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Abstract

Background: Increasing evidence supports the use of transmural remission as a

treatment target in Crohn's disease (CD), but it is seldom achieved in clinical

practice. Tight monitoring of inflammation using fecal calprotectin with reactive

treatment escalation may potentially improve these results.

Aims: To evaluate if treatment escalation based on fecal calprotectin can improve

the rates of transmural remission in CD. The influence of the timing of intervention

on this strategy was also evaluated.

Methods: Retrospective cohort study including 256 CD patients with 2 consecutive

assessments by MRI‐enterography and colonoscopy and with regular monitoring

using fecal calprotectin. For each occurrence of an elevated fecal calprotectin

(≥250 μg/g), we evaluated whether a reactive adjustment of medical treatment

was performed. The ratio of treatment escalation/elevated fecal calprotectin was

correlated with the chances of reaching transmural remission. Early disease was

defined as disease duration <18 months without previous exposure to immuno-

modulators and biologics.

Results: After a median follow‐up of 2 years (IQR 1–4), 61 patients (23.8%) reached

transmural remission. Ratios of escalation ≥50% resulted in higher rates of trans-

mural remission (34.2% vs. 15.1%, p < 0.001). The effect was more pronounced in

patients with early disease (50.0% vs. 12.0%, p = 0.003). In multivariate analysis, a

treatment escalation ratio ≥50% (OR 3.46, 95% CI 1.67–7.17, p = 0.001) and early

disease intervention (OR 3.24, 95% CI 1.12–9.34, p = 0.030) were independent

predictors of achieving transmural remission.
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Conclusion: Tight‐monitoring and reactive treatment escalation increase the rates

of transmural remission in CD. Intervention in early disease further improves these

results.
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INTRODUCTION

Crohn's disease (CD) is a chronic progressive disease that significantly

impacts the quality of life of its patients. Untreated, it may lead to

complications including strictures, fistulas, and abscesses, eventually

resulting in hospitalization and surgery.1 Current treatment strategies

aim to prevent bowel damage by halting disease progression through

early andeffective control of inflammation. Several studies have shown

that medical treatment targeting endoscopic remission improves pa-

tient quality of life and reduces the risk of relapse, hospitalization, and

surgery.2 Unfortunately, disease progression may still occur despite

endoscopic remission.3 This may result from persistent mural inflam-

mation, which can be detected by magnetic resonance enterography

(MRE) in 15%–25% of patients in endoscopic remission.4–6 In a previ-

ous study, we have shown that transmural remission, defined as an

absence of endoscopic and radiologic inflammation, resulted in lower

rates of hospitalization, surgery, steroid dependency, and treatment

escalation over 5‐years of follow‐up compared to other types of

remission.5 Although pursuing transmural remission as a treatment

target may be enticing, less than 30% of patients are able to achieve it,

according to data from several real‐life studies.4–8 This suggests that

better treatment and monitoring strategies are necessary before

transmural remission can be accepted as a formal treatment target in

CD. Early disease intervention with immunomodulators and biologics

and tight monitoring using biomarkers have both been shown to

significantly improve the chances of achieving endoscopic remission in

CD.9,10 However, their benefit with respect to transmural remission is

unknown.

In the present study, we evaluated the potential benefits of a

tight monitoring strategy using fecal calprotectin. In addition, we

evaluated the influence of the timing of intervention in the response

to this strategy.

MATERIAL AND METHODS

Study design

This was a single center retrospective cohort study including consec-

utive patients with CD referred to our Inflammatory Bowel Disease

Center between January 2015 and January 2022. Inclusion criteria

included a baseline and follow‐up assessment of disease activity using

concurrent (≤3 months) colonoscopy and MRE, active disease on both

baseline examinations, and at least 3 measurements of fecal

calprotectin between assessments. Patients with incomplete/low

quality MRE or colonoscopy, or with a surgical resection between as-

sessments were excluded. Clinical data were retrieved from a local

patient database and included demographics, disease characteristics,

disease course, current and previous treatments, and endoscopic and

radiological reports. Study procedures are presented in supplementary

Figure S1. The study was approved by the local Ethics Committee.

