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Early treatment with anti-tumor necrosis
factor agents improves long-term
effectiveness in symptomatic
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Abstract
Background: There is limited evidence on the effectiveness of biological therapy in stricturing complications in
patients with Crohn’s disease.
Aim: The study aims to determine the effectiveness of anti-tumor necrosis factor (TNF) agents in Crohn’s disease
complicated with symptomatic strictures.
Methods: In this multicentric and retrospective study, we included adult patients with symptomatic stricturing
Crohn’s disease receiving their first anti-TNF therapy, with no previous history of biological, endoscopic or surgical
therapy. The effectiveness of the anti-TNF agent was defined as a composite outcome combining steroid-free drug
persistence with no use of new biologics or immunomodulators, hospital admission, surgery or endoscopic therapy
during follow-up.
Results: Overall, 262 patients with Crohn’s disease were included (53% male; median disease duration, 35 months,
15% active smokers), who received either infliximab (N¼ 141, 54%) or adalimumab (N¼ 121, 46%). The treatment
was effective in 87% and 73% of patients after 6 and 12 months, respectively, and continued to be effective in 26%
after a median follow-up of 40 months (IQR, 19–85). Nonetheless, 15% and 21% of individuals required surgery after
1 and 2 years, respectively, with an overall surgery rate of 32%. Postoperative complications were identified in 15%
of patients, with surgical site infection as the most common. Starting anti-TNF therapy in the first 18 months after
the diagnosis of Crohn’s disease or the identification of stricturing complications was associated with a higher
effectiveness (HR 1.62, 95% CI 1.18–2.22; and HR 1.55, 95% CI 1.1–2.23; respectively). Younger age, lower albumin
levels, strictures located in the descending colon, concomitant aminosalicylates use or presence of lymphadenop-
athy were associated with lower effectiveness.
Conclusions: Anti-TNF agents are effective in approximately a quarter of patients with Crohn’s disease and symp-
tomatic intestinal strictures, and 68% of patients are free of surgery after a median of 40 months of follow-up. Early
treatment and some potential predictors of response were associated with treatment success in this setting.
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Introduction

Crohn’s disease (CD) is a chronic and disabling inflam-
matory disorder of the gastrointestinal tract.1 It may

affect any segment of the gastrointestinal tract but

most often involves the terminal ileum. The character-

istic transmural inflammatory process leads to progres-

sive structural damage of the bowel wall; as a result,
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certain complications like strictures and penetrating
disease often arise in the long term. Stenosing lesions
are a consequence of an exaggerated accumulation of
collagen-rich extracellular matrix and expansion
of mesenchymal cells, accompanied by a thickening
of the muscularis mucosa and the muscularis propia.2–4

In a recent European inception cohort study, 21%
of patients with CD already had strictures at diagno-
sis.5 Moreover, 10% of patients with initial non-
stricturing non-penetrating disease (B1 according to
the Montreal classification) developed stenosing lesions
during the first 5 years.5 Previous studies have estimat-
ed that the overall lifetime risk of strictures in CD
patients may be as high as 50%.4 The relevance of
these findings is that they imply a high risk of requiring
surgery, as these patients usually show a poor response
to medical therapy.4,6

The currently approved medical treatments for CD
are mainly focused on controlling the transmural
inflammatory process. Although this is probably the
main driver of fibrosis in the gastrointestinal tract,
the efficacy of currently available drugs in fibrosis-
predominant lesions is very limited.7 Hence, in this clin-
ical situation, surgery and endoscopic balloon dilation
remain the mainstay treatments, among all the possible
treatment options.4,8 Anti-tumor necrosis factor (TNF)
agents have shown a clinical benefit in patients with
stricturing complications.9–11 A recent prospective
and observational trial, the CREOLE study, evaluated
the efficacy of adalimumab in 97 patients with small
bowel strictures.9 After 24 weeks of follow-up, 64% of
them achieved the primary endpoint of the study, and
53% were free of surgery in the long term. Nonetheless,
given the high heterogeneity in the design of the
remaining studies, characteristics of lesions and
patients analysed, it is not possible to establish gener-
alised recommendations about the use of biologics in
these cases.12 On the other hand, our primary goal in
the treatment of CD should be to halt the development
of long-term bowel damage and thereby reduce the risk
of intestinal surgery and hospitalisation.13,14 In this
context, the aim of our study was to determine the
effectiveness of first-line anti-TNF therapy in CD com-
plicated by symptomatic intestinal strictures in a real-
world setting.

