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Abstract 

Background Enteric fistula is one of the penetrating features in Crohn’s disease (CD). This study aimed to clarify the 
prognostic factors for the efficacy of infliximab (IFX) treatment in luminal fistulizing CD patients.

Methods We retrospectively included 26 cases diagnosed with luminal fistulizing CD hospitalized in our medical 
center from 2013 to 2021. The primary outcome of our research was defined as death from all causes and undergoing 
of any relevant abdominal surgery. Kaplan–Meier survival curves were used to describe overall survival. Univariate and 
multivariate analyses were used to identify prognostic factors. A predictive model was constructed using Cox propor-
tional hazard model.

Results The median follow-up time was 17.5 months (range 6–124 months). The 1- and 2-year surgery-free survival 
rates were 68.1% and 63.2%, respectively. In the univariate analysis, the efficacy of IFX treatment at 6 months after 
initiation (P < 0.001, HR 0.23, 95% CI 0.01–0.72) and the existence of complex fistula (P = 0.047, HR 4.11, 95% CI 1.01–
16.71) was found significantly related to the overall surgery-free survival, while disease activity at baseline (P = 0.099) 
also showed predictive potential. The multivariate analysis showed that efficacy at 6 months (P = 0.010) was an 
independent prognostic factor. The C-index of the model for surgery-free survival was 0.923 (P < 0.001), indicating an 
acceptable predictive effect.

Conclusion Prognostic model including the existence of complex fistula, disease activity at baseline and efficacy of 
IFX at 6 months may be useful to predict long-term outcome of luminal fistulizing CD patients.
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Introduction
Crohn’s disease (CD) is a chronic, recurrent inflam-
matory bowel disease characterized by transmural 
inflammation affecting the entire digestive tract and 
especially the distal ileum. Multiple factors including 
intestinal immune dysfunction, intestinal mucosal bar-
rier destruction, intestinal microbiota abnormalities, 
and genetic and environmental factors are believed to 
contribute to the pathogenesis of CD [1, 2]. Fistula is 
common due to the transmural inflammation of CD, 
and the proportion of luminal fistulizing CD reaches 
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5–10% [3]. It has been reported that the overall surgi-
cal rate approaches 50% [4], while the clinical recur-
rence rate approaches 25% at 2 years after surgery [5].

The anti-tumor necrosis factor-α (TNF-α) monoclo-
nal antibody represented by infliximab (IFX) has been 
widely used in the treatment of CD in the past 2 dec-
ades. Several studies have confirmed that IFX is a rela-
tively fast and safe choice that can effectively improve 
clinical symptoms, inhibit inflammatory reactions, 
promote mucosal healing and closure of the perianal 
fistula [6], improve patient quality of life [7], achieve 
clinical and endoscopic remission, and reduce surgi-
cal rates [8]. However, IFX is not effective in 20–40% 
patients due to loss-of-response [9]. Furthermore, IFX 
might lead to increased risk of infection and high eco-
nomic costs. Although a meta-analysis in 2018 showed 
that IFX treatment for fistulizing CD improved prog-
nosis with a cumulative RR of 2.01 (95% CI 1.36–2.97) 
[10], the efficacy and suboptimal response of IFX ther-
apy in luminal fistulizing CD is still challenging due to 
the limited number of published studies.

The incidence of CD in China is increasing yearly 
[11]. A multicenter study based on Chinese CD 
patients showed that 57% of patients were at risk of 
experiencing a suboptimal response to first-line anti-
TNF therapy 2 years after its initiation in China [12].

There is no current prediction model for the 
response to IFX treatment for luminal fistulizing CD 
(lfCD) patients. This study aims to provide a detailed 
description of the long-term prognostic markers of 
lfCD patients and to further explore the prognostic 
factors associated with IFX treatment and provide 
more rational and individuallized therapy for these 
patients.

Patients and methods
Patients
A comprehensive search of medical records was per-
formed to identify lfCD patients diagnosed and hos-
pitalized at our medical center between January 2013 
and June 2021. Patients meeting all of the follow-
ing inclusion criteria simultaneously were included: 
patients with diagnosed CD hospitalized at our medi-
cal center, intestinal fistula confirmed by computerized 
tomography (CT), magnetic resonance imaging (MRI), 
ultrasonography or endoscopy; follow-up ≥ 6  months; 
and ≥ 3 courses of IFX treatment. Patients meeting any 
of the following exclusion criteria were excluded: sur-
gical-related fistula; follow-up < 6  months; < 3 courses 
of IFX treatment due to any reason; and previous expo-
sure of IFX before diagnosis. Twenty-six patients were 
finally included in the study.

