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Abstract

Objectives

Tumor necrosis factor (TNF) antagonists can induce mucosal healing in patients with 
Crohn’s disease (CD), but the effects on transmural inflammation and stenotic lesions 
are largely unknown.
 
Materials and methods

We performed a retrospective study in 50 patients (54% female, median age 37 yr) with 
CD who had undergone serial magnetic resonance imaging (MRI) examinations while 
receiving infliximab or adalimumab. Patients were grouped as clinical responders 
or nonresponders based on physician’s assessment, laboratory, and endoscopic 
appearance. MRI scoring was performed by 2 radiologists in consensus blinded to 
clinical data using a validated MRI scoring system. In total, 64 lesions on MRI were 
identified for analysis. Analyses were performed using paired t test and Wilcoxon 
rank test.
 
Results

During anti-TNF treatment, MRI inflammation scores improved in 29 of 64 lesions 
(45.3%), remained unchanged in 18 of 64 lesions (28.1%), or deteriorated in 17 of 
64 lesions (26.6%) over time. In the anti-TNF responder group, the mean intestinal 
inflammation score of all lesions improved from 5.19 to 3.12 (P < 0.0001). The 
mean inflammation scores in stenotic lesions in anti–TNF responders also improved 
significantly, from 6.33 to 4.58 (P = 0.01). In contrast, the mean inflammation scores 
did not change significantly (5.55–5.92, P = 0.49) in nonresponders. Diagnostic 
accuracy of anti–TNF response on MRI was 68%.
 
Conclusions

Improved inflammatory activity on serial MRI scans was observed in patients with 
clinical response to medical therapy with anti-TNF agents in luminal CD. MRI can be 
used as a complementary approach to measure transmural inflammation in patients 
with CD and guide the optimal use of TNF antagonists in daily clinical practice.
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Introduction

The management of Crohn’s disease (CD) has changed rapidly with the advent of tumor 
necrosis factor (TNF) antibodies, such as infliximab and adalimumab. Treatment with 
anti-TNF agents results in mucosal healing in a significant proportion of patients with 
CD [1]. However, the effects of these biological agents on transmural inflammation 
and stenotic lesions are largely unknown. Better insight in the therapeutic effects 
of these costly agents may guide the clinical decision-making process. Objective 
assessment of therapeutic responses has become an essential concept in clinical 
practice and in the development of new drugs, especially as tissue healing may 
change the natural history and outcome of the disease [2].
Endoscopic evaluation has been the method of choice to evaluate the extent and 
severity of the disease [3]. However, endoscopic procedures are invasive, time 
consuming, expensive, and expose patients to inherent procedural risks. Moreover, 
endoscopy is frequently not a feasible option for assessment of small bowel disease 
activity [4].
Diagnostic modalities that can serve as an alternative or adjunct to ileocolonoscopy 
to evaluate therapeutic responses are needed. Computed tomography (CT) and 
magnetic resonance imaging (MRI) have been shown to be effective to assess CD 
activity and can be used routinely before any major change in therapy [5–9]. CT and 
MRI can assess cumulative structural bowel damage in patients with CD. Cumulative 
damage has been quantified and validated in the so-called IPNIC or Lémann score 
[10].
Serial CT imaging showed excellent potential for reliable monitoring of CD activity 
[11]. However, the main drawback of CT is the risk of repeated radiation exposure 
that may be associated with an increased risk of developing malignancies, especially 
in patients exposed at a younger age [12,13]. MRI is at least as accurate as CT in 
assessing disease activity in CD [14,15]. and patients are not exposed to ionizing 
radiation. Parameters that are used to monitor CD activity with MRI include the 
presence of mural changes (e.g., bowel wall thickening, wall enhancement, and wall 
edema), length of the involved segments, skip lesions, stenoses, and fistulas [16–
18]. Moreover, the versatility allows the use of different sequences that add novel 
insights (such as edema) that are not possible with other imaging modalities, such 
as CT. Therefore, MRI is increasingly used to evaluate disease activity in CD [19]. The 
aim of the present study was to explore the sensitivity of MRI to measure changes 
in inflammation and stenosis over time during treatment with anti-TNF agents in 
patients with CD.
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Patient Selection

