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Executive summary

Background

Crohn’s disease (CD) is a severe, lifelong disease characterised by inflammation of the 
gastrointestinal mucosa. Main symptoms include chronic diarrhoea, abdominal pain, rectal 
bleeding and weight loss, and growth failure in children. Common complications are strictures 
(narrowing of the bowel), fistulas (creation of abnormal passageways between the bowel and 
other structures) and perianal disease (comprised of fissures, fistulas and abscesses). The 
disease is characterised by recurring flares of variable duration alternating with periods of 
remission of variable duration. There is no cure and most patients will need to take medication 
for large periods of their life and many will require surgery. CD manifests itself mainly during 
late adolescence or early adulthood; prevalence estimates range from 50 to 375 per 100,000. 
The impact on patients and society is high as ill health can be lifelong and can negatively 
affect education and employment as well as patients’ quality of life. Costs to the NHS are high, 
particularly for patients needing hospitalisation.

Conventional treatment pathways are complex and include a wide range of drugs 
(corticosteroids, aminosalicylates, immunosuppressants, antibiotics), nutritional therapy and 
surgery. More recently, a group of drugs called tumour necrosis factor (TNF) inhibitors (anti-
TNF-α agents) have been evaluated for their effectiveness in CD. One of these, infliximab, is 
currently recommended by the National Institute for Health and Clinical Excellence (NICE; 
2002) for patients with severe, active CD where patients are refractory to or intolerant of 
conventional treatment.

Objectives

The objectives of this Technology Assessment Report (TAR) were:

 ■ To update a previous TAR on the effectiveness and cost-effectiveness of infliximab in 
adults with moderate-to-severe CD or fistulising CD who are refractory to or intolerant of 
conventional treatment.

 ■ To review the evidence on the clinical effectiveness and cost-effectiveness of infliximab in 
children with moderate-to-severe CD who are refractory to or intolerant of conventional 
treatment.

 ■ To review the evidence on the clinical effectiveness and cost-effectiveness of a further anti-
TNF-α antibody, adalimumab, in adults with moderate-to-severe CD who are refractory to 
or intolerant of conventional treatment.

 ■ To investigate whether there is evidence for greater clinical effectiveness or cost-effectiveness 
for either adalimumab or infliximab.

Methods

Data sources
Data for the review were sought from the Cochrane Library (Cochrane Central Register 
of Controlled Trials), MEDLINE, MEDLINE In-Process & Other Non-Indexed Citations 
and EMBASE up to June 2007. The European Medicines Agency, the US Food and Drug 
Administration and other relevant websites were also searched.
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Clinical effectiveness
Standard systematic review methods were used for study identification and selection, data 
extraction and quality assessment. Only randomised controlled trials (RCTs) comparing 
adalimumab or infliximab with standard treatment (placebo), RCTs comparing adalimumab with 
infliximab, or RCTs comparing different dosing regimens of either adalimumab or infliximab in 
adults and children with moderate-to-severe active CD intolerant or resistant to conventional 
treatment were eligible for inclusion. Outcomes reported in the trials were based mainly around 
changes in the Crohn’s Disease Activity Index (CDAI), a questionnaire measuring various 
parameters associated with CD. Results were presented in forest plots, but not pooled because 
of the existence of either a single trial or clinical heterogeneity where there were two trials that 
potentially could have been pooled. Formal indirect comparisons were not undertaken owing to 
clinical heterogeneity of trials. Results are reported for those trial arms where dosing regimens 
were consistent with the respective licence indications.

Cost-effectiveness
A systematic review of published studies on the cost and cost-effectiveness of adalimumab 
and infliximab was undertaken. The economic models of cost-effectiveness submitted by the 
manufacturers of both drugs were critically appraised and, where appropriate, rerun using 
parameter inputs based on the evidence identified by the authors of the TAR. A de novo Markov 
state transition model was constructed to calculate the incremental cost-effectiveness ratio 
(ICER) for adalimumab and infliximab therapy respectively compared with standard care.

Results

Clinical effectiveness review
Based on 11 trials, there was evidence from both induction and maintenance trials that both 
adalimumab and infliximab therapy were beneficial compared with placebo (standard care) for 
adults with moderate-to-severe CD and, for infliximab, for adults with fistulising CD; results 
were statistically significant for some time points. These results were based on changes to the 
CDAI and, for fistulising disease, on rates of fistula closure. Results from maintenance trials 
were almost exclusively based on subgroups of ‘responders’. Between 6% and 24% (adalimumab) 
and 21% and 44% (infliximab) more patients achieved remission with anti-TNF-α antibodies 
than with placebo in the induction trials. Between 24% and 29% (adalimumab) and 14% and 
24% (infliximab) more patients achieved remission with anti-TNF-α antibodies in the two large 
maintenance trials at reported follow-up. In fistulising CD, between 29% and 42% (induction 
trial) and 23% (maintenance trial) more patients achieved a > 50% reduction in fistulas with 
infliximab than with placebo at reported follow-up.

