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Abstract
Background
In 2012, the National Institute for Health and Care Excellence (NICE) assessed guidance (DG7) on the use of tauroselcholic [75selenium] acid (also known as SeHCAT) for the investigation of diarrhoea due to bile acid malabsorption (BAM) in patients with IBS-D and in patients with Crohn’s disease who have not had an ileal resection. NICE concluded that tauroselcholic [75selenium] acid was recommended for use in research only. NICE will be reviewing the decision to update the guidance for tauroselcholic [75selenium] acid, for these populations, in March 2017. 
Aim
Our aim is to summarise advances in BAM, also known as bile acid diarrhoea (BAD), and encourage clinicians to re-evaluate their understanding of this disorder. 
Approach
We review the prevalence, diagnosis and treatment of BAD/BAM. We describe the new evidence available since the original NICE review in 2012, and discuss the economic issues associated with failure to diagnose or to treat BAD/BAM accurately. We will contrast the new BAD/BAM data with that used in the NICE DG7 guidance.
Evidence update
There is new and compelling evidence available since DG7, which shows that tauroselcholic [75selenium] acid scanning is a powerful tool in the diagnosis of BAD/BAM. We summarise published prevalence data (approximately 1% prevalence in the UK, as suggested by clinical practice diagnosis rates), and highlight that the true prevalence of BAD/BAM could be far greater than this. 
Conclusion
We present evidence that challenges current opinion about this disorder, and we commend both clinicians and health technology assessment (HTA) agencies for being open to arguments and new evidence in any future HTAs.



