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overall CD patients3 and more than 90% of patients with rectal 

involvement.4 The management of PFCD is multidisciplinary, 

with intensive medical therapy associated to multiple surgical 

procedures. This usually results in significant physical and 

psychological impact in patients’ lives.

There are significant limitations of conventional medical 

treatment in PFCD (corticosteroids, immunosuppressants, 

and antibiotics). Fistula healing rates are low with this strategy 

and recurrence is frequent.5 Some prospective studies have 

demonstrated the efficacy of biologics in controlling perianal 

fistulas in CD. Present et al.,6 in the first randomized controlled 

study with biologics for the treatment of fistulizing CD, dem-

onstrated the effectiveness of infliximab (IFX) in closing ab-

dominal and perianal fistulas. Sands et al.,7 in the ACCENT 2 

study, demonstrated the better efficacy of IFX as compared to 

pISSN 1598-9100 • eISSN 2288-1956
https://doi.org/10.5217/ir.2020.00029
Intest Res 2021;19(3):255-264

Correlation of serum levels of anti-tumor necrosis factor 
agents with perianal fistula healing in Crohn’s disease: a 
narrative review

Eron Fabio Miranda1, Rodrigo Bremer Nones2, Paulo Gustavo Kotze1

1Colorectal Surgery Unit, IBD Outpatient Clinics, Catholic University of Paraná (PUCPR), Curitiba; 2IBD Outpatient Clinics, Hospital Nossa 
Senhora das Graças, Curitiba, Brazil

With the overspread use of measurement of serum levels of anti-tumor necrosis factor (TNF) agents (therapeutic drug monitor-
ing, TDM), new therapeutic strategies have been used in the management of Crohn’s disease (CD). Different targets are cor-
related with increased levels of circulating drugs. Recent evidence demonstrated that higher serum levels of anti-TNF agents 
may be associated to better outcomes in perianal fistulizing CD (PFCD). Overall, patients with healed fistulas had higher serum 
levels of infliximab and adalimumab as compared to those with active drainage. This was demonstrated in some cohort studies, 
in induction and maintenance, in adults and children with PFCD. In this narrative review, authors summarize current evidence 
on the use of serum level measurement of anti-TNF agents and its correlation with perianal fistula healing in CD patients. Data 
on the use of TDM in PFCD is discussed in detail. The retrospective design of the studies and the lack of objective parameters to 
measure fistula healing are the main limitations of published data. Prospective studies, with central reading of objective radio-
logical parameters, such as pelvic magnetic resonance imaging scores, can improve the level of evidence on the possible advan-
tages of TDM in perianal fistula in CD and are warranted. (Intest Res 2021;19:255-264)

Key Words: Crohn disease; Fistula; Tumor necrosis factor-alpha

Received April 16, 2020. Revised June 11, 2020. Accepted June 26, 2020.
Correspondence to Eron Fabio Miranda, Colorectal Surgery Unit, IBD 
Outpatient Clinics, Catholic University of Paraná (PUCPR), Rua Brasílio 
Itiberê, 3909 - Água Verde, Curitiba 80240-060, Brazil. Tel: +55-41-
33436459, Fax: +55-41-33436459, E-mail: eronfabiomiranda@gmail.com

REVIEW

INTRODUCTION

Crohn’s disease (CD) is a chronic gastrointestinal condition, 

characterized by episodes of exacerbation of disease activity 

and periods of remission.1 Such chronicity can lead to several 

complications, such as strictures, fistulas, abscesses and perfo-

ration, with significant impairment in quality of life.2 Perianal 

fistulizing CD (PFCD) is a specific phenotype which repre-

sents a disease modifying element, usually associated to 

worse prognosis of the disease. PFCD can affect up to 1/3 of 
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placebo, in maintenance therapy in patients with perianal fis-

tulas who responded to induction regimen with the drug. A 

meta-analysis over the treatment of PFCD with adalimumab 

(ADA), demonstrated complete closure of anal fistulas in 36% 

and partial response in 31% of patients.8 Other sub-analyses of 

pivotal phase III studies and some real-life studies have sug-

gested similar efficacy of other anti-tumor necrosis factor 

(TNF) agents, such as ADA9,10 and certolizumab pegol in the 

management of this condition.11 There are scarce data with 

other biological agents, such as vedolizumab and ustekinum-

ab, in the management of PFCD.