Methods

All members of the Spanish Working Group on
Crohn’s Disease and Ulcerative Colitis (GETECCU)
were invited to participate in the study. The study pro-
tocol followed the current evaluation process for
research projects promoted by this group. All clinical
data were extracted retrospectively from the medical
records of each participating hospital. We included

adult patients with an established diagnosis of CD,
according to the European Crohn’s and Colitis
Organisation (ECCO) criteria,15 with luminal or
obstructive symptoms secondary to small or large
bowel stenosis and who received their first anti-TNF
agent for this condition. Strictures were defined as a
localised and constant luminal narrowing with bowel
wall thickening and pre-stricture dilatation evidenced
by radiological and/or endoscopic examinations.16 We
excluded patients with previous exposure to biologics
or a history of bowel surgery or endoscopic therapy for
these lesions. Patients receiving immunomodulators
before starting anti-TNF therapy or a surgical proce-
dure that was not related to stricturing complications
(e.g. perianal) were eligible to be included in the study.

The main outcome of the study was the effectiveness
of the anti-TNF agent, defined as a composite outcome
combining the steroid-free persistence of the TNF
antagonist, with no need for new immunomodulators
and/or biologics, and no hospital admission, surgery or
endoscopic therapy during follow-up. Those events not
associated with a loss of response to the anti-TNF ther-
apy (i.e. pregnancy or intolerance) were not considered
as treatment failures. As secondary outcomes, we inves-
tigated the effectiveness according to the type of anti-
TNF (infliximab and adalimumab), stricture location
and evaluated possible clinical, analytical and radiolog-
ical predictors of response to anti-TNF therapy at
baseline or during follow-up.

The Spanish Agency of Medicines and Medical
Devices (AEMPS) and the ethics committee of the
Basque Country approved the study protocol
(EPA2015025, 16/05/2018) and it was conducted
according to the 1975 Declaration of Helsinki and the
Good Clinical Practice guidelines. All patients signed
the informed consent before their inclusion in the
study.

Data were gathered on the following clinical char-
acteristics: sex, age at diagnosis of CD, smoking histo-
ry, age at diagnosis of stricturing behaviour, disease
extension according to the Montreal classification,17

history of immunomodulator use, steroid use and
response, surgical procedures, presence of perianal dis-
ease and its classification,18 extraintestinal manifesta-
tions and Harvey–Bradshaw index according to
Harvey–Bradshaw index. We also recorded baseline
laboratory test results for C-reactive protein, haemo-
globin, albumin, total leucocytes and platelets in the
3 months before starting anti-TNF therapy.

We compiled information from the radiological
examinations (computed tomography (CT), magnetic
resonance enterography (MRE) and abdominal ultra-
sound) performed at the diagnosis of the stricture and
also in the previous 3 months before starting the anti-
TNF agent (baseline), when available. Radiological

