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Abstract
Background: The ability to predict whether patients with a new diagnosis of Crohn’s disease will develop disabling 
disease is an unmet clinical need. Magnetic resonance enterography is a first-line investigation for Crohn’s disease, but 
its role in prognostication is unknown.

Objective(s): To improve prediction of disabling Crohn’s disease within 5 years of diagnosis by developing and internally 
evaluating a multivariable prediction model comprising clinical predictors and adding magnetic resonance enterography 
scores (Magnetic resonance Enterography Global Score, Simplified Magnetic Resonance Index of Activity and Lémann 
Index). To estimate the healthcare costs incurred within 5 years of Crohn’s disease diagnosis and to explore factors 
driving costs.

Design: A multicentre diagnostic inception cohort.

Setting: Nine National Health Service hospitals.

Participants: Aged ≥ 16 years with newly diagnosed Crohn’s disease.

Main outcome measures: Comparative predictive ability of prognostic models, including magnetic resonance 
enterography scores (Magnetic resonance Enterography Global Score, Simplified Magnetic Resonance Index of Activity 
and Lémann Index) versus a model based on clinical predictors alone for the development of modified Beaugerie 
disabling Crohn’s disease within 5 years of diagnosis.

Statistical analysis: We censored development of modified Beaugerie disabling disease ≤ 90 days from diagnosis, 
and utilised time-to-event models using Royston–Parmar flexible parametric models. Risk group definitions were 
prespecified; for risk group definition 1, the high-risk patients were the top 40% with the greatest predicted risk, and 
the high-risk patients had an absolute risk ≥ 10% for risk group definition 2. The absolute risk cut-off was calculated 
by sorting patients by predicted risk and using the risk of the eighth (10% of 81) patient who developed modified 
Beaugerie disabling disease.

Results: We studied 194 patients, median age 29, interquartile range 22–44 years. Within 5 years from diagnosis, 42% 
(81/194) developed modified Beaugerie disabling disease. There was a univariable association between initial need for 
steroid therapy and developing modified Beaugerie disabling disease [hazard ratio 2.11 (95% confidence interval 1.36 to 
3.26)]. Using risk group definition 1, the baseline clinical model had 49% (95% confidence interval 39 to 60) sensitivity 
and 66% (95% confidence interval 57 to 74) specificity for predicting the development of modified Beaugerie disabling 
disease. There was no difference in sensitivity and specificity between models incorporating Magnetic resonance 
Enterography Global Score, Simplified Magnetic Resonance Index of Activity and Lémann Index compared to the 
baseline clinical model. Using risk group definition 2, the model, including magnetic resonance enterography predictors, 
had 86% (95% confidence interval 77 to 92) sensitivity and 35% (95% confidence interval 27 to 45) specificity for 
predicting the development of modified Beaugerie disabling disease. There was no difference in sensitivity between 
the clinical model and models incorporating Magnetic resonance Enterography Global Score, Simplified Magnetic 
Resonance Index of Activity and Lémann Index, but specificity was significantly lower for models incorporating 
Magnetic resonance Enterography Global Score [29% (95% confidence interval 22 to 38)] and Lémann Index [29% (95% 
confidence interval 22 to 38)].

The mean total 5-year per-patient cost of health care was £24,267 (standard deviation £33,108). Mean 5-year costs 
were £29,763 (standard deviation £38,278) compared to £20,327 (standard deviation £28,368) for those with and 
without disabling disease, respectively. The largest contributor to costs was biologic use. Age under 40 years, presence 
of perianal disease and presence of severe endoscopic disease were associated with higher costs.

Limitations: Liège and Montreal criteria for disabling disease could not be studied due to an insufficient event rate.

Conclusions: Addition of magnetic resonance enterography scores to a multivariable model comprising existing clinical 
predictors did not improve prediction of modified Beaugerie disabling disease. Healthcare costs were increased in those 
aged under 40 years and patients with perianal and severe endoscopic disease.
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Future work: Testing the predictive ability of magnetic resonance enterography against alternative definitions for 
disabling Crohn’s disease.

Trial registration: This trial is registered as ISRCTN76899103.

Funding: This award was funded by the National Institute for Health and Care Research (NIHR) Health Technology 
Assessment programme (NIHR award ref: 15/59/17) and is published in full in Health Technology Assessment; Vol. 30, 
No. 18. See the NIHR Funding and Awards website for further award information.
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Plain language summary

Crohn’s disease is a chronic lifelong inflammatory bowel condition. Patients can have mild disease, but others 
develop ‘disabling’ disease, which often requires treatment with powerful medication and bowel surgery. At the 

time of diagnosis, there are currently no reliable ways to predict if a patient will have mild or disabling disease in the 
future, although some factors, such as young patient age and smoking, are associated with worse outcomes. Knowing 
which patients are most likely to develop disabling Crohn’s disease would be very useful because they could be 
considered for medication earlier to try and prevent this. Typical medications include biologic drugs, which suppress 
the immune system. Magnetic resonance enterography is a bowel imaging test often performed at diagnosis which 
demonstrates the extent of bowel involvement, how much inflammation is present and if there are complications, 
such as abscesses or bowel narrowing. Using statistical modelling, we investigated whether adding detailed analysis 
of magnetic resonance enterography images to standard predictors, such as age and smoking, could improve the 
prediction of future disabling disease within 5 years. We also estimated the healthcare costs incurred within 5 years 
of a new diagnosis of Crohn’s disease. We studied 194 newly diagnosed patients from 9 NHS hospitals, of whom 
42% (81/194) developed disabling disease. Magnetic resonance enterography did not improve our predictive ability 
compared to standard clinical factors. In a hypothetical group of 1000 patients, we would predict 418 to develop 
disabling disease, of whom we would correctly predict 206 patients but incorrectly identify 212 patients who would 
actually not develop disabling disease. The average cost per patient over 5 years was £24,267 (£29,763 for those 
developing disabling disease and £20,327 for those who did not). The largest contributor to costs was biologic drugs. 
Magnetic resonance enterography remains vital for diagnosing and monitoring Crohn’s disease but does not improve 
prediction of which patients will develop disabling disease.
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Scientific summary

Some of the text in this summary is reproduced with permission from Kumar S, Plumb A, Mallett S, Bhatnagar G, 
Bloom S, Clarke CS, et al. METRIC-EF: magnetic resonance enterography to predict disabling disease in newly 

diagnosed Crohn’s disease-protocol for a multicentre, non-randomised, single-arm, prospective study. BMJ Open 
2022;12:e067265. This is an Open Access article distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for 
commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The 
text below includes minor additions and formatting changes to the original text.

Some of the text in this summary is also reproduced with permission from Taylor SA, Kumar S, Parry T, Mallett S, 
Travis S, Raine T, et al. Magnetic resonance enterography to predict subsequent disabling Crohn’s disease in newly 
diagnosed patients (METRIC-EF)-multivariable prediction model, multicentre diagnostic inception cohort. Eur Radiol 
2025;35(11):7333–45. This is an Open Access article distributed in accordance with the terms of the Creative 
Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for 
commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The 
text below includes minor additions and formatting changes to the original text.

Background

Crohn’s disease (CD), a subtype of inflammatory bowel disease, is a chronic bowel disorder of uncertain aetiology that 
is progressive, can affect any part of the gastrointestinal (GI) tract from mouth to anus and typically has a relapsing and 
remitting disease course. Previously, the treatment of CD involved a stepwise approach guided by symptomatology, 
with the gradual escalation of drug therapy, including corticosteroids, immunomodulators through biologics, such 
as anti-tumour necrosis factor agents. However, there is a disconnect between clinical symptoms and the degree of 
underlying inflammatory activity, so this symptom-directed approach risks severe bowel damage if there is uncontrolled 
subclinical inflammation. Therefore, there is increasing interest in early treatment with biologic and immunomodulator 
therapy in a ‘top-down’ fashion to reduce the risk of progressive disease and subsequent complications. Although 
these agents are highly efficacious for improving symptoms and promoting bowel healing, they are associated with 
side effects and are relatively expensive, so administering these to all CD patients is inefficient. However, there are no 
validated or consensus definitions for which patients are most at risk of progressing to disabling CD. A current unmet 
major clinical need is the ability to accurately identify CD patients at initial diagnosis who are most at risk of developing 
future disabling CD. This would allow clinicians to administer early, aggressive treatment in those most likely to benefit 
and avoid unrequired over-treatment in others, so that side effects, complications, costs and clinical outcomes improve 
overall. A recent systematic review reported five clinical predictors (age, disease duration, disease location, smoking and 
Montreal behaviour) that demonstrated statistically significant prognostic potential to identify disabling CD. Magnetic 
resonance enterography (MRE) has become a first-line investigation for CD because it is highly accurate for identifying 
disease and activity, its extent and distribution, assessing treatment response as well as delineating complications. MRE 
is well placed to quantify both bowel damage and underlying inflammatory activity concurrently. Given its excellent 
performance characteristics for staging and monitoring CD, it has been postulated that MRE findings at diagnosis may 
also be able to predict clinical trajectory, but prognostic research evaluating cross-sectional imaging is lacking.

Objectives

The primary objective was to improve prediction of modified Beaugerie disabling CD (MBDD) within 5 years of 
diagnosis by developing and internally evaluating a multivariable prediction model comprising clinical predictors and 
adding predictors based on MRE. Secondary objectives were to improve prediction of disabling disease, defined 
by Montreal behaviour and Liège criteria, within 5 years of diagnosis, by developing and internally evaluating a 
multivariable model comprising clinical predictors and adding MRE severity scores. Additional secondary objectives 
focused on identifying predictive MRE parameters using principal component analysis (PCA) and studying the 
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healthcare costs of CD, specifically to estimate the healthcare costs incurred within 5 years of a new diagnosis of CD 
and to explore patient, imaging and disease characteristics driving higher health economic costs.

Methods

Magnetic resonance Enterography or ulTRasound In Crohn’s disease Extended Follow-up (METRIC-EF) for predicting 
disabling disease was a multicentre, non-randomised, single-arm study of adult patients with newly diagnosed CD. We 
enrolled patients already recruited to the METRIC trial (ISRCTN03982913) and extended their follow-up for at least 4 
years (average follow-up of 5.5 years). Magnetic resonance Enterography or ulTrasound In Crohn’s Disease (METRIC) 
was a multicentre, prospective trial comparing the diagnostic accuracy of MRE and ultrasound (US) for the location and 
extent of CD. In METRIC-EF, we drew solely on those patients who were recruited into METRIC with a new diagnosis 
of CD and extended their follow-up for a minimum of 4 years. To achieve an adequate sample size, we supplemented 
these patients with a carefully matched, retrospectively identified group of patients, also newly diagnosed with CD and 
who had undergone MRE within 3 months of diagnosis. MRE was analysed by a pool of GI radiologists with at least 1 
year of subspecialty GI imaging experience. Eleven radiologists interpreted MRE examinations from nine recruitment 
sites, deriving three activity/bowel damage scores: the Magnetic resonance Enterography Global Score (MEGS), 
Simplified Magnetic Resonance Index of Activity (sMARIA) and the Lémann Index (LI).

Consensus panels were convened at each recruitment site. These panels reviewed all available clinical information over 
the complete follow-up period, including biochemistry, endoscopy, imaging, surgery and overall clinical course. They 
also recorded the presence or absence of disabling disease. The primary definition of disabling disease was a modified 
version of that described by Beaugerie et al. We also used alternative definitions, including the Montreal behaviour and 
Liège criteria.

We assumed the prevalence of our MBDD definition of disabling disease would be around 55–60% at 5 years from 
diagnosis. The sample size was based on, including 207 participants of whom 114–124 we expected to develop 
MBDD. For the primary objective, we prespecified a multivariable prognostic model for predicting the development 
of MBDD within 5 years of diagnosis, using clinical predictors measured at diagnosis, unless otherwise stated. The 
clinical predictors included age, smoking status, sex, disease behaviour (stricturing or penetrating disease), perianal 
disease, developed MBDD ≤ 90 days from diagnosis, severe endoscopic disease, location of disease behaviour (ileal, 
colonic, ileocolonic, upper tract), initial need for steroid therapy and weight loss of at least 5 kg prior to diagnosis. 
We managed missing predictor values via multiple imputation. We evaluated whether adding MRE scores (MEGS, 
sMARIA and LI) improved the predictive ability of a model based on clinical predictors alone. To evaluate predictive 
ability, we predefined two risk group definitions (RDs) for classifying patients as high-risk or low-risk for developing 
MBDD. For RD1, the high-risk patients were the top 40% with the greatest predicted risk. For RD2, the high-risk 
patients had an absolute risk ≥ 10%. We calculated the absolute risk cut-off by sorting patients by predicted risk and 
using the risk of the eighth (10% of 81) patient who developed MBDD. For each RD, we estimated and compared the 
sensitivity, specificity and net benefit of the clinical predictor only model against the models adding MRE severity 
scores.

Due to a lack of patients developing disabling disease according to Montreal behaviour and Liège criteria, we could not 
fit statistically powered prognostic models.

We used PCA to identify the best combination of MRE features for predicting the development of MBDD. We 
predefined eleven features.

We estimated the healthcare costs incurred within 5 years of a new diagnosis of CD and investigated patient, imaging, 
treatment and other factors driving these costs. We collected NHS hospital resource use data for all patients over the 
5-year follow-up period and applied unit costs to these data to calculate average (mean and median) 5-year costs per 
patient. We used regression analysis to identify the patient, imaging and disease characteristics driving higher NHS 
costs.
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Results

We analysed 194 patients. The median age was 29 (interquartile range 22–44) years. Within 5 years of diagnosis, 42% 
(81/194) of participants developed MBDD. We found evidence of an unadjusted association between initial need for 
steroid therapy and developing MBDD {hazard ratio 2.11 [95% confidence interval (CI) 1.36 to 3.26]}. Using RD1, the 
model based on clinical predictors alone (model B) had a sensitivity of 49% (95% CI 39 to 60) and a specificity of 66% 
(57 to 74) for predicting the development of MBDD. There was no evidence of a significant difference in sensitivity 
nor specificity between model B and models adding MEGS, sMARIA and LI. Using RD2, model B had a sensitivity of 
86% (77 to 92) and specificity of 35% (27 to 45) for predicting the development of MBDD. There was no evidence of 
a significant difference in sensitivity between model B and models adding MEGS, sMARIA and LI, but specificity was 
significantly lower for models adding MEGS [29% (22 to 38)] and LI [29% (22 to 38)].

The 6 principal components accounted for approximately 70% of the total variance in a PCA with 20 MRE features. 
However, we were unable to model the principal components to predict the development of MBDD due to collinearity 
issues.

The mean total 5-year per-patient costs of health care across the whole cohort were £24,267 [standard deviation (SD) 
£33,108]. For those developing disabling disease (modified Beaugerie criteria), mean 5-year costs were £29,763 (SD 
£38,278) compared to £20,327 (SD £28,368) for those without disabling disease. The largest contributor to costs was 
biologic use; a greater proportion of those patients developing disabling disease (modified Beaugerie criteria) received 
biologics [43/81 (53%)] than those without disabling disease [44/113 (39%)]. According to these unadjusted models, 
the following factors can be associated with driving higher costs over the first 5 years from diagnosis: age under 40 
years at diagnosis, presence of perianal disease at diagnosis and presence of severe (ileocolonic) endoscopic disease at 
diagnosis. MRE scores at diagnosis were not associated with longer-term costs.

Conclusions

In an NHS setting, the addition of MRE activity/bowel damage scores to a multivariable model comprising existing 
standard clinical predictors did not improve prediction of disabling CD based on a modified Beaugerie criteria definition. 
Healthcare costs are increased in those aged under 40 years at diagnosis, those with perianal disease at diagnosis and 
those with severe (ileocolonic) endoscopic disease at diagnosis.

Recommendations for research

•	 Development and validation of an updated classification system for defining disabling disease.
•	 The predictive ability of MRE at diagnosis against alternative definitions for disabling CD.
•	 The predictive ability of intestinal US observations for disabling CD.

Trial registration

This trial is registered as ISRCTN76899103.

