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Costs of care for Crohn's disease following institution of infliximab: A single centre UK experience
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Infliximab (Remicade®, Pennsylvania, USA) is licensed in the UK to treat severe luminal and perianal fistulising CD. It is a chimeric monoclonal antibody directed against tumour necrosis factor alpha (TNFα) and is given as an intravenous infusion, initially over 2 hours. Recent data from our centre suggest, however, that subsequent infusions can be given safely over 30 minutes. (3) Data from randomised controlled trials (RCT) have confirmed that infliximab is more effective than placebo for the induction of remission of active CD, [START_REF] Targan | A short-term study of chimeric monoclonal antibody cA2 to tumor necrosis factor alpha for Crohn's disease. Crohn's Disease cA2 Study Group[END_REF] healing of fistulising CD, [START_REF] Present | Infliximab for the treatment of fistulas in patients with Crohn's disease[END_REF] and in preventing relapse of disease activity once remission has been achieved. [START_REF] Hanauer | Maintenance infliximab for Crohn's disease: the ACCENT I randomised trial[END_REF] At present, there are few published studies reporting the effect of the use of infliximab in CD on subsequent health service CD-related costs. We have examined this issue in a large cohort of CD patients treated with infliximab at a single tertiary referral centre in the UK. Crohn's disease-related health services resource data were then collected retrospectively from case notes and computer records for all 100 patients for the 12 months prior to commencement of infliximab, and for the 12 months after commencement of therapy. These included inpatient admissions (medical or surgical), day case admissions for infliximab infusions, outpatient visits, surgical procedures (including intestinal resections and examinations under anaesthesia (EUAs)), endoscopic procedures (oesophagogastroduodenoscopy (OGD), enteroscopy, colonoscopy, sigmoidoscopy and capsule endoscopy), radiological investigations (plain X-ray, ultrasound, barium studies, computed tomography (CT), and magnetic resonance imaging (MRI)), blood tests, and costs of all prescribed medications (prednisolone, budesonide, hydrocortisone, 5-aminosalicylate preparations, azathioprine, 6-mercaptopurine, methotrexate, and mycophenolate mofetil).

National Health Service reference costs for 2006 to 2007 were applied to all these data in order to calculate the total CD-related health services costs per patient. The cost of infliximab was excluded from these analyses, but the mean cost of infliximab use over the 12 months of therapy in this cohort of 100 patients was calculated. A paired samples t-test was used to ascertain any statistically significant differences in the costs for each individual in the 12 month period prior to commencement of infliximab therapy and the 12 months after commencement of therapy.

Patients requiring infliximab undergo specific investigations to stage their disease prior to therapy being instituted. They may also have more aggressive disease that requires biological therapy earlier on in the disease course, which will tend to skew the CD-related costs prior to infliximab commencement, because the costs of the investigations that led to the initial diagnosis of CD will be included. We therefore performed pre-planned subgroup analyses with the costs of investigations that may be performed as part of the work-up prior to infliximab commencement, such as EUA, MRI, and colonoscopy, removed. We conducted a further subgroup analysis with the group of patients who had received infliximab in the first year following a diagnosis of CD removed from the analysis, as costs may be higher in these individuals. Finally, we compared total costs post infliximab in those who had received episodic and those who had scheduled maintenance therapy, as well as the total number and costs of infusions in these two groups of patients, and the total costs post infliximab in responders and non-responders to therapy. All statistical analyses were performed using SPSS for Windows version 14.0 (SPSS inc, Chicago, IL, USA). 

RESULTS

Demographic data of involved individuals

Demographic data for the 100 patients included in the study are provided in Table 1.

