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Abstract 

Objective: To estimate the incremental cost-utility of etanercept and infliximab compared 

with usual care in active ankylosing spondylitis. 

Methods: A Markov model over five years with cycle times of three months was computed. 

Patients included had all active disease, defined as Bath Ankylosing Spondylitis Disease 

Activity Index (BASDAI) ≥ 4 and could reach low disease activity defined as BASDAI<4. Non-

response to TNF-α inhibitors was always followed by stopping treatment. Response to TNF-

α inhibitors could be followed at any time by (1) relapse to BASDAI ≥4 leading to treatment 

stop or (2) toxicity leading to treatment stop in case of major toxicity. Probabilities for 

efficacy, relapse and toxicity were derived from two European RCTs. Utilities and costs 

assigned to the BASDAI- disease states were derived from a two years’ observational Dutch 

cohort. In sensitivity analyses probabilities of effectiveness, toxicity, costs and utilities were 

varied.  

Results: Over five years the total Quality Adjusted Life Years varied between 2.57 to 2.89 for 

usual care compared with 3.13 to 3.42 and 3.07 to 3.35 for etanercept or infliximab. 

Cumulative costs were between €49,555 to 69,982 for usual care compared with €59,574 to 

91,183 or €28,3330 to 106,775 for etanercept and infliximab. This resulted in incremental 

cost-utility ratios varying between €42,914 and 123,761 per QALY for etanercept compared 

with usual care and €67,207 to 237,010 for infliximab. The model was sensitive to drug 

prices.  

Conclusion: Etanercept and infliximab have large clinical effects in ankylosing spondylitis. 

The present model suggests the high drug costs restricts efficient use in all patients who 

have a BASDAI>4. The validity of the model is limited by insufficient insight in the natural 

course of the disease and long-term effectiveness and toxicity of TNF-α inhibitors.  
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Introduction 

Until 2002 the treatment of ankylosing spondylitis (AS) was limited to NSAIDs and physical 

therapy. In several open studies followed by two short-term randomized placebo controlled 

trials in 2002, the TNF-α inhibitors etanercept and infliximab showed important improvement 

in disease activity as well as in physical function [1-6]. Since the long-term effectiveness of 

the drugs, the capability to inhibit radiographic damage and the severity of side-effects are 

still insufficiently clear and since the TNF-α inhibitors are expensive, insight into the 

incremental cost-utility might help positioning the use of these drugs [7-9]. The cost-utility of 

infliximab over two years in patients with AS has been reported in one publication [10].The 

data of 70 patients from a randomized trial were used in an individualized model to assess 

effects of treatment on combined Bath Ankylosing Spondylitis Disease activity Index 

(BASDAI) and Bath Ankylosing Spondylitis Functional Index (BASFI) during the first 12 

weeks. Afterwards, the model continued as a Markov analysis. In the reference case patients 

were treated for 54 weeks and returned to the baseline clinical state over 12 weeks. The 

incremental cost per quality adjusted life year (QALY) gained in the reference case (direct 

costs) was to £73,3000 (€112,882). Our analysis is a full Markov model over five years and 

concerns infliximab as well as etanercept. In addition, the methodological limitations when 

modeling the cost-utilities of treatment strategies in ankylosing spondylitis are discussed.  

Methods 

A Markov model was chosen since it takes into account changes over time by redistributing 

the patient-cohort after each cycle over the distinguished health states. The time horizon of 

the model was five years and cycle times of three months were chosen. The point of view 

was the societal perspective. In the reference case direct as well as productivity costs were 

included.  