Funding

This award was funded by the National Institute for Health and Care Research (NIHR) Health Technology Assessment 
programme (NIHR award ref: 15/59/17) and is published in full in Health Technology Assessment; Vol. 30, No. 18. See the 
NIHR Funding and Awards website for further award information.
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Chapter 1 Introduction
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Background

Crohn’s disease (CD), a subtype of inflammatory bowel disease (IBD), is a chronic bowel disorder of uncertain aetiology 
that is progressive, can affect any part of the gastrointestinal (GI) tract from mouth to anus and typically has a relapsing 
and remitting disease course.2–4 In nearly 50% of cases, disease involvement can also affect organs outwith the GI tract, 
including the joints, skin, eyes, liver, biliary tract and urinary tract.5,6 The severity of bowel inflammation ranges from 
mild, superficial mucosal disease to advanced, transmural involvement.7,8 CD is associated with considerable morbidity, 
especially when complications arise such as bowel strictures, fistulae and abscesses.9,10 CD patients often require 
regular hospital care that may include surgery, posing substantial financial burden to the NHS, exceeding £10,000 per 
patient annually for those in clinical relapse.11,12

Current treatment strategies for Crohn’s disease and prediction of disease course

Previously, the treatment of CD involved a stepwise approach guided by symptomatology, with the gradual escalation 
of drug therapy, including corticosteroids, immunomodulators through to biologics such as anti-tumour necrosis 
factor (TNF) agents.13,14 However, there is a disconnect between clinical symptoms and the degree of underlying 
inflammatory activity, so this symptom-directed approach risks severe bowel damage if there is uncontrolled subclinical 
inflammation.15,16 The REACT (Randomised Evaluation of an Algorithm for Crohn’s Treatment) trial compared early 
combined immunosuppression using anti-TNF agents and antimetabolites with conventional stepwise ‘bottom-up’ 
therapy.17 At 2 years, the risk of major adverse outcomes was lower in the ECI group, despite no difference in symptom 
control between the two groups. Similarly, the CALM (Effect of tight control management on CD) trial showed that 
timely escalation with anti-TNF therapy based on both clinical symptoms and biomarkers resulted in superior clinical 
and endoscopic outcomes to treatment decisions driven solely by symptoms.18 Most recently, the PROFILE (Predicting 
Outcomes For Crohn’s disease using a molecular biomarker) trial reported that top-down treatment resulted in 
significantly better outcomes at 1 year compared to accelerated step-up treatment.19

Therefore, there is increasing interest in early treatment with biologic and immunomodulator therapy in a ‘top-down’ 
fashion to reduce the risk of progressive disease and subsequent complications.20 Although these agents are highly 
efficacious for improving symptoms and promoting bowel healing, they are associated with side effects and are 
relatively expensive, so administering these to all CD patients is not efficient.3,6,21,22 However, there are no validated or 
consensus definitions for which patients are most at risk of progressing to severe/disabling CD.23–26 Readily available 
biomarkers such as haemoglobin, C-reactive protein (CRP) and faecal calprotectin (FC) have a role in prognostication 
but have not been studied in newly diagnosed patients.27

A currently unmet major clinical need is the ability to robustly identify CD patients at initial diagnosis who are most at 
risk of developing future severe/disabling CD.28 It would allow gastroenterologists to target early, aggressive treatment 
in those most likely to benefit, and avoid unrequired overtreatment in others, with better treatment targeting reducing 
associated side effects, complications and costs while improving outcomes.29

https://creativecommons.org/licenses/by/4.0/
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The role of magnetic resonance enterography and its potential to predict the development of 
disabling Crohn’s disease

Diagnosis and follow-up of CD relies increasingly upon imaging, given the invasive nature of endoscopy and its inability 
to assess the entire small bowel (SB).30–33 Magnetic resonance enterography (MRE) has become a first-line investigation 
for CD because it is highly accurate for identifying disease activity, its extent and distribution, assessing treatment 
response as well as delineating complications.34–39 It has the additional benefits of conferring no exposure to ionising 
radiation and is generally well tolerated by patients.40,41 As opposed to clinical biomarkers such as CRP and FC which 
only assess inflammation, MRE is well placed to quantify both bowel damage and underlying inflammatory activity 
concurrently.42 Given its excellent performance characteristics for staging and monitoring CD, it has been postulated 
that MRE may also be able to predict clinical trajectory, but a recent systematic review found that primary research 
evaluating cross-sectional imaging is lacking.43

Jauregui-Amezaga et al. studied 112 patients with CD relapse from a single centre and compared the ability of MRE 
and colonoscopy to predict future disease course, defined as the need for subsequent major abdominal surgery.44 The 
presence of perianal disease, strictures and/or fistulae on MRE were independent predictors of resection surgery, but 
severe endoscopic lesions were not, implying that underlying bowel damage rather than the degree of inflammation 
is more important for prognostication. Similar findings were reported by Fiorino et al. in a European study of 142 CD 
patients; bowel damage in the form of strictures, fistulae and abscesses was associated with significantly higher future 
risk of surgery.45 In a single-centre longitudinal study, Fernández-Clotet and colleagues studied 72 CD patients who 
had at least 5 years’ follow-up.46 They found that stricturing disease, fistulae and ileal disease were associated with 
progressive CD. Finally, in a single centre of 52 patients, perienteric inflammation, restricted diffusion, penetrating 
disease and fibrofatty proliferation on outpatient MRE were associated with CD patients progressing to resective bowel 
surgery within 5 years. Longer length bowel involvement and more significant upstream bowel dilatation from strictures 
were also found in those patients progressing to surgery.47

The above studies suggest that MRE may have a predictive role to identify patients that are destined to develop severe/
disabling CD. However, none have specifically studied newly diagnosed patients, which is fundamental since it is at this 
initial stage that gastroenterologists could administer early aggressive treatment while refraining from unwarranted 
treatment in others. To address this, we undertook the Magnetic resonance Enterography or ulTRasound In Crohn’s 
disease Extended Follow-up (METRIC-EF) for predicting disabling disease trial to answer the question: ‘Do MRE 
features at diagnosis improve prediction of disabling CD within 5 years of diagnosis?’
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Primary objective

•	 To improve prediction of disabling CD within 5 years of diagnosis by developing and internally evaluating a 
multivariable prediction model comprising both existing standard predictors and those based on MRE.

Secondary objectives

•	 To improve the prediction of disabling CD within 5 years, defined by the Montreal and Liège behaviour criteria, 
by developing and internally evaluating a multivariable prediction model comprising clinical predictors and adding 
MRE scores.

•	 To identify specific combinations of individual MRE findings that best predict disabling CD within 5 years 
of diagnosis.

•	 To estimate the healthcare costs incurred within 5 years of a new diagnosis of CD and to explore patient, imaging 
and disease characteristics driving higher health economic costs.

•	 Assuming promising predictive potential, to then generate a research design for a subsequent prospective study to 
externally evaluate our MRE-based prediction model if appropriate.

https://creativecommons.org/licenses/by/4.0/
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Chapter 3 Methods

Parts of this chapter have been reproduced with permission from Kumar et al.1 and Taylor et al.48 This is an Open 
Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence, 

which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original 
work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The text below includes minor additions and 
formatting changes to the original text.

Study design

Magnetic resonance Enterography or ulTRasound In Crohn’s disease Extended Follow-up for predicting disabling 
disease was a multivariable prediction model, multicentre diagnostic inception cohort of adult patients with newly 
diagnosed CD. We enrolled patients who had already been recruited to the Magnetic resonance Enterography or 
ulTRasound In Crohn’s disease (METRIC) trial and extended their follow-up.35,49,50 To achieve an adequate sample size, 
we also included a separate retrospective cohort.1 We reported this trial according to TRIPOD reporting guidelines for 
prediction model development.51

Study population

Magnetic resonance Enterography or Ultrasound In Crohn’s Disease was a multicentre, prospective trial performed in 
nine NHS centres across England and Scotland designed to compare the diagnostic accuracy of MRE and ultrasound 
(US) for the location and extent of CD.35,50 Consenting adult patients presenting with either newly diagnosed CD or 
presenting with suspected relapse were recruited: all underwent both MRE and US. Patients were followed up for a 
minimum of 6 months. In METRIC-EF, we drew solely on the group of patients who were recruited into METRIC with a 
new diagnosis of CD (i.e. the ‘relapse cohort’ was excluded). We extended follow-up for the new diagnosis cohort to a 
minimum of 4 years.35 To achieve an adequate sample size, we supplemented newly diagnosed patients from METRIC 
with a carefully matched retrospectively identified group of patients also newly diagnosed with CD. A total of 147 
(76%) patients were from the retrospective group. With ethical approval, additional patients recruited to the METRIC 
trial could be included via the retrospective arm if they did not respond to two direct invitations to take part. Because 
data from the retrospective cohort was pseudonymised to the central trial team, we were unable to record how many 
patients originally recruited to the METRIC trial were included in the retrospective cohort. The median number of years 
from recruitment (diagnosis) until the last outpatient visit was 6.3 [interquartile range (IQR) 5.2–7.3] years. The date 
of recruitment (time of diagnosis) ranged from 10 June 2009 to 5 December 2017. The date of the last outpatient visit 
ranged from 28 February 2016 to 20 October 2022.

Eligibility criteria

The study focused on newly diagnosed CD patients either (a) enrolled in METRIC (‘METRIC cohort’) or (b) imaged using 
MRE as part of their routine care at diagnosis (‘retrospective cohort’) (Figure 1).

Magnetic resonance Enterography or ulTRasound In Crohn’s disease cohort: inclusion criteria
All confirmed new diagnoses from METRIC were eligible for the present study; inclusion criteria were therefore 
equivalent to those of METRIC:

•	 Patients aged 16 years or more.
•	 New CD diagnoses (within 3 months of time of recruitment to METRIC), based on standard endoscopic, histological, 

clinical and radiological findings.

https://creativecommons.org/licenses/by/4.0/
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Additional retrospective cohort: Inclusion criteria
We added a retrospective cohort to the METRIC accruals to achieve the required sample size.

Inclusion criteria for the retrospective cohort were:

•	 Patients 16 year or more with newly diagnosed CD, based on endoscopic, histological, clinical and 
radiological findings

•	 MRE acquired according to METRIC standard minimum sequence data set, and performed either < 3 months before 
or after diagnosis

•	 Normal institutional practice is to perform MRE in all new diagnoses of CD.
•	 At least 4 years’ clinical follow-up data available

Sites that were not part of the original METRIC trial were eligible to be recruitment sites for the retrospective cohort if 
they fulfilled all eligibility criteria.

Exclusion criteria
Exclusion criteria for METRIC (and so carried forward) were:

•	 Any psychiatric or other disorder likely to impact on informed consent
•	 Evidence of severe (non-Crohn’s) comorbidities which makes it undesirable for the patient to participate in the study
•	 Pregnancy

METRIC-EF for predicting disabling disease
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FIGURE 1 Flow diagram outlining the stages of the METRIC-EF trial. BSG, British Society of Gastroenterology; BSGAR, British Society of 
Gastrointestinal and Abdominal Radiology. This figure has been reproduced with permission from Kumar et al.1 This is an Open Access article 
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, 
adapt and build upon this work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/
by/4.0/. The figure includes minor additions and formatting changes to the original text.
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•	 Contraindication to magnetic resonance imaging (MRI) (e.g. cardiac pacemaker, severe claustrophobia, inability to 
lie flat)

•	 Final diagnosis other than CD
•	 Enrolled in the METRIC study but not part of the final new diagnosis cohort

Ethics

Consent
The new diagnosis cohort patients recruited to METRIC were approached and consented (if willing) for participation 
in METRIC-EF at seven of the participating sites in the METRIC study. Patients declining participation were excluded. 
Two additional sites that were not originally METRIC recruitment sites were added for identification of patients to the 
retrospective cohort. We were granted permission to collate data from the retrospective cohort without direct patient 
consent (including patients recruited to the METRIC trial who did not respond to re-contact) as there was no direct 
patient intervention, and only pseudonymised data were collected by the Comprehensive Clinical Trials Unit (CCTU) at 
University College London (UCL).

Ethical permission
The METRIC-EF study achieved NHS  Research Ethics Committee (NHS REC), London – Hampstead Research Ethics 
Committee approval on 26 October 2018 (IRAS 217422) and was conducted in accordance with the principles of good 
clinical practice. UCL’s CCTU supervised the study.

Magnetic resonance imaging

Sequences
Magnetic resonance Enterography or UlTrasound In Crohn’s disease patients underwent a standard minimum MRE 
sequence data set (1.5 T or 3 T) (Table 1). This was required for retrospective accruals, with the exception of diffusion-
weighted imaging (DWI), which was not needed to calculate relevant activity and bowel damage indices.

We calculated established MRE activity indices as follows.

TABLE 1 Required and optional sequences for the MRE studies

Required Optional

Coronal TrueFISP Axial TrueFISP

Axial HASTE Dynamic TrueFISP motility

Coronal HASTE

Coronal HASTE with fat suppression Axial HASTE with fat suppression

Axial DWI (b50 and b600)a Additional b values

Coronal pre- and post-gadolinium VIBE (60–70 seconds)a Axial post-gadolinium VIBE

HASTE, Half-Fourier Acquisition Single-shot Turbo spin Echo; TrueFISP, True Fast imaging with Steady State Precession; VIBE, volumetric 
interpolated breath-hold examination.
a	 Optional for retrospective cohort. Equivalent sequences from various MRI imaging vendor platforms were permitted.
Source
This table has been reproduced with permission from Kumar et al.1 This is an Open Access article distributed in accordance with the terms 
of the Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for 
commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table includes minor 
additions and formatting changes to the original text.

https://creativecommons.org/licenses/by/4.0/
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Magnetic resonance Enterography Global Score
This score encompasses aspects of both inflammatory activity and bowel damage and has been tested against several 
reference standards, including a composite clinical reference,52 FC,53,54 CRP54 and endoscopy (Table 2).54,55

Simplified Magnetic Resonance Index of Activity
The Simplified Magnetic Resonance Index of Activity (sMARIA) has been tested against endoscopic reference standards 
and is used increasingly to assess treatment response in clinical trials (Table 3).36–38,56,57

Lémann Index
The Lémann Index (LI) is based on comprehensive assessment of structural bowel damage, including stricturing, 
penetrating lesions (fistulae and abscesses), and surgical resection, and is applicable to different settings, such as early 
or advanced disease, patients with or without surgery, or with different CD locations and extension (Table 4).58 The 
score comprises several factors that can be assessed either clinically, or using imaging, or via endoscopy. We used the 
imaging-derived score. Since the anal canal was not imaged specifically for METRIC, we omitted this score.

Interpretation and blinding
Magnetic resonance enterography examinations were sent by each recruitment site to a central facility at University 
College London Hospitals NHS Foundation Trust (UCLH) through pseudonymised compact disc or digital versatile discs 
(CD/DVDs). Here, they were uploaded to an online viewing platform (3Dnet®; Biotronics3D Ltd, London, UK) which 
offered the same functionality of a routinely used picture archiving and communication system (PACS) with the benefit 
of being accessible from any personal computer over the internet with appropriate password credentials.

TABLE 2 Calculation of the MEGS

Mural features 0 1 2 3 Score

Mural thickness < 3 mm > 3–5mm > 5–7mm > 7 mm a

Mural T2 signal 
(oedema)

Normal Minor increase Moderate increase Large increase b

Perimural T2 signal Normal Increased signal but 
no fluid

Small (≤ 2 mm) 
fluid rim

Large (> 2 mm 
fluid rim)

c

Contrast enhance-
ment: amount

Normal Minor increase Moderate increase Large increase d

Contrast enhance-
ment: pattern

N/A or 
homogeneous

Mucosal Layered e

Haustral loss (colon 
only)

None < 1/3 segment 1/3–2/3 segment > 2/3 segment f

Mural score for that segment a + b + c + d + e + f = g

Multiplication factor 1 1.5 2 Total segmental score
ga multiplication factor

Length of disease in 
that segment

< 5 cm 5–15 cm > 15 cm

a	 Each enteric segment (jejunum; proximal ileum; terminal ileum; caecum; ascending colon; transverse colon; descending colon; sigmoid 
colon; rectum) is scored separately. The segmental score is then multiplied by a factor depending on the length of disease involvement 
in that segment. Finally, scores for extramural features are added, giving a total score (maximum possible = 296). Sum all segments, then 
add extramural score on a per-scan basis; 5 points for each of: (1) lymph nodes > 1 cm short axis, (2) comb sign (linear structures on the 
mesenteric border of an affected bowel segment), (3) abscess and (4) fistula.

Source
This table has been reproduced with permission from Kumar et al.1 This is an Open Access article distributed in accordance with the terms 
of the Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for 
commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table includes minor 
additions and formatting changes to the original text.

https://creativecommons.org/licenses/by/4.0/
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TABLE 3 Derivation of the sMARIA

Feature Description

Mural thickness Binary: Measured in mm using software callipers, scored as abnormal if > 3 mm

Mural oedema Binary: present if there is high signal intensity on T2 sequences with fat saturation, compared with 
normal-appearing loops

Fat stranding Binary: present if there is loss of the normal sharp interface between the intestinal wall and mesentery, 
with oedema/fluid in the perienteric fat

Ulceration Binary: present if mucosal surface has a deep depression, visible on 2 MRI sequences

sMARIA score for that segment = 1 point for each of mural thickness, mural oedema, and fat stranding; 2 points for ulceration  
(maximum 5 points per segment)

Source
This table has been reproduced with permission from Kumar et al.1 This is an Open Access article distributed in accordance with the terms 
of the Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for 
commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table includes minor 
additions and formatting changes to the original text.

TABLE 4 Derivation of the LI

Organ
Method of 
assessment na Segment Grade 1 Grade 2 Grade 3

Surgical interventionsb

Upper tract History 3 Oesophagus, 
stomach, 
duodenum

– Bypass diversion or 
strictureplasty

Resection

SB History 20 Each 20 cm SB 
segment

– Bypass diversion or 
strictureplasty

Resection

Colon/rectum History 6 Each colonic 
segment

– Stoma, bypass 
diversion or 
strictureplasty

Resection

Stricturing lesions

Organ Method of 
assessment

n Segment Grade 1 Grade 2 Grade 3

Upper tract MRI 2 Stomach, 
duodenum

Wall < 3 mm; segmental 
enhancement without 
prestenotic dilatation

Wall thickening ≥ 3 mm 
or mural stratification 
with no prestenotic 
dilatation

Stricture with 
prestenotic dilatation

SB MRI 20 Each 20 cm SB 
segment

Wall < 3 mm; segmental 
enhancement without 
prestenotic dilatation

Wall thickening ≥ 3 mm 
or mural stratification 
with no prestenotic 
dilatation

Stricture with 
prestenotic dilatation

Colon/rectum MRI 6 Each colonic 
segment

Wall < 3 mm; segmental 
enhancement without 
prestenotic dilatation

Wall thickening ≥ 3 mm 
or mural stratification 
with no prestenotic 
dilatation

Stricture with 
prestenotic dilatation 
or > 50% of the 
lumen

Penetrating lesions

Upper tract MRI 2 Stomach, 
duodenum

– Deep transmural 
ulceration

Phlegmon or fistula

SB MRI 20 Each 20 cm SB 
segment

– Deep transmural 
ulceration

Phlegmon or fistula

https://creativecommons.org/licenses/by/4.0/
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Organ
Method of 
assessment na Segment Grade 1 Grade 2 Grade 3

Colon/rectum MRI 6 Each colonic 
segment

– Transmural ulceration Phlegmon or fistula

a	 n = number of segments within a particular organ.
b	 This information was collated from patient records, although a relevant past surgical history was very rare since included patients were, 

by definition, those with a new diagnosis of CD.
Source
This table has been reproduced with permission from Kumar et al.1 This is an Open Access article distributed in accordance with the terms 
of the Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for 
commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table includes minor 
additions and formatting changes to the original text.

TABLE 4 Derivation of the LI (continued)

Magnetic resonance enterography scans were interpreted by one from a pool of radiologists; all were GI radiologists 
and experienced in MRE, in both clinical and research settings. They all had achieved Fellow of the Royal College of 
Radiologists and had at least 1 year of subspecialty GI imaging experience. Eleven radiologists interpreted the MRE 
examinations from nine centres (range 6–36 reads per radiologist).

Radiologists were allocated MRE scans for scoring by the CTU; readers did not interpret cases from their own hospital 
and were blinded to all clinical information other than that relevant for the calculation of the relevant index (e.g. surgical 
history for LI). We used Research Electronic Data Capture to record the radiological parameters.

Assessment of disabling disease at follow-up

Time point of follow-up
Follow-up was for a minimum of 4 years: since participants were recruited to METRIC over 30-months, this 
corresponded to an average follow-up of approximately 5.5 years. This was felt to be sufficient time for clinically 
relevant complications of CD to manifest.24,59,60

Collection of data were completed by the research team at each recruitment site using study case report forms (CRFs) 
and retrospective data available in the patient hospital record.

