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with Etanercept+MTX (base-case ICER: €3,177 per 
QALY), whilst versus adalimumab/golimumab, CZP was 
dominant (less costly, more effective). For all compari-
sons, CZP treatment resulted in greater improvements in 
life expectancy and QALYs. PSA indicated that at the will-
ingness-to-pay threshold of €34,000/QALY, CZP+MTX 
was associated with a 71.6, 97.9, or 99.2% probability 
of being cost-effective versus etanercept, golimumab, or 
adalimumab, respectively, in combination with MTX. This 
analysis demonstrates CZP+MTX to be a cost-effective 
alternative over Etanercept+MTX and a dominant option 
over Adalimumab+MTX and Golimumab+MTX for man-
agement of RA in Greece.

Keywords  Rheumatoid arthritis · Cost-effectiveness · 
Anti-TNF · Certolizumab pegol · Greece

Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory, auto-
immune disease of unknown etiology that affects approxi-
mately 1% of the world’s population and can lead to impaired 
functioning and mobility as well as premature mortality [1]. 
The progressive nature of the disease is well known, with 
20–30% of untreated patients having permanent work dis-
ability within 3 years of diagnosis [2]. Similarly, it has been 
estimated that patients with RA have a 20–30% reduction in 
quality of life (QoL) when compared to age-matched indi-
viduals from the general population [3]. Overall, long-term 
morbidity and functional disability have considerable socio-
economic implications for patients and society, posing major 
challenges to national healthcare systems.

It has been demonstrated that patients with RA are asso-
ciated with disproportionately high consumption of health 
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versus other anti-TNFs recommended for RA in Greece 
over a patient’s lifetime. Following discontinuation of first-
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then to a biologic with another mode of action. Sequen-
tial use of csDMARDs followed third biologic. Clinical 
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Results presented are incremental cost-effectiveness ratios 
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services and other indirect costs, with productivity losses 
being the predominant economic burden of the disease [4]. 
In the UK, one recent study estimated productivity losses 
of £1.8 billion per year, in addition to approximately £560 
million of direct healthcare costs incurred by the National 
Health Service (NHS) [5].

The prevalence of RA in the adult population of Greece 
has been estimated at 0.68%, similar to that observed in 
many European countries [6]. Although there is paucity of 
data on the clinical and economic burden of RA in Greece, 
it is not expected to deviate widely from that observed in 
other countries.

Therapeutic guidelines from the Greek National Organi-
zation for Medicines (EOF) [7], in line with the latest Euro-
pean League against Rheumatism (EULAR) recommenda-
tions [8], suggest that RA treatment be initiated with the 
conventional synthetic disease-modifying anti-rheumatic 
drugs (csDMARDs), with methotrexate (MTX) serving 
as an anchor drug. In case of failing csDMARDs, a bio-
logic agent (bDMARDs) is added to the existing therapy 
for patients with moderate-to-severe RA. Tumor necro-
sis factor alpha (TNF-a) inhibitors are usually the first 
bDMARDs to be prescribed [certolizumab pegol (CZP), 
etanercept, adalimumab, golimumab, and infliximab]. Fol-
lowing an inadequate response to a first anti-TNF agent, the 
TNF-inadequate responders (IR) can then either switch to 
treatment with another anti-TNF agent or with a bDMARD 
with another mode of action (rituximab, abatacept, and 
tocilizumab) [7, 8].

Although anti-TNF agents have demonstrated greater 
efficacy than csDMARDs for the treatment of RA, they are 
also associated with a four- to sixfold increase in the direct 
costs of treatment [9, 10]. This marked increase in costs, 
driven by the elevated price of anti-TNF treatments, in con-
junction with the increased clinical benefits associated with 
their use, has resulted in numerous cost-effectiveness stud-
ies investigating bDMARDs and csDMARDs [11]. Overall, 
the use of anti-TNF agents was found to be a cost-effec-
tive strategy in patients, whose disease activity was poorly 
controlled with the conventional treatment (csDMARDs). 
However, in the absence of head-to-head trials between 
these agents, it is difficult to determine which agent is opti-
mal. Indirect economic evaluation of multiple biologics is 
scarce, and currently, there are none published in Greece.

