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Abstract
Aim: Surgery is an important therapeutic option for Crohn's disease. The need for first 
bowel surgery seems to have decreased with the introduction of tumour necrosis factor 
inhibitors (TNFi; adalimumab or infliximab). However, the impact of TNFi on the need for 
intestinal surgery in Crohn's disease patients irrespective of prior bowel resection is not 
known. The aim of this work is to compare the incidence of bowel surgery in Crohn's dis-
ease patients who remain on TNFi treatment versus those who discontinue it.
Method: We performed a nationwide register-based observational cohort study in 
Sweden of all incident and prevalent cases of Crohn's disease who started first-line TNFi 
treatment between 2006 and 2017. Patients were categorized according to TNFi treat-
ment retention less than or beyond 1 year. The study cohort was evaluated with regard to 
incidence of bowel surgery from 12 months after the first ever TNFi dispensation.
Results: We identified 5003 Crohn's disease patients with TNFi exposure: 3748 sur-
gery naïve and 1255 with bowel surgery prior to TNFi initiation. Of these patients, 7% 
(n = 353) were subjected to abdominal surgery during the first 12 months after the start 
of TNFi and were subsequently excluded from the main analysis. A majority (62%) con-
tinued TNFi for 12 months or more. Treatment with TNFi for less than 12 months was 
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INTRODUC TION

The range of therapeutic options for Crohn's disease has grown sub-
stantially with the introduction of biologicals. Tumour necrosis factor 
inhibitors (TNFi) have increased the likelihood of clinical and endo-
scopic remission in patients with Crohn's disease [1–3]. However, sur-
gery remains an essential part of the therapeutic arsenal, and is often 
required to treat disease complications such as stricturing or perforat-
ing disease, or when the response to medical treatment is inadequate 
[4]. In a recent Swedish population-based study including patients 
with inflammatory bowel disease (IBD) between 1990 and 2014, the 
cumulative incidence of first intestinal surgery within 5 years of di-
agnosis of Crohn's disease decreased from 54.8% between 1990 and 
1995 to 17.3% between 2009 and 2014, with ileocaecal resection 
being the most frequent intervention. No significant decrease was 
seen in repeat surgery from the year 2000 and later [5]. The question 
has been raised whether surgery rates have decreased after the intro-
duction of TNFi. Randomized controlled trials (RCTs) have reported 
fewer hospital admissions as well as lower rates of surgery for Crohn's 
disease [1–3,6]. However, in real-life observational studies, the im-
pact of biologicals on surgery rates has been ambiguous, with reports 
on reduction as well as no certain effects of TNFi treatment [7–12]. 
Interestingly, several studies suggest that the need for surgery was 
reduced even before the biological era and has continued to decline 
after TNFi were introduced, which might reflect a more conservative 
strategy with regard to bowel resection [5,7,13–17].

We are only aware of one RCT including a generalizable co-
hort that compared surgery in ileocaecal Crohn's disease with TNFi 
during a period of 12 months, namely the LIR!C study [18]. The fol-
low-up study, although retrospective, reported a long-term (median 
63.5  months) frequency of Crohn’s related surgery of 48% in the 
TNFi arm [19]. We have previously investigated whether taking TNFi 
drugs for ≥12 months reduced first ever bowel surgery rates com-
pared with <12 months in a cohort of 1856 Crohn's disease patients 
between 2006 and 2014 [20]. Somewhat unexpectedly, we found 
similar cumulative surgery rates (28% after 7  years) regardless of 
treatment retention less than or beyond 1 year. Since this cohort was 
restricted to surgery-naïve patients, we have now set out to investi-
gate whether TNFi is associated with reduced rates of surgery in all 
Crohn's disease patients and whether there are any differences be-
tween surgery-naïve patients and patients with prior bowel surgery. 
We performed a register-based cohort study in Sweden between 
2006 and 2017 to test the hypothesis that Crohn's disease patients 

who are still on TNFi after 12 months (indicating that they have re-
sponded to and tolerated TNFi) are less likely to undergo bowel sur-
gery than patients who stop TNFi before 12 months of treatment, 
regardless of their history of abdominal surgery.