1058 United European Gastroenterology Journal 8(9)



examinations during the follow-up were assessed based
on the same variables. All of these examinations were
reviewed by radiologists at each centre, when neces-
sary. Bowel ultrasound was performed only in sites
with high experience in the performance of this tech-
nique. The characteristics that were analysed included
the type of examination, number of strictures, their
location (duodenum, jejunum, proximal ileum, termi-
nal ileum, cecum-ascending colon, transverse colon,
descending colon and recto-sigmoid), bowel wall thick-
ening, and bowel wall contrast enhancement, as well as
whether there were ulcers at the stenosis, pre-stenotic
dilatation, lymphadenopathies or penetrating disease
(fistulae or abscess) complicating the stricture. Bowel
wall thickening was defined as >4 mm thickness with
luminal distension in the maximally thickened area, in
an appropriately distended lumen. Pre-stenotic dilata-
tion was defined as a luminal diameter greater than 30
mm.16 Bowel wall enhancement was classified by its
pattern: mucosal (superficial layer enhancing), layered
(both mucosa-submucosa and serosa enhancing, with a
central band of relatively reduced enhancement) or
homogeneous (all bowel wall enhancing equally).19 If
data were available from an endoscopic examination at
the time of diagnosis, we noted the presence of stric-
tures and if it was possible to pass through the nar-
rowed area and the observation of ulcers at this area.

Study data were collected and managed using
the Research Electronic Data Capture (REDCap) elec-
tronic data capture tools hosted by the Spanish
Gastroenterology Association (AEG).20 REDCap is a
secure, web-based application designed to support data
capture for research studies, providing (a) an intuitive
interface for validated data entry; (b) audit trails for
tracking data manipulation and export procedures;
(c) automated export procedures for seamless data
downloads to common statistical packages; and (d)
procedures for importing data from external sources.

Statistical analysis

Patient sociodemographic characteristics, their baseline
radiological features and the main outcomes during the
follow-up were described, stratified by type of
anti-TNF therapy. Associations between the clinical
variables and anti-TNF therapy were assessed with
the non-parametric Wilcoxon test (for continuous var-
iables) and the chi-square test (or the Fisher’s exact test
if required). To explore changes in the radiological
findings over the subsequent examinations, generalised
linear mixed models were built. For this, radiological
outcomes were used as dependent variables and follow-
up time as an independent variable. Finally, a multi-
variable Cox regression was performed to identify
potential predictors which could be associated with

the overall effectiveness. For this, the time to each of
the events was taken as a dependent variable and var-
iables with a p-value less than or equal to 0.20 in the
univariate model as independent exposure variables.
The final multivariable model was determined using a
backward procedure. All effects were deemed statisti-
cally significant at p< 0.05.

Results

A total of 262 patients were treated with anti-TNF
therapy between October 2001 and July 2018 at 32
hospitals in Spain and were included in the analysis.
The main characteristics of these patients are summar-
ised in Table 1. We had information available from
radiological examinations at baseline in 184 patients
(70%), mainly from MRE procedures (60% of them).
At baseline, 22 patients (8%) had information available
only from endoscopic examinations. The radiological
characteristics of the strictures at baseline are summar-
ised in Table 2. Notably, most strictures were located in
the terminal ileum (N¼ 158, 86%) and the median
number of strictures per patient was 1 (interquartile
range [IQR], 1–2). Further, an endoscopic examination
was performed at baseline in 101 patients (39%), with
evidence of stenosis in 76% of cases (77 patients).
Ulcers were present in 99% (76 cases) of these strictures
and it was not possible to pass through the stenosis in
25% of these patients.

Anti-TNF therapy

Overall, 141 patients (54%) received infliximab (74%
originator and 26% biosimilar) and 121 (46%) adali-
mumab. Notably, as combination therapy with inflix-
imab, a higher proportion of patients received
thiopurines than adalimumab (69% versus 55%,
p¼ 0.003).