CZP is the first PEGylated Fc-free anti-TNF agent that 
has been shown to rapidly and significantly improve signs 
and symptoms of RA and physical function and inhibit 
radiographic progression [12–14]. It is a relatively novel 
TNF-a inhibitor with an established clinical profile which 
gained its marketing authorization in European Union in 
2009 [15]. However, under the recent climate of major 
financial crisis and healthcare budget restrictions in Greece, 

there is a growing need to use treatments which are both 
clinically effective and economically efficient.

To this end, the objective of this analysis was to investi-
gate the cost-effectiveness of CZP versus the other subcu-
taneously administered anti-TNF agents, etanercept, adali-
mumab, or golimumab, as adjunct treatments to MTX, in 
patients with moderate-to-severe active RA who had failed 
treatment with at least one csDMARD (including MTX) in 
a Greek setting.

Methods

In the present study, a Markov model, previously submit-
ted to the National Institute of Health and Clinical Excel-
lence (NICE) [16] by the manufacturer of CZP as part of 
the single technology appraisal (STA) process, was locally 
adapted. Based on this model’s time horizon (base-case: 
45 years), the lifetime direct medical costs, life years (LYs), 
and quality-adjusted life years (QALYs) accrued for RA 
patients were evaluated in a Greek setting. The cost-utility 
analysis was conducted from the Greek third-party payer 
perspective (EOPYY) and an annual discounting of 3.5% 
was applied to both effectiveness and cost estimations [17].

Model structure

The model structure is depicted in Fig.  1. Patients with 
moderate-to-severe active RA who had an inadequate 
response to at least one csDMARD, including MTX, 
entered the model and began treatment with CZP, etaner-
cept, adalimumab, or golimumab, in combination with 
MTX. At the end of the first cycle, patients were assigned 
to one of four response groups based on estimated response 
rates for the relevant treatment. Response was defined 
using the American College of Rheumatology (ACR) out-
come measures (ACR20, ACR50, and ACR70). Patients 
not achieving an ACR20 response discontinued treat-
ment and were switched to the next sequential treatment. 
Patients achieving an ACR20 response remained on their 
current treatment, in the same Markov state. At the end of 
each cycle, patients either continued in the same Markov 
state (and, therefore, treatment), switched treatment due 
to a lack of efficacy or an adverse event (at the mid-point 
of the cycle), or died. There were no state transitions other 
than treatment discontinuation or death. In the first year of 
the model, treatment response was evaluated at 6 months, 
after which there were two subsequent time frames, each of 
3 months. The cycle length for the remainder of the model 
was 6 months, which reflects the period of time allowed for 
a patient to achieve the treatment target (clinical remission 
or low disease activity) [8].
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Treatment algorithm

In the model, RA patients are allocated to either CZP, 
etanercept, adalimumab, or golimumab as their first bio-
logic treatment. The choice of comparators was based on 
the latest EULAR recommendations for the management 
of RA [8] and includes those anti-TNF agents that fol-
low the same administration route (subcutaneous injec-
tion) as CZP and are licensed and recommended for use 
in Greece. It was assumed that patients would follow the 
same treatment pathway irrespective of initial treatment. 
The treatment pathway was based on current clinical 
practice in Greece, as indicated by local expert rheuma-
tologists. It was assumed that after failing their first anti-
TNF, patients would be treated with another anti-TNF 
with a different molecular structure (first follow-up bio-
logic treatment). Therefore, treatment failure with a mon-
oclonal antibody anti-TNF (i.e., CZP, adalimumab, and 
golimumab) led to a switch to the human soluble TNF 
receptor fusion protein, etanercept. Similarly, treatment 
failure with etanercept led to a switch to a monoclonal 
anti-TNF; for the base-case comparison of CZP versus 
etanercept, golimumab was the second anti-TNF therapy. 
The other biologic monoclonal antibody, adalimumab, 
was also tested independently in the univariate sensitivity 
analysis. Failing treatment with a second anti-TNF agent, 
patients were switched to a third bDMARD, this time 
with a different mode of action (second follow-up bio-
logic treatment) and rituximab in the base-case analysis. 
The use of tocilizumab or abatacept instead of rituximab 
was also considered in the univariate sensitivity analysis. 
On discontinuation of the first and second follow-up bio-
logic treatments, patients received a sequence of further 
follow-up therapies, as suggested by local experts (csD-
MARDs: leflunomide, then cyclosporine, azathioprine, 
and sulfasalazine). After failing the last treatment in 

the sequence, patients continued palliative therapy until 
death.

