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AbsTrACT
Objective to evaluate the cost-effectiveness of an 
inflammatory biomarker and clinical symptom directed 
tight control strategy (tc) compared with symptom-
based clinical management (cM) in patients with crohn’s 
disease (cD) naïve to immunosuppressants and biologics 
using a UK public payer perspective.
Design a regression model estimated weekly cD 
activity index (cDai)-based transition matrices 
(remission: cDai <150, moderate: cDai ≥150 to <300, 
severe: cDai ≥300 to <450, very severe: cDai ≥450) 
based on the effect of tight control Management on 
crohn’s Disease (calM) trial. a regression predicted 
hospitalisations. Health utilities and costs were applied 
to health states. Work productivity was monetised and 
included in sensitivity analyses. remission rate, cD-
related hospitalisations, adalimumab injections, other 
direct medical costs, quality-adjusted life-years (QalYs) 
and incremental cost-effectiveness ratio (icer) were 
calculated.
results Over 48 weeks, tc was associated with a 
higher clinical remission (cDai <150) rate (58.2% 
vs 46.8%), fewer cD-related hospitalisations (0.124 
vs 0.297 events per patient) and more injections of 
adalimumab (40 mg sc) (mean 31.0 vs 24.7) than 
cM. tc was associated with 0.032 higher QalYs and 
£593 higher total medical costs. the icer was £18 656 
per QalY. the icer was cost-effective in 57.9% of 
simulations. tc became dominant, meaning less costly 
but more effective, when work productivity was included.
Conclusion a tc strategy as used in the calM trial is 
cost-effective compared with cM. incorporating costs 
related to work productivity increases the economic value 
of tc. cross-national inferences from this analysis should 
be made with caution given differences in healthcare 
systems.
Trial registration number nct01235689; results.

InTrODuCTIOn
Crohn’s disease (CD) is a chronic, disabling, 
progressive inflammatory disease of the gastroin-
testinal tract in which patients may develop stric-
tures, abscesses or fistulas.1 Costs associated with 
CD are substantial.2 A review article estimated that 
the annual hospitalisation incidence due to CD was 

20%, half of patients with CD required surgery 
within 10 years after diagnosis and the risk of post-
operative recurrence was 44% to 55% after 10 
years.3 Severe CD has also been related to lower 
quality-of-life and work productivity, with indirect 
costs representing a substantial portion of the costs 
of CD.4 5 Direct costs were primarily driven by 

significance of this study

What is already known on this subject?
 ► Effect of Tight Control Management on  Crohn’s 
Disease was the first study to show that a 
biomarker-based and clinical symptom-based 
monitoring strategy (ie, tight control   strategy 
(TC)) resulting in timely modification of 
adalimumab-based therapy prompts better 
endoscopic and clinical outcomes than relying 
on the conventional symptom-driven treatment 
strategy (CM) in patients with Crohn’s 
disease (CD) naïve to immune suppressants and 
biologics.

What are the new findings?
 ► TC is cost-effective compared with CM. TC is 
associated with fewer hospitalisations and 
more time in remission. Total costs are higher 
in TC due to greater use of adalimumab and 
biomarker testing than CM but are offset 
by reduced hospitalisations and quality-
adjusted life years gained, resulting in a 
cost-effectiveness ratio that indicates good 
value for money in the UK setting relative to 
published National Institute for Health and Care 
Excellence guidances.

How might it impact on clinical practice in the 
foreseeable future?

 ► Physicians should consider using an 
inflammatory biomarker-based and clinical 
symptom-based monitoring strategy to inform 
their treatment decisions for patients with 
moderate to severe active CD, given that TC 
is associated with superior efficacy compared 
with CM and is a cost-effective use of 
resources.
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hospitalisation prior to the widespread use of biologics such as 
tumour necrosis factor inhibitors; biologic therapy is now the 
primary driver of direct costs.6 7 Despite the costs, biologic use is 
associated with significant improvement in efficacy and disease 
control compared with conventional therapy such as cortico-
steroids and immunomodulators. However, current treatment 
algorithms rely on symptoms alone to inform decisions which 
may delay initiation of the most effective treatment.8 These 
approaches may prolong use of corticosteroids and put patients 
at risk of infections, morbidity and mortality.9 10 A recent 
consensus stated that inflammatory biomarkers, such as faecal 
calprotectin (FC) and C-reactive protein (CRP), might be useful 
in detecting intestinal inflammation and could inform treatment 
adjustment.11 

