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Abstract
Objective To determine whether a patient-initiated disease modifying anti-rheumatic drug (DMARD) self-monitoring service for people on methotrexate is a cost-effective model of care for patients with rheumatoid (RA) or psoriatic arthritis (PsA).
Methods An economic evaluation was undertaken alongside a randomised controlled trial involving 100 patients. Outcome measures were quality of life and erythrocyte sedimentation rate (ESR) assessed at baseline and post-intervention. Costs were calculated for healthcare usage using a UK NHS economic perspective. Sensitivity analysis was performed to explore the impact of nurse-led telephone helplines. Uncertainty around the cost-effectiveness ratios was estimated by bootstrapping and analysing the cost-effectiveness planes. 
Results 52 patients received the intervention and 48 usual care. The difference in mean cost per case indicated that the intervention was £263 more expensive (P < 0.001; 95%CI £149.14-£375.86) when the helpline costs were accounted for and £94 cheaper ((P = 0.08; 95%CI -£199.26-£10.41) when these costs were absorbed by the usual service. These differences were however not statistically significant. There were however, statistically significant savings for the patient (p = 0.02; 95%CI -£28.98--£3.00). When costs and effectiveness measures of ESR and quality of life measured, using the SF-12v1, were combined this did not show the patient-initiated service to be cost-effective at a statistically significant level. 
Conclusions This patient-initiated service led to reductions in primary and secondary healthcare services that translated into reduced costs, in comparison to usual care, but were not cost-effective. Further work is needed to establish how nurse-led telephone triage services are integrated into rheumatology services and the associated costs of setting up and delivering them. 
Clinical trial registration number ISRCTN21613721
Keywords rheumatoid arthritis, psoriatic arthritis, economic evaluation, health-services research 
Key messages:
· Patient-initiated services have the potential to be cost-saving, for the health service and patients
· When combined with quality of life and disease activity data, patient-initiated services were not cost-effective
· The integration and costs of delivering nurse-led telephone triage services need further investigation 
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INTRODUCTION
The increasing complexity of drug treatments and more intensive monitoring regimes have, in part, led to a huge growth in the numbers of patients with arthritis in follow-up clinics [1]. The birth of the rheumatology nurse specialist and nurse-led care reduced some of this demand and is equally as effective and cost-effective as rheumatologist-led care [2-3]. Despite this, the monitoring requirements remain burdensome for both the health system and patients, with increased waiting times for new referrals and lack of availability of urgent appointments for established patients. In the UK [4] two-thirds of healthcare trusts were unable to offer rheumatoid arthritis patients a timely follow-up appointment. Even when these appointments do occur, 30% lead to no investigation or other actions, 35% are seen to be problem free by rheumatologists and 42% completely unnecessary [5]. As a result, the focus is now on reducing unnecessary outpatient and follow-up appointments altogether, rather than simply redirecting care [6].

One way in which this could be achieved is through the use of patient-initiated services, in which patients are encouraged to take an active role in initiating their own care. This approach is supported by over 40% of patients with arthritis who feel they should be able to decide how frequently they need a check-up [7] and want to take responsibility for organising their own disease modifying anti-rheumatic drug (DMARD) monitoring appointments [8]. Whilst the traditional rheumatology system assumes that patients need to be seen on a regular basis, as decided by clinicians, patient-initiated services allow the patient to access rheumatology services much like they do in primary care. A recent systematic review [9] concluded that UK policy is eager for evidence-based patient-initiated services to be implemented and evaluated qualitatively and quantitatively so that the time of both patients and healthcare professionals is not wasted and costs can be minimised. The trials reported within this systematic review [10-13] and subsequent evaluations [14-21] have found that patients with arthritis are able to appropriately self-refer, and that despite reducing hospital appointments, the clinical and psychological well-being of patients is not compromised. 