Model inputs

Study population

The baseline characteristics of the hypothetical cohort 
(10,000) of RA patients are based on pooled data from 
the patient populations who participated in the CZP clini-
cal trials: RAPID1, RAPID2, and FAST4WARD [12–14]. 
Demographics were comparable in all studies. The study 
population was 82.7% female with a mean baseline age of 
52.2  years [standard error (SE) 0.27], a mean number of 
previous csDMARDs of 2.26 (0.05), a mean disease dura-
tion of 6.56 (0.21) years, and baseline Health Assessment 
Questionnaire (HAQ) scores of 1.62 (0.01).

Transition probabilities

The relative effectiveness of the comparators in the first 
cycle of the model was estimated via an indirect analy-
sis based on ACR20 response data obtained from a pub-
lished Bayesian random-effects meta-analysis [18]. In a 
random-effects model, the between-trial variability of the 
measured effect caused by between-trial heterogeneity 
is also taken into account. Applying the indirect statisti-
cal method proposed by Bucher et  al. [19], the relative 
effectiveness of CZP plus MTX compared to etanercept, 
adalimumab, or golimumab plus MTX was derived by 
dividing the estimated odds ratio (OR) of each compara-
tor versus placebo, as extracted by the aforementioned 
meta-analysis, with the estimated OR of CZP versus pla-
cebo. This method relies on the fact that the log of the 
effect size measure for drug A versus drug B is equal to 
the difference of the log effect size measures for drug A 

Fig. 1   Model structure. *Fol-
low-up (FU) treatment states: 
duplicated for each follow-up 
treatment. Patients not respond-
ing in first 6 months of follow-
up treatment will move to the 
next in the sequence. **Reason 
for discontinuation governed by 
probabilities after leaving treat-
ment health state. HAQ Health 
assessment Questionnaire, ACR 
American College of Rheuma-
tology
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versus drug C and drug B versus drug C. Next, the abso-
lute effectiveness (odds) in terms of ACR20 response of 
each treatment comparator at 6 months was calculated by 
combining the corresponding relative effectiveness with 
the absolute effectiveness of CZP, as estimated by aggre-
gating ACR20 response data from the CZP plus MTX 
arms in the RAPID1 and RAPID2 clinical trials [12, 13]. 
The response rate of CZP was computed as the relative 
frequency of patients on CZP plus MTX who achieved an 
ACR20 response for which the corresponding odds were 
calculated [odds = risk/(1 − risk)]. The odds for etaner-
cept, adalimumab, or golimumab plus MTX were com-
puted by multiplying the OR derived from the indirect 
analysis, by the odds of CZP plus MTX (Table  1). The 
authors of the reference meta-analysis used here stressed 
that the ORs of etanercept and golimumab on ACR70 
response versus placebo yielded very wide confidence 
intervals due to the insufficient numbers of patients, and 
thus were considered unreliable. Nevertheless, for the 
purposes of these analyses, we encompassed the corre-
sponding raw results of ORs as first determined by a clas-
sical frequentist method followed in the meta-analysis.

In the second and subsequent cycles, discontinuation 
probabilities were calculated based on assumptions relating 
to the time on treatment (Table 1) and an exponential “sur-
vival” distribution for continuation with treatment. In par-
ticular, the time spent on first bDMARD was based on esti-
mates from the Du Pan et al. study [20]. Treatment duration 
of the first and second follow-up bDMARDs was extracted 
from another study [21] that dealt with the differential 
drug retention between alternative anti-TNF agents and 

biologic agents with another mode of action for TNF-IR. 
The treatment durations for the csDMARDs were based on 
the Edwards et al. study [22]. The choice of these studies 
was relied upon the fact that their estimates were derived 
from national registries containing medical records of thou-
sands of RA patients followed over long periods of time in 
general clinical practice. In the absence of relative Greek 
data, the studies estimates were reviewed by local clinical 
experts and, where considered appropriate, were tested in 
sensitivity analysis.

The probability for all-cause mortality for the gen-
eral population was considered and incorporated into the 
model. Data were taken from the age and gender-specific 
mortality rates (2011) for Greece posted on the National 
Statistical Service official website [23]. These rates were 
also adjusted with an RA risk multiplier associated with 
patients’ HAQ score (1.33 per HAQ unit; 95% CI 1.099–
1.610) derived from Wolfe et al. [24].