The Effect of Tight Control Management on Crohn’s Disease 
(CALM) trial was a randomised, controlled, open-label, phase 3 
study in 22 countries that assessed whether a tight control treat-
ment strategy (TC) using inflammation biomarkers FC and CRP 
in addition to clinical symptoms to direct therapy was superior 
to conventional practice that did not rely on biomarkers to direct 
therapy, namely clinical management (CM) in early CD.12 The 
CALM trial evaluated adult patients with active endoscopic CD, 
a CD Activity Index (CDAI) of 150–450 depending on dose of 
prednisone at baseline and no previous use of immunomodulators 
or biologics. Detailed study design was published elsewhere.12

CALM was the first study to show that a TC monitoring 
strategy and timely treatment modification with adalimum-
ab-based therapy results in better clinical and endoscopic 
outcomes than conventional symptom-driven treatment strategy 
in patients with early CD. TC was associated with significant 
improvements in mucosal healing (defined as Crohn's disease 
endoscopic index of severity (CDEIS) <4 and no deep ulcers), 
deep remission and steroid-free remission in TC than CM at 
week 48.12

Costs associated with TC may include more frequent 
biomarker tests and biologic use. However, the clinical benefit 
of mucosal healing and deep remission associated with TC could 
also affect economic outcomes such as hospitalisation and work 
productivity gain, which can reduce healthcare and societal 
costs. This study aimed to analyse the hospitalisation and work 
productivity outcomes in CALM and examine the cost-effective-
ness (CE) of TC and CM treatment strategies in an economic 
model using data from the CALM trial.

MeTHODs
Model structure
We developed a state transition (or Markov) model to compare 
TC and CM strategies with a UK public payer perspective using 
patient-observation data from the CALM trial, including the TC 
(n=122) and CM (n=122) groups.12 State transition models 
represent disease severity by health states defined by clinical-
ly-relevant severity measures. Patients in the model can transition 
from one health state to another based on transition probabili-
ties. We based our health states on CDAI scores, which included 
remission (CDAI <150), moderate (CDAI ≥150 to <300), 
severe (CDAI ≥300 to <450) and very severe (CDAI ≥450) 
with hospitalisation as a toll state (online supplementary figure 
S1). A sensitivity analysis was assessed including a mild state 
(CDAI ≥150 to 220) (online supplementary appendix 1). Both 
48-week and 5-year time horizons were modelled. Models using 
these health states are based solely on disease activity, exclude 
opaque aspects of treatment response (eg, ‘drug responsive’)13 
and have been published previously.14 15

Data
CALM trial data were analysed to derive model inputs for 
baseline health states, transition probabilities between health 
states, hospitalisation rates conditional on health states, adali-
mumab injections and indirect costs in terms of absenteeism 
(missed hours of work) due to CD. Wilcoxon rank-sum tests 
and χ2 tests compared continuous and categorical variables, 
respectively, in the TC and CM arms at baseline. Initial health 
state distribution was based on the pooled samples’ CDAI 
scores.

CDAI was measured at weeks 0, 2, 6, 11, 23, 35 and 48 in 
the CALM trial. Patients were mapped into health states based 
on their CDAI at each observation. The model used an intent-
to-treat (ITT) approach. Missing CDAI values or censored 
values were imputed using the last-observation-carried-forward 
approach.

Transition probabilities
A regression model, specifically an ordered probit model, esti-
mated weekly transition probabilities among health states. An 
ordered probit model allows for an outcome with multiple 
ordered categories (eg, remission, moderate, severe and very 
severe). A simple regression was estimated with a treatment 
variable (TC or CM) to assess the treatment effect. To allow 
treatment effects to vary across health states and over time, the 
model used a specification where the treatment variable inter-
acted with lagged health states. The model included covari-
ates for time since last CDAI measure and a pre/post-week-23 
dummy variable that corresponded to the peak clinical remission 
rates observed in CALM to improve extrapolation of outcomes 
outside the 48-week trial. All regressions employed robust stan-
dard errors clustered at the patient level. Predicted health state 
distributions were linearly interpolated between trial observa-
tions to derive weekly health state distributions. In sensitivity 
analysis, observed CDAI-based health state distributions were 
used instead of predicted distributions. Proportion of time in 
remission was calculated as the number of weeks in remission 
divided by total modelled weeks.