Introduction
Bile acid diarrhoea (BAD) and bile acid malabsorption (BAM) misdiagnosed as diarrhoea-predominant irritable bowel syndrome (IBS-D) affect approximately 1% of the UK population; there is also likely an additional large, but as yet unquantified, number of other people with BAM and BAD from secondary causes.1 
Both BAD and BAM cause significant morbidity and are related to the production of bile acids, which are secreted into the gastrointestinal (GI) tract in response to the dietary intake of fat. If bile reaches the colon in more than small amounts, because of either true malabsorption in the terminal ileum (BAM) or excess secretion by the liver, and this overwhelms terminal ileal bile reabsorption mechanisms (BAD); the patient will consequently develop symptoms.
BAD/BAM symptoms can severely impact a patient’s quality of life. The symptom most commonly described as pathognomonic of BAD/BAM is ‘chronic watery diarrhoea’2; however, if patients eat minimal fat, there will be little secreted luminal bile, and the extent of the diarrhoea can vary according to this. Patients with BAD/BAM also frequently describe bowel urgency and frequency, abdominal pain, cramps, excessive flatulence and unpredictable bowel habit and, less frequently, steatorrhoea as symptoms. One study found that 20% of patients with these conditions say that constipation following diarrhoea episodes is their worst symptom.3 If patients with such symptoms are investigated systematically, studies show a very high frequency of BAD/BAM diagnosis.3-5 Importantly, a recent (2017) review by Bannaga et al. used patient-reported outcomes to highlight that BAD requires more recognition by clinicians to address the current delays in diagnosis, and that treatment improves physical and mental symptoms in the majority of participants.6
Despite being simple to diagnose and treat, BAD/BAM are not frequently considered as diagnoses. Tauroselcholic [75selenium] acid (also known as SeHCAT) is a radiopharmaceutical capsule that is licensed for use in measuring bile acid pool loss and investigating BAD/BAM. It is used to test bowel function by measuring how much the compound is retained or lost from the body into faeces.7 In 2012, the National Institute for Health and Care Excellence (NICE) assessed the use of tauroselcholic [75selenium] acid for the investigation of diarrhoea due to BAM in diagnostic guidance DG7.7 The guidance focused on two populations: patients with chronic diarrhoea considered likely to have IBS-D and patients with chronic diarrhoea diagnosed with Crohn's disease who have not had an ileal resection. Several chronic diarrhoea populations were noted but excluded from the evaluation, including people with Crohn’s disease who have had an ileal resection, cholecystectomy or radiation-induced bowel damage. Other at-risk populations were not considered at all, such as those undergoing GI or pancreatic surgery, cancer chemotherapy and pelvic radiotherapy, and those with diabetes or microscopic colitis. The committee concluded that, while tauroselcholic [75selenium] acid was a potentially clinically important diagnostic test, there was insufficient evidence to determine whether tauroselcholic [75selenium] acid was a cost-effective option for diagnosing BAM in England and Wales; tauroselcholic [75selenium] acid was recommended for use in research only.7 
As part of the ongoing review of its guidance, in 2016, NICE advised that the decision on whether to review and update DG7 would be made in March 2017; NICE DG7 only focused on BAD/BAM in a population with IBS-D and Crohn’s disease without an ileal resection. Therefore, this paper aims to summarise our current understanding of the prevalence, diagnosis and treatment of BAD/BAM, and to highlight the evidence available since the original NICE review in 2012. To support this aim, we used a targeted research approach to identify any key updates to this evidence base. 
Prevalence of BAD/BAM
[bookmark: _GoBack]Chronic diarrhoea may account for up to 5% of GI clinical referrals; estimates of the prevalence of chronic diarrhoea in western populations range between 4% and 5%. 7 BAD/BAM are one of several causes of chronic diarrhoea, but their diagnosis may be overlooked due to a lack of clinician awareness and access to appropriate investigations. Consequently, patients with BAD/BAM can be misdiagnosed with conditions such as IBS-D.8-12 
The NICE review of tauroselcholic [75selenium] acid, DG7, estimated BAM prevalence to be up to 33% of people with a IBS-D diagnosis, and 54% of people with Crohn’s disease who have not had an ileal resection in clinical remission.7 11 Since the NICE review, two studies have been published that further support these data for IBS-D.13 14 At the population level, the prevalence of BAD/BAM in IBS-D has been estimated by Walters and Pattni to be approximately 500,000 people in the UK, approximately 1% of the overall population.1 Based on experience in clinical practice and the evidence outlined in the review, we believe this is likely to be an underestimate; this prevalence exceeds that of better-known conditions, such as Crohn’s disease or ulcerative colitis, and is similar to the prevalence of coeliac disease.1  
Given these data, there appears to be a clear disconnect between actual BAD/BAM prevalence in the population and the rate of BAD/BAM diagnosis in clinical practice. Khalid et al. surveyed practicing gastroenterologists who see, on average, 500 new patients annually. Of these patients, 34% have chronic diarrhoea, and only 1% are diagnosed with BAM; as shown in Figure 1, this means that only approximately five patients are diagnosed with BAM each year per gastroenterologist. This echoes the recent findings from Bannaga et al., who reported that symptoms had been experienced for more than 5 years before diagnosis in 44% of BAD patient respondents when reporting their disease outcomes.6
Figure 1: Gastroenterologists survey results – BAM diagnosis (adapted from Khalid et al.)15

Key: BAM, bile acid malabsorption; GI, gastrointestinal.

