outcomes, such as mucosal healing and normalization of inflammatory markers [25,26,27,28,29,30,31,32]. However, these studies have shown an association and not causation. Drug levels may be lower in patients with a higher disease burden and higher drug clearance. An important debate has been regarding the use of “pro-active” TDM of anti-TNFs, where drug doses are adjusted with the goal of maintaining a specific drug threshold, independently of disease activity [33,34]. The results have been conflicting, mainly due to the heterogenicity in the characteristics of patients, potential difference in target drug levels, and limitations in study design, among others.




4. Anti-Tumor Necrosis Factor Drug Levels and Outcomes in Perianal Fistulizing Crohn’s Disease


Studies looking into TDM and the association of anti-TNF drug levels and drug efficacy have also been conducted in sub-group of CD disease patients with specific phenotypes (Table 1). Emerging evidence has shown a strong association between higher anti-TNF drug levels and fistula healing in PFCD. A retrospective cohort study by Davidov et al. included 36 patients with active PFCD who received IFX at a standard dose of 5 mg/kg at weeks 0, 2, and 6, followed by every 8 weeks and looked at the association of drug levels and clinical response at week 14, defined as “decreased drainage of fistulas as reported by the patient and verified by a physician” [35]. The authors found that the group of patients with “clinical response” had higher median trough IFX levels when compared to those that did not (week 2, 20 vs. 5.6 µg/mL, p = 0.0001; week 6, 13.3 vs. 2.55 µg/mL p = 0.0001; and week 14, 4.1 vs. 0.14 µg/mL, p = 0.01). Specifically, IFX serum levels ≥9.25 µg/mL at Week 2 and ≥7.25 µg/mL at Week 6 were noted to be best associated with response to treatment at week 14. Despite its positive findings, this study had several limitations including a small sample size, retrospective study design, lack of follow up fistula imaging on most patients and the inherent subjective nature in which the outcomes were measured.



A larger retrospective study performed by Yarur et al. included 117 PFCD patients with an active fistula and showed that, at a median of 29 weeks of IFX therapy, those with healing of perianal fistula (defined as absence of drainage after gentle compression) had higher trough IFX concentrations in comparison to those with active disease (15.8 μg/mL versus 4.4 μg/mL; p < 0.001) [36]. Quartile analysis of serum IFX concentrations showed that IFX levels >10.1 μg/mL and >20.3 μg/mL were associated with three- and eight-fold chance of fistula healing, respectively. Additionally, patients with fistula healing had a lower likelihood of having serum anti-IFX antibodies (OR, 0.04; 95% CI, 0.004–0.3, p < 0.0001) and IFX levels ≥10.1 mcg/mL were significantly associated with fistula closure (OR, 2.9; 95% CI, 1.1–8.7, p < 0.036). Notably, a subset of included patients achieved fistula healing only at levels of ≥20 mcg/mL, which potentially supports the approach of optimizing drug levels to this threshold prior to abandoning therapy in patients who have not experienced fistula healing at lower trough IFX levels. The study was limited given its retrospective study design and due to its failure in distinguishing simple vs. complex fistulas. As in other TDM studies, the results only proved an association and not causation. A particular strength of the study was that it contained the largest sample size of any study investigating this topic and did include patients who had received dose optimization/escalation, opening the possibility to assess the rates of fistula healing on those patients with a high IFX exposure.



Strik et al. added to this growing body of literature with a retrospective study investigating ADA in addition to IFX in the treatment of PCFD [37]. Patients maintained on these anti-TNFs were separated into two groups based on the status of their fistulas (actively draining or non-draining). Fistula closure was defined as the absence of purulent discharge upon gentle finger compression and/or fistula closure on MRI of the pelvis. The authors found that serum trough levels were significantly higher in patients with fistula closure as compared to those with active drainage in both IFX (6.0 μg/mL vs. 2.3 μg/mL; p < 0.001) and ADA groups (7.4 μg/mL vs. 4.8 μg/mL; p = 0.003). An IFX trough level of ≥5 µg/mL and an ADA trough level ≥5.9 was significantly associated with perianal fistula closure. For IFX, higher closure rates were seen in those naïve to biologics and with combination therapy as opposed to the patients receiving monotherapy. In the ADA group, the treatment duration and combined use of a seton was associated with higher rates of fistula closure. The objectivity provided by MRI (as opposed to the subjectivity of physical exam) was a particular strength of this study.



Plevris et al. also investigated both IFX and ADA for PFCD with a retrospective cross-sectional study including 64 patients on maintenance therapy for at least 24 weeks [38]. Drug levels were measured ±4 weeks of the clinical assessment of the fistula. IFX drug and antibody levels were measured at trough, while for ADA drug and antibody levels were measured at any time between doses. The primary outcome was perianal fistula healing (defined as the absence of drainage) and the secondary outcome was perianal fistula closure (defined as no external skin opening in the peri-anal area). Patients with fistula healing had higher levels of anti-TNF trough levels vs. those without fistula healing (ADA: 12.6 vs. 2.7 μg/mL, p < 0.01; IFX: 8.1 vs. 3.2 μg/mL, p < 0.01). Patients with fistula closure also had significantly higher anti-TNF trough levels vs. those without fistula closure (ADA: 14.8 vs. 5.7 μg/mL, p < 0.01; IFX: 8.2 vs. 3.2 μg/mL, p < 0.01). Receiver operating characteristic analysis revealed a cutoff of ≥6.8 μg/mL for fistula healing and ≥9.8 μg/mL for fistula closure in patients receiving ADA and an optimum trough of ≥7.1 μg/mL for both fistula healing and closure for IFX. Again, the retrospective design of the study and lack of objective evaluation of the fistulas with imaging were limitations of this study.



