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Background/Aims: Many patients with Crohn’s disease (CD) undergo intestinal resection dur-
ing the disease course. Despite surgery, postoperative recurrence (POR) commonly occurs. Al-
though postoperative use of tumor necrosis factor α (TNF-α) inhibitors is known to be effective 
in preventing POR, few studies have evaluated the effectiveness of continuing the same TNF-α 
inhibitors postoperatively in patients who received TNF-ɑ inhibitors before surgery. 
Methods: This retrospective observational study was performed in a single tertiary medical cen-
ter. We retrospectively reviewed patients who had undergone the first intestinal resection due to 
CD and divided them into two groups: TNF-α inhibitor users in both the preoperative and post-
operative periods, and TNF-α inhibitor users in only the preoperative period. We compared the 
clinical outcomes between these two groups. 
Results: In total, 45 patients who used TNF-α inhibitors preoperatively were recruited. Among 
them, TNF-α inhibitors were used postoperatively in 20 patients (44.4%). The baseline character-
istics except age at diagnosis were similar in both groups. The rates of surgical and endoscopic 
recurrence were not different between the two groups, but the cumulative clinical recurrence 
rate was significantly lower in the postoperative TNF-α inhibitors group (log-rank p=0.003). In 
multivariate Cox regression analysis, postoperative TNF-α inhibitors use was significantly associ-
ated with a decreased risk of clinical recurrence (adjusted hazard ratio, 0.204; 95% confidence 
interval, 0.060 to 0.691; p=0.011). 
Conclusions: Continuing TNF-α inhibitors postoperatively in patients who were receiving TNF-α 
inhibitors before surgery significantly reduced the rate of clinical recurrence. For patients with CD 
who received TNF-α inhibitors preoperatively, continuing their use after surgery could be recom-
mended. (Gut Liver 2022;16:414-422) 

Key Words: Crohn disease; Postoperative recurrence; Tumor necrosis factor-alpha inhibitor

INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory bowel 
disease with an unknown, complex pathophysiology as-
sociated with genetics, immunology, and environmental 
factors; there is no curative treatment for the disease.1 The 
incidence and prevalence of CD are rising globally, and 
the condition is associated with enormous economic and 
social burdens.2,3 Various types of medications, such as 
5-aminosalicylic acids, immunomodulators (azathioprine, 
6-mercaptopurine, and methotrexate), small molecules/

biologic agents, such as tumor necrosis factor α (TNF-α) 
inhibitors, and biosimilars, have been used to improve the 
course of CD.4-6

Despite intensive medical treatment including new 
classes of medications, a significant number of patients 
with CD still require intestinal resection at some point in 
their disease course.7 Even patients who have previously 
received surgery might have to undergo repeated surgeries. 
In clinical practice, all possible treatment options, such as 
immunomodulators and biologics, are undertaken to delay 
surgery in the clinical course of CD.4 
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If patients must inevitably undergo surgery, effective 
postoperative management is an important step to reduce 
postoperative recurrence (POR). POR has become one of 
the major issues in the management of CD. Various fac-
tors are known to affect the POR of CD. Patient factors, 
such as smoking status and family history, and disease fac-
tors, such as age at disease onset, disease duration, disease 
extent, location, behavior, and surgery-related factors, are 
known to be associated with POR.1,7-11 Therefore, endeav-
ors have been made to delay the disease course for prevent-
ing POR by early detection and management. Although 
the effectiveness of azathioprine has been proven for 
preventing POR, recent studies have reported that TNF-α 
inhibitors are superior to azathioprine in this regard.12-14 
After risk assessment, postoperative prophylactic TNF-α 
inhibitors are commonly prescribed based on their proven 
efficacy in decreasing the rate of POR.15,16 However, most 
studies have focused on the preventive effects of TNF-α 
inhibitors for POR.17,18 Additionally, due to the concerns 
about immediate postoperative complications of TNF-α 
inhibitors, they are usually discontinued few weeks before 
elective surgery.19-23 After discontinuing TNF-α inhibitors 
before surgery, the decision to restart or discontinue them 
depend on each clinician’s assessment, due to the lack of 
evidence. Additionally, there have been few studies about 
the association between preoperative use of TNF-α inhibi-
tors and POR. In this study, we investigated whether the 
same TNF-α inhibitors used postoperatively are effective 
in preventing POR in patients with CD who used TNF-α 
inhibitors before surgery.