In those with chronic diarrhoea, only 6% of gastroenterologists investigated for BAM in the first treatment line setting, while 61% considered the diagnosis only in selected patients or not at all. We believe that this highlights the under-diagnosis of BAM in clinical practice,15 and note that the investigation of BAD/BAM may be limited by the availability of tauroselcholic [75selenium] acid testing in secondary centres in Europe (and the absence of the test in the USA).16
We suggest that undiagnosed (and therefore untreated) BAD/BAM will result in reduced patient quality of life because of persisting symptoms and unnecessary costs to the health system due to repeated patient visits to primary/secondary care for further tests/treatments. It is therefore important to diagnose BAD/BAM accurately for patients to be appropriately treated. 
Tauroselcholic [75selenium] acid use in bad/bam diagnosis
At the time of the NICE tauroselcholic [75selenium] acid review in 2012, BAD/BAM diagnosis in UK clinical practice was reported through a combined analysis of personal history, investigations to exclude 'red flag' symptoms and various other diagnostic tests.7 Tauroselcholic [75selenium] acid was recognised as a specific diagnostic for BAM; however, it was noted that the retention rate results of tauroselcholic [75selenium] acid required some interpretation. The committee assessing tauroselcholic [75selenium] acid observed that there was no definitive cut-off between normal and abnormal test results; although it was noted that, in usual practice, retention values of less than 15% may be considered abnormal and indicative of BAM.7 Importantly, the committee did not consider the impact of dietary fat intake on symptom burden, which is known to affect the rate of luminal bile secretion, and therefore the level of diarrhoea. 
Since 2012, further evidence has been published. A King’s Technology Evaluation Centre (KiTEC) study collecting data from 38 centres and over 1,000 tauroselcholic [75selenium] acid tests reported that, for centres using the test (n=32/38), the majority (69%, n=22/32) reported a retention cut-off point between a normal and an abnormal result to be 15%.17 Some centres further disaggregated this to account for mild, moderate and severe BAD/BAM; however, these severity grades are not standardised. Other recent studies provide evidence on both the reliability of tauroselcholic [75selenium] acid as a diagnostic tool and the increasing use of the test in clinical practice.5 8 18 Valentin et al. reported results from a large systematic review and meta-analysis carried out to identify a biomarker for idiopathic BAD in patients with functional bowel disorder with diarrhoea.18 They identified 36 studies that enrolled >5,000 patients and analysed data for four different BAD tests. These tests were assessed for their diagnostic yield; that is, the likelihood that a test or procedure will provide the information needed for diagnosis. Of these four tests, the authors concluded that tauroselcholic [75selenium] acid had the highest diagnostic yield (Table 1).18 
[bookmark: _Ref459801257]Table 1: BAD diagnostic test yields (adapted from Valentin et al.)18
	Diagnostic test
	Average diagnostic yield
	95% CI

	Tauroselcholic [75selenium] acid
	0.308
	0.247 to 0.377

	Total faecal bile acid secretion
	0.255
	0.071 to 0.606

	Serum FGF19
	0.248
	0.147 to 0.385

	Serum C4
	0.171 
	0.134 to 0.217

	Key: CI, confidence interval, FGF19, fibroblast growth factor 19.



