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Abstract: There is insufficient evidence to confirm the efficacy of ustekinumab (UST) in promoting
fistula closure in perianal fistulizing Crohn’s disease (CD) patients. We aimed to evaluate the efficacy
of UST in a real-world setting. The data were retrospectively analyzed. Intestinal clinical and
endoscopic changes were evaluated. Fistula radiological outcomes were determined using the Van
Assche score. A total of 108 patients were included, 43.5% of whom had complex perianal fistulas.
Intestinal clinical and endoscopic remission was achieved in 65.7% and 31.5% of patients, respectively.
The fistula clinical remission and response rates were 40.7% and 63.0%, respectively, with a significant
reduction in Perianal Crohn’s disease Activity Index [5.0(3.0, 8.0) vs. 7.5(5.0, 10.0), p < 0.001] and
Crohn’s Anal Fistula Quality of Life [23.5(9.3, 38.8) vs. 49.0(32.3, 60.0), p < 0.001]. Radiological healing,
partial response, no change, and deterioration were observed in 44.8%, 31.4%, 13.4%, and 10.4% of
patients, respectively. The cut-off UST trough concentration for predicting fistula clinical remission
was 2.11 µg/mL with an area under the curve of 0.795, a sensitivity of 93.3%, and a specificity of
67.6%. UST is efficacious in promoting radiological fistula closure in patients with perianal fistulizing
CD. A UST trough concentration over 2.11 µg/mL was correlated with a higher likelihood of perianal
fistula clinical remission.

Keywords: Crohn’s disease; ustekinumab; perianal fistula; radiological fistula remission

1. Introduction

Perianal fistula is the most common complication of Crohn’s disease (CD), affecting
approximately 40% of patients [1]. It represents an aggressive phenotype of CD, which is
likely to respond poorly to multiple medications, has a high risk of relapse and disease-
associated disability, and faces early-onset surgery [2,3]. Patients with perianal fistulizing
CD suffer from anal pain, purulent discharge, restricted sexual activity, and abdominal
symptoms, which undoubtedly result in a lower quality of life. Therefore, management
and monitoring of perianal fistulizing CD remains challenging.

A multidisciplinary approach is recommended for the treatment of perianal fistulizing
CD because of its complexity [4]. According to the global consensus established by Gecse in
2014 [5], for patients with perianal abscesses and active draining fistula, seton or fistulotomy
should be performed, followed by aggressive medical therapies. Monoclonal antibodies
against tumor necrosis factor (anti-TNF) agents, including infliximab and adalimumab,
are effective in perianal fistulizing CD, as shown by the results of the ACCENT II [6] and
CHARM [7] trials. However, it should not be ignored that a proportion of patients are
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primary non-responders to anti-TNF agents, and some have to switch to other biologics
targeting different inflammatory pathways due to loss of response or development of
severe adverse effects.

Ustekinumab (UST), an antibody targeting the p40 subunit shared by interleukin 12
and 23, effectively induces disease remission, as supported by the UNITI-1 and UNITI-2
clinical trials [8,9]. Our recently published study demonstrated that clinical and endoscopic
remission rates were 84.2% and 73.7%, respectively, at week 16/20 after UST initiation,
which adds evidence to the effectiveness of UST in refractory CD [10]. However, there is
still no strong evidence supporting the efficacy of UST in treating perianal fistulizing CD,
despite a series of post hoc or subgroup analyses [11,12].

We aimed to assess the short-term efficacy of UST in treating perianal fistulizing
CD, especially in promoting radiological fistula healing, and to evaluate the UST trough
concentration for predicting clinical fistula remission.

2. Methods
2.1. Study Design

This was a retrospective cohort study based on the data of patients with perianal
fistulizing CD from 1 March 2020 to 31 October 2022 at the Sixth Affiliated Hospital of
Sun Yat-Sen University (Guangzhou, China). This study was approved by the Ethics
Committee of Sun Yat-Sen University (2021ZSLYEC-066) and the Clinical Trial Registry
(NCT04923100). Consent from the patients was waived because all the data we used were
anonymous. All procedures were performed in accordance with the principles of the
Declaration of Helsinki.

2.2. Patients

Consecutive patients meeting the following inclusion criteria were included: First,
patients underwent comprehensive screening and diagnosis for CD according to interna-
tionally accepted criteria [13,14] with supportive clinical, endoscopic, radiological, and
histopathological findings. Second, active perianal fistula was confirmed by clinical symp-
toms and baseline magnetic resonance imaging (MRI). Third, patients were administered
UST therapy and followed up until the third infusion at weeks 16 or 20, with a drug interval
of q8w or q12w, respectively. Patients with incomplete data, development of severe adverse
events, and discontinuation of UST therapy within 16 weeks were excluded.

All patients were first infused with intravenous UST (260 mg for those weighing
<55 kg, 520 mg for those weighing >85 kg, and 390 mg for those weighing between 55–85 kg)
and subcutaneous UST (90 mg every 8 or 12 weeks) afterward [15]. Perianal surgeries
were performed if needed before the initiation of UST infusion. The indications for surgery
include the following: (1) acute abscess formation; (2) marked purulent external orifice,
which worsens the quality of life; (3) an active fistula revealed by MRI scan with the charac-
teristics including lesion range larger than 1 cm, deep ramification, or multiple ramification
formation. The protocols for prior surgery include abscess incision, partial extra-sphinteric
fistulotomy or fistulectomy, and loose seton drainage. Concomitant oral antibiotics includ-
ing metronidazole and ciprofloxacin were prescribed for 4 weeks after surgery. As for the
patients with loose seton, a second definite surgical repair or seton removal was evaluated
at week 16/20 after UST initiation. The UST trough concentration and antidrug antibodies
were detected before the third infusion of UST. Data on patient characteristics, serologic
biomarkers (including C-reactive protein [CRP], erythrocyte sedimentation rate, platelets,
hemoglobin, and albumin, and imaging were extracted from hospital digital records.