Monitoring using fecal calprotectin

Fecal calprotectin was requested every 3–6 months according to our

local practice. Additional testing could be requested by the attending

physicians if necessary. All tests were performed locally using a

point‐of‐care test (BÜHLMANN, Quantum‐Blue fCAL‐High‐Range)

with a range of quantification between 100 and 1800 μg/g.

Magnetic resonance enterography and colonoscopy

MREs were performed and read by experienced radiologists using a

standard protocol including 4–6 h fasting, luminal distention with

Key summary

What is already known?

� Transmural remission is associated with improved clin-

ical outcomes compared with no remission or isolated

endoscopic and radiologic remission.

� The percentage of patients able to reach transmural

remission with current therapies is low.

� Treatment escalation based on clinical symptoms and

biomarkers improves the rates of endoscopic remission

in CD.

What is new here?

� Tight‐monitoring and reactive treatment escalation in-

crease the chances of reaching transmural remission of

CD.

� Intervention during the early stages of disease further

provides better results.
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1.5–2 L of water and mannitol (2.5%) solution, and intravenous hy-

oscine to reduce peristalsis. Sequences included conventional axial

and coronal T1 and T2‐weighted images, T2 fast spin echo with and

without fat suppression and post‐contrast fat‐suppressed 3D T1‐
weighted breath‐hold gradient ecoimages with acquisitions at 30,

60, and 90 s in the coronal orientation and at 110 s in the axial

orientation. Colonoscopies were performed locally by experienced

endoscopists.

The median time between colonoscopy and MRE was 1 (0–2)

months.

Adjustments of medical therapy

We recorded any changes in medical therapy occurring between the

baseline and follow‐up assessments including introduction, dose/in-

terval adjustment, or switch between immunomodulators (azathio-

prine, 6‐mercaptopurine, or methotrexate) and biologics (infliximab,

adalimumab, vedolizumab, or ustekinumab). Treatment decisions

including maximum escalation regimens were left to the attending

physicians and included: 2.5 mg/kg/day of azathioprine, 1.5 mg/kg/

day of 6‐mercaptopurine, 25 mg/weekly of methotrexate, 15 mg/kg

every 4 weeks of Infliximab, 80 mg every week of adalimumab,

300 mg every 4 weeks of vedolizumab, and 90 mg every 4 weeks of

ustekinumab. In addition, in patients under Infliximab or Adalimumab

therapeutic drug monitoring (reactive or proactive) could be

requested at the discretion of the attending physician.

Study definitions and outcomes

The main objective of the study was to evaluate the association be-

tween the degree of treatment escalation in response to an elevated

fecal calprotectin (i.e. treatment escalation ratio), and the rates of

transmural remission in CD. For each abnormal fecal calprotectin

(≥250 μg/g) between the baseline and follow‐up assessment of

endoscopic and radiologic activity, we evaluated if a reactive adjust-

ment of medical treatment occurred within the following 3 months.

Cases with a decreasing trend of fecal calprotectin were still consid-

ered positive if ≥ 250 μg/g. The treatment escalation ratio was

calculated as the quotient of the number of treatment escalations from

the total number of abnormal fecal calprotectins (eg. a patient with 2

treatment escalations out of 4 abnormal fecal calprotectins would be

classified as having a treatment escalation ratio of 0.5). The treatment

escalation ratio was correlated with the rates of transmural remission

at the follow‐up examinations. Radiologic remission was defined as a

normal bowel wall thickness (≤3 mm) without T2 mural intensity or

increased contrast enhancement on T1 gadolinium sequences. Endo-

scopic remission was defined as the absence of mucosal ulcers (>5 mm)

in any gastrointestinal segment (non‐operated patients) or as a Rut-

geerts score < i2 (previously operated patients). Transmural remission

was defined as combined radiologic and endoscopic remission.