The findings in relation to the costs of this model of care are however less clear, with costs in primary care potentially increasing, but decreasing in secondary care [9]. The only trial in rheumatology to estimate the costs of a patient-initiated service [10] found that the intervention significantly reduced costs to the NHS over one year (£208 per patient per year) in comparison to usual follow up (£313 per patient per year). The study however, failed to account for the costs of running the nurse helpline, an integral part of any patient-initiated service, and compare these with the relative effects.  

The aim of this study is therefore to determine whether a patient-initiated DMARD self-monitoring follow-up service found to be effective in reducing resources without compromising clinical or psychological well-being [21], is cost-effective in comparison to treatment as usual.
METHODS
Study design
An economic evaluation was undertaken alongside a two-arm, single centre, randomised controlled trial (RCT) comparing a patient-initiated DMARD self-monitoring service with usual care. The design of this trial has been described in detail elsewhere [21], but essentially the intervention involved patients receiving an educational session in order to understand and interpret their blood test results in order to initiate their own DMARD monitoring appointments. Control group patients continued attending their regular outpatient appointments with the nurse to monitor their blood test results.   The study was approved by Camden and Islington Community Local Research Ethics Committee (Ref. 09/H0722/91) and all participants provided written informed consent.
Study population
Participants were recruited from the Department of Rheumatology at University College Hospital NHS Foundation Trust, UK. Inclusion criteria were stable patients diagnosed with either RA [22] or PsA [23]. Stable treatment was defined as methotrexate for at least 6 months, plus a further 3 months if the patient was also using adalimumab or etanercept. Exclusion criteria were patients whose predominant treatment was for another illness, those for whom blood tests and monitoring was undertaken by their GP and patients prescribed infliximab. 
Intervention
Participants randomised to the self-monitoring service took part in a group-based training session to provide them with the knowledge, skills and resources required to self-monitor and initiate care. This one-off 2-hour training session was delivered by a rheumatologist and a health psychologist, to groups of 2-6 participants who were taught how to identify normal or “safe” ranges of blood levels, side effects and symptoms, decide if any action was necessary, and to initiate care from their rheumatology nurse specialist. Participants were guided through example blood test scenarios and given practice materials to be completed during the session. The results of these tasks were then reviewed during group discussions led by the rheumatologist. Participants continued to receive routine care from their rheumatologist, had access to the emergency nurse helpline if necessary and continued with routine blood monitoring. 

Following each blood test, participants were sent a copy of their results either via email or post, depending on the patient’s preference. Criteria for a significant change or out-of-range blood test were developed and agreed by the clinical team and shared with the patient. Participants also recorded, using a 17-item checklist, the side effects and symptoms they had experienced since their last blood test, indicating if there were any new or continuing symptoms. For continuing symptoms participants indicated if the symptom had become worse, better or remained the same since their last blood test. 
[bookmark: _Toc394573495]Control group
Participants in the control group received standard care; this typically consisted of blood tests every 4-6 weeks and optimally outpatient appointments with their nurse specialist every 3 months and rheumatologist every 6 months. 
Outcome measures
[bookmark: _Hlk514182619]The current study analysed cost-effectiveness by calculating the incremental cost-effectiveness ratio (ICER), defined as the between trial arm differences in costs divided by the difference in effects. Disease activity was measured using erythrocyte sedimentation rate (ESR) and quality of life using the SF-12v1 [24] across two component summary scales - the Physical (SF-12v1® PCS) and Mental Component Summary (SF-12v1® MCS). Total scores range from 0-100 with higher scores representing better quality of life. The scale is responsive to change and has good test retest reliability [24]. 
Perspectives and costs
A UK NHS economic perspective was adopted, including costs to the individual. Healthcare costs were outpatient visits in secondary care, and visits to primary care services, blood tests, medication and the costs of running the nurse telephone helpline, plus for the intervention arm the cost of delivering the education. Individual costs to the patient included travel to and from the hospital. 
Discounting
National pricing and reimbursement agencies generally recommend discounting of costs and effects at 3% annually [25] Due to our short follow-up, data are presented undiscounted.
Statistical methods
Unit costs were applied to individual service use data and costs per participant were identified and totalled for total costs between trial arms, using SPSS [26]. Further cost-effectiveness analyses were performed in Excel [27] to calculate ICERs, which measure the difference in average costs between the two trial arms divided by the difference in average effects to a create point estimate, essentially a single numeric quantity or point from the data which provides some initial statistical approximation. A new model of care would be ‘dominated’ by existing services if it costs more, but provides less quality of life ‘gain’. Whilst useful for establishing a point estimate and an initial sense of the data ICERs can be easily misinterpreted. For example, an intervention that is less expensive and more effective will generate a negative ICER, but so will an intervention that is more expensive and less effective. Whilst therefore the point estimates of the mean differences in trial arms between the effects and costs in the ICER provides an estimate, and it is correct to refer to them in the primary analysis, the interpretation of negative ICERs are problematic due to the ratio statistic nature of the ICER and the production of confidence intervals [28]. One of the proposed solutions to the problem of estimating confidence limits for the ICER is therefore the use of the nonparametric approach of bootstrapping [29], a technique that helps to produce cost effectiveness acceptability curves (CEAC), which provides a way of presenting results without having to report negative ICER values [30].