METHOD

Study design

We constructed an observational retrospective cohort of Crohn's 
disease patients based on data recorded prospectively in routine 
medical practice. The incidence of post-TNFi bowel surgery and any 
differences between the frequency of first ever abdominal surgery 
and repeat operation were compared between patients with contin-
uous treatment for ≥12 months since start of TNFi (presumed sus-
tained response and tolerance to TNFi) and patients who stopped 
treatment <12 months from initiation, likely because of lack of re-
sponse or intolerance to TNFi.

Setting

In Sweden, all residents have universal access to publicly funded 
healthcare irrespective of place of residence, socioeconomic status 
or severity of disease. Virtually all IBD patients are seen by a gastro-
enterologist. Through the unique personal identity number issued 
to all Swedish residents, data from national and virtually complete 
administrative and clinical registers on demographics, morbidity and 
mortality can be linked [21–24].

collection, management and analysis of 
the data; or in the preparation, review and 
approval of the manuscript.

associated with a significantly higher surgery rate compared with patients who continued 
on TNFi for 12 months or more (hazard ratio 1.26, 95% CI 1.09–1.46; p = 0.002).
Conclusion: Treatment with TNFi for less than 12 months was associated with a higher 
risk of bowel surgery in Crohn's disease patients compared with those who continued 
TNFi for 12 months or more.

K E Y W O R D S
biologics, bowel surgery, Crohn's disease

What does this paper add to the literature?

Previous studies have not unambiguously been able to 
show reduction of surgery after therapy with tumour ne-
crosis factor inhibitors (TNFi. To our knowledge this is the 
largest study on real-life use of TNFi and surgery in Crohn's 
disease. A majority of patients (62%) continued on TNFi for 
12 months or more, and this was associated with a reduced 
rate of surgery compared to drug survival of TNFi less than 
12 months.
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Study population

All individuals in Sweden registered with a diagnosis of IBD in the 
Swedish National Patient Register (inpatient care or nonprimary 
outpatient care) from 1 January 1987 until 31 December 2016 
were identified (Figure 1) [22,25]. The following codes were used 
to identify IBD patients from 1996 (ICD-10): Crohn's disease, K50; 
ulcerative colitis, K51; and indeterminate colitis, K52.3. From 1987 
(ICD-9) the following codes were used: Crohn's disease, 555; ulcera-
tive colitis, 556. The study population was limited to patients who 
had received two or more IBD diagnoses on two separate occasions, 
of which at least one IBD diagnosis was a main diagnosis in the de-
partments of internal medicine, gastroenterology or paediatrics [26].

The two most recent IBD diagnoses prior to TNFi therapy were 
used to categorize patients as either Crohn's disease (two ICD-10 
codes K50, either as primary or secondary diagnosis) or ulcerative 
colitis (two ICD-10 codes K51). The rationale was to reduce the influ-
ence of incorrect registration in the records or a change in diagnosis. 
If the two most recent diagnoses were not the same, the patient was 
classified as inflammatory bowel disease unclassified (IBDU), which 
also included ICD-10 code K52.3. Crohn's disease patients were then 
further selected by identifying those who had been dispensed at 
least one first-ever dose of TNFi (infliximab or adalimumab) between 
1 January 2006 and 30 June 2016, as registered in the Swedish 
Prescribed Drug Register which began on 1 July 2005. Since there 
has been limited off-label use of golimumab for Crohn's disease in 
Sweden, this drug was also included in the analysis. Individuals who 
underwent surgery during the first year of treatment with TNFi were 
excluded to avoid confounding by surgical indications that were al-
ready present before TNFi initiation. Further, main analyses were 
restricted to patients with 6 months or more of follow-up time (be-
ginning 1 year after the first TNFi treatment) (Figure 1). The Montreal 

classification was used to define age of onset, localization and peri-
anal disease [27,28]. Relevant definitions and diagnostic codes are 
summarized in Table S1 and Table S2 in the Supporting Information.

Exposure to TNFi

We used nationwide registers to acquire information on use of TNFi 
in IBD: infliximab (ATC code L04AB02; L04AA12 before 2008), 
adalimumab (L04AB04; L04AA17 before 2008) and golimumab 
(L04AB06). The majority of treatment episodes were captured in 
the national Swedish register for IBD (SWIBREG) [29]. In addition to 
SWIBREG, TNFi use was captured in the Swedish Prescribed Drug 
Register (filled prescriptions) and the inpatient and outpatient parts 
of the National Patient Register (infusions performed in hospital) 
[24]. According to a recent validation study based on 2323 treatment 
episodes with biological treatments, more than 80% of episodes 
were captured when only having access to the Swedish Prescribed 
Drug Register or National Patient Register, which is why use of 
SWIBREG was recommended to achieve even better coverage [30].