As a secondary objective, we evaluated whether acting in an

early stage of disease would influence the effects of the treatment

escalation ratio over transmural remission. In accordance with the

Paris consensus, we defined early disease as a disease duration

<18 months, without previous exposure to immunomodulators and

biologics.11

Statistical analysis

Continuous variables were expressed as medians (interquartile

range) and compared using the Mann‐Whitney U test. Categorical

variables were described using frequencies and percentages and

compared using the chi‐square test. The correlation between vari-

ables was performed using Spearman's rho. Logistic regression was

used to investigate factors associated with the studied endpoint.

Variables with a p value < 0.1 in univariate analysis were used in the

multivariate analysis. Results were expressed as odds‐ratio (OR) with

95% confidence interval (95%CI). The significance level was chosen at

0.05. Statistical analysis was performed using IBM Statistical Package

for the Social Sciences (SPSS) v26.0.

RESULTS

General characteristics and demographics

We included 256 patients in the analysis, 134 (52.3%) males, with a

median age at the first assessment of 35.0 years (20.0–48.0), and a

median disease duration of 5 years (1.0–14.0). Ileal disease was

present in 147 patients (57.4%) and non‐stricturing/non‐penetrating

phenotype in 106 patients (41.4%). Previous bowel surgery was

present in 58 patients (22.7%). Baseline therapy included immuno-

modulators in 114 patients (44.5%) and biologics in 60 patients

(23.4%). One hundred and five patients (41.0%) were naïve to im-

munosuppressants and biologics. Detailed demographics and disease

characteristics are presented in Table 1.

Transmural remission

After a median follow‐up of 2 years,1–4 121 patients (47.3%) reached

endoscopic remission, 77 patients (30.0%) reached radiologic remis-

sion, and 61 patients (23.8%) reached transmural remission. Baseline

characteristics were similar between patients with and without

transmural remission. However, there was a longer time between

assessments (3 years2–6 versus 2 years,1–4 p = 0.001), a higher

prevalence of early disease (34.4% vs. 20.5%, p = 0.038), and non‐
stricturing non‐penetrating phenotype (54.1% vs. 37.4%,

p = 0.026), and less biological use at baseline (13.1% vs. 26.7%,

p = 0.037) in patients with transmural remission. These results are

also shown in Table 1.
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Fecal calprotectin

A median of 64–10 assessments of fecal calprotectin were performed

by each patient during the study, corresponding to a median of 32–4

assessments/year. There was a significant correlation between fecal

calprotectin at the time of reassessment and endoscopic remission

(rho = 0.754, p < 0.001), radiologic remission (rho = 0.354,

p < 0.001), and transmural remission (rho = 0.456, p < 0.001). A

correlation between fecal calprotectin and C‐reactive protein at all

timepoints is presented in supplementary Figure S2.

Therapeutic drug monitoring and steroids

One hundred and seventeen patients (45.7%) performed at least one

assessment of trough levels of Infliximab and/or Adalimumab within

the last year of follow‐up. These patients presented with higher rates

of transmural remission (29.9% vs. 18.7%, p = 0.040). Fifty‐two pa-

tients (20.3%) required at least one course of steroids within the last

year of follow‐up. These patients presented with similar rates of

transmural remission compared with patients with steroid‐free dis-

ease (17.3% vs. 25.5%, p = 0.220).

Tight monitoring

Adjustments of medical therapy followed 40% (0–75) of abnormal

fecal calprotectin assessments: thiopurines were initiated in 47

patients, dose increased in 22; methotrexate was started in 5 pa-

tients; TNF antagonists were introduced in 97 patients and opti-

mized with dose escalation or interval shortening in 72 patients; 17

patients switched to ustekinumab, and 7 performed interval

TAB L E 1 Patient's characteristics at baseline.