Model 

Patients entering the model had active AS defined as BASDAI≥4.They could be treated with 

(1) infliximab 5 mg per kg every 6 weeks after the usual loading dose at weeks 0, 2 and 6 or 

(2) etanercept 25 mg twice weekly or (3) UC comprising NSAIDs and physiotherapy. In each 

treatment option, two disease states were distinguished contrasting patients with active 

disease (BASDAI≥4) to patients with low disease activity (BASDAI<4). Response to 

treatment was defined as achieving a state of low disease activity (BASDAI<4). Response 

could be followed at any time during treatment by (1) a relapse to BASDAI ≥4 or by (2) major 

toxicity. Non-response or relapse was followed by stopping TNF-α inhibitors and continuing 

UC. Major toxicity was followed by treating the toxicity and a temporary (3 months) stop of 

the TNF-α inhibitors while continuing the beneficial clinical effect of TNF-α inhibition. After 

treating toxicity, patients could either continue with TNF-α inhibitors or discontinue followed 
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by relapsing to high disease activity and continuing UC. All patients entering the model were 

screened for tuberculosis (TB) and were treated (prophylactic) if applicable. It was assumed 

that screening would prevent occurrence of active TB during treatment. Figure 1 presents the 

Markov model and health states. Mid-cycle time corrections were applied because response, 

toxicity and relapse can occur any moment during the three-month cycle. The yearly 

transition probabilities were converted to quarterly probabilities, as required for the three-

month cycle-time by applying the appropriate correction formula [11]. Costs and effects 

including utilities were discounted at 4% following Dutch Guidelines [12]. Modeling was 

performed in Data 3.5 software.   

Efficacy and toxicity data 

The data on the efficacy and toxicity of etanercept and infliximab were derived from two 

RCTs  that had included patients with active disease defined as BASDAI≥4 and that were 

available when the model was computed [6, 13, 14]. The proportion of patients reaching a 

BASDAI<4 and the proportions relapsing during follow-up were obtained after additional 

analyses of the original RCTs. Since the double blind phase of the etanercept study was 6 

weeks, this response was carried forward to 12 weeks. The probabilities for relapse and 

toxicity beyond the duration of observational trial were estimated after discussion with 

rheumatologists experienced in the treatment of patients with TNF-α inhibitors in AS and 

assumed no difference between etanercept and infliximab.When estimating the probability of 

toxicity, published open studies on TNF-α inhibitors were considered [1, 5, 13, 15-18]. Two of 

these studies considered toxicity beyond 6 months and both applied to infliximab [13, 17]. 

Probability to reach a low disease activity state (BASDAI<4) when receiving UC in the 

first cycle in the reference case equaled the response in the placebo groups to adjusts for the 

placebo effect. The probability of reaching a low disease activity state beyond the duration of 

the trial was retrieved from the 4 years observation of the Dutch cohort that also provided 

data for the costs and utilities assigned to the disease states (see below). Table 1 presents 

the probabilities for changes between disease states of the model for each treatment option.  

 

Table 1. Estimates of the probabilities for response, relapse and toxicity and for costs and 

utilities used in the reference case and sensitivity analyses.  

  Usual care Etanercept Infliximab 

Probabilities for response    

 First 3 months 0.16 [0.06-0.26] 0.71 [0.45-0.88]* 0.62 [0.45-0.76]* 

 1st yr after 1st cycle 0.02 [0.01-0.04] na na 

 2nd till 5th yr after 1th cycle 0.01[0.005-0.02] na na 

Probabilities for relapse to BASDAI≥4    

 1st yr after 1st cycle na 0.26 [0.08-0.44]* 0.16 [0.02-0.31]* 
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 2nd yr  na 0.08 [0.005-0.15] 0.08 [0.005-0.15]* 

 3rd till 5th yr after 1st cycle na 0.02 [0.01-0.04]  0.02 [0.01-0.04] 

Probability of major toxicity     

 First three months na 0* 0.12 [0.01-0.23]* 

 1st yr after 1st cycle na 0.08 [0.03-0.18]* 0.13 [0.05-0.26]* 

 2nd till 5th yr after 1th cycle na 0.04 [0.015-0.09] 0.04 [0.015-0.09] 

Response after relapse or toxicity related withdrawal   

 First cycle in that state  0.05 [0.025-0.1] 0.05 [0.025-0.1] 

 1st yr after 1st cycle  0.05 [0.025-0.1] 0.05 [0.025-0.1] 

 2nd till 5th yr after 1tcycle  0 0 

Discontinuation after major toxicity    

  0.5 [0-1.0] 0.5 [0-1.0] 

na: not applicable; UC: usual care*;  * estimates based on RCTs. 

