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Abstract

Aim The introduction of anti-tumour necrosis factor

(anti-TNF; infliximab and adalimumab) has changed

the management of Crohn’s perianal fistula from

almost exclusively surgical treatment to one with a

much larger emphasis on medical therapy. The aim of

this systematic review was to provide an overview of

the success rates of setons and anti-TNF for Crohn’s

perianal fistula.

Method Studies evaluating the effect of setons and

anti-TNF on Crohn’s perianal fistula were included.

Studies assessing perianal fistula in children, recto-

vaginal and rectourinary fistulae were excluded. The

primary end-point was the fistula closure rate. Partial

closure and recurrence rates were secondary end-

points.

Results Ten studies on seton drainage were included

(n = 305). Complete closure varied from 13.6% to

100% and recurrence from 0% to 83.3%. In 34 anti-

TNF studies (n = 1449), complete closure varied from

16.7% and 93% (partial closure 8.0–91.2%) and recur-

rence from 8.0% to 40.9%. Four randomized controlled

trials (n = 1028) comparing anti-TNF with placebo

showed no significant difference in complete or partial

closure in meta-analysis (risk difference 0.12, 95% CI

�0.06 to 0.30 and 0.09, 95% CI �0.23 to 0.41,

respectively). Subgroup analysis (n = 241) showed a

significant advantage for complete fistula closure with

anti-TNF in two trials with follow-up > 4 weeks (46%

vs 13%, P = 0.003 and 30% vs 13%, P = 0.03). Of four

included cohort studies, two revealed a significant dif-

ference in response in favour of combined treatment

(P = 0.001 and P = 0.014).

Conclusion Closure and recurrence rates after seton

drainage as well as anti-TNF vary widely. Despite a

large number of studies, no conclusions can be drawn

regarding the preferred strategy. However, combination

therapy with (temporary) seton drainage, immunomod-

ulators and anti-TNF may be beneficial in achieving

perianal fistula closure.
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Introduction

Crohn’s disease (CD) is a common chronic disease with

an incidence rate of 6.9 per 100 000 inhabitants per

year in the Netherlands [1]. Perianal fistulation is com-

mon in patients with Crohn’s disease, the estimated life-

time risk of perianal fistula being between 14% and 38%

in population-based estimates [2]. Perianal fistulizing

disease is associated with local pain, discharge and con-

siderable morbidity (including destruction of the

sphincter and perineal tissue), resulting in a negative

impact on quality of life [3]. Unfortunately spontaneous

fistula closure rates are low, with estimates ranging from

6% to 13% [4,5].

The management of Crohn’s perianal fistulation has

historically been surgical, with seton placement being

the most frequently used technique. However, since the

introduction of anti-tumour necrosis factor (anti-TNF)

agents (infliximab and adalimumab), the treatment of

Crohn’s fistula has changed, with a larger emphasis on

medical therapy [6–9].
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The purpose of this systematic review was to examine

the reported success rate of both seton drainage and

anti-TNF agents in patients with perianal Crohn’s fis-

tula.

Methods

A systematic review of the literature on seton drainage

and anti-TNF (infliximab or adalimumab) for the treat-

ment of perianal fistula in Crohn’s disease was per-

formed by two independent researchers (EJG and SS).

The present review was conducted according to the pre-

ferred reporting items for systematic reviews and meta-

analyses (PRISMA) guidelines [10]. The final search

was performed on 15 April 2015.

Databases

MEDLINE, Embase and BIOSIS were searched. No

restrictions on publication type were applied and no

methodological filter was used.

Search terms

The MeSH terms and free text used in various forms

and combinations were assembled with a medical librar-

ian. Two independent searches where performed, one

for seton drainage and one for anti-TNF treatment.