Health states and utility values

The economic model captured the effects on patient QoL 
as measured by the HAQ and EuroQol Group 5 Dimension 
(EQ-5D) questionnaire in the CZP RAPID1 and RAPID2 
trials [12, 13]. Patient health state changed based on initial 
treatment, continuation of treatment, and discontinuation of 
treatment (Table 2). The HAQ disease severity measure was 
used to assess disease progression. To map utilities from 
HAQ scores, the Bansback conversion factor (ΔEQ-5D 
utility = −0.2102 ΔHAQ) was incorporated in the model 
[25]. The assumption that QoL is linearly associated with 

Table 1   ACR response rate at 6 months and duration of treatments

bDMARDs biologic disease-modifying anti-rheumatic drugs, anti-TNFs anti-tumor necrosis factors, csDMARDs conventional synthetic disease-
modifying anti-rheumatic drugs, ACR American college of rheumatology, MTX methotrexate

Treatment ACR20 ACR50 ACR70 Source

Certolizumab pegol+MTX 58.2% 35.4% 19.2% Adjusted response rates based on Launois et al. [18]

Etanercept+MTX 48.8% 36.7% 19.5%

Adalimumab+MTX 30.5% 22.3% 9.1%

Golimumab+MTX 29.9% 22.5% 6.4%

Time on treatment (years)

First bDMARDs (certolizumab pegol or comparator) 3.08 Du Pan et al. [20]

First and second follow-up treatments (bDMARDs)

 Anti-TNFs 1.75 Du Pan et al. [21]

 Other bDMARDs 2.66

Further follow-up treatments (csDMARDs)

 Leflunomide 5.98 Edwards et al. [22]

 Cyclosporine 8.70

 Azathioprine 15.53

 Sulfasalazine 11.01
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Table 3   Cost and resource use inputs used in the Markov model

PFS prefilled syringe, IV intravenous, HAQ-DI health assessment questionnaire disability index
a  Costs are in euros (€), year 2014 values
b  Based on hospital price −6.5%
c  Based on hospital price +5%
d  Based on reference price [from drug positive list (March 2014)] −25%
e  Based on reference price −15% (Government Gazette)
f  Based on cost per day-case hospital admission [32]
g  Cost estimates were taken from Kobelt et al. study [35], inflated to 2014 values [36] and converted to euros based on US $ PPP for health per 
national currency unit (2011; 0.469 for Greece) [37]

Resources Unit cost (/mg)a Assumptions Resource utilization

First 6 months Subsequent 6 months

Treatment Number of administrations

Certolizumab pegol (PFS) 329.61/200b 400 mg at weeks 0, 2, 4 then 200 mg every 2 weeks 16 13

Etanercept (PFS) 176.94/50b 50 mg once weekly 26 26

Adalimumab (PFS) 356.60/40b 40 mg every two weeks 13 13

Golimumab (PFS) 727.41/50b 50 mg once a month 6 6

Rituximab (vial) 1008.65/500c Course of 2 treatments of 1 g (one on day 1 and one on day 
15); repeated courses every 6 months

2 2

Infliximab (vial) 442.74/100c 3 mg/kg at weeks 0, 2, 6 then every 8 weeks 4.5 3.25

Abatacept (vial) 282.45/250c <60 kg: 500 mg, 60–100 kg: 750 mg, >100 kg: 1 g; at 
weeks 0, 2, 4, then every 4 weeks

7.5 6.5

Tocilizumab (vial) 292.65/200c 8 mg/kg once every 4 weeks 6 6

Leflunomide (tablet) 0.54/20d 20 mg daily 182 182

Cyclosporine (tablet) 1.02/100d 3.25 mg/kg daily 182 182

Azathioprine (tablet) 0.12/50d 2 mg/kg daily 182 182

Sulfasalazine (tablet) 0.10/500d 2.5 g daily 182 182

Methotrexate (tablet) 0.04/2.5d 15 mg weekly 26 26

Monitoring visits Unit costa Assumptions Number of visits

Physician visit 10 50% of patients had outpatient visits and the other 50% 
of patients went to doctors’ private offices. All biologic 
treatments were associated with equal number of visits 
(clinical experts)

4 3

Monitoring tests Unit costa Assumptions Number of tests

Full blood count 2.45e All biologic treatments were associated with equal number 
of tests (except for Rituximab in the 1st 6 months of treat-
ment). Note pre-treatment tests were also considered; one 
per each type of test for all biologics (clinical experts)