Direct medical costs
Direct medical costs comprised hospitalisation, other direct 
medical costs (including laboratory, radiology, emergency 
department, non-biologic drugs, physician consults and outpa-
tient visits), adalimumab injections and biomarker tests using UK 
prices. The crude rate of CD-related hospitalisations observed in 
the CALM trial was reported in events per patient year for TC 
and CM. Cumulative hospital incidence and a simple probit were 
also estimated to assess the treatment effect. In the CE model, 
inputs of CD-related hospitalisation events were estimated from 
a multivariate probit model (using similar specifications as the 
ordered probit model for health states). CD-related hospitalisa-
tion costs were derived based on inpatient costs that stratified 
patients by disease severity.7

Estimates for other direct medical costs were derived from 
published research that stratified patients by disease severity.16 
Costs of adalimumab were estimated using observed injections 
from the CALM trial and NHS prices from 2017.17 Patients in 
the TC group received CRP and FC tests at weeks 0, 11 and 
every 12 weeks thereafter; costs included test costs, staff time 
and reader costs.18 19 All cost inputs were inflation adjusted to 
2016/17 prices using the hospital community health services 
index.20
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Indirect costs/costs associated with absenteeism
The Work Productivity and Activity Impairment (WPAI) ques-
tionnaire assessed subjects’ ability to work and perform daily 
activities in terms of absenteeism due to CD at weeks 0, 11, 
23, 35 and 48.21 The effect of TC relative to CM was deter-
mined using an ordinary least squares model of the change in 
the percentage of missed hours out of a work week relative to 
baseline. Absenteeism was monetised using an average 2017 UK 
wage rate from the Office of National Statistics.22 Absenteeism 
was included in sensitivity analysis reflecting the average effect 
on costs for the total CALM sample.

Health utility
Quality-of-life was measured in the trial with the 36-Item Short 
Form Health Survey instrument at the same time points as the 
WPAI.23 Scores were transformed to Short-Form Six-Dimension 
(SF-6D) utilities.24 SF-6D scores that are transformed have been 
shown to have a smaller range and lower variance in values and 
floor effects.25 We used EQ-5D-based health utility from a larger 
study relating CDAI to estimate health state utility for the base 
case.26 We used the trial-based SF-6D-based estimates in a sensi-
tivity analysis.

Presentation of final results
Cost-utility outcomes were calculated, including incremental CE 
ratio (ICER), incremental net monetary benefit (INMB), qual-
ity-adjusted life-years (QALYs) monetised at £30 000 each and 
CE acceptability curves (CEAC). We conducted one-way sensi-
tivity analyses on key variables to examine how results varied 
over plausible input ranges which were identified in the liter-
ature or via analysis of the CALM trial. This analysis re-runs 
our base-case model while individually varying the selected vari-
ables within defined input ranges, to provide an idea of how 

much certain parameters influence the ICER (table 1). The 
base-case analysis was also estimated outside the trial horizon 
to 2 and 5 years using modelling prediction based on 48-week 
data from the CALM trial. To account for the uncertainty in all 
model parameters simultaneously, we conducted a probabilistic 
sensitivity analysis using 1000 second-order Monte Carlo simu-
lations, which re-runs our primary analysis while varying param-
eter values simultaneously based on their distributions (table 1).
We used the Cholesky decomposition of the covariance matrices 
from the multivariate regressions to account for correlated 
inputs in the probabilistic sensitivity analysis.27

resulTs
The distribution of TC and CM arms across CDAI-based health 
states was not statistically significantly different at baseline 
(online supplementary table S1). The pooled distribution across 
CDAI-based health states at baseline was 74.2% moderate, 
25.4% severe and 0.4% very severe. The ordered probit regres-
sion (online supplementary table S2 for simple specification and 
online supplementary table S3 for model specification) indicated 
that TC had a greater likelihood of patients maintaining or 
moving to a less severe health state; the Markov matrices esti-
mated from these regressions and used in the model appear in 
online supplementary table S4.