MATERIALS AND METHODS

1. Study population
This was a retrospective observational study conducted 

in a single tertiary medical center in Korea (Severance 
Hospital, Yonsei University College of Medicine, Seoul). 
We retrospectively investigated patients who underwent 
the first intestinal resection due to CD between Janu-
ary 2010 and August 2020. In this study, appendectomy, 
stricture-plastic surgery, and perianal surgeries, such as 
fistulectomy, were not categorized as intestinal resection 
surgery due to CD. 

2. Data collection
We retrospectively analyzed endoscopic, clinical, and 

surgical data of patients with CD. Although the data were 
collected retrospectively from electronic medical charts 
and colonoscopy or radiologic reports in our hospital, all 
clinical variables were prospectively recorded according 

to patient analysis. We investigated the patients’ age, age 
at diagnosis, sex, smoking history, family history, previous 
surgical history, and Montreal classification (A: age at diag-
nosis, L: disease location, B: disease behavior).11 We further 
investigated the events and dates of surgical, endoscopic, 
and clinical recurrences. The definitions of recurrences 
are described in “the definition of POR” section. We used 
the CD Activity Index (CDAI) to standardize patients’ dis-
ease activity.24 Physicians evaluated and calculated CDAI 
through history, physical examination, and laboratory 
findings during every patient visit. We investigated each 
patient’s medical records as well as endoscopic and surgery 
reports to analyze the histories of cumulative events such 
as additional surgery, hospitalization, disease exacerba-
tion, and preoperative and postoperative medications for 
managing CD. All histories of prescribed medications, 
such as 5-aminosalicylic acids, immunomodulators (aza-
thioprine, 6-mercaptopurine, methotrexate), and biologic 
agents were analyzed preoperatively and/or postopera-
tively. In this study, preoperative biologics use was defined 
as continuous, regular use (maintenance dose) of biologics 
before surgery. Continued use of biologics postoperatively 
was defined as starting biologics use within 3 months after 
surgery in consideration of the temporary perioperative 
discontinuation of biologic agents.18 Starting biologics after 
3 months of surgery was not defined as continued use of 
biologics postoperatively. Concomitant immunomodula-
tors were maintained after surgery in most patients if there 
were no contraindications such as leukopenia or combined 
infections. The data regarding this article can be shared 
upon request to the corresponding author.

3. Study design
In this study, we mainly focused on the POR (endoscop-

ic, clinical, and surgical) according to the postoperative use 
of TNF-α inhibitors in patients with CD who were admin-
istered TNF-α inhibitors preoperatively. In other words, 
we divided patients who had undergone the first intestinal 
resection due to CD into two groups: TNF-α inhibitors us-
ers both in the preoperative and postoperative periods, and 
TNF-α inhibitors users only in preoperative period. We 
then compared the clinical outcomes while focusing on the 
endoscopic, clinical, and surgical recurrences between the 
two groups.

4. Definitions 
1) Endoscopic recurrence

We analyzed the data of follow-up colonoscopies after 
surgery through electronic medical records and colono-
scopic or radiologic reports and images. Endoscopic im-
ages were reviewed and categorized to show remission 
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(Rutgeerts score of i0 or i1) or recurrence (Rutgeerts score 
i2 or more) according to the Rutgeerts score.25 

2) Clinical recurrence 
Clinical recurrence was defined as the first episode 

of symptomatic exacerbation of CD after surgery. In our 
study, a CDAI >200 was considered to indicate clinical re-
currence.26 If clinical symptoms were exacerbated by other 
causes, such as infectious colitis and acute gastroenteritis, 
the condition was not considered as the clinical recurrence 
of CD.