El-Matary et al. performed a multicenter prospective cohort study including 27 pediatric patients (<17 years) with PCFD who were treated with IFX and who had serum trough drug titers measured before the fourth dose [39]. The median IFX pre-fourth dose level in the responders (defined as a decrease in drainage of fistulas) was 12.7 ug/mL, compared with 5.4 ug/mL in the group with no response (p = 0.02). A particular strength of this study was its prospective study design; however, the small sample size, lack of long term follow up, and the subjective primary outcome were notable limitations.



In a post-hoc analysis, Ruemmele et al. performed a sub-analysis of the data from the IMAgINE 1 and IMAgINE 2 trials [40]. These trials cumulatively followed pediatric patients for 292 weeks and demonstrated the efficacy of ADA in fistula closure and fistula improvement (as defined as closure of all baseline fistulas or decrease in number by ≥50%, respectively, for at least two consecutive visits). The patients were randomly assigned to receive either high dose ADA (defined as 20 mg every other week [EOW] or 40 mg EOW if >40 kg) or standard doses (defined as 10 mg every other week [EOW] or 20 mg EOW if >40 kg). Although the concentration of ADA in patients with fistula closure trended slightly higher than those not achieving fistula closure at weeks 16 (7.4 µg/mL vs. 7.0 µg/mL) and 52 (10 µg/mL vs. 6.1 µg/mL), there was no statistically significant difference between the two groups. While this contradicted the adult studies and findings of El Matary et al., the limited study was not powered to detect statistical differences between treatment groups, did not have a placebo-arm, and lacked objective assessment of fistula closure with pelvic MRI.



The most recent evidence supporting optimizing post-induction IFX levels arises from a post hoc analysis of the ACCENT-II trial by Papamichael et al., which evaluated patients with fistulizing CD receiving induction and maintenance infliximab therapy [41]. Measured outcomes included fistula response (defined as a reduction of at least 50% of draining fistulas from baseline), complete fistula remission (defined as absence of draining fistulas), CRP normalization (defined as a CRP level ≤5 mg/L), and, finally, a composite outcome of both complete fistula remission combined with CRP normalization at week 14 and week 54. Higher week 14 IFX concentrations were independently associated with week 14 fistula response (odds ratio [OR]: 1.16; 95% confidence interval [CI]: 1.02–1.32; p = 0.019), and composite remission (OR: 2.32; 95% CI: 1.55–3.49; p < 0.001). Higher week 14 IFX concentrations were also independently associated with week 54 composite remission (OR: 2.05; 95% CI: 1.10–3.82; p = 0.023). ROC curve analysis identified an IFX concentration of ≥9.6 μg/mL at week 6 to be associated with complete fistula response at week 54. Most notably, the analysis revealed that IFX concentrations of ≥26.1 μg/mL at week 6 and ≥8.7 μg/mL at week 14 were associated with the highest rates of early composite remission (36% and 48%, respectively). Furthermore, IFX concentrations ≥11.3 μg/mL at week 14 were associated with the highest rate of long-term composite remission. These findings are interesting and open the debate on whether proactively increasing infliximab doses early on therapy may improve short- and long-term outcomes. Randomized controlled trials are warranted to support this hypothesis.



A cross-sectional retrospective study by De Gregario et al. added a more objective viewpoint to existing evidence by documenting the association of anti-TNF levels and radiologic fistula outcomes [42]. This study included 193 patients with PFCD on maintenance IFX or ADA who had drug levels checked within 6 months of a pelvic MRI. Radiologic disease activity was scored using the Van Assche Index (VAI) with an inflammatory subscore calculated using multiple indices: T2-weighted imaging hyperintensity, collections >3 mm diameter, and rectal wall involvement. The primary endpoint was radiologic healing (inflammatory subscore ≤6). The secondary endpoint was radiologic remission (inflammatory subscore = 0). Patients with radiologic healing had higher median drug levels compared with those with active disease (IFX 6.0 vs. 3.9 μg/mL; ADA 9.1 vs. 6.2 μg/mL; p < 0.05 for both). Patients with radiologic remission also had higher median drug levels compared with those with active disease (IFX 7.4 vs. 3.9 μg/mL; p < 0.05; ADA 9.8 vs. 6.2 μg/mL; p = 0.07). This study is unique because most of the other retrospective trials had a largely subjective definition of fistula healing and lacked the objectivity provided by imaging studies. Despite this distinguishing attribute, the study does have multiple limitations. The VAI is not a validated scoring index and since the imaging was not centrally reviewed, there was inherent risk of variability and bias from the different radiologists interpreting the images.



Prospective randomized studies looking into the association of fistula healing and VDZ and UST serum levels are scarce. Data from the ENTERPRISE study did show that, in the group that received VDZ with an extra dose at week 10, patients with fistula healing had a higher pooled VDZ trough concentration between weeks 6 and 22 of the study. However, since more patients terminated treatment early in this group, and given the overall small sample size, the authors were unable to draw a definitive conclusion regarding the relationship between VDZ drug exposure and treatment response [10].