This retrospective study was performed at a single tertiary IBD referral center. The 
institutional review board approved the study and waived informed consent. Using 
the hospital radiology information system and patient databases, we identified 
eligible patients with established CD who underwent serial MRI scans between 2004 
(introduction of routine clinical MRI service for luminal CD at our institution) and 
2012 and received anti-TNF treatment (infliximab or adalimumab). Patients who 
were included either underwent MRI before and after initiation of infliximab or 
adalimumab or used these agents as the dominant therapy between 2 serial MRIs 
with an interval of at least 4 months. This time interval was chosen, as we believe 
that this is sufficient to determine clinical and radiological responses in patients 
receiving different therapies, including subjects receiving 8 weekly infusions with 
infliximab. Our MRI protocol has changed over the years based on the new insights 
and restrictions of the maximal examination time from December 2007 until July 
2008. Patients were excluded when the MRI protocol did not suffice the present 
requirements of a minimum scan protocol. The presence of at least one T2-weighted 
sequence, a (fat saturated) T1-weighted unenhanced and a postintravenous contrast 
medium–enhanced sequence was required. Patients were excluded if they underwent 
surgery in between serial MRI examinations or when insufficient data were available 
from medical records to establish whether patients were anti–TNF responders or 
nonresponders.

Magnetic Resonance Imaging

During the study period, both magnetic resonance (MR) enterography and MR 
enteroclysis were performed. For the purpose of this study, we included patients 
studied with either method as this reflects daily practice and we do not expect 
substantial differences between both examinations for evaluation of inflammation. 
The MR enterography preparation was as follows: patients fasted at least 4 hours 
before the examination and drank 1600 mL Mannitol solution (2.5%) (Baxter, Utrecht, 
The Netherlands) 1 hour before the scan. Patients who underwent MR enteroclysis 
received a nasoduodenal tube that was placed under fluoroscopic guidance. Mannitol 
was administered through the nasoduodenal tube at a speed of 60 to 120 mL/
minute until adequate luminal distension was obtained. Images were acquired with 
patients in supine position using a 1.5-T MRI unit (Signa Horizon Echospeed, LX 
9.0; General Electric Medical Systems, Milwaukee, WI or Avanto; Siemens, Erlangen, 
Germany) or a 3-T MRI unit (Intera; Philips Healthcare, Best, The Netherlands) with a 
16-channel torso-phased array body coil. All patients received a spasmolytic agent 
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(butylscopolamine bromide, Buscopan; Boehringer-Ingelheim, Ingelheim, Germany) 
intravenously to suppress small bowel peristalsis. The following sequences were 
used for acquisition of images: interpolated 3D T1-weighted gradient echo (with fat 
saturation precontrast and postcontrast after intravenous application of 0.1 mL/kg 
bodyweight gadolinium) and single-shot half-Fourier RARE (rapid acquisition with 
relaxation enhancement).
  
Anti-TNF Treatment

All patients were treated with infliximab or adalimumab at approved dose regimens 
and within the frame of the European reimbursement label. For infliximab, 5 mg/
kg was given intravenously at week 0, 2, and 6 and further every 8 weeks with dose 
intensification when clinically indicated. For adalimumab, induction treatment was 
given at 160 mg at week 0, 80 mg at week 2, and 40 mg every other week further on 
with dose increase to every week if clinically indicated. Co-treatment with thiopurines 
or methotrexate was continued at stable doses.
 
Data Collection

Information was collected for each segmental lesion that was detected by MRI. Lesions 
were considered separate if they were isolated by an area with normal imaging 
features. Radiological scoring was assessed in consensus by 1 abdominal radiologist 
(J.S.) with 18-year experience in gastrointestinal MRI (>750 small bowel MRI scans) 
and 1 abdominal radiology fellow (K.H.) with 6-year experience (>250 small bowel 
MRI scans). The radiologists were blinded to the clinical, laboratory, and endoscopic 
data and to the order of patients. When assessing the second MRI, the 2 radiologists 
were not blinded for the previous examination as comparison was needed to assure 
that the same lesion was being reassessed.
Inflammation was scored using an MRI scoring system [20], where qualitative scoring 
(none–mild–moderate–severe) of mural thickness, mural T2 signal, perimural T2 
signal, and T1 contrast enhancement correlated with disease activity based on a 
transmural histopathological reference. Lesions were evaluated by the sum of the 
scores of these 4 MRI features. The inflammation score was used to determine the 
therapeutic response on MRI. The activity scores were summed if there was more than 
1 inflamed segment observed in a patient to determine the response for each patient. 
Patients were considered as radiological responders if there was an improvement 
in the total inflammation score. Furthermore, lesions were evaluated by the length 
of disease (in centimeters). A lesion was considered a stenotic lesion if there was 
lumen reduction of at least 80%, in combination with prestenotic dilatation and wall 
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thickening of a least 3 mm on MRI, which is in accordance with stage 3 of stricturing 
lesions in the Lémann score [10]. Response rates were assessed per lesion, per 
stenotic lesion, and per patient.