Effectiveness of biological therapy

The main outcomes during follow-up are presented in
Table 3 and Figure 1. After a median follow-up of 40
months (IQR, 19–85), the anti-TNF therapy was effec-
tive in 68 patients (26%) (Figure 2(a)). The median
time until loss of effectiveness was 15 months (IQR,
7–30) and the treatment had been effective in 87%
and 73% of patients at 6 and 12 months, respectively.
During follow-up, 5% of patients showed a complete
resolution of the strictures (among those with radiolog-
ical data). The initiation of anti-TNF therapy in the
first 18 months before the diagnosis of CD or the diag-
nosis of stricturing complications was associated with a
higher effectiveness (hazard ratio (HR) 1.62, 95% con-
fidence interval (CI) 1.18–2.22, p¼ 0.003; and HR 1.55,
95% CI 1.1–2.23, p¼ 0.015; respectively). We found no
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differences in effectiveness by stricture location (25%

for the small bowel versus 27% for the colon; log-rank,

p¼ 0.70) or type of anti-TNF (26% for both infliximab

and adalimumab; log-rank, p¼ 0.93).
The anti-TNF agent was discontinued in 131

patients (50%), but after excluding cases not related

to a loss of response, 108 patients (41%) were

found to have stopped the treatment for lack of

effectiveness after a median of 16 months (IQR,

7–33). Withdrawal rates with infliximab originator

were significantly higher than with its biosimilar or

adalimumab (53%, 24% and 36%, respectively;

Table 1. Patient characteristics.

All
N¼ 262

Infliximab
N¼ 141

Adalimumab
N¼ 121 p-value

Sex, male
Mean (SD) 139 (53) 72 (51) 67 (55) 0.48

Age at diagnosis, years
Median (IQR) 33 (25–46) 33 (25–47) 33 (23–46) 0.92

Disease duration (from diagnosis to anti-TNF), months
Median (IQR) 35 (7–103) 28 (7–102) 43 (8–105) 0.38

Smoking habits, N (%) 0.82
Never 62 (24) 32 (23) 30 (25)
Former 29 (11) 17 (12) 12 (10)
Active 39 (15) 21 (15) 18 (15)

Time between stricture diagnosis and starting anti-TNF, months
Median (IQR) 5 (1–28) 5 (1–29) 4 (1–24) 0.56

Disease extension,a N (%)
Ileum (L1) 164 (63) 94 (67) 70 (58) 0.09
Colon (L2) 9 (3) 2 (1) 7 (6)
Ileocolonic (L3) 89 (34) 45 (32) 44 (36)
Upper GI tract (L4) 34 (13) 19 (13) 15 (12)
Fistulising disease (B3) 36 (14) 23 (16) 13 (11) 0.13
Perianal disease 35 (13) 19 (13) 16 (13) 0.55
Extraintestinal manifestations 49 (19) 23 (16) 26 (21) 0.56

Number of strictures per patient
Median (IQR) 1 (1–2) 1 (1–2) 1 (1–2) 0.43
Range 1–9 1–8 1–9

Previous treatment, N (%)
Thiopurines 190 (77) 103 (73) 87 (72) 0.89
Steroids 150 (61) 86 (61) 64 (53) 0.21
Mesalamine 64 (26) 41 (29) 23 (19) 0.06
Methotrexate 25 (10) 10 (7) 15 (12) 0.2

Previous response to steroids, N (%) 0.44
Steroid-refractory 22 (8) 14 (10) 8 (7)
Steroid-dependence 68 (26) 40 (29) 28 (23)

Previous surgery,b N (%) 2 (1) 2 (1) 0 (0) 0.5
Baseline laboratory parameters
Median (IQR)

C-reactive protein, mg/l 5.3 (1.0–15) 5.3 (1.0–11.9) 3.9 (0.7–10.7) 0.26
Haemoglobin, g/dl 13 (12–14) 12.7 (11.7–13.8) 13.3 (12.3–14.2) 0.024
Albumin, g/dl 3.9 (3.6–4.2) 3.9 (3.6–4.2) 4.0 (3.7–4.3) 0.13
Leucocytes, mm3 7,900 (5,900–9,800) 7,500 (5,800–9,400) 8,100 (6,000–9,900) 0.37
Platelets, mm3 303,000 (249,000–376,000) 322,000 (249,000–387,000) 288,000 (245,000–350,000) 0.017

