
SUPPLEMENTARY MATERIAL 

Appendix 1 – Clinical expert group 

 

Clinical expert group participants: Mr Michael D Jenkinson (Walton Centre NHS Trust & University of 

Liverpool), Dr Paul Brennan (University of Edinburgh), Prof. Anthony Chalmers (University of Glasgow & 

Beatson Centre), Prof. Willie Hamilton (University of Exeter Medical School), Mr Kevin O’Neill (Imperial 

College Healthcare NHS Trust), Dr Allan Janes (Beatson West of Scotland Cancer Centre), Dr Babar Vaqas 

(Imperial College Healthcare NHS Trust), Dr David Kernick (St Thomas Health Centre, Exeter), Dr James 

Livermore (University of Oxford), Dr Ruth Board (Lancashire Teaching Hospitals NHS Trust), Prof. Timothy 

Dawson (Lancashire Teaching Hospitals NHS Trust), Miss Elvira Lekka (Lancashire Teaching Hospitals NHS 

Trust), Mr John Goodden (Leeds Teaching Hospital NHS Trust) and Dr. Samantha Mills (Walton Centre NHS 

Trust) 

 



Appendix 2 – Decision tree model  

 

The decision node probabilities that populate the decision tree model are reported in Table S1. The model is 

simplified by assuming that the reference test (MRI/CT) has perfect accuracy (100% sensitivity and 100% 

specificity). This is desirable if we wish to evaluate the test against an MRI/CT only diagnostic pathway in 

which these imaging studies are considered as the ‘gold standard’. It is also difficult to obtain valid estimates of 

MRI/CT sensitivity and specificity for this indication as these are not reported in a comparable manner in the 

literature. This simplification will not substantially alter the economic results compared to using more realistic 

values for the scenarios under consideration. This is because it is assumed confirmation of the diagnosis always 

requires imaging and therefore outcomes for patients that would hypothetically be classified correctly using this 

test but incorrectly by MRI/CT will remain the same whether or not the test is used. The effect of less than 

perfect accuracy of the reference test is therefore the same as a (small) decrease in prevalence as a proportion of 

patients with the disease cannot benefit from the additional test due to incorrect subsequent testing. Outcomes 

are calculated by ‘rolling-back’ the tree for both cancer cases and non-cases and taking an average of the two 

groups weighted by the prevalence of brain tumours in the scenario population.  

 

Table S1. Decision node probabilities for decision tree model describing the integration of a serum 

spectroscopy test in the current diagnostic pathway 

Cancer cases: Probability to upper branch Probability to lower branch 

Serum Spectroscopy Test (test 

sensitivity) 

 

0·928 0·072 

Standard MRI/CT (reference test 

sensitivity) 

 

1 0 

Fast-track MRI/CT (reference test 

sensitivity) 

 

1 0 

Referral decision 

 

S1:0·5, S2: 1 S1:0·5, S2: 0 

Non-cases: 

 

  

Serum Spectroscopy Test (test 

specificity) 

 

0·085 0·915 

Standard MRI/CT (reference test 

specificity) 

 

0 1 

Fast-track MRI/CT (reference test 

specificity) 

 

0 1 

Referral decision S1:0·5, S2: 1 S1:0·5, S2: 0 

S1 & S2: Scenarios 1 &2 

 



Appendix 3 – Assumptions and details of cost effective analysis model 

 

Effect of testing on time-to-diagnosis and time-to-treatment 

To estimate the expected time-to-diagnosis under a fast-track pathway it is assumed that this would match the 

current median time-to-diagnosis for patients presenting with brain tumour in emergency care as observed in 

Aggarwal et al 5. This study reported a cohort of high grade glioma patients from a single hospital in London, 

UK. No other suitable estimates of time-to-treatment or time-to-diagnosis were identified in the literature. This 

is the most common primary brain tumour in the indications considered in this evaluation. Median time-to-

diagnosis for the standard pathway is also taken from the same source. 