3) Surgical recurrence
Surgical recurrence was defined as a condition requir-

ing an additional intestinal resection during follow-up that 
was related to CD.26 Early postoperative complications, 
such as anastomotic leak, abscess drainage, or surgical site 
infections that occurred within 1 month after initial sur-
gery were not considered as surgical recurrence. Moreover, 
surgeries performed for reasons other than CD, such as 
malignancies in the abdominal cavity or infections, were 
not regarded as surgical recurrence.

5. Statistical analysis
We analyzed the baseline characteristics using the 

Mann-Whitney U test for continuous variables and the chi-
square test or the Fisher exact test for categorical variables. 
Non-normally distributed outcomes were presented as the 
median and interquartile range. The Kaplan-Meier sur-
vival analysis was used to estimate the cumulative recur-
rence rate in patients according to the variables. Univari-
able analysis was performed using the Cox proportional-
hazards model to identify factors associated with increased 
risk of recurrences. Factors associated with recurrences 
with a p-value of less than 0.20 in the univariable analysis 
were entered in the multivariable model. Multivariable 
analysis was performed using the Cox regression model to 
control for multiple risk factors that could influence recur-
rence. Hazard ratios and corresponding 95% confidence 
intervals were calculated. Results were considered statisti-
cally significant at p-values <0.05. All statistical analyses 
were performed using SPSS version 20 software (IBM 
Corp., Armonk, NY, USA).

6. Ethical considerations
This study was performed in accordance with the ethi-

cal guidelines of the 1975 Declaration of Helsinki, and was 
approved by the Institutional Review Board of Severance 
Hospital, Seoul, South Korea (IRB number: 4-2020-1297). 
The informed consent was waived.

Fig. 1.Fig. 1. Flowchart of patient inclusion.
TNF, tumor necrosis factor.

Excluded surgery cases that were not associated with Crohn's disease (n=3)

Excluded patients who only used postoperative biologics (n=55)

Excluded patients who did not receive effective doses (n=5)

Excluded a patient who changed biologic agents after surgery (n=1)

Excluded patients who used non-TNF- inhibitors (n=3)�

Screened the major abdominal surgeries that were performed from January 2010
to August 2020 in patients with Crohn s disease (n=216)

Screened patients who ever used biologics (n=109)

Screened patients who used preoperative TNF- inhibitors (n=45)�

Preoperative TNF- inhibitors

with early same postoperative TNF- inhibitors (n=20)

�
�

Preoperative TNF- inhibitors

without early same postoperative TNF- inhibitors (n=25)

�
�
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RESULTS

1. Baseline patient characteristics
We recruited patients with CD who had undergone the 

first intestinal resection in their disease course between 
January 2010 and August 2020. A total of 216 patients were 
selected through medical chart review. Among them, three 
cases related to colorectal cancer were excluded. Among 
213 patients, a total of 109 patients were exposed to biolog-

ic agents. Among them, 55 patients were treated with bio-
logic agents only postoperatively. Additionally, five patients 
with ineffective therapeutic dosage (in induction phase: 
two patients; discontinuation for long time [more than 3 
months]: two patients; discontinuation due to side effects: 
one patient), one patient who changed biologic agents after 
surgery and three patients who maintained vedolizumab 
were excluded. We finally selected 45 patients who used 
preoperative TNF-α inhibitors with maintenance doses 

Table 1.Table 1. Demographics and Clinical Characteristics of the Patients

Characteristic
Preoperative TNF-α  
inhibitors (+) (n=45)

With POT  
(n=20)

Without POT  
(n=25)