 

Costs and utility 

Data on costs of UC and utilities for each disease state (BASDAI <4 opposed to BASDAI≥4) 

were obtained from the initial two years’ observation period of a longitudinal study in 130 

Dutch patients with AS (OASIS, The Outcome Assessments in Ankylosing Spondylitis 

International Study). Detailed data on methods and results can be found in the original 

publications [19-21]. Patients completed every two months the BASDAI (0-10; higher values 

representing higher disease activity) [22]. A patient was considered to represent low disease 

activity if time averaged BASDAI during the study period was lower than 4 and high disease 

activity state if the time averaged BASDAI was equal to or higher than 4.  

For the costs and utilities assigned to the health states, the time averaged values 

over the two years observation were used in order to assure robust estimates. The EuroQol 

5 dimensions (EQ-5D) was completed every six months [23]. In case of toxicity, utility was 

reduced by 50%. The costs were assessed by two-monthly cost-questionnaires and average 

AS related cost of illness per patient per year and the bootstrapped 95% CI were calculated. 

The indirect costs were based on the friction cost method, productivity costs to costs of sick 

leave in the friction period [24]. All costs were adapted to 2002 prices using consumer price 

indices. In the reference case analysis total (direct and indirect) mean costs and the 

bootstrapped 95% CI per three months were used [25, 26]. 

The costs of screening for tuberculosis comprised a PPD skin test, a chest X-ray and 

further diagnosis and treatment if applicable. In The Netherlands in subjects born between 

1945 and 1965 a positive PPD is observed in 3.5% of subjects and a lifetime incidence of 

active TB of 10%. The drug costs of etanercept was the price of two self-administered 

subcutaneous injections of 25 mg per week. The drug costs of infliximab considered a dose 

of 5 mg/kg at week 0, 2, and 6 and every 6 weeks thereafter and included a 4 hours’ infusion 

at a day-care center supervised by a qualified nurse (€45 per infusion). The average weight 
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of a patient was estimated at 70 kg (no waste). No further drug monitoring costs were 

considered. To estimate the costs to treat major toxicity, the kind of toxicity reported in the 

original trials was taken into account. Table 2 summarizes the utilities and costs for the 

different disease states in the model.  

 

Table 2. Costs and utilities used in the reference case and sensitivity analyses. 

 Point estimate and 95% CI 

Total costs (FC) AS if BASDAI≥4*; €/patient/year 4,996 [3,830-6,737] 

Total costs (FC) AS if BASDAI<4*; €/patient/year 2,456 [1,825-3,275] 

Direct costs AS if BASDAI≥4; €/patient/year 4,686  

Direct costs AS if BASDAI<4; €/patient/year 1,671 

Total costs (HC) AS if BASDAI≥4; €/patient/year 15,950 

Total costs (HC) AS if BASDAI<4; €/patient/year 10,453 

Treatment costs etanercept; €/patient/year 13,759 

Treatment costs infliximab first cycle; €/patient 7,385  

Treatment costs infliximab; €/patient/year 21,335  

Treatment costs low dose infliximab first cycle; €/patient 3,974 

Treatment costs low dose infliximab; €/patient/year 8,612 

Screening and prophylaxis TB; € 82  

Treatment toxicity; € 2,007 

EQ-5D time averaged if BASDAI≥4  0.59 [0.55-0.63] 

EQ-5D time averaged if BASDAI<4  0.76 [0.74-0.79] 

EQ-5D if BASDAI<4 and toxicity 0.5 [0-1.0]* utility BASDAI<4 

BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional 

Index; *: CI based on the 95-percentile method of the bootstrapped costs; FC: friction costs method; 

HC: human capital approach; EQ-5D: EuroQol 5 dimensions 

 