Reference Standard

Clinical information for each patient was obtained by reviewing medical records, and 
this included endoscopy reports and laboratory outcomes, such as serum C-reactive 
protein and fecal calprotectin levels. A gastroenterologist with a subspecialty in 
inflammatory bowel disease was blinded to the imaging results and categorized each 
patient as anti–TNF responder or nonresponder. All medical records were analyzed 
between serial MRI scans. A “minimum data set” comprised a clinical assessment of 
the managing gastroenterologist using clinical report forms within a 1-month time 
frame of the MRI scan. Clinical follow-up notes of the managing gastroenterologist 
were leading in the decision to characterize each patient as a clinical responder or 
nonresponder. Ileocolonoscopy, histology, and laboratory outcomes substantiated 
this decision. Patients were not eligible if only biochemical and/or endoscopic data 
were present. Finally, 2 cohorts of patients were studied. In the first group, a second 
MRI was performed because of lack of response or loss of response to anti-TNF 
treatment. The second comprised patients who were in remission on continued anti-
TNF treatment in whom an elective repeat MRI was performed.
Established CD was defined as a diagnosis of CD after evaluation by a gastroenterologist 
with special interest in inflammatory bowel disease. Disease duration was calculated 
from time of diagnosis to date of the last MRI. Induction therapy was defined as 
patients having had 1 MRI examination before the start of TNF agents.

Statistical Analysis

Descriptive statistics were reported as number (percent) or median (interquartile 
range [IQR]). The total inflammation score was considered as normal distribution, 
and the length of disease was considered as nonparametric. Differences between the 
initial and follow-up MRI scans were assessed with the paired t test or nonparametric 
Wilcoxon signed-rank test. Positive and negative predictive values were estimated 
per patient for agreement between clinical response and inflammation score on MRI. 
The overall accuracy is calculated by addition of the true-positive and true-negative 
test results divided by all tests.
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Results

A total of 75 patients with CD were identified. Thirteen patients underwent an MRI 
not meeting the minimal scan protocol requirements and were therefore excluded. 
Twelve of these patients underwent an MRI without a T2-weighted sequence 
(between December 2007 and July 2008), and 1 subject did not receive intravenous 
contrast medium. Nine patients underwent surgery between the MRI examinations. 
In 1 patient, the follow-up MRI scan was within 4 months of the initial MRI. Clinical 
assessment of the managing gastroenterologist was available for all patients, except 
for 1 who was excluded. One patient was pregnant during the second MRI, which 
complicated the interpretation of the images (Fig. 1). Among the remaining 50 
patients, there were 64 lesions identified on MRI. Most lesions, 59 of 64 (92%), were 
located in the small bowel, and 5 of 64 lesions (8%) were located in the colon. The 
patient cohort comprised 23 males and 27 females, with a median age of 37 years 
(IQR, 29–42 yr). The median disease duration was 12 years (IQR, 7–21 yr). Smoking 
was noted in 20% of the patients (n = 10), and previous surgical resections had 
occurred in 68% of the patients (n = 34) . The median time between the start of 
anti-TNF treatment and follow-up MRI was 112 weeks (IQR, 51–179 wk), and the 
median time between the index and follow-up MRI was 94 weeks (IQR, 48–143 wk). 
Twenty patients (40%) were treated with infliximab, and 30 patients (60%) received 
adalimumab (Table 1). Most MRI examinations were performed using 1.5-T machines, 
80% (n = 40) on the baseline MRI and 70% (n = 35) on the follow-up MRI. The other 
examinations were performed on a 3-T machine. The enterography technique, where 

Figure 1. Inclusion criteria.
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contrast is orally administered, was used in 94% (n = 47) and 98% (n = 49) of the 
examinations, respectively. In the other cases, MR enteroclysis was performed. The 
most frequent indication for the initial and follow-up imaging was assessment of 
small bowel disease activity (and therapy evaluation) in 62% (n = 31) and 82% (n = 
41), respectively (Table 2).

Table 1. Patient characteristics.