Data collection
Baseline clinical profiles were collected and reviewed, 
including sex, age, Montreal classification [13] and base-
line treatment. The detailed baseline clinical charac-
teristics of CD were evaluated at the time of diagnosis 
of intestinal fistula. The Crohn’s Disease Activity Index 
(CDAI) was used to evaluate the disease activity in brief 
[14]. The characteristics of the fistula were classified by 
type, location, and the existence of a complex fistula. The 
fistula was defined as complex fistula if there were multi-
ple fistula tracts or the patient has history of abdominal 
abscess. History of abdominal infection or abcess were 
also collected.

Laboratory data related to CD were also collected, 
including blood routine, albumin, erythrocyte sedimen-
tation rate (ESR), and C-reactive protein (CRP). Due to 
the non-availability of data, serum IL-6 and TNF-α level 
and other indicators were not collected and included 
in the analysis. Serum IFX concentration were also not 
included.

Imaging data (enhanced abdominal and pelvic CT, 
CT enterography, or MR enterography) at baseline were 
reappraised. Data were collected including the charac-
teritics of fistula, and other signs of CD activity, includ-
ing thickening or strengthening of the intestinal wall, 
existence of stricture, thickened mesenteric vessels and 
enlarged mesenteric lymph nodes.

Follow‑up and evaluation
Treatment and follow-up profiles were partially retrieved 
from the medical records. All patients were also con-
tacted via telephone by researchers in November 2021 to 
obtain updated follow-up information, including details 
of medical regimens, survival status and acceptance of 
surgical operation. Therapeutic regimens included IFX, 
glucocorticoids, anti-inflammatory agents, immunosup-
pressants, and probiotics. The efficacy of IFX treatment 
was determined based on improvements in the CDAI 
score (remission, CDAI < 150; response, CDAI ≥ 150 
points and decreased by ≥ 70 points; non-response, 
CDAI ≥ 150 points and decreased by < 70 points).

The primary outcome of our research was defined as 
death from all causes, and undergoing of any abdominal 
surgery related to fistula. The secondary outcome was 
discontinuation of IFX treatment for any reason.

Statistical analysis
Data analysis was performed with SPSS version 25.0 
(SPSS, Inc., Chicago, IL, USA). Continuous variables 
are shown as the median and interquartile range. Cat-
egorical data were summarized as the percentage of the 
whole research population. Continuous variables were 
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transformed into categorical variables, mainly based 
on routine cutoff values used in clinical application, for 
example, 35  g/l for serum albumin and 18.5  kg/m2 for 
body mass index (BMI). Overall survival was calculated 
from the beginning of treatment until the primary out-
come. Survival curves were plotted with the Kaplan–
Meier method. The log-rank test was employed to screen 
for variables that might be associated with survival. Only 
variables with certain significance (P < 0.10) in the uni-
variate analysis were considered to be possibly associated 
with survival and further included in the multivariate 
analysis. The Cox proportional hazard model was used to 
assess the association of variables with survival. Hazard 
ratio (HR) and 95% confidence interval (CI) was used to 
represent the results of analyses [15, 16].

Results
Baseline clinical characteristics of CD patients with luminal 
fistula
The baseline clinical characteristics of CD patients with 
intestinal fistula are shown in Table 1. Among all the 26 
patients, 21 of them were male (80.8%). The median age 
at the time of diagnosis is 27.5 years (range, 17–64 years). 
Six cases had a histroy of cigrette consumption, 1 of them 
was smokers and 5 were former smokers. Five cases had 
MRI as part of the evaluation. Twelve cases had therapu-
tic drug monitoring and dose adjustment (if necessary). 
Thirteen cases were diagnosed with complex fistula. Thir-
teen cases had a history of abdominal infection before 
IFX initiation, while 6 cases had a history of abdomi-
nal abscess. According to the CDAI score, 4 cases were 
in clinical remission stage (CDAI < 150 points), 9 cases 
were in a mild active stage (150 ≤ CDAI < 220 points), 
and 13 cases were in moderate-to-severe active stage 
(CDAI ≥ 220 points) at baseline. Thirteen cases received 
total elemental enteral nutrition, 24 cases received gluco-
corticoids, 23 cases received 5-aminosalicylic acids, and 
13 cases received immunosuppressants at initiation of 
IFX treatment.