There was no direct evidence to show that ‘responders’ were more likely to benefit from treatment 
than ‘non-responders’ in the longer term. The maintenance trials, in the main, did not inform on 
persistence of the response (remission) state as point prevalence only was reported. There was 
likely to be a benefit of infliximab therapy for children, but these results were uncertain as the 
trials had no placebo (standard care) arm; rates of spontaneous improvement could therefore not 
be quantified. There was no valid evidence regarding the relative effectiveness of ‘episodic’ and 
‘scheduled’ infliximab treatment regimens. Few differences were found between treatment and 
standard care arms for selected adverse events, though high proportions of scheduled crossovers 
resulted in a lack of a true placebo group in most of the maintenance trials.

Cost-effectiveness review
No published studies on the cost-effectiveness of adalimumab were identified. The four 
independently funded studies identified for infliximab suggested high cost-effectiveness ratios 
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[all above £50,000/quality-adjusted life-year (QALY) for non-fistulising disease and all above 
£100,000/QALY for fistulising disease].

Appraisal of industry submissions
For adalimumab there was a lack of clarity over the source and interpretation of data used in 
the industry model, and key elements of the model could not be verified. Corrected results for 
both severe CD and moderate and severe (combined) CD were substantially higher than in the 
industry submitted model; in the severe subgroup of patients the corrected ICER approached 
cost-effectiveness (at a threshold of £30,000). For infliximab, errors were identified in the 
industry model (active CD), some of which could not be corrected. The authors’ revision of the 
model (active CD) suggested that infliximab was cost-effective for episodic (clinician discretion) 
treatment, although an exact description of this intervention was lacking. The revised model 
indicated that scheduled maintenance treatment with infliximab was unlikely to be cost-effective. 
The revised industry model for fistulising CD also suggested that infliximab was unlikely to be 
cost-effective. The model provided for paediatric CD was non-functional.

De novo economic model
A Markov model was developed from an NHS/Personal Social Services perspective to estimate 
the incremental cost per QALY for both drugs compared with standard care in (a) induction/
episodic therapy (as it was defined for the de novo economic model) for moderate and severe 
disease; and (b) maintenance therapy for moderate and severe disease. The model had a 1-year 
time horizon and was constructed and analysed in treeage pro 2008 (TreeAge Software Inc., 
Williamstown, MA, USA). The findings were that for induction, both adalimumab and infliximab 
were cost-effective (dominant relative to standard care) in the management of severe CD and that 
adalimumab was cost-effective (dominant relative to standard care) for moderate CD, according 
to limits usually accepted by NICE. Induction therapy with infliximab was not cost-effective for 
moderate CD (ICER of £94,321). Neither drug was cost-effective as maintenance therapy for 
moderate or severe disease by these criteria (ICER around £5M for severe disease for both drugs, 
and around £14M for moderate disease for both drugs). Additional work on severe CD suggested 
that relapse rates were one important factor in determining cost-effectiveness.

A budget impact assessment suggested that the total cost to the NHS in England and Wales for 
induction in severe disease only could range between £17M and £92M and for maintenance for 
1 year between £140M and £200M. These totals would be less if treatment was directed towards 
only those CD patients whose condition was refractory to other treatment or who were intolerant 
or experienced toxicity from these treatments and for whom surgery was inappropriate. It is 
unclear how many people would be in this category so the precise budget impact if the current 
NICE guidance is maintained was unclear.

Discussion

Regarding clinical effectiveness, there were concerns about the trial design and lack of clarity, 
particularly regarding the maintenance trials, which may have affected interpretation of results. 
These related to the division of patients into subgroups (responders and non-responders) at 
different time points; the high proportions of scheduled crossovers resulting in a lack of a true 
placebo group; and uncertainties regarding the handling of missing binary and continuous 
data. Overall, the trials showed a benefit of both adalimumab and infliximab therapy over 
standard care, as measured by CDAI-related outcome measures (or fistula closure for patients 
with fistulising CD). Uncertainties remain over the size of the effect for both drugs, the duration 
of effect (after 1 year), the best type of treatment regimen (e.g. scheduled or as required) and 
the type of patient who would benefit most (e.g. in terms of disease severity or being an early 



v Health Technology Assessment 2011; Vol. 15: No. 6 (Executive summary)