Total patients
(n=50)

Responders
(n=23)

Non-responders
(n=27)

Women, n (%) 27 (54) 11 (47.8) 16 (59.3)

Age at 2nd MRI, y, median (IQR) 37 (29-42) 37 (30-46) 37 (27-42)

Disease duration at 2nd MRI, y, 
median (IQR)

12 (7-21) 9 (7-21) 12 (6-23)

History of bowel resection, n (%) 34 (68) 15 (65.2) 19 (70.4)

Smokers, n (%) 10 (20) 5 (21.7) 5 (18.5)

Time between start anti-TNF and 
2nd MRI, weeks, median (IQR)

112 (51-179) 94 (44-148) 151 (56-179)

Time between baseline and 2nd MRI, 
weeks, median (IQR)

94 (48-143) 80 (47-154) 97 (50-143)

Patients with 2 lesions on MRI, n (%) 6 (12) 3 (13) 3 (11.1)

Patients with 3 lesions on MRI, n (%) 4 (8) 0 (0) 4 (14.8)

Baseline MRI, inflammation score, 
mean (95% CI)a

5.41 (4.80-6.01) 5.19 (4.23-6.16) 5.55 (4.73-6.37)

Baseline MRI, length of disease, 
median (IQR)b

14.5 (7-25) 10 (6.13-26.25) 15 (7-25)

Anti-TNF therapy

  Maintenance, n (%) 15 (30) 5 (21.7) 10 (37)

  Induction therapy, n (%) 35 (70) 18 (78.3) 17 (63)

  Infliximab, n (%) 20 (40) 10 (43.5) 10 (37)

  Adalimumab, n (%) 30 (60) 13 (56.5) 17 (63)

Co-medications

  Steroids, n (%) 8 (16) 2 (8.7) 6 (22.2)

  Immunomodulators, n (%)c 18 (36) 11 (30.4) 7 (22.2)

  Mesalamine, n (%) 1 (2) 0 (0) 1 (3.7)

  No concomitant drug therapy,  
  n (%)

23 (46) 10 (43.5) 13 (48.1)

a The inflammation score of all lesions on baseline MRI
b The length of disease in cm of all lesions on baseline MRI
c Thiopurines and Methotrexate
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Inflammatory Score per Lesion

Inflammation scores improved in 29 of 64 lesions (45.3%), whereas 18 of 64 lesions 
(28.1%) were unchanged, and 17 of 64 lesions (26.6%) deteriorated (Table 3). All 
lesions taken together, the mean MRI inflammation score changed from 5.41 (95% 
confidence interval, 4.80–6.01) on the baseline MRI to 4.78 (95% confidence interval, 
4.05–5.52) on the follow-up MRI (P = 0.11). Improvement of inflammation scores was 
higher in patients who received induction therapy than in those who were treated with 

Table 2. Indications and techniques for MRI. 

Baseline MRI
(n=50)

Second MRI
(n=50)

Indication 

  Abdominal pain (%) 8 (16) 4 (8)

  Stenosis seen at ileocolonoscopy (%) 7 (14) 4 (8)

  Suspicion of penetrating/complicated disease (%) 4 (8) 1 (2)

  Assessment of disease activity / therapy evaluation (%) 31 (62) 41 (82)

Technique

  1.5-Tesla (%) 40 (72) 35 (70)

  3.0-Tesla (%) 10 (20) 15 (30)

  MR Enterography (%) 47 (94) 49 (98)

  MR Enteroclysis (%) 3 (6) 1 (2)

Table 3. Radiologic responses based on inflammation scores on serial MRI scans.

Response Total Non-responders Responders

Per lesion (n=64) (n=38) (n=26)

 Improved 29 (45.3) 11 (28.9) 18 (69.2)

 Unchanged 18 (28.1) 10 (26.3) 8 (30.8)

 Worsened 17 (26.6) 17 (44.7) 0 (0)

Per stenosis (n=30) (n=18) (n=12)

 Improved 14 (46.7) 5 (27.8) 9 (75)

 Unchanged 11 (36.7) 8 (44.4) 3 (25)

 Worsened 5 (16.7) 5 (27.8) 0 (0)

Per patient (n=50) (n=27) (n=23)

 Improved 25 (50) 9 (33.3) 16 (69.6)

 Unchanged 12 (24) 5 (18.5) 7 (30.4)

 Worsened 13 (26) 13 (48.1) 0 (0)

Data are n (%).
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anti-TNF maintenance therapy (Table 4). In the responder group, MRI inflammation 
scores improved significantly from 5.19 to 3.12 (P < 0.0001). In contrast, the degree 
of inflammation at MRI changed from 5.55 to 5.92 (P = 0.49) over time in anti–TNF 
nonresponders (Fig. 2).