2.3. Definition

CD was classified using the widely accepted Montreal classification system [16]. Crohn’s
disease activity index (CDAI) [17], perianal Crohn’s disease activity index (PDAI) [18], and
Crohn’s anal fistula quality of life (CAF-QoL) [19] were evaluated at baseline and at week
16/20. Intestinal clinical remission was defined as a CDAI < 150, and intestinal clinical
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response was defined as a >70 reduction in CDAI and/or CDAI < 150 [17]. Fistula clinical
remission was defined as the absence of any draining fistula, and fistula clinical response
was defined as a decrease of >50% in the number of draining fistulas according to the fistula
drainage assessment index (FDA) [1]. Rutgeerts [20] scores and simple endoscopic score
for Crohn’s disease (SES-CD) [21] were used to evaluate the changes in endoscopic findings
in patients with or without colectomy, respectively. Endoscopic remission was defined as a
Rutgeerts score ≤i1 or SES-CD ≤2 [20,21]. Endoscopic response was defined as a reduction
of one grade from baseline in Rutgeerts score or a reduction of >50% in SES-CD [20,21].
C-reactive protein (CRP) normalization was defined as a CRP level of <4 mg/L.

MRI was performed to evaluate the fistula status. The number of fistulas, anatomical-
classification, hyperintensity on the fat-saturated T2 sequence, and track thickness and vol-
ume were recorded. A simple fistula was defined as a superficial/inter-sphincteric/trans-
sphincteric fistula with only one track, without extension or abscess. Complex fistulas
were defined as inter-sphincteric/trans-sphincteric fistulas with more than one track, or
supra-sphincteric/extra-sphincteric/rectovaginal fistula [1]. Four MRI-based radiological
outcomes were described, including healing, improvement, no change, and deterioration.
Radiological fistula healing was defined as the absence of a high-signal track on fat satu-
rated T2 sequences. Improvement was defined as a reduction in the number and volume
of fistula, and >10% decrease in the MRI signal. No change was defined as the same in
the number of fistulas and the volume of inflammation. Deterioration was defined as an
increase in the size and number of fistula tracks [22]. Van Assche scores [23] ranging from 0
to 22 reflected fistula activity, including fistula number, location, extension, hyperintensity
on T2, collections, and rectal wall involvement. Two specialists from the Colorectal De-
partment (HZ and BH) diagnosed perianal fistulizing CD and assessed the improvement
of perianal fistula based on gentle compression, examination under anesthesia, and MRI
scans. Two experienced radiologists (WTC and WRL) read the MRI scans, evaluated the
radiological outcomes, and recorded the Van Assche scores. Clinical, endoscopic, and
radiological evaluations were recommended at week 16/20.

2.4. Statistical Analysis

Continuous data were presented as mean ± standard error (S.D.E) or median with
interquartile range (IQR), while categorical data were presented as percentages. Student’s
t-test or Wilcoxon test was performed to compare indicators before and after UST treatment.
A receiver operating characteristic (ROC) curve was established to figure out the cut-off
value of UST trough concentration for predicting clinical fistula remission with the area
under the curve (AUC), sensitivity, and specificity calculated. All analyses were conducted
using SPSS 22.0. A statistically significant p-value was defined as a two-sided p-value < 0.05.

3. Results
3.1. Patients’ Characteristics

A total of 308 patients diagnosed with CD and receiving scheduled UST treatment
were enrolled. Of these, 137 patients were excluded due to the absence of perianal fistula
based on clinical symptoms and MRI scans, 51 for insufficient follow-up duration, and
12 for incomplete data (Figure 1). A total of 108 eligible patients were finally included,
74.1% of whom were male, with a mean age of 29.2 ± 1.0 years at diagnosis and a mean
disease duration of 4.3 ± 0.4 years. As for the Montreal classification, 61.1% of the pa-
tients were assigned to B1 (non-stricturing, non-penetrating) and 71.3% to L3 (ileocolonic)
phenotypes. Most fistulas were inter-sphincteric (63.9%), followed by superficial (18.5%),
trans-sphincteric (15.7%), and supra-sphincteric (1.9%). Of the fistulas, 43.5% were complex
fistulas, with a median baseline Van Assche score of 9.0 (7.0,14.0), as determined by MRI
scans. Of the patients, 29.6% had perianal abscesses and 57.4% had proctitis. Among them,
14 patients underwent fistulotomy before UST therapy, 2 of whom received additional
ileostomy due to the severe proximal intestinal lesion. The baseline characteristics are listed
in Table 1.
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Figure 1. Flow chart of the study (CD, Crohn’s disease; UST, ustekinumab; MRI, magnetic resonance
imaging).

Table 1. Baseline characteristics of overall patients.