Consensus panel assessment of disease outcome
Consensus panels were convened at each recruitment site. Panels comprised, as a minimum, one gastroenterologist and 
one radiologist, aided by the site research nurse. The consensus panels reviewed all available clinical information over 
the complete follow-up period. This included investigations such as CRP, FC, endoscopy (conventional and capsule), 
imaging [MRI, US, computed tomography (CT), fluoroscopy], surgical and histopathological findings, clinical activity 
scores (e.g. Harvey-Bradshaw Index) and overall clinical course, including outpatient and inpatient clinical records.

Using all the available data, the consensus panels recorded the presence or absence of disabling disease (see definitions 
below), as well as the Montreal classification and the date at which this end point was reached. Participant data for the 
predefined clinical predictors for model inclusion (see below) were also collated when available.

Primary definition of disabling disease
The primary definition of disabling disease was a modified version of that described by Beaugerie et al.25 The original 
definition was modified to clarify some of the symptoms and to permit use of disease-modifying therapy, since this 
has become common clinical practice. We also did not include events occurring within 90 days of diagnosis, to exclude 
events occurring within the initial diagnostic period. Disabling disease was therefore defined as any of any event 
reported at more than 90 days after diagnosis:

•	 Hospitalisation after CD diagnosis for flare or disease complication, as judged by the treating clinician.
•	 More than two corticosteroid courses required over 5 years and/or dependence on corticosteroids.

https://creativecommons.org/licenses/by/4.0/
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•	 Any intestinal resection > 50 cm, or surgical operation for perianal disease (examination under anaesthesia without 
seton placement did not meet this criterion; abscess drainage and/or seton placement did).

•	 Chronic disabling symptoms, defined as a cumulative time of over 12 months of one or more of:
•	 Diarrhoea with nocturnal stool (getting up for a bowel movement after having gone to bed).
•	 Urgency (defined as having to rush to the toilet for a bowel movement).

•	 Abdominal pain due to intestinal obstruction (requires imaging confirmation or surgical proof).
•	 Fever (documented tympanic temperature of > 38.0 °C or oral temperature of > 38.3 °C).
•	 Fatigue.
•	 Joint pain not due to an alternative cause.
•	 Uveitis.
•	 Pyoderma gangrenosum.

Alternative definitions of disabling disease
Since the Beaugerie criteria are imperfect, further definitions of adverse outcomes were also collected; specifically the 
Liège criteria,24 and Montreal behaviour criteria.61

The Liège criteria were met if any of the following occurred:

•	 development of complex perianal disease
•	 any colonic resection
•	 two or more SB resections
•	 a single SB resection of > 50 cm
•	 definitive stoma.

Complex perianal disease was defined as per the American Gastroenterological Association.62

The Montreal behaviour criteria classify CD as either inflammatory (B1), stricturing (B2) or penetrating (B3). Stricturing 
disease was defined as a fixed luminal narrowing of > 50% relative to normal proximal bowel. Penetrating disease was 
defined as an intra-abdominal or enterocutaneous fistula, inflammatory mass, or abscess.

Outcomes

Primary outcome
Comparative predictive ability of prognostic models incorporating MRE scores (MEGS, sMARIA and LI) in combination 
with clinical predictors versus a model using standard clinical characteristics alone to predict disabling CD [modified 
Beaugerie disabling disease (MBDD)] within 5 years of diagnosis.

Secondary outcomes

1.	 Comparative predictive ability of prognostic models incorporating MRE scores (MEGS, sMARIA and LI) in combi-
nation with clinical predictors versus models using standard characteristics alone to predict the development of 
disabling CD within 5 years of diagnosis, defined by Montreal behaviour and Liège criteria.

2.	 Identification of the best combination of individual MRE features for the prediction of MBDD within 5 years of 
diagnosis.

3.	 Evaluation of the average costs per-participant for the NHS, incurred within 5 years of CD diagnosis.
4.	 Investigation of the participant, disease phenotype, and imaging characteristics associated with higher costs within 

5 years of CD diagnosis.



DOI: 10.3310/THSN9956� Health Technology Assessment 2026 Vol. 30 No. 18

11Copyright © 2026 Kumar et al. This work was produced by Kumar et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an Open  
Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any 
medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source – NIHR 
Journals Library, and the DOI of the publication must be cited.

Sample size and justification

Assumptions
We assumed that the prevalence of MBDD was approximately 55–60%; this was informed primarily by the external 
validation cohort of the Beaugerie descriptors, in which 57% of 361 participants had developed disabling disease 
within 5 years of diagnosis.24 In support, a local audit of 33 newly diagnosed patients at 1 METRIC recruitment centre 
at the trial planning stage found 5 of 33 (15%) patients met the definition by mean 11.3 months, giving 16% at 1 year. 
Extrapolation to 5 years gave 58% prevalence, similar to that expected from the literature.24

The sample size was based on, including 207 participants newly diagnosed with CD; 207 participants provided 
114–124 patients developed MBDD; the smaller proportion defines the minimum sample size for powering a modelling 
study. During the study, due to problems obtaining consent for additional follow-up due to the COVID-19 pandemic, 
the Trial Management Group (TMG) reduced the original target recruitment from 167 to 131 in the prospective METRIC 
cohort, with a corresponding increased target of 76 participants from the retrospective cohort. We anticipated that this 
sample size would provide between 114 and 124 patients developing MBDD. We would increase the number of the 
retrospective cohort to meet the 207-participant target if recruitment to the METRIC cohort was below 131.

Adequacy of this number of events/non-events
Calculating sample sizes for prognostic studies suffers from a relative lack of readily applied methods suitable for 
all study designs, since sample size for development depends on whether the primary aim is to select potential 
variables for a new model (via univariable significance within a data set) or to evaluate a model where the variables 
have been prespecified and are therefore fixed. In the present study, we fixed predictors since we were explicit that 
we would evaluate three MRE severity scores in the context of a model using fixed clinical predictors. Therefore, 
recommendations for sample sizes relevant to external validation were most appropriate. Accordingly, the literature 
suggested that we required 80–100 events for model evaluation where predictors were prespecified and fixed.63 This 
also provided sufficient power to assess whether the addition of the 3 MRE severity scores enhanced prediction, under 
the hitherto widely used ‘rule of thumb’ of 10–20 events per predictor.64 We are aware of recent methods to calculate 
model development and external validation sample size, but these were not reported in 2017, when the present study 
was powered.65

Power for secondary outcomes

Other definitions of adverse outcome
Development of Montreal severe disease was estimated to be 43% at 5 years.66

Development of Liège disabling disease was estimated to be 20% at 5 years.24 This provided approximately 41 events 
for the present study which was likely insufficient to develop meaningful prognostic models. Accordingly, we planned 
that analysis for this end point would be descriptive only, unless our assumptions proved incorrect and sufficient events 
satisfying this definition had been accumulated.

Identification of the most important magnetic resonance enterography variables for model inclusion
We used principal component analysis (PCA) to reduce the number of individual MRE features to ideally two or three 
eigenvector variables for subsequent addition to the clinical predictor only model. This allowed us to determine how 
adding MRE features affected model performance.

Retention

Participants did not undergo additional testing to enter this study. Only data obtained during routine clinical care were 
necessary to both define disabling disease and provide variables for model inclusion. Where participants were lost to 
local follow-up, participants’ general practitioner were contacted in an attempt to obtain routine clinical information, 
post consent (this was only applicable to the METRIC cohort and those patients on retrospective cohort who had 
provided consent).
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Statistical methods: outcomes

Primary outcome
Comparative predictive ability of prognostic models incorporating MRE scores (MEGS, sMARIA and LI) versus a model 
based on clinical predictors alone for the development of MBDD within 5 years of diagnosis.

We developed a Royston–Parmar (RP) flexible parametric multivariable prognostic model using the following 
prespecified clinical predictors (based on a prior literature review and in consultation with the trial investigators):

•	 age at diagnosis (< 40, ≥ 40 years)
•	 smoking history
•	 sex
•	 disease status at diagnosis (stricturing disease, perianal disease, severe endoscopic disease)
•	 location of disease (ileal, colonic, ileocolonic, upper GI tract disease)
•	 initial need for steroid therapy
•	 weight loss of at least 5 kg prior to diagnosis
•	 CRP
•	 white blood cell (WBC) count
•	 FC
•	 haemoglobin
•	 platelet count.

There were five prespecified continuous predictors, including CRP level, WBC count, FC level, haemoglobin level and 
platelet count. We determined whether we should include the predictors as linear or to use fractional polynomials. Due 
to high levels of missing WBC count and FC levels, we could not investigate if fractional polynomial was appropriate, 
so assumed a linear relationship. For the remaining predictors, we calculated the best fractional polynomial models by 
searching through all power combinations. Then, we calculated p-values by comparing the deviance of the linear and 
fractional polynomial model 1 against the deviance of fractional polynomial model 2 (lowest deviance). We determined 
that retaining linear continuous predictors was the most efficient.

We retained categorical predictors as in the clinical report form, except for when modelling required us to combine 
specific levels of a predictor. For location of disease behaviour, we combined the ileal and upper tract levels due to small 
number of patients (N = 4) with disease in the upper tract.

Seventy-five per cent of participants had ≥ 1 predictor value missing. Because missing values were likely to be 
‘missing at random’ based on other participant variables and to avoid loss in efficiency, we imputed values for smoking 
status, weight loss ≥ 5 kg prior to diagnosis, perianal disease, severe endoscopic disease, CRP level, WBC count, FC, 
haemoglobin level and platelet count using multiple imputation by chained equations [mi impute command in Stata 
18 (StataCorp LP, College Station, TX, USA)].67 We created 20 imputed data sets from a set of imputation models 
constructed from all predictors and outcomes (event indicator and Nelson–Aalen estimator for time to event).

We based an improvement in model performance on an increase in the number of patients correctly predicted to 
develop MBDD, relative to the clinical predictor only model. We used sensitivity, specificity and net benefit as measures 
of model performance. We conducted internal validation using 200 bootstrap samples (sampling with replacement) or 
until estimates remained stable. We describe the results from internal validation in Appendix 8, Table 31. We did not 
adjust for optimism. Statistical significance was based on Wilson’s 95% CI. We calculated p-values for differences in 
sensitivity and specificity using McNemar’s test.

Secondary outcomes

Secondary outcome 1
Comparative predictive ability of prognostic models, including MRE scores (MEGS, sMARIA and LI) versus a model 
based on clinical predictors alone to predict the development of disabling CD within 5 years of diagnosis, defined by 
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Montreal behaviour and Liège criteria. We conducted modelling using the same methods as in the primary outcome. 
Models were only developed if the number of patients developing disabling CD was adequate. Otherwise, we provided 
descriptive statistics.

Secondary outcome 2
Identification of the best combination of individual MRE features for predicting disabling CD (all definitions) within 
5 years of new diagnosis. PCA was used to combine multiple MRE parameters into a small number of eigenscores 
variables. This allowed a larger number of features to be combined without compromising statistical power. The most 
influential imaging features were identified for further simplification of MRE variables included in modelling. Methods 
were as in the primary outcome, and the statistical significance of including MRE features were evaluated based on 
improvement of model fit [Bayesian information criterion (BIC)] in comparison to the standard model, with additional 
model performance reported as appropriate.

Model testing

To provide additional clinical relevance for potential model implementation, we formed a group from the trial group, 
including three gastroenterologists and two radiologists. The group in consensus defined a priori how the models could 
be best utilised in clinical practice. Specifically, following guidance from the study statisticians, we set two risk group 
definitions (RDs) for identifying patients at high and low risk of developing disabling disease which we felt would have 
clinical utility.

For RD1, the high-risk group included the top 40% of participants with the greatest predicted risk from the model. For 
RD2, the high-risk group included participants with an absolute risk ≥ 10%. The absolute risk threshold is determined 
by sorting the participants by predicted risk and then using the predicted risk of the eighth (10% of 81) participant who 
developed MBDD as the threshold.

Secondary outcomes 3 and 4; see Chapter 5.
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Chapter 4 Results

Parts of this chapter have been reproduced with permission from Taylor et al.48 This is an Open Access article 
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence, which permits 

others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly 
cited. See: https://creativecommons.org/licenses/by/4.0/. The text below includes minor additions and formatting 
changes to the original text.

Participants

The final cohort consisted of 194 patients, median age 29, IQR 22–44 years (Figure 2). Ninety-three (48%) of the final 
cohort were male.

All patients and patient events were followed up across the full 5-year period. Because it was possible to include non-
contactable patients recruited to the METRIC trial in the retrospective group, it was not possible to define the exact 
split between the two cohorts (as no patient identifiable data could be sent to the clinical trial unit). Direct consent was 
obtained from 47 METRIC patients.

Excluded, n = 10
No imaging, LFU

Initially recruited
(n = 208)

Recruited
(n = 198)

Eligible
(n = 194)

Year 1
(n = 152)

Year 2
(n = 139)

Year 3
(n = 130)

Year 4
(n = 119)

Year 5
(n = 113)

Completed FU
n = 81 events, n = 113 no event

Events, n = 42
LFU, n = 0

Events, n = 13
LFU, n = 0

Events, n = 9
LFU, n = 0

Events, n = 11
LFU, n = 0

Events, n = 6
LFU, n = 0

Excluded, n = 4
< 16 years old, n = 4

FIGURE 2 Participant flow through trial identifying participants by timing of first event during the follow-up period (> 90 days to 5 years). 
FU, follow-up; LFU, lost to follow-up. Reproduced with permission from Taylor et al.48 This is an Open Access article distributed in accordance 
with the terms of the Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon 
this work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The figure 
includes minor additions and formatting changes to the original text.
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TABLE 5 Number of participants who developed disabling disease within 5 years of diagnosis, according to the modified Beaugerie, Montreal 
B2 or B3, and Liège criteria

Years from diagnosis to developing disabling disease

Modified Beaugerie criteria Montreal B2 or B3 Liège criteria

N = 81 N = 12 N = 39

1 43 (52) 2 (17) 28 (72)

2 13 (16) 1 (8) 3 (8)

3 9 (11) 5 (42) 4 (10)

4 11 (14) 3 (25) 3 (8)

5 6 (7) 1 (8) 1 (3)

TABLE 6 Demographic and clinical characteristics of participants who developed MBDD within 5 years of diagnosis

Demographic and clinical characteristics

MBDD negative MBDD positive Total

N = 113 N = 81 N = 194

Age (years) 31 (22–49) 27 (22–37) 29 (22–44)

Sex Male 54 (48) 39 (48) 93 (48)

Female 59 (52) 42 (52) 101 (52)

Recruitment site Cambridge 2 (2) 7 (9) 9 (5)

Leeds 24 (21) 18 (22) 42 (22)

Leicester 5 (4) 0 (0) 5 (3)

Ninewells 2 (2) 7 (9) 9 (5)

Oxford 7 (6) 10 (12) 17 (9)

Portsmouth 19 (17) 8 (10) 27 (14)

St George’s 2 (2) 3 (4) 5 (3)

St Marks 4 (4) 6 (7) 10 (5)

UCLH 48 (42) 22 (27) 70 (36)

Medication administered within 5 
years from diagnosisa

Aminosalicylate 52 37 89

Biologic 80 113 193

Immunomodulator 143 117 260

Other 11 27 38

Steroid 104 156 260

a	 Participants could be administered more than one of the same medications within 5 years from diagnosis.
Note
Data are n (%) or median (IQR).

According to the modified Beaugerie criteria, 42% (81/194) of participants developed disabling disease between 
90 days post diagnosis to 5 years from diagnosis (Table 5 and 6). An additional 25 patients were hospitalised within the 
first 90 days and although they also fulfilled the modified Beaugerie criteria for disabling disease, after discussion by the 
TMG, these were not treated as events as these patients were being treated immediately at diagnosis, taking priority 
over consideration of instigating top-down therapy; including events within 90 days of diagnosis would impact on the 
clinical utility of any prognostic model.
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Only 20% (39/194) developed disabling disease according to the Liège criteria and 6% (12/194) developed B2 or B3 
disease on the Montreal criteria (see Table 5).

The event rate using Liège and Montreal definitions of disabling disease was insufficient to perform survival analysis/
predictive modelling and therefore all data were analysed using the primary outcome measure (modified Beaugerie 
criteria) (see Table 6).

Of those with an event that is, development of disabling disease according to the modified Beaugerie criteria, the 
median survival time prior to the event was 0.82 (IQR 0.42–2.75) years. A total of 81 events occurred in the 5-year 
follow-up period, 42 (52%) in year 1 and 6 (7%) in year 5 (Table 7). Most Beaugerie-defining events were hospitalisation 
due to a CD flare or complication (48 events; 59%) or due to use of corticosteroids (21 events; 26%; Table 7).

Clinical predictors of disabling disease

The number of participants with the predefined candidate clinical predictors of disabling disease is shown in 
Tables 8–10.

Prognostic models

A summary of the various models is shown in Figure 3.

Model B included the prespecified clinical predictors (excluding blood and stool markers). Models A1, A2 and A3 added 
the MEGS, sMARIA and LI scores, respectively. Model B1 added the blood and stool markers to the baseline clinical 
model (model B) (see Figure 3).

TABLE 7 Number of participants who developed MBDD over years from diagnosis, stratified by descriptors

Descriptors

Years from diagnosis to developing MBDD

Total1 2 3 4 5

Hospitalisation due to a CD flare or complication 27 10 5 4 2 48

≥ 3 corticosteroid courses or dependence on corticosteroids 11 4 3 4 1 23

Intestinal resection > 50 cm or surgery for perianal diseasea 1 0 0 0 0 1

Diarrhoea with nocturnal stools 0 0 0 1 0 1

Urgency 1 0 0 2 1 4

Abdominal pain due to intestinal obstruction 0 0 2 2 1 5

Fever 0 0 0 0 0 0

Fatigue 0 0 0 1 0 1

Joint pain not caused by another factor 1 1 0 0 1 3

Uveitis 2 0 0 0 0 2

Pyoderma gangrenosum 0 0 0 0 0 0

Total 43 15 10 14 6 88b

a	 Forty-five (23%) participants had an intestinal resection within 5 years of diagnosis.
b	 Participants could fulfil multiple descriptors on the same day.
Note
Data are n.
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TABLE 8 Number of participants who developed MBDD within 5 years of diagnosis, stratified by prespecified clinical predictors

Prespecified clinical predictors

MBDD negative MBDD positive Total

N = 113 N = 81 N = 194

Age category (years) < 40 76 (67) 62 (77) 138 (71)

≥ 40 37 (33) 19 (23) 56 (29)

Sex Male 54 (48) 39 (48) 93 (48)

Female 59 (52) 42 (52) 101 (52)

Smoking status Non-smoker 81 (72) 49 (60) 130 (67)

Smoker 22 (19) 25 (31) 47 (24)

Missing 10 (9) 7 (9) 17 (9)

Weight loss ≥ 5 kg prior to diagnosis Absent 71 (63) 51 (63) 122 (63)

Present 28 (25) 18 (22) 46 (24)

Missing 14 (12) 12 (15) 26 (13)

Initial need for steroid therapy Absent 84 (74) 43 (53) 127 (65)

Present 29 (26) 38 (47) 67 (35)

Developed MBDD ≤ 90 days from diagnosis Absent 100 (88) 69 (85) 169 (87)

Present 13 (12) 12 (15) 25 (13)

Perianal disease Absent 100 (88) 70 (86) 170 (88)

Present 12 (11) 11 (14) 23 (12)

Missing 1 (1) 0 (0) 1 (0)

Severe endoscopic disease Absent 74 (65) 56 (69) 130 (67)

Present 27 (24) 20 (25) 47 (24)

Missing 12 (11) 5 (6) 17 (9)

Disease behaviour B1 80 (71) 50 (62) 130 (67)

B2 17 (15) 17 (21) 34 (18)

B3 16 (14) 14 (17) 30 (15)

Location of disease behaviour Ileocolonic 52 (46) 42 (52) 94 (48)

Ileal/upper tract 41 (36) 28 (35) 69 (36)

Colonic 20 (18) 11 (14) 31 (16)

Note
Data are n (%).