The terms used in both searches were ‘Crohn’s disease’

or ‘Crohn’ and ‘rectal fistula’ or ‘fistula’. For the search

on seton drainage the term ‘seton’ was added. For the

search on anti-TNF the following terms were added:

‘infliximab’ or ‘remicade’ or ‘Tumour Necrosis Factor-

alpha’ or ‘Tumour Necrosis Factors’ or ‘tumour necro-

sis factor-a’ or ‘anti-TNF’ or ‘Cachectin-Tumour

Necrosis Factor’ or ‘cachetin’ or ‘monoclonal antibody

cA2’ or ‘MAb cA2’ or ‘adalimumab’ or ‘humira’.

Details are provided in Appendix S1 in the Supporting

Information.

Selection

The reviewers separately screened the title and abstract

of the retrieved articles. Afterwards they assessed the

articles by joint discussion. In the event of disagree-

ment, a third reviewer (CJB) was involved. Studies

addressing seton drainage and anti-TNF for treatment

of perianal fistula in Crohn’s disease were included. In

addition, the included articles were hand searched for

relevant references. Studies on perianal fistula in chil-

dren, rectovaginal and rectourinary fistulae and review

articles were excluded.

Primary and secondary outcomes

Each study was examined for the primary outcome of

interest, complete fistula closure. Secondary outcome

parameters were partial closure and recurrence.

Data extraction and statistical analysis

The two reviewers independently extracted data from

the studies, and afterwards assessed the results in joint

discussion. Statistical analysis was done using Review

Manager, version 5.2 (The Nordic Cochrane Centre,

The Cochrane Collaboration, Copenhagen, Denmark).

Two meta-analyses of randomized controlled trials

(RCTs) comparing closure rates with anti-TNF therapy

vs placebo were performed. Pooled effects were pre-

sented as risk differences with 95% CIs. Because hetero-

geneity was expected, the meta-analyses were done a

priori with the use of a random effects model. Hetero-

geneity between studies was determined with

the I2 statistic.

Assessment of methodological quality

The methodological quality of the included studies

was assessed by the two reviewers separately, using

the Cochrane criteria for assessing risk of bias in

RCTs. For cohort studies and case series, elements of

the STROBE checklist were used (Table S1) [11]. To

assess the risk of bias, the following key elements

were assessed: selection bias/confounding (consecutive

or random inclusion, avoidance of inappropriate inclu-

sion and exclusion, adequate description of the source

of the patients, adequate description of baseline char-

acteristics, description of confounders, whether poten-

tial confounders accounted for in the analyses),

performance bias (impact of a concurrent intervention,

fidelity to the intervention protocol), attrition bias

(handling of missing data), detection bias (follow-up,

blinding, proper description of the procedure, clear

definition of outcome parameters) and reporting bias

(prespecification of potential outcomes, reporting of

all prespecified outcomes). Risk of bias was scored as

high, low or uncertain, and a total risk was calculated.

If there was a high risk score for one or more key

elements within a study, the overall risk was scored as

high.

In addition, generalizability was assessed and graded

based on the methodological design (multicentre or sin-

gle-centre studies, patient population, sample size and

follow-up) of the studies and overall scored as high, low

or uncertain.
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Results

Study selection process for seton drainage

The initial literature search for seton drainage identified

313 studies after removal of duplicates. Subsequently,

titles and abstracts were screened, after which 74 poten-

tially eligible publications remained. After full-text

review of these publications, ten studies, mainly case

series, met the inclusion criteria and presented the pri-

mary or one secondary outcome parameter [12–21].
These studies were included in the analysis for treat-

ment with seton drainage (Fig. 1).

Study selection process for anti-TNF

There were 1888 hits after duplicates were removed.

After subsequent screening of titles and abstracts, 249

potentially eligible articles remained. Eventually, after

full-text review, 42 studies remained (Fig. 2). Four

RCTs comparing anti-TNF therapy regimens with pla-

cebo were included in a meta-analysis and reported sepa-

rately [4,22–24]. Also, four studies directly comparing

(combined) anti-TNF and seton drainage on closure and

recurrence rates were analysed separately [25–28].
Finally, 34 cohort studies and case-series on anti-TNF

treatment were analysed [6,8,9,29–59].