MRI Characteristics per Stenosis

Thirty of 64 lesions (46.9%) were classified as stenotic lesions (stage 3, Lémann score). 
In these lesions, anti-TNF treatment improved inflammatory activity in 14 of 30 lesions 
(46.7%). In 11 of 30 lesions (36.7%), the inflammation scores of stenotic lesions did 

Table 4. Inflammation score for all lesions on baseline and follow-up MRI.

Inflammation score Baseline MRI
Mean (95% CI)

Second MRI
Mean (95% CI)

P-valuea

All lesions (n=64)
  Maintenance therapy (n=21)
  Induction therapy (n=43)

5.41 (4.80-6.01)
5.24 (4.24-6.24)
5.49 (4.74-6.24)

4.78 (4.05-5.52)
5.38 (4.35-6.41)
4.49 (3.55-5.43)

0.11
0.79
0.05

Non-responders (n=38)
  Maintenance therapy (n=16)
  Induction therapy (n=22)

5.55 (4.73-6.37)
5.19 (4.16-6.22)
5.82 (4.67-6.97)

5.92 (4.95-6.89)
6.06 (5.07-7.05)
5.82 (4.35-7.29)

0.49
0.08

1.000

Responders (n=26)
  Maintenance therapy (n=5)
  Induction therapy (n=21)

5.19 (4.23-6.16)
5.40 (2.52-8.28)
5.14 (4.19-6.09)

3.12 (2.30-3.93)
3.20 (1.11-5.29)
3.10 (2.25-3.95)

< 0.0001
0.11b

< 0.0001

a Paired T-test was performed to calculate the p-value.
b Wilcoxon signed rank test was used to calculate the p-value.

Figure 2. Total inflammation scores of lesions in anti–TNF nonresponders (n = 38) and anti–TNF 
responders (n = 26) at baseline and follow-up MRI. Error bars represent standard deviation of 
the mean.
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not change, and in the remaining 5 of 30 lesions (16.7%), the inflammatory activity 
worsened (Table 3). The mean inflammation score of all stenotic lesions changed 
from 6.50 to 5.87 (P = 0.10). In the responder group, the mean inflammation score 
of stenotic lesions improved significantly from 6.33 to 4.58 (P = 0.01). In contrast, 
the degree of inflammation in stenotic lesions changed from 6.61 to 6.72 (P = 0.79) 
in anti–TNF nonresponders (Table 5).

Length of Inflammatory Lesions

Altogether, the median length of inflammatory lesions improved from 14.5 to 10 
cm (P = 0.03). In the responder group, the median length of the involved segments 
improved significantly from 10 to 7.75 cm (P = 0.0026) on the follow-up MRI. In 
contrast, the median length of inflammatory lesions in anti–TNF nonresponders 
changed from 15 to 16.5 cm (P = 0.98) (Table 6).

Per Patient

Twenty-five of 50 patients (50%) showed an improvement in MRI inflammation scores, 
and 13 of 50 patients (26%) showed worsened inflammatory activity on the follow-
up MRI (Table 3, Fig. 3). Inflammation scores did not change in the remaining 12 of 
50 patients (24%). None of the clinical responders showed worsened inflammatory 

Table 5. Inflammation scores of stenotic lesions on baseline and follow-up MRI. 

Inflammation score stenotic 
lesions

Baseline MRI
Mean (95% CI)

Second MRI
Mean (95% CI)

P-valuea

Stenosis (n=30) 6.50 (5.84-7.16) 5.87 (5.12-6.62) 0.10

Non-responders (n=18) 6.61 (5.61-7.61) 6.72 (5.86-7.59) 0.79

Responders (n=12) 6.33 (5.42-7.25) 4.58 (3.48-5.68) 0.01

a Paired T-test was performed to calculate the p-value.

Table 6. Length of involved segments (in cm) on baseline and follow-up MRI.