Years to events by predictors

Table 11 and Figure 4 show the median survival time to developing disabling disease according to the prespecified 
clinical predictors. The median MBDD free survival time of all participants was 0.82 (IQR 0.42–2.75) years.

Univariable hazard ratio by clinical predictors

The univariable hazard ratio (HR) for the prespecified clinical predictors and MRI scores is summarised in Table 12. Initial 
requirement for steroid therapy was associated with a higher risk of an event (development of disabling disease) in both 
original and imputed data.
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TABLE 10 Number of participants who developed MBDD within 5 years of diagnosis, stratified by prespecified MRE score predictors

Prespecified MRE score predictors

MBDD negative MBDD positive Total

N = 113 N = 81 N = 194

Global MEGS 21 (8–34) 24 (8–37) 22 (8–35)

Normalised global MEGS (%) 14 (5–23) 17 (5–25) 15 (5–24)

Global sMARIA 5 (2–8) 5 (2–6) 5 (2–7)

Normalised global sMARIA (%) 18 (7–29) 18 (7–21) 18 (7–25)

LI 2 (1–4) 2 (1–3) 2 (1–3)

Normalised LI (%) 10 (4–21) 11 (6–19) 11 (4–20)

Note
Data are median (IQR). Scores were normalised to enable comparison of the scores on a standardised scale.
Source
Reproduced with permission from Taylor et al.48 This is an Open Access article distributed in accordance with the terms of the Creative 
Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for commercial use, 
provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table includes minor additions and 
formatting changes to the original text.

Model B
Clinical predictors

Model A1
Clinical predictors

plus MEGS

Model A2
Clinical predictors

plus sMARIA

Model A3
Clinical predictors

plus Lemann

Model B1
Clinical predictors

plus blood predictors

Add MRE scores Add blood predictors

FIGURE 3 Summary of the derivation of prognostic models for developing disabling disease according to the modified Beaugerie criteria. 
Reproduced with permission from Taylor et al.48 This is an Open Access article distributed in accordance with the terms of the Creative 
Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for commercial use, 
provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The figure includes minor additions and 
formatting changes to the original text.

TABLE 9 Number of participants who developed MBDD within 5 years of diagnosis, stratified by prespecified blood and stool predictors

Prespecified blood and stool predictors

MBDD negative MBDD positive Total

N = 113 N = 81 N = 194

CRP level (mg/l) n (%) 87 (77) 75 (93) 162 (84)

Median (IQR) 12 (4–39) 16 (6–56) 14 (6–46)

WBC count (109/l) n (%) 82 (73) 70 (86) 152 (78)

Median (IQR) 9 (8–12) 9 (7–12) 9 (8–12)

FC level (μg/g) n (%) 43 (38) 30 (37) 73 (38)

Median (IQR) 527 (108–600) 521 (196–600) 527 (132–600)

Haemoglobin level (g/l) n (%) 86 (76) 70 (86) 156 (80)

Mean (SD) 126 (18) 125 (18) 126 (18)

Platelet count (109/l) n (%) 78 (69) 69 (85) 147 (76)

Mean (SD) 380 (127) 380 (127) 380 (127)

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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The multivariable models (models B, A1, A2, A3 and B1) are shown in Appendix 1, Tables 21–25. The corresponding 
receiver operating characteristic (ROC) curves are shown in Appendix 2, Figure 8.

Modified Beaugerie disabling disease event-free Kaplan–Meier for clinical risk groups

The predictive performance of all the models was assessed using the two a priori defined clinical risk groups and shown 
in Figure 5. For RD1, the high-risk group included the top 40% of participants with the greatest predicted risk from the 
model. For RD2, the high-risk group included participants with an absolute risk ≥ 10%.

Tables 13 and 14 show the sensitivity and specificity of each model for identifying patients in each of the two 
predefined risk groups.

Overall, there was no statistically significant difference in sensitivity or specificity between model B and each of the 
other models for patient risk group 1 (see Table 13). For patient risk group 2, models A1, A3 and B1 had significantly 

TABLE 11 Modified Beaugerie disabling disease event-free time, stratified by prespecified clinical predictors

Prespecified clinical predictors MBDD positive MBDD event-free time (years)

Age category (years) < 40 62 0.77 (0.42–2.75)

≥ 40 19 0.93 (0.39–2.82)

Sex Male 39 1.25 (0.41–3.02)

Female 42 0.68 (0.43–2.11)

Smoking status Non-smoker 49 0.93 (0.39–2.69)

Smoker 25 0.63 (0.49–3.41)

Weight loss ≥ 5 kg prior to diagnosis Absent 51 0.62 (0.41–2.75)

Present 18 1.75 (0.37–3.02)

Initial need for steroid therapy Absent 43 1.25 (0.52–2.75)

Present 38 0.50 (0.35–2.82)

Developed MBDD ≤ 90 days from diagnosis Absent 69 1.24 (0.46–2.85)

Present 12 0.51 (0.29–1.21)

Perianal disease Absent 70 0.88 (0.39–2.55)

Present 11 0.62 (0.46–3.92)

Severe endoscopic disease Absent 56 0.73 (0.41–2.80)

Present 20 0.88 (0.44–2.02)

Disease behaviour B1 50 1.03 (0.44–2.85)

B2 17 1.44 (0.47–2.69)

B3 14 0.47 (0.36–1.77)

Location of disease behaviour Ileocolonic 42 0.68 (0.43–2.92)

Ileal/upper tract 28 1.51 (0.40–2.33)

Colonic 11 0.62 (0.39–3.18)

Note
Data are median (IQR).
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TABLE 12 Univariable HR of prespecified predictors for predicting development of MBDD within 5 years of diagnosis, using observed and 
imputed data

Prespecified predictors

Observed data Imputed data

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

≥ 40 years of age 194 0.71 (0.42 to 1.18) 0.185

Female 194 1.01 (0.65 to 1.57) 0.954

Smoker 181 1.51 (0.94 to 2.45) 0.092 194 1.52 (0.95 to 2.44) 0.082

Weight loss ≥ 5 kg prior to diagnosis 171 0.89 (0.52 to 1.52) 0.659 194 0.83 (0.48 to 1.43) 0.509

Initial need for steroid therapy 194 2.11 (1.36 to 3.26) 0.001

Developed MBDD ≤ 90 days from diagnosis 194 1.38 (0.75 to 2.54) 0.305

Perianal disease 193 1.15 (0.61 to 2.16) 0.674 194 1.15 (0.61 to 2.18) 0.664

Severe endoscopic disease 181 1.00 (0.60 to 1.66) 0.995 194 1.04 (0.62 to 1.75) 0.869

Disease behaviour B1 194 – –

B2 1.38 (0.80 to 2.40) 0.247

B3 1.39 (0.77 to 2.51) 0.281
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FIGURE 4 Scatter plots of years from diagnosis to developing MBDD, stratified by the prespecified clinical predictors. Markers represent 
patients who developed MBDD, and orange boxes represent median and IQR.
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lower specificity than model B (see Table 14). There was no benefit identified by including the MRE scores (MEGS, 
sMARIA, LI) or blood or stool parameters, demonstrating that inclusion of these measurements does not improve the 
prediction of disabling disease.

Model performance in a hypothetical 1000 participants

The performance of the various models in a hypothetical cohort of 1000 patients for RD1 (top 40% of patients with the 
greatest predicted risk of developing disabling disease) is shown in Table 15. For example, for model B, we would predict 
402 to have an event within 5 years of diagnosis, of whom we would correctly predict 217, and falsely predict 185.

The performance of the various models in a hypothetical cohort of 1000 patients for RD2 (patients with an absolute 
risk of developing disabling disease of ≥ 10%) is shown in Table 15.

In Table 16, we present the participants who started biologic therapy within 180 days of their diagnosis of CD. There 
was no evidence that early biologics were preventative of MBDD.

Net benefit

An illustration of the net benefit of each model is shown in Figures 6 and 7.

For example, permitting one true positive (TP) to five false positives (FPs) means that to correctly identify one 
participant developing disabling disease, no more than five participants should be identified incorrectly (i.e. risking 
unnecessary top-down therapy). For this ratio to be clinically acceptable, the harm of delaying top-down therapy 

Prespecified predictors

Observed data Imputed data

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

Location of disease 
behaviour

Ileocolonic 194 – –

Ileal/upper tract 0.89 (0.55 to 1.43) 0.619

Colonic 0.75 (0.39 to 1.45) 0.392

Normalised global MEGS (%) 194 1.01 (0.99 to 1.02) 0.366

Normalised global sMARIA (%) 194 1.00 (0.98 to 1.01) 0.544

Normalised LI (%) 194 1.00 (0.99 to 1.01) 0.888

CRP level (mg/l) 166 1.00 (1.00 to 1.01) 0.344 194 1.00 (1.00 to 1.01) 0.348

WBC count (109/l) 156 – – 194 1.01 (0.94 to 1.07) 0.877

FC level (μg/g) 75 1.00 (1.00 to 1.00) 0.892 194 1.00 (1.00 to 1.00) 0.719

Haemoglobin level (g/l) 160 1.00 (0.98 to 1.01) 0.674 194 1.00 (0.98 to 1.01) 0.680

Platelet count (109/l) 151 – – 194 1.00 (1.00 to 1.00) 0.762

Note
Scores were normalised to enable comparison of the scores on a standardised scale.
Source
Reproduced with permission from Taylor et al.48 This is an Open Access article distributed in accordance with the terms of the Creative 
Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for commercial use, 
provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table includes minor additions and 
formatting changes to the original text.

TABLE 12 Univariable HR of prespecified predictors for predicting development of MBDD within 5 years of diagnosis, using observed and 
imputed data (continued)

https://creativecommons.org/licenses/by/4.0/
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FIGURE 5 Kaplan–Meier plots of the percentage of MBDD negative participants in low-risk and high-risk groups over years from diagnosis, 
stratified by RD. (a) Model B and RD1; (b) Model B and RD2; (c) Model A1 and RD1; (d) Model A1 and RD2; (e) Model A2 and RD1; (f) Model 
A2 and RD2; (g) Model A3 and RD1; (h) Model A3 and RD2; (i) Model B1 and RD1; (j) Model B1 and RD2. Blue lines represent the low-risk 
group and red lines represent the high-risk group. Data are n.
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TABLE 13 Sensitivity and specificity of prognostic models, stratified by RD

Prognostic 
model RD Risk group

Percentage MBDD 
negative (95% CI)

MBDD 
negative

MBDD 
positive

Sensitivity (95% 
CI)

Specificity (95% 
CI)N = 113 N = 81

B 1 Low 65 (55 to 73) 75 41 49 (39 to 60) 66 (57 to 74)

High 49 (38 to 60) 38 40

2 Low 79 (65 to 88) 40 11 86 (77 to 92) 35 (27 to 45)

High 51 (43 to 59) 73 70

A1 1 Low 66 (56 to 74) 76 40 51 (40 to 61) 67 (58 to 75)

High 48 (36 to 58) 37 41

2 Low 83 (67 to 91) 33 7 91 (83 to 96) 29 (22 to 38)

High 52 (44 to 60) 80 74

A2 1 Low 67 (57 to 74) 77 39 52 (41 to 62) 68 (59 to 76)

High 47 (35 to 57) 36 42

2 Low 82 (66 to 91) 31 7 91 (83 to 96) 27 (20 to 36)

High 53 (45 to 60) 82 74

A3 1 Low 66 (57 to 74) 77 40 51 (40 to 61) 68 (59 to 76)

High 47 (36 to 58) 36 41

2 Low 83 (67 to 91) 33 7 91 (83 to 96) 29 (22 to 38)

High 52 (44 to 60) 80 74

B1 1 Low 68 (58 to 75) 79 38 53 (42 to 64) 70 (61 to 78)

High 45 (33 to 55) 34 43

2 Low 84 (69 to 92) 36 7 91 (83 to 96) 32 (24 to 41)

High 51 (43 to 59) 77 74

TABLE 14 Difference in sensitivity and specificity of prognostic models using Model B as the reference, stratified by RD

Prognostic 
model RD

Sensitivity (95% 
CI)

Sensitivity difference 
(95% CI) p-value

Specificity (95% 
CI)

Specificity difference 
(95% CI) p-value

B 1 49 (39 to 60) – – 66 (57 to 74) – –

A1 51 (40 to 61) −1.2 (−4.9 to 2.4) > 0.999 67 (58 to 75) 0.9 (−1.7 to 3.5) > 0.999

A2 52 (41 to 62) −2.5 (−9.6 to 4.7) 0.688 68 (59 to 76) 1.8 (−4.0 to 7.5) 0.727

A3 51 (40 to 61) −1.2 (−6.7 to 4.2) > 0.999 68 (59 to 76) 1.8 (−1.5 to 5.1) 0.500

B1 53 (42 to 64) −3.7 (−10.3 to 2.9) 0.375 70 (61 to 78) 3.5 (−2.2 to 9.3) 0.289

B 2 86 (77 to 92) – – 35 (27 to 45) – –

A1 91 (83 to 96) −4.9 (−10.9 to 1.0) 0.125 29 (22 to 38) −6.2 (−11.5 to −0.9) 0.016

A2 91 (83 to 96) −4.9 (−12.0 to 2.1) 0.219 27 (20 to 36) −8.0 (−16.3 to 0.3) 0.064

A3 91 (83 to 96) −4.9 (−10.9 to 1.0) 0.125 29 (22 to 38) −6.2 (−12.2 to −0.2) 0.039

B1 91 (83 to 96) −4.9 (−12.0 to 2.1) 0.219 32 (24 to 41) −3.5 (−9.3 to 2.2) 0.289
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for someone destined to develop disabling disease is five times greater than that of commencing unnecessary top-
down therapy. In this example, the ‘weight’ of preventing one patient developing disabling disease is five times more 
important than administering top-down therapy to a patient who will not develop disabling disease.

A net benefit of 18% means that the model would lead to starting biologics in 180 participants per 1000 at risk, with all 
biologics truly preventing events (see Figures 6 and 7).

The net benefit of prognostic models for predicting development of MBDD within 5 years of diagnosis, using ratios of 
TP to FP predictions is provided in Appendix 3, Table 26.

TABLE 15 Number of participants correctly predicted to develop MBDD within 5 years of diagnosis in a hypothetical sample of 1000 
participants, stratified by RD

Prognostic 
model RD

High-risk and MBDD 
positive (TP)

High-risk and MBDD 
negative (FP)

Low-risk and MBDD positive 
(false-negative)

Low-risk and MBDD 
negative (true-negative)

B 1 206 212 196 386

A1 212 206 191 391

A2 217 201 185 397

A3 212 206 185 397

B1 222 196 175 407

B 2 361 57 376 206

A1 382 36 412 170

A2 382 36 422 160

A3 382 36 412 170

B1 382 36 397 185

TABLE 16 Number of participants who started biologic therapy < 180 days from diagnosis and developed MBDD ≥ 90 days later, stratified 
by maximum segmental sMARIA score

Maximum segmental sMARIA Global sMARIA

Total< 1 ≥ 1 < 2 ≥ 2 < 6 ≥ 6

N = 19 N = 139 N = 31 N = 127 N = 98 N = 60 N = 158

Did not start biologic therapy and developed 
MBDD

4 (21) 19 (14) 5 (16) 18 (14) 17 (17) 6 (10) 23 (15)

Did not start biologic therapy and did not develop 
MBDD

12 (63) 51 (37) 22 (71) 41 (32) 40 (41) 23 (38) 63 (40)

Started biologic therapy < 180 days from 
diagnosis and developed MBDD ≥ 90 days later

1 (5) 15 (11) 1 (3) 15 (12) 10 (10) 6 (10) 16 (10)

Started biologic therapy < 180 days from 
diagnosis and did not develop MBDD

0 (0) 23 (17) 1 (3) 22 (17) 12 (12) 11 (18) 23 (15)

Started biologic therapy ≥ 180 days from 
diagnosis and developed MBDD ≥ 90 days later

0 (0) 6 (4) 0 (0) 6 (5) 5 (5) 1 (2) 6 (4)

Started biologic therapy ≥ 180 days from 
diagnosis and did not develop MBDD

2 (11) 25 (18) 2 (6) 25 (20) 14 (14) 13 (22) 27 (17)
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FIGURE 6 Net benefit of prognostic models to predict the development of MBDD within 5 years of diagnosis. a) RD1 (risk definition group 1-top 40% of participants with the greater risk 
of MBDD); b) RD2 (risk definition group 2-participants with an absolute risk of MBDD ≥10%).
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For secondary outcome 2, we had planned to use PCA to determine the optimal combination of individual MRE features 
(see Appendix 4, Table 27). These features would be used in conjunction with predefined clinical variables (Model B) 
to predict disabling CD. The MRE features selected (n = 20) were those used in the calculation of the sMARIA, MEGS 
and LI.

We computed scores for principal components (PCs) and found that the first six PCs accounted for approximately 70% 
of the total variance. We intended to include these PCs along with the clinical variables in a flexible parametric survival 
model. However, upon incorporating the PCs, the model failed to converge due to significant collinearity issues with 
the clinical variables. Consequently, we were unable to explore the predictive ability of individual MRE features using 
this approach.