Treatment retention

Patients with Crohn's disease were categorized into those who 
stopped TNFi within 12 months and those who continued TNFi for 
12 months or more after initiation of TNFi treatment. If a patient 
was captured in SWIBREG, the start and stop dates in SWIBREG 
were used. If a stop date in SWIBREG was not followed by a 
new start date within 90 days (in any of the registers), that treat-
ment episode was considered to have stopped. For patients not 
in SWIBREG, treatment with TNFi in hospital, as captured in the 

F I G U R E  1  Flow chart of register-
identified patients with inflammatory 
bowel disease (IBD) and treated with 
tumour necrosis factor inhibitors (TNFi) 
(CD, Crohn’s disease; IBDU, inflammatory 
bowel disease unclassified; UC, ulcerative 
colitis)

126,708 patients with IBD diagnosis in inpatient or non-primary
outpatient care, Jan 1987 to Jun 2016

78,995 patients fulfilling register-based IBD onset
in Jan 1987 to Jun 2016

3382 patients with UC

9228 patients with IBD and a first line biologic drug treatment 
of TNFi in Jan 1987 to Jun 2016

5003 patients with CD 843 patients with IBDU

69,767 Excluded

4029 Adalimumab as 1st TNFi
5071 Infliximab as 1st TNFi
128 Golimumab as 1st TNFi

47,713 Excluded

1599 Deaths before Dec 31, 2005

29,864 Less than 2 visit listing an IBD diagnosis
16,250 No visit with IBD main diagnosis at internal

medicine/gastroenterology/pediatrics dept.

69,767 No first line TNFi treatment of Adalimumab, 
Infliximab or Golimumab in Jan 1st, 2006 to 
Jun 30th, 2016
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National Patient Register, was considered ongoing until 90  days 
after the last infusion. For patients not in SWIBREG or the National 
Patient Register, filled prescriptions in the Swedish Prescribed Drug 
Register were regarded as ongoing TNFi treatment until 180 days 
since the last filled prescription (i.e. patients would need at least 
three filled prescriptions to be regarded as having been treated with 
TNFi for 12 months). For individuals captured in multiple registers, 
the earliest available start date and latest available stop date were 
used. For patients in both SWIBREG and the Swedish Prescribed 
Drug Register or National Patient Register and with no stop date in 
SWIBREG, the treatment was considered to have stopped 90 days 
after the last treatment episode in the National Patient Register 
or after the last filled prescription in the Swedish Prescribed Drug 
Register.

Follow-up and occurrence of bowel surgery

The outcome measure was abdominal surgery, which was defined ac-
cording to validated surgical procedure codes in the National Patient 
Register (for the NOMESCO Classification of Surgical Procedures see 
Table S2) [22,31]. Patients with early surgery (within 12 months of the 
first TNFi dose) were excluded from the long-term analysis of surgery 
rates in patients with TNFi ≥ 12 months compared with <12 months. 
Thus, the long-term surgery analysis starts 12 months after TNFi ini-
tiation. Patients were hence considered at risk of bowel surgery from 
12 months after the first TNFi administration and until the first event 
of emigration, death or end of follow-up (31 December 2017).

Statistics

Crude incidence rates (events per 1000 person-years) of bowel sur-
gery were calculated by dividing the number of first bowel resections 
during follow-up by the corresponding person-time at risk. Relative 
risks of bowel surgery were computed using Cox proportional-
hazard models between patients who were treated with TNFi for 
more or less than 12  months. The Cox models were stratified by 
birth year and sex and adjusted for age at index date. We calculated 
hazard ratios (HRs) overall as well as stratum-specific HRs for the 
calendar period of first Crohn's disease diagnosis, sex, age at first 
Crohn's disease diagnosis and phenotype according to the Montreal 
and Paris classifications. All analyses were performed using the SAS 
software package v.9.4 (SAS Institute, Cary, NC, USA).