There were 61 female patients, 32 were current smokers, and 53 were receiving corticosteroids (hydrocortisone, prednisolone, or budesonide) at commencement of infliximab. Of these 100 patients, 57 received infliximab as scheduled 8-weekly maintenance therapy, and the remaining 43 received episodic treatment. There were a total of 518 infliximab infusions administered to these 100 patients during the 12 months of the study (mean 5.2 infusions per patient). Sixty of the 100 patients had undergone at least one previous surgical intervention (either intestinal resection or EUA) at some point following their initial diagnosis, and prior to the commencement of infliximab therapy, with 36 (60%) of these having had more than one operation. 15 patients received infliximab in the first year following diagnosis, with 5 of these patients requiring infliximab during their index admission with acute severe CD. The commonest disease phenotype in the cohort, as determined by the Montreal Classification, was A2, L3, B1 (n = 30). This translates as ileocolonic disease of inflammatory nature in the 16-40 age group. Almost 40% of the cohort had fistulising disease as denoted by the P modifier.

Effect of infliximab on total CD-related costs

The mean cost of CD-related care in the 100 patients in the 12 months pre infliximab was £4965. Cost savings were achieved in all areas of patient care, with highly statistically significant reductions observed in the costs of CD-related endoscopic procedures, radiological investigations, outpatient visits, and inpatient admissions (Table 2). The reduction in CD-related total costs was highly significant following infliximab therapy, with When costs of diagnostic tests that may have been performed as part of the work-up of patients prior to the commencement of infliximab were excluded from the analysis there remained a significant cost saving (£3431 pre infliximab compared with £2211 post, P = 0.01) When the 15 patients who commenced infliximab within the first year of diagnosis of CD were considered, the mean costs of care in the year prior to commencement of infliximab were higher, but not statistically significantly different, compared with the other 85 patients (£5797 versus £4825, P = 0.43). Excluding these 15 individuals from the analysis, the mean cost savings per person following commencement of infliximab were £3055. No statistically significant difference in costs post infliximab was detected between the scheduled and episodic groups (£3339 versus £2906, P = 0.44). A total of 357 infusions were given to the scheduled group (mean 6.3 infusions), compared with 161 (mean 3.7) in the episodic group (P < 0.001). The mean difference in costs of infliximab in the two groups of patients was statistically significant (£10 940 in scheduled versus £6514 in episodic, P < 0.001).

There were seven patients who were either primary or secondary non-responders to infliximab at 12 months. In addition, 10 patients had to discontinue therapy due to intolerable adverse events. Costs post infliximab were compared between the 83 patients with a continued response to infliximab and the non-responders, with a mean cost at 12 months post infliximab in responders of £1656 versus £3608 in non-responders (P = 0.02). 

Effect of infliximab on CD-related investigations

There were a total of 377 diagnostic tests performed in the 100 included patients in the year prior to infliximab therapy, compared with 75 in the year following commencement of infliximab, a decrease in total CD-related investigations of 80% (Table 3). All 100 patients had a chest X-ray (CXR) prior to commencement of infliximab, to exclude tuberculosis, and 67 plain X-rays were requested for other CD-related indications. A total of 23 plain X-rays were performed in the year post infliximab, a decrease of 66% if the screening CXRs prior to infliximab administration are excluded. There was an 80% reduction in the usage of CT scanning, and a 55% reduction in need for MRI scans.

Effect of infliximab on CD-related inpatient admissions

There were 90 CD-related admissions to acute hospital beds in the 12 months prior to commencement of infliximab, with a mean total length of stay of 14 days per admission for medical admissions, and 7 days per admission for surgical admissions (Table 4). In the 12 months after commencement of infliximab therapy there were 98 admissions. However, only 22 of these were CD-related acute medical or surgical admissions, with 76 of the 98 admissions being for the scheduled administration of infliximab, prior to the set up of the Immune Mediated Inflammatory Diseases centre in 2005. The mean total length of stay post infliximab was 8 days for medical admissions and 9 days for surgical admissions.