Combination therapy with the use of biologics and surgical 

manipulation of fistula tracks, with sepsis eradication and se-

ton placement, currently represents the best treatment strate-

gy for PFCD.12 This strategy can lead to long term fistula clo-

sure when compared to surgical treatment alone.13 

More recently, evidence demonstrated that higher serum 

levels of anti-TNF agents can be associated to better outcomes 

in CD, such as higher rates of clinical remission and mucosal 

healing.14-16 With the possibility of measurement and monitor-

ing of serum levels of anti-TNF agents, new therapeutic strate-

gies have been recently used in the management of CD.17 The 

optimal cutoff serum level of an anti-TNF may vary, depend-

ing on the agent and on the desired therapeutic target: clinical 

remission, mucosal or fistula healing.18 Specially in PFCD, 

there is data suggesting a correlation between higher serum 

levels of anti-TNF agents and fistula healing. This was demon-

strated in some cohort studies with IFX and ADA, in induction 

and maintenance, in adults and children with CD.19-24 The 

studies published to date are associated with some limita-

tions, such as different outcome measurements, time periods 

of analysis and lack of objective markers of fistula healing. In 

general, patients with healed fistulas had higher serum levels 

of IFX (at trough) and ADA (measured between doses) as 

compared to those with active perianal disease. This leads to 

speculation that the fistulizing phenotype in CD may need 

more circulating active drug in order to control the disease, as 

compared to the luminal phenotype. This would place thera-

peutic drug monitoring (TDM) as an important tool in the 

management of complex perianal fistulas in CD, in associa-

tion to different surgical techniques.

The aim of this narrative review is to demonstrate and sum-

marize the current evidence on the use of serum level mea-

surement of anti-TNF agents and its correlation with perianal 

fistula healing in CD patients. Data on the use of TDM in 

PFCD is discussed in detail. Limitations of the studies over 

this topic will also be described, and a discussion of the need 

for objective parameters for future studies will also be high-

lighted.

TDM IN IBD: CONCEPTS AND APPLICATIONS

The concept of precision medicine in inflammatory bowel 

diseases (IBD) points out to the use of a specific drug to a sin-

gle patient, at a determinate time, that can confer the highest 

chance of controlling disease activity, by inducing clinical, bio-

logical, endoscopic and/or histologic response or remission.25 

In clinical practice, precision medicine could be classified in 2 

phases. The first phase, which ideally should be pretreatment, 

refers to the choice of which drug to use. In this field, different 

aspects such as epidemiological, biological or genetic factors 

and gut microbiome interplay simultaneously, affecting the 

chance of response, or pharmacodynamic failure. Much of 

this knowledge is still in development and was revised else-

where.26 Despite promising, the lack of validation and feasibili-

ty of specific tests limit their use nowadays. The second phase 

refers to the appropriate use of a chosen drug, which can be 

achieved by using TDM strategies, to prevent pharmacokinet-

ic failures. 

TDM in IBD is defined as the quantification of serum drug 

levels and/or antibody concentrations at a proper time point, 

which may guide the clinical assistant to take an appropriate 

action or dose adjustment during the treatment of a patient.27 

It could be applied to both biological and nonbiological thera-

py in IBD. The rationale of performing such pharmacokinetic 

studies is based on the assumption that there is a good corre-

lation between drug levels with response to a specific treat-

ment. Most of these data come from observational and/or ret-

rospective studies and suggest that the higher the level of a 

certain agent, the greater the chance of response.28-30 In con-

trast, the lower the level is observed, the greater is the chance 

of nonresponse and/or immunogenicity to biological therapy, 

mainly driven by the development of antibodies to the drug.31

There are 2 different strategies for the use of TDM in IBD. 