Sensitivity analyses 

Several one-way sensitivity analyses were performed. First, the costs-of-illness (COI) were 

varied by (1) including direct costs only and (2) using the human capital approach instead of 

the friction method to estimate the productivity costs. Second, the dose of infliximab was 

reduced to 3 mg/kg every 8 weeks after loading while assuming the same efficacy. Third, the 

time horizon was limited to 2 years. Fourth, the placebo response in patients receiving usual 

care was neglected, assuming no change in health status. Fifth, several best-case analyses 

were performed. The first, by imputing probabilities of response, toxicity and relapse, which 

favoured the treatment with TNF-α inhibitors. This probability was either the lowest either the 

highest (whatever more favourable) value of the range of the 95%CI (or between 0.5 to 2.0 in 

absence of empirical data) surrounding the point estimate. In addition, all patients 
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experiencing major toxicity were assumed to resume treatment. The second best-case 

analysis used the costs and utilities associated with the disease states (BASDAI ≥4 and 

BASDAI<4) that favoured TNF-α inhibitors. These were again defined as either lowest either 

the highest (whatever more favourable) value of the range of the 95%CI. In addition, the 

disutility associated with toxicity was discarded. The fourth sensitivity analysis combined the 

most favourable probabilities (response, toxicity and relapse) as well as the most favourable 

costs and utilities. In addition to the use of the most favourable probabilities, costs and 

utilities, the full best-case also considered there would be no change in health state in the 

UC. Finally, a threshold analysis was performed to estimate the drug acquisition cost for 

which the cost-utility would be acceptable for the Dutch society (€18,000 per QALY). 

Results 

Characteristics of patients 

Comparison of the characteristics of the patients in the RCTs with the patients from the 

observational cohort are shown in Table 3.  

 

Table 3. Comparison of the clinical characteristics if the patients from the cohort study 

providing the data of the costs and utilities of the distinguished disease states and of the 

patients participating in each of the RCTs providing data on the probabilities of response, 

relapse and toxicity from treatment.   

 Longitudinal cohort 

(n=130) 

RCTs as source for effectiveness 

 BASDAI<4 

(n=59) 

BASDAI≥4 

(n=71) 

Etanercept study 

(n=40) 

Infliximab study 

(n=69) 

Male; % 63 77 73  65 

Age; mean (sd) 47 (12) 45 (12) 36 (8.5) 40 (7.9) 

Disease duration; mean (sd) 12 (9) 12 (9) 13 (8.8) 16 (8.6) 

BASDAI; mean (sd) 2.1 (1.1) 5.6 (1.2) 6.6 (1.4) 6.4 (1.3) 

BASFI; mean (sd) 2.8 (2.1) 5.4 (1.8) 5.9 (2.1) 5.3 (2.0) 

BASMI; mean (sd) 3.7 (1.7) 4.1 (1.6) 3.9 (1.4) 3.7 (2.1) 

RCT: Randomised Controlled Trial. BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath 

Ankylosing Spondylitis Functional Index; BASMI: Bath Ankylosing Spondylitis Metrology Index. 

 

Twenty-two percent of patients with BASDAI ≥4 at the start of the observational cohort 

reached a BASDAI<4 after 4 months. The change in BASDAI over 4 years in patients of the 

cohort with a BADAI≥4 was -0.012 [95%CI: -0.03 to 0.02] points per year. In the cohort the 

Spearman correlations between BASDAI and costs or utilities were moderate (r=0.38) and 

good (r=-0.67) respectively.  
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Incremental cost-utility ratios 

Figure 2a and 2b present the distribution of the patients over the Markov states over time for 

etanercept and infliximab, respectively. Over 5 years, the total time (maximal 60 months) in 

low disease activity (BASDAI<4) for the reference case was 11 months for patients receiving 

UC, compared with 31 months and 28 months for patients receiving etanercept and 

infliximab respectively. The total QALY (maximal five) were 2.89, 3.16 and 3.11 for UC, 

etanercept and infliximab respectively. The costs associated with AS and its treatment were 

€21,261, €52,137 and €62,047 for UC, etanercept and infliximab respectively. This resulted 

in an incremental cost-utility for the reference case analysis of 118,022 €/QALY for 

etanercept and 189,564 €/QALY for infliximab.  