Effect of infliximab on CD-related surgery

In the 12 months pre infliximab therapy there were 47 surgical procedures performed, either EUA or intestinal resection, and in the 12 months following commencement of infliximab there were only 13 procedures performed. There were 41 EUAs performed pre infliximab, compared with 9 EUAs in the 12 months post infliximab (P < 0.001). There were 

DISCUSSION

This study, conducted in a large single centre cohort of CD patients, has demonstrated a mean total cost saving per patient in excess of £2750 in the 12 months following infliximab therapy. Highly significant savings were observed in inpatient stays, outpatient visits, endoscopic procedures, and radiological tests. The costs of hospitalisations for CD accounted for almost 50% of overall costs of care prior to infliximab therapy, which is of a similar magnitude to a previous cost analysis in inflammatory bowel disease. [START_REF] Bassi | Cost of illness of inflammatory bowel disease in the UK: a single centre retrospective study[END_REF] We also demonstrated a significant cost saving in terms of the need for any surgical intervention, particularly EUAs, in the year following the initiation of infliximab therapy. There are a number of work-up costs involved before initiating infliximab therapy. However, even when we assumed that EUA, MRI, and colonoscopy were necessary work-up investigations, and excluded the cost of these from the total costs prior to commencement of infliximab, there was still a statistically significant cost saving in the first year post therapy. Indeed, there are likely to be similar work-up costs before commencement of any disease modifying agent in CD patients, so these costs are not necessarily unique to patients commencing biological therapy.

These data provide the largest single centre experience of the CD-related costs of care following infliximab therapy. As the Leeds General Infirmary is a tertiary referral centre for inflammatory bowel disease, the dataset includes patients from a relatively large geographical region in the North of England. Strengths of the study include consistent data collection, similar patient work-up prior to therapy, consistent availability of resources for all patients, and the application of National Health Service reference costs to the data. Limitations of the study include the fact that our centre includes a tertiary referral population, which may therefore not be generalisable to a standard secondary care population. In addition, the patients acted as their own controls, meaning that we cannot exclude the possibility that patients who had severely active disease at the time biological therapy was commenced improved spontaneously as a result of regression to the mean. However, approximately onethird of the patients in this study had fistulising or stricturing disease, and it seems unlikely that patients such as these would improve without the institution of either medical or surgical therapy. In fact, when costs in the 12 months after commencement of infliximab were compared between those who maintained a response and continued therapy, with those who discontinued the drug, these were significantly lower in the former group of individuals. In addition, it would be unethical to include a control group of patients with severe disease, who would not be considered for biological therapy, a treatment that we know from rigorously designed and conducted RCTs is efficacious in this situation. Finally, the costs of care for CD patients may vary between centres, depending on local resource availability, for instance MRI enterography versus small bowel barium study.

We did not include the cost of infliximab in the data analysis. Infliximab, like all biological therapies, is an expensive drug. The mean cost of infliximab per year of treatment in our cohort was almost £9000 per person, though vial sharing saves our Immune Mediated Inflammatory Diseases centre approximately £120,000 per year for all CD patients treated.