Patient population and outcome analysis for seton

drainage

Overall, 305 patients with Crohn’s disease were treated

with seton drainage for their perianal fistulae (Table S2).

Complete closure was reported in five studies; the

rates varied between 13.6% and 100%. Among the

included studies the single cohort study (retrospective)

by Chung et al. [12], mentioned a complete closure

rate of 31.3%. Partial closure was not reported in any of

PubMed
N = 112

Titles screened
N = 313

Abstracts screened
N = 144

Full-text screened
N = 74

Full-text included in
quality assessment

N = 10

Duplicates removed
N = 132

Excluded
N = 169

Excluded
N = 70

Excluded
N = 56

23×  review
13×  other treatments
11×  no Crohns perianal fistula
11×  language
7×    other endpoints
5×    no abstract

Embase
N = 284

Biosis
N = 49

35×  no full text
15×  other endpoints
14×  overlap anti-TNF

Figure 1 Flowchart of seton drainage search.

PubMed
N = 642

Titles screened
N = 1888

Abstracts screened
N = 901

Full-text screened
N = 249

Full-text included in
quality assessment

N = 42

Duplicates removed
N = 904

Excluded
N = 987

Excluded
N = 652

Excluded
N = 207

53×
226×
140×
72×
19×
1×
141×

Embase
N = 1,598

Biosis
N = 552

151×
6×
1×
49×

no perianal fistula/CD
other endpoints
no abstract
language
other treatment
children
review

no full text
double
overlap seton
other endpoints

Figure 2 Flowchart for anti-TNF search.
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these studies. Recurrence rates were reported by eight

studies, and varied from 0% to 83.3%. The only

included prospective cohort study by Shinozaki et al.

[18] reported a recurrence rate of 33.3%. Timing of

seton removal differed among the studies (from 3 weeks

to 40 months). Because of the considerable heterogene-

ity among the studies no meta-analysis was performed.

Patient population and outcome analysis for anti-TNF

A total of 1449 patients with perianal fistula were trea-

ted with anti-TNF medication (Table S3). There were

22 studies assessing infliximab treatment, eight studies

on adalimumab and four on both infliximab and adali-

mumab without comparison with placebo. There were

articles on induction as well as on maintenance therapy.

Follow-up differed widely between the studies, where

some assessed the end-point at only 8 weeks, others had

a mean follow-up of almost 5 years.

Complete closure rates were reported by all 34 stud-

ies and varied between 16.7% and 93%. Partial closure

was described by 21 studies (8.0–91.2%) (Table S3).

Among these studies one RCT by Dewint et al. [31]

was included. In this study complete and partial closure

rates were 43% and 54%, respectively, after 24 weeks of

follow-up. Recurrence rates were only mentioned by 11

studies (8.0–40.9%) (Table S3).

Patient population and outcome analysis for studies

directly comparing (combined) anti-TNF and seton

drainage

Four cohort studies directly compared combined ther-

apy with anti-TNF (infliximab) treatment and/or seton

drainage alone for patients with Crohn’s perianal fistula

(Table S4) [25–28]. These studies mainly had a retro-

spective design, except for the study of Sciaudone et al.

[27]. Anti-TNF treatment has been administered to

132 patients in total, of whom 98 were simultaneously

treated with seton drainage. Overall, 109 patients were

treated with seton drainage without anti-TNF. Follow-

up ranged from 15 weeks to a mean of 30 months.