The first is “reactive” TDM, in which serum levels and/or anti-

bodies are assessed in the clinical context of inadequate re-

sponse or secondary loss of response, after failure of a specific 

therapy. The second is entitled “proactive” TDM, in which the 

quantification drug levels and/or antibodies is performed be-

fore failure, in all patients, allowing therapeutic adjustments to 

prevent both primary and secondary nonresponses.32

Currently, the use of reactive TDM may be of benefit as 
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compared to empirical change of therapy, owing to a reduc-

tion in the duration of an ineffective therapy, lower overall 

costs and to an increase in quality of life after therapeutic ad-

justment, drug levels and endoscopic remission.33,34 There is 

still some uncertainty about the proper use of proactive TDM, 

once prospective trials comparing empirical or reactive 

changes in therapy demonstrated conflicting results.35-37 How-

ever, other studies suggest that the use of proactive TDM may 

be associated with higher clinical, biological and endoscopic 

response rates, longer persistence of therapy, less complica-

tions such as hospitalizations, surgery or infusion reactions 

due to immunogenicity.38-40 Proactive TDM either may be 

more cost-effective in simulation studies.41

Although there are different methods of measuring drug 

levels and antidrug concentrations, none may be considered 

as a gold standard. Thus, the choice of which one to use may 

be influenced by availability, price and local expertise. Despite 

analytical differences, these methods are not perfectly inter-

changeable, but there is adequate agreement in clinical classi-

fication and outcomes among different assays.42

Once there are substantial differences in dosing regimens 

and pharmacokinetics between intravenous and subcutane-

ous biologics, drug levels should be measured at different time 

points. For intravenous biologics, the concentration could be 

determined at peak, intermediate or trough phases. For sub-

cutaneous biologics, the intermediate and trough moment 

could be used, and may not be interchangeable. It is still un-

clear which moment correlates with the best sensitivity. Cur-

rently, due to convenience, the trough level is mostly used in 

the majority of studies with IFX, while the intermediate mo-

ment is used in studies with ADA.43,44 

The determination of antidrug antibodies is mostly per-

formed in a scenario of inadequate or loss of response to bio-

logical therapy. If the assay used is drug sensitive, which 

means that it cannot detect antibodies in the presence of cir-

culating drug, the most appropriate time for measurement of 

an antidrug antibody is just before the next dose (at trough). 

On the other hand, the use of drug tolerant assays, which 

could detect antibodies with circulating drug on board, still 

have an uncertain clinical benefit.45,46

The most challenging issues regarding TDM is which target 

level to reach, or what is the best therapeutic window. There is 

a great variety of factors that could influence the dose re-

sponse relationship, so that one drug level cannot fit all end-

points for different drugs, diseases and patients, or even for 

the same patient at different moments. The greater the inflam-

matory burden, the greater the level which is necessary to 

capture response. In other words, during induction therapy or 

in a scenario of extensive colitis, greater drug levels may be 

needed than during maintenance therapy with a stable condi-

tion, or in the treatment of a short inflammatory segment. Ad-

ditionally, the greater the bowel damage along the course of 

the disease (inflammatory strictures or fistulizing disease), or 

the more precise the target is (histologic remission vs. clinical 

or endoscopic remission), the greater may be the levels possi-

bly needed.47 Unfortunately, for some patients, an adequate 

serum level may not correlate with clinical response, due to 

pharmacodynamic failure or due to individual variances. Most 

of the evidence with TDM comes from studies with luminal 

CD. As previously mentioned, in certain scenarios as exten-

sive colitis or patients with low albumin, higher serum levels 

of the drugs may be needed in order to achieve remission. 

Thus, there is controversy if patients with fistulizing CD, with 

high inflammatory burden, may need higher levels of circulat-

ing drugs to achieve response or remission. Recently, data 

from retrospective studies outlined the association of higher 

serum levels of anti-TNF agents and higher healing rates of 

perianal fistulas in CD.48 In the next section, these studies will 

be discussed in detail.