5. Discussion


The management of PFCD typically combines a medical and surgical approach. Biologics, especially anti-TNF agents, have demonstrated an important role in the treatment of PFCD. The current evidence supports an association between higher IFX and ADA serum drug levels with higher rates of fistula healing. Considering these findings, it would be tempting for many clinicians to assume that increasing drug doses could improve outcomes. However, randomized controlled trials are needed to prove this hypothesis. The lower drug levels seen in those patients that do not achieve fistula healing could potentially be explained by a higher inflammatory burden and higher drug clearance. The current literature is also significantly limited by deficits in study design, low sample sizes, variability in patient selection, failure to stratify different types of fistulas, and lack of objective endpoints.



One ongoing interventional randomized controlled study by Gu et al. may offer a better insight on how TDM could effectively be used in PFCD [43]. The PROACTIVE trial (Prospective randomized controlled trial of adults with perianal fistulizing Crohn’s disease and optimized therapeutic IFX levels) is enrolling patients with active PFCD randomized to either a proactive TDM group or standard dosing group with a 54 week follow up period. The proactive TDM group will have IFX dosing optimized to target higher trough concentrations at various time points (≥25 µg/mL at week 2, ≥20 µg/mL at week 6 and ≥10 µg/mL during maintenance therapy). The standard arm will be treated with the standard 5 mg/Kg dose of IFX at weeks 0, 2, and 6 weeks followed by every 8 weeks. The primary outcome of the study will be fistula healing at week 32 and secondary outcomes include fistula closure, fistula healing, radiological fistula healing, economic costs, and patient-reported outcomes. The addition of a radiologic outcome will serve to support the more subjective, clinical primary outcome. This is helpful as many of the studies reviewed lack this level of objectivity.



This randomized trial may also help prove causation and not just correlation when it comes to increased drug levels and improved fistula healing. Currently there is a strong association between the two, but the decreased serum levels in non-healing fistulas may be due to other factors, such as increased drug clearance and a higher inflammatory burden. This concern is supported by the ATLAS study which showed that there are also localized tissue factors that play a role in variations of local and systemic drug levels [44]. This study was unique in that it not only reported an accurate measurement of tissue levels of anti-TNF drug in luminal Crohn’s disease, but also found that these levels correlated well with the serum drug levels. The key finding of the study suggested that areas of severe luminal inflammation act as a ‘sink’ for the drug and resulted in diminished localized tissue drug levels. This drop in specific tissue drug levels may, thereby, be reducing its concentration and, therefore, efficacy in another area of inflammation, thus, leading to a mismatch in serum and tissue drug levels in these patients. The authors proposed this as an explanation for why patients with “normal” serum drug levels may still have uncontrolled disease and suggested that increasing these levels may result in improved outcomes. More recently, the same authors observed that increased serum infliximab levels were also associated with improved fistula healing in PFCD as compared to those with luminal disease. This leads to the question of possibly insufficient drug concentrations within the perianal tissues as a possible mechanistic explanation in treatment failure.



This question was recently explored by a pilot study assessing the fistula tissue levels of anti-TNF agents (infliximab and adalimumab) by use of ultraperformance liquid chromatography-mass spectrometry [45]. The authors obtained tissue samples from the fistula tracts of seven patients with Crohn’s perianal disease (five patients on adalimumab and two patients on infliximab) on maintenance treatment and compared tissue drug activity to negatives controls and spiked positive controls. They observed a lack of drug activity in all fistula samples taken from Crohn’s on maintenance therapy despite activity in positive controls. This raises the question on how tissue and serum pharmacokinetics are related and what role that the administration of higher doses may have on outcomes.



Higher dosing sub-groups do not always have better outcomes, as seen in the study cited above by Present et al. [11]. Although increasing dose and shortening intervals between doses has been shown to increase drug levels and clinical response in luminal disease there is significant pharmacologic variation between individuals. Patient characteristics such as high body weight, low albumin, and presence of ATI have been documented factors in increasing clearance of serum anti-TNF and leading to decreased serum levels [46]. There is also evidence that suggests shortening dose intervals may be a better way in increasing serum drug concentrations as opposed to simply increasing the medication dosage, especially in patients with low serum albumin levels. The development of an optimal, individualized dosing strategy for PFCD must consider all of these factors.



Another major question that warrants further investigation is the role that non-anti-TNF biologics can play in the treatment algorithm of PFCD and how the use of TDM for those drugs may help to optimize therapy in this patient population. Aside from observational evidence showing a possible dose-related response, there are limited randomized controlled data to guide the incorporation of these agents into the management of PFCD.



A recent multicenter randomized, controlled trial (ENTERPRISE) supported the use of VDZ in the treatment algorithm of PFCD by demonstrating a 53.6% pooled success rate in achieving the primary endpoint of having greater than a 50% decrease from baseline in the number of draining perianal fistulae [10]. This study also boasted a 71.4% fistula closure rate during the 30 week follow up period. Additionally, patients that responded to treatment trended towards a higher VDZ trough concentration between weeks 6 and 22 in the study arm that administered an extra dose of VDZ at week 10. However, despite these significant findings, the study was substantially limited by its lack of placebo-arm, small sample size (n = 38) and inability to support the findings with radiographic data.