Total n = 256

Transmural remission

n = 61 (23.8)

No transmural remission

n = 195 (76.2) p

Age at first assessment, years 35 (20–48) 33 (18.5–48) 36 (20–48) 0.511

Disease duration, years 5 (1–14) 3 (1–12) 6 (1–15) 0.297

Time between assessments, years 2 (1–4) 3 (2–6) 2 (1–4) 0.001

Early disease (%) 61 (23.8) 21 (34.4) 40 (20.5) 0.038

Male gender (%) 134 (52.3) 26 (42.6) 108 (55.4) 0.106

Active smoker (%) 72 (28.1) 13 (21.3) 59 (30.3) 0.195

Disease location

Ileal (%) 147 (57.4) 31 (50.8) 116 (59.5) 0.341

Colonic (%) 7 (2.7) 1 (1.6) 6 (3.1)

Ileo‐colonic (%) 102 (39.8) 29 (47.5) 73 (37.4)

Upper gastrointestinal disease (%) 46 (18.0) 8 (13.1) 38 (19.5) 0.340

Perianal disease (%) 54 (21.1) 11 (18.0) 43 (22.1) 0.591

Disease behavior

Non‐stricturing non‐penetrating (%) 106 (41.4) 33 (54.1) 73 (37.4) 0.026

Stricturing (%) 99 (38.7) 15 (24.6) 84 (43.1)

Penetrating (%) 51 (19.9) 13 (21.3) 38 (19.5)

Previous surgery (%) 58 (22.7) 15 (24.6) 43 (22.1) 0.727

Treatment at baseline

No treatment (%) 105 (41.0) 28 (45.9) 77 (39.5) 0.376

Immunomodulators (%) 114 (44.5) 27 (44.3) 87 (44.6) 1.0

Biologic (%) 60 (23.4) 8 (13.1) 52 (26.7) 0.037

C‐reactive protein at baseline (mg/L) 5.7 (1.6–13.3) 4.8 (1.8–9.4) 6.1 (1.5–14.2) 0.135

Fecal calprotectin at baseline (ug/g) 662 (352–1268) 645 (331–1129) 674 (359–1490) 0.364

Fecal calprotectin assessements/year 3 (2–4) 3 (2–3) 3 (2–4) 0.619

Note: Early disease was defined as disease duration <18 months without exposure to immunomodulators or biologics. Continuous variables are

expressed as median (interquartile range). Significant values are highlighted in bold.
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decrease; 13 patients started vedolizumab, and 12 required interval

reduction.

There was a significant correlation between the ratio of treat-

ment escalation/elevated fecal calprotectin and the rates of trans-

mural remission (Figure 1a). Transmural remission was present in

17.0% of patients with ratio <25%, in 11.8% of patients with a ratio

≥25–50%, in 40.0% of patients with a ratio ≥50–75%, and in 29.9%

of patients with a ratio ≥75%. Therefore, an escalation ratio ≥50%

provided the best chances of reaching transmural remission (34.2%

vs. 15.1%, p < 0.001) (Figure 1b).

Intervention in early disease

At the time of the first assessment, 61 patients (23.8%) presented

with a disease duration <18 months and no previous exposure to

biologics or immunosuppressants. The benefits of an escalation ratio

≥50% were lower in patients without early disease (27.2% vs. 15.8%,

p = 0.071) compared to patients with early disease (48.6% vs. 12.0%,

p = 0.005) (Figure 2).

Factors associated with transmural remission

In multivariate analysis, a longer time between the baseline and

follow‐up assessment (OR 1.32 95%CI 1.12–1.56, p = 0.001), stric-

turing phenotype (OR 0.39 95%CI 0.18–0.84, p = 0.017, using non‐
stricturing non‐penetrating disease as reference), early disease (OR

3.24, 95%CI 1.12–9.34, p = 0.030), and a treatment escalation ratio

≥50% (OR 3.46, 95% CI 1.67–7.17, p = 0.001) were independent

predictors of reaching transmural remission. A detailed presentation

of the univariate and multivariate analysis is presented in Table 2.

DISCUSSION

Current expert‐based recommendations support the benefits of early

intervention, tight monitoring, and treat‐to‐target strategies in CD,

associating them with several clinical benefits including increasing

rates of endoscopic remission, sustained clinical remission, and

F I GUR E 1 The percentage of patients reaching transmural remission according to different ratios of treatment escalation per abnormal

fecal calprotectin (a) and considering a cutoff ≥50% versus <50% (b).