5 (2) 2

Erythrocyte sedimentation rate 1.50e 3 (1) 1

Biochemical profile 32.30e 5 (2) 2

Urinalysis 1.50e 0 (0) 0

Chest X-ray 3.44e 2 (2) 1

Administration of treatments Unit costa Assumptions

Administration of IV drug in  
outpatient setting

0 15% of patients receive treatment in an outpatient setting and  
85% of patients in a day-case setting (clinical experts)

Administration of IV drug in  
day-case setting

80f

Mean annual direct costs by HAQ-DI 
level

Unit costa Assumptions

HAQ group

 <0.6 760.7g Costs were applied at each model cycle and associated with  
hospitalizations, surgical interventions, ambulatory care,  
as well as RA medication

 0.6 <1.1 1952.54g

 1.1 <1.6 1295.29g

 1.6 <2.1 1912.28g

 2.1 <2.6 2106.79g

 ≥2.6 1670.7g
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HAQ score is the standard practice in most models pub-
lished in RA [26–28].

On entry into the model, patient populations were 
assigned a mean pre-treatment EQ-5D utility of 0.38. Over 
the first 6 months of treatment with initial anti-TNF ther-
apy, patients were assigned a change in QoL dependent on 
their ACR response category. The magnitude of change in 
EQ-5D utilities was estimated from the patient-level data 
from the CZP trials [12, 13] by ANCOVA regression anal-
ysis. The effect was assumed to be the same for all com-
parators. Regression models were fitted with age, gender, 
baseline EQ-5D utilities, disease duration, number of previ-
ous csDMARDs, and anti-CCP antibody status as covari-
ates. Regression coefficients were then used to calculate the 
change in utility.

In the absence of data from long-term clinical trials, the 
mean change in HAQ on initiation of the first or subsequent 
follow-up treatments, or during continuation of treatment 
was assumed to follow estimates taken from Chen et  al. 
[29] and NICE TA126 guidance [30], respectively. This 
was done to be consistent with NICE recommendations 
following TA126 and the Health Technology Assessment 
(HTA) report of Chen et al. conducted as part of the HTA 
Programme [29]. The research findings of this Programme, 
which is the largest single national research programme 
for the UK’s NHS, directly influence key decision-making 
bodies such as the NICE who rely on HTA outputs to help 
raise standards of care.

Once a treatment was discontinued, the base-case analy-
sis assumed a change equal to that applied for the initial 
response to treatment (rebound assumption: 100% loss of 
initial benefit).

Cost calculations

The total reimbursement cost assigned to each treatment in 
the model incorporates all resource use resulting from the 
care of patients within the healthcare system during each 
cycle of the model [including physician visits, drug con-
sumption, lab tests, and management of RA (dependent on 
HAQ score)] (Table 3). Resource use associated with each 
treatment was recorded during the first subsequent cycles 
of that treatment, based on expert opinion. Drug acquisi-
tion costs were calculated by combining the dose of each 
agent with the reimbursed drug unit cost, as derived from 
the price bulletin issued by the Greek Ministry of Health 
[31] (Table 3). Dose schedules for all drugs were obtained 
from the European Medicine Agency (EMA) official web-
site [15] and validated by clinical experts. For drugs where 
dose is adjusted for patient weight (abatacept, infliximab, 
tocilizumab, azathioprine, and cyclosporine), a mean 
weight of 81.4 kg [12–14] was assumed. In the base-case, 

a per drug unit costing method was considered (unused 
drug wastage). Administration costs were only generated 
for bDMARDs requiring infusion [32]. For subcutane-
ous injections, patients were assumed to be able to self-
administer the drug at home without assistance. Monitor-
ing costs involved physician visits and lab tests, the unit 
costs of which were extracted from Government Gazette 
and EOPYY official website [33, 34]. The number of visits 
and lab tests depends on bDMARD and csDMARD and 
was obtained from local experts to reflect the common 
clinical practice (Table  3). Other direct costs pertaining 
to RA management by HAQ score were also considered 
based on Kobelt et  al. [35] [these costs were obtained in 
US dollars (from 2001), and were inflated to 2014 values 
[36] and converted to euros [37] before inclusion in the 
model] (Table 3).