Effect of testing on use of imaging studies 

The effect of spectroscopic testing on imaging study decisions of clinicians and patients is uncertain. Based on 

clinical expert input it was assumed, in the base case, that in secondary care all patients would continue to 

imaging, while in primary care 50% would continue to imaging following a negative spectroscopy result. 

Effect of early diagnosis on patient outcomes  

A systematic review of the literature failed to identify any studies that directly estimated the effect of earlier (or 

later) diagnosis on outcomes for primary brain tumours. Instead, based clinical expert guidance, estimates of the 

effects of time-to-treatment were sourced from the literature. The estimated effects are based on fitting natural 

history models to observational datasets of high grade glioma patients.27,28 It is necessary to use a natural history 

model to produce survival estimates rather than using the survival data stratified by time-to-treatment directly, 

in order to adjust for potential confounding factors influencing both time-to-treatment and survival.  

A one-to-one correspondence is assumed for the effects of an additional day added to the time-to-diagnosis and 

an additional day added to the time-to-treatment. Median survival by weeks between diagnosis and treatment are 

displayed in Table 2. The hazard ratio per additional day delay calculated in Do et al of 1·015 was applied to 

each day between diagnosis and treatment up to 28 days to calculate median survival time. Time between 

diagnosis and treatment beyond 28 days were fixed at the same median survival as 28 days. 

 

Table S2. Relationship between time-to-diagnosis and survival 

Time-to-diagnosis (weeks) Median survival (weeks) 

0 46 

1 41·4 

2 37·3 

3 33·6 

4 30·3 

Source: Do et al 2000 

 

Resource use and cost  

It is assumed that there is no additional cost for converting a small proportion of standard referral to additional 

urgent referrals. This could be justified on the basis that patients receiving negative results allows more 

flexibility in the scheduling for these patients. This could create more opportunity to schedule patients with 

positive spectroscopy results sooner. As a larger proportion of patients are referred for immediate imaging it was 

assumed costs would increase because achieving this would require additional capacity. It was assumed that unit 

costs for MRI and CT grow exponentially with increasing proportion of immediate referrals such that costs 

double if 50% of patients are referred for immediate imaging.   

Treatment costs are assumed to be the same for both fast-track and standard referrals that are diagnosed as cases. 

This may be a conservative assumption as treatment costs are likely to increase as disease progresses and 

therefore earlier treatment may, on average, be less costly than later treatment. However, it is also possible that 



treatment costs could be increased if some cases are converted from palliative care to more aggressive treatment. 

The balance of these effects is unknown given the lack of appropriate data to estimate the effects. Secondary 

treatment and end-of-life costs are similarly assumed to be equal between fast track and standard referrals. This 

reflects the model assumption that all patients ultimately progress.  

The time intervals considered (0-4 weeks) are too short for discounting to have an important impact on cost 

estimates therefore the effects of moving forward treatment on present value is not considered. 



Appendix 4 - Total demand for serum spectroscopy tests in UK in two clinical scenarios 

 

1. Primary care 

An assumption that patients currently referred in direct-access imaging service would be selected for 

spectroscopic testing can provide a conservative estimate of the total number of patients likely to be tested. 

Three sources from the literature were considered: 

1. A direct-access brain MRI service in Nottingham (UK) reported 130 patients per quarter (520 per year) 

among a population of 342,000.32,33 The population of the UK is approximately 61 million therefore, 

assuming Nottingham is representative of the UK general population demand for brain MRI, there 

would be approximately 93,000 per year in the UK. 

2. A direct access CT service for chronic headache in Glasgow (UK) reported 4404 patients referred over 

8 years (551 per year) among a population of approximately 1 million.31 Assuming this was 

representative of the UK generally then the demand for this type of service would be approximately 

34,000 for the UK. 

3. A direct access CT neuroimaging service in Lothian (UK) reported 389 exams per year for a population 

of approximately 442,000.34 Assuming this was representative of the UK generally then the demand for 

this type of service would be approximately 54,000 for the UK. 