‘responder’). There are also uncertainties over whether the CDAI-derived measures were 
adequate for capturing clinically meaningful changes in disease severity. While trial populations 
overall may appear homogenous based on similar CDAI scores, individual patients are likely to 
vary in their disease manifestations and severity. All of the trials were in patients with ‘moderate-
to-severe’ CD (or fistulising CD) and therefore none matched exactly the licence indications or 
NICE guidance, which specify the use of these drugs in patients with ‘severe’ disease. All trials 
were multicentre and applicability to UK populations, particularly in terms of standard care being 
provided and in terms of patients having failed or having become intolerant to conventional 
treatment, was uncertain.

The uncertainties in the clinical data (as outlined above) complicated the economic analyses. The 
published economic models relied heavily on little information and data from small samples. 
In such cases, the interpretation of economic models within the published papers was difficult. 
Assessments of the industry-submitted models were hampered by inconsistent use of data and 
lack of clarity about the source and interpretation of data. Both manufacturers submitted Monte 
Carlo simulation Markov models, but unfortunately some of the models had serious errors. Also, 
Markov models assume zero memory; how long a patient has been in a health state and how 
they got there may impact on resources and could be important in a CD patient group. Both the 
published cost-effectiveness studies and the industry submission models lacked input of long-
term clinical data.

Conclusions

Anti-TNF therapy with adalimumab or infliximab may have a beneficial effect compared with 
standard care on CDAI-related outcome measures for induction and maintenance. Formal 
comparisons between the two drugs were not possible owing to clinical heterogeneity between 
trials. Uncertainty remains regarding the size and duration of the effect of the two drugs and over 
the type of patient that is likely to benefit more or less from treatment. The findings were that 
for induction, both adalimumab and infliximab are cost-effective (dominant relative to standard 
care) in the management of severe CD, and adalimumab (but not infliximab) is cost-effective 
for moderate CD, according to limits generally accepted by NICE. On the basis of the analysis 
presented here, neither drug is likely to be cost-effective as maintenance therapy for moderate or 
severe disease. Perhaps, most importantly, the analysis reflected the fact that a substantial number 
of patients would achieve remission under standard care and that the incidence of relapse among 
those in remission was such that maintenance therapy would have to show greater effectiveness 
than at present and/or be much less costly than it currently is in order to reach the levels of 
generally accepted cost-effectiveness.

Any future trials need to be designed to meet the particular challenges of measuring and 
quantifying benefit in this patient group. For example, trials should be conducted in the whole 
eligible CD population and not be limited to ‘responders’, for whom no particular benefit has 
been shown. ‘Scheduled crossovers’ should be avoided as these result in a lack of a true placebo 
arm, and results become difficult to interpret. The length of trials should also be sufficient to 
account for natural periods or remission and relapse. Finally, different treatment strategies (e.g. 
episodic vs scheduled) need to be evaluated in appropriately designed trials.

Funding

The research was funded by the HTA programme on behalf of NICE.



vi Executive summary: The use of TNF-α inhibitors, adalimumab and infliximab, for Crohn’s disease

Publication

Dretzke J, Edlin R, Round J, Connock M, Hulme C, Czeczot J, et al. A systematic review and 
economic evaluation of the use of tumour necrosis factor-alpha (TNF-α) inhibitors, adalimumab 
and infliximab, for Crohn’s disease. Health Technol Assess 2011;15(6).



How to obtain copies of this and other HTA programme reports

An electronic version of this title, in Adobe Acrobat format, is available for downloading free of charge for 
personal use from the HTA website (www.hta.ac.uk). A fully searchable DVD is also available (see below). 

Printed copies of HTA journal series issues cost £20 each (post and packing free in the UK) to both 
public and private sector purchasers from our despatch agents.

Non-UK purchasers will have to pay a small fee for post and packing. For European countries the cost is 
£2 per issue and for the rest of the world £3 per issue.

How to order:

– fax (with credit card details)  
– post (with credit card details or cheque) 
– phone during office hours (credit card only).

Additionally the HTA website allows you to either print out your order or download a blank order form.

Contact details are as follows:

Synergie UK (HTA Department)
Digital House, The Loddon Centre 
Wade Road 
Basingstoke 
Hants RG24 8QW

Email: orders@hta.ac.uk

Tel: 0845 812 4000 – ask for ‘HTA Payment Services’  
(out-of-hours answer-phone service)

Fax: 0845 812 4001 – put ‘HTA Order’ on the fax header

Payment methods

Paying by cheque 
If you pay by cheque, the cheque must be in pounds sterling, made payable to University of 
Southampton and drawn on a bank with a UK address.