Efficacy evaluation of IFX treatment
Our research was conducted with a median follow-
up time of 17.5  months (6–124  months). The results 
of efficacy evaluation of IFX treatment are shown in 
Table  2. Limited by the accessibility of clinical pro-
files, some patients were not evaluated at certain time 
points. According to the efficacy evaluation, 12 of 24 
cases achieved clinical remission and 12 cases had clini-
cal response at 3  months after IFX treatment. Fourteen 
of 23 cases achieved remission, 7 cases had response, 
and 2 cases had non-response at 6 months. Six of 8 cases 
achieved remission, 1 case had response, and 1 case 
had non-response at 24  months. The 1-year and 2-year 

Table 1 Clinical characteristics of luminal fistulizing CD patients 
at baseline

Clinical characteristics N, % (Total N = 26)

Demographic features

 Age, year 27.5 (24–34)

 Male 21, 80.8%

 Cigrette consumption 6, 23.1%

  Present smoker 1, 3.8%

  Former smoker 5, 19.3%

Clinical features

 Montreal classification*

  A classification

   A1 7, 26.9%

   A2 16, 61.5%

   A3 3, 11.5%

  L classification

   L1 6, 23.1%

   L3 20, 76.9%

  B classification

   B3 10, 38.5%

   B2 + 3 16, 61.5%

  P classification

   O 12, 46.2%

   P 14, 53.8%

 Features of fistula

  History of abdominal infection 13, 50.0%

  History of abdominal abscess 6, 23.1%

  Complex fistula** 13, 50.0%

   Multiple fistula tract 11, 42.3%

  Type of fistula

   Enteric fistula 19, 73.1%

   Enterovesical fistula 6, 23.1%

   Enterocutaneous/enteroumbilical fistula 1, 3.8%

   Entero-retroperitoneal fistula 2, 7.7%

  Location of fistula

   Ileum 10, 38.5%

   Colon 3, 11.5%

   Ileum and colon 13, 50.0%

  Complicated with abdominal infection 13, 50.0%

 Low body mass index (BMI < 18.5 kg/m2) 8, 30.8%

 Decreased serum albumin (Alb < 35 g/L) 4, 15.4%

 Elevated ESR*** 11, 42.3%

 Increased hsCRP level (hsCRP > 3 mg/L) 17, 65.4%

 Baseline disease activity

  Clinical remission 4, 15.4%

  Mild active 9, 34.6%

  Moderate active 13, 50.0%

  Severe active 0, 0

Imaging features (CT)

 Intestine stricturing 14, 53.8%

 Intestine wall thickening and strengthening 16, 61.5%

 Mesenteric vessel thickening 7, 26.9%
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preserve rate of IFX treatment was 60.9% (14 of 23 cases) 
and 50% (9 of 18 cases), respectively.

There was no death case happening during the entire 
follow-up period. Eight cases underwent fistula-related 

surgical treatment, and 3 cases stopped using IFX due to 
intolerance (1 case) or loss of response (2 cases). Totally 
18 cases reached surgery-free survival, among which 5 
cases reached fistula closure and 13 cases remained sur-
vival with fistula. The rate of fistula closure was 19.2% in 
summary. And totally 15 cases reached IFX-failure-free 
surgery-free survival.

The 1-year and 2-year rate of surgery-free survival 
was 68.1% (15 of 22 cases) and 63.2% (12 of 19 cases), 
respectively (Fig. 1). The overall median survival was not 
reached, and the median time from IFX treatment to sur-
gery for patients who underwent surgery was 8  months 
(range, 6–25 months).

Survival analysis
The results of the univariate and multivariate analysis 
are shown in Table  3. Prognostic factors selected from 
the univariate analysis included: Efficacy of IFX treat-
ment at 6  months after initiation (P < 0.001, remission 
vs. response: HR 0.23, 95% CI 0.01–0.72) and the exist-
ence of a complex fistula (P = 0.047, yes vs. no: HR 4.11, 
95% CI 1.01–16.71) with statistical significance. Disease 
activity at baseline (P 0.099, moderate-to-severe active 
vs mild active: HR 2.36, 95% CI 0.77–7.19) was also 
selected as a variable in the multivariate analysis (Fig. 2). 
Other factors, including age, sex, Montreal classifica-
tion, features of the fistula, baseline treatment, history of 
abdominal infection or abcess, decreased BMI (< 18.5 kg/
m2), decreased serum albumin (< 35  g/L), elevated ESR, 
elevated hsCRP (> 3  mg/L), and imaging characteristics 
(including intestinal wall thickening or strengthening, 
intestinal stricturing, mesenteric vessel thickening and 
mesenteric lymph nodes enlarging) had no significant 
impact on overall surgery-free survival.