Additionally, we performed PCA on a prespecified list of MRE features (n = 11) selected as of clinical interest by the 
study radiologists, and computed four PCs that accounted for more than 70% of the total variance. We present the 
scree plot (see Appendix 5, Figure 9) and loading table (see Appendix 8, Table 31). As with the full list of MRE features, the 
inclusion of these four PCs to the clinical variables led to collinearity problems, hindering the convergence of the model 
(see Appendix 6, Figures 10 and 11, Tables 28 and 29, Appendix 7, Table 30, Appendix 8, Table 31, Appendix 9, Table 32).
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FIGURE 7 Net benefit of the various models according to the ratio of TP to FPs RD2 (patients with an absolute risk of developing disabling 
disease of ≥ 10%).
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Chapter 5 Average per-patient costs incurred within 
5 years of a new Crohn’s disease diagnosis and 
baseline characteristics associated with higher costs

T 
he secondary outcomes addressed in this chapter are:

Secondary outcome 3:

Average per-patient national healthcare cumulative costs incurred within 5 years of newly diagnosed CD.

Secondary outcome 4:

Patient, disease phenotype and imaging characteristics associated with higher health economic costs, within 
5 years of diagnosis.

Methods

Overview of cost evaluation
All costs are calculated from an NHS perspective, specifically, including data on hospital resource use.

We estimated the healthcare costs incurred within 5 years of a new diagnosis of CD and investigated patient, imaging, 
treatment and other factors that drive these costs. We collected NHS hospital resource use data for all patients 
over the 5-year follow-up period and applied unit costs to these data to calculate average (mean and median) 5-year 
costs per patient. We used regression analysis to identify the patient, imaging and disease characteristics driving 
higher NHS costs. This provides valuable information regarding the costs of CD and the factors associated with these 
costs, which are data that are scarce currently for the NHS setting, particularly in an era where biologic therapy is 
administered earlier in the disease course. Mean costs per patient were also multiplied by the estimated number of UK 
patients, stratifying by presence or absence of disabling disease within 5 years, to estimate the UK cost of illness (COI) 
following diagnosis.

Cost analysis took a UK NHS and Personal Social Services perspective.68 Costs were calculated in 2020–1 Great 
British pounds (£) and the time horizon was 5 years. Discounting was not applied to costs or outcomes, as this is a 
retrospective costing analysis and not a decision analytic model. Hence, no consideration of preferences for present 
benefits over future benefits is required.

Baseline patient, imaging, treatment and other factors
The baseline factors considered in the regression analyses are those from the primary modelling analysis (see Chapter 2) 
and include the nine prespecified clinical factors at diagnosis (unless otherwise specified): age, smoking status, presence 
of stricturing, penetrating disease or perianal disease, initial need for steroid therapy, sex, weight loss of at least 5 kg 
prior to diagnosis, severe endoscopic disease and location of disease. Other factors include the MRE imaging scores (LI, 
MEGS and sMARIA, each standardised to a 0–100 scale) and the development or not of severe/disabling disease within 
5 years, using the modified Beaugerie criteria.

Cost components
Resource use data were obtained on the following cost components for every patient in the study:

1.	 Medications the patient received in secondary care for CD (name, dose, frequency, start date and either confirma-
tion that the drug was ongoing at the follow-up date or the end date or the duration for which the drug was taken).

2.	 Imaging and endoscopic assessments related to CD, to include numbers of tests and dates of examination at diag-
nosis and during the follow-up period (e.g. colonoscopy, flexible sigmoidoscopy, and so on.).
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3.	 Surgical treatments related to CD (procedure, whether day case or not, whether elective, date of procedure and 
date of discharge, and total length of stay).

4.	 Total number of outpatient visits and non-surgical day case visits related to CD over the follow-up period. Some 
patients had longer follow-up periods than 5 years (up to 12 years), but since we did not capture dates for these 
outpatient and day case visits, we instead included a pro rata proportion of the total number of visits to cover the 
5-year period using the equation: number of visits over 5 years = number of visits over X years * 5/X, assuming a 
uniform distribution of events in accordance with discussions with clinical colleagues.

5.	 Inpatient stays related to CD, excluding those related to surgery recorded in item 3 above (reason for stay, special-
ty, dates admitted and discharged, and total length of stay).

Uniform distribution of outpatient and non-surgical day case visits
Regarding assumption 4, it was felt by the clinicians that some patients could have more appointments earlier on in their 
disease course and then fewer once their disease had stabilised. Conversely, other patients may have had stable CD 
to begin with but then subsequently have more complex disease requiring more healthcare resource input. Indeed, 
other patients could fall between these two extremes and have a fairly uniform distribution of appointments across 
their post-diagnosis period. After discussion with clinical members of the trial group, it was agreed that on average the 
distribution of Outpatient and day case events would be more or less uniform and there was no clear evidence towards 
these events being more frequent either early or late within the 5-year period to provide meaningful input parameters 
for sensitivity analysis. Any impact of modifying these relatively low-cost appointments would in any case have been 
minimal, as they accounted for only around 16% of the total cost.

Unit costs
The CRF requested information on specific scans and other assessments for imaging and endoscopy assessments. The 
NHS Reference Costs include costs for these assessments on various tabs (including Outpatient Procedures, Imaging, 
Nuclear Medicine), and unit costs were assigned on the basis of discussions with clinical colleagues according to what 
was the most relevant setting in this patient group in order to allow more accurate and appropriate costs.

Unit costs (Table 17) for imaging and endoscopic assessments were taken from the Outpatient Procedures tab 
(colonoscopy (FE32Z), endoscopy (FE50A), gastroscopy (FE22Z), sigmoidoscopy (FE35Z)), the Imaging tab (dexa scan 
(RD50Z), fluoroscopy (RD32Z), magnetic resonance cholangiopancreatography [(MRCP) RD01A], MRI (RD05Z), MRI 
enteroclysis (RD05Z + RD30Z), US (RD40Z), X-ray (PF), CT scans (RD24Z), barium follow-through (RD32Z) and contrast 
enema (RD30Z)), and the Nuclear Medicine tab [positron emission tomography (PET), RN07A] and PET-CT scans 
(RN01A)) of the 2020–1 NHS Reference Costs.69

Unit costs for outpatient visits (£168.02) used weighted means from General Surgery, General Medicine, Gastroenterology 
and Dietetics from the Total Outpatient Attendances tab. Unit costs for non-surgical day case visits (£632.98) used 
weighted means from the Day Case tab for Non-Malignant GI Tract Disorders (FD10D/F/G/H/J/K/L/M).

Unit costs for inpatient stays where accident and emergency (A&E) attendance was reported were costed as ‘A&E not 
admitted’ if length of stay was zero days, as ‘A&E admitted plus non-elective short stay’ if length of stay was more than 
zero days, and as ‘Emergency Medicine, Category 1 Investigation with Category 1–2 Treatment’ in either case. Unit 
costs for planned inpatient stays of shorter than 3 days were costed as the weighted mean of ‘Day Case, IBD without 
interventions’ if the specialty was indicated as General Medicine or Gastroenterology, and as the same but with a single 
intervention if the specialty was indicated as Surgery. Unit costs for planned inpatient stays of 3 days or longer were 
costed as the weighted mean of ‘Elective Inpatient, IBD without interventions’ if the specialty was indicated as General 
Medicine or Gastroenterology, and as the same but with a single intervention if the specialty was indicated as Surgery. 
Trim points and excess bed day costs from the 2023–4 NHS Reference Costs were included to allow additional cost for 
the longer stays (Table 18).

Unit costs for surgeries were costed as ‘day case, elective’ or ‘Non-elective short’ (length of stay < 3 days) or ‘non-
elective long stay’ (NEL) (more than 3 days), according to those variables (see Table 18) using similar methods as those 
described above for inpatient stays.
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TABLE 17 Unit costs for imaging and outpatient procedures from NHS Reference Costs 2020–1

Imaging and outpatient procedures Unit costs (£)

X-ray 57.78

US 106.26

DEXA scan 131.18

CT scan 152.64

Contrast enema 187.52

Endoscopy 189.37

MRCP 211.24

MRI 245.37

Fluoroscopy 336.59

Barium follow-through 336.59

Colonoscopy 345.55

MRI enteroclysis 432.89

Sigmoidoscopy 499.32

Gastroscopy 615.22

PET scan 697.61

PET-CT scan 1127.81

TABLE 18 Unit costs for inpatient stays and surgeries from NHS Reference Costs 2020–1

NHS Reference Cost category and 
assumptions Unit cost (£) Specialty according to study data Which page on CRF

AE not admitted 124.00 A&E Page 8

AE admitted + NES IBD weighted mean no 
interventions

867.30 A&E plus NES stay Page 8

DC IBD weighted mean no interventions 388.94 General medicine/gastroenterology Page 8

DC IBD weighted mean single intervention 2493.69 Surgery Page 6 and 8

EL IBD weighted mean no interventions (trim 
point 5 days, excess bed-day cost £298)

1780.48 General medicine/gastroenterology/
haematology

Page 8

EL IBD weighted mean single intervention (trim 
point 17 days, excess bed-day cost £298)

6025.45 Surgery Page 6 and 8

NES IBD weighted mean single intervention 741.30 Surgery Page 6

NEL IBD weighted mean single intervention 
(trim point 17 days, excess bed-day cost £298)

4991.87 Surgery Page 6

AE, A&E tab; DC, Day Case tab; EL, elective inpatient stay tab; NES, non-elective short stay tab.
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Unit costs were multiplied by resource use collected in the trial. For CD medication costs, we used the cheapest 
available Drug Tariff cost listed in the online British National Formulary unless a specific brand name was specified, in 
which case that brand was costed. If drug tariff prices were not available and a brand name was not specified, we used 
the lowest available NHS Indicative Price instead. Costs of whole packets were used. There were very little missing data, 
which were left as missing unless there was an obvious suggestion in another free text variable regarding reasonable or 
commonly indicated doses or routes of administration to be imputed.

Patient-level data capture and time horizon
No directly identifiable patient information was used for this analysis.

Data were included for costing from the date of diagnosis and for the following 5 years. Patients with shorter than 
5 years of follow-up were omitted. Patients with longer than 5 years of follow-up had their resource use data truncated 
at the 5-year point. Information from before the diagnosis date was also removed.

Medications and other treatments, procedures and inpatient stays that began before the date of diagnosis were 
truncated at the date of diagnosis (i.e. exclude earlier period), and those that continued after the 5-year date were also 
truncated (i.e. exclude later period).

Regression analysis

Regression analysis methods were used to investigate patient, disease phenotype and imaging characteristics 
associated with higher health economic costs within 5 years of diagnosis. Unadjusted 5-year costs were calculated 
separately according to the presence versus absence of severe/disabling CD, treatments received and patient 
demographic characteristics.

Multivariable regression was used to identify factors (CD status, MRE parameters, treatments received, patient 
characteristics) associated with higher costs, in accordance with the choice of variables from the risk model.

To account for skewed cost data, a generalised linear model with gamma family and log-link was used, experimenting 
with other distributional assumptions (log-normal, Gaussian, inverse Gaussian and negative binomial distributions), 
and the best fit was selected as judged by residual plots and the Akaike information criterion (AIC). The BIC was also 
examined to assess agreement between AIC and BIC regarding the best-fit model and the most statistically important 
cost drivers, although the BIC can have a tendency to under-fit.

Calculating the cost of illness in recently diagnosed patients

Mean costs per patient were multiplied by the estimated number of patients in the UK with CD, stratifying by presence 
or absence of disabling disease according to the proportions of these two groups calculated during our analysis, to 
estimate the COI for the 5 years following diagnosis in the UK. COI studies can be based on prevalence or incidence, 
depending on the research question and data availability. Prevalence-based approaches allow calculation of costs 
over a fixed period of time, for example, 5 years, according to the number of people in the region or country known to 
currently be suffering from the disease. Incidence-based approaches instead aim to calculate lifetime costs for patients, 
using yearly incidence rates to provide numbers of new patients joining the population of interest each year.70 In the 
context of this analysis, we have calculated the 5-year prevalence-based COI, and focus on those patients who are 
within the first 5 years of their diagnosis.

Results

Resource use and costs covering 5 years from diagnosis
Table 19 shows unadjusted mean (standard deviation) and median (IQR) total per-patient costs of health care for the 
categories of costs as collected in the study CRF. Mean (SD) total costs per patient were £24,267 (£33,108) for the 



DOI: 10.3310/THSN9956� Health Technology Assessment 2026 Vol. 30 No. 18

31Copyright © 2026 Kumar et al. This work was produced by Kumar et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an Open  
Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any 
medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source – NIHR 
Journals Library, and the DOI of the publication must be cited.

TABLE 19 Mean (SD) unadjusted and median (IQR) CD management costs for newly diagnosed patients, total costs per patient for the 5 
years from diagnosis

n (%) Mean SD Median IQR – lower IQR – upper

All patients at 5 years

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 146 (75) 21,592 25,741 8988 913 37,844

Drug costs – biologics 87 (45) 34,051 25,568 32,961 13,271 41,553

Drug costs – non biologics 143 (74) 1328 1905 562 225 1794

Inpatient stays 62 (32) 9288 27,765 4500 2078 7481

Surgeries 41 (21) 8999 10,238 6025 4992 8227

Non-surgical day cases 30 (15) 1860 3487 643 482 1130

Outpatient visits 150 (77) 2124 941 1997 1516 2666

Imaging 151 (78) 1564 1063 1427 736 2116

Total costs 194 (100) 24,267 33,108 10,136 1856 41,092

Patients with disabling disease at 5 years (modified Beaugerie)

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 57 (70) 25,429 23,718 20,220 3323 38,007

Drug costs – biologics 43 (53) 31,566 22,657 32,093 12,677 40,842

Drug costs – non biologics 56 (69) 1645 2438 773 280 2028

Inpatient stays 43 (53) 10,994 33,138 4553 2078 7481

Surgeries 25 (31) 8896 9919 6025 6025 8227

Non-surgical day cases 9 (11) 950 695 581 547 1382

Outpatient visits 58 (72) 2490 918 2451 1886 2891

Imaging 59 (73) 1919 1112 1646 1095 2402

Total costs 81 (100) 29,763 38,278 17,352 .0 45,969

Patients without disabling disease at 5 years (modified Beaugerie)

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 89 (79) 19,135 26,798 3620 555 33,307

Drug costs – biologics 44 (39) 36,480 28,175 33,640 19,015 42,728

Drug costs – not biologics 87 (77) 1125 1444 453 176 1292

Inpatient stays 19 (17) 5427 5236 2922 2078 7813

Surgeries 16 (14) 9160 11,046 6025 4992 8521

Non-surgical day cases 21 (19) 2250 4112 684 468 886

Outpatient visits 92 (81) 1893 884 1693 1209 2262

Imaging 92 (81) 1336 971 1118 571 1847

Total costs 113 (100) 20,327 28,368 7293 2495 30,976

Note
Costs are in 2020–1 Great British pounds (£).
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whole group. When split according to whether they had developed severe/disabling disease by 5 years, according to 
the modified Beaugerie criteria, costs were £29,763 (SD £38,278) for those with disabling disease and £20,327 (SD 
£28,368) for those without, over the 5-year period.

When considering descriptive statistics of cost breakdowns (note, formal statistical comparisons were not made of 
the breakdowns), the largest cost contributor was biologics, which manifested as a greater proportion of patients 
receiving these more expensive therapies: 43/81 (53%) of those patients developing disabling disease within 5 years 
received biologics, compared with 44/113 (39%) of patients who did not develop disabling disease. This led to a higher 
mean drug cost in the disabling disease group. Another difference was inpatient stays: a greater proportion of patients 
developing severe/disabling disease had these (53% vs. 17%), resulting in a higher mean cost per patient (£10,994 vs. 
£5427). Of note, however, hospitalisation is part of the calculation of the modified Beaugerie criteria so will likely have 
influenced this observation. Similarly, patients who developed disabling disease underwent more surgeries than those 
who did not (31% vs. 14%). Numbers of non-surgical day case visits, outpatient visits and imaging events appeared 
slightly lower in the group without disabling disease, but the differences were small.

Appendix 10, Table 33 shows unadjusted mean (SD) 5-year costs calculated separately for the nine clinical categories 
specified above, and for presence versus absence of severe/disabling CD (modified Beaugerie criteria).

Regression analysis
Results of separate unadjusted regressions using each of the variables listed above are given in Table 20. According 
to these unadjusted models, the following factors were associated with driving higher costs over the first 5 years 
from diagnosis: age under 40 years at diagnosis; perianal disease at diagnosis; severe (ileocolonic) endoscopic disease 
at diagnosis.

TABLE 20 Separate unadjusted regressions using the preselected covariates as independent variables associated with 5-year total costs

n Mean SD p-value 95% CI

sMARIA (continuous)

Raw 194 0.035 0.023 0.125 −0.010 to 0.079

Standardised 194 0.010 0.006 0.125 −0.003 to 0.022

LI (continuous)

Raw 194 0.030 0.041 0.454 −0.049 to 0.110

Standardised 194 0.005 0.007 0.454 −0.008 to 0.018

MEGS (continuous)

Raw 194 0.006 0.005 0.204 −0.003 to 0.016

Standardised 194 0.009 0.007 0.204 −0.005 to 0.023

Beaugerie – no disabling disease at 5 years

Beaugerie – yes disabling disease at 5 years 194 0.381 0.197 0.053 −0.005 to 0.767

Age – under 40 years at diagnosis

Age – over 40 years at diagnosis 194 −0.566 0.214 0.008* −0.986 to −0.146

Sex – male

Sex – female 194 0.272 0.194 0.160 −0.107 to 0.652

Smoking status – not smoker at diagnosis

Smoking status – smoker at diagnosis 177 0.210 0.212 0.320 −0.204 to 0.625
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The best-fit regression according to the AIC and residual plot for modelling the total 5-year healthcare costs in this 
patient group included the modified Beaugerie criteria for severe/disabling disease within 5 years (yes or no), age at 
diagnosis (split into two categories: above or below 40 years of age), sex (male or female), smoker at diagnosis (yes or 
no), recent weight loss prior to diagnosis (< 5 kg or >= 5 kg), behaviour of disease at diagnosis (stricturing, penetrating or 
neither), presence of perianal disease at diagnosis, severe endoscopic disease at diagnosis, disease location at diagnosis 
(ileocolonic, ileal, colonic or upper digestive tract), and need for initial steroid therapy as well as two of the three MRE 
indices (LI and sMARIA). Removal of the MEGS improved the fit. The model used gamma family with log-link. The 
coefficients and other details for this model are given in Appendix 10, Table 34.

A second model with fewer covariates gave the best fit according to the BIC, although use of this summary value can 
be associated with under-fitting, and indeed the residuals plot was less good with this model. However, we note it here 
as it corroborates the statistically significant covariates identified in the best-fit regression model (see Appendix 10, 
Table 35).