PFCD AND SERUM LEVELS OF ANTI-TNF 
AGENTS: CURRENT EVIDENCE

There are several studies in the literature which correlated the 

presence of higher serum levels of anti-TNF agents with high-

er rates of perianal fistulas healing in CD, with the use of IFX 

and ADA, in adult and pediatric patients, with different meth-

odologies and analyses.

Davidov et al.19 conducted the first study correlating IFX and 

measurement of trough serum levels and anti-IFX antibodies 

(ATI) by the ELISA (enzyme-linked immunosorbent assay) 

method, in a retrospective observational cohort from 2 refer-

ence centers in Israel, with 36 patients. The primary outcome 

was to correlate IFX trough levels in induction therapy at 

weeks 2, 6, and 14, with evaluation of clinical response (de-

creased drainage of fistulas reported by the patient and vali-

dated by the physician) at weeks 14 and 30. The authors ob-

served that higher trough levels at weeks 2 and 6 and were in-

dependently associated with response and closure of fistulas 

at weeks 14 and 30. Numerically, trough levels ≥ 9.25 μg/mL at 

week 2 and ≥ 7.25 μg/mL at week 6 were the greatest predic-

tors of response in perianal fistulas. Some limitations were ob-
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served in this analysis. This was a retrospective study with a 

relatively small cohort. They had to exclude patients with un-

available drug levels or incomplete clinical follow-up, which 

limited the study sample. An additional substantial limitation 

of the study was associated to the clinical nature of the follow-

up, with only a few patients having repeated imaging tests 

(magnetic resonance imaging, MRI) to demonstrate radio-

graphic healing. The strength of this study was based on the 

fact that it demonstrated a possible effect of the use of proac-

tive TDM in PFCD for the very first time. Moreover, it demon-

strated the importance of TDM in the induction phase in this 

phenotype of the disease.

Yarur et al.20 in a cross-sectional retrospective study, per-

formed an analysis of trough levels of IFX in a larger cohort of 

patients (n = 117) with PFCD, who evidently had one or more 

active fistula during IFX therapy, with a median follow-up of at 

least 24 weeks. Patients with regular doses of IFX and those 

with optimized regimens were included. The variables ana-

lyzed were demographic factors, disease activity, trough levels 

of IFX and ATI, among several others. The primary outcome of 

the study was fistula healing and the secondary outcomes 

were complete closure of the fistulas (absence of opening at 

the skin level) and rectal mucosal healing (absence of ulcers 

> 5 mm). The median time of IFX use was 29 weeks and 63.2% 

of the patients were using an optimized dose. The median 

trough level of IFX in the whole group was 10 μg/mL and over-

all 14.5% of the patients had ATI. Closure of perianal fistulas 

occurred in 31% of patients, none of whom with positive ATI. 

Mucosal healing occurred in 46.1% of patients. The authors 

observed that patients with healed fistulas had significantly 

higher trough levels of IFX as compared to those without (15.8 

μg/mL vs. 4.4 μg/mL; P< 0.0001). There was an important in-

cremental gain in healing of fistulas with higher levels of IFX. 

They observed that in order to obtain complete healing of fis-

tulas, it was necessary to reach trough levels of IFX above 10 

μg/mL, and in a minority of patients, healing was observed 

with levels above 20 μg/mL. In addition, patients with positive 

ATIs had a lower chance of fistula healing (odds ratio [OR], 

0.04; 95% confidence interval [CI], 0.005–0.3; P< 0.001). The 

authors concluded that optimization of the IFX regimen can 

potentially lead to better healing rates in PFCD, which can be 

done before considering the patient as a nonresponder to the 

agent due to persistent activity of the disease in the perianal 

area. The study had limitations. Patients could have proactive 

TDM, but most had a reactive strategy, what could represent a 

bias due to more severe patients with loss of response in the 

reactive scenario. Moreover, no classification of the fistulas in 

simple versus complex was detailed. Despite these limitations, 

this was the study with the largest sample of patients over the 

topic.