Sensitivity analyses 

Table 4 shows the results of the different sensitivity analyses.  

 

Table 4. Results of the Markov model over the 5 years time horizon for the reference case 

and for the five sensitivity analyses.   

 Usual care Etanercept Infliximab 

Reference case    

Months in BASDAI<4 over 5 years 10.7 31.4 28.4 

Total QALY over 5 years 2.89 3.16 3.11 

Total costs over 5 years (€) 21,261 52,137 62,047 

Incremental cost-utility ratio (€/QALY)  118,022 189,564 

Incremental cost (€€) per extra month low disease activity 1,492 2,307 

Reference case with direct costs only   

Total costs over 5 years 19,425 49,555 59,574 

Incremental cost-utility ratio (€/QALY)  115,169 187,522 

Reference case with human capital approach    

Total costs over 5 years 69,982 91,183 106,775 

Incremental cost-utility ratio (€/QALY)   81,038 171,848 

Reference case with low dose infliximab   

Total costs over 5 years (€)   39,788 

Incremental cost-utility ratio (€/QALY)   86,533 

Reference case with 2 years time horizon   

Months in BASDAI<4 over 2 years 3.8 13.7 12.3 

Total QALY over 2 years 1.26 1.39 1.37 

Total costs over 2 years (€) 9,462 25,675 31,972 

Incremental cost-utility ratio (€/QALY)  123,761 237,010 

No response in health status in patients receiving usual care 

Months in BASDAI<4 over 5 years 0 29.7 26.3 
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Total QALY over 5 years 2.76 3.14 3.08 

Total costs over 5 years (€) 23,307 52,458 62,448 

Incremental cost-utility ratio (€/QALY)  77,088 120,369 

Best-case analysis with probabilities (effectiveness, toxicity and relapse) favouring TNF-α inhibitors) 

Months in BASDAI<4 over 5 years 4.4 48.2 44.3 

Total QALY over 5 years 2.81 3.37 3.32 

Total costs over 5 years (€) 22,473 67,418 82,601 

Incremental cost-utility ratio (€/QALY)  81,173 117,855 

Best-case analysis with costs and utilities favouring TNF-α inhibitors 

Total QALY over 5 years 2.76 3.13 3.07 

Total costs over 5 years (€) 27,478 54,595 65,052 

Incremental cost-utility ratio (€/QALY)  73,368 122,780 

Best-case analysis with probabilities, costs and utilities favouring TNF-α inhibitors 

Total QALY over 5 years 2.64 3.41 3.35 

Total costs over 5 years (€) 29,811 66,891 82,787 

Incremental cost-utility ratio (€/QALY)  48,443 76,622 

Best case with probabilities, costs and utilities but no response in health status if usual care 

Months in BASDAI<4 over 5 years 0 47.6 43.2 

Total QALY over 5 years 2.57 3.40 3.33 

Total costs over 5 years (€) 31,426 67,139 83,173 

Incremental cost-utility ratio (€/QALY)  42,914 67,207 

Reducing drug acquisition costs 1/4th of the price 1/5th of the price 

Total costs over 5 years (€)  26,480 28,330 

Incremental cost-utility ratio (€/QALY)  18,950 21,750 

BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; QALY: Quality Adjusted Life Year. 

 

In the best case analyses the ICUR were reduced to one third of the initial value but were still 

high for the viewpoint of the Dutch society. Only the price of the drugs had substantial 

impact. The acceptable value of € 18,000 per QALY was reached when reducing the price of 

etanercept to one fourth and infliximab to one fifth. Since even the cost-utility of the best-

case analysis exceeded the Dutch acceptability threshold, we refrained from probabilistic  

analyses that would allow to assess the 95% CI for the incremental cost-utility of the 

reference case. 

Discussion 

This study shows that the incremental cost-utility ratios (ICUR) of etanercept or infliximab 

vary between €42,443 and €189,564 per QALY when compared with usual care (UC). 