F I GUR E 2 Rates of transmural remission in patients with early

and late disease considering a ratio of treatment escalation per
abnormal fecal calprotectin ≥50% versus <50%. Early disease was
defined as disease duration <18 months without exposure to

immunomodulators or biologics.
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TAB L E 2 Multivariate analysis for predicting transmural remission.

Predictive factor

Univariate analysis Multivariate analysis

Odds ratio [95% CI] p Odds ratio [95% CI] p

Male versus female sex 1.671 [0.935–2987] 0.083 1.376 [0.708–2.675] 0.346

Active smoker 0.624 [0.315–1.238] 0.177

Age at first assessment, years 0.996 [0.979–1.013] 0.662

Disease duration, years 0.989 [0.959–1.019] 0.454

Time between assessments, years 1.250 [1.088–1.437] 0.002 1.321 [1.124–1.552] 0.001

Early disease 2.034 [1.081–3.828] 0.028 3.235 [1.120–9.339] 0.030

Disease location

Ileal Reference

Colonic 0.624 [0.072–5.374] 0.667

Ileo‐colonic 1.487 [0.828–2.688] 0.184

Upper gastrointestinal disease 0.624 [0.274–1.421] 0.261

Perianal disease 0.778 [0.373–1.62] 0.503

Disease phenotype

Non‐stricturing non‐penetrating Reference

Stricturing 0.395 [0.199–0.785] 0.008 0.386 [0.177–0.842] 0.017

Penetrating 0.757 [0.357–1.605] 0.468

Previous surgery 1.153 [0.588–2.262] 0.679

Treatment at baseline

No treatment Reference

Immunomodulators 1.042 [0.554–1.959] 0.899

Biologicsa 0.423 [0.179–1.001] 0.050 1.588 [0.432–5.829] 0.486

Fecal calprotectin assessements/year 0.914 [0.741–1.128] 0.404

Number of biologics used

0 Reference

1 1.883 [0.901–3.932] 0.092 1.632 [0.629–4.233] 0.314

2 0.844 [0.267–2.673] 0.773

3 0 0.999

Use of TDM within the last year 1.855 [1.037–3.319] 0.037 1.207 [0.560–2.603] 0.632

Use of steroids within the last year 0.612 [0.279–1.341] 0.220

Treatment escalation ratio ≥50% 2.919 [1.600–5.325] <0.001 3.464 [1.673–7.172] 0.001

Note: Early disease was defined as disease duration <18 months without exposure to immunomodulators or biologics. Escalation ratio was defined as

the proportion of treatment escalation per abnormal fecal calprotectin (≥250 μg/g). Significant predictors are highlighted in bold.

Abbreviation: TDM, therapeutic drug monitoring.
aIncluding combination with immunomodulators.

improvement in the quality of life.9,10,12,13 However, to date there

have been no studies evaluating the potential benefits of these

strategies with respect to transmural remission. In the present study,

we demonstrated that patients with a higher rate of treatment

escalation for each abnormal fecal calprotectin result (tighter control

of inflammation) presented the best chances of obtaining transmural

remission. The benefits of tight‐control were first explored in an

open‐label randomized controlled trial published by Colombel et al.10

Patients were randomly assigned to escalate treatment based on

symptoms (clinical management) or based on symptoms and bio-

markers (tight‐control). A significantly higher proportion of patients

in the tight‐control group achieved the primary endpoint of endo-

scopic remission with no deep ulcers at week 48 (45.9% vs. 30.3%,

p = 0.010). Of note, escalation involved the use of adalimumab 40 mg

every other week, weekly, or combined with azathioprine. As 27% of

patients in the tight‐control group were on the maximum‐allowed

medication at week 36, the study may have underestimated the

true potential of this strategy. Of note, fecal calprotectin was the
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main driver for treatment escalation.14 Several studies have sup-