Strik et al.21 performed a retrospective cross-sectional study 

with PFCD patients undergoing maintenance therapy with 

IFX (n = 47) and ADA (n = 19), with measurement of serum 

levels and antidrug antibodies (ELISA). This was the first study 

to assess the correlation of serum levels in perianal fistulas in 

CD in patients under ADA therapy. Patients were allocated 

into 2 groups, based on the status of fistulizing perianal dis-

ease (active draining or inactive fistulas) at the time of treat-

ment in which the blood sample was collected. Fistula closure 

was defined by clinical examination (no drainage after digital 

expression of fistula tracks) and by MRI (where fibrosis corre-

sponded to fistula closure and absence of active disease). The 

time period between collection of serum levels, clinical exami-

nation and MRI did not exceed 4 weeks. IFX levels were col-

lected immediately before infusion (trough levels) and ADA 

levels at any time between applications. No antidrug antibod-

ies were identified in patients from both groups. Results were 

similar between the agents. Serum levels of the anti-TNF 

agents were significantly higher in patients with fistula closure 

as compared to those with active drainage in the 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). Serum concentrations associated with 

fistula closure had a cutoff equal to or greater than 5 μg/mL 

for IFX (at trough) and 5.9 μg/mL for ADA. The authors con-

cluded that patients with PFCD with active fistulas can benefit 

from optimized doses of anti-TNF agents. One important con-

tribution from this study was that patients had MRI evalua-

tion, an objective marker for outcome measurement.

Similar data were published in pediatric patients. El-Matary 

et al.,22 in a prospective multicentric Canadian study, evaluat-

ed 27 pediatric patients (aged under 17 years) with PFCD, us-

ing conventional doses of IFX, who had measurement of 

trough levels performed before the fourth infusion at trough 

(week 14). The median IFX trough level in patients with clini-

cal response was 12.7 μg/mL (range, 6.6–15.5 μg/mL) as com-

pared to 5.4 μg/mL (range, 2.7–8.4 μg/mL) in patients with re-

sidual active disease (P= 0.02). There was a significant correla-

tion between trough IFX levels at week 14 and healing of peri-

anal fistulas at week 24 (r = 0.65; P= 0.0002). In univariate re-

gression analysis, age, sex, and laboratory markers were not 

associated with fistula response at week 24. Trough IFX levels 

were significantly associated with fistula response after 24 
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weeks (OR, 1.2; 95% CI, 1.00–1.29; P= 0.04). The area under re-

ceiver operating curve for IFX levels as a predictor of response 

in PFCD at week 24 was 0.80 (95% CI, 0.64–0.97; P= 0.007), 

and a level of 12.7 μg/mL was a significant predictor of fistula 

healing at week 24 with a sensitivity of 0.62 and specificity of 

0.65. Authors concluded that after the induction phase, higher 

trough IFX levels were associated with a better outcome for 

PFCD healing in children. 

Ruemmele et al.,23 in a prospective study, also performed in 

pediatric patients with PFCD using ADA, where drug concen-

trations were measured at weeks 16 and 52, pointed out that 

there was no significant statistical difference in fistula healing 

rates in patients with standard versus high doses of ADA, de-

spite a tendency towards better results in the higher dose. 

IMAgINE 1 was a 52-week, randomized, double-blind phase 

III clinical trial evaluating efficacy and safety of ADA in chil-

dren/adolescents with moderate-to-severe CD. Patients from 

the overall study population with perianal fistulas at screening 

and baseline of the study were assessed in this current sub-

analysis. Fistula tracks were defined by draining cutaneous 

fistulae upon gentle compression during physical examina-

tion, without use of pelvic MRI. Fistula closure and fistula im-

provement were defined as closure of all baseline fistulae or a 

decrease in number by ≥ 50% in drainage, for at least 2 con-

secutive visits, respectively. Serum levels of ADA were ob-

tained at weeks 16 and 52 in the 36 patients analyzed (mean 

age, 14.4 years). Median serum levels of ADA in patients with 

fistula closure at weeks 16 and 52 were 7.4 μg/mL (range, 1.2–

23.2 μg/mL) and 7.5 μg/mL (range, 1.5–26.6 μg/mL), respec-

tively. The respective values for patients with no fistula closure 

at same periods were 6.4 μg/mL (range, 1.1–17.4 μg/mL) and 

5.6 μg/mL (range, 1.2–20.7 μg/mL). No statistical difference 

was identified, and this questioned if higher doses of ADA in 

children could lead to higher serum levels of the drug. Despite 

a multicentric pivotal study, this analysis failed to correlate se-

rum levels and better outcomes, what was demonstrated in 

adults. The study was not powered to detect differences in fis-

tula patients, and no imaging method was used. On the other 

hand, this was the study with larger sample of pediatric pa-

tients with perianal fistulas over this topic.