Whether these ratios are acceptable depends on what society feels one quality adjusted life 

year is worth. Large differences between countries exist on the threshold to consider ratios 

as acceptable. No country applies explicit thresholds, but implicit thresholds that are cited 
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vary between US$50,000 per QALY gained for the USA, ₤30,000 for the UK and €18,000 for 

The Netherlands [27]. Even in the best case analyses the ratios were above what would be 

considered favourable in most countries. From the point of view of the clinician, however, it is 

difficult to accept that an effective treatment would be denied because of cost-implications 

only. On this line, it is of note that the model proved especially sensitive to the price of the 

drugs. With increasing evolution towards targeted therapies it is to be expected that most 

future potential disease controlling drugs in AS will be expensive. One can discuss if the 

thresholds societies apply for decision making should be revised. However, budget 

restrictions cannot just be denied and force the medical community to make choices in the 

management of disease. It should be reminded that the incremental cost-utility ratios are 

limited in their usefulness to help healthcare systems to allocate available resources. The 

number of patients eligible for the intervention and the available budget of the specific payer 

play an additional and essential role in decision making.   

The resulting ICUR in this study should be seen in the light of methodological 

limitations in modelling the cost-effectiveness in AS. These considerations are summarised 

in Table 5 and will be discussed below.  

 

Table 5. Key issues that limit modelling cost-utility in ankylosing spondylitis and 

recommendations for future research. 

Model issue Present study Limitation Proposal 

Definition of disease states that are clinical and economical relevant  

 BASDAI  - Limited in relating clinical 
and economically relevant 
disease states  
 
 

- Patient perspective without 

external (objective) criterion 

- Combined (BADAI-BASFI) 
outcome measures. Application 
in models would require data 
from large RCTs and cohorts  
 

- New measure including external 

criterion 

Number of disease states that are distinhuished  

 BASDAI<4 opposed to ≥4 - Limited number of disease 

states hampers identification 

of groups for which treatment 

is more or less cost-effective 

Determination of more disease 

states that are clinically (and 

economically) relevant. 

Application in models would 

require data from large RCTs 

Natural course of the disease   

 - 5 year time horizon 

 

- After initial placebo 

response no change in 

BASDAI over 5 years  

Reduced ability to show 

additional long-term 

beneficial effects of TNF-α 

inhibition.  

Gain insight into progression of 

the disease and measures to 

capture the progression 

 Utilities    
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 - Utilities measured in 

cohort   

 

 

- EQ-5D as only utility 

measure  

- Patients in the cohort did 

not experience the beneficial 

influence of the TNF-α 

inhibitors 

- Different utilities can give 

different results 

- Utilities derived directly from 

observational studies 

 

 

- Consensus of the 

recommended utility 

Long-term toxicity    

 - From RCTs and open 

studies with low sample 

sizes and short 

observations 

- Initial RCTs showed more 

toxicity than later RCTs 

- Limited longterm 

observational data 

Long-term observational studies 

RCT: Randomised Controlled Trial. BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath 

Ankylosing Spondylitis Functional Index; EQ-5D: EuroQol 5 dimensions utility index. 

 

The results are based on modelling data in a Markov analysis. This type of model allows a 

long-term perspective and can take into account changes over time by redistributing the 

patient-cohort after each cycle over the health states. The time horizon of five years was 

chosen since modeling beyond that time would not be realistic in the absence of empiric 

data. Patients are redistributed over the distinguished health states every three months.  

Patients with active AS defined as BASDAI≥4 were considered for treatment. The inclusion 

criterion was chosen because it was identical to the inclusion of patients in the effectiveness 

studies used for the model. The choice was later supported by a consensus publication from 

the ASsessment in Ankylosing Spondylitis (ASAS) working group on initiation of TNF-α 

inhibitors [7]. A drawback for the model is that likely patients from the cohort that had a 