In this study, we used repeat re-sampling from the costs and effectiveness data using non-parametric bootstrapping to generate a distribution of mean costs and effects for the two study arms. Statistical sensitivity analysis was conducted by estimation of confidence intervals for mean difference in costs and effects per participant, and by plotting CEACs. Cost-effectiveness acceptability curves allow decision makers to assess the overall probability of cost-effectiveness given particular thresholds. This has then the potential to show whether a patient initiated self-monitoring service can be cost-effective compared with standard care for a range of maximum monetary values (ceiling ratios, λ) that a decision maker might be willing to pay for any gain in quality of life or disease activity. Acceptability curves also illustrate the uncertainty associated with the estimate of costs and effects as a result of sampling variation and were developed as a way of overcoming the previously described statistical difficulties of calculating confidence intervals around incremental cost effectiveness ratios.

This was repeated using three different measures of effectiveness: a change in quality of life based on the PCS and MSC of the SF-12v1®, as well as a change in ESR. To capture any improvement in inflammation whereby a lower score is desirable we reversed scored the ESR change scores (change from baseline to follow-up). For example, where a baseline score moved from 20 to 4 rather than depict this as -16, this was simply reversed to read as 16, denoting improvement. There were no missing data in relation to healthcare usage or ESR. Missing data for SF-12v1 was dealt with by mean substitution, as the results when using complete case analysis did not differ. 

We performed several sensitivity analyses to ascertain thresholds for cost-effectiveness and to explore the robustness of results in relation to changes in the cost data. This included performing analysis for two different models of care:

· Model One: The intervention and control group as implemented including telephone calls to the rheumatology nurse specialist helpline. 
· Model Two: The intervention and control group as implemented not including the costs to hospital associated with the nurse helpline - replicating the analysis performed elsewhere in the literature [8]. This model assumes that the additional telephone contact generated by the intervention could be managed by the existing rheumatology nurse specialists. 

Each of these models was costed using the national average unit cost, as well as the upper and lower quartiles [31-33]. As part of the sensitivity analysis, the analysis of cost effectiveness was conducted with all three estimates (involving an upper, average and lower cost to assess whether cost effectiveness was sensitive to these). No differences were found between these three levels and hence the results reported are for the average costs. 

Results
Full details on the participant characteristics and clinical outcomes are presented elsewhere [21]. A consort flowchart for the study can be found in Appendix A. The mean quality of life and ESR gains post intervention, and for the control group can be found in Table 1 and indicate no statistically significant changes within or between trial arms. 