The above three factors were included in the Cox pro-
portional hazards model and a multivariate regression 

*Montreal classification: A: age, A1: < 17 years, A2: 17–40 years, and 
A3: > 40 years; L: location affected, L1: ileum, L2: colon, L3: ileum and colon; B: 
behavior, B3: penetrating, B2 + 3 stricturing and penetrating, P: perianal lesions, 
O: no perianal lesion

**Complex fistula: defined as multiple fistula tract or abdominal abscess

***Elevated ESR: ESR > 20 mm/h for females, > 15 mm/h for males

Table 1 (continued)

Clinical characteristics N, % (Total N = 26)

 Mesenteric lymph nodes enlarging 18, 69.2%

MRI evaluation 5, 3.8%

Baseline treatment

 Total elemental enteric nutrition feeding 14, 53.8%

 Glucocorticoids 24, 92.3%

 5-Aminosalicylic acids 23, 88.5%

 Immunosuppressants 13, 50.0%

Therapeutic drug monitoring and dose adjustment 12, 46.2%

Table 2 Results of follow-up and efficacy evaluation of IFX 
treatment

Follow‑up and efficacy evaluation results N, % (Total N = 26)

Outcomes

 Death 0, 0

 Surgery 8, 30.8%

  1-year surgery-free survival 15 of 22, 68.1%

  2-year surgery-free survival 12 of 19, 63.2%

 Surgery-free survival 18, 69.2%

  Fistula closure 5, 19.2%

  Fistula remaining 13, 50.0%

 IFX failure 3, 11.5%

  Intolerance 1, 3.8%

  Loss-of-response 2, 7.7%

 IFX-failure-free surgery-free survival 15, 57.7%

Efficacy evaluation

 Efficacy at 3 months

  Remission 12 of 24, 50.0%

  Response 12 of 24, 50.0%

  Non-response 0 of 24, 0

 Efficacy at 6 months

  Remission 14 of 23, 60.9%

  Response 7 of 23, 30.4%

  Non-response 2 of 23, 8.7%

 Efficacy at 24 months

  Remission 6 of 8, 75%

  Response 1 of 8, 12.5%

  Non-response 1 of 8, 12.5%

Fig. 1 Kaplan–Meier curve of surgery-free survival of all patients with 
luminal fistulizing Crohn’s disease
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analysis was performed. Efficacy at 6  months was the 
only independent factor associated with overall surgery-
free survival (P = 0.010). The C-index of the model for 
surgery-free survival was 0.923 (P < 0.001), indicating an 
acceptable predictive effect.

Discussion
The surgery rates in luminal fistulizing CD patients are 
usually of concern to physicians, especially when IFX 
treatment. And the factors that could predict the progno-
sis in each patient individually are also to be considered. 
These factors should be evaluated with priority in clinical 
practice, especially in developing countries with limited 
medical resources, considering the benefit-harm balance 
and the cost-efficacy balance of IFX. Given the rarity and 
the complicated etiology and limited treatment choice, 
the majority of previous studies evaluating the response 
to IFX therapy in CD patients did not specifically focus 
on the subgroup of luminal fistulizing CD [17]. It is chal-
lenging to identify a variable consistently demonstrating 
to be a predictor and to establish a prognostic model of 
the response to IFX and rate of surgery for these patients 
[18]. Based on our single-center experience, we found 

that the 1-year and 2-year surgery-free survival rate of 
luminal fistulizing CD patients was 68.1% and 63.2%, 
respectively, and established a Cox proportional hazard 
model to predict the surgery rate, which included three 
baseline and dynamic clinical variables (existence of com-
plex fistula, disease activity at baseline and efficacy of IFX 
treatment at 6 months).

The prognostic factors included in our model, derived 
from dozens of parameters through statistical analysis, 
have unique clinical significance. Unsurprisingly, the 
efficacy of IFX treatment at 6 months was an independ-
ent significant prognostic factor for surgery-free survival 
of patients. Actually IFX therapy includes an induction 
period of the first 3  months and a subsequent mainte-
nance period in clinical practice. Laboratory and imaging 
examinations should be actively conducted for patients to 
evaluate their response to IFX within 3–6  months after 
initiation, and patients with poor response should initi-
ate replacement of IFX with other medications and even 
surgery. It is reasonable that patients might continue IFX 
treatment and do not need to undergo surgery if clinical 
response is maintained after the induction period. We 
noted that, compared to efficacy at 6 months, efficacy of 

Table 3 Univariate and multivariate analyses for different prognostic factors for surgery-free survival in patients with luminal fistulizing 
CD

*These three variables were included in the multivariate model

**P < 0.05 is considered statistically significant

Variables Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Existence of complex fistula* 4.11 1.01–16.71 0.047** 4.32 0.85–21.93 0.104