Sensitivity analyses

The available registers lack detailed information on the reasons for 
discontinuing TNFi, and therefore patients who were treated for 
<12  months represent a mix of primary nonresponders, patients 
with loss of response, side effects, poor compliance or drug discon-
tinuation after achieving remission [32]. Sensitivity analyses of the 

incidence of bowel surgery were therefore also performed in pa-
tients who stopped treatment at ≤6 months (Table S10, Figure S2).

The suboptimal coverage of infliximab in the Swedish Prescribed 
Drug Register or National Patient Register means that, for example, 
some adalimumab treatments may seem to be first-line treatments 
while they were in fact second-line treatments. We therefore per-
formed sensitivity analyses in which the study population was re-
stricted to IBD centres with >70% coverage in SWIBREG (the overall 
coverage in included counties/centres turned out to be >85%) which 
can be assumed to result in accurate registration of TNFi adminis-
tered as infusions (Table S3, Figure S1).

RESULTS

Between January 1987 and June 2016, we identified 126,708 pa-
tients with IBD of whom 5003 were Crohn's disease patients treated 
with first-line TNFi between 2006 and 2017 (Figure 1). Roughly half 
of the included patients were women, 70% of the patients had re-
ceived their first Crohn's disease diagnosis after the year 2000 and 
mean the age at TNFi initiation was 37 years (Table 1). At start of 
TNFi treatment, 17% had isolated colitis without small bowel in-
volvement, 25% had perianal disease and 25% had a history of 
bowel resection. Of the included patients, 2584 (52%) received 
adalimumab and 2391 (48%) infliximab (Table 1).

Twelve months after initiation of therapy, 7% of patients had un-
dergone early bowel surgery (<12 months after TNFi initiation), 62% 
were still being treated with TNFi and 31% had stopped the treat-
ment (Table 1). The early surgery group had a slightly higher propor-
tion of patients with prior bowel resection compared with the whole 
cohort (31% vs. 25%). Age at TNFi start, phenotypes according to 
the Montreal and Paris classifications, time between Crohn's disease 
diagnosis and start of TNFi, and a history of bowel resection were 
similar in patients with drug survival of more or less than 12 months 
(Table 1). Patients with TNFi survival ≥12 months more often used 
immunomodulators at the start of TNFi than patients with shorter 
drug survival (61% vs. 39%; p < 0.001) (Table 1). The cumulative rates 
of abdominal surgery (including early surgery) in all Crohn's disease 
patients treated with TNFi regardless of TNFi retention during the 
observation period of 2006–2017 were 7% (1 year after initiation 
of treatment), 16% (3 years after), 22% (5 years after), 27% (7 years 
after), 32% (9 years after) and 35% (11 years after).

Bowel surgery in all patients

After excluding patients with early surgery, patients who discon-
tinued the drug before 12  months had a significantly higher inci-
dence of abdominal surgery than patients who continued treatment 
with TNFi for 12  months or more (HR 1.26, 95% CI 1.09–1.46; 
p = 0.002) (Figure 2). The greatest relative risk of surgery comparing 
TNFi < 12 months with ≥12 months was in the first year of follow-
up, in patients over 60 years of age at Crohn's disease diagnosis, with 
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TA B L E  1  Characteristics of Crohn's disease (CD) patients diagnosed in Sweden between 1964 and 2016 at disease onset and start of 
tumour necrosis factor inhibitors (TNFi). Values in n (%) unless otherwise stated

Variable All CDa
Drug survival 
≥12 months

Drug survival 
<12 months Early surgeryb

N 5003 (100%) 3107 (62%) 1526 (31%) 353 (7%)

Sex

Female 2435 (49%) 1390 (45%) 870 (57%) 164 (46%)

Male 2568 (51%) 1717 (55%) 656 (43%) 189 (54%)

First IBD diagnosis

2011–2016 1264 (25%) 821 (26%) 363 (24%) 76 (22%)

2006–2010 1269 (25%) 797 (26%) 389 (25%) 82 (23%)

2001–2005 979 (20%) 603 (19%) 292 (19%) 81 (23%)

1996–2000 476 (10%) 293 (9%) 150 (10%) 32 (9%)

1991–1995 318 (6%) 198 (6%) 93 (6%) 25 (7%)

1986–1990 270 (5%) 153 (5%) 89 (6%) 27 (8%)

1981–1985 196 (4%) 113 (4%) 68 (4%) 14 (4%)