Due to the high drug cost, it is unlikely that such therapies will ever demonstrate an overall net saving, in terms of costs of care. However, extrapolations made regarding cost per quality-adjusted life year in Markov modelling studies, [START_REF] Lindsay | Health-economic analysis: cost-effectiveness of scheduled maintenance treatment with infliximab for Crohn's disease--modelling outcomes in active luminal and fistulizing disease in adults[END_REF][START_REF] Bodger | Cost-effectiveness of biological therapy for Crohn's disease: Markov cohort analyses incorporating United Kingdom patient-level cost data[END_REF] and health-related quality of life scores, suggest that infliximab is a cost effective treatment strategy for CD in the longer term. Furthermore, recent guidance from the National Institute for Health and Clinical Excellence (NICE), [START_REF]Crohn's disease -infliximab (review) and Adalimumab (review of TA40)[END_REF] allows for equal first line therapy with biologic agents in CD, depending on individual drug costs for the patient. This, coupled with the development of generic biologicals in the future, may contribute to driving down drug costs in the UK. At the present time, there have been few other studies examining CD-related costs of care following infliximab therapy. One previous study demonstrated a reduction in hospitalisations, diagnostic procedures, and EUAs following infliximab therapy, with a reduction in the total costs of care of approximately £130 per patient, though this included the cost of infliximab. (13) However, there are some limitations to this study. The duration of follow up was only 6 months after administration of infliximab, so extrapolating whether this cost saving holds true for long-term therapy is not possible. In addition, the mean number of infusions per patient was only 1.7 during this period, which is not the accepted regimen for induction of remission. ( 6) Most CD patients treated with infliximab in the UK will receive 3 dose induction, followed by scheduled 8-weekly infusions for responders, therefore increasing the drug cost. Analysis of a small cohort of CD patients treated with infliximab 12 months before and after administration of infliximab demonstrated reductions in hospitalisations, surgeries, and diagnostic testing, but an overall increase in expenditure when the cost of infliximab was taken into account. ( 14 but no reference costs were applied to the data in this study. [START_REF] Rubenstein | Infliximab decreases resource use among patients with Crohn's disease[END_REF] Predicting who will respond to therapy remains an elusive goal. Selecting only patients that are likely to do well with infliximab may reduce overall costs to the health service. However, whilst there are some clinical parameters that may help predict a severe disease course, [START_REF] Beaugerie | Predictors of Crohn's Disease[END_REF] and hence who may benefit from early anti-TNFα therapy, at present there are no clinically useful serological or genetic markers to predict response to infliximab, though subgroup analysis of the SONIC data suggests that patients with an elevated CRP at commencement of therapy are more likely to respond. [START_REF] Colombel | Infliximab, azathioprine, or combination therapy for Crohn's disease trial[END_REF] Mucosal healing remains one of the best modalities of assessing the success of therapy and, where achieved, appears to reduce need for hospitalisation or surgery. [START_REF] Schnitzler | Mucosal healing predicts long-term outcome of maintenance therapy with infliximab in Crohn's disease[END_REF] Complete mucosal healing in combination with 19) could be used to determine which patients have achieved deep remission, and who therefore may be able to discontinue anti-TNFα therapy, with a lower risk of subsequent disease relapse. Conversely, lack of mucosal healing may help identify patients in whom infliximab therapy is failing, and in whom escalation in either dose or frequency of infusions, or a switch to an alternative biologic agent should be considered. Using these strategies will optimise the use of infliximab therapy, in line with recent guidelines from NICE, perhaps providing more targeted cost effective health care.

In conclusion, these data demonstrate, in the largest single centre cohort to date, that infliximab therapy reduces CD-related costs of care in a 12 month period following the initiation of therapy, but that these savings are insufficient to render the use of infliximab in CD patients cost-neutral, and a regression to the mean effect cannot be excluded. 

Conflicting Interest

  disease (CD) is a chronic relapsing and disabling disease of the gastrointestinal tract. It is often diagnosed in childhood, or early adulthood, and may therefore be associated with significant long-term costs of care. (1) Many patients with aggressive disease require substantial amounts of sickness-related absence from work, increasing the economic, as well as social, burden of the disease. (2) Maintaining disease remission and minimising hospitalisations, surgical interventions, and toxicity of therapy are key treatment aims, in an attempt to maximise quality of life.