Moreover, tauroselcholic [75selenium] acid use in clinical practice is increasing. Smith and Perkins reported responses from 129 UK centres regarding tauroselcholic [75selenium] acid use in clinical practice; 57% of centres used tauroselcholic [75selenium] acid, with 70% reporting an increase in tauroselcholic [75selenium] acid workload over the previous 3 years.5 Gracie et al. reported results for 373 patients with chronic diarrhoea who underwent tauroselcholic [75selenium] acid scanning in two UK hospitals between January 2005 and December 2011.8 The number of tauroselcholic [75selenium] acid scans requested each year increased (statistically) significantly from 26 in 2005 to 111 in 2011.8 
We consider that the growing use of the tauroselcholic [75selenium] acid test in clinical practice is a consequence of a recognition of its value. Many patients with BAD/BAM have spent long symptomatic periods awaiting correct treatment; Pattni et al. reported that the average duration of diarrhoea prior to diagnosis was 24–33 months, depending upon the BAD subtype, and ranged from 12–114 months.2 Growing tauroselcholic [75selenium] acid use may reflect the value of reducing this waiting time on patient quality of life and cost. Furthermore, tauroselcholic [75selenium] acid is also now used to diagnose other GI indications, such as pelvic radiation disease in cancer.19 20 
Some studies have suggested that tauroselcholic [75selenium] acid should be considered at an early stage in the diagnostic pathway in younger patients.21 The KiTEC study observed that many patients underwent this test without a prior colonoscopy17, and suggested that the placement of tauroselcholic [75selenium] acid in the pathway laid out by the British Society of Gastroenterology (BSG) guidelines for chronic diarrhoea may need to be reconsidered; the BSG guidelines on the whole are likewise considered to be somewhat inaccurate by practising gastroenterologists. 	Comment by Jervoise Andreyev: I agree with this statement but I wonder if we can say this because do we really know that gastroenterologists think this? 
Treatment for patients with BAD/BAM
In the UK, patients with a confirmed or suspected BAD/BAM clinical diagnosis are generally offered treatment with a bile acid sequestrant (BAS) such as colestyramine, colesevelam or colestipol.10 The KiTEC study reported that a BAS was prescribed to 73% (n=117/161) of patients with an abnormal tauroselcholic [75selenium] acid result.17 Other less commonly used BAM treatments may include dietary fat manipulation; whereby reduced dietary fat intake may reduce the volume of bile secreted and thus may reduce patient symptoms.19 Furthermore, dietary fat reduction is likely to have additional health benefits other than just improving GI symptoms, as well as being is an extremely cheap intervention.
Of the available BAS treatments, colestyramine is the most frequently prescribed. The KiTEC study reported that, of those patients receiving a BAS, 70% received colestyramine.17 Colestyramine has previously been associated with poor compliance due to its unpleasant taste.7 Colesevelam, a newer BAS that is available in tablet form, may lead to higher compliance; however, colesevelam is not licensed for BAM treatment.22 Furthermore, colesevelam has been reviewed by NICE for off-label use, but the evidence summary does not contain recommendations from NICE on whether the medicine should be used.22
A definitive BAD/BAM diagnosis is likely to improve colestyramine compliance because there will be clear and expected (and actual, in most cases) benefit to offset treatment unpleasantness. Orekoya et al. reported that offering colestyramine without a diagnostic justification is unlikely to prove effective, as patients have no motivating diagnosis to warrant colestyramine continuation.9 They also reported that patients with BAM who are not diagnosed and subsequently discontinue colestyramine are unlikely to be prescribed colesevelam because it is assumed that they do not have BAM.9 
Evidence suggests that response to BAS treatment is directly related to the retention cut-off point established from the tauroselcholic [75selenium] acid diagnostic test.17 Wedlake et al. presented data showing that response to colestyramine occurred in 96% of patients with <5% retention, 80% at <10% retention, and 70% at <15% retention.12 Moreover, Kumar et al. reported data on the impact of the diagnostic test on treatment decisions: in a retrospective audit of 88 patients who had a tauroselcholic [75selenium] acid test, the result changed treatment in 84% of patients with an abnormal scan and 33% of patients with a normal scan.23 Kumar et al. therefore demonstrates how pivotal the tauroselcholic [75selenium] acid test is in treating BAD/BAM in clinical practice.
For all BAD/BAM treatment options, a clear diagnosis using the best available test is essential to target treatment successfully.24 Future implications of this could mean that it will be possible to stratify BAD/BAM treatment for individual patients by their tauroselcholic [75selenium] acid retention. This is further strengthened by Walters et al., who suggest that the continuous distribution of tauroselcholic [75selenium] acid retention can act as a biomarker for predicting a response to a BAS.24
Tauroselcholic [75selenium] acid cost effectiveness