BASDAI ≥4 or < 4 were not similar in disease characterises as the patients with a BASDAI ≥4 

or < 4 included in the intervention trials. This explains why the average disease activity in the 

patients from the cohort with a BASDAI≥4 was lower than the average BASDAI of the 

patients in the intervention trials (Table 3). An additional survey in patients from the 

observational cohort confirmed that only 48% of those with a BASDAI≥4 were eligible for 

treatment with a biologic according to the treating rheumatologists [28]. Since the costs and 

utilities of patients from the observational cohort who had a BASDAI ≥4 were attributed to the 

patients receiving anti-TNF treatment, the true initial costs and utilities of the cohort in the 

model might have been underestimated. However, when applying in the sensitivity analyses 

higher costs and worse utilities to these patients, the ICURs remained high 

A relevant limitation of the BASDAI defined disease states, was the inability to 

discriminate in productivity costs, explaining the small difference between the ICURs with 

direct costs only opposed to total costs including the productivity costs. Despite the high work 

disability (42%) in the cohort providing the data on productivity costs, the BASDAI was 

similar among the groups with or without work disability. Disease states including a measure 
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of physical functioning might better discriminate between patients with better and worse 

disease. Further, only two disease states of BASDAI (lower opposed to higher than four) 

were distinguished, reducing the possibility to identify groups of patients for whom the 

treatment might be economically more favourable. The limited number of patients included in 

the source intervention trials hampered modelling in subgroups. In future analyses, 

alternative definitions of disease states and a larger number of disease states could help 

identifying patients for whom the treatment might have a more favourable cost-effectiveness 

ratio.  

The probabilities of transitions between the disease states of the model were 

obtained from two randomized controlled trials [6, 13, 14]. Two additional RCTs with 

etanercept could not be used because the BASDAI was not included (5) or because  

inclusion criteria were different than in the model (15). Our model used as criterion for 

response achieving an absolute state of low disease activity defined as BASDAI<4. When 

comparing the response in the model with rates based on response criteria reported in the 

sources trials and not-included RCTs, the response in the model was in the ranges reported 

in other trials arguing for the validity and generalisability of this definition of initial response 

[1, 5, 6, 13-15, 29]. 

The incremental gain in utility over 5 years of 0.27 and 0.22 for etanercept and 

infliximab respectively was surprisingly small compared with the large effects on patient 

reported disease activity and function. The gain in utility could be underestimated because 

utilities were derived from the patients in the observational cohort who had less severe 

disease and who had not experienced the beneficial effects of TNF-α inhibitors. For example, 

TNF-α inhibitors have an important effect on fatigue and such effects are not directly 

captured by the EQ-5D. As yet, utilities were not measured directly in trials with biologics in 

AS. When considering alternative outcomes and calculating an incremental cost-

effectiveness ratio (ICER) with the additional months in BASDAI<4 as a effectiveness 

measure, the ICER would be €1,491 and €2,307 per additional month for etanercept and 

infliximab respectively in the reference case and €751 and €1,197 for etanercept and 

infliximab respectively in the best-case analysis. If a BASDAI<4 would be experienced by 

patients as minimal clinical disease activity and if continuing low disease activity would 

prevent long-term structural damage and functional disability, these costs seem very 

acceptable. 

In the model, patients who relapsed to a BASDAI≥4 at any point beyond 12 weeks 

discontinued treatment with the TNF-α inhibitor. This was the major reason for the high 

withdrawal rate of about 50% after the first year. When assuming no discontinuation, the 

further administration of the expensive drug would result in less favourable ratios. Based on 
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expert opinion, it was assumed that patients experiencing toxicity would maintain clinical 

response during the three months of toxicity. This was confirmed by a recent communication 

reporting that 63% of patients that stopped infliximab had a relapse after a mean of 13 weeks 

but all responded to readministration of treatment [30].   

A major consideration is that the placebo response was applied to patients receiving UC. 

Despite the fact that in the observational cohort a small (non-significant) improvement in 

disease activity over time was confirmed in patients with initial active disease, we performed 

sensitivity analyses assuming no change in health status if receiving UC. This approach had 

a high impact on the CUR. Assuming no placebo response in short term studies would 

overestimate the true effectiveness of the intervention but whether in longterm models this 

would not overestimate the withdrawal due to inefficacy cannot be excluded. Better methods 

to adjust for the short term placebo response in long-term models are needed.  