TC-treated patients had 14 CD-related hospitalisations over 
106.3 patient years (13.2 per 100 patient years) at week 48; 
CM-treated patients had 29 CD-related hospitalisations over 
103.6 patient years (28.0 per 100 patient years, p=0.021). The 
hospitalisation rate from the regression analysis of CALM data 
indicated that more severe health states were associated with 
greater likelihoods of hospitalisation, and that TC was associ-
ated with a lower likelihood of hospitalisation (beta: −0.247, 
p=0.037, online supplementary table S2). Cumulative incidence 

Table 1 Model inputs and values used in SA

Mean se Alpha beta Distribution
High value in one-
way sA

low value in one-
way sA source

CD-related hospitalisation costs, per admission £8573 3429 6 1372 Gamma £10 288 £6859 7

Other direct medical costs, weekly*

  Remission (CDAI <150) £15 4 12 1 Gamma £23 £0 16

  Moderate (CDAI ≥150 to <300) £42 8 Gamma £58 £0 16

  Severe (CDAI ≥300 to <450) £66 13 Gamma £91 £40 16

  Very severe (CDAI ≥450) £66 13 Gamma £91 £40 16

Adalimumab, cost per 40 mg injection £352.14 None None None None None £176.07 17

CRP test £1.97 None None None None £5.53 £1.97 18 19

FC test £23.27 None None None None £67.93 £23.27 18

Health utility, annual

  Remission (CDAI <150) 0.827 0.008 1747 366 Beta 0.843 0.810 26

  Moderate (CDAI ≥150 to <300) 0.647 0.008 Beta 0.663 0.630 26

  Severe (CDAI ≥300 to <450) 0.467 0.008 Beta 0.483 0.450 26

  Very severe (CDAI ≥450) 0.287 0.008 Beta 0.303 0.270 26

Baseline CDAI state distribution

  Remission (CDAI <150) 0 CALM12†

  Moderate (CDAI ≥150 to <300) 0.742 181 63 Dirichlet 1 0 CALM12†

  Severe (CDAI ≥300 to <450) 0.254 62 182 Dirichlet 0 0.5 CALM12†

  Very severe (CDAI ≥450) 0.004 1 243 Dirichlet 0 0.5 CALM12†

Transition probability, hospitalisation and absenteeism point estimates were for base-case analysis, parameters for one-way and probabilistic sensitivity analyses based on 
regression in online supplementary table S1.
*National Health Service paid costs except hospitalisation and adalimumab.
†CALM trial data analysis.
CALM, Effect of Tight Control Management on Crohn’s Disease trial; CD, Crohn's disease; CDAI, Crohn’s Disease Activity Index; CRP, C-reactive protein; FC, faecal calprotectin; SA, 
sensitivity analysis.
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of hospitalisation appears in figure 1; in the ITT model, TC 
patients were predicted to have 0.124 CD-related hospitalisa-
tions compared with 0.297 for CM over 48 weeks.

The absenteeism regression, estimated with a sub-sample 
(n=129) who recorded WPAI responses, revealed that TC was 
associated with a greater reduction of 5.6% in missed hours 
compared with baseline relative to CM over 48 weeks, although 
results were not statistically significant (beta: −5.606, p=0.346 
in simple model, online supplementary table S2).

The summary CE results over 48 weeks appear in table 2. 
The model predicted that 58.2% of patients’ 48 weeks were 
in clinical remission under the TC strategy, compared with 
46.8% in the CM arm. TC-treated patients had 0.124 predicted 
hospitalisations per patient, CM had 0.297, resulting in £1462 
lower hospitalisation costs for TC-treated patients versus CM 
patients. Other direct medical costs were £224 lower for TC 
than CM patients. Mean adalimumab injections were 31.01 in 
TC and 24.74 in CM, which increased TC costs by £2170. The 
cost of CRP and FC testing increased TC costs by £109. QALYs 
were higher by 0.032 for TC patients. The ICER was £18 656 
per QALY, or £360 INMB, in the base case which excluded 
absenteeism.