Variables Total Patients (n = 108)

Male, n (%) 80 (74.1)
Age at diagnosis, [years, mean ± S.D.E] 29.2 ± 1.0
Disease duration, [years, mean ± S.D.E] 4.3 ± 0.4

Montreal classification
Age, n (%)

A1 (≤16 years) 8 (7.4)
A2 (17–40 years) 87 (80.6)
A3 (>40 years) 13 (12.0)

Disease behavior, n (%)
B1 (non-stricturing, non-penetrating) 66 (61.1)

B2 (stricturing) 13 (12.0)
B3 (penetrating) 29 (26.9)

Disease location, n (%)
L1 (ileal) 20 (18.5)

L2 (colonic) 11 (10.2)
L3 (ileocolonic) 77 (71.3)
L4 (upper GI) 21 (19.4)

Fistula type, n (%)
Simple 61 (56.5)

Complex 47 (43.5)
Fistula location, n (%)

Superficial 20 (18.5)
Inter-sphincteric 69 (63.9)
Trans-sphincteric 17 (15.7)
Supra-sphincteric 2 (1.9)
Extra-sphincteric 0 (0)

Van Assche at baseline, median (IQR) 9.0 (7.0,14.0)
Proctitis, n (%) 62 (57.4)

Perianal abscess, n (%) 32 (29.6)
Previous medication, n (%)

Steroids 50 (46.3)
Immunosuppressants 1 76 (70.4)

Anti-TNF agents 2 70 (64.8)
Previous intestinal surgery, n (%) 27 (25.0)

Extraintestinal manifestation, n (%) 8 (7.4)
1 Immunosuppressants includes thiopurines, methotrexate, cyclophosphane, and thalidomide. 2 Anti-TNF agents
refers to infliximab or/and adalimumab. IQR, interquartile range; S.D.E, standard error; GI, gastrointestinal.
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3.2. Efficacy of UST on CD

After administration of UST, the patients showed less inflammatory burden manifested
by a significant decrease in CRP (14.6 ± 2.4 vs. 24.0 ± 3.2, p = 0.002), and improved nutrition
manifested by an increase in hemoglobin (129.8 ± 2.1 vs. 119.0 ± 2.1, p < 0.001) and Alb
(40.2 ± 5.7 vs. 36.9 ± 5.1, p < 0.001) (Table 2). Intestinal clinical remission was observed
in 65.7% of patients, and intestinal clinical response was observed in 71.3% of patients
(Figure 2A). CRP normalization was achieved in 55.6% of patients (Figure 2B). A total
of 99 patients had endoscopy reexamination, of whom 22 patients were evaluated by
Rutgeerts score and 77 by SES-CD. Endoscopic remission and response were achieved in
31.5% and 45.4% of patients, respectively (Figure 2C).

Table 2. Efficacy of UST on patients with perianal fistulizing CD (n = 108).

Variables Baseline Week 16/20 p Value

Inflammatory burden
(mean ± S.D.E)

CRP (mg/L) 24.0 ± 3.2 14.6 ± 2.4 0.002
ESR (mm/h) 22.8 ± 2.3 18.2 ± 1.6 0.051

Platelet (×109/L) 311.9 ± 9.4 296.4 ± 9.1 0.090
Nutritional state
(mean ± S.D.E)

Hemoglobin (g/L) 119.0 ± 2.1 129.8 ± 2.1 <0.001
Alb (g/L) 36.9 ± 5.1 40.2 ± 5.7 <0.001

BMI 19.0 ± 2.9 19.3 ± 3.3 0.247
Intestinal clinical
evaluation (IQR)

CDAI 179.5 (117.6, 258.2) 112.2 (71.9, 171.8) <0.001
Fistula clinical

evaluation (IQR)
PDAI 7.5 (5.0, 10.0) 5.0 (3.0, 8.0) <0.001

CAF-QoL 49.0 (32.3, 60.0) 23.5 (9.3, 38.8) <0.001
CRP: c-reactive protein; ESR: erythrocyte sedimentation rate; Alb: albumin; BMI: body mass index; CDAI: Crohn’s
disease activity index; PDAI: perianal Crohn’s disease activity index; CAF-QoL: Crohn’s anal fistula quality of life;
CD, Crohn’s disease; UST, ustekinumab; IQR, interquartile range; S.D.E, standard error.
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Figure 2. Efficacy of UST on CD. (A) Intestinal clinical evaluation using CDAI at week 16/20, n = 108.
(B) Serological evaluation determined by CRP levels, n = 108. (C) Endoscopic evaluation using
Rutgeerts score or SES-CD, n = 99. UST: ustekinumab; CDAI: Crohn’s disease activity index; CRP:
C-reactive protein; SES-CD: simple endoscopic score for Crohn’s disease.
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3.3. Efficacy of UST on Perianal Fistulas

For all enrolled patients, a marked reduction in PDAI (5.0(3.0, 8.0) vs. 7.5(5.0, 10.0),
p < 0.001) and CAF-QoL (23.5(9.3, 38.8) vs. 49.0(32.3, 60.0), p < 0.001) indicated the mit-
igation of fistulas (Table 2). Fistula clinical remission was observed in 40.7% and fistula
clinical response in 63.0% of patients (Figure 3A). All the patients were required to return
at week 16/20 after UST initiation for clinical, endoscopic, and radiological reevaluation.
However, a proportion of patients refused MRI reexamination due to disappearance of
perianal symptoms, economic burden, or time constraint. Eventually, 62.0% (67/108) of
the patients underwent MRI scans. The percentages of patients with fistula healing, partial
response, no change, and deterioration were 44.8%, 31.4%, 13.4%, and 10.4%, respectively
(Figure 3B). After UST treatment, the Van Assche score significantly decreased (5.5(0.0, 10.0)
vs. 9.0(7.0, 14.0), p < 0.001), indicating the confirmed amelioration in fistula radiological
outcomes (Figure 3C).
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Figure 3. Efficacy of UST on perianal fistula. (A) Fistula clinical remission and response rates
determined by PDAI, n = 108. (B) Radiological outcomes evaluated by Ng score, n = 67. (C) Changes
in Van Assche scores before and after UST therapy, n = 67. UST: ustekinumab; PDAI: perianal Crohn’s
disease activity index.