Concomitant therapy, N (%)
Thiopurines 165 (63) 98 (69) 67 (55) 0.003
Steroids 70 (27) 39 (28) 31 (26) 0.39
Mesalamine 23 (9) 16 (11) 7 (6) 0.27
Methotrexate 14 (5) 8 (6) 6 (5) 0.14

aAccording to the Montreal classification.
bBoth patients with previous small bowel resection not related to the current stricture.
GI: gastrointestinal; IQR: interquartile range; SD: standard deviation; TNF: tumour necrosis factor.
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p¼ 0.0034). Approximately a third (34%) of
patients required a switch to a new biologic, usually
to a second anti-TNF (72%), while 24% started
ustekinumab and 5% vedolizumab. Seventeen
patients (27%) were receiving steroids at baseline

and most of them were able to withdraw them
completely (59, 84% among those at baseline), with
no differences between infliximab and adalimumab-
treated patients (77% versus 94%, respectively;
p¼ 0.096).

Table 2. Radiological characteristics of the strictures at baseline.

All
N¼ 184

Infliximab
N¼ 101

Adalimumab
N¼ 83 p-value

Length of small bowel strictures
Length, cm 11 (5–18) 11 (5–18) 11 (5–17) 0.9

Length of colonic strictures
Length, cm 3 (2–5) 5 (2–6) 2 (1–4) 0.31

Duodenum, Number of patients (%)
Length, cm 2 0 2 0.21
Median (IQR) 3 (N/A)a – 3 (N/A)a N/A

Jejunum, N (%)
Length, cm 6 4 2 0.69
Median (IQR) 10.5 (9–12) 10.5 (9–12) – N/A

Proximal ileum, N (%)
Length, cm 26 15 11 0.84
Median (IQR) 6 (4–15) 7 (5–15) 5 (3–10) 0.15

Terminal ileum, N (%)
Length, cm 158 86 72 0.90
Median (IQR) 12 (7–20) 10 (5–19) 10 (4–17) 0.92

Ascending colon, N (%)
Length, cm 6 3 3 0.85
Median (IQR) 4 (2–4) 4 (1–5) 3 (2–4) 0.83

Transverse colon, N (%)
Length, cm 5 2 3 0.66
Median (IQR) 3 (2–5) 4 (2–5) 3 (1–5) 0.7

Descending colon, N (%)
Length, cm 4 1 3 0.34
Median (IQR) 2 (2–4) 2 (2–2) 3 (2–4) 1.0

Recto-sigmoid, N (%)
Length, cm 3 2 1 0.65
Median (IQR) 2 (1–5) 4 (2–5) 1 (1–1) 0.54

Number of stenosis per patient
Median (IQR) 1 (1–2) 1 (1–2) 1 (1–2) 0.59

Bowel wall thickening, mm
Median (IQR) 8 (6–9) 8 (7–9) 8 (6–9) 0.82

Pre-stenotic dilatation, N (%) 101 (55) 58 (58) 43 (52) 0.58
Pre-stenotic dilatation, mm

Median (IQR) 34 (20–45) 36 (20–45) 30 (20–44) 0.63
Contrast enhancement,b N (%) 0.29

Layered 67 (37) 39 (39) 28 (34)
Mucosal 48 (26) 26 (26) 22 (27)
Homogeneous 17 (9) 6 (6) 11 (13)
Normal 6 (3) 5 (5) 1 (1)
Not available 45 (25) 24 (24) 21 (25)

Ulcers, N (%) 46 (25) 25 (25) 21 (26) 0.87
Internal fistula, N (%) 23 (13) 14 (14) 9 (11) 0.57
Lymphadenopathy, N (%) 65 (36) 40 (40) 25 (30) 0.33

IQR: Interquartile range.
aData available only from one patient.
bDefined as mucosal (superficial layer enhancing), layered (both mucosa-submucosa and serosa enhancing, with central band of relatively
reduced enhancement) or homogeneous (all bowel wall enhancing equally).
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Surgery rates