No randomized controlled trials have assessed the efficacy of UST in PFCD; however, the recently published BioLAP multicenter, retrospective study showed that, out of patients who had been received UST therapy for at least 3 months, 38.5% with active PFCD at initiation of treatment reached the endpoint of “clinical success” at 6 months [9]. The interpretation of these data is limited by the subjective definition of the main outcome as it relied on a physician’s interpretation of fistula drainage and not a more objective outcome such as radiographic healing. Additionally, due to the retrospective nature of this study, the authors were not able to assess the relationship between serum UST levels and fistula response. They did find, however, that the lack of optimization of UST was associated with improved outcomes, but this was attributed to the refractory nature of disease in those that required aggressive drug optimization. Given this potential confounder and lack of drug level comparison between responders and non-responders in this study, the role of TDM with UST and PFCD remains unclear. Although this study shows a definite correlation between UST use and fistula healing, the exact role of UST in the treatment of PFCD remains uncertain and further prospective, randomized studies are needed.



Lastly, although this review focuses on the optimization of medical therapy with TDM, it is important to remember the crucial role of surgery in the management of PFCD. A combined medical and surgical approach in managing PFCD has shown to have better outcomes than medical therapy alone [47,48,49]. Irrespective of the prescribed medical therapies, individualized interventions, such as abscess drainage, seton placement, fistulectomy, fistulotomy, ligation, and advancement flaps, may be needed and, therefore, surgical consultation should be obtained to further guide these decisions.




6. Conclusions


PFCD is a challenging and debilitating phenotype of CD that has been historically difficult to manage. Anti-TNF agents, especially IFX, have emerged as the cornerstone of medical management in these patients. High quality evidence supporting the efficacy of most biologics and the potential role of TDM in PFCD is limited. Overall, the evidence supports that higher anti-TNF drug levels correlate with higher efficacy; however, no high quality, interventional data are available. This is partly because performing high quality clinical trials in PFCD can be challenging and costly. Moreover, conducting, and interpreting TDM studies impose their own challenges. Drug level concentrations may vary between laboratories and assays, which limits the extrapolation and comparison of results. Moreover, endpoints may vary across studies and patient demographics and selection may also complicate the interpretation of the data. Despite these challenges, further investigations in TDM are undergoing and may lead to a future of individualized and optimized management in patients not only with PFCD, but with IBD in general.







Author Contributions


M.Z. was responsible for drafting all sections of the paper, including first draft, and correcting subsequent revisions. P.D. was responsible for editing and review of subsequent drafts. A.J.Y. was responsible for editing and review of each draft preparation, as well as taking on the role of senior, supervisory author. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


M.Z., no disclosures. P.D. participated in consulting or advisory board, for Janssen, Pfizer, Prometheus Biosciences, Boehringer Ingelheim, Arena Pharmaceuticals, Scipher Medicine, and CorEvitas, LLC, as well as receiving funding under a sponsored research agreement unrelated to the data in the paper from Takeda Pharmaceutical, Arena Pharmaceuticals, Bristol Myers Squibb-Celgene, and Boehringer Ingelheim. A.J.Y., Consultant Takeda, Arena pharmaceuticals, Prometheus Labs and Bristol Myers Squibb. Speaker bureau, Bristol Myers Squibb.




References


	



Abraham, C.; Cho, J.H. Inflammatory Bowel Disease. N. Engl. J. Med. 2009, 361, 2066–2078. [Google Scholar] [CrossRef] [PubMed]

	



Molodecky, N.A.; Soon, I.S.; Rabi, D.M.; Ghali, W.A.; Ferris, M.; Chernoff, G.; Benchimol, E.I.; Panaccione, R.; Ghosh, S.; Barkema, H.W.; et al. Increasing Incidence and Prevalence of the Inflammatory Bowel Diseases with Time, Based on Systematic Review. Gastroenterology 2012, 142, 46–54.e42. [Google Scholar] [CrossRef] [PubMed]

	



Hellers, G.; Bergstrand, O.; Ewerth, S.; Holmström, B. Occurrence and outcome after primary treatment of anal fistulae in Crohn’s disease. Gut 1980, 21, 525–527. [Google Scholar] [CrossRef]

	



Schwartz, D.A.; Loftus, E.V., Jr.; Tremaine, W.J.; Panaccione, R.; Harmsen, W.S.; Zinsmeister, A.R.; Sandborn, W.J. The natural history of fistulizing Crohn’s disease in Olmsted County, Minnesota. Gastroenterology 2002, 122, 875–880. [Google Scholar] [CrossRef]

	



Ardizzone, S.; Porro, G.B. Perianal Crohn’s disease: Overview. Dig. Liver Dis. 2007, 39, 957–958. [Google Scholar] [CrossRef] [PubMed]

	



Beaugerie, L.; Seksik, P.; Nion–Larmurier, I.; Gendre, J.; Cosnes, J. Predictors of Crohn’s Disease. Gastroenterology 2006, 130, 650–656. [Google Scholar] [CrossRef]

	



Bell, S.J.; Williams, A.B.; Wiesel, P.; Wilkinson, K.; Cohen, R.C.G.; Kamm, M.A. The clinical course of fistulating Crohn’s disease. Aliment. Pharmacol. Ther. 2003, 17, 1145–1151. [Google Scholar] [CrossRef]

	