3.4. Efficacy of UST on Anti-TNF Naïve and Exposure Patients

We further evaluated the efficacy of UST on patients who were anti-TNF naïve and
those who had anti-TNF exposure. Intestinal clinical remission rate in anti-TNF naïve
patients was significantly higher than that in anti-TNF exposure patients (78.9% vs. 58.6%,
p = 0.033). There was no significant difference in intestinal clinical response, fistula clinical
remission and response, endoscopic remission and response, and radiological remission
between the two groups (Table 3). Nevertheless, we did observe more favorable remission
and response rates in clinical, endoscopic, and radiological evaluations in anti-TNF naïve
patients, although not statistically significant, according to the subgroup analysis.

Table 3. Efficacy of UST on patients with anti-TNF exposure and anti-TNF naïve.

Variables Anti-TNF Naïve 1 Anti-TNF Exposure p Value

Intestinal clinical remission,
n/n (%) (n = 108) 30/38 (78.9) 41/70 (58.6) 0.033

Intestinal clinical response, n/n (%)
(n = 108) 30/38 (78.9) 47/70 (67.1) 0.195

Fistula clinical remission, n/n (%)
(n = 108) 20/38 (52.6) 24/70 (34.3) 0.064
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Table 3. Cont.

Variables Anti-TNF Naïve 1 Anti-TNF Exposure p Value

Fistula clinical response, n/n (%)
(n = 108) 25/38 (65.8) 42/70 (60.0) 0.554

Endoscopic remission, n/n (%)
(n = 99) 14/35 (40.0) 17/64 (26.6) 0.381

Endoscopic response, n/n (%)
(n = 99) 20/35 (57.1) 25/64 (39.1) 0.260

Radiological remission, n/n (%)
(n = 67) 14/25 (56.0) 16/42 (38.1) 0.154

1 Anti-TNF agents refers to infliximab or/and adalimumab.

3.5. Relationship of CD Clinical Remission and Clinical Fistula Response

Fistula clinical fistula remission/response was observed in 80.3% of the patients who
had achieved intestinal clinical remission, but only 43.2% in those who did not, indicating
that intestinal clinical remission positively correlated with fistula clinical remission.

3.6. Exposure–Response Effect of UST on Perianal Fistulizing CD

Overall, 64 patients had UST trough concentration detected at week 16/20 after initia-
tion of UST. The median UST trough concentration at week 16/20 was 2.4 (0.9, 3.5) µg/mL.
In a quartile analysis of UST trough concentrations, we demonstrated that fistula clinical
remission and response rates correlated with UST trough levels. Higher rates of fistula
clinical remission and response were observed in the higher UST trough concentration
group (Figure 4A). A significantly higher fistula remission and response rate was found
in the higher UST trough concentration quartile. The cut-off UST trough concentration
predicting clinical fistula remission was 2.11 µg/mL, with an AUC of 0.795, a sensitivity of
93.3%, and a specificity of 67.6% (Figure 4B). Figure 5 showed a typical case manifesting
radiological fistula healing after UST therapy in patients with perianal fistulizing CD.
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Figure 4. Exposure–response effect of UST on fistula clinical outcome. (A) Quartile analysis of UST
trough concentration associated with fistula clinical remission and response. (B) ROC curve of UST
trough concentration at week 16/20 predicting clinical fistula remission. The cut-off UST trough
concentration was 2.11 µg/mL, with an AUC of 0.795 [95%CI: 0.675–0.915], a sensitivity of 93.3%, and
a specificity of 67.6%. ROC, receiver operating characteristic; UST, ustekinumab; AUC, area under
the curve; CI, confidence interval.
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Figure 5. A case showing radiological fistula healing of a supralevator fistula. (A) The arrows show
the supralevator part of the fistula closure with scarring. (B) The arrows show the infralevator part of
the fistulas closure with scarring. (C) The arrows show vanishment of the supralevator lesion, and
the triangle shows improvement of proctitis.

4. Discussion

In this study, approximately 40% of the patients achieved fistula clinical remission
after UST initiation. Of note, 44.8% of the patients achieved deep radiological fistula
healing according to post-treatment MRI. Our clinical and radiological results verified the
acceptable short-term efficacy of UST for perianal fistulizing CD, particularly in promoting
radiological fistula closure.

Infliximab was the first proven effective biologic in promoting and maintaining CD-
related fistula closure, supported by high-quality randomized controlled trials (RCTs) with
fistula closure as the primary endpoint [24]. According to a multicenter, double-blind RCT
conducted by Daniel et al. [6], 40% of patients had a complete fistula response at week 54
after scheduled infliximab administration. Adalimumab is effective in treating fistulizing
CD, however only with low-grade evidence [25]. Majority of studies reported that 30–50%
of patients achieved clinical fistula remission after long-term anti-TNF therapies [6,26,27].
Our results manifested that 40.7% of the patients presented fistula closure after initiation of
UST, which was similar to those reported previously. Given that this study focused solely
on the short-term efficacy of UST, favorable long-term outcomes may be expected.