The 2012 NICE DG7 review included a cost-effectiveness evaluation. Two economic models were developed to evaluate tauroselcholic [75selenium] acid in BAM diagnosis in patients with IBS-D and in patients with Crohn’s disease who have not had an ileal resection. The models were developed with the best available data regarding BAM and tauroselcholic [75selenium] acid. 
However, in DG7, key data responsible for driving the model results were based upon assumptions that had no supporting evidence or the opinion of a small number of clinicians.7 Particularly after initial diagnosis and treatment either using or not using tauroselcholic [75selenium] acid, patients within the model could move between health states of ‘diarrhoea’ and ‘no diarrhoea’ over the long term. The probability of moving between these health states was based upon assumed values, with no clinical input or evidence. 
Given the uncertainty in the model parameters, a range of scenarios were analysed. For both the population with IBS-D and Crohn’s disease without ileal resection, the analysis found that in some scenarios, the use of tauroselcholic [75selenium] acid was cost effective, while in others it was not. A key driver was the probability of moving between health states. The results of the economic evaluations therefore showed considerable uncertainty regarding the cost effectiveness of tauroselcholic [75selenium] acid in these populations.
Should a health technology assessment (HTA) agency re-assess the cost effectiveness of tauroselcholic [75selenium] acid in the future, we note several areas where the analysis could be strengthened. Firstly, given that the key data driving the models developed for DG7 were based upon assumptions, we recommend that these data gaps be identified and populated with more reliable data prior to any DG7 review. Secondly, we suggest that the model used to frame the analysis may not fully capture the potential cost and quality of life savings associated with tauroselcholic [75selenium] acid use. The key rationale for this assertion is that outcomes for patients with undiagnosed BAM were not explicitly captured in the original structure. Instead, these patients were assumed to experience the same costs and quality of life impact as patients with IBS-D or Crohn’s disease without ileal resection. In fact, patients with undiagnosed BAM are likely to have considerable additional ongoing costs such as repeat appointments or additional tests or, in the case of Crohn’s disease, potentially expensive treatment for a relapse where the cause of symptoms may be BAD/BAM. Moreover, patients with undiagnosed BAM have a significant quality of life burden because of their ongoing symptoms. 
Discussion
Our review highlights that, since the NICE DG7 guidance, there has been a substantial update to the evidence, and we believe this supports the view that tauroselcholic [75selenium] acid could be considered as a ‘gold standard’ for BAD/BAM assessment. We also emphasise the use of tauroselcholic [75selenium] acid retention as continuum rather than one point cut off to tailor the patient treatment and predict/assess response to the treatment.
BAD/BAM prevalence may have previously been undervalued. It may be justifiable to consider a condition unimportant when it is rare, has little impact on patients, is difficult to diagnose, treatment options are few or non-existent, and there are minimal health economic consequences. However, BAD/BAM fulfil none of these criteria and frequently cause severe symptoms. Patient symptoms respond favourably to dietary fat intake reduction, which is an important health intervention with many positive benefits over and above improvement in bowel health; for others, there is a range of effective medications. 
BAD/BAM are also likely being underdiagnosed in the clinical setting. Failure to diagnose this condition means that many patients undergo unnecessary and expensive tests (e.g. colonoscopy), often repeatedly, and are offered ineffective and frequently costly medications. In addition, BAD/BAM are being increasingly described in various patients during and after cancer treatment: evidence shows that cancer treatment is a common cause of diarrhoea – with chemotherapy, biological treatments after many forms of GI surgery and pelvic radiotherapy (during and after) compromising these peoples’ opportunity to receive curative therapy and enormously increasing the cost of cancer care delivery. 
This review highlights the importance to HTA agencies and the gastroenterology clinical community of providing updated evidence for a high-quality appraisal when DG7 is reviewed in March 2017 through both additional clinical data and an update of the economic analysis supporting any future HTA application. Based on the updated evidence we have presented, it is tempting to speculate that true BAD/BAM prevalence, misdiagnosis and burden of disease constitute a substantial demand on healthcare services. Additionally, the lack of informed guidance and full evaluation of proper diagnosis is further contributing to this demand. However, if BAD/BAM are diagnosed using tauroselcholic [75selenium] acid and therefore treated effectively, we believe that this would reduce costs and improve patient care by avoiding unnecessary care resource use. Furthermore, this would substantially improve symptoms and quality of life for the large affected population.  
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