1976–1980 125 (2%) 72 (2%) 41 (3%) 8 (2%)

1971–1975 90 (2%) 49 (2%) 34 (2%) 7 (2%)

1964–1970 16 (0%) 8 (0%) 7 (0%) 1 (0%)

Age at disease onset (years)

Mean age (SD) 28.7 (14.2) 28.1 (13.9) 29.4 (14.3) 30.1 (15.6)

Median age (IQR) 25.2 (18.1–36.3) 24.7 (17.7–35.4) 25.8 (18.5–37.7) 25.8 
(18.6–38.9)

<17 1054 (21%) 686 (22%) 304 (20%) 64 (18%)

17–40 2993 (60%) 1865 (60%) 908 (60%) 214 (61%)

41–60 783 (16%) 461 (15%) 260 (17%) 56 (16%)

>60 173 (3%) 95 (3%) 54 (4%) 19 (5%)

Age at TNFi start (years)

Mean age (SD) 37.3 (16.0) 36.4 (15.8) 38.5 (16.2) 39.0 (16.0)

Median age (IQR) 35.5 (23.6–49.4) 34.3 (22.9–48.0) 36.8 (24.6–51.4) 37.4 
(25.6–51.6)

<17 390 (8%) 256 (8%) 116 (8%) 18 (5%)

17–40 2648 (53%) 1701 (55%) 757 (50%) 188 (53%)

41–60 1471 (29%) 873 (28%) 487 (32%) 107 (30%)

>60 494 (10%) 277 (9%) 166 (11%) 40 (11%)

Montreal and Paris classificationc

L1/L3/LX 4110 (82%) 2535 (82%) 1250 (82%) 309 (88%)

L2 893 (18%) 572 (18%) 276 (18%) 44 (12%)

P 1230 (25%) 802 (26%) 341 (22%) 84 (24%)

Comorbidities

PSC 67 (1%) 41 (1%) 22 (1%) 3 (1%)

History of bowel surgery 1255 (25%) 747 (24%) 391 (26%) 109 (31%)

Treatment

Adalimumab as first biological 2584 (52%) 1616 (52%) 775 (51%) 183 (52%)

Infliximab as first biological 2391 (48%) 1469 (47%) 746 (49%) 169 (48%)

Golimumab as first biological 28 (1%) 22 (1%) 5 (0%) 1 (0%)

Switch at least once 448 (9%) 368 (12%) 58 (4%) 22 (6%)

Mean time in years from first 
diagnosis to start of TNFi (SD)

8.6 (9.6) 8.3 (9.4) 9.1 (10.0) 8.9 (9.6)
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TNFi monotherapy and during the latest calendar period (Table 2). 
The relative risk of surgery was similar in patients irrespective of 
disease duration before the start of TNFi and across the Montreal 
and Paris classifications (Table 2). The types of bowel surgery per-
formed between 2006 and 2017 in this Crohn's disease population 
are reported in Table S4.

Bowel surgery in patients with prior resection

We identified 1255 Crohn's disease patients with a history of bowel 
surgery prior to TNFi initiation (mean 4.8 years prior to TNFi) and 
3748 surgery-naïve patients. While patients with a record of bowel 
surgery were older at TNFi initiation, TNFi retention rates were simi-
lar in the two groups (Table S5 and Table S6). The cumulative risk 
of surgery during follow-up was significantly higher in patients with 
a history of surgery than in surgery-naïve patients, regardless of 
drug survival (p < 0.001) (Figure 3). TNFi drug survival <12 months 
was associated with an increased HR for bowel surgery in both 
surgery-naïve and experienced patients [HR = 1.22 (1.01–1.47) and 

HR  =  1.25 (0.94–1.66), respectively] albeit not statistically signifi-
cant in the latter group (Figure 4). The highest HR for surgery when 
stopping TNFi before 12 months was seen during the latest observa-
tion period (2014–2016) (Table S7 and Table S8).

Sensitivity analyses

We performed a sensitivity analysis restricted to 3206 patients reg-
istered in SWIBREG in IBD centres with close to complete coverage 
(a list of centres is given in Table S3 and patient characteristics in 
Table S9). In this study population infliximab use was slightly more 
frequent relative to adalimumab, whereas patient demography and 
early surgery rates were similar to the nationwide cohort (Tables 
S9 and 1). The HR for bowel surgery after the start of follow-up at 
12 months was similar to the main results (HR 1.37, 95% CI 1.14–
1.64; p = 0.001; Figure S1).