UST is the second-line biologic recommended for perianal fistulizing CD. A post
hoc analysis of UNITI-1/UNITI-2 reported that 24.7% of patients achieved fistula closure
at week 8 and 80% of patients achieved clinical fistula response at week 44 after UST
treatment [28]. The BioLAP study [29], including 207 patients with perianal CD, was a
retrospective trial with the largest sample size reported to date. Therapeutic success was
achieved in 38.5% of patients treated with UST. A prospective observational study in the
Netherlands reported that 35.7% (10/28) of patients achieved clinical fistula remission
24 weeks after UST initiation [30]. However, RCTs are still lacking with regards to fistula
closure as the primary endpoint to evaluate the efficacy of UST on perianal fistula.

UST was first approved for the treatment of CD in 2016 in America and in 2020 in China.
The efficacy of UST on CD has rarely been reported in China, and has never been reported
in perianal fistulizing CD. To our knowledge, this is the first real-world study conducted in
Chinese population to report the effectiveness of UST in perianal fistulizing CD. The fistula
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clinical remission rate was 40.7%, similar to that reported previously [31]. We focused more
on radiological outcome regarding that radiological fistula healing always lags behind
fistula clinical remission and calls for greater efforts to realize it. However, our results
showed approximately 45% of patients had achieved radiological fistula healing, which
undoubtedly adds our confidence in efficacy of UST in the treatment of perianal fistulizing
CD. Moreover, a better performance of UST was seen on patients who were biologic-naïve
manifested by the significantly higher rate in intestinal clinical remission according to
our subgroup analysis, which was consistent with the well-known SUCCESS trial [32].
Nevertheless, there was no significant difference in the effectiveness of UST in promoting
clinical or radiological fistula healing in biologic-naïve and biologic-exposure patients.

Pelvic MRI is a pivotal tool for perianal fistula diagnosis, classification, severity
evaluation, and monitoring. Radiological fistula healing continues after clinical fistula
closure, for internal tracks may persist despite closure of the external opening, leading to a
higher rate of relapse [33]. Patients who achieve radiological fistula remission may maintain
fistula resolution, regardless of continuation or discontinuation of anti-TNF therapy [34]. In
this study, all eligible patients had a precise diagnosis and classification of perianal fistula
based on MRI scans. In addition, 62.0% (67/108) of the patients underwent MRI scans
at the post-therapy follow-up. The radiological fistula healing rate was 44.8%, indicating
the ideal efficacy of UST for complete fistula closure. Follow-up imaging can assist with
disease monitoring and therapeutic management.

Perianal fistulizing CD exerts profound effects on patient’s psychosocial state and daily
life [35]. To date, limited data have been obtained regarding the effect of perianal fistulas on
quality of life. The PDAI is widely used to measure CD-associated perianal disease activity. It
is neither specific to perianal fistulas nor patient-centered [36]. CAF-QoL is the first disease-
specific and patient-reported outcome index in clinical practice, involving factors such as burden
of symptoms and treatment, and negative impact on quality of life [19]. In this study, we
combined the PDAI and CAF-QoL to evaluate the impact of perianal fistulas on patients with
CD. Favorable changes in both the PDAI and CAF-QoL were observed after UST therapy.

It has been reported that an IFX concentration of 12 µg/mL is associated with fis-
tula remission. Optimizing biologics correlates with a higher response rate in perianal
fistulizing CD patients [37,38]. Nevertheless, no studies have yet proposed a cut-off UST
trough level associated with fistula healing. Sands et al. concluded that perianal fistula
resolution is not associated with a higher UST serum concentration [39]. In contrast, one
observational study noted that 50% of patients with UST escalation into q4w or q6w admin-
istration intervals achieved a clinical response in perianal disease [40]. In this study, we did
manifest the exposure–effect relationship between clinical fistula remission and UST trough
levels. The cut-off value of UST we reported was 2.11 µg/mL, which was much higher
than 1.12 µg/mL, the cut-off value of UST associated with clinical remission (defined as
CDAI < 150) that we reported previously [10]. Undoubtedly, more high-quality studies are
needed to further verify the relationship between UST escalation and fistula outcome.

This study had some limitations. First, this was a single-center study with a relatively
small sample size. The evidence from this retrospective study should be validated further in
a larger sample size from multiple IBD centers nationwide. Moreover, we only manifested
the short-term efficacy of UST in perianal fistulizing CD with short-term follow-up; hence,
and the long-term efficacy and the safety of UST for perianal fistula was not evaluated. The
strengths of this study include strict definitions, radiological evaluation combined with
clinical assessment, and emphasis on quality of life.

5. Conclusions

In conclusion, UST is effective in promoting clinical and radiological fistula remission
in patients with CD. A trough concentration of UST higher than 2.11 µg/mL was associated
with clinical fistula remission at week 16/20. More RCTs with fistula closure as the primary
outcome are warranted to evaluate the efficacy of UST in treating perianal fistulizing
CD in-depth.