Length of disease Baseline MRI
Median (IQR)

Second MRI
Median (IQR)

P-valuea

All lesions (n=64) 14.5 (7-25) 10 (4.25-23) 0.03

Non-responders (n=38) 15 (7-25) 16.5 (6.5-25) 0.98

Responders (n=26) 10 (6.13-26.25) 7.75 (1.4-20.5) < 0.01

a Wilcoxon signed rank test was used to calculate the p-value.
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activity on the follow-up MRI. The positive predictive value of therapy response on 
MRI was 64%, and the negative predictive value was 72%. Diagnostic accuracy of anti-
TNF response on MRI was 68%.

Figure 3. Serial MRI examinations 
of a 42-year-old male patient 
with CD, with a baseline MRI (left) 
and a follow-up MRI (right) 13 
months later, including coronal 
T1-weighted postcontrast images 
with fat saturation (A, B, E, and F), 
coronal T2-weighted (C and G), 
and balanced steady-state free 
precession (true-FISP) images 
(D and H). The patient started 
with anti-TNF therapy directly 
after the baseline MRI. Serial MRI 
indicates reduction of contrast 
enhancement and mural thickness 
(arrows).
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Discussion

The present study demonstrates that MRI is a useful imaging technique to 
monitor therapeutic effects of anti-TNF agents in CD. In anti–TNF responders, the 
inflammatory activity and the length of the involved intestinal segments significantly 
improved on the follow-up MRI compared with the baseline MRI. Moreover, the 
degree of inflammation in stage 3 stenotic lesions with prestenotic dilatation also 
improved in patients who responded to treatment with infliximab or adalimumab. In 
contrast, inflammatory activity on MRI slightly deteriorated in nonresponders. To our 
knowledge, this is the first study that investigates radiological responses with MRI in 
luminal patients with CD who receive treatment with anti-TNF agents.
Evaluation of treatment responses is to a large extent based on the clinical symptoms 
and on nonspecific laboratory tests, such as C-reactive protein levels. Control of 
symptoms and normalization of inflammatory markers is often not sufficient, 
especially in patients with transmural or extramural disease. Previous studies have 
shown that radiographic activity poorly correlates with clinical parameters [21,22]. 
We report a moderate diagnostic accuracy of anti-TNF responses on MRI, which 
supports the notion that MRI should not replace but complement clinical assessment 
in daily practice.
A recent study reported on therapeutic responses using serial CT examinations in 
patients with CD on infliximab therapy [23]. In concordance with our study, Bruining et 
al reported that 49.5% of the lesions improved after infliximab therapy. Furthermore, 
radiological response was in poor agreement with clinical symptoms (k = 0.26). These 
findings indicated that CT might be used as complementary approach to identify mural 
healing. A major advantage of MRI over CT is the combined visualization of luminal, 
mural, and extramural abnormalities without the use of ionizing radiation. Therefore, 
MRI might be the preferred imaging method to complement other investigations like 
endoscopy.
In addition, patients who were on maintenance or induction therapy were compared. 
Although the groups are not fully identical, an interesting difference can be noted 
as shown in Table 4. Patients who received induction therapy showed a significant 
reduction of the MRI inflammation score (5.49 versus 4.49, P = 0.05), whereas 
patients on maintenance therapy showed no reduction (5.24 versus 5.38, P = 0.79), 
and this was regardless of clinical symptoms.
The MRI examinations were performed using 2 contrast administration techniques: 
enteroclysis and enterography. In enteroclysis, enteric contrast material is 
administered through a nasojejunal tube, whereas enteric contrast material is 
administered orally in enterography. In our hospital, mainly MR enterography is 
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performed, whereas MR enteroclysis is only conducted in cases where the patient is 
not eligible to drink the contrast or is suspected for proximal ileal disease. However, 
no significant difference in distension and diagnostic accuracy was noted between 
these 2 techniques [24]. Furthermore, MRI examinations were performed using 3-T 
and 1.5-T MRI machines. Higher spatial resolution and shorter scan times can be 
obtained using 3-T machines, but more artifacts can be seen as well. Nevertheless, 
3-T MRI examinations are equally accurate as 1.5-T in the assessment of ileocolonic 
CD [25].
In our study, 2 experienced radiologists used a reproducible quantitative scoring 
system that has already been validated 20 to assess radiological responses. We 
decided to use this scoring system, instead of another recently developed scoring 
system (MaRIA index) [26], as this is the most practical scoring system to use. 
Besides, both scoring systems showed similar results in terms of reproducibility 
and correlation with the Crohn’s Disease Endoscopic Index of Severity in an external 
patient cohort [27].
In our hospital, pelvic MRI is mainly used to examine perianal fistulas, whereas in this 
study, only abdominal MRI examinations were included. Therefore, only 12 patients 