p-value

Male sex 28 (62.2) 14 (70.0) 14 (56.0) 0.336
Age at diagnosis, yr 24.0 (19.0–30.0) 22.0 (16.3–28.0) 25.0 (20.5–34.0) 0.053
Time from diagnosis to surgery, mo 80.0 (55.0–118.0) 71.5 (51.5–110.0) 92.0 (55.0–127.0) 0.607
Time from diagnosis to the first biologics, mo 51.0 (31.0–75.0) 53.5 (32.8–79.0) 45.0 (29.5–80.0) 0.508
Age (A) 0.012
     A1 (<16 yr) 5 (11.1) 5 (25.0) 0
     A2 (17–40 yr) 37 (82.2) 15 (75.0) 22 (88.0)
     A3 (>40 yr) 3 (6.7) 0 3 (12.0)
Disease extent (L) 0.663
     L1 (ileal) 8 (17.8) 3 (15.0) 5 (20.0)
     L2 (colonic) 0 0 0
     L3 (ileocolonic) 37 (82.2) 17 (85.0) 20 (80.0)
     L4 (upper) 0 0 0
Disease characteristics 0.154
     B1 (non-stricturing, non-penetrating) 10 (22.2) 6 (30.0) 4 (16.0)
     B2 (stricturing) 12 (26.7) 7 (35.0) 5 (20.0)
     B3 (penetrating) 23 (51.1) 7 (35.0) 16 (64.0)
Perianal disease 28 (62.2) 12 (60.0) 16 (64.0) 0.783
Smoking 0.657
     Never-smoker 37 (82.2) 17 (85.0) 20 (80.0)
     Former smoker 7 (15.6) 3 (15.0) 4 (16.0)
     Current smoker 1 (2.2) 0 1 (4.0)
Smoking after surgery 0 0 0 NA
Appendectomy 5 (11.1) 3 (15.0) 2 (8.0) 0.458
Family history 2 (4.4) 0 2 (8.0) 0.196
Height, cm 168.0 (163.0–172.5) 167.5 (161.5–169.5) 170.0 (164.0–173.5) 0.243
Weight, kg 53.0 (48.0–61.0) 51.0 (42.0–61.8) 55.0 (50.0–61.0) 0.262
Surgical recurrence 4 (8.9) 1 (5.0) 3 (12.0) 0.412
Endoscopic recurrence 14/30 (46.7) 4/13 (30.8) 10/17 (58.8) 0.127
Clinical recurrence 22 (48.9) 3 (15.0) 19 (76.0) <0.001
Mortality, No. (%) 1 (2.2)* 0 1 (4.0)* 0.366
Total number of preoperative biologic agents 0.241
     1 31 (68.9) 16 (80.0) 15 (60.0)
     2 12 (26.7) 4 (20.0) 8 (32.0)
     3 2 (4.4) 0 2 (8.0)
TNF-α inhibitors just before surgery 0.540
     Infliximab 27 (60.0) 13 (65.0) 14 (56.0)
     Adalimumab 18 (40.0) 7 (35.0) 11 (44.0)
TNF-α inhibitors just after surgery - - -
     Infliximab 13 (65.0)
     Adalimumab 7 (35.0)
Concomitant use of immunomodulators 31 (68.9) 16 (80.0) 15 (60.0) 0.150

Data are presented as number (%), median (IQR), or number/number (%).
TNF, tumor necrosis factor; POT, postoperative TNF-α inhibitors; IQR, interquartile range; NA, data not available for statistical analysis.
*Time from surgery to death, 13 months.
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(Fig. 1). Postoperative TNF-α inhibitors were used in 20 
patients, but not in the other 25 patients. Among the 20 pa-
tients, infliximab was most commonly used preoperatively 
(infliximab, n=13, 65.0%; adalimumab, n=7, 35.0%). After 
surgery, all the patients continued using the same TNF-α 
inhibitors (Table 1).

The baseline patient characteristics were similar except 
for the age at diagnosis (Table 1). On evaluating the age at 
diagnosis according to the Montreal classification, the pro-
portion of A1 (age <16 years) was higher in postoperative 
TNF-α inhibitors users than in non-users (25.0% vs 0%, 
p=0.012). The total number and characteristics of biologics 
used preoperatively were not significantly different be-
tween the groups (p=0.241) (Table 1). Concomitant use of 
immunomodulatory agents was not significantly different 
between the groups (80.0% in postoperative TNF-α inhibi-
tors users vs 60.0% in postoperative TNF-α inhibitors non-
users, p=0.150) (Table 1). 