Data analysis

The comparative cost-effectiveness of CZP plus MTX 
was evaluated by calculating the incremental cost-effec-
tiveness ratios (ICER) per QALY gained. To accommo-
date variation into the model parameters, one-way sen-
sitivity analyses were performed. Sensitivity tests were 
consistent with previous analyses presented in the manu-
facturer’s submission to NICE [16]. Probabilistic sensi-
tivity analyses (PSA) were also performed by attaching 
probability distributions to input parameters [38, 39]. 
Specifically, normal distributions were assigned to the 
absolute clinical effectiveness (transformed to a log odds 
scale), mean age, baseline mean EQ-5D utility, number 
of previous csDMARDs, and disease duration. Beta dis-
tributions were assigned to gender and a CZP-related 
cumulative distribution function was assigned to patient 
weight. Lognormal distributions were assigned to direct 
costs of RA management and a mortality risk multi-
plier was associated with patients’ HAQ score. All other 
parameters were constant.

For each comparison, 1000 trial simulations were per-
formed. Results from these simulations were used to con-
struct cost-effectiveness planes and cost-effectiveness 
acceptability curves. Although there is no official willing-
ness-to-pay threshold for Greece, a treatment was con-
sidered to be cost-effective at a threshold of €34,000 per 
QALY gained. This was based on the World Health Organi-
zation (WHO) guidelines that state a treatment should be 
considered cost-effective if the ICER is between one and 
three times the Gross Domestic Product (GDP) per capita 
of that country, and highly cost-effective at less than one 
times the GDP per capita [40]. Using the current prices, the 
International Monetary Fund (IMF) estimated Greek GDP 
per capita at €17,000 [41].
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Results

Base‑case analysis

CZP is associated with a greater life expectancy and 
quality-adjusted life expectancy versus all comparators 
(Table 4). When compared to etanercept, CZP treatment 
resulted in a mean increase in survival of 0.02 years, and 
after adjusting survival for QoL estimates, the model pre-
dicted a mean increase in QALYs of 0.12. When com-
pared with golimumab and adalimumab, CZP was associ-
ated with a mean increase in life expectancy of 0.08 and 
0.07 years and in QALYs of 0.43 and 0.42, respectively.

Analyses of treatment costs revealed CZP to be less 
costly than golimumab and adalimumab (CZP: €105,041; 
golimumab: €105,273; adalimumab: €106,006), but more 

expensive than etanercept (CZP: €105,319; etanercept: 
€104,939).

Based on these findings, treatment with CZP was esti-
mated to be the dominant strategy when compared to goli-
mumab or adalimumab (less costly and more effective). 
Compared to etanercept, CZP was associated with an ICER 
(€3,177 per QALY gained) much lower than the defined 
willingness-to-pay threshold of €34,000 per QALY gained.

Sensitivity analysis

A number of one-way sensitivity analyses were performed 
and no considerable variation to the base-case ICER esti-
mates was observed (Table 5). However, some changes were 
seen in the CZP ICERs dependent on assumptions related to 
time horizon, baseline HAQ score, and utility progression 

Table 4   Base-case results

For the Certolizumab pegol vs. Golimumab or Adalimumab comparison, patients who have failed first biologic treatment had the following 
sequence of treatments: Etanercept > Rituximab > csDMARDs > palliative care; whereas for the Certolizumab pegol vs. Etanercept comparison: 
Golimumab > Rituximab > csDMARDs > palliative care

QALY quality-adjusted life year, HAQ health assessment questionnaire, ICER incremental cost-effectiveness ratio, MTX methotrexate

Certolizumab 
pegol+MTX

Golimumab+MTX Adalimumab+MTX Certolizumab 
pegol+MTX vs. 
Golimumab+MTX

Certolizumab 
pegol+MTX vs. 
Adalimumab+MTX

Discounted life expec-
tancy (years)

15.43 15.35 15.36 0.08 0.07

Discounted quality-
adjusted life expec-
tancy (QALYs)

7.25 6.82 6.83 0.43 0.42

Discounted total life-
time direct medical 
costs (€)

105,041 105,273 106,006 −232 −965

 Drug acquisition 57,699 53,448 54,178 4251 3522

 Administration 609 625 624 −16 −15

 Monitoring 3297 3295 3295 2 2

 Patient management 
by HAQ score

43,435 47,905 47,909 −4470 −4474

ICER (€ per QALY 
gained)

Certolizumab domi-
nates

Certolizumab domi-
nates

Certolizumab pegol+MTX Etanercept+MTX Certolizumab pegol+MTX vs. 
Etanercept+MTX

Discounted life expectancy (years) 15.41 15.39 0.02

Discounted quality-adjusted life expectancy 
(QALYs)