Paying by credit card 
You can order using your credit card by phone, fax or post.

Subscriptions

NHS libraries can subscribe free of charge. Public libraries can subscribe at a reduced cost of £100 for 
each volume (normally comprising 40–50 titles). The commercial subscription rate is £400 per volume 
(addresses within the UK) and £600 per volume (addresses outside the UK). Please see our website for 
details. Subscriptions can be purchased only for the current or forthcoming volume.

How do I get a copy of HTA on DVD?

Please use the form on the HTA website (www.hta.ac.uk/htacd/index.shtml). HTA on DVD is currently free 
of charge worldwide.

The website also provides information about the HTA programme and lists the membership of the  various 
 committees.

HTA



NIHR Health Technology Assessment programme

The Health Technology Assessment (HTA) programme, part of the National Institute for Health Research 
(NIHR), was set up in 1993. It produces high-quality research information on the effectiveness, costs and broader 
impact of health technologies for those who use, manage and provide care in the NHS. ‘Health technologies’ are 
broadly defined as all interventions used to promote health, prevent and treat disease, and improve rehabilitation 
and long-term care.
The research findings from the HTA programme directly influence decision-making bodies such as the National 
Institute for Health and Clinical Excellence (NICE) and the National Screening Committee (NSC). HTA findings 
also help to improve the quality of clinical practice in the NHS indirectly in that they form a key component of the 
‘National Knowledge Service’.
The HTA programme is needs led in that it fills gaps in the evidence needed by the NHS. There are three routes to 
the start of projects.
First is the commissioned route. Suggestions for research are actively sought from people working in the NHS, 
from the public and consumer groups and from professional bodies such as royal colleges and NHS trusts. These 
suggestions are carefully prioritised by panels of independent experts (including NHS service users). The HTA 
programme then commissions the research by competitive tender.
Second, the HTA programme provides grants for clinical trials for researchers who identify research questions. 
These are assessed for importance to patients and the NHS, and scientific rigour.
Third, through its Technology Assessment Report (TAR) call-off contract, the HTA programme commissions 
bespoke reports, principally for NICE, but also for other policy-makers. TARs bring together evidence on the 
value of specific technologies.
Some HTA research projects, including TARs, may take only months, others need several years. They can cost 
from as little as £40,000 to over £1 million, and may involve synthesising existing evidence, undertaking a trial, or 
other research collecting new data to answer a research problem.
The final reports from HTA projects are peer reviewed by a number of independent expert referees before 
publication in the widely read journal series Health Technology Assessment.

Criteria for inclusion in the HTA journal series
Reports are published in the HTA journal series if (1) they have resulted from work for the HTA programme, 
and (2) they are of a sufficiently high scientific quality as assessed by the referees and editors.
Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search, appraisal and 
synthesis methods (to minimise biases and random errors) would, in theory, permit the replication of the review 
by others.

The research reported in this issue of the journal was commissioned and funded by the HTA programme on 
behalf of NICE as project number 06/60/01. The protocol was agreed in June 2007. The assessment report began 
editorial review in January 2008 and was accepted for publication in May 2010. The authors have been wholly 
responsible for all data collection, analysis and interpretation, and for writing up their work. The HTA editors and 
publisher have tried to ensure the accuracy of the authors’ report and would like to thank the referees for their 
constructive comments on the draft document. However, they do not accept liability for damages or losses arising 
from material published in this report.
The views expressed in this publication are those of the authors and not necessarily those of the HTA programme 
or the Department of Health.
Editor-in-Chief: Professor Tom Walley CBE
Series Editors: Dr Martin Ashton-Key, Professor Aileen Clarke, Dr Peter Davidson, 

Professor Chris Hyde, Dr Tom Marshall, Professor John Powell, Dr Rob Riemsma and 
Professor Ken Stein

Editorial Contact: edit@southampton.ac.uk

ISSN 1366-5278

© 2011 Queen’s Printer and Controller of HMSO
This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE) (http://www.
publicationethics.org/).
This journal may be freely reproduced for the purposes of private research and study and may be included in professional 
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising.
Applications for commercial reproduction should be addressed to: NETSCC, Health Technology Assessment, Alpha House, 
University of Southampton Science Park, Southampton SO16 7NS, UK.
Published by Prepress Projects Ltd, Perth, Scotland (www.prepress-projects.co.uk), on behalf of NETSCC, HTA.
Printed on acid-free paper in the UK by Henry Ling Ltd, The Dorset Press, Dorchester.