In another sensitivity analysis, in which early surgery was de-
fined as <6 months of TNFi treatment (vs. ≥6 months), 940 (19%) 
patients had drug survival <6 months and the HR was similar to that 

Variable All CDa
Drug survival 
≥12 months

Drug survival 
<12 months Early surgeryb

Mean time in years from last bowel 
surgery to TNFi start (SD)

4.8 (4.3) 4.8 (4.4) 4.8 (4.3) 4.7 (4.2)

Immunomodulatory drugs during 
biological therapy

2671 (53%) 1888 (61%) 602 (39%) 177 (50%)

Abbreviations: IBD, inflammatory bowel disease; IQR, interquartile range; PSC, primary sclerosing cholangitis; SD, standard deviation.
aSeventeen patients died <12 months after the start of TNFi therapy and were only included in the all-CD patient group.
bUnderwent bowel surgery <12 months after start of anti-TNF therapy and were therefore not included in main analysis comparing drug survival ≥ or 
<12 months.
cL, location of CD, according to the last used ICD codes before the start of biological treatment: L1, small bowel disease; L2, colon; L3, small bowel 
and colon. Patients with codes for an unspecified location are reported as LX. P, perianal disease, according to the corresponding ICD codes, if ever 
used, before the start of biological treatment. PSC, primary sclerosing cholangitis in CD, according to the corresponding ICD code, if ever used, before 
the start of biological treatment.

TA B L E  1  (Continued)

F I G U R E  2  Time to bowel surgery by 
response assessment at 12 months (i.e. 
follow-up started 12 months after start of 
tumour necrosis factor inhibitor therapy 
in patients with drug survival ≥12 months 
and <12 months) (HR, hazard ratio)

0%

0

Drug survival <12m
Drug survival ≥12m

1526
3107

(167)
(234)

1067
2254

(74)
(141)

695
1468

453
886

236
411

67
97

(31)
(78)

(20)
(40)

(9)
(10)

Number at risk (bowel resection)

2 4 6

Years

HR = 1.26, 95% CI, 1.09-1.46; P=0.002

8 10

10%

20%

30%

40%

50%
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in the main analysis (HR 1.34, 95% CI 1.15–1.55; p < 0.001; Table 
S10, Figure S2).

DISCUSSION

Main findings

In this register-based study, we used real-world data to investigate the 
association of TNFi drug survival more or less than 12 months with the 
risk of bowel surgery in Crohn's disease patients. Surgery rates were 
significantly higher among patients who discontinued TNFi before 
12 months compared with patients with drug survival ≥12 months.

Findings compared with earlier studies

We have previously published the only report on first ever bowel 
surgery rates in Crohn's disease patients on maintenance TNFi 

≥12 months compared with patients who stopped treatment be-
fore 12  months [20]. The drug survival rates in our previous re-
port and the current one were almost identical at 12 months (62% 
in the present cohort and 65% in the earlier report) [20]. In con-
trast to the earlier published cohort of resection-naïve patients, 
in which TNFi <12 months was not significantly associated with 
an increased surgery rate (HR 1.17, 95% CI 0.88–1.56), the cur-
rent larger and more recent study, including both surgery-naïve 
patients and patients with prior bowel surgery, demonstrated sta-
tistically significant higher rates of surgery for TNFi drug survival 
<12 months compared with ≥12 months (HR 1.26, 95% CI 1.08–
1.46), an association which was even more pronounced in the sen-
sitivity analyses. The somewhat higher HR and tighter confidence 
intervals in the latter cohort is logical, since a larger number of 
patients were included in the current study with data retrieved 
from the Swedish National Patient Register and the Swedish 
Prescribed Drug Register, but importantly also from the Swedish 
national quality register SWIBREG. Moreover, the increased use of 
TNFi in more recent years further improved our statistical power. 