J. Clin. Med. 2023, 12, 939 10 of 12

Author Contributions: All authors have made a significant contribution to this research article. J.Y.,
H.Z. and T.S.: Study concept and design, analysis of data and manuscript drafting. X.P., J.Z., T.L.,
W.W. and P.H.: Acquisition and analysis of data. M.Z. (Min Zhi) and M.Z. (Min Zhang): Critical
revision of the manuscript. M.Z. (Min Zhi) and M.Z. (Min Zhang): Final approval of the version to be
submitted. All authors approved the final manuscript as well as the authorship list. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China [81900490
81670477 and 82270544], Project 5010 of Sun Yat-Sen University [2014008], Project 1010 of Sixth
Affiliated Hospital of Sun Yat-Sen University [1010PY(2020)-55], Qingfeng Scientific Research Fund
of the China Crohn’s & Colitis Foundation (CCCF-QF-2022A53-2 and CCCF-QF-2022B43-14) and
Young Teacher Foundation of Sun Yat-Sen University [22qntd3604].

Institutional Review Board Statement: This study was approved by the Ethics Committee of Sun
Yat-Sen University (2021ZSLYEC-066) and was approved by the Clinical Trial Registry (NCT04923100).

Informed Consent Statement: Due to the retrospective study design, which used anonymous data,
written informed consent from the patients was waived.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: The authors thank Wuteng Cao and Wenru Li from Department of Radiology,
Bang Hu from Department of Colorectal Surgery, Sixth Affiliated Hospital, Sun Yat-Sen University
for their assistance in radiological assessment.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Caron, B.; D’Amico, F.; Danese, S.; Peyrin-Biroulet, L. Endpoints for Perianal Crohn’s Disease Trials: Past, Present and Future. J.

Crohns Colitis 2021, 15, 1387–1398. [CrossRef]
2. Shmidt, E.; Ho, E.Y.; Feuerstein, J.D.; Singh, S.; Terdiman, J.P. Spotlight: Medical Management of Moderate to Severe Luminal and

Perianal Fistulizing Crohn’s Disease. Gastroenterology 2021, 160, 2511. [CrossRef]
3. Barreiro Dominguez, E.M.; Vazquez-Garcia, I.; Perez-Corbal, L.; Ballinas Miranda, J.R.; Antelo, J.S.; Parajo Calvo, A. Mesenchymal

stem cells for the treatment of perianal fistulizing Crohn’s disease-A video vignette. Colorectal Dis. 2022, 24, 1441–1442. [CrossRef]
4. Wiseman, J.; Chawla, T.; Morin, F.; de Buck van Overstraeten, A.; Weizman, A.V. A Multi-Disciplinary Approach to Perianal

Fistulizing Crohn’s Disease. Clin. Colon. Rectal Surg. 2022, 35, 51–57. [CrossRef]
5. Gecse, K.B.; Bemelman, W.; Kamm, M.A.; Stoker, J.; Khanna, R.; Ng, S.C.; Panes, J.; van Assche, G.; Liu, Z.; Hart, A.; et al. A

global consensus on the classification, diagnosis and multidisciplinary treatment of perianal fistulising Crohn’s disease. Gut 2014,
63, 1381–1392. [CrossRef]

6. Sands, B.E.; Anderson, F.H.; Bernstein, C.N.; Chey, W.Y.; Feagan, B.G.; Fedorak, R.N.; 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. [CrossRef]

7. Colombel, J.F.; 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. [CrossRef]

8. Adedokun, O.J.; Xu, Z.; Gasink, C.; Jacobstein, D.; Szapary, P.; Johanns, J.; Gao, L.L.; Davis, H.M.; Hanauer, S.B.; Feagan, B.G.;
et al. Pharmacokinetics and Exposure Response Relationships of Ustekinumab in Patients with Crohn’s Disease. Gastroenterology
2018, 154, 1660–1671. [CrossRef]

9. Feagan, B.G.; Sandborn, W.J.; Gasink, C.; Jacobstein, D.; Lang, Y.; Friedman, J.R.; Blank, M.A.; Johanns, J.; Gao, L.L.; Miao, Y.; et al.
Ustekinumab as Induction and Maintenance Therapy for Crohn’s Disease. N. Engl. J. Med. 2016, 375, 1946–1960. [CrossRef]

10. Yao, J.Y.; Zhang, M.; Wang, W.; Peng, X.; Zhao, J.Z.; Liu, T.; Li, Z.W.; Sun, H.T.; Hu, P.; Zhi, M. Ustekinumab trough concentration
affects clinical and endoscopic outcomes in patients with refractory Crohn’s disease: A Chinese real-world study. BMC
Gastroenterol. 2021, 21, 380. [CrossRef]

11. Rubin de Celix, C.; Chaparro, M.; Gisbert, J.P. Real-World Evidence of the Effectiveness and Safety of Ustekinumab for the
Treatment of Crohn’s Disease: Systematic Review and Meta-Analysis of Observational Studies. J. Clin. Med. 2022, 11, 4202.
[CrossRef]

12. Honap, S.; Meade, S.; Ibraheim, H.; Irving, P.M.; Jones, M.P.; Samaan, M.A. Effectiveness and Safety of Ustekinumab in
Inflammatory Bowel Disease: A Systematic Review and Meta-Analysis. Dig. Dis. Sci. 2022, 67, 1018–1035. [CrossRef]