ported the accuracy of fecal calprotectin as a surrogate marker for

endoscopic activity in CD.15 Nevertheless, the limitations of using

fecal calprotectin as a surrogate marker for radiologic and transmural

remission should be considered. For example, in this study, only 6.7%

of patients with normal fecal calprotectin (<250 μg/g) showed signs

of endoscopic activity, but radiologic inflammation could still be

detected in 36.9% of these patients. This suggests that fecal calpro-

tectin, being a measure of mucosal neutrophils, may be useful as part

of an initial strategy to assess treatment response and endoscopic

remission, but may not be sufficient to evaluate healing of the outer

layers of the bowel. Selecting a lower cutoff of fecal calprotectin (e.g.

<50 μg/g) could reduce the percentage of wrongly identified patients

to only 5.6%. Similar results have been reported by other authors. In

a study looking at the correlation between fecal calprotectin and

MRE, the median fecal calprotectin was significantly lower in patients

with absent disease (80 μg/g [19–165]) compared to mild‐moderate

disease (198 μg/g [101–486], p < 0.0001) and severe disease

(360 μg/g [170–760]), p < 0.0001).16 In another study, patients with

radiologic remission, assessed by bowel ultrasound, presented lower

values of fecal calprotectin compared to patients without radiologic

remission (45.45 � 31.26 μg/g vs. 391.68 � 362.12 μg/g, p < 0.001).8

In the alternative, a different modality could be employed to directly

assess radiologic response and remission. Bowel ultrasound is a non‐
invasive, inexpensive, highly acceptable, and well‐tolerated imaging

tool with similar accuracy compared to MRE.17,18 Several studies

have suggested that bowel ultrasound can be used to guide treat-

ment decisions and follow treatment response in CD.18–22 In a recent

multicenter prospective study, treatment optimization in symptom-

atic patients with evidence of inflammation by fecal calprotectin, C‐
reactive protein, or bowel ultrasound was an independent predictor

for achieving radiologic remission.20 Future studies should evaluate

the feasibility of using both fecal calprotectin and bowel ultrasound

as part of a tight‐control and treat‐to‐target strategy in CD. Finally,

we found that the effectiveness of the tight monitoring strategy was

higher in patients with early disease. These results could be expected,

considering that patients with early disease are more likely to have

an inflammatory, non‐complicated disease and therefore a higher

response to anti‐inflammatory medications. In fact, two recent meta‐
analysis have shown higher rates of clinical and endoscopic remission

in patients with a short duration of disease.9,23

Our study represents the first attempt at identifying potential

treatment strategies to improve the rates of transmural remission.

We included a robust sample size evaluated using fecal calprotectin,

colonoscopy and MRE. Nevertheless, we acknowledge some limita-

tions of our study, including retrospective design and absence of

formal scores to classify and stratify the clinical, endoscopic, and

radiological activity. As this was a retrospective study with multiple

assessments of biomarkers, we could not produce concomitant clin-

ical assessments for all of the timepoints. However, it is not our

common practice to escalate patients based only on symptoms,

especially if concomitant biomarkers are within the normal range.

Furthermore, previous studies have highlighted the low correlation

between clinical symptoms and objective markers of inflammation.24

Another potential limitation of our study is the inclusion of a signif-

icant percentage of patients with isolated ileal disease (57.4%).

Several studies have suggested that fecal calprotectin may be less

sensitive to detect inflammation in the small bowel.25–27 However,

other studies have reported good accuracy of fecal calprotectin in

this setting, especially those using capsule endoscopic as refer-

ence.28,29 Likewise, MRE may also be less sensitive for detecting

active disease in the large bowel, especially if adequate rectal

distention using water enemas cannot be achieved.30 Nevertheless,

isolated colonic disease was uncommon in our cohort (2.7%); there-

fore, this should have minimal impact on our results.

In conclusion, we demonstrate that a tight monitoring strategy

based on fecal calprotectin can improve the rates of transmural

remission, especially in the early disease stage. Our results may

strengthen the support of transmural remission as a treatment target

in CD.
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