During anti-TNF therapy, 83 patients (32%) required
surgery (Figure 2(b)). The most common indication for
surgery was the persistence of symptomatic disease (66/
83, 80%), followed by penetrating disease (16/83,
19%). The percentage of patients requiring surgery
was 15%, 21% and 25% after 1, 2 and 3 years, respec-
tively. No patient with colonic involvement required

surgery. The rate of surgery was significantly higher
in patients receiving infliximab compared with adali-
mumab (38% versus 24%, p¼ 0.02), and the difference
remained significant in the multivariable analysis (OR
1.78, 95% CI 1.025–3.09). Nonetheless, in the survival
analysis, the two agents were associated with similar
rates of surgery (log-rank, p¼ 0.93).

Regarding the surgical procedure, intestinal resec-
tion was the most common (83%), while strictureplasty

was performed in a small percentage of cases (4%).
Most patients underwent elective surgery (80%) and
usually without requiring an ostomy (89%), with no
significant difference between the rates of abdominal
and laparoscopic approach (49% versus 51%, respec-

tively). Postoperative complications were recorded in
15% of patients, with wound infection being the most
common diagnosis (42%). The median time between
administration of the last dose of anti-TNF and the
intervention was 43 days (IQR, 23–75), and this did

not differ significantly between patients who did and
did not develop complications (p¼ 0.92).

Safety

In total, 16 patients (6%) stopped the anti-TNF due to

an adverse event. One male patient with ileocolonic CD
was diagnosed with small bowel adenocarcinoma after

Table 3. Main outcomes.

All
N¼ 262

Infliximab
N¼ 141

Adalimumab
N¼ 121 p-value

Steroid-free, N (%) 59 (84a) 30 (77a) 29 (94a) 0.096
Stop anti-TNF treatment, N (%) 131 (50) 78 (55) 53 (44) 0.08
Admission, N (%) 98 (37) 60 (43) 38 (31) 0.07
Surgery, N (%) 83 (32) 54 (38) 29 (24) 0.02
Switch biologic, N (%) 88 (34) 46 (33) 42 (35) 0.79

Adalimumab 33 (38) 32 (23) 1 (1)
Infliximab 30 (34) 3 (2) 27 (22)
Ustekinumab 21 (24) 8 (6) 13 (11)
Vedolizumab 4 (5) 3 (2) 1 (1)

New immunosuppressive therapy, N (%) 31 (12) 18 (13) 13 (11) 0.70
Thiopurines 15 (50) 8 (6) 7 (6)
Methotrexate 13 (43) 9 (6) 4 (3)
Calcineurin inhibitor 2 (7) 0 (0) 2 (2)

Endoscopic balloon dilation, N (%) 11 (4) 5 (4) 6 (5) 0.76

aPercentage out of those receiving concomitant steroids at baseline.

All Infliximab Adalimumab

50%
55%

44%
37%

43%

31% 34% 33% 35%
32%

38%

24%

12% 13% 11%
4% 4% 5%

*

Stop anti-TNF Admission Switch Surgery New
immunomodulator

Endoscopic
dilation

100%

80%

60%

40%

20%

0%

Figure 1. Main outcomes in patients receiving anti-TNF therapy, including anti-TNF drug survival, hospital admission, switch,
surgery, use of new immunomodulators or endoscopic therapy.
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31 months of weekly adalimumab treatment in combi-

nation with thiopurines. There were no signs suggestive

of malignancy in his preoperative radiological work-

up. One patient was diagnosed with cholangiocarci-

noma after 15 months on adalimumab and another

developed recurrent renal cancer after 18 months on

adalimumab.

Radiological examinations during follow-up

The findings in subsequent radiological examinations

are summarised in the supplementary material.