Plevris et al.24 performed a retrospective, cross-sectional 

analysis of serum levels and antidrug antibodies in 64 patients 

with PFCD who received IFX (n = 29) or ADA (n = 35) for at 

least 24 weeks, with the primary objective of identifying a pos-

sible correlation of higher serum levels (trough at IFX, at any 

time with ADA) and fistula healing (defined by the absence of 

drainage from fistula tracks in clinical examination 4 weeks af-

ter blood collection for serum level analyses). A secondary 

objective was to determine serum levels in patients with com-

pletely closed fistulas. For ADA patients, receiver operating 

characteristic (ROC) analysis identified a cutoff level of ≥ 6.8 

μg/mL for fistula healing and ≥ 9.8 μg/mL for fistula closure. 

For IFX patients, ROC analysis identified an optimum trough 

level of ≥ 7.1 μg/mL for both fistula healing and closure. The 

authors concluded that higher maintenance levels of anti-TNF 

agents were associated with perianal fistula healing and clo-

sure in PFCD. Again, no pelvic MRI was used to better docu-

ment fistula healing. This limitation, added to the retrospective 

nature of data collection, constituted some of the drawbacks 

of the study.

Table 1 summarizes the most important data in the litera-

ture from the previously described studies, which correlated 

serum levels of anti-TNF agents with healing of perianal fistu-

las in CD.

DISCUSSION

Perianal fistulas in CD constitute a heterogeneous phenotype 

of the disease. CD-related fistulas have 2 main components: 

an inflammatory (which is treated with medication) and a 

mechanical (treated with surgery). One component cannot 

be dissociated from another, as the approach needed is multi-

disciplinary. Currently, the management with intensive medi-

cal therapy (usually with anti-TNF agents as first line) and sur-

gical drainage with curettage of fistula tracks and seton place-

ment represents the best strategy to manage this difficult phe-

notype of the disease, and is recommended by most guide-

lines.12,49 The principle of this combination management is tar-

geted towards rectal mucosal healing and reduction of inflam-

mation in fistula tracks, what can close fistulas in approxi-

mately 50% of patients. Once there is no rectal or local inflam-

mation, and the fistula still persists, additional surgical proce-

dures, such as advancement flaps, ligation of fistula tracks, 

among others, can be indicated.50 An essential condition for 

surgical attempts to close fistulas is the absence of inflamma-

tion. If active proctitis or inflamed fistula tracks are present, 

corrective surgery is contra-indicated. For this reason, it is im-

portant to aim a reduction in the inflammatory burden with 

all efforts in PFCD, in order to achieve better outcomes. For 

that purpose, anti-TNF agents constitute the most effective 

medical therapy available, as several limitations are associated 

with conventional therapy with immunomodulators or antibi-
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otics used in isolation.51 

The evidence described in this narrative review demon-

strates that patients with higher serum levels of IFX and ADA 

may have higher rates of perianal fistula healing and closure. 

Despite similar conclusions from different studies, there are 

still questions without answers over this topic. Is dose optimi-

zation of anti-TNF agents a warranty of higher serum levels in 

all CD patients? Clearance of the drugs depends on several 

factors, as the extension of associated luminal inflammation 

(e.g., extensive colitis), individual characteristics of each pa-

tient, albumin levels, among others. This can explain the need 

for individualized therapy, with different dose regimens, for 

different patients, aiming the same outcomes of fistula heal-

ing. TDM plays an important role in this treatment personal-

ization.