13. Gomollon, F.; Dignass, A.; Annese, V.; Tilg, H.; Van Assche, G.; Lindsay, J.O.; Peyrin-Biroulet, L.; Cullen, G.J.; Daperno, M.;
Kucharzik, T.; et al. 3rd European Evidence-based Consensus on the Diagnosis and Management of Crohn’s Disease 2016: Part 1:
Diagnosis and Medical Management. J. Crohns Colitis 2017, 11, 3–25. [CrossRef]

http://doi.org/10.1093/ecco-jcc/jjab026
http://doi.org/10.1053/j.gastro.2021.04.028
http://doi.org/10.1111/codi.16206
http://doi.org/10.1055/s-0041-1740038
http://doi.org/10.1136/gutjnl-2013-306709
http://doi.org/10.1056/NEJMoa030815
http://doi.org/10.1053/j.gastro.2006.11.041
http://doi.org/10.1053/j.gastro.2018.01.043
http://doi.org/10.1056/NEJMoa1602773
http://doi.org/10.1186/s12876-021-01946-8
http://doi.org/10.3390/jcm11144202
http://doi.org/10.1007/s10620-021-06932-4
http://doi.org/10.1093/ecco-jcc/jjw168


J. Clin. Med. 2023, 12, 939 11 of 12

14. Inflammatory Bowel Disease Group; Chinese Society of Gastroenterology; Chinese Medical Association. Chinese consensus on
diagnosis and treatment in inflammatory bowel disease (2018, Beijing). J. Dig. Dis. 2021, 22, 298–317. [CrossRef]

15. Kotze, P.G.; Ma, C.; Almutairdi, A.; Panaccione, R. Clinical utility of ustekinumab in Crohn’s disease. J. Inflamm. Res. 2018, 11,
35–47. [CrossRef]

16. Satsangi, J.; Silverberg, M.S.; Vermeire, S.; Colombel, J.F. The Montreal classification of inflammatory bowel disease: Controversies,
consensus, and implications. Gut 2006, 55, 749–753. [CrossRef]

17. Thia, K.; Faubion, W.A., Jr.; Loftus, E.V., Jr.; Persson, T.; Persson, A.; Sandborn, W.J. Short CDAI: Development and validation of a
shortened and simplified Crohn’s disease activity index. Inflamm. Bowel Dis. 2011, 17, 105–111. [CrossRef] [PubMed]

18. Irvine, E.J. Usual therapy improves perianal Crohn’s disease as measured by a new disease activity index. McMaster IBD Study
Group. J. Clin. Gastroenterol. 1995, 20, 27–32.

19. Adegbola, S.O.; Dibley, L.; Sahnan, K.; Wade, T.; Verjee, A.; Sawyer, R.; Mannick, S.; McCluskey, D.; Bassett, P.; Yassin, N.; et al.
Development and initial psychometric validation of a patient-reported outcome measure for Crohn’s perianal fistula: The Crohn’s
Anal Fistula Quality of Life (CAF-QoL) scale. Gut 2021, 70, 1649–1656. [CrossRef]

20. Rutgeerts, P.; Geboes, K.; Vantrappen, G.; Beyls, J.; Kerremans, R.; Hiele, M. Predictability of the postoperative course of Crohn’s
disease. Gastroenterology 1990, 99, 956–963. [CrossRef]

21. Daperno, M.; D’Haens, G.; Van Assche, G.; Baert, F.; Bulois, P.; Maunoury, V.; Sostegni, R.; Rocca, R.; Pera, A.; Gevers, A.; et al.
Development and validation of a new, simplified endoscopic activity score for Crohn’s disease: The SES-CD. Gastrointest. Endosc.
2004, 60, 505–512. [CrossRef]

22. Ng, S.C.; Plamondon, S.; Gupta, A.; Burling, D.; Swatton, A.; Vaizey, C.J.; Kamm, M.A. Prospective evaluation of anti-tumor
necrosis factor therapy guided by magnetic resonance imaging for Crohn’s perineal fistulas. Am. J. Gastroenterol. 2009, 104,
2973–2986. [CrossRef]

23. Van Assche, G.; Vanbeckevoort, D.; Bielen, D.; Coremans, G.; Aerden, I.; Noman, M.; D’Hoore, A.; Penninckx, F.; Marchal,
G.; Cornillie, F.; et al. Magnetic resonance imaging of the effects of infliximab on perianal fistulizing Crohn’s disease. Am. J.
Gastroenterol. 2003, 98, 332–339. [CrossRef]

24. Gu, B.; Venkatesh, K.; Williams, A.J.; Ng, W.; Corte, C.; Gholamrezaei, A.; Ghaly, S.; Xuan, W.; Paramsothy, S.; Connor, S. Higher
infliximab and adalimumab trough levels are associated with fistula healing in patients with fistulising perianal Crohn’s disease.
World J. Gastroenterol. 2022, 28, 2597–2608. [CrossRef]

25. Dunleavy, K.A.; Pardi, D.S. Biologics: How far can they go in Crohn’s disease? Gastroenterol. Rep. 2022, 10, goac049. [CrossRef]
26. Yang, B.L.; Chen, Y.G.; Gu, Y.F.; Chen, H.J.; Sun, G.D.; Zhu, P.; Shao, W.J. Long-term outcome of infliximab combined with surgery

for perianal fistulizing Crohn’s disease. World J. Gastroenterol. 2015, 21, 2475–2482. [CrossRef]
27. Papamichael, K.; Vande Casteele, N.; 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. [CrossRef]

28. Sands, B.E.; Gasink, C.; Jacobstein, D.; Gao, L.L.; Johanns, J.; Colombel, J.F.; de Villiers, W.J.; Sandborn, W.J. Fistula healing in
prvotal studies of Ustekinumab in Crohn’s disease. Gastroenterology 2017, 152, S185. [CrossRef]

29. 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. [CrossRef]