2. Postoperative recurrence
We analyzed three classes of recurrence (endoscopic, 

clinical, and surgical recurrences). The rates of surgical 
and endoscopic recurrences were not significantly different 
between the two groups, but clinical recurrence was signif-
icantly lower in patients treated with postoperative biolog-
ics (n=3 [15.0%] vs n=19 [76.0%], p<0.001) (Table 1). The 
time from initial surgery to clinical recurrence was shorter 
than in surgical recurrence (31.5 months [range, 8.5 to 
56.8] vs 93.0 months [range, 57.8 to 111.0]), although both 
the time from surgery to each recurrence and the time 
from diagnosis to each recurrence were not significantly 
different between groups (Table 2). The median CDAI was 
289.5 (range, 245.0 to 320.0) at the point of clinical recur-
rence (Table 2). The median C-reactive protein at clinical 
recurrence was 10.6 mg/L (range, 4.5 to 19.0 mg/L), which 
was slightly higher than normal range (<10 mg/L).27 

The Kaplan-Meier analysis revealed that the cumulative 
clinical recurrence rate was significantly lower in the post-
operative TNF-α inhibitors group (log-rank p=0.003) (Fig. 
2), but cumulative surgical recurrence rate was not signifi-
cantly different between groups (log-rank p=0.941) (Fig. 2).

In univariable and multivariable analyses with the Cox 

Table 2.Table 2. Characteristics Related to Recurrences

Characteristics Total (n=45) With POT (n=20) Without POT (n=25) p-value

Clinical recurrence 22 (48.9) 3 (15.0) 19 (76.0) <0.001
     Time from surgery to CR, mo 31.5 (8.5–56.8) 60.0 (9.0–87.0) 31.0 (7.0–54.0) 0.315
     Time from diagnosis to CR, mo 139.0 (81.5–176.3) 173.0 (158.0–259.0) 124.0 (62.0–172.0) 0.077
     CDAI at CR 289.5 (245.0–320.0) 354.0 (234.0–391.0) 286.0 (246.0–313.0) 0.363
     CRP at CR, mg/L 10.6 (4.5–19.0) 9.4 (6.8–26.9) 11.7 (2.8–17.5) 0.811
Surgical recurrence 4 (8.9) 1 (5.0) 3 (12.0) 0.412
     Time from surgery to SR, mo 93.0 (57.8–111.0) 102.0 84.0 (49.0–114.0) 0.655
     Time from diagnosis to SR, mo 180.5 (153.3–204.8) 172.0 189.0 (147.0–210.0) 0.655

Data are presented as number (%) or median (IQR).
TNF, tumor necrosis factor; POT, postoperative TNF-α inhibitors; CR, clinical recurrence; CDAI, Crohn’s Disease Activity Index; CRP, C-reactive 
protein; SR, surgical recurrence; IQR, interquartile range.

Fig. 2.Fig. 2. Kaplan-Meier curves. (A) Cumulative clinical recurrence-free survival. (B) Cumulative surgical recurrence-free survival.
TNF, tumor necrosis factor.
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regression model, none of the factors were significantly 
related to surgical recurrence. For clinical recurrence, post-
operative TNF-α inhibitors use was significantly associ-
ated with a decreased risk of clinical recurrence (adjusted 
hazard ratio, 0.204; 95% confidence interval, 0.060 to 0.691; 
p=0.011) (Table 3). 

DISCUSSION

CD requires long-term medical and even surgical man-
agement due to its chronic relapsing-remitting disease 
course. Considering its long-term course, the most effi-
cient methods to maintain disease remission and control 
disease exacerbation should be instituted. Inflammatory 
bowel disease specialists have considered surgery as an 
indispensable treatment option in managing CD, although 
intensive medical treatment should be administered before 
surgery to delay surgery to the maximum extent. However, 
if surgery is required due to symptom aggravation or loss 
of response to medical treatment, it is mandatory to set the 
right time for elective surgery through discussion with a 
surgical team. 