The designs of the studies previously reviewed also deserve 

consideration. The publications comprise mostly retrospec-

tive cohorts of patients, with serum level dosages in few peri-

ods during treatment. Some studies did cross-sectional analy-

ses with retrospective data collection, and most included pa-

tients with standard and optimized doses, and no comparison 

among these 2 strategies are described in all analyses. Only 

one study did proactive TDM,19 with the others having blood 

sample collections in random time periods. It is also not clear 

if serum levels were measured reactively (with suspicious of 

loss of response) in most of the studies. These limitations war-

Table 1. Main Characteristics of Studies with Data Correlating Serum Levels of Anti-TNF Agents (Measured at Trough with IFX and at Any 
Moment with ADA) with Healing of Perianal Fistulas

Author 
(year) Population No. of 

patients

Timing 
of 

TDM

Anti-
TNF 

agent

Outcome 
definition

Drug 
concentration 

in healed/closed 
fistulas (μg/mL)   

Drug 
concentration 

in active fistulas 
(μg/mL) 

Target serum 
level defined 
for outcome 

(μg/mL)

Observations

Yarur et al. 
(2016)20

Adults 117 NR IFX Primary: fistula healing 
(absence of drainage 
and no seton)

Secondary: fistula closure 
(no skin opening and 
mucosal healing)

15.8 (9.9–27.0) 4.4 (0–9.8) ≥10.1 Single-center, 
cross-sectional 
retrospective 
study

Strik et al. 
(2019)21

Adults 47 IFX
19 ADA

NR IFX
ADA

Fistula closure (no 
drainage with finger 
compression or fibrotic 
tract at MRI)

6.0 (5.4–6.9)
 7.4 (6.5–10.8)

2.3 (1.1–4.0)
4.8 (1.7–6.2)

≥5
 ≥5.9

Single-center, 
cross-sectional 
retrospective 
study

Davidov  
et al. 
(2016)19

Adults 36 wk 2
wk 6
wk 14

IFX Fistula closure (absence 
of a previously detected 
fistula opening)

20.0 (16.2–26.3)
13.3 (7.6–19.0)
  4.1 (0.7–5.7)

5.6 (2.8–9.2)
2.6 (0.4–7.0)
0.1 (0.01–2.3)

≥9.25
≥7.25

-

2 Centers, 
retrospective 
cohort study,

Proactive TDM

Ruemmele  
et al. 
(2018)23

Pediatric 36 wk 16
wk 52

ADA Fistula closure (closure 
of all baseline 
fistulas) and fistula 
improvement (decrease 
in ≥50% fistulas) in 2 
consecutive visits

 7.4 (1.8–13.0)
10.0 (3.0–17.0)

7.0 (2.0–13.0)
 6.1 (0.9–11.3)

-
-

Multicentric, 
prospective 
randomized 
pivotal study

El-Matary  
et al. 
(2018)22

Pediatric 27 wk 14 IFX Fistula healing (closure 
of previous fistula 
reported by treating 
physician)

12.7 (6.6–15.5) 5.4 (2.7–8.4) ≥12.7 Multicentric, 
prospective 
inception 
cohort study

Plevris et al. 
(2019)24

Adults 29 IFX
35 ADA

NR IFX
ADA

Primary: fistula healing 
(absence of drainage 
and no seton)

Secondary: fistula closure 
(absence of skin fistula 
opening)

8.1
12.6

3.2
2.7

≥7.1
≥6.8

Single-center, 
cross-sectional 
retrospective 
study

Values are presented as mean (range).
TNF, tumor necrosis factor; IFX, infliximab; ADA, adalimumab; TDM, therapeutic drug monitoring; NR, not reported; MRI, magnetic resonance imaging. 
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rant the need for a prospective study, with proactive TDM 

aiming higher serum levels of the drugs, to check if fistula 

healing rates can really be improved, with a higher level of sci-

entific evidence. 

The evaluation of clinical response, closure or healing of 

perianal fistulas after anti-TNF therapy in the aforementioned 

studies varied significantly. Despite the limitations of clinical 

examinations and presence of purulent discharge, clinical fol-

low-up was not centralized and done by the same assistant 

physician. The subjectivity of the various definitions of clinical 

response, added to numerous physicians evaluating this out-

come, demonstrates the need for more objective parameters 

in studies like these.