The Glasgow estimate is particularly low and may result from limited uptake in the early part of the 8 year 

period for which data were reported. As it was not possible to determine if uptake increased over the period or 

was stable this estimate was not considered reliable. The Nottingham and Lothian estimates report potentially 

more stable and established services and are therefore more likely to reliably estimate demand. The likely 

demand for this novel test, if the indication is considered identical to neuroimaging, is therefore between 54,000 

and 93,000. This is likely to be conservative as the test may well have a slightly broader indication than current 

neuroimaging. A reasonable point estimate may be approximately 75,000. 

2. Secondary Care 

An estimate of the total demand for serum spectroscopic tests in the UK can be made based on the reported 

incidence of brain tumour in the UK and the proportion of cases currently diagnosed through secondary (non-

emergency) care. Annual incidence of malignant brain tumours in the UK is approximately 4,700.35 

Approximately one third of these are likely to present through secondary, non-emergency care. Using the 

positive predictive value for patients currently referred to neuroimaging in this setting of 3% suggests that for 

each case there will be 33 non-case patients receiving neuroimaging. In total, in the UK, this would imply 

53,000 patients per year in secondary care may be suitable for spectroscopic testing. 



Appendix 5 - Sensitivity Analysis 

 

One-way sensitivity analysis (OWSA)  

OWSA results for a range of test sensitivity are displayed in S1 and S2 as a series of points on a cost-

effectiveness (CE) plane with incremental QALYs (intervention-control) on the x-axis and incremental costs 

(intervention - control) on the y-axis. Corresponding OWSA results for a range of test specificities in primary 

and secondary care are shown in Figure 3 and 4 in the main article text respectively. These are displayed with 

the ICER on the y-axis and the test specificity on the x-axis. Note that the estimated QALYs do not change with 

specificity in the model therefore changes in the ICER are due solely to changes in incremental costs.Error! 

Reference source not found. All OWSA analyses show results assuming the spectroscopy based test costs of 

£50 and £100.  

Figure S1 – Results on CE plane over a range of test sensitivities (0·5-0·99) – Primary care 

 

Figure S2 - Results on CE plane over a range of test sensitivities (0·5-0·99)  – Secondary care 
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Scenario analysis 

 

Table S3 – Scenario analysis: Mean survival estimates 

 Scenario 1 Scenario 2 

Serum 

spectroscopy 

test cost (£) 

∆QALY ∆Cost ICER ∆QALY ∆Cost ICER 

50 12·83 -212808 -16582 

(dominates) 

77 540273 7016 

100 12·83 287192 22377 77 1040273 13509 

 

Table S4 - Additional costs scenario analysis 

 Scenario 1 Scenario 2 

Serum 

spectroscopy 

test cost (£) 

∆QALY ∆Cost ICER ∆QALY ∆Cost ICER 

50 8·81 -379962 -43128 

(dominates) 

52·86 566247 10712 

100 8·81 120038 13625 52·86 1066247 20171 

 

Table S5 - Alternative prevalence estimates (1% prevalence) in primary care setting (Scenario 1) 

 Scenario 1 

Serum 

spectroscopy 

test cost (£) 

∆QALY ∆Cost ICER 

50 17·62 -413220 -23452 

(dominates) 

100 17·62 86780 4925 

 

Table S6– Alternative proportion of test negative cases referred to imaging (Scenario 1 only) 

 Scenario 1 

Serum 

spectroscopy test 

cost (£) 

% of test 

negative cases 

referred 

∆QALY ∆Cost ICER 

50 50 (base) 8·81 -422,116  -47,913  

 75 17·62 -131,050  -7,438  

 90 17·62  38,252  2,171  

 100 17·62  151,120  8,577  

100 50 (base) 8·81  77,884  8,840  

 75 17·62  368,950  20,939  

 90 17·62  538,252  30,548  

 100 17·62  651,120  36,953  
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