For patients with CD, if surgery is inevitably performed, 
the first surgery might be a significant turning point to 
adjust treatment strategies. Even if surgery is successfully 
performed, it is well known that a substantial number of 

patients still need repeated surgeries during the course of 
the disease. Therefore, various methods and strategies to 
prevent POR based on risk models have been investigated. 
After assessing postoperative risk, step-up treatment is 
recommended according to ileo-colonoscopic findings. 
Especially for high-risk patients (smokers or those with 
perforating disease features or history of previous intestinal 
resection), earlier use of immunomodulators and biologic 
agents should be considered.7,8,28-30 

There are a few important issues regarding POR in 
CD. One of the most interesting treatment strategies for 
patients with CD who have undergone surgery is the use 
of prophylactic biologic agents postoperatively to prevent 
POR.10,31-33 Although most studies proved that this strat-
egy is effective in preventing recurrence in postoperative 
patients with CD, long-term investigation is necessary, 
especially in terms of side effects and costs.15 Another im-
portant issue is the perioperative use of biologic agents for 
POR. It is important that before elective surgery, biologics 
are stopped for some time due to concerns about postop-
erative complications such as delayed wound healing.19-21,34 
There have been few studies about restarting or stopping 
TNF-α inhibitors after surgery in patients who were on 
preoperative TNF-α inhibitors in maintenance dose. 

In our study, considering real-world practice, we retro-
spectively categorized patients who underwent their first 
intestinal resection and used TNF-α inhibitors preopera-

Table 3.Table 3. Univariable and Multivariable Cox Regression Analyses for Recurrences

Variable
Univariable analysis Multivariable analysis

HR (95% CI) p-value Adjusted HR (95% CI) p-value

Surgical recurrence
     Early postop TNF-α inhibitors 0.922 (0.096–8.864) 0.944
     Concomitant azathioprine 0.382 (0.054–2.719) 0.336
     Time from diagnosis to initial surgery 1.002 (0.979–1.027) 0.849
     Time from diagnosis to the first TNF-α inhibitors   1.021 (0.991–1.051)  0.169 1.021 (0.991–1.051) 0.169
     Smoking history NA*
     Family history NA*
     Perianal disease   1.388 (0.144–13.348) 0.776
     B3 (penetrating) 0.883 (0.124–6.269) 0.901
     A1 (<16 yr) NA*
Clinical recurrence
     Early postop TNF-α inhibitors 0.194 (0.057–0.656) 0.008 0.204 (0.060–0.691) 0.011
     Concomitant azathioprine 0.436 (0.186–1.023) 0.056 0.564 (0.228–1.393) 0.214
     Time from diagnosis to initial surgery 1.006 (0.997–1.015) 0.177 1.003 (0.994–1.013) 0.501
     Time from diagnosis to the first TNF-α inhibitors 1.004 (0.992–1.015) 0.544
     Smoking history 1.425 (0.478–4.252) 0.526
     Family history 1.300 (0.170–9.968) 0.801
     Perianal disease 2.047 (0.753–5.562) 0.160 1.626 (0.562–4.708) 0.370
     B3 (penetrating) 1.235 (0.527–2.890) 0.627
     A1 (<16 yr) 0.370 (0.050–2.751) 0.331

HR, hazard ratio; CI, confidence interval; TNF, tumor necrosis factor.
*NA: data not available for statistical analysis due to the small number of surgical recurrences.
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tively into two groups (postoperative use of TNF-α inhibi-
tors vs no postoperative use of TNF-α inhibitors), and 
followed their disease courses while focusing on clinical 
endpoints (endoscopic, clinical, and surgical recurrences). 
To focus more on the long-term outcomes influenced by 
medical (TNF-α inhibitors) factors, we did not include the 
cases of early PORs by surgical factors. In this study, only 
four patients (8.9%) experienced surgical recurrence dur-
ing the follow-up period. Although patients who contin-
ued using TNF-α inhibitors after surgery had a lower rate 
of surgical recurrence, the difference was not statistically 
significant, probably due to the small number of cases of 
surgical recurrence (1/20, 5.0% for postoperative TNF-α 
inhibitors users vs 3/25, 12.0% postoperative TNF-α inhib-
itors non-users; p=0.412). Additionally, this finding may 
be explained by the relatively short duration of follow-up 
(median duration of follow-up after the initial surgery was 
48.0 months; interquartile range, 27.5 to 84.5 months). 

For endoscopic recurrences, patients who maintained 
TNF-α inhibitors after surgery had a numerically lower 
rate of endoscopic recurrence, although this was not sta-
tistically significant (3/14, 30.8% with TNF-α inhibitors vs 
10/17, 58.8% without TNF-α inhibitors; p=0.127). 