Another important limitation of most studies is the non-

standardized use of pelvic MRI as primary outcome. The ra-

diologic evaluation of fistula healing was not performed in all 

studies. Currently, MRI scores are not standardized, and cen-

tral reading remains a challenge. There are still no well-estab-

lished universal criteria in pelvic MRI examinations which de-

fine closure and healing of fistulas in CD. The modified Van 

Assche score correlates well with clinical response, but further 

studies with larger sample of patients are still required for a 

broader validation of this method.52

The studies by Strik et al.21 and Plevris et al.24 demonstrated 

similar findings with the intravenous (IFX) and the subcuta-

neous agent (ADA). The association of higher serum levels of 

ADA with better clinical outcomes in the Dutch study was 

clear (7.4 μg/mL in healed vs. 4.8 μg/mL in active fistulas; P=  

0.003). However, patients with optimized ADA dosages (40 

mg weekly) had only 30.8% of healed fistulas as compared to 

69.2% in the regular regimen (40 mg every other week). In the 

pediatric IMAgINE study23 no difference in serum levels of 

ADA between patients with active versus healed fistulas was 

observed. These findings illustrate the difficulties in analyzing 

serum levels from a subcutaneous drug as compared to an in-

travenous agent. Another important point to be emphasized 

is that no data is available with TDM in PFCD with biologics 

with different mechanisms of action, as vedolizumab and 

ustekinumab.

Most studies also did not differentiate complex versus sim-

ple fistulas in the included patients, a limitation of retrospec-

tive compilation of data from clinical charts. A comparative 

analysis would be important in a prospective study, as the sur-

gical approach differs between the 2 types of perianal fistulas 

in CD. More complex fistulizing disease would theoretically 

require more active drug, as it is usually associated with a 

higher inflammatory burden. Different assays used in the 

studies also limit comparison between them.

Tandon et al.,53 in a systematic review on optimization strat-

egies for anti-TNF agents in PFCD, identified and selected 

some of the studies previously described and concluded that 

there is still a need for better designs for prospective studies. A 

better understanding of several issues that may cause misin-

terpretation in the analysis of serum levels and disease activity 

and the way in which the use of anti-TNFs can be more pre-

cisely optimized in these patients is still needed. There was 

variation in the trough concentrations of IFX in adults that 

predicted fistula healing (greater than 5 μg/mL to greater than 

10.1 μg/mL), potentially reflecting differences in the timing of 

serum level collection, assays, the reason for TDM (proactive 

vs. reactive monitoring), and/or differences in severity of peri-

anal disease. The values that predicted healing of the fistulas 

may be regarded as the lower limit of the therapeutic drug 

window in this phenotype of CD. The precise cutoff target lev-

el of each drug needs to be better defined. IFX trough concen-

trations ≥ 10.1 μg/mL in adults can be considered a reason-

able target for patients who do not achieve perianal remission. 

On the other hand, the upper limit of the therapeutic window 

with no further clinical benefit or with drug toxicity has yet to 

be adequately defined.

CONCLUSIONS

Despite the heterogeneity associated to the management of 

PFCD, with medical and surgical therapies acting together, 

data regarding higher doses of circulating anti-TNF agents and 

their association to better outcomes as fistula healing are 

promising. It should be stated that despite dose optimization 

of anti-TNF therapy is an important therapeutic strategy for 

patients who do not achieve fistula healing with standard dos-

es, this cannot guarantee that this will improve fistula healing 

rates in all cases. Apart from that, due to the favorable short-

term safety of higher serum levels and the lack of other alter-

native therapeutic options, application of TDM towards more 

circulating drug can be a valid option aiming fistula healing. 

The role of TDM in PFCD as a potential strategy still needs 

more evidence. Prospective studies with proactive TDM, stan-

dardized surgical management before induction and objec-

tive parameters for outcome measurement, such as MRI ra-

diographic remission, are warranted.
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