Yassin, N.A.; Askari, A.; Warusavitarne, J.; Faiz, O.D.; Athanasiou, T.; Phillips, R.K.S.; Hart, A.L. Systematic review: The combined surgical and medical treatment of fistulising perianal Crohn’s disease. Aliment. Pharmacol. Ther. 2014, 40, 741–749. [Google Scholar] [CrossRef]

	



Chapuis-Biron, C.; Kirchgesner, J.; Pariente, B.; Bouhnik, Y.; Amiot, A.; Viennot, S.; Serrero, M.; Fumery, M.; Allez, M.; Siproudhis, L.; et al. Ustekinumab for Perianal Crohn’s Disease: The BioLAP Multicenter Study From the GETAID. Am. J. Gastroenterol. 2020, 115, 1812–1820. [Google Scholar] [CrossRef]

	



Schwartz, D.A.; Peyrin-Biroulet, L.; Lasch, K.; Adsul, S.; Danese, S. Efficacy and Safety of 2 Vedolizumab Intravenous Regimens for Perianal Fistulizing Crohn’s Disease: ENTERPRISE Study. Clin. Gastroenterol. Hepatol. Off. Clin. Pract. J. Am. Gastroenterol. Assoc. 2021, in press. [Google Scholar] [CrossRef]

	



Present, D.H.; Rutgeerts, P.; Targan, S.; Hanauer, S.B.; Mayer, L.; Van Hogezand, R.A.; Podolsky, D.K.; Sands, B.E.; Braakman, T.; DeWoody, K.L.; et al. Infliximab for the Treatment of Fistulas in Patients with Crohn’s Disease. N. Engl. J. Med. 1999, 340, 1398–1405. [Google Scholar] [CrossRef] [PubMed]

	



Sands, B.E.; Anderson, F.H.; Bernstein, C.N.; Chey, W.Y.; Feagan, B.G.; Fedorak, R.; Kamm, M.A.; Korzenik, J.R.; Lashner, B.A.; Onken, J.E.; et al. Infliximab Maintenance Therapy for Fistulizing Crohn’s Disease. N. Engl. J. Med. 2004, 350, 876–885. [Google Scholar] [CrossRef] [PubMed]

	



Caron, B.; D’Amico, F.; Danese, S.; Peyrin-Biroulet, L. Endpoints for Perianal Crohn’s Disease Trials: Past, Present and Future. J. Crohn’s Colitis 2021, 15, 1387–1398. [Google Scholar] [CrossRef] [PubMed]

	



Colombel, J.; Sandborn, W.J.; Rutgeerts, P.; Enns, R.; Hanauer, S.B.; Panaccione, R.; Schreiber, S.; Byczkowski, D.; Li, J.; Kent, J.D.; et al. Adalimumab for Maintenance of Clinical Response and Remission in Patients with Crohn’s Disease: The CHARM Trial. Gastroenterology 2007, 132, 52–65. [Google Scholar] [CrossRef]

	



Castaño-Milla, C.; Chaparro, M.; Saro, C.; Acosta, M.B.-D.; García-Albert, A.M.; Bujanda, L.; Martín-Arranz, M.D.; Carpio, D.; Muñoz, F.; Manceñido, N.; et al. Effectiveness of Adalimumab in Perianal Fistulas in Crohn’s Disease Patients Naive to Anti-TNF Therapy. J. Clin. Gastroenterol. 2015, 49, 34–40. [Google Scholar] [CrossRef]

	



Fu, Y.-M.; Chen, M.; Liao, A.-J. A Meta-Analysis of Adalimumab for Fistula in Crohn’s Disease. Gastroenterol. Res. Pract. 2017, 2017, 1745692. [Google Scholar] [CrossRef]

	



Chapuis-Biron, C.; Bourrier, A.; Nachury, M.; Nancey, S.; Bouhnik, Y.; Serrero, M.; Armengol-Debeir, L.; Buisson, A.; Tran-Minh, M.-L.; Zallot, C.; et al. Vedolizumab for perianal Crohn’s disease: A multicentre cohort study in 151 patients. Aliment. Pharmacol. Ther. 2020, 51, 719–727. [Google Scholar] [CrossRef]

	



Feagan, B.G.; Schwartz, D.; Danese, S.; Rubin, D.T.; Lissoos, T.W.; Xu, J.; Lasch, K. Efficacy of Vedolizumab in Fistulising Crohn’s Disease: Exploratory Analyses of Data from GEMINI 2. J. Crohn’s Colitis 2018, 12, 621–626. [Google Scholar] [CrossRef]

	



Biemans, V.B.C.; Jong, A.E.V.D.M.-D.; Van Der Woude, C.J.; Löwenberg, M.; Dijkstra, G.; Oldenburg, B.; de Boer, N.; Van Der Marel, S.; Bodelier, A.G.L.; Jansen, J.M.; et al. Ustekinumab for Crohn’s Disease: Results of the ICC Registry, a Nationwide Prospective Observational Cohort Study. J. Crohn’s Colitis 2020, 14, 33–45. [Google Scholar] [CrossRef]

	



Attauabi, M.; Burisch, J.; Seidelin, J.B. Efficacy of ustekinumab for active perianal fistulizing Crohn’s disease: A systematic review and meta-analysis of the current literature. Scand. J. Gastroenterol. 2021, 56, 53–58. [Google Scholar] [CrossRef]