Disease activity at baseline* 2.36 0.77–7.19 0.099 2.37 0.62–9.00 0.199

Efficacy at 6 months* 0.23 0.01–0.72 < 0.001** 0.08 0.01–0.46 0.010**

Sex 1.51 0.25–9.14 0.596 –

Cigrette consumption 2.82 0.83–9.51 0.147 –

Montreal classification-A 3.06 0.63–14.74 0.519 –

Montreal classification-L 2.07 0.40–10.78 0.469 –

Montreal classification-B 1.70 0.40–7.19 0.493 –

Montreal classification-p 0.46 0.11–1.85 0.250 –

Location of fistula 4.47 0.34–58.09 0.218 –

History of abdominal infection 1.26 0.31–5.07 0.733 –

History of abdominal abcess 3.48 0.10–125.14 0.166 –

Low BMI 1.62 0.38–6.93 0.531 –

Decreased serum albumin 0.47 0.11–4.87 0.770 –

Increased hsCRP 1.26 0.28–5.76 0.765 –

Elevated ESR 0.34 0.09–1.37 0.147 –

Intestine stricturing 0.59 0.13–2.61 0.456 –

Intestine wall thickening and strengthening 0.60 0.12–2.96 0.469 –

Mesenteric vessel thickening 1.15 0.21–6.28 0.856 –

Mesenteric lymph nodes enlarging 0.97 0.19–5.06 0.972 –

Theraputic drug monitoring and dose adjustment 0.39 0.11–1.36 0.202 –
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IFX at 3 months did not show a predictive significance. 
Secondary loss-of-response, mostly due to the anti-IFX 
antibody that may occur within 3–6  months or longer 
after IFX initiation influences the rate of IFX preserva-
tion [19, 20], which makes efficacy at 6 months a better 
predictive factor.

The baseline disease activity and the existence of com-
plex fistula were also included in the model. First, as 
expected, disease activity at baseline contributed to sur-
gery-free survival of patients. This is consistent with the 
clinical impression that more severe disease can influ-
ence the patient’s ability to tolerate anti-TNF-α therapy 
and increase the tendency of physicians to perform surgi-
cal intervention [18]. Second, the existence of a complex 
fistula also contributed to overall survival. Complex fis-
tula tend to cause more severe clinical symptoms, which 
also increase the tendency for surgery. A multicenter ret-
rospective cohort study in France in 2020 reported that 
the existence of complex fistula was associated with the 
rate of surgical intervention [21], which is consistent with 
our findings.

We also expected that low BMI (BMI < 18.5  kg/m2) 
might contribute to a poor prognosis. First, low BMI 

means poor general condition, poor nutritional status, 
and heavy disease burden and depletion, making it more 
difficult for the patient to tolerate IFX treatment. At the 
same time, given impact of the BMI in the evaluation of 
CDAI, lower BMI was associated with a more serious 
judgment made by physician, increasing the possibility 
of surgical intervention [22]. However, we did not find a 
significant association of low BMI with poor prognosis, 
which might due to the limited sample size.

According to the findings of the retrospective GETAID 
trail, the existence of complex fistula, intestinal stricture, 
and elevated CRP level were associated with the rate of 
surgical intervention [21]. The study also reported the 
rate of fistula healing after IFX therapy and suggested 
that fistula persistence was closely related to the surgi-
cal decision. Consistently, according to our research, the 
existence of complex fistula was associated with the rate 
of surgical intervention. However, our research showed 
that a significant number of patients remained survival 
with fistula after IFX treatment and did not undergo 
surgery. Considering that the evaluation of IFX treat-
ment includes both clinical response and fistula healing, 
the improvement of the patient’s clinical symptoms may 

Fig. 2 Kaplan–Meier curves according to different prognostic factors of overall surgery-free survival. A Existence of complex fistula, B disease 
activity at baseline, C efficacy of IFX at 6 months
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contribute to the continuation of IFX treatment despite 
the persistence of fistula.

From the view of cost-effectiveness, a top-down 
approach based on an initial induction regimen with IFX 
and immunosuppressants followed by IFX or glucocor-
ticoids proved to be dominant to step-up approach with 
initial glucocorticoid therapy [23]. It is also reasonable 
to assume that initial treatment of fistulizing CD and 
baseline treatment at IFX initiation are associated with 
a prognosis [24]. Given that the patients included in our 
research were from the same center, the baseline treat-
ment was similar and no positive results were found. 
Confounding factors could be that patients with baseline 
therapy including immunosuppressants tend to be in a 
more severe state of disease, which increases the risk of 
undergoing surgical intervention and masking the effect 
on prognosis.