In our study, more than 60% of patients were concomi-
tantly treated with azathioprine. Immunomodulators, 
such as azathioprine, have been known to be effective in 
preventing POR, although the study results are conflict-
ing.35,36 According to recent studies, azathioprine use after 
the detection of endoscopic recurrence was not inferior to 
immediate azathioprine use after surgery in terms of clini-
cal outcomes.37,38 Besides biologic agents, further studies 
are needed to determine the role of immunomodulators in 
POR. 

On the Kaplan-Meier analysis, clinical recurrence-
free survival was significantly superior in those who used 
TNF-α inhibitors preoperatively and postoperatively 
compared to those without TNF-α inhibitors use after sur-
gery (log-rank p=0.003). Moreover, continuing the use of 
TNF-α inhibitors postoperatively significantly reduced the 
risk of clinical recurrence on the multivariable Cox regres-
sion analysis (adjusted hazard ratio, 0.204; 95% confidence 
interval, 0.060 to 0.691; p=0.011). 

Few studies have reported that postoperative use of 
TNF-α inhibitors reduced the occurrence of POR by aiding 
mucosal healing.39,40 Similarly, preoperative TNF-α inhibi-
tors might improve clinical outcomes by aiding mucosal 
healing before surgery. In clinical practice, optimal medical 
treatments must be preceded to avoid surgery. However, 
there is a concern that the same TNF-α inhibitors might 
not be effective, especially if preoperative TNF-α inhibitors 
did not prevent surgery. In the state of maximal disease 

burden, no medical treatment would be effective; but if 
the disease burden is decreased by surgery, same TNF-α 
inhibitors might control remnant disease. Further studies 
are needed to prove the pathophysiology of the effects of 
preoperative and postoperative TNF-α inhibitors use in 
terms of preventing POR. Regueiro et al.41 reported that 
infliximab reduced endoscopic recurrence, although it did 
not reduce clinical recurrence at 76 and 104 weeks. The 
median time from initial surgery to clinical recurrences in 
our study was 31.5 months (interquartile range, 8.5 to 56.8 
months), which was longer than that of the previous study 
(76 weeks). There is a possibility that infliximab might sig-
nificantly reduce clinical recurrence if long-term follow-up 
was attained. In our study, the best clinical outcomes were 
shown in patients with both preoperative and postopera-
tive TNF-α inhibitors use, suggesting that maintaining the 
same TNF-α inhibitors after surgery might be beneficial. 
Based on our study results, we suggest maintaining the 
same TNF-α inhibitors if TNF-α inhibitors were used pre-
operatively, and then performing early screening to evalu-
ate and adjust medications. Furthermore, it might spare 
further possible treatment (biologics) options in the future. 
Long-term follow-up in prospective studies with a large 
cohort are required to prove our findings. 

Our study had several limitations. First, this was a ret-
rospective, single-center study, and variations in treatment 
strategies were quite small. In other words, there has been 
no consensus about continuing preoperatively used TNF-α 
inhibitors after surgery, and the decision was made based 
on each clinician’s perspective and expertise. A single-
center design could be an advantage in terms of less vari-
ance in treatment strategies. Second, a small number of 
patients were enrolled, and the follow-up period was rela-
tively short. This could explain the small number of surgi-
cal recurrences in our study. Third, inflammatory markers 
such as fecal calprotectin, C-reactive protein, erythrocyte 
sedimentation rate were not examined while analyzing re-
currence. If biochemical markers could be combined with 
other parameters, it would be helpful to screen POR in the 
early stage. Fourth, in this retrospective study, we did not 
include the specific findings about endoscopic recurrence 
not to draw false results due to bias because not all the pa-
tients received postoperative colonoscopy exams at a speci-
fied time after surgery. 

In conclusion, continuation of preoperatively admin-
istered TNF-α inhibitors significantly reduced the rate of 
clinical recurrence of CD after surgery. For patients with 
CD who were receiving TNF-α inhibitors before surgery, 
continuing rather than stopping TNF-α inhibitors after 
surgery could be recommended.
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