  The study was conducted at the Leeds General Infirmary, a large teaching hospital serving a population of approximately 800 000 people in the city of Leeds, West Yorkshire, England. Infliximab has been used as a treatment for luminal and fistulising CD at our centre since 1999. Since 2005, every CD patient receiving infliximab attends the Immune Mediated Inflammatory Diseases centre as a day case visit. The service is coordinated by a specialist nurse and has a number of benefits, including vial sharing of infliximab and administration of the infusion during the visit, rather than admission to an inpatient bed, both of which may reduce the costs of treatment. Data on 100 consecutive patients who commenced infliximab between 1999 and 2008, were collected. These included patient demographics (sex, current age, age at diagnosis of CD, and smoking history) history of previous CD-related surgery, indication for use of infliximab, whether the patient received scheduled 8-weekly infusions or intermittent episodic therapy, baseline C-reactive protein (CRP), Harvey Bradshaw Indices (HBI), (7) any use of steroids or immunomodulators on commencement of infliximab, extraintestinal manifestations of CD, and CD phenotype according to the Montreal classification of disease.[START_REF] Silverberg | Toward an integrated clinical, molecular and serological classification of inflammatory bowel disease: Report of a Working Party of the 2005 Montreal World Congress of Gastroenterology[END_REF] 

  cost saving per patient in excess of £2750. This saving excluded the mean cost of infliximab therapy per patient for the 12 months of study inclusion, which was £9037 (range £874 to £36708). The largest cost savings occurred in inpatient admissions in the 12 months following infliximab, which were almost £2000 per patient, a decrease of approximately 75% when compared with the cost of inpatient admissions in the 12 months prior.

  terms of intestinal resections pre or post infliximab (6 operations pre infliximab compared with 4 operations post infliximab).

  ) Rubenstein et al. demonstrated a significant decrease in resource use in a cohort of infliximab-treated CD patients in Chicago;

  parameters, such as normal CRP and faecal calprotectin, (

  Abbot. Support for the Inflammatory Bowel Disease Nurse Specialist at the Leeds General

Table 1 . Demographics of 100 involved individuals Characteristics N=100

 1 

	Female

Table 2 . Total CD-related costs in 100 CD patients 12 months pre and post IFX

 2 

		Mean cost per	Mean cost per	Mean cost-	95%	P value
		person pre-	person post-	saving per	confidence	
		infliximab	infliximab	person post-	interval	
				infliximab		
	Medications	£598.71	£448.45	£150.26	£54.59 to	0.002
	costs*				£245.93	
	Radiology	£315.79	£89.46	£226.33	£170.48 to	< 0.001
	costs				£282.18	
	Endoscopy	£397.64	£77.86	£319.78	£227.26 to	< 0.001
	costs				£412.30	
	Surgery costs	£536.88	£124.06	£412.82	£116.00 to	0.007
					£709.64	
	Outpatient visit	£479.30	£372.67	£106.63	£53.78 to	< 0.001
	costs				£159.48	
	Blood test	£48.52	£37.13	£11.39	£2.77 to	0.01
	costs				£20.01	
	Inpatient	£2588.36	£670.90	£1917.46	£1219.63 to	< 0.001
	admission				£2615.29	
	costs					
	Day case	£0	£393.86	-£393.86	-£453.18 to -	< 0.001
	infusion costs				£334.54	
	Total costs	£4965.20	£2214.37	£2750.83	£1856.91 to	< 0.001
					£3660.93	

Table 3 . Investigations in 100 CD patients 12 months pre and post IFX therapy
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		Pre IFX	Post IFX	% Reduction
	Endoscopic investigations:			
	Colonoscopy	44	8	81.8
	OGD	13	4	69.2
	Flexible sigmoidoscopy	23	2	91.3
	Capsule endoscopy	2	1	50.0
	Total number	82	15	81.7
	Radiological investigations:			
	Plain X-ray	167	23	86.2
	MRI	31	14	54.8
	CT	50	10	80.0
	Barium studies	37	10	73.0
	Total number	285	57	80.0
	Other*	10	3	70.0
	Totals	377	75	80.1
	*Other studies include DEXA scans, Hydrogen urease breath tests, water soluble enemas,
	skin biopsies			

Table 4 . Inpatient admissions in 100 CD patients 12 months pre and post IFX
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	Pre IFX	Post IFX