Prevalence-based cost-of-illness calculation
The prevalence of CD is 106 per million people in the UK.71 The Office for National Statistics population estimates the 
UK population at mid-year 2021 to be 67.0 million.

Cost of illness for those developing disabling disease within 5 years:
Our analysis suggests 41.75% of newly diagnosed patients develop disabling disease by 5 years. Using the prevalence 
estimate of 106 per million patients, this equates to 106/100 * 41.75 = 44.26 people per million developing disabling 
disease within 5 years. This corresponds to 44.26 * 67.0 = 2965.1 people in total for the UK. The mean (SD) 5-year 
cost for those who have developed disabling disease is £29,763 (£38,278). So, over a 5-year period, the cost would be 
£29,763 * 2965.1 = £88,250,271, using the assumptions listed above.

n Mean SD p-value 95% CI

 Weight loss – no

Weight loss – recent weight loss at diagnosis 168 0.248 0.216 0.249 −0.174 to 0.671

Disease behaviour – not stricturing or penetrating

Disease behaviour – stricturing 194 0.417 0.272 0.125 −0.115 to 0.950

Disease behaviour – penetrating 194 0.425 0.286 0.137 −0.135 to 0.985

Perianal disease – absent

Perianal disease – present 193 0.698 0.313 0.026* 0.085 to 1.310

Severe endoscopic disease – absent

Severe endoscopic disease – present 177 0.510 0.240 0.034* 0.039 to 0.981

Location of endoscopic disease – ileocolonic

Location of endoscopic disease – ileal 194 −0.674 0.207 0.001* −1.079 to −0.269

Location of endoscopic disease – colonic 194 −0.346 0.265 0.192 −0.867 to 0.174

Location of endoscopic disease – upper 194 −0.489 0.654 0.454 −1.771 to 0.793

Need for steroid therapy – no

Need for steroid therapy – yes 194 0.371 0.193 0.054 −0.007 to 0.749

*statistically significant.

TABLE 20 Separate unadjusted regressions using the preselected covariates as independent variables associated with 5-year total 
costs (continued)
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Cost of illness for those not developing disabling disease within 5 years
Our analysis suggests 58.25% of newly diagnosed patients do not develop disabling disease within 5 years of diagnosis. 
Using the CD prevalence estimate of 106 per million people, this means that 106/100 * 58.25 = 61.75 * 58.25 = 61.75 
people per million are CD patients who have not developed disabling disease within 5 years. This corresponds to 
61.75 * 67.0 = 4137 people in total for the UK. The mean (SD) 5-year cost for those who have not developed severe/
disabling disease is £20,327 (£28,368). Over a 5-year period, the total cost would therefore be £20,327 * 4137 = 
£84,090,766, when using the assumptions listed above.

It is important to note that performing a COI study does not provide information regarding whether resources are well 
spent. COI estimates are intended to illustrate which baseline patient and disease characteristics lead to higher costs 
as a marker for greater care needs. Future work could include this cost information in a health economic analysis that 
incorporates clinical outcomes and makes comparisons between different patient pathways.72
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Chapter 6 Discussion

Main trial

Cross-sectional imaging, especially MRE, plays a pivotal role in assessing CD, including at the time of initial diagnosis, 
and is advocated by international guidelines.3,73,74 This makes MRE a particularly attractive proposition as a prognostic 
tool, that is to predict which newly diagnosed CD patients are destined to develop subsequent severe/disabling disease. 
If accurate, this would facilitate timely biological therapy in these patients while avoiding unnecessary administration to 
others, mitigating potential side effects and definite costs. Notwithstanding, few studies have evaluated cross-sectional 
imaging as a prognostic tool.43 Accordingly, the present trial exploited METRIC participants by extending follow-up to 
a minimum of 4 years for the newly diagnosed cohort, as well as identifying a matched retrospective group of patients 
who were also newly diagnosed with CD to increase our sample size.1,35,49

A priori, we hypothesised that either active inflammation or established bowel damage on baseline MRE, as measured 
by sMARIA, MEGS or the LI, would help prognosticate disabling CD as part of a multivariable model that also 
incorporated standard clinical predictors. However, we found that no MRE scoring system predicted disabling disease 
when added to the standard baseline model. In univariable analysis, initial requirement for steroid therapy was the only 
clinical predictor for the subsequent disabling CD that was statistically significant.

The sMARIA quantifies CD activity, disease severity, and treatment response, and has been externally validated against 
a range of reference standards.36,38,56,75,76 It has excellent performance characteristics compared with endoscopy, 
although its specificity is lower when compared to histological reference standards.38 The MEGS comprises both 
imaging markers of active inflammatory disease and established bowel damage, and has also been tested extensively 
against multiple reference standards.52–54,77 The LI differs from both the sMARIA and MEGS by providing an assessment 
of structural bowel damage exclusively and omits the extent of disease activity and mucosal inflammation.58 MRE 
identifies abnormalities that persist in intestinal segments even after endoscopic remission of CD has occurred, implying 
that intestinal damage is established.78 Such MRE findings include persistent mural thickening, mural fat deposition, 
creeping fat, and strictures. The relevance of these findings, especially in the context of future disease outcomes, 
remains unclear. Our findings imply that neither active inflammation nor bowel damage measured by sMARIA, MEGS 
and LI from MRE parameters predict disabling CD as defined by the modified Beaugerie criteria.

That we did not find an association between MRE and subsequent development of disabling disease may reflect 
inherent limitations of the definition we used to define disabling disease, rather than a lack of predictive capability. 
There is no universally accepted disease severity classification or validated definition for severe CD, with substantial 
literature heterogeneity. Clarification represents a major clinical and research need.6 Therefore, we were obliged to 
employ a range of definitions for the end point of disabling disease. We adopted a modified version of the relatively 
inclusive Beaugerie description,25 removing the variable of commencing biologic therapy as a definition for disabling 
disease, a decision that we took a priori after much consideration. Our rationale for this modification was that a ‘top-
down’ approach with early, aggressive treatment to minimise disease progression is being increasingly used and likely 
to increasingly become the standard of care following the results of the PROFILE trial; thus being prescribed biologic 
therapy is not necessarily an indicator of severe disease in itself, but rather a desire to prevent it.19,20 We considered the 
possibility that patients in our cohort who were treated aggressively with biologics and immunomodulators at diagnosis 
may have diminished the proportion who developed severe CD subsequently but we found no evidence to support 
this. Furthermore, many of the Beaugerie events occurred in the first 90 days, largely driven by hospitalisation. Since 
patients who fulfil the criteria immediately may not benefit from model predictions as there is little time to initiate 
top-down treatment, we decided to remove the Beaugerie events that occurred ≤ 90 days from diagnosis. This decision, 
made post hoc, was made to ensure that the predictive model is clinically useful for those patients destined to develop 
disabling CD and relevant in clinical practice as top-down treatment becomes the standard of care.19

Other studies have considered the potential prognostic role of MRE for CD outcome, although not specifically in newly 
diagnosed cohorts. Fiorino et al. studied 142 patients in a dual-centre prospective study.45 Using univariate analysis, 
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they found that bowel damage (defined as intestinal strictures, fistulae or abscesses) was associated with a significantly 
higher risk of hospitalisation and surgery during a median follow-up period of just under 5 years. Similarly, the LI was an 
independent predictor for disease progression and need for subsequent surgery. Patients were eligible for recruitment if 
MRE was performed within 2 years of diagnosis. In contrast, in our study, patients were imaged at initial diagnosis. We 
found MRE had no predictive potential when applying modified Beaugerie criteria. Similarly, and again using univariate 
analysis, a single-centre study comprising 112 patients with relapsed rather than newly diagnosed CD also found that 
established bowel damage on MRE predicted future surgical resection.44 Another single-centre study of 52 patients with 
CD that did not distinguish between newly diagnosed and established CD reported that restricted diffusion, increased 
upstream dilatation from a stricture, complex fistula, perienteric inflammation, fibrofatty proliferation and increased 
length of disease involvement on outpatient MRE were significantly more common in patients that underwent 
subsequent surgery.47 However, it is unclear if these findings were also statistically significant in univariate analysis or 
if this was a misinterpretation of a multivariable model. It is also possible that our results are at odds with these studies 
because our cohort was exclusively newly diagnosed patients, who are therefore earlier in the disease trajectory than 
later diagnoses.44 Additionally, we did not investigate surgery as a standalone definition of severe disease nor initiation 
of biologic therapy.

Our work has key strengths. To the best of our knowledge, this is the first study to investigate MRI as a predictive 
biomarker for the development of severe/disabling CD that exclusively considers newly diagnosed patients without 
severe disease at baseline. Generalisability was enhanced by a large cohort recruited from multiple NHS hospitals with 
multiple radiologists scoring MRE examinations, thereby closely reflecting routine clinical practice.

There are also noteworthy limitations. Despite US being a component of the METRIC trial, we could not evaluate it 
presently as only static images rather than cine loops were available, and these were not of sufficient quality for post-
hoc analysis.79 A priori, if there were sufficient patients with events, we had intended to also employ the more stringent 
Liège24 and Montreal behaviour criteria as end points for severe/disabling disease.61 However, the event rate was too 
low for developing reliable predictive models, so this analysis was not undertaken. The lower-than-expected Beaugerie 
event rate (42% vs. 50% to 60% anticipated) may also reflect greater upfront use of biologics, thereby reducing the 
prevalence reported in older literature. We were unable to assess interobserver variation in the interpretation of MRE 
across the different sites, although this has been studied extensively,80–83 and the multicentre nature of this study is 
an inherent strength as it more closely reflects clinical practice.38 Owing to the challenges posed by the COVID-19 
pandemic, we had to reduce the original target recruitment from 167 to 131 in the prospective METRIC cohort, with 
a corresponding increased target of 76 patients from the retrospective cohort. Finally, recruitment was mainly from 
3 centres.

Average per-patient costs incurred within 5 years of a new Crohn’s disease diagnosis and baseline 
characteristics associated with higher costs

We calculated mean and median 5-year costs for newly diagnosed patients. Mean (SD) 5-year per-patient costs were 
£24,267 (£33,108) for the entire cohort, £29,763 (SD £38,278) for those who went on to develop severe/disabling 
disease, and £20,327 (SD £28,368) for those who did not. The main cost drivers were development of disabling/severe 
CD within 5 years of diagnosis (as per the modified Beaugerie criteria), age at diagnosis (above or below 40 years of 
age), sex, presence of perianal disease at diagnosis, and disease location at diagnosis (ileocolonic, ileal, colonic or upper 
digestive tract). Mean costs were increased by developing disabling/severe CD within 5 years, being female, perianal 
disease at diagnosis and having ileocolonic disease instead of ileal, colonic or upper digestive tract. Of note, there was 
no association between MRE scores at diagnosis and 5-year patient costs.

Our analysis has some limitations. Firstly, resource use information came mostly from hospital records, which are 
not optimised for research, and so certain assumptions were required around which unit costs to apply to events. 
We did our best to mitigate this through internal discussion, and weighted means of a variety of costs were used 
where required. A further limitation of this type of observational data was that primary and community care health 
and social services are excluded. Prevalence values came originally from Thompson et al. using figures provided by 
primary care practices in England and Wales in 1991–2, as there do not appear to be any more recent estimates of UK 
CD prevalence.84
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Patient and public involvement

Both the METRIC trial and the present study were developed in collaboration with Crohn’s and Colitis UK. A patient 
representative played a pivotal role during the inception and undertaking of the METRIC trial and this has continued to 
the present work. Their input towards refining the research questions, protocol development and funding application 
have been gratefully received. They have sat on the Trial Management Committee and Trial Steering Committee 
throughout the trial period, advising on multiple aspects, including recruitment strategies, and we look forward to 
continuing this collaboration to maximise the study’s findings through patient groups.

Equality, diversity and inclusion

We recruited patients from NHS hospitals across the country, which ensured a diverse and representative population. 
Our recruitment criteria were inclusive, although participants who could not tolerate MRE were not included. Future 
research could focus on US which is often better tolerated than MRE. Basic demographic data presented in this report 
shows good participant representation according to age and gender. We thus anticipate the results will be applicable 
to the wider patient population. We reduced the burden on participants by not requiring additional hospital attendance 
or investigations. The investigators, including the reading radiologists, represent diverse ethnic backgrounds. Junior 
researchers were included in the study team, including the primary write-up of the research. All the reading radiologists 
are affiliated to the British Society of Gastrointestinal and Abdominal Radiology. The executive committee of the Society 
has drawn up a manifesto on diversity, equity and inclusion emphasising its importance.85

Impact and learning

Our work suggests that MRE does not have a role in prognosticating CD at the time of initial diagnosis, thus other tools 
deserve investigation. Notwithstanding, further analyses using alternative end-points such as the need for surgery and 
different definitions for disabling disease should be undertaken.

Implications for decision makers
Despite the continued importance of MRE as a first-line investigation for diagnosing and monitoring CD, our research 
suggests that it does not prognosticate at the time of initial diagnosis. A prognostic tool at the time of initial diagnosis 
of CD remains an unmet clinical need and should be a research priority.

Research recommendations

•	 An updated classification system for defining disease severity/disabling disease is needed to reflect the current 
treatment paradigms in CD and to include the perspectives of patients.

•	 Although MRE does not aid prognostication of disabling disease according to the modified Beaugerie criteria, the 
predictive ability of MRE against alternative definitions for disabling CD should be investigated.

•	 How findings of MRE at the time of diagnosis influence management deserves investigation.
•	 The utility of US observations at diagnosis for prognostication should be explored as a better tolerated alternative 

to MRE.

Conclusions

In an NHS setting, the addition of MRE activity/bowel damage scores to a multivariable model comprising existing 
clinical predictors did not improve the prediction of disabling CD using modified Beaugerie criteria. We recognise 
that predicting outcomes based on imaging is likely to be impaired as the results of imaging alter treatment for 
the better with identification of severe disease leading to more effective treatment, and thereby better outcomes. 
Notwithstanding our findings, MRE remains an essential tool for diagnosing and monitoring CD.
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Appendix 1

TABLE 21 Multivariable HRs of prespecified clinical predictors for predicting development of MBDD within 5 years of diagnosis, using 
observed and imputed data for Model B

Prespecified clinical predictors

Observed data (N = 146) Imputed data (N = 194)

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

≥ 40 years of age 0.78 (0.40 to 1.52) 0.466 0.73 (0.42 to 1.27) 0.269

Female 0.87 (0.50 to 1.50) 0.608 0.85 (0.54 to 1.34) 0.485

Smoker 1.82 (1.07 to 3.11) 0.028 1.50 (0.93 to 2.42) 0.096

Weight loss ≥ 5 kg prior to diagnosis 0.79 (0.44 to 1.43) 0.437 0.70 (0.38 to 1.27) 0.240

Initial need for steroid therapy 2.42 (1.39 to 4.21) 0.002 2.05 (1.28 to 3.28) 0.003

Developed MBDD ≤ 90 days from diagnosis 1.18 (0.55 to 2.56) 0.670 1.16 (0.59 to 2.26) 0.664

Perianal disease 1.48 (0.65 to 3.36) 0.346 1.22 (0.60 to 2.47) 0.581

Severe endoscopic disease 0.73 (0.38 to 1.41) 0.351 0.81 (0.45 to 1.46) 0.492

Disease behaviour

B1 – – –

B2 1.19 (0.62 to 2.29) 0.607 1.33 (0.73 to 2.43) 0.348

B3 1.80 (0.86 to 3.76) 0.119 1.40 (0.75 to 2.63) 0.297

Location of disease behaviour

Ileocolonic – – –

Ileal/upper tract 0.92 (0.51 to 1.66) 0.773 0.89 (0.53 to 1.49) 0.660

Colonic 0.77 (0.32 to 1.90) 0.575 0.98 (0.48 to 1.99) 0.957

TABLE 22 Multivariable HRs of prespecified clinical predictors for predicting development of MBDD within 5 years of diagnosis, using 
observed and imputed data for Model A1

Prespecified predictors

Observed data (N = 146) Imputed data (N = 194)

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

≥ 40 years of age 0.80 (0.41 to 1.57) 0.519 0.73 (0.42, 1.28) 0.275

Female 0.87 (0.50 to 1.51) 0.627 0.85 (0.54 to 1.34) 0.486

Smoker 1.77 (1.02 to 3.05) 0.041 1.49 (0.91 to 2.44) 0.113

Weight loss ≥ 5 kg prior to diagnosis 0.77 (0.43 to 1.41) 0.405 0.69 (0.37 to 1.27) 0.232

Initial need for steroid therapy 2.44 (1.40 to 4.27) 0.002 2.06 (1.28 to 3.29) 0.003

Developed MBDD ≤ 90 days from diagnosis 1.09 (0.47 to 2.53) 0.850 1.15 (0.58 to 2.30) 0.690

Perianal disease 1.54 (0.67 to 3.54) 0.307 1.23 (0.60 to 2.52) 0.565

Severe endoscopic disease 0.71 (0.36 to 1.37) 0.305 0.80 (0.43 to 1.46) 0.462
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Prespecified predictors

Observed data (N = 146) Imputed data (N = 194)

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

Disease behaviour

B1 – – –

B2 1.17 (0.60 to 2.26) 0.644 1.33 (0.73 to 2.44) 0.349

B3 1.75 (0.83 to 3.68) 0.142 1.40 (0.74 to 2.64) 0.305

Location of disease behaviour

Ileocolonic – – –

Ileal/upper tract 0.93 (0.51 to 1.69) 0.818 0.89 (0.53 to 1.49) 0.660

Colonic 0.80 (0.32 to 1.98) 0.632 0.99 (0.48 to 2.01) 0.970

Normalised global MEGS (%) 1.01 (0.99 to 1.03) 0.598 1.00 (0.98 to 1.02) 0.918

Note
Scores were normalised to enable comparison of the scores on a standardised scale.