in our study showed penetrating disease, i.e., intestinal fistulas and/or abscesses. 
Despite the anti-TNF treatment, the majority of our patients showed no change of 
activity of these complications on serial MRI examinations. However, our group of 
patients with penetrating disease was relatively small. In a recently published study 
with 41 patients with CD suffering from perianal fistulas, remission or response 
was demonstrated in 58% of the patients after 3 years of therapy with infliximab or 
adalimumab [28]. The behavior of perianal fistulizing CD, and its response to medical 
treatment, is believed to differ significantly from luminal disease. As a result, we did 
not evaluate perianal fistulas in our study and believe studies should not mix up both 
clinical situations.
We reported a moderate agreement between radiological response and clinical 
response on anti-TNF therapy per patient, with a diagnostic accuracy of 68%. The 
reason for this finding is that clinical evaluations by gastroenterologists might be 
insufficient to make well-balanced therapeutic decisions in patients suffering from 
this complex disease [29]. Particularly, clinical nonresponse may be influenced by 
functional diseases. This may explain why in our study, 9 of 27 nonresponders showed 
improved inflammation scores on the follow-up MRI. Their persistent complaints 
might be the result of other causes than CD-related inflammation. In the group of 
clinical responders, we exclusively observed unchanged or improved inflammation 
scores on MRI. In other words, an unchanged or improved inflammation score on MRI 
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is an essential piece of objective medical information documenting effectiveness of 
anti-TNF therapy, similar to what has been reported for endoscopy.
One of the main assets of MRI is evaluation of narrowed segments often not amenable 
to endoscopic evaluation. In our study, we reported that the inflammatory component 
of stenotic lesions (Lémann score, stage 3) was significantly improved in clinical 
responders. MRI might provide important information with regard to the severity of 
structural bowel damage. Hence, it therefore may be used to measure bowel damage 
progression with repeated assessments, especially if a stenosis is suspected clinically 
or present at endoscopy.
Symptom-based disease activity indices poorly correlate with objective markers of 
disease activity in CD [30]. This underscores the need for objective disease markers. 
MRI has become an extremely valuable imaging technique to assess CD activity [10] 
facilitating clinical decision making in these patients. In the future, MRI might very 
well become the preferred imaging technique, in which the whole gut can be assessed 
in one single examination.
We acknowledge that MRI is more expensive than some other imaging methods and 
that more information is required about cost-effectiveness of monitoring strategies 
in the field of CD. However, a recent study on cost-effectiveness of CT enterography 
and MR enterography in patients with CD reported that MR enterography is a cost-
effective alternative to CT enterography for younger patients with CD who are likely 
to have multiple imaging tests over the course of their disease [31].
In properly selected patients, the benefits of costly anti-TNF agents outweigh the 
potential side effects.32 The present study suggests that MRI is a useful technique to 
objectively determine disease activity in patients with CD treated with TNF blockers, 
as it might be able to differentiate between anti–TNF responders and nonresponders. 
Hence, MRI provides objective information to select patients who should or should 
not undergo medical therapy with anti-TNF agents.
This study has some methodological limitations. Because we performed a retrospective 
analysis, not all serial MRI examinations and corresponding clinical assessment of 
disease responses were performed within the same time frame. We chose to use the 
clinical follow-up notes of the gastroenterologist who was managing the patient, 
given the complexity to obtain all parameters within the right time frames due to 
the retrospective design of our study. Furthermore, despite the fact that treatment 
with anti-TNF agents was the dominant therapy, other intercurrent factors, such 
as the use of concomitant therapies, cannot be entirely excluded. Additionally, a 
potential limitation might be the fact that clinical nonresponders underwent MRI 
for different reasons than clinical responders. Serial imaging is usually ordered for 
patients who are symptomatic. Besides, in our study, more than half of the lesions 
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(38 of 64) were reported in clinical nonresponders. Therefore, this could bias in favor 
of nonresponders.
In conclusion, an improvement in both intestinal inflammation and inflammatory 
stenosis on serial MRI scans correlates with the clinical response to anti-TNF 
treatment in patients with CD. Treatment with anti-TNF antibodies may not only 
induce mucosal but also transmural healing, and improved inflammatory activity 
within stenotic lesions. Thus, MRI can be used as a complementary instrument to 
facilitate clinical decision making in these patients.
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