Furthermore, we believe that alternative therapy is also 
a key factor that affects IFX compliance. In the Ameri-
can Gastroenterological Association Institute technical 
review of moderate to severe CD, adalimumab, vedoli-
zumab, and ustekinumab are mentioned as an optional 
substitution for IFX [25], and have been available to 
patients in Europe and the USA for several years. A meta-
analysis showed that they are comparable to IFX in terms 
of inducing or maintaining remission in fistulizing CD 
[10]. Before 2021, these alternative treatments were dif-
ficult to obtain or a huge financial burden because such 
biological agents are not marketed or insured in China. 
As a result, some patients can only undergo surgery when 
IFX treatment fails, which might influence the outcome.

Our findings further validated the efficacy of IFX in 
lfCD patients, a population that has usually been ignored 
in previous studies. Our research confirmed the effect 
of IFX on improving non-operative survival in lfCD 
patients, which is consistent with current findings in 
CD patients [26]. However, we also focused on the issue 
of IFX-failure as the secondary outcome, reporting 3 
patients with IFX-failure due to intolerance or loss-of-
response during the follow-up period. Regretfully, due to 
the small sample size, it is difficult to analyze the factors 
related to IFX-failure. A long-term study in CD patients 
receiving IFX treatment identified several predictors of 
IFX-failure free survival, including prior anti-TNF ther-
apy, no drug monitoring, and early dose optimisation 
[27]. However, different subgroups of CD patients may 
have different characteristics, and patients with lfCD 
tend to be with higher disease activity, which increases 
the risk of IFX-failure, leading to inconsistent conclu-
sions of our study.

Current researches on fistulizing CD focus more on 
perianal fistulizing CD (pfCD). A systematic review on 
pfCD patients suggests that there is insufficient evidence 

to conclusively suggest a predictive prognostic fac-
tor for pfCD [28]. However, there is evidence that pro-
longed IFX therapy in patients with pfCD may increase 
the benefit [29]. Additional evidence suggests that dose 
monitoring and higher serum concentrations are associ-
ated with better clinical outcomes [27, 30, 31]. Similarly, 
drug concentration monitoring and dosing optimization 
could be expected to be equally beneficial for the out-
come of patients with lfCD, but in our study, concentra-
tion monitoring did not improve nonsurgical survival, 
possibly due to the tendency of multidisciplinary teams 
to promote surgical procedures in clinical decision-mak-
ing for patients with suboptimal drug concentrations, 
leading to inconsistent conclusions. In addition, patients 
who initially respond well to IFX may not receive further 
monitoring subsequently, which may also influence our 
conclusions.

Abdominal MRI is also an important reference in the 
diagnostic evaluation of CD patients [32]. However, due 
to cost-effectiveness factors, MRI has not been applied to 
all patients in our center.

Our research had some limitations. First, due to its ret-
rospective design, the baseline assessment was not totally 
standardized. For example, laboratory tests at different 
time may have different reference values, and the criteria 
of endoscopic evaluation may also change after time. Sec-
ond, limited by the sample size, we could not eliminate 
the small-sample bias and the selection bias. For example, 
only hospitalized patients were included in our research. 
We also failed to allocate an independent cohort for 
external validation of our model, which would affect the 
reliability of our model to some extent. We expected that 
our model could be validated with an increase in the 
number of cases or the participation of multiple medical 
centers. Third, due to the limited follow-up of the study, 
the time course for survival analysis was short, only 
allowing for a description of the 1- and 2- year prognosis. 
The long-term prognosis requires longer follow-up. Fur-
thermore, due to imperfect conditions, some patients did 
not complete appropriate imaging examinations at the 
third, sixth, and 24th month of follow-up, which affected 
our analysis of variables describing imaging characteris-
tics and the exact efficacy of fistula healing.

In conclusion, we have developed a predictive model 
using the existence of complex fistula, disease activity at 
baseline and IFX efficacy at 6 months to predict the long-
term outcome of luminal fistulizing CD patients. Due 
to the limited sample size, our prediction model can-
not form an efficient nomogram for the time being. But 
with more cases prospectively included in our cohort, the 
model could be validated and present potential clinical 
utility with further validation and optimization.



Page 8 of 9Ma et al. BMC Gastroenterology           (2023) 23:57 

Abbreviations
BMI  Body mass index
CD  Crohn’s disease
CDAI  Crohn’s Disease Activity Index
CI  Confidence interval
C-index  Concordance index
CRP  C-reactive protein
CT  Computerized tomography
ESR  Erythrocyte sedimentation rate
HR  Hazard ratio
IFX  Infliximab
lfCD  Luminal fistulizing Crohn’s disease
MR  Magnetic resonance
MRI  Magnetic resonance imaging
pfCD  Perianal fistulizing Crohn’s disease
TNF-α  Tumor necrosis factor-α

Acknowledgements
We thank all the patients who participated in this study. We extend our 
appreciation to all physicians caring for these patients. Dr Gechong Ruan and 
Dr Tianming Xu provided valuable statistical review and insightful suggestions.