30. Biemans, V.B.C.; van der Meulen-de Jong, A.E.; van der Woude, C.J.; Lowenberg, M.; Dijkstra, G.; Oldenburg, B.; de Boer, N.K.H.;
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. Crohns Colitis 2020, 14, 33–45. [CrossRef]

31. 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. [CrossRef]

32. Johnson, A.M.; Barsky, M.; Ahmed, W.; Zullow, S.; Galati, J.; Jairath, V.; Narula, N.; Peerani, F.; Click, B.H.; Coburn, E.S.; et al. The
Real-World Effectiveness and Safety of Ustekinumab in the Treatment of Crohn’s Disease: Results from the SUCCESS Consortium.
Am. J. Gastroenterol. 2022, in press. [CrossRef] [PubMed]

33. Tao, Y.; Li, H.; Xu, H.; Tang, W.; Fan, G.; Yang, X. Can the simplified magnetic resonance index of activity be used to evaluate the
degree of activity in Crohn’s disease? BMC Gastroenterol. 2021, 21, 409. [CrossRef] [PubMed]

34. Karmiris, K.; Bielen, D.; Vanbeckevoort, D.; Vermeire, S.; Coremans, G.; Rutgeerts, P.; Van Assche, G. Long-term monitoring of
infliximab therapy for perianal fistulizing Crohn’s disease by using magnetic resonance imaging. Clin. Gastroenterol. Hepatol.
2011, 9, 130–136. [CrossRef]

35. Panes, J.; Rimola, J. Perianal fistulizing Crohn’s disease: Pathogenesis, diagnosis and therapy. Nat. Rev. Gastroenterol. Hepatol.
2017, 14, 652–664. [CrossRef] [PubMed]

36. Hindryckx, P.; Jairath, V.; Zou, G.; Feagan, B.G.; Sandborn, W.J.; Stoker, J.; Khanna, R.; Stitt, L.; van Viegen, T.; Shackelton,
L.M.; et al. Development and Validation of a Magnetic Resonance Index for Assessing Fistulas in Patients with Crohn’s Disease.
Gastroenterology 2019, 157, 1233–1244.e35. [CrossRef]

37. 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. [CrossRef]

http://doi.org/10.1111/1751-2980.12994
http://doi.org/10.2147/JIR.S157358
http://doi.org/10.1136/gut.2005.082909
http://doi.org/10.1002/ibd.21400
http://www.ncbi.nlm.nih.gov/pubmed/20629100
http://doi.org/10.1136/gutjnl-2019-320553
http://doi.org/10.1016/0016-5085(90)90613-6
http://doi.org/10.1016/S0016-5107(04)01878-4
http://doi.org/10.1038/ajg.2009.509
http://doi.org/10.1016/S0002-9270(02)05909-9
http://doi.org/10.3748/wjg.v28.i23.2597
http://doi.org/10.1093/gastro/goac049
http://doi.org/10.3748/wjg.v21.i8.2475
http://doi.org/10.14309/ajg.0000000000001111
http://doi.org/10.1016/S0016-5085(17)30930-7
http://doi.org/10.14309/ajg.0000000000000810
http://doi.org/10.1093/ecco-jcc/jjz119
http://doi.org/10.1080/00365521.2020.1854848
http://doi.org/10.14309/ajg.0000000000002047
http://www.ncbi.nlm.nih.gov/pubmed/36191274
http://doi.org/10.1186/s12876-021-01987-z
http://www.ncbi.nlm.nih.gov/pubmed/34711180
http://doi.org/10.1016/j.cgh.2010.10.022
http://doi.org/10.1038/nrgastro.2017.104
http://www.ncbi.nlm.nih.gov/pubmed/28790453
http://doi.org/10.1053/j.gastro.2019.07.027
http://doi.org/10.1093/ibd/izy217


J. Clin. Med. 2023, 12, 939 12 of 12

38. Grossberg, L.B.; Cheifetz, A.S.; Papamichael, K. Therapeutic Drug Monitoring of Biologics in Crohn’s Disease. Gastroenterol. Clin.
N. Am. 2022, 51, 299–317. [CrossRef]

39. Sands, B.E.; Kramer, B.C.; Gasink, C.; Jacobstein, D.; Gao, L.L.; Ma, T.; Adedokun, O.J.; Colombel, J.F.; Schwartz, D.A. Association
of Ustekinumab Serum Concentrations and Perianal Fistula Resolution inthe Crohn’s Disease Uniti Program. Gastroenterology
2019, 156, S1099–S1100. [CrossRef]

40. Glass, J.; Alsamman, Y.; Chittajallu, P.; Ahmed, T.; Fudman, D. Ustekinumab Dose Escalation Effective in Real-World Use for
Luminal and Perianal Crohn’s Disease. Inflamm. Bowel Dis. 2020, 26, S76. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.gtc.2021.12.007
http://doi.org/10.1016/S0016-5085(19)39710-0
http://doi.org/10.1093/ibd/zaa010.189

	Introduction 
	Methods 
	Study Design 
	Patients 
	Definition 
	Statistical Analysis 

	Results 
	Patients’ Characteristics 
	Efficacy of UST on CD 
	Efficacy of UST on Perianal Fistulas 
	Efficacy of UST on Anti-TNF Naïve and Exposure Patients 
	Relationship of CD Clinical Remission and Clinical Fistula Response 
	Exposure–Response Effect of UST on Perianal Fistulizing CD 

	Discussion 
	Conclusions 
	References