F I G U R E  3  Time to bowel surgery 
from 12 months after the start of tumour 
necrosis factor inhibitor therapy in 
patients stratified by history of abdominal 
surgery regardless of drug survival
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F I G U R E  4  Time to intestinal surgery 
by response assessment at 12 months 
(i.e. follow-up started 12 months after 
start of tumour necrosis factor inhibitor 
therapy) in patients stratified by history 
of bowel surgery and drug survival 
≥12 months versus <12 months (HR, 
hazard ratio)
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Considering the very similar point estimates and the overlapping 
CIs between the two studies, increased statistical power is likely 
be the most important reason for this. Since the publication of 
our previous study, we have also assessed how well the national 
registers capture TNFi use, which has resulted in an improved al-
gorithm for capturing infliximab [30]. The treat-to-target strategy 
with dose optimization of TNFi by therapeutic drug monitoring, 
which is used in clinical routines in some Swedish centres, might 
also result in improved clinical efficacy in patients with drug sur-
vival >12  months compared with <12  months. However, treat-
ment strategies or dose escalation cannot be caught in this study 
due to the lack of such granularity in the data.

Moreover, the current study found higher rates of drug sur-
vival ≥12 months among users of immunomodulators than among 
nonusers, an observation that may reflect the results from earlier 
studies demonstrating the higher clinical efficacy of combining in-
fliximab with thiopurines [33,34]. In our previous smaller study, HRs 
for bowel surgery were similar across strata of TNFi treatment with 
or without immunomodulators. In the current study, drug survival 
<12 months was not a risk factor for bowel surgery within the group 
of TNFi-treated patients exposed to immunomodulators, whereas 
among patients only exposed to TNFi monotherapy it was (Table 2).

As expected, the cumulative rates of first bowel surgery during 
follow-up were significantly higher in the current cohort of patients 
with at least one previous abdominal resection compared with 
the surgery-naïve patient population (42% vs. 21% 9  years after 
introduction of TNFi; p  <  0.001). Previous reports have shown 
that inflammatory recurrence can be observed within 2  years of 
ileocaecal resection in up to 80% of Crohn's disease patients, and 
after first resection, repeat surgery rates of 11%–32% have been 
reported within 5 years and 20%–44% within 10 years, which is in 
keeping with our results [35–38]. However, the impact of prior sur-
gery per se on further resections is difficult to assess in the current 
study since this group was older and exhibited longer disease dura-
tion than the surgery-naïve patients. Moreover, the indication for 
TNFi after surgery is prophylactic to prevent recurrent resection, in 
distinction to treating surgery-naïve patients with TNFi, which may 
introduce a bias in any comparison between the patient groups.

While we found no significantly increased risk of bowel resec-
tions in surgery-experienced patients with drug survival <12 months, 
the efficacy of postoperative TNFi prophylaxis with regards to en-
doscopic recurrence in patients undergoing ileocaecal resection has 
been demonstrated in several studies [39–41]. The PREVENT study 
showed a protective role of infliximab in endoscopic but not clinical 
recurrence, whereas a significant effect on repeat surgery could not 
be seen within the 76-week follow-up [39]. The POCER study inves-
tigated the role of immunosuppressants and adalimumab as post-
operative prophylaxis. The authors demonstrated superior efficacy 
of adalimumab compared with thiopurines in preventing endoscopic 
recurrence within 6 months, but no patients in the study underwent 
repeat surgery during the observation period [40,41]. In addition to 
these two pivotal RCTs, a meta-analysis including eight additional 
small studies of medical prevention of postoperative recurrence 

suggested that TNFi was superior to both immunosuppressants and 
mesalamine (312 patients) [42]. However, to our knowledge no study 
has demonstrated a significant effect of TNFi treatment on repeat 
bowel resections. Moreover, in contrast to previous trials of highly 
selected study populations followed for a relatively short time, our 
study reflects real-life use of TNFi in Crohn's disease patients with 
prior bowel surgery and includes 1255 patients, compared with the 
next largest study, the PREVENT trial, which included 297 patients 
[39]. Finally, when comparing the cumulative rates of abdominal sur-
gery in patients without prior surgery and who continued TNFi for 
more than 12 months with the resection rates of all TNFi-treated 
patients regardless of TNFi retention, the following question arises: 
is surgery prevented in surgery-naïve patients or only delayed in a 
substantial proportion of these patients? Such postponing of sur-
gery may of course be of value in many cases, as long as simultane-
ous slow deterioration is avoided as this may affect the results from 
surgery when needed [43].