Complete closure rates for combined therapy varied

widely (0–100%). In the study reporting zero complete

fistula closures it was unclear whether the setons were

removed [26]. Partial closure rates were only described

by two studies for this treatment strategy (14.3–88.5%)
[26,27]. Gaertner et al. [28] reported a significant dif-

ference in response rates between combined treatment

vs seton drainage without anti-TNF of 45% vs 17%,

respectively (P = 0.001), whereas Regueiro and Mardini

[25] showed a significant difference between combined

treatment vs anti-TNF therapy without seton drainage

of 100% vs 82.6%, respectively (P = 0.014). Recurrence

was described by two studies, of which one showed a

significant difference in favour of combined treatment

when compared with anti-TNF therapy without seton

drainage (44.4% vs 78.9% respectively; P = 0.001) [25].

Meta-analyses for anti-TNF

Four RCTs comparing anti-TNF regimens with placebo

were included in the meta-analysis: one study on inflix-

imab and three studies analysing adalimumab (CLAS-

SIC, CHARM and GAIN trials) [4,22–24] (Table S5).

Patients with all kinds of fistulizing disease were

included in these trials (perianal, enterocutaneous and

enteroenteral fistulae). Patients treated with either

5 mg/kg infliximab or 40–80 mg adalimumab were

included in the meta-analysis since this is the recom-

mended dose in several guidelines [60]. Seton insertion

for perianal fistula was not mentioned in any of the

RCTs. In total, 179 patients were treated with anti-

TNF medication whereas 109 patients received placebo.

All studies assessed complete closure rates and three

studies reported partial closure rates. Recurrence rates

were not reported. The mean follow-up time was

13 weeks (range 4–26).
In the anti-TNF group, 54 of 179 (30%) patients

responded to treatment with complete fistula closure,

whereas complete closure was seen in 13 of 109 (12%)

patients in the placebo group. Partial fistula closure was

seen in 48 of 109 (44%) patients in the anti-TNF group

and in 15 of 62 (24%) patients in the placebo group.

There was no significant difference in complete or par-

tial closure rates between the groups [risk difference

(RD) 0.12, 95% CI �0.06 to 0.30, I2 = 74%; and RD

0.09, 95% CI �0.23 to 0.41, I2 = 78%, respectively)

(Figs 3 and 4). As heterogeneity among the studies was

high, a random-effects model was used to estimate the

pooled total effect. Due a lack of Kaplan–Meier curves

for fistula closure in the included studies, only dichoto-

mous data were used and risk differences were reported.

A subgroup analysis for complete fistula closure was

performed based on studies with a follow-up longer

than 4 weeks. This showed a significant advantage for

complete fistula closure with anti-TNF in the two trials

with follow-up longer than 4 weeks (Present et al. [4],

46% vs 13%, P = 0.003; CHARM [23], 30% vs 13%,

P = 0.043).

Study quality and shortcomings

Studies on seton drainage were solely (prospective and

retrospective) cohort studies and case series, mainly of

questionable quality (Table S6). Among the studies on
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anti-TNF there were six RCTs (of which four were

included in the meta-analysis), eight cohort studies and

21 case series.

The methodological quality of the RCTs was high

overall, whereas the quality of the cohort studies and

case series was questionable (Tables S7–S9). The RCTs

included in the meta-analysis were all funded by phar-

maceutical companies.

Generalizability was less high for the RCTs, since

stricter inclusion criteria were applied. Cohort studies

and case series mainly focused on a more general popu-

lation. Details on the patient population, procedure

description and end-point definitions for each study are

provided in Tables S10–S13.

Discussion

Based on the results of this systematic literature review

it can be concluded that closure and recurrence rates

after treatment with seton drainage as well as with anti-

TNF vary widely.

The studies that reported on seton drainage alone

had several limitations. First of all, the included cohort

studies and case series were mainly of questionable qual-

ity. One of the cohort studies on seton drainage with

the highest fistula closure rate is over 20 years old, with

a very small sample size (n = 6) [21]. In addition, the

most recent study (with 31.3% closure) assessed this

outcome parameter after only 3 months, which is too

short a time for a meaningful follow-up [12]. Secondly,

in all studies, seton removal was at the discretion of the

treating physician, which could introduce information

bias. Since complete closure of the internal opening can

only be achieved after seton removal, the fact that in

some studies seton removal was not reported could

introduce detection bias. The duration of seton drai-

nage differed in the reported studies, and it remains

unclear what the optimal timing for seton removal

should be.