TABLE 22 Multivariable HRs of prespecified clinical predictors for predicting development of MBDD within 5 years of diagnosis, using 
observed and imputed data for Model A1 (continued)

TABLE 23 Multivariable HRs of prespecified clinical predictors for predicting development of MBDD within 5 years of diagnosis, using 
observed and imputed data for Model A2

Prespecified predictors

Observed data (N = 146) Imputed data (N = 194)

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

≥ 40 years of age 0.74 (0.38 to 1.46) 0.384 0.69 (0.39 to 1.21) 0.193

Female 0.87 (0.50 to 1.51) 0.628 0.86 (0.54 to 1.37) 0.528

Smoker 1.95 (1.13 to 3.37) 0.017 1.66 (1.01 to 2.73) 0.046

Weight loss ≥ 5 kg prior to diagnosis 0.81 (0.45 to 1.46) 0.479 0.69 (0.38 to 1.26) 0.232

Initial need for steroid therapy 2.37 (1.37 to 4.13) 0.002 2.02 (1.27 to 3.23) 0.003

Developed MBDD ≤ 90 days from diagnosis 1.33 (0.60 to 2.93) 0.483 1.25 (0.64 to 2.44) 0.522

Perianal disease 1.30 (0.61 to 3.20) 0.430 1.16 (0.57 to 2.38) 0.676

Severe endoscopic disease 0.79 (0.40 to 1.55) 0.493 0.91 (0.49 to 1.68) 0.765

Disease behaviour

B1 – – – –

B2 1.18 (0.61 to 2.28) 0.631 1.33 (0.73 to 2.44) 0.349

B3 1.93 (0.91 to 4.09) 0.088 1.48 (0.78 to 2.82) 0.232

Location of disease behaviour

Ileocolonic – – – –

Ileal/upper tract 0.86 (0.47 to 1.57) 0.621 0.85 (0.51 to 1.43) 0.547

Colonic 0.75 (0.30 to 1.84) 0.525 0.97 (0.48 to 1.98) 0.934

Normalised global sMARIA (%) 0.99 (0.97 to 1.01) 0.291 0.99 (0.97 to 1.00) 0.153

Note
Scores were normalised to enable comparison of the scores on a standardised scale.
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TABLE 25 Multivariable HRs of prespecified clinical predictors for predicting development of MBDD within 5 years of diagnosis, using 
observed and imputed data for Model B1

Prespecified predictors

Observed data (N = 46) Imputed data (N = 194)

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

≥ 40 years of age 0.62 (0.15 to 2.49) 0.502 0.70 (0.38 to 1.28) 0.248

Female 2.01 (0.55 to 7.30) 0.290 0.92 (0.52 to 1.62) 0.767

Smoker 3.81 (0.95 to 15.31) 0.059 1.67 (0.91 to 3.07) 0.099

Weight loss ≥ 5 kg prior to diagnosis 2.23 (0.69 to 7.22) 0.181 0.72 (0.36 to 1.45) 0.350

Initial need for steroid therapy 4.13 (1.24 to 13.73) 0.021 2.00 (1.22 to 3.31) 0.006

Developed MBDD ≤ 90 days from diagnosis 1.15 (0.20 to 6.53) 0.875 1.22 (0.54 to 2.75) 0.630

Perianal disease 4.73 (0.77 to 29.19) 0.094 1.21 (0.56 to 2.63) 0.630

Severe endoscopic disease 1.31 (0.30 to 5.64) 0.721 0.83 (0.45 to 1.55) 0.561

Disease behaviour

B1 – – –

B2 1.18 (0.33 to 4.18) 0.796 1.36 (0.71 to 2.58) 0.353

B3 3.26 (0.70 to 15.20) 0.133 1.30 (0.61 to 2.78) 0.499

TABLE 24 Multivariable HRs of prespecified clinical predictors for predicting development of MBDD within 5 years of diagnosis, using 
observed and imputed data for Model A3

Prespecified predictors

Observed data (N = 146) Imputed data (N = 194)

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

≥ 40 years of age 0.77 (0.39 to 1.50) 0.443 0.73 (0.42 to 1.26) 0.257

Female 0.86 (0.50 to 1.50) 0.601 0.85 (0.54 to 1.34) 0.487

Smoker 1.87 (1.09 to 3.22) 0.023 1.54 (0.94 to 2.51) 0.085

Weight loss ≥ 5 kg prior to diagnosis 0.81 (0.45 to 1.47) 0.496 0.70 (0.38 to 1.28) 0.248

Initial need for steroid therapy 2.40 (1.38 to 4.18) 0.002 2.05 (1.28 to 3.27) 0.003

Developed MBDD ≤ 90 days from diagnosis 1.28 (0.57 to 2.86) 0.555 1.19 (0.60 to 2.32) 0.621

Perianal disease 1.42 (0.62 to 3.27) 0.410 1.22 (0.60 to 2.47) 0.588

Severe endoscopic disease 0.77 (0.39 to 1.52) 0.451 0.84 (0.45 to 1.55) 0.568

Disease behaviour

B1 – – –

B2 1.18 (0.61 to 2.28) 0.628 1.33 (0.73 to 2.43) 0.349

B3 1.88 (0.88 to 3.98) 0.101 1.42 (0.75 to 2.67) 0.281

Location of disease behaviour

Ileocolonic – – –

Ileal/upper tract 0.89 (0.48 to 1.62) 0.696 0.88 (0.53 to 1.48) 0.635

Colonic 0.76 (0.31 to 1.86) 0.546 0.98 (0.48 to 1.98) 0.945

Normalised LI (%) 1.00 (0.98 to 1.01) 0.567 0.98 (0.90 to 1.07) 0.695

Note
Scores were normalised to enable comparison of the scores on a standardised scale.



DOI: 10.3310/THSN9956� Health Technology Assessment 2026 Vol. 30 No. 18

51Copyright © 2026 Kumar et al. This work was produced by Kumar et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an Open  
Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any 
medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source – NIHR 
Journals Library, and the DOI of the publication must be cited.

Prespecified predictors

Observed data (N = 46) Imputed data (N = 194)

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

Location of disease behaviour

Ileocolonic – – –

Ileal/upper tract 1.38 (0.32 to 5.99) 0.664 0.85 (0.49 to 1.48) 0.555

Colonic 1.96 (0.29 to 13.31) 0.490 0.97 (0.46 to 2.03) 0.933

CRP level (mg/l) 1.00 (0.98 to 1.02) 0.791 1.00 (1.00 to 1.01) 0.563

WBC count (109/l) 0.83 (0.62 to 1.10) 0.188 0.98 (0.90 to 1.06) 0.571

FC level (µg/g) 1.00 (1.00 to 1.00) 0.674 1.00 (1.00 to 1.00) 0.929

Haemoglobin level (g/l) 1.03 (0.99 to 1.08) 0.119 1.00 (0.98 to 1.02) 0.991

Platelet count (109/l) 1.00 (1.00 to 1.01) 0.101 1.00 (1.00 to 1.00) 0.741

TABLE 25 Multivariable HRs of prespecified clinical predictors for predicting development of MBDD within 5 years of diagnosis, using 
observed and imputed data for Model B1 (continued)
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Appendix 2
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FIGURE 8 The ROC plot of prognostic models for predicting development of MBDD within 5 years of diagnosis, and the area under the 
curve of prognostic models for predicting development of MBDD within 5 years of diagnosis. The ROC plot demonstrates that the sensitivity 
and specificity of the models is similar across all risk thresholds. Reproduced with permission from Taylor et al.48 This is an Open Access 
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, 
remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/
licenses/by/4.0/. The figure includes minor additions and formatting changes to the original text.

Prognostic model Area under the curve (95% CI)

B 0.68 (0.60 to 0.75)

A1 0.68 (0.60 to 0.75)

A2 0.68 (0.61 to 0.76)

A3 0.68 (0.61 to 0.76)

B1 0.70 (0.63 to 0.78)
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Appendix 3

TABLE 26 Net benefit of prognostic models for predicting development of MBDD within 5 years of diagnosis, using ratios of TP to 
FP predictions

Prognostic model RD 1TP to 1FP 1TP to 2FP 1TP to 5FP 2TP to 1FP 5TP to 1FP

B 1 1 (−7, 9) 11 (4, 18) 17 (10, 23) −9 (−16, −2) −15 (−22, −9)

A1 2 (−6, 10) 12 (5, 19) 17 (11, 24) −9 (−16, −1) −15 (−21, −9)

A2 3 (−5, 11) 12 (5, 19) 18 (12, 24) −8 (−15, −1) −14 (−20, −8)

A3 3 (−5, 11) 12 (5, 19) 17 (11, 24) −8 (−15, −1) −14 (−20, −8)

B1 5 (−3, 13) 13 (6, 20) 19 (12, 25) −6 (−13, 0) −13 (−19, −7)

B 2 −2 (−11, 8) 17 (9, 26) 29 (21, 36) −20 (−28, −11) −30 (−38, −23)

A1 −3 (−13, 7) 18 (9, 26) 30 (22, 38) −22 (−31, −13) −34 (−41, −26)

A2 −4 (−14, 6) 17 (8, 26) 30 (22, 38) −23 (−32, −14) −35 (−43, −27)

A3 −3 (−13, 7) 18 (9, 26) 30 (22, 38) −22 (−31, −13) −34 (−41, −26)

B1 −2 (−11, 8) 18 (9, 27) 30 (22, 38) −21 (−29, −12) −32 (−40, −24)
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Appendix 4

TABLE 27 Variable loadings for PCs of prespecified predictors

Prespecified predictors Component 1 Component 2 Component 3 Component 4

Maximum mural thickness (MEGS) 0.36 −0.24 0.1 −0.13

Maximum mural T2 signal (oedema) (MEGS) 0.4 −0.14 0.05 −0.03

Maximum contrast enhancement pattern 0.31 −0.15 0.07 0.38

Maximum length of disease (MEGS) 0.38 −0.22 −0.01 −0.12

Abscess (MEGS) 0.25 0.56 0.19 0.09

Maximum fat stranding (sMARIA) 0.36 −0.13 0.1 0

Number of abnormal segments 0.33 −0.2 −0.11 −0.39

Maximum upper tract and SB stricturing 0.2 −0.05 −0.2 0.67

Maximum colon stricturing 0.03 0.12 0.89 −0.03

Maximum upper tract and SB penetrating 0.29 0.52 −0.15 0.18

Maximum colon penetrating 0.22 0.44 −0.27 −0.43
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5

4

3

2

1

0

0 5 10

E
ig

en
va

lu
e

Component

FIGURE 9 Scree plot of variance explained by PCs.
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•	 The rationale for choosing a RP model is that the Cox proportional hazards (PH) model is unable to account for 
participants who developed MBDD within a year from diagnosis.

•	 The rationale for choosing a RP model with 4 df is that the initial values were not feasible for models with fewer df.
•	 The model with 4 df also had the lowest AIC and BIC.

Appendix 6
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FIGURE 10 Baseline hazard functions of prognostic modelling methods. df, degrees of freedom; PH, proportional hazards.

TABLE 28 The AIC and BIC of modelling methods

Prognostic modelling method df AIC BIC

Cox PH model – 814 814

RP flexible parametric model 4 445 461

5 446 466

6 447 470

7 447 473

There were five prespecified continuous predictors, including CRP, WBC count, FC, haemoglobin and platelet count. 
We determined whether we should include the predictors as linear or to use fractional polynomials. We were unable 
to model WBC count and FC, so assumed a linear relationship. For the remaining predictors, we calculated the best 
fractional polynomial models by searching through all possible power combinations. Then, we calculated p-values by 
comparing the deviance of the linear and fractional polynomial model 1 against the deviance of fractional polynomial 
model 2 (lowest deviance). For each continuous predictor, we found that the linear is most efficient.
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Seventy-five per cent of participants had at least one predictor missing. Because missing values were likely to be missing 
at random, and to avoid loss in efficiency, missing values for smoking status, weight loss ≥ 5 kg prior to diagnosis, 
perianal disease, severe endoscopic disease, CRP, WBC count, FC, haemoglobin and platelet count were imputed using 
multiple imputation by chained equations. Twenty imputed data sets were created by replacing missing values with 
simulated values from a set of imputation models constructed from all predictors and outcomes (event indicator and 
Nelson-Aalen estimator for time to event).

TABLE 29 Cubic splines and fractional polynomials of prespecified continuous predictors

Prespecified 
continuous predictor

Power
Deviance difference from 
fractional polynomial model 2 p-value of deviance difference

Fractional 
polynomial model 1

Fractional 
polynomial model 2 Linear

Fractional 
polynomial model 1 Linear

Fractional polynomial 
model 1

CRP level (mg/l) −0.5 −2 4.754 2.007 0.191 0.367

WBC count (109/l) 3 0, 3 1.963 1.194 0.580 0.550

Haemoglobin level (g/l) −2 −2, −2 0.209 0.109 0.947 0.947
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Appendix 7

TABLE 30 Internal validation of prognostic models

Prognostic 
model Data

Mean linear 
predictor (SD)

Harrell’s 
c-statistic R2 (95% CI) D-statistic C-slope (95% CI)

Heuristic 
shrinkage factor

B Observed 0.30 (0.61) 0.66 0.19 (0.07 to 0.33) 1.00 1.00 (0.56 to 1.44) 0.977

Imputed 0.12 (0.48) 0.67 0.14 (0.05 to 0.25) 0.83 1.04 (0.71 to 1.37) 0.980

A1 Observed 0.32 (0.61) 0.66 0.19 (0.07 to 0.33) 1.00 1.00 (0.56 to 1.44) 0.976

Imputed 0.13 (0.48) 0.67 0.14 (0.04 to 0.23) 0.83 1.04 (0.81 to 1.27) 0.979

A2 Observed 0.13 (0.63) 0.67 0.22 (0.09 to 0.36) 1.08 1.00 (0.57 to 1.43) 0.976

Imputed −0.06 (0.51) 0.68 0.15 (0.06 to 0.26) 0.86 1.04 (0.72 to 1.35) 0.979

A3 Observed 0.24 (0.61) 0.66 0.20 (0.08 to 0.34) 1.02 1.00 (0.56 to 1.44) 0.976

Imputed 0.09 (0.48) 0.67 0.14 (0.05 to 0.24) 0.83 1.04 (0.77 to 1.31) 0.979

B1 Observed 5.72 (1.22) 0.76 0.47 (0.22 to 0.64) 1.91 1.00 (0.57 to 1.43) 0.965

Imputed −0.24 (0.50) 0.68 0.16 (0.06 to 0.28 0.90 1.18 (0.86 to 1.50) 0.974
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Appendix 8

TABLE 31 Variable loadings for PCs of prespecified predictors

Prespecified predictors Component 1 Component 2 Component 3 Component 4

Maximum mural thickness (MEGS) 0.36 −0.24 0.1 −0.13

Maximum mural T2 signal (oedema) (MEGS) 0.4 −0.14 0.05 −0.03

Maximum contrast enhancement pattern 0.31 −0.15 0.07 0.38

Maximum length of disease (MEGS) 0.38 −0.22 −0.01 −0.12

Abscess (MEGS) 0.25 0.56 0.19 0.09

Maximum fat stranding (sMARIA) 0.36 −0.13 0.1 0

Number of abnormal segments 0.33 −0.2 −0.11 −0.39

Maximum upper tract and SB stricturing 0.2 −0.05 −0.2 0.67

Maximum colon stricturing 0.03 0.12 0.89 −0.03

Maximum upper tract and SB penetrating 0.29 0.52 −0.15 0.18

Maximum colon penetrating 0.22 0.44 −0.27 −0.43
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Appendix 9

TABLE 32 Area under the curve of prognostic models for predicting development of MBDD within 5 years of diagnosis

Prognostic model Area under the curve (95% CI)

B 0.68 (0.60 to 0.75)

A1 0.68 (0.60 to 0.75)

A2 0.68 (0.61 to 0.76)

A3 0.68 (0.61 to 0.76)

B1 0.70 (0.63 to 0.78)
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Appendix 10

TABLE 33 Total unadjusted costs over 5 years from diagnosis, broken down according to all planned categories

n (%) Mean (SD) Median (IQR)

All patients at 5 years

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 146 (75) 21,592 (25,741) 8988 (913–37,844)

Drug costs – biologics 87 (45) 34,051 (25,568) 32,961 (13,271–41,553)

Drug costs – not biologics 143 (74) 1328 (1905) 562 (225–1794)

Inpatient stays 62 (32) 9288 (27,765) 4500 (2078–7481)

Surgeries 41 (21) 8999 (10,238) 6025 (4992–8227)

Non-surgical day cases 30 (15) 1860 (3487) 643 (482–1130)

Outpatient visits 150 (77) 2124 (941) 1997 (1516–2666)

Imaging 151 (78) 1564 (1063) 1427 (736–2116)

Total costs 194 (100) 24,267 (33,108) 10,136 (1856–41,092)

Patients with disabling disease at 5 years (Beaugerie)

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 57 (70) 25,429 (23,718) 20,220 (3323–38,007)

Drug costs – biologics 43 (53) 31,566 (22,657) 32,093 (12,677–40,842)

Drug costs – not biologics 56 (69) 1645 (2438) 773 (280–2028)

Inpatient stays 43 (53) 10,994 (33,138) 4553 (2078–7481)

Surgeries 25 (31) 8896 (9919) 6025 (6025–8227)

Non-surgical day cases 9 (11) 950 (695) 581 (547–1382)

Outpatient visits 58 (72) 2490 (918) 2451 (1886–2891)

Imaging 59 (73) 1919 (1112) 1646 (1095–2402)

Total costs 81 (100) 29,763 (38,278) 17,352 (00–45,969)

Patients without disabling disease at 5 years (Beaugerie)

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 89 (79) 19,135 (26,798) 3620 (555–33,307)

Drug costs – biologics 44 (39) 36,480 (28,175) 33,640 (19,015–42,728)

Drug costs – not biologics 87 (77) 1125 (1444) 453 (176–1292)

Inpatient stays 19 (17) 5427 (5236) 2922 (2078–7813)

Surgeries 16 (14) 9160 (11,046) 6025 (4992–8521)

Non-surgical day cases 21 (19) 2250 (4112) 684 (468–886)

Outpatient visits 92 (81) 1893 (884) 1693 (1209–2262)

Imaging 92 (81) 1336 (971) 1118 (571–1847)

Total costs 113 (100) 20,327 (28,368) 7293 (2495–30,976)
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n (%) Mean (SD) Median (IQR)

Male patients

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 63 (68) 22,313 (26,125) 9211 (802–39,449)

Drug costs – biologics 38 (41) 35,240 (25,436) 32,234 (15,029–46,748)

Drug costs – not biologics 61 (66) 1092 (1192) 660 (227–1333)

Inpatient stays 28 (30) 5182 (4359) 3267 (2078–6921)

Surgeries 15 (16) 7422 (3720) 6025 (4992–11,013)

Non-surgical day cases 15 (16) 1987 (3214) 684 (482–1462)

Outpatient visits 67 (72) 2095 (925) 1968 (1527–2633)

Imaging 68 (73) 1593 (1183) 1348 (746–2148)

Total costs 93 (100) 20,867 (27,914) 6311 (00–36,457)

Female patients

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 83 (82) 21,045 (25,591) 8087 (943–37,409)

Drug costs – biologics 49 (49) 33,129 (25,894) 33,278 (12,677–40,842)

Drug costs – not biologics 82 (81) 1505 (2289) 466 (225–1938)