	



Sandborn, W.W.; Feagan, B.G.; Stoinov, S.; Honiball, P.J.; Rutgeerts, P.; Mason, D.; Bloomfield, R.; Schreiber, S.; PRECISE 1 Study Investigators. Certolizumab Pegol for the Treatment of Crohn’s Disease. N. Engl. J. Med. 2007, 357, 228–238. [Google Scholar] [CrossRef] [PubMed]

	



Schreiber, S.; Khaliq-Kareemi, M.; Lawrance, I.C.; Thomsen, O.Ø.; Hanauer, S.B.; McColm, J.; Bloomfield, R.; Sandborn, W.J.; PRECISE 2 Study Investigators. Maintenance Therapy with Certolizumab Pegol for Crohn’s Disease. N. Engl. J. Med. 2007, 357, 239–250. [Google Scholar] [CrossRef] [PubMed]

	



Schreiber, S.; Lawrance, I.C.; Thomsen, O.Ø.; Hanauer, S.B.; Bloomfield, R.; Sandborn, W.J. Randomised clinical trial: Certolizumab pegol for fistulas in Crohn’s disease-subgroup results from a placebo-controlled study. Aliment. Pharmacol. Ther. 2010, 33, 185–193. [Google Scholar] [CrossRef] [PubMed]

	



Papamichael, K.; Gils, A.; Rutgeerts, P.; Levesque, B.G.; Vermeire, S.; Sandborn, W.J.; Casteele, N.V. Role for Therapeutic Drug Monitoring During Induction Therapy with TNF Antagonists in IBD: Evolution in the definition and management of primary nonresponse. Inflamm. Bowel Dis. 2015, 21, 182–197. [Google Scholar] [CrossRef]

	



Papamichael, K.; Cheifetz, A.S. Use of anti-TNF drug levels to optimise patient management. Front. Gastroenterol. 2016, 7, 289–300. [Google Scholar] [CrossRef]

	



Vande Casteele, N.; Khanna, R.; Levesque, B.G.; Stitt, L.; Zou, G.Y.; Singh, S.; Lockton, S.; Hauenstein, S.; Ohrmund, L.; Greenberg, G.R.; et al. The relationship between infliximab concentrations, antibodies to infliximab and disease activity in Crohn’s disease. Gut 2015, 64, 1539–1545. [Google Scholar] [CrossRef]

	



Casteele, N.V.; Ferrante, M.; Van Assche, G.; Ballet, V.; Compernolle, G.; Van Steen, K.; Simoens, S.; Rutgeerts, P.; Gils, A.; Vermeire, S. Trough Concentrations of Infliximab Guide Dosing for Patients with Inflammatory Bowel Disease. Gastroenterology 2015, 148, 1320–1329.e3. [Google Scholar] [CrossRef]

	



Papamichael, K.; Van Stappen, T.; Vande Casteele, N.; Gils, A.; Billiet, T.; Tops, S.; Claes, K.; Van Assche, G.; Rutgeerts, P.; Vermeire, S.; et al. Infliximab Concentration Thresholds During Induction Therapy Are Associated with Short-term Mucosal Healing in Patients with Ulcerative Colitis. Clin. Gastroenterol. Hepatol. 2016, 14, 543–549. [Google Scholar] [CrossRef]

	



Rosario, M.; French, J.L.; Dirks, N.L.; Sankoh, S.; Parikh, A.; Yang, H.; Danese, S.; Colombel, J.-F.; Smyth, M.; Sandborn, W.J.; et al. Exposure–efficacy Relationships for Vedolizumab Induction Therapy in Patients with Ulcerative Colitis or Crohn’s Disease. J. Crohn’s Colitis 2017, 11, 921–929. [Google Scholar] [CrossRef]

	



Pouillon, L.; Vermeire, S.; Bossuyt, P. Vedolizumab trough level monitoring in inflammatory bowel disease: A state-of-the-art overview. BMC Med. 2019, 17, 89. [Google Scholar] [CrossRef]

	



Battat, R.; Kopylov, U.; Bessissow, T.; Bitton, A.; Cohen, A.; Jain, A.; Martel, M.; Seidman, E.; Afif, W. Association between Ustekinumab Trough Concentrations and Clinical, Biomarker, and Endoscopic Outcomes in Patients with Crohn’s Disease. Clin. Gastroenterol. Hepatol. 2017, 15, 1427–1434.e2. [Google Scholar] [CrossRef] [PubMed]

	



Ungar, B.; Levy, I.; Yavne, Y.; Yavzori, M.; Picard, O.; Fudim, E.; Loebstein, R.; Chowers, Y.; Eliakim, R.; Kopylov, U.; et al. Optimizing Anti-TNF-α Therapy: Serum Levels of Infliximab and Adalimumab Are Associated with Mucosal Healing in Patients with Inflammatory Bowel Diseases. Clin. Gastroenterol. Hepatol. 2016, 14, 550–557.e2. [Google Scholar] [CrossRef] [PubMed]

	



D’Haens, G.; Vermeire, S.; Lambrecht, G.; Baert, F.; Bossuyt, P.; Pariente, B.; Buisson, A.; Bouhnik, Y.; Filippi, J.; Woude, J.V.; et al. Increasing Infliximab Dose Based on Symptoms, Biomarkers, and Serum Drug Concentrations Does Not Increase Clinical, Endoscopic, and Corticosteroid-Free Remission in Patients with Active Luminal Crohn’s Disease. Gastroenterology 2018, 154, 1343–1351.e1. [Google Scholar] [CrossRef] [PubMed]