In the studies included, the definition of complete

healing differed among studies or was not further

defined. This was mainly the case in studies reporting

on seton drainage (Tables S10–S13). In the majority of

studies, closure was assessed by physical examination by

the treating physician, which may have introduced a

measurement bias. Only a few studies MRI used to

assess closure of the fistula tracts.

When addressing the limitations of the studies of

anti-TNF it must be emphasized that although overall

a large group of patients were treated with anti-TNF,

some studies only had a small sample of patients with

Crohn’s perianal fistula within the study group. In

addition, the follow-up time varied widely between

the studies. Whereas some studies were focusing on

induction therapy, others were aiming for maintenance

therapy. In several studies the end-points were

Study or Subgroup
Present 1999 0.3313

–0.0513

–0.03
0.1723

0.087 26.5% 0.33 [0.16, 0.50]
–0.05 [–0.37, 0.27]

–0.03 [–0.17, 0.11]

0.12 [–0.06, 0.30]

0.17 [0.03, 0.32]
16.2%
28.6%
28.7%

100.0%

0.1645

0.0729
0.0733

Hanauer 2006
Colombel 2007
Sandborn 2007

Total (95% CI)
Heterogeneity: Tau2 = 0.02; Chi2 = 11.71, df = 3 (P = 0.008); I2 = 74%
Test for overall effect: Z = 1.34 (P = 0.18)
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IV, Random, 95% CIRisk Difference

Risk Difference
IV, Random, 95% CISE Year
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2002
2007
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–1 –0.5 0

Placebo Anti-TNF therapy

0.5 1
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Figure 3 Meta-analysis of four randomized controlled trials comparing anti-TNF therapy with placebo for complete fistula closure.

0.09 [–0.23, 0.41]100.0%Total (95% CI)
Heterogeneity: Tau2 = 0.06; Chi2 = 9.08, df = 2 (P = 0.01); I2 = 78%
Test for overall effect: Z = 0.57 (P = 0.57)

Present 1999 0.361
–0.1026

–0.05

0.0996 38.0% 0.36 [0.17, 0.56]
–0.10 [–0.51, 0.31]
–0.05 [–0.27, 0.17]

25.5%
36.5%

0.2094
0.113

Hanauer 2006
Sandborn 2007

1999
2002
2007

–1 –0.5 0

Placebo Anti-TNF therapy

0.5 1

Study or Subgroup
Risk Difference

IV, Random, 95% CIRisk Difference
Risk Difference

IV, Random, 95% CISE YearWeight

Figure 4 Meta-analysis of three randomized controlled trials comparing anti-TNF therapy with placebo for partial fistula closure.
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assessed after only 8–12 weeks (induction), which is

too soon. This was also supported by the meta-analy-

sis of the four RCTs included, which did not show a

significant advantage for (complete or partial) fistula

closure with anti-TNF as compared with placebo.

However, subgroup analysis did show an advantage

on complete fistula closure rates for anti-TNF treat-

ment in the two trials with a follow-up longer than

4 weeks. Although closure rates with anti-TNF are

disappointing, it is currently the most effective medical

therapy for patients with inflammatory bowel disease

refractory to standard medication. During the past

decade more knowledge has been gained with respect

to adequate dosing of anti-TNF by monitoring treat-

ment effect and measuring trough levels [61]. Con-

comitant immunomodulating therapy can decrease the

formation of antibodies to anti-TNF and may improve

long-term outcome [62]. Since fistulizing Crohn’s dis-

ease is a chronic condition, long-term results are of

crucial importance. The long-term results of the

CHARM trial demonstrated that all patients with

complete fistula closure at week 26 continued to have

complete fistula closure at week 56 when medication

was not stopped. Long-term results of the ACCENT

II trial have showed complete fistula closure in 34%

of patients responding to infliximab therapy after

46 weeks vs 19% closure in the placebo group [63].