Predictive factors of response

The results of the survival analysis are summarised

in Table 4. In this analysis, we found that younger

age, lower albumin levels at baseline, strictures

being located in the descending colon, concomitant

use of mesalamine and the presence of

lymphadenopathy at the stricture were associated
with lower effectiveness.

Discussion

In our cohort, we observed that anti-TNF therapy was
effective in approximately a quarter of patients with
CD complicated by symptomatic intestinal strictures.
Importantly, a high proportion of patients are able to
avoid surgery with this therapy in the long term. Of
note, we also found that starting anti-TNF therapy
early after the diagnosis of CD or stricturing compli-
cations was associated with greater effectiveness. Our
results are relevant in clinical practice, as patients with
early disease but established bowel damage are at a
higher risk of requiring intestinal surgery and hospital-
isation.13 Translating our data into practice, TNF
antagonists can improve the outcomes of patients
with symptomatic stricturing lesions, but timely inter-
vention appears as an important factor also when
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Figure 2. Kaplan–Meier estimates of the effectiveness of anti-TNF therapy (a) and surgery rates (b) during follow-up.

Table 4. Predictors of non-response to anti-TNF agents in stricturing Crohn’s disease.

Hazard ratio
(95% confidence interval) p-value

Age at diagnosis 0.99 (0.98–0.99) 0.01
Location at the descending colon 6.57 (1.39–33.33) 0.02
Albumin at baseline 0.48 (0.29–0.66) 0.004
Concomitant use of mesalamine 2.77 (1.17–6.57) 0.02
Lymphadenopathy 2.06 (1.31–3.22) 0.002

Adjusted for sex and type of anti-TNF agent.
C-index¼ 0.67 (s.e.: 0.03).
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complicated disease is already present, with compara-
ble data when it has been assessed by the L�emman
index.21

CD is a chronic and relapsing disorder of the gas-
trointestinal tract with a progressive and disabling
course.1 The great majority of patients have inflamma-
tory lesions at the time of diagnosis, but up to a third
already have some stricturing at this point.5 Further,
the percentage of patients with fibrotic lesions may
increase by 10% by 5 years after diagnosis.5

Strictures show a predominance of collagen band depo-
sition and thickening of the muscularis mucosa and
muscularis propria,4 but they often coexist with a vari-
able degree of inflammation.22 Therefore, we can
expect some benefit in established stricturing lesions
from currently available drugs targeting any of the
multiple immune mediators involved in the inflamma-
tory process.19 But, even more importantly, observa-
tional studies have suggested that the risk of
progression from inflammatory to stenosing disease
may be reduced by the timely use of immunomodula-
tors or anti-TNF agents during the early stages of the
disease.6,23,24 Nevertheless, no anti-fibrotic drugs are
currently approved in established bowel stenosis in
patients with CD.16

Initial experience with anti-TNF agents indicated a
possible deleterious effect of these drugs with a possible
increment in the rate of surgery, suggesting a worsening
of the fibrotic component in these lesions.25–27 Further
experience with these drugs, however, has shown that
they are safe and effective in this context.10,11,28

Nonetheless, there is only one prospective, observa-
tional cohort study evaluating the efficacy of
anti-TNF agents in CD complicated by symptomatic
intestinal strictures (CREOLE).9 In this study, all
patients received open-label adalimumab, and 64% of
patients reached the primary endpoint after 24 weeks of
therapy, defined as the continuation of adalimumab
treatment, without the use of steroids, surgery, endo-
scopic balloon dilation or adverse events. In the long
term, after a median follow-up of 4 years, the drug
continued to be effective in 29% of the initial cohort.
However, important differences between the CREOLE
study and our cohort should be considered when com-
paring the main outcomes. While the French study
included patients with a long-standing disease and
long-segment stenosis, with previous intestinal surgery
(44%) and prior infliximab exposure in some cases
(7%), our clinical scenario might be different. Our
patients had shorter disease duration (median 8.8
years [3.4–14.9] versus 2.9 years [0.6–8.6], respectively)
and were receiving their first-line biologic therapy with
no previous surgical treatment for this condition. This
allowed us to evaluate the long-term outcomes of TNF
antagonists as a primary treatment early in the course