Author contributions
YM was involved in the study design, data collection and analysis, and writing 
the manuscript. RZ, YS, JL, HY, HL, BT, YL and XS participated in patient recruit-
ment and clinical profile revision. All the imaging data was revised by WL. JQ 
and JL designed and supervised the study, analyzed the data, and critically 
revised the manuscript. All authors have approved the final manuscript.

Funding
This research was supported by the Undergraduate Innovation Training 
Program 2021 (No. S202110023042), the National Key Clinical Specialty Con-
struction Project (No. ZK108000), and the National High Level Hospital Clinical 
Reseach Funding (No. 2022-PUMCH-B-022).

Availability of data and materials
The raw data supporting the conclusion of this article will be made available 
by the correspondence author via email liji0235@pumch.cn, without undue 
reservation.

Declarations

Ethics approval and consent to participate
Our research involving human participants were reviewed and approved 
by Institutional Review Board of Peking Union Medical College Hospital (No. 
S-K1987), in accordance with the Declaration of Helsinki. On account of this 
retrospective observational study, informed consents were waived, which 
was approved by Institutional Review Board of Peking Union Medical College 
Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 December 2022   Accepted: 13 February 2023

References
 1. Khanna S, Raffals LE. The microbiome in Crohn’s disease: role in patho-

genesis and role of microbiome replacement therapies. Gastroenterol 
Clin N Am. 2017;46(3):481–92.

 2. Li N, Shi RH. Updated review on immune factors in pathogenesis of 
Crohn’s disease. World J Gastroenterol. 2018;24(1):15–22.

 3. Schwartz DA, Loftus EV Jr, Tremaine WJ, et al. The natural history of fistu-
lizing Crohn’s disease in Olmsted County, Minnesota. Gastroenterology. 
2002;122(4):875–80.

 4. Frolkis AD, Dykeman J, Negrón ME, et al. Risk of surgery for inflam-
matory bowel diseases has decreased over time: a systematic review 
and meta-analysis of population-based studies. Gastroenterology. 
2013;145(5):996–1006.

 5. Lochs H, Mayer M, Fleig WE, et al. Prophylaxis of postoperative relapse in 
Crohn’s disease with mesalamine: European Cooperative Crohn’s Disease 
Study VI. Gastroenterology. 2000;118(2):264–73.

 6. Zaltman C, Amarante H, Brenner MM, et al. Crohn’s disease–treat-
ment with biological medication. Rev Assoc Med Bras (1992). 
2019;65(4):554–67.

 7. Mao EJ, Hazlewood GS, Kaplan GG, et al. Systematic review with meta-
analysis: comparative efficacy of immunosuppressants and biologics for 
reducing hospitalisation and surgery in Crohn’s disease and ulcerative 
colitis. Aliment Pharmacol Ther. 2017;45(1):3–13.

 8. Knowles SR, Graff LA, Wilding H, et al. Quality of life in inflammatory 
bowel disease: a systematic review and meta-analyses-part I. Inflamm 
Bowel Dis. 2018;24(4):742–51.

 9. Zhang QW, Shen J, Zheng Q, et al. Loss of response to scheduled 
infliximab therapy for Crohn’s disease in adults: a systematic review and 
meta-analysis. J Dig Dis. 2019;20(2):65–72.

 10. Lee MJ, Parker CE, Taylor SR, et al. Efficacy of medical therapies for fistuliz-
ing Crohn’s disease: systematic review and meta-analysis. Clin Gastroen-
terol Hepatol. 2018;16(12):1879–92.

 11. Yang H, Li Y, Qian J, et al. The incidence of inflammatory bowel disease 
in Northern China: a prospective population-based study. PLoS ONE. 
2014;9(7):e101296.

 12. Li J, Liu Z, Hu P, et al. Indicators of suboptimal response to anti-tumor 
necrosis factor therapy in patients from China with inflammatory 
bowel disease: results from the EXPLORE study. BMC Gastroenterol. 
2022;22(1):44.

 13. Satsangi J, Silverberg MS, Vermeire S, et al. The Montreal classification of 
inflammatory bowel disease: controversies, consensus, and implications. 
Gut. 2006;55(6):749–53.

 14. Harvey RF, Bradshaw JM. A simple index of Crohn’s-disease activity. Lan-
cet. 1980;1(8167):514.

 15. Pencina MJ, D’Agostino RB. Overall C as a measure of discrimination in 
survival analysis: model specific population value and confidence interval 
estimation. Stat Med. 2004;23:2109–23.