	



Assa, A.; Matar, M.; Turner, D.; Broide, E.; Weiss, B.; Ledder, O.; Guz-Mark, A.; Rinawi, F.; Cohen, S.; Topf-Olivestone, C.; et al. Proactive Monitoring of Adalimumab Trough Concentration Associated with Increased Clinical Remission in Children with Crohn’s Disease Compared with Reactive Monitoring. Gastroenterology 2019, 157, 985–996.e2. [Google Scholar] [CrossRef] [PubMed]

	



Davidov, Y.; Ungar, B.; Bar-Yoseph, H.; Carter, D.; Haj-Natour, O.; Yavzori, M.; Chowers, Y.; Eliakim, R.; Ben-Horin, S.; Kopylov, U. Association of Induction Infliximab Levels with Clinical Response in Perianal Crohn’s Disease. J. Crohn’s Colitis 2016, 11, 549–555. [Google Scholar] [CrossRef] [PubMed]

	



Yarur, A.J.; Kanagala, V.; Stein, D.J.; Czul, F.; Quintero, M.A.; Agrawal, D.; Patel, A.; Best, K.; Fox, C.; Idstein, K.; et al. Higher infliximab trough levels are associated with perianal fistula healing in patients with Crohn’s disease. Aliment. Pharmacol. Ther. 2017, 45, 933–940. [Google Scholar] [CrossRef] [PubMed]

	



Strik, A.S.; Löwenberg, M.; Buskens, C.J.; Gecse, K.B.; Ponsioen, C.I.; Bemelman, W.A.; D’Haens, G.R. Higher anti-TNF serum levels are associated with perianal fistula closure in Crohn’s disease patients. Scand. J. Gastroenterol. 2019, 54, 453–458. [Google Scholar] [CrossRef]

	



Plevris, N.; Jenkinson, P.W.; Arnott, I.D.; Jones, G.R.; Lees, C. Higher anti-tumor necrosis factor levels are associated with perianal fistula healing and fistula closure in Crohn’s disease. Eur. J. Gastroenterol. Hepatol. 2020, 32, 32–37. [Google Scholar] [CrossRef]

	



El-Matary, W.; Walters, T.D.; Huynh, H.Q.; Debruyn, J.; Mack, D.R.; Jacobson, K.; Sherlock, M.E.; Church, P.; Wine, E.; Carroll, M.W.; et al. Higher Postinduction Infliximab Serum Trough Levels Are Associated with Healing of Fistulizing Perianal Crohn’s Disease in Children. Inflamm. Bowel Dis. 2019, 25, 150–155. [Google Scholar] [CrossRef]

	



Ruemmele, F.M.; Rosh, J.; Faubion, W.A.; Dubinsky, M.C.; Turner, D.; Lazar, A.; Eichner, S.; Maa, J.-F.; Alperovich, G.; Robinson, A.M.; et al. Efficacy of Adalimumab for Treatment of Perianal Fistula in Children with Moderately to Severely Active Crohn’s Disease: Results from IMAgINE 1 and IMAgINE 2. J. Crohn’s Colitis 2018, 12, 1249–1254. [Google Scholar] [CrossRef]

	



Papamichael, K.; Casteele, N.V.; Jeyarajah, J.; Jairath, V.; Osterman, M.T.; Cheifetz, A.S. Higher Postinduction Infliximab Concentrations Are Associated with Improved Clinical Outcomes in Fistulizing Crohn’s Disease: An ACCENT-II Post Hoc Analysis. Am. J. Gastroenterol. 2021, 116, 1007–1014. [Google Scholar] [CrossRef] [PubMed]

	



De Gregorio, M.; Lee, T.; Krishnaprasad, K.; Amos, G.; An, Y.K.; Bastian-Jordan, M.; Begun, J.; Borok, N.; Brown, D.; Cheung, W.; et al. Higher Anti-tumor Necrosis Factor-α Levels Correlate With Improved Radiologic Outcomes in Crohn’s Perianal Fistulas. Clin. Gastroenterol. Hepatol. Off. Clin. Pract. J. Am. Gastroenterol. Assoc. 2021, in press. [Google Scholar] [CrossRef] [PubMed]

	



Gu, B.; De Gregorio, M.; Pipicella, J.L.; Casteele, N.V.; Andrews, J.M.; Begun, J.; Connell, W.; D’Souza, B.; Gholamrezaei, A.; Hart, A.; et al. Prospective randomised controlled trial of adults with perianal fistulising Crohn’s disease and optimised therapeutic infliximab levels: PROACTIVE trial study protocol. BMJ Open 2021, 11, e043921. [Google Scholar] [CrossRef]

	



Yarur, A.J.; Jain, A.; Sussman, D.A.; Barkin, J.S.; Quintero, M.A.; Princen, F.; Kirkland, R.; Deshpande, A.R.; Singh, S.; Abreu, M.T. The association of tissue anti-TNF drug levels with serological and endoscopic disease activity in inflammatory bowel disease: The ATLAS study. Gut 2016, 65, 249–255. [Google Scholar] [CrossRef]

	