TC reduced absenteeism by £3962, versus −£2748 for CM, 
which equates to about 77.5 more hours of work over 48 weeks 
per patient for TC. When absenteeism was included in the anal-
ysis, TC was the dominant treatment strategy (meaning less 
costly and more effective than CM), with £1575 INMB.

The results of the one-way sensitivity analysis appear in figure 2. 
Model results were most sensitive to the baseline distribution of 
patients among CD severity levels, the inclusion of absenteeism, 
the costs of adalimumab and the health utility inputs. If all 
patients were in the moderate state at model baseline, the ICER 
was £29 695 per QALY, indicating that TC was still preferred to 
CM but only marginally. If half of patients were severe and half 
very severe at baseline, TC was more effective and less costly 
(ie, dominant) versus CM. The incremental costs of TC versus 
CM became negative (ie, less costly for TC) when including the 
costs related to absenteeism or when costs of adalimumab were 
reduced by ≥30%, at which point TC become dominant. Using 
SF-6D converted health utilities resulted in an ICER of £50 910 
per QALY, suggesting that, counter to the base case, the CM 
strategy was more cost-effective than a TC strategy. If absen-
teeism was included and SF-6D utilities used, TC was dominant 
(£306 INMB). Modelling the base case beyond the end of the 

Figure 1 Observed and predicted cumulative incidence of CD-related hospitalisations. Cumulative incidence of CD-related hospitalisation based on 
observed cumulative hospitalisations in CALM (A) and modelled cumulative hospitalisations (B) based on regression in online supplementary table 
S3. CALM, Effect of Tight Control Management on Crohn’s Disease trial; CD, Crohn’s disease; ITT, intent-to-treat.

Table 2 Results of cost-effectiveness evaluation over 48-week analysis

Outcome TC CM Incremental (TC–CM)

Proportion of time in remission 0.582 0.468 0.114

Hospitalisation events per patient 0.124 0.297 −0.173

Adalimumab injections, 40 mg 31.01 24.74 6.27

Direct medical costs

  Adalimumab costs £10 770 £8601 £2170

  CRP and FC testing costs £109 £0 £109

  Hospitalisation costs £1044 £2506 −£1462

  Other direct medical costs £1332 £1556 −£224

Total costs £13 255 £12 662 £593 (95% CI: £−12 952 to £2096)

Total QALYs 0.668 0.636 0.032 (95% CI: 0.011 to 0.055)

ICER (excluding absenteeism) £18 656

Incremental net monetary benefit (excluding absenteeism) £360

  Change in absenteeism −£3962 −£2748 −£1214

ICER (including absenteeism) TC dominant

Incremental net monetary benefit (including absenteeism) £1575

CM, Clinical management strategy; CRP, C-reactive protein; FC, faecal calprotectin; ICER, incremental cost-effectiveness ratio.; QALY, quality-adjusted life-year; TC, tight control 
strategy.
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48-week horizon by use of the Markov matrices estimated by the 
regression model indicated that TC was more cost-effective at 
year 2 (£12 166 per QALY) and year 5 (£10 675 per QALY). The 
sensitivity analysis including a mild state resulted in a £20 991 
per QALY ICER (online supplementary appendix). The results 
of the PSA are displayed as a CEAC in figure 3. The CEAC indi-
cated that 57.9% of simulations were below an ICER of £30 000 
per QALY in the base case (excluding absenteeism); 81.8% were 
below the same threshold when including absenteeism.

DIsCussIOn
Although biologic use is a large component of CD treatment 
costs, our study showed that use of adalimumab with a TC 
management strategy brings significant clinical benefit in a 
cost-effective way on a clinical and societal level. Using a model-
based approach adopting data from the CALM trial, our study 
suggests that a TC strategy is cost-effective at traditional thresh-
olds used by National Institute for Health and Care Excellence 
(ICERs below £20 000 to £30 000 per QALY).28 We found that 
the costs associated with greater use of adalimumab and addi-
tional CRP and FC testing in the TC strategy were offset by 
improvement in remission, reductions in CD-related hospitalisa-
tion and improvements in quality of life, which included resumed 
work productivity. Results were generally robust to sensitivity 
analyses, indicating that model estimates were reliable.