[insert Table 1]

Resources use and cost outcomes
The sensitivity analysis found no differences between upper, average and lower costs and hence the results reported are for the average costs (Appendix B). The cost data and results of the t-test comparing the intervention and control arm are presented in Table 2. It shows the costs per participant divided into public sector costs and those borne by the participant. Public sector costs are further subdivided by providing authority. Mean total costs of care per intervention participant over the trial period were £1029 including the nurse-led telephone helpline (model 1) and £672 excluding the helpline (model 2). Mean total costs of care per control participant over the trial period were £766. The difference in mean cost per case indicated that the intervention was £263 more expensive (95% CI £149.14 to £375.86) when the helpline costs were accounted for and £94 cheaper (95% CI -£199.26 to 10.41) when these costs were absorbed by the usual service. The wide confidence intervals reflect high variability in costs between trial participants. 

[insert Table 2]

Although not statistically significant the cost of primary care was higher in the control compared to intervention arm by £17 (95% CI -£34.78 to £1.49). Secondary care costs represented the majority of the overall costs in both arms and across both models. The overall costs of delivering secondary care services was higher in the intervention compared to control group by £295 (95% CI £198.21 to £392.06) when the helpline costs were included and £62 cheaper (95% CI -£147.16 to £23.58) when they were not. The cost of face-to-face appointments with the clinical nurse specialist were significantly (p < 0.001) higher in the control arm by £71 (95% CI -£102.96 to -£39.10). For advice given via the nurse telephone helpline there were no costs for the control arm, mean costs for the intervention arm were £357. There was a statistically significant difference in the mean costs to the individual, costing the control arm £16 more on average than those in the intervention (p = 0.02; 95% CI -£28.98 to -£3.00) as a consequence of having to travel to the outpatient clinic.

Cost effectiveness analysis 
ESR
The ICER for utility based on an improvement change in ESR was £161 when the helpline costs were included and -£58 when they were not. The cost-effectiveness plane in Figure 1 shows a distribution of 1000 replicates of cost and effects for the new service and care as usual using a change in ESR to determine utility scores. For both models the replicates were distributed across all four quadrants. In model 2, when helpline costs are not accounted for the replicates appeared more in the southern quadrants. 

[insert figure 1]

Cost-effectiveness acceptability curves for both models are also shown in Figure 1. The analysis based on a cost per unit of change in ESR indicates that the probability of a cost-effectiveness was no more than 57% when helpline costs are accounted for (model 1) and 58% when they are not (model 2), at different thresholds of expenditure from £1000 up to £50,000. 

Mental health quality of life
The ICER for utility based on an improvement change in mental health quality of life was £161 for model 1 and -£58 for model 2. The cost effectiveness plane in Figure 2 shows that for both models the replicates were distributed across all four quadrants. In model 2 the replicates appeared more in the southern quadrants. 

[insert figure 2]

Cost-effectiveness acceptability curves are also shown in Figure 2. The analysis based on a cost per unit of change in mental health-related quality of life suggests that the probability of cost-effectiveness was no more than 53% for model 1 and 55% for model 2. 

Physical health quality of life
The ICER for utility based on an improvement change in physical health-related quality of life was -£104 for model 1 and £37 for model 2. The cost effectiveness plane in Figure 3 shows that for both models the replicates were distributed across all four quadrants. In model 2, when the costs of the helpline are not included the replicates appeared more in the southern quadrants. 

[insert figure 3]

Cost-effectiveness acceptability curves are also shown in Figure 3. The analysis based on a cost per unit of change in physical health-related quality of life show that the probability of cost-effectiveness was no more than 45% for model 1 and 60% for model 2. 

DISCUSSION
This is the first cost-effectiveness analysis of a patient-initiated service that uses CEACs for assessing uncertainty around the distribution of costs and variability of costs, as recommended in the literature [34]. 

The analysis indicates that there were no significant differences between standard care and the patient-initiated service in the costs related to specialist consultations with the rheumatologist or GP visits. The cost of outpatient visits to the nurse specialist were however, significantly lower in the patient-initiated service compared to standard care. This meant that costs borne by primary and secondary care service were lower for the intervention arm compared to control conditions, although not significantly different. This is in line with a systematic review of patient-initiated services across a range of chronic or recurrent conditions managed in secondary care [9], in which the intervention was not harmful to patients but was associated with savings in health service resources and costs. In fact, the costs borne by the patient were significantly less for those using the patient-initiated service compared to usual care as a consequence of not having to travel into the outpatient’s clinic. Although not measured in this study, the saving in time and money could also suggest that a saving in days or hours taken from employment for these purposes. 