Since patients in this study were randomized after

14 weeks of infliximab treatment, it was not included

in the meta-analysis. In addition, patients with recto-

vaginal fistula were included in the study by Sands

et al. [63], which is an exclusion criterion for the pre-

sent review. However, Lichtenstein et al. [64] showed

that the median length of time during which fistulae

remained closed after cessation of medication was

3 months, with over 50% reopening of the fistula. It

remains unclear how long anti-TNF should be contin-

ued for sustained fistula closure.

The additional use of seton drainage prior to anti-

TNF treatment varied among the studies. In cases of

perianal sepsis, adequate seton drainage of a fistula is of

key importance prior to starting anti-TNF medication.

The available cohort series suggest that combining

seton drainage with anti-TNF therapy is superior to

either therapy alone. The results of this systematic

review are in keeping with a systematic review by Yassin

et al. [65], who also found that a combination of surgi-

cal treatments (including seton drainage as well as other

surgical treatments) with medical therapy (anti-TNF

and immunomodulators) may have additional benefit

on healing of perianal fistula in patients with Crohn’s

disease compared with surgery or medical therapy alone.

To date, there are no published RCTs comparing seton

drainage and anti-TNF for Crohn’s perianal fistulae

directly. Furthermore, many patients were simultane-

ously treated with immunomodulators or other

immunosuppressive medication. The use of concomitant

medical therapy was reported in most studies, although

it was not considered as a potential confounder in these

series.

In this review it was intended to limit the analysis

to closure rates and recurrences in perianal fistulae only

in order to avoid selection bias. Therefore, data on

rectovaginal or rectourinary fistulae were excluded

where possible. However, the RCTs included in the

meta-analysis comparing anti-TNF with placebo did

not distinguish between perianal, enterocutaneous and

enteroenteral fistulae. It was not possible to extract

specific data on perianal fistulae alone, which was rec-

ognized as a severe limitation. However, it is likely

that the majority of fistulae were of perianal origin,

since these are much more common than enterocuta-

neous fistulae in Crohn’s disease. In the study by Pre-

sent et al. [4], the percentage of patients with perianal

fistulae was 90% compared with 10% with enterocuta-

neous fistulae.

Currently, with the development of new biologicals

(e.g. vedolizumab) there are more medical treatment

options nowadays. In a recent randomized controlled

trial assessing the efficacy of vedolizumab, perianal fistu-

las closed in 17 patients (23%) treated with vedolizu-

mab every 8 weeks and 22 patients (41%) with

vedolizumab every 4 weeks compared to 18 patients

(11%) in the placebo group (P = 0.32 and P = 0.03)

[66].

In view of the limitations of the included studies

and the drawbacks encountered in this systematic

review, a well-designed clinical trial directly comparing

seton drainage and anti-TNF therapy is warranted.

Clear end-point definitions and procedural descriptions

are essential. It is also imperative that follow-up should

be long enough to comment on recurrence rates after

primary closure of the perianal fistula. The currently

recruiting PISA trial may answer some of these ques-

tions. PISA is an 18-centre multinational (NTR4137)

randomized parallel group trial comparing chronic

seton drainage alone with 1-year anti-TNF with seton

drainage or seton drainage followed by 4 months’

anti-TNF treatment together with advancement plasty

[67]. The primary end-point in that study is the pro-

portion of patients with reinterventions.

In summary, closure and recurrence rates after treat-

ment with seton drainage as well as with anti-TNF vary

widely. Despite a large number of studies analysing the

results of both treatment options, no conclusion can be

drawn regarding the preferred strategy. However, com-
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bination therapy with (temporary) seton drainage, an

immunomodulator and anti-TNF may be beneficial in

achieving closure of perianal fistulae.
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