of established bowel damage. Recent observational

studies have demonstrated similar results in clinical

practice.10,11 Although previous studies evaluating the

efficacy of this treatment have produced mixed results,

we note that there are consistent data supporting the
observation that around one in four patients with stric-

turing CD treated with anti-TNF therapy shows a clin-

ical response in the long term.12

The results from our cohort demonstrate that, after

1 year, most patients benefit from steroid-free mainte-
nance anti-TNF therapy with no hospital admissions,

new immunomodulators or biologics, surgery or endo-

scopic therapy. Nevertheless, there is an evident pro-

gressive loss of response to this therapy, as it continued

to be effective in only 26% of patients after a follow-up

of approximately 3 years. Our findings show a similar

proportion of patients responding to this therapy as
that previously reported by the CREOLE trial and

some observational studies.9–11 On the other hand,

patients with stricturing complications have a high

risk of requiring surgery, and we observed that 68%

of patients receiving anti-TNF therapy remained free

from this outcome. Previous observations from two
European cohorts have shown that the rate of surgery

with this therapy may be up to 31–39% in the long

term, in patients with long-segment stenosis and

mainly located in the terminal ileum as in our

cohort.10,11 Our results also suggest that adalimumab

may show an additional numerical benefit over inflix-

imab in terms of drug survival and surgery rates, sim-
ilar to the findings of Allocca et al.,10 but neither of the

studies found significant differences in the risk of sur-

gery in the survival analysis.
We were able to identify that younger age, lower

albumin levels at baseline, strictures being located in
the descending colon, concomitant use of mesalamine

and ulcers or lymphadenopathy at the stricture were

associated with non-response to anti-TNF therapy.

Some of these factors may be associated with more

aggressive disease (e.g. younger age) or a pronounced

inflammatory process underlying the stricturing lesions

(e.g. lower albumin levels, ulcers and lymphadenopa-
thy). Notably, we observed that the early introduction

of TNF antagonists after the diagnosis of stricturing

complications is associated with better outcomes in the

following 12 months. Other radiologic predictors of

anti-TNF treatment failure identified in the CREOLE

trial and observational studies were ileocolonic loca-

tion,10 small bowel stricture larger than 12 cm,9

increased stricture wall thickness,9 stricture diameter,9

pre-stenotic dilatation,9,10 marked enhancement on

delayed phase9 and abdominal fistulae.9,10 These prog-

nostic markers may be useful but further research is

required to improve the decision-making process in
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these patients with established bowel damage and a

high risk of disabling disease.
Our study has some limitations that should be

addressed. The retrospective collection of data may

have limited the quality of the information, thus hin-

dering the assessment of the main outcomes. On the

other hand, we chose robust clinical endpoints (anti-

TNF persistence with no steroid use, use of new immu-

nomodulators or biologics, endoscopic therapy and

surgery) that were used as objective outcomes of the

effectiveness of this therapy. Another limitation is that

the radiological follow-up examinations were not pre-

established, and hence, the time interval and the indi-

cation may have differed between patients. A strength

of the study is that our results come from a relatively

large cohort recruited from a considerable number of

hospitals, and this may have reduced the risk of bias.

Furthermore, the definition of the main outcome is

comparable to the CREOLE trial, allowing possible

comparisons between both cohorts.
In conclusion, this large cohort of patients shows

that a high proportion of patients with CD with symp-

tomatic intestinal strictures benefit from anti-TNF

therapy and the response may be improved by early

introduction of this treatment. Approximately two-

thirds of these patients are able to avoid intestinal

surgery in the long term. Although currently available

biologics may be effective in this context, there is still

an unmet need for anti-fibrotic drugs that are able to

slow or even reverse the progression of stricturing CD.
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