Adegbola, S.O.; Sarafian, M.; Sahnan, K.; Pechlivanis, A.; Phillips, R.K.; Warusavitarne, J.; Faiz, O.; Haddow, J.; Knowles, C.; Tozer, P.; et al. Lack of anti-TNF drugs levels in fistula tissue—A reason for nonresponse in Crohn’s perianal fistulating disease? Eur. J. Gastroenterol. Hepatol. 2021, 34, 18–26. [Google Scholar] [CrossRef] [PubMed]

	



Dotan, I.; Ron, Y.; Yanai, H.; Becker, S.; Fishman, S.; Yahav, L.; Ben Yehoyada, M.; Mould, D.R. Patient Factors That Increase Infliximab Clearance and Shorten Half-life in Inflammatory Bowel Disease: A population pharmacokinetic study. Inflamm. Bowel Dis. 2014, 20, 2247–2259. [Google Scholar] [CrossRef]

	



Marzo, M.; Felice, C.; Pugliese, D.; Andrisani, G.; Mocci, G.; Armuzzi, A.; Guidi, L. Management of perianal fistulas in Crohn’s disease: An up-to-date review. World J. Gastroenterol. 2015, 21, 1394–1403. [Google Scholar] [CrossRef]

	



van Praag, E.M.M.; Buskens, C.J.; Hompes, R.; Bemelman, W.A. Surgical management of Crohn’s disease: A state of the art review. Int. J. Colorectal Dis. 2021, 36, 1133–1145. [Google Scholar] [CrossRef]

	



Miranda, E.F.; Nones, R.B.; Kotze, P.G. Correlation of serum levels of anti-tumor necrosis factor agents with perianal fistula healing in Crohn’s disease: A narrative review. Intest. Res. 2021, 19, 255–264. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Studies demonstrating association between increased biologic drug levels with fistula healing in PFCD.
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	Author

(Year)
	Population
	No. of Subjects
	Anti-TNF
	Primary Outcome
	Drug Concentration in Active Fistulas (μg/mL)
	Drug Concentration in Healed/Closed Fistulas (μg/mL)
	Strengths
	Limitations





	Davidov et al. [35]

(2016)
	Adults
	36
	IFX
	Decrease in drainage of fistulas
	Week 2: 5.6 µg/mL

Week 6: 2.55 µg/mL

Week 14: 0.14 µg/mL
	Week 2: 20.0 µg/mL

Week 6: 13.3 µg/mL

Week 14: 4.1 µg/mL
	Similar demographics in both groups
	small sample size, no imaging, subjective outcome



	Yarur et al. [36]

(2016)
	Adults
	117
	IFX
	absence of drainage
	4.4 μg/mL
	15.8 μg/mL
	Large sample size
	Retrospective, didn’t distinguish simple vs. complex fistulas



	Strik et al. [37]

(2019)
	Adults
	47 IFX

19 ADA
	IFX

ADA
	absence of discharge upon gentle finger and/or fistula closure on MRI
	IFX: 2.3 μg/mL

ADA: 4.8 μg/mL
	IFX: 6.0 μg/mL

ADA:7.4 μg/mL
	Assessment with imaging
	Retrospective, didn’t distinguish simple vs. complex fistulas



	Plevris et al. [38]

(2020)
	Adults
	29 IFX

35 ADA
	IFX

ADA
	Absence of drainage
	IFX:3.2 μg/mL

ADA: 2.7 μg/mL
	IFX: 8.1 μg/mL

ADA: 12.6 μg/mL
	Secondary outcome of fistula closure
	Retrospective, no imaging



	Et Matary et al. [39] (2019)
	Pediatric
	27
	IFX
	Decrease in drainage of fistulas
	5.4 ug/mL
	12.7 ug/mL
	Prospective study
	Small sample size



	Ruemmele et al. [40]

(2018)
	Pediatric
	36
	ADA
	Closure of baseline fistulas or decrease in number by ≥50%
	Week 16: 7.0 ug/mL

Week 52: 6.1 ug/mL
	Week 16: 7.4 ug/mL

Week 52: 10.0 ug/mL
	Well defined endpoints
	Not powered to detect statistical difference, not randomized, not placebo controlled



	Papamichael et al. [41]

(2021)
	Adults
	Induction group n = 282 maintenance group n = 139
	IFX
	Fistula response: reduction of at least 50% of draining fistulas from baseline
	No Response: 4.0 μg/mL
	Response: 5.7 μg/mL
	large sample size, the use of stringent endpoints
	No imaging assessment of fistula, not randomized



	De Gregario et al. [42]

(2021)
	Adults
	117 IFX

76 ADA
	IFX
	Radiologic healing (inflammatory subscore ≤6 on Van Assche Index)
	IFX: 3.9 μg/mL

ADA: 6.2 μg/mL
	IFX: 6.0 μg/mL

ADA: 9.1 μg/mL
	Use of radiographic parameters
	Not placebo controlled, not randomized



	Schwartz, D. A et al. [10]

(2021)
	Adults
	VDZ (16)

VDZ +10 (18)
	VDZ
	≥50% decrease from baseline in the number of draining perianal fistulae at week 30
	~33 μg/mL

(pooled trough conc. week 10)
	~28 μg/mL

(pooled trough conc. week 10)
	Multicenter- RCT, use of MRI
	Small sample size, no placebo arm
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