It should be emphasized, it was not the intention of the present study to mutually 

compare etanercept and infliximab. No head to head drug comparisons have been 

performed and incremental cost-utility comparing one drug with the other would not be 

justified at this time. Also, the differential effects of both drugs on the extra-articular 

manifestations of the disease such as uveitis, psoriasis and inflammatory bowel disease 

should then be taken into account requiring additional data not available at the present time. 

Notwithstanding these remarks, it cannot be denied that infliximab resulted in higher ICURs, 

the most important reason being the higher drug price. In the sensitivity analysis infliximab at 

3 mg per kg every 8 weeks (assuming similar efficacy) provided comparable ICUR as 

etanercept. The dosing of infliximab should receive careful consideration since the drug costs 

proved to be the bottleneck of the economic evaluation. 

In the literature only two other ICU analyses in AS are reported. One compared a 

three weeks spa-intervention treatment with UC and effects, costs and EuroQol-5D utilities 

were measured directly alongside a one year’s RCT in Dutch patients (31). The ICUR for a 

spa-exercise treatment in Austria was €7,465 per QALY and for spa-exercise treatment in 

the Netherlands (the home country) was €18,575 per QALY. One other study reported on the 

cost-utility in patients with active AS but considered treatment with infliximab only. The 

reference case with direct costs reported £73,000 per QALY (€112,882) which was still lower 

than our €187,500. This model used individual patient data for the first 12 weeks of the 

treatment and therefore patients started with a worse disease than our cohort simulation. In 

addition, the model was based on disease states by BASDAI and BASFI, distinguishing 

better in productivity costs. As a consequence, the ICUR dropped to £35,000 (€ 53,900) 

when considering direct and indirect costs. In addition, the utility-gain in this study cohort was 

higher than in our cohort [10]. To what extent these differences can be attributed to cultural 

or methodological differences needs attention.  
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Conclusion: Despite the large clinical effects of etanercept and infliximab in patients with AS 

that have a BASDAI≥4, the extra costs are substantial, especially as a consequence of the 

high drug acquisition costs. The model is hampered by limited insight into the natural 

progression of the disease and long-term effects of the drugs. This analysis helps to define 

future research to improve the economic model and identify patients for who the treatment 

might not only be effective but also cost-effective. 

Acknowledgement: The authors wish to acknowledge J. Listing for performing the additional 

analyses from the source trials.
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Tables and figures: 

 

Table 1. Estimates of the probabilities for response, relapse and toxicity and for costs and 

utilities used in the reference case and sensitivity analyses.  

 

Table 2. Costs and utilities used in the reference case and sensitivity analyses. 

 

Table 3. Comparison of the clinical characteristics if the patients from the cohort study 

providing the data of the costs and utilities of the distinguished disease states and of the 

patients participating in each of the RCTs providing data on the probabilities of response, 

relapse and toxicity from treatment. 

 

Table 4. Results of the Markov model over the 5 years time horizon for the reference case 

and for the five sensitivity analyses.   

 

Table 5. Key issues that limit modelling cost-utility in ankylosing spondylitis and  

recommendations for future research. 

 

 

Figure 1. Markov Model computed over a period of five years with cycle times of three 

months and comparing treatment with either etanercept either infliximab with usual care.  

 

Figure 2a. Probability plot of distribution of the cohort over the distinguished Markov states 

over 5 years (20 cycles) treatment from the start with etanercept onward. 

 

Figure2b. Probability plot of distribution of the cohort over the distinguished Markov states 

over 5 years (20 cycles) treatment from the start with infliximab onward. 
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Figure 1. Markov Model computed over a period of five years with cycle times of three months and 
comparing treatment with either etanercept either infliximab with usual care. 
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Figure 2a. Probability plot of distribution of the cohort over the distinguished Markov states 
over 5 years (20 cycles) treatment from the start with etanercept onward.
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Figure 2b. Probability plot of distribution of the cohort over the distinguished Markov states 
over 5 years (20 cycles) treatment from the start with infliximab onward.
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