When the overall costs to the patient and primary and secondary care were combined, the patient-initiated service was £94.42 cheaper to run per patient than control conditions. Although this was not statistically significant this equates to a saving of £42,489 across the 450 eligible patients at UCLH if rolled out across the service. This model however, assumes that the activity generated on the telephone triage service could be absorbed into the current service. Akin to a previous trial evaluating patient-initiated follow-ups in RA [10], which concluded that fewer resources were associated with the intervention. This model however fails to account for the costs associated with a telephone triage service. When these costs are taken into account, the cost per participant in the intervention arm of this trial increased significantly to £1028.78, £262.50 more expensive than usual care which made the patient-initiated service significantly more expensive at £118,125 if rolled out across the service. It is however important to note that a number of the telephone calls made by intervention participants to the triage service were not deemed necessary as blood test results were within range, had not changed significantly or the patient had no new or worsening symptoms. With additional training and time these unnecessary telephone calls could be reduced significantly. 

Telephone triage services are a key component of most patient-initiated services.[9] The costs of delivering this service in the year the trial was initiated [31-33] have since reduced [35] narrowing the potential difference in costs associated with delivering the intervention compared to usual care, but are still substantial. Despite The Royal College of Nursing recommending that telephone advice lines should be assessed for cost-effectiveness [36] very few studies have explored this. When estimating the savings made in primary care by introducing a rheumatology nurse helpline, 60% of patients have stated that they would have consulted their GP had the helpline not been available, which has been translated into a potential cost saving of £4303 a year [37]. Although visits to the GP were lower in the intervention arm in the current trial [21] this did not outweigh the costs of delivering the nurse helpline. Nurse-led helplines have also been criticized for being overly time consuming [38] particularly in situations where it is offered as an additional clinical service and not treated as a core activity. Further research needs to be conducted to establish how these services are resourced, the costs of setting up and delivering them and their cost-effectiveness especially if they were incorporated into core services where economies of scale might pertain. 

The probability of the services measured in this study being cost-effective ranged from 45 to 60%, with in most cases it being more likely to be cost effective when the helpline costs were absorbed within the current service. Limitations of this trial meant that data were not available on the number of telephone calls made by the control group to the nurse helpline. Nor was data collected in either groups on use of other services such as physiotherapy, occupational therapy or podiatry. Together this data has the potential to increase the cost of usual care. 

Methodologically, due to the lack of allocation concealment and blinding the effects of the service may have been biased [39-40]. Finally, the single centre status of the trial has reduced the external validity of the findings [41], and may have led to larger intervention effects on both the continuous [42] and binary outcomes [43]. A larger multi-centre RCT would therefore be required.

This patient-initiated service led to clear reductions in primary and secondary healthcare services, which translated into reduced costs in comparison to usual care. When these figures were combined with disease activity and quality of life changes however, the cost-effectiveness analyses were not statistically significant. 
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Table 1 Mean change in effect
[bookmark: _Ref491352538]Table 2 Mean costs of services to participants in the trial (mean cost per patient by treatment arm in £ Sterling)

Figure 1. Cost effectiveness plane and CEA curve for the new service and care as usual using a change in ESR for model 1 (helpline costs included) and model 2 (helpline costs not included)

Figure 2. Cost effectiveness and CEA curve for the new service and care as usual using a change in mental health quality of life for model 1 (helpline costs included) and model 2 (helpline costs not included)

Figure 3. Cost effectiveness plane and CEA curve for the new service and care as usual using a change in physical health quality of life for model 1 (helpline costs included) and model 2 (helpline costs not included)

Appendix A. Consort diagram

Appendix B. Upper and lower cost data