Inpatient stays 34 (34) 12,670 (37,193) 4695 (2376–7481)

Surgeries 26 (26) 9910 (12,553) 6025 (4992–6323)

Non-surgical day cases 15 (15) 1732 (3850) 626 (468–840)

Outpatient visits 83 (82) 2147 (958) 2012 (1370–2797)

Imaging 83 (82) 1540 (961) 1427 (703–2094)

Total costs 101 (100) 27,397 (37,122) 11,440 (4345–41,485)

Patients diagnosed at age under 40 years

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 105 (76) 24,573 (25,755) 17,479 (992–39,622)

Drug costs – biologics 70 (51) 34,957 (24,415) 33,640 (16,917–47,860)

Drug costs – not biologics 103 (75) 1293 (1986) 526 (200–1451)

Inpatient stays 51 (37) 10,135 (30,527) 4637 (2078–7481)

Surgeries 30 (22) 9134 (11,784) 6025 (4992–7486)

Non-surgical day cases 22 (16) 2198 (4025) 643 (495–1130)

Outpatient visits 108 (78) 2115 (855) 2038 (1540–2676)

Imaging 109 (79) 1637 (1114) 1545 (749–2133)

Total costs 138 (100) 27,727 (35,784) 12,031 (2572–42,604)

continued

TABLE 33 Total unadjusted costs over 5 years from diagnosis, broken down according to all planned categories (continued)
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n (%) Mean (SD) Median (IQR)

Patients diagnosed at age over 40 years

Total unadjusted costs over 5 years from diagnosis, £

Drug costs n (%) 13,957 (24,374) 2676 (669–25,409)

Drug costs – biologics 41 (73) 30,320 (30,411) 29,046 (8671–37,679)

Drug costs – not biologics 17 (30) 1420 (1698) 729 (226–2425)

Inpatient stays 40 (71) 5365 (4710) 4455 (2376–7806)

Surgeries 11 (20) 8632 (4038) 6025 (6025–12,051)

Non-surgical day cases 11 (20) 931 (664) 685 (475–1166)

Outpatient visits 8 (14) 2146 (1144) 1781 (1279–2658)

Imaging 42 (75) 1374 (905) 1171 (697–1686)

Total costs 42 (75) 15,740 (23,512) 6441 (693–17,368)

Patients non-smokers at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 97 (75) 20,406 (24,735) 6435 (717–37,409)

Drug costs – biologics 52 (40) 35,513 (23,995) 34,343 (20,480–50,571)

Drug costs – not biologics 95 (73) 1397 (2109) 562 (227–1934)

Inpatient stays 34 (26) 5248 (4631) 4500 (2494–6025)

Surgeries 26 (20) 8043 (8708) 6025 (6025–7481)

Non-surgical day cases 24 (18) 1752 (3468) 643 (488–1008)

Outpatient visits 100 (77) 2145 (980) 2039 (1521–2676)

Imaging 101 (78) 1616 (1092) 1493 (777–2154)

Total costs 130 (100) 21,436 (27,726) 8227 (1764–37,418)

Patients smokers at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 37 (79) 21,566 (24,119) 14,465 (917–37,089)

Drug costs – biologics 24 (51) 31,506 (23,167) 30,700 (12,974–41,197)

Drug costs – not biologics 37 (79) 1130 (1364) 432 (172–1320)

Inpatient stays 21 (45) 7324 (8150) 3561 (2078–9297)

Surgeries 12 (26) 11,987 (13,898) 6756 (4992–12,875)

Non-surgical day cases 5 (11) 2654 (4201) 767 (581–1382)

Outpatient visits 38 (81) 2123 (901) 1911 (1509–2891)

Imaging 37 (79) 1455 (1076) 1095 (643–1840)

Total costs 47 (100) 26,455 (28,671) 16,184 (2647–45,935)

TABLE 33 Total unadjusted costs over 5 years from diagnosis, broken down according to all planned categories (continued)
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n (%) Mean (SD) Median (IQR)

Patients smoking status missing at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 12 (71) 31,261 (37,094) 33,174 (2576–42,181)

Drug costs – biologics 11 (65) 32,694 (37,717) 33,278 (1268–40,751)

Drug costs – not biologics 11 (65) 1409 (1685) 584 (325–3338)

Inpatient stays 7 (41) 34,806 (81,439) 5051 (1780–7813)

Surgeries 3 (18) 5336 (597) 4992 (4992–6025)

Non-surgical day cases 1 (6) 468 (0) 468 (468–468)

Outpatient visits 12 (71%) 1954 (766) 1885 (1421–2469)

Imaging 13 (76) 1465 (808) 1646 (736–2180)

Total costs 17 (100) 39,867 (65,749) 10,298 (3966–47,064)

Patients no recent weight loss at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 94 (77) 19,295 (26,704) 4581 (717–33,104)

Drug costs – biologics 48 (39) 35,182 (28,354) 32,527 (8483–48,110)

Drug costs – not biologics 93 (76) 1344 (1980) 584 (282–1597)

Inpatient stays 35 (29) 6688 (7069) 4987 (2078–8998)

Surgeries 28 (23) 8480 (9469) 6025 (4992–9249)

Non-surgical day cases 16 (13) 1920 (3139) 622 (481–1422)

Outpatient visits 98 (80) 2050 (949) 1954 (1368–2655)

Imaging 97 (80) 1469 (1022) 1236 (643–2009)

Total costs 122 (100%) 21,797 (28,759) 8444 (2072–34,326)

Patients recent weight loss at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 36 (78) 25,876 (23,613) 25,685 (2725–40,598)

Drug costs – biologics 26 (57) 34,177 (20,747) 35,739 (22,425–40,751)

Drug costs – not biologics 35 (76) 1227 (1577) 471 (148–1934)

Inpatient stays 17 (37) 5000 (4525) 3561 (2169–4753)

Surgeries 8 (17) 12,181 (15,288) 6025 (4992–12,118)

Non-surgical day cases 13 (28) 1861 (4121) 684 (482–871)

Outpatient visits 36 (78) 2306 (973) 2176 (1600–2911)

Imaging 37 (80) 1729 (1028) 1623 (1024–2459)

Total costs 46 (100) 27,938 (28,393) 18,815 (2658–47,110)

continued

TABLE 33 Total unadjusted costs over 5 years from diagnosis, broken down according to all planned categories (continued)
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n (%) Mean (SD) Median (IQR)

Patients recent weight loss status missing at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 16 (62) 25,449 (24,282) 22,460 (4275–36,372)

Drug costs – biologics 13 (50) 29,625 (24,762) 32,422 (12,677–37,897)

Drug costs – not biologics 15 (58) 1471 (2230) 627 (80–2119)

Inpatient stays 10 (38) 25,681 (68,118) 4699 (1780–7813)

Surgeries 5 (19) 6817 (2390) 6025 (6025–6025)

Non-surgical day cases 1 (4) 886 (0) 886 (886–886)

Outpatient visits 16 (62) 2166 (803) 2091 (1647–2520)

Imaging 17 (65) 1747 (1344) 1646 (936–2193)

Total costs 26 (100) 29,359 (54,098) 9752 (00–35,578)

Patients no stricturing or penetrating disease at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 98 (75) 19,012 (22,536) 8928 (802–33,307)

Drug costs – biologics 57 (44) 30,318 (22,306) 31,291 (13,271–40,751)

Drug costs – not biologics 96 (74) 1407 (2034) 544 (231–2165)

Inpatient stays 38 (29) 9731 (35,158) 2844 (1780–5051)

Surgeries 16 (12) 5664 (2536) 6025 (3743–6902)

Non-surgical day cases 17 (13) 640 (338) 547 (468–661)

Outpatient visits 101 (78) 2082 (963) 1936 (1370–2655)

Imaging 101 (78) 1440 (899) 1294 (697–1978)

Total costs 130 (100) 20,694 (31,642) 6950 (1764–34,326)

Patients stricturing disease at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 27 (79) 27,180 (31,928) 8887 (917–40,207)

Drug costs – biologics 16 (47) 43,631 (30,880) 36,182 (22,620–67,800)

Drug costs – not biologics 27 (79) 1325 (1873) 614 (189–1597)

Inpatient stays 13 (38) 8640 (7140) 6025 (2376–12,647)

Surgeries 14 (41) 7747 (3896) 6025 (6025–11,013)

Non-surgical day cases 7 (21) 1091 (614) 840 (727–1462)

Outpatient visits 26 (76) 2316 (928) 2327 (1679–2891)

Imaging 27 (79) 1679 (1136) 1623 (703–2387)

Total costs 34 (100) 31,406 (34,272) 16,609 (7274–43,488)

TABLE 33 Total unadjusted costs over 5 years from diagnosis, broken down according to all planned categories (continued)
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n (%) Mean (SD) Median (IQR)

Patients penetrating disease at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 21 (70) 26,446 (30,262) 9614 (943–40,272)

Drug costs – biologics 14 (47) 38,304 (29,789) 37,798 (8294–57,047)

Drug costs – not biologics 20 (67) 956 (1207) 624 (195–1062)

Inpatient stays 11 (37) 8526 (8112) 6025 (4851–8329)

Surgeries 11 (37) 15,444 (18,005) 6025 (4992–12,051)

Non-surgical day cases 6 (20) 6211 (6411) 5462 (356–10,140)

Outpatient visits 23 (77) 2090 (862) 2080 (1640–2666)

Imaging 23 (77) 1970 (1500) 1808 (1037–2409)

Total costs 30 (100) 31,656 (36,485) 13,195 (1856–47,183)

Patients no perianal disease at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 128 (75) 19,138 (24,819) 6201 (775–33,093)

Drug costs – biologics 71 (42) 32,058 (25,818) 31,734 (8671–40,751)

Drug costs – not biologics 126 (74) 1377 (1959) 588 (235–1934)

Inpatient stays 49 (29) 9881 (31,120) 3561 (2078–6326)

Surgeries 31 (18) 8309 (9126) 6025 (4992–6323)

Non-surgical day cases 25 (15) 1121 (1932) 626 (482–871)

Outpatient visits 132 (78) 2107 (972) 1954 (1385–2672)

Imaging 132 (78) 1523 (1074) 1294 (670–2105)

Total costs 170 (100) 21,757 (31,843) 9049 (1821–34,243)

Patients perianal disease at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 18 (78) 39,042 (26,112) 39,122 (20,220–55,167)

Drug costs – biologics 16 (70) 42,896 (23,129) 38,982 (30,725–56,173)

Drug costs – not biologics 17 (74) 966 (1443) 225 (142–1194)

Inpatient stays 13 (57) 7056 (6172) 4753 (2078–10,303)

Surgeries 10 (43) 11,138 (13,471) 7483 (4992–11,013)

Non-surgical day cases 5 (22) 5555 (6730) 1708 (547–9541)

Outpatient visits 17 (74) 2259 (696) 2177 (1640–2666)

Imaging 18 (78) 1841 (997) 1706 (1076–2409)

Total costs 23 (100) 43,703 (36,937) 46,753 (8881–73,224)

continued

TABLE 33 Total unadjusted costs over 5 years from diagnosis, broken down according to all planned categories (continued)
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n (%) Mean (SD) Median (IQR)

Patients no severe endoscopic disease at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 99 (76) 17,595 (22,973) 4824 (741–33,040)

Drug costs – biologics 54 (42) 29,764 (23,937) 29,577 (7917–39,299)

Drug costs – not biologics 97 (75) 1388 (2014) 564 (303–1938)

Inpatient stays 41 (32) 11,074 (33,896) 4553 (2376–7481)

Surgeries 25 (19) 6734 (3359) 6025 (4992–7486)

Non-surgical day cases 19 (15) 1213 (2083) 547 (468–840)

Outpatient visits 102 (78) 2099 (949) 1941 (1509–2655)

Imaging 102 (78) 1460 (972) 1311 (643–1978)

Total costs 130 (100) 21,156 (32,264) 7954 (1821–34,326)

Patients ileocolonic disease at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 69 (73) 27,690 (26,604) 27,017 (3323–41,241)

Drug costs – biologics 48 (51) 37,735 (24,303) 36,913 (23,098–48,110)

Drug costs – not biologics 67 (71) 1483 (2135) 614 (227–2194)

Inpatient stays 34 (36) 13,209 (37,173) 4695 (2078–8998)

Surgeries 19 (20) 11,523 (14,472) 6025 (4992–11,017)

Non-surgical day cases 16 (17) 2748 (4625) 651 (513–1256)

Outpatient visits 72 (77) 2314 (937) 2229 (1679–2959)

Imaging 73 (78) 1805 (1114) 1702 (936–2409)

Total costs 94 (100) 31,075 (39,998) 13,503 (2495–47,947)

Patients ileal disease at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 49 (75) 13,271 (18,791) 1877 (555–21,435)

Drug costs – biologics 24 (37) 24,702 (20,471) 23,186 (5705–37,891)

Drug costs – not biologics 48 (74) 1196 (1829) 535 (328–983)

Inpatient stays 18 (28) 4753 (3582) 4008 (2376–6025)

Surgeries 15 (23) 7320 (3422) 6025 (4992–11,013)

Non-surgical day cases 11 (17) 844 (592) 661 (452–886)

Outpatient visits 51 (78) 2042 (1022) 1945 (1122–2633)

Imaging 50 (77) 1405 (1032) 1199 (578–1915)

Total costs 65 (100) 15,836 (19,261) 8881 (1764–21,802)

TABLE 33 Total unadjusted costs over 5 years from diagnosis, broken down according to all planned categories (continued)
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n (%) Mean (SD) Median (IQR)

Patients colonic disease at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 25 (81) 21,304 (31,783) 4824 (1309–33,040)

Drug costs – biologics 13 (42) 38,521 (35,955) 32,093 (19,847–39,616)

Drug costs – not biologics 25 (81) 1274 (1473) 592 (151–2347)

Inpatient stays 9 (29) 4350 (2291) 4164 (2494–5051)

Surgeries 6 (19) 5874 (2018) 6025 (4992–7481)

Non-surgical day cases 3 (10) 847 (764) 581 (252–1708)

Outpatient visits 24 (77) 1739 (673) 1619 (1213–2161)

Imaging 25 (81) 1199 (852) 1024 (591–1442)

Total costs 31 (100) 21,975 (30,793) 6351 (1821–35,578)

Patients upper digestive tract disease at diagnosis

Omitted due to small patient numbers.

Patients no steroid required at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 83 (73) 19,163 (23,663) 5147 (719–33,104)

Drug costs – biologics 46 (40) 32,180 (23,263) 31,890 (12,064–43,903)

Drug costs – not biologics 80 (70) 1379 (1858) 523 (169–2321)

Inpatient stays 31 (27) 6871 (7153) 3561 (2078–10,303)

Surgeries 24 (21) 8100 (9234) 6025 (4992–6756)

Non-surgical day cases 17 (15) 2762 (4466) 840 (468–1462)

Outpatient visits 87 (76) 1965 (898) 1816 (1279–2556)

Imaging 88 (77) 1346 (908) 1154 (591–1837)

Total costs 114 (100) 20,476 (26,498) 7954 (1463–34,243)

Patients steroid required at diagnosis

Total unadjusted costs over 5 years from diagnosis, £

Drug costs 63 (79) 24,791 (28,120) 14,796 (1309–40,108)

Drug costs – biologics 41 (51) 36,151 (28,074) 36,795 (16,917–40,842)

Drug costs – not biologics 63 (79) 1265 (1977) 564 (308–1320)

Inpatient stays 31 (39) 11,706 (38,784) 4553 (2078–6025)

Surgeries 17 (21) 10,269 (11,685) 6025 (6025–11,013)

Non-surgical day cases 13 (16) 680 (364) 547 (495–661)

Outpatient visits 63 (79) 2343 (962) 2177 (1687–2813)

Imaging 63 (79) 1868 (1191) 1646 (1039–2387)

Total costs 80 (100) 29,668 (40,290) 12,126 (2940–44,438)

TABLE 33 Total unadjusted costs over 5 years from diagnosis, broken down according to all planned categories (continued)
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TABLE 34 Statistical significance of covariates in best-fit model for 5-year total costs

p-value Coefficient (95% CI)

Beaugerie category (no)

Disabling disease at 5 year 0.002 0.6979 0.2566 to 1.1392

Age category (< 40 years)

Over 40 years at diagnosis 0.237 −0.2939 −0.7807 to 0.1929

Sex (male)

Female 0.081 0.3627 −0.0445 to 0.7700

Smoker (non)

Smoker at diagnosis 0.683 0.0961 −0.3653 to 0.5575

Weight loss (no)

Recent weight loss at diagnosis 0.559 0.1385 −0.3263 to 0.6033

Behaviour of disease (neither)

Stricturing 0.106 0.4482 −0.0953 to 0.9917

Penetrating 0.383 0.2678 −0.3344 to 0.8701

Perianal (no)

Perianal disease at diagnosis 0.009 0.8667 0.2132 to 1.5201

Endoscopic disease (no)

Severe endoscopic disease at diagnosis 0.143 0.4452 −0.1500 to 1.0403

Location of disease (ileocolonic)

Ileal 0.056 −0.4345 −0.8806 to 0.0116

Colonic 0.071 −0.5768 −1.2035 to 0.0500

Upper digestive tract 0.842 0.1659 −1.4694 to 1.8011

Steroid (no)

Steroid required at diagnosis 0.636 −0.1086 −0.5577 to 0.3406

Lemann (standardised 0–100) 0.381 −0.0850 −0.2751 to 0.1050

sMARIA (standardised 0–100) 0.353 0.0451 −0.0502 to 0.1405

_constant term 0.000 9.2694 8.7345 to 9.8042
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TABLE 35 Statistical significance of covariates in alternative good fit model for 5-year total costs

p-value Coefficient (95% CI)

Beaugerie category (no)

Disabling disease at 5 year 0.049 0.4090 0.0011 to 0.8169

Sex (male)

Female 0.019 0.5112 0.0837 to 0.9388

Behaviour of disease (neither)

Stricturing 0.153 0.4501 −0.1668 to 1.0670

Penetrating 0.278 0.3376 −0.2727 to 0.9479

Perianal (no)

Perianal disease at diagnosis 0.058 0.6667 −0.0214 to 1.3548

Endoscopic disease (no)

Severe endoscopic disease at diagnosis 0.214 0.3228 −0.1866 to 0.8321

Location of disease (ileocolonic)

Ileal 0.010 −0.6163 −1.0828 to −0.1497

Colonic 0.131 −0.4504 −1.0348 to 0.1339

Upper digestive tract 0.453 −0.5477 −1.9773 to 0.8819

Constant term 0.000 9.5432 9.0842 to 10.0022
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