Limitations

We were unable to compare degree of disease activity or symp-
tom severity across exposure groups since such variables are not 
at all available in the Swedish National Patient Register and are 
currently poorly covered in SWIBREG. The limited nationwide 
coverage of infliximab in the Swedish National Patient Register 
and Prescribed Drug Register mainly concerns the identification 
of second-line adalimumab patients wrongly categorized as first-
line treatment with adalimumab since prior infliximab infusions 
might be missed. Similarly, adalimumab-treated patients who have 
switched to infliximab might have been misclassified in the nation-
wide sample as stopping biologicals. There is also a risk that the 
few patients treated with biologicals before the start of SWIBREG 
and the Prescribed Drug Register in 2005 have been mistakenly 
identified as first-time users. However, while infliximab use had 
suboptimal coverage nationwide in the National Patient Register 
and Prescribed Drug Register, this limitation was compensated 
by the supplemental SWIBREG data from IBD centres with close 
to complete coverage (Table S3). The fact that patients from the 
high-coverage hospitals had very similar patient characteristics 
and results to the national cohort is reassuring. Additional limita-
tions are that the data set does not allow for more refined analysis, 
such as the use of therapeutic drug monitoring and optimization 
of TNFi therapy. Finally, although the coverage of prescribed TNFi 
(adalimumab) is complete, we only have information on the sy-
ringes patients have obtained at the pharmacy and not how many 
syringes any given patient actually administered.

Strengths

Through the National Patient Register, we were able to identify 
all Crohn's disease patients without being limited to restrictive 
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inclusion criteria of randomized trials or the selected patient popu-
lation in highly specialized university or tertiary referral clinics. 
Thus, generalizability was optimized [22]. Moreover, the size of the 
study has allowed for more accurate risk estimates, and the long ob-
servation period of 11 years made it possible to estimate the long-
term risk of surgery. In Sweden, clinical data have been collected 
prospectively through the national registers based on routine clini-
cal care with nearly complete coverage for most parameters, and 
the validity of the main variables has been shown to be excellent 
[22,24,31].

CONCLUSION

Treatment with TNFi for less than 12 months was associated with 
more frequent bowel surgery in Crohn's disease patients compared 
with patients who were treated with TNFi for 12 months or more.
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Item no. Recommendation

Title and abstract 1 (a) Indicate the study's design with a commonly used term in the title or the abstract

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 
OK

INTRODUCTION

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported OK

Objectives 3 State specific objectives, including any prespecified hypotheses OK

METHODS

Study design 4 Present key elements of study design early in the paper OK

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, 
and data collection OK

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up OK

(b) For matched studies, give matching criteria and number of exposed and unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give 
diagnostic criteria, if applicable OK

Data sources/
measurement

8a For each variable of interest, give sources of data and details of methods of assessment (measurement). 
Describe comparability of assessment methods if there is more than one group OK

Bias 9 Describe any efforts to address potential sources of bias OK

Study size 10 Explain how the study size was arrived at NA

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings 
were chosen and why OK

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) If applicable, explain how loss to follow-up was addressed

(e) Describe any sensitivity analyses OK

RESULTS

Participants 13a (a) Report numbers of individuals at each stage of study, e.g. numbers potentially eligible, examined for 
eligibility, confirmed eligible, included in the study, completing follow-up, and analysed OK

(b) Give reasons for nonparticipation at each stage OK

(c) Consider use of a flow diagram OK

Descriptive data 14a (a) Give characteristics of study participants (eg demographic, clinical, social) and information on 
exposures and potential confounders OK

(b) Indicate number of participants with missing data for each variable of interest NA

(c) Summarize follow-up time (e.g. average and total amount) OK

Outcome data 15a Report numbers of outcome events or summary measures over time OK

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision 
(e.g. 95% confidence interval). Make clear which confounders were adjusted for and why they were 
included OK

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

Other analyses 17 Report other analyses done, e.g. analyses of subgroups and interactions, and sensitivity analyses OK
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Item no. Recommendation

DISCUSSION

Key results 18 Summarize key results with reference to study objectives OK

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both 
direction and magnitude of any potential bias OK

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 
analyses, results from similar studies, and other relevant evidence OK

Generalizability 21 Discuss the generalisability (external validity) of the study results OK

OTHER INFORMATION

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the 
original study on which the present article is based OK

a Give information separately for exposed and unexposed groups.
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