 16. Iasonos A, Schrag D, Raj GV, et al. How to build and interpret a nomogram 
for cancer prognosis. J Clin Oncol. 2008;26:1364–70.

 17. Takahashi S, Takagi S, Shiga H, et al. Scheduled maintenance therapy with 
infliximab improves the prognosis of Crohn’s disease: a single center pro-
spective cohort study in Japan, Tohoku. J Exp Med. 2010;220(3):207–15. 
https:// doi. org/ 10. 1620/ tjem. 220. 207. (PMID: 20208416).

 18. Richter JA, Bickston SJ. Infliximab use in luminal Crohn’s disease. Gastro-
enterol Clin N Am. 2006;35(4):775–93.

 19. Sands BE, Anderson FH, Bernstein CN, et al. Infliximab maintenance 
therapy for fistulizing Crohn’s disease. N Engl J Med. 2004;350(9):876–85.

 20. Liefferinckx C, Minsart C, Toubeau JF, et al. Infliximab trough levels at 
induction to predict treatment failure during maintenance. Inflamm 
Bowel Dis. 2017;23(8):1371–81.

 21. Bouguen G, Huguet A, Amiot A, et al. Efficacy and safety of tumor necro-
sis factor antagonists in treatment of internal fistulizing Crohn’s disease. 
Clin Gastroenterol Hepatol. 2020;18(3):628–36.

 22. Patel KV, Darakhshan AA, Griffin N, et al. Patient optimization for 
surgery relating to Crohn’s disease. Nat Rev Gastroenterol Hepatol. 
2016;13(12):707–19.

 23. Vasudevan A, Gibson PR, Van Langenberg DR. Systematic review: 
cost-effective strategies of optimizing anti-tumor necrosis and immu-
nomodulators in inflammatory bowel disease. Inflamm Bowel Dis. 
2019;25(9):1462–73.

 24. Luber RP, Dawson L, Munari S, et al. Thiopurines and their optimization 
during infliximab induction and maintenance: a retrospective study in 
Crohn’s disease. J Gastroenterol Hepatol. 2021;36(4):990–8.

 25. Singh S, Proctor D, Scott FI, et al. AGA technical review on the medical 
management of moderate to severe luminal and perianal fistulizing 
Crohn’s disease. Gastroenterology. 2021;160(7):2512-2556.e9.

https://doi.org/10.1620/tjem.220.207


Page 9 of 9Ma et al. BMC Gastroenterology           (2023) 23:57  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 26. Barreiro-de Acosta M, Fernández-Clotet A, Mesonero F, et al. Long-term 
outcomes of biological therapy in Crohn’s disease complicated with 
internal fistulizing disease: BIOSCOPE study from GETECCU. Am J Gastro-
enterol. 2023. https:// doi. org/ 10. 14309/ ajg. 00000 00000 002152.

 27. Billiet T, Cleynen I, Ballet V, et al. Prognostic factors for long-term inflixi-
mab treatment in Crohn’s disease patients: a 20-year single centre experi-
ence. Aliment Pharmacol Ther. 2016;44(7):673–83.

 28. Braithwaite GC, Lee MJ, Hind D, et al. Prognostic factors affecting out-
comes in fistulating perianal Crohn’s disease: a systematic review. Tech 
Coloproctol. 2017;21(7):501–19.

 29. Sun XL, Chen SY, Tao SS, et al. Optimized timing of using inf-
liximab in perianal fistulizing Crohn’s disease. World J Gastroenterol. 
2020;26(14):1554–63.

 30. Papamichael K, Cheifetz AS. Defining and predicting deep remission in 
patients with perianal fistulizing Crohn’s disease on anti-tumor necrosis 
factor therapy. World J Gastroenterol. 2017;23(34):6197–200.

 31. De Gregorio M, Lee T, Krishnaprasad K, et al. Higher anti-tumor necrosis 
factor-α levels correlate with improved radiologic outcomes in Crohn’s 
perianal fistulas. Clin Gastroenterol Hepatol. 2022;20(6):1306–14.

 32. Thomassin L, Armengol-Debeir L, Charpentier C, et al. Magnetic reso-
nance imaging may predict deep remission in patients with perianal 
fistulizing Crohn’s disease. World J Gastroenterol. 2017;23(23):4285–92.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.14309/ajg.0000000000002152

	Prognostic factors for the efficacy of infliximab in patients with luminal fistulizing Crohn’s disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Patients
	Data collection
	Follow-up and evaluation
	Statistical analysis

	Results
	Baseline clinical characteristics of CD patients with luminal fistula
	Efficacy evaluation of IFX treatment
	Survival analysis

	Discussion
	Acknowledgements
	References