CALM incorporated economic endpoints and appropriate 
follow-up time for assessment of economic effects. It was not 
an event-based study or otherwise set up to hinder an ITT anal-
ysis.29 We maximised the patient-observation level data in the 

base case, using both modelled health states based on CDAI 
observations and unmodelled CDAI states in sensitivity analysis. 
Several resources not measured in the trial, including outpatient 
visits, emergency department, physician consults, radiology, 
comprehensive laboratory and non-biologic drugs were sourced 
from a study that stratified resource use by disease severity.16 
The base-case analysis reflected the complete trial study period; 
sensitivity analysis projected observed trends outcomes onto 
longer time horizons.

The TC-based treatment strategy is cost-effective even though 
it involved greater adalimumab and testing use that lead to 
higher direct medical costs than conventional CM. In threshold 
analyses, the TC-based strategy would become not cost-effec-
tive if the adalimumab price increased by 16.6% to £410.64 per 
injection or if the FC test price were 358% above the base-case 
input (£106.77 per test) in the UK setting. However, adalim-
umab cost is expected to decrease in anticipation of biosimilar 
therapy, which would increase the likelihood of CE of TC versus 
CM, as shown in sensitivity analysis. Another key component 
of cost is hospitalisation episodes due to CD. In the trial, TC 
had a greater than 50% reduction in CD-related hospitalisation, 
offsetting some of the increased direct medical costs. When the 
time horizon of the model was adjusted to two and 5 years, the 
ICER decreased. Thus, the additional biologic and testing costs 
could be offset by further hospitalisation decrease at the margin.

The cost of absenteeism due to CD was the sole indirect cost 
included in the model. The WPAI included several other poten-
tially monetisable endpoints, including impairment while working, 
overall work impairment and activity impairment. Across each 

Figure 2 One-way sensitivity analysis of tight control versus clinical management base-case analysis. Values in base case and sensitivity analyses 
appear in table 1. CALM, Effect of Tight Control Management on Crohn’s Disease trial CDAI, Crohn's disease Activity Index; ICER ,  incremental cost-
effectiveness ratio ;  NHS, National Health Service; SA , sensitivity analysis. 
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WPAI measure, TC showed greater reductions in impairment than 
CM in every within-group (comparing study week versus baseline 
WPAI outcomes) and between-group comparison at week 11, 23, 
35 and 48; however, the between-group changes were not signifi-
cant at an alpha of 0.05 with one exception. CALM may not have 
been powered to assess WPAI differences as only about half the 
participants were working at baseline. When including lost earnings 
from absenteeism due to CD using UK wage rates, the effects were 
large relative to direct medical costs. TC was dominant when these 
costs were included. These results are likely conservative as they 
excluded other measures of indirect cost.

If a biomarker-based and clinical symptom-based treatment 
strategy were superior to conventional CM in terms of efficacy, 
safety, quality of life and cost, will it replace CM as the new 
treatment paradigm? The results from this research could facil-
itate adoption of the TC practice style in the UK and perhaps 
other countries. There remain barriers to the adoption of new 
treatment strategies even when supported with trial-based 
evidence. Reimbursement for the FC test varies across primary 
care trusts in the UK. Diffusion of the TC practice pattern could 
be challenging in localities where the FC test is not reimbursed. 
Additionally, a new treatment strategy requires surmounting 
physician inertia to continue conventional practice patterns. Not 
modifying practice styles out of habit despite sound clinical and 
economic evidence to the contrary has been shown to be a major 
factor slowing uptake of new practice patterns.30 31

There are limitations to this analysis. The CALM study popu-
lation had early CD (median 2.61 months disease duration for 
both arms) which may not be generalisable to patients who have 
longer treatment histories. As a randomised controlled trial, 

observations from CALM came from an experimental setting, 
and may not be representative of typical patients with CD. 
This study used prices and a CE approach appropriate for the 
UK which may not be transferable to other countries. Extrap-
olated results beyond the trial horizon per the sensitivity anal-
ysis cannot be externally validated. This analysis also focuses on 
average effects in the study population. Future research could 
evaluate whether some sub-groups may benefit more from TC.

COnClusIOn
Using CALM trial data, this study was the first to assess and 
demonstrate that use of adalimumab in a TC approach with 
both biomarker-based and clinical symptom-directed strategy is 
cost-effective compared with CM from the UK perspective.
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