7.09 6.97 0.12

Discounted total lifetime direct medical costs (€) 105,319 104,939 380

 Drug acquisition 56,714 55,591 1123

 Administration 608 614 −6

 Monitoring 3293 3293 0

 Patient management by HAQ score 44,704 45,441 −737

ICER (€ per QALY gained) 3177
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rate for first-line treatments. The highest ICER estimates 
were observed when a worse utility progression rate for 
first biologic treatments (-0.01 per year) was considered, 
whereas the lowest ICERs were observed when the rebound 
assumption was reduced from 100 to 50%. The choice of 
tocilizumab or abatacept for second follow-up biologic ther-
apy had a small impact on the base-case results, as well as 
the choice of adalimumab or infliximab for first follow-up 
biologic therapy in the comparison to CZP versus etaner-
cept. With respect to the PSA results, the model estimated 
that, when using the €34,000 per QALY gained threshold, 
CZP plus MTX was associated with a 71.6, 97.9, or 99.2% 
probability of being cost-effective versus etanercept, goli-
mumab, or adalimumab plus MTX, respectively (Fig. 2).

Discussion

Based on clinical findings from clinical trials of CZP plus 
MTX [12, 13] and a multiple-treatment meta-analysis 
[18], long-term projections suggest that treatment with 
CZP would result in greater improvements in life expec-
tancy and quality-adjusted life expectancy when com-
pared with etanercept, adalimumab, or golimumab.

It is important to note that any long-term differences 
in health outcomes between CZP and comparators were 
driven solely by the relative differences in ACR response 
rates applied in the model. The subsequent HAQ pro-
gression rates and time using treatments for respond-
ing patients were assumed to be equivalent. From a 

Table 5   Results of the sensitivity analysis

QALY quality-adjusted life year, CZP Certolizumab pegol, EQ-5D EuroQol-5 dimensions, HAQ-DI Health assessment questionnaire disability 
index, Qol quality of life, ACR American college of rheumatology, MTX methotrexate, CI confidence interval, N/A not applicable

Parameter Base-case estimate Sensitivity estimate Certolizumab pegol+MTX vs. [incremental cost (€) per QALY 
gained]

Etanercept+MTX Adalimumab+MTX Golimumab+MTX

Base-case analysis 3177 CZP dominates CZP dominates

Probabilistic analysis 2324 CZP dominates CZP dominates

Time horizon Lifetime 5 years 14,678 912 5405

10 years 16,300 7347 9858

Discount rate Costs and QALYs 3.5% Costs 1.5% and QALYs 
1.5%

778 CZP dominates CZP dominates

Costs 6% and QALYs 
6%

6006 CZP dominates 1268

Direct cost by HAQ 
score (first and follow-
up treatments)

Unchanged +10% 2562 CZP dominates CZP dominates

−10% 3793 CZP dominates 493

Treatment duration for 
Certolizumab pegol 
and comparators

3.08 years 2 years 1442 CZP dominates CZP dominates

6 years 6206 3349 4698

Baseline HAQ score 1.6 1 7358 8110 9397

2.5 8614 8709 10,133

Principle QoL instru-
ment

EQ-5D HAQ-DI 3805 CZP dominates 430

Utility progression rate 
(first-line treatments)

0.0202 per year −0.01 per year 683,047 50,152 53,502

0.05 per year 6400 3872 4629

Utility progression rate 
(follow-up treatments, 
including palliation)

−0.0025 per year −0.01 per year 8759 5280 6726

0 per year 11,113 6754 8284

Rebound assumption, 
back to baseline

100% 50% CZP dominates CZP dominates CZP dominates

Drug costing Per unit Per mg 3226 CZP dominates CZP dominates

First follow-up “bio-
logic” treatment

Golimumab Adalimumab 2666 N/A N/A

Infliximab 2880 N/A N/A

Second follow-up “bio-
logic” treatment

Rituximab Tocilizumab 2109 CZP dominates CZP dominates

Abatacept 2538 CZP dominates CZP dominates

Bansback conversion 
parameter

−0.2102 Upper CI value: −0.233 3258 CZP dominates CZP dominates

Lower CI value: −0.187 2214 CZP dominates CZP dominates
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third-party perspective (EOPYY), CZP plus MTX treat-
ment was associated with higher medical costs during 
first biologic therapy, mainly due to higher drug acqui-
sition costs. These elevated costs could be attributed to 
the fact that CZP plus MTX is associated with the high-
est ACR20 response (primary clinical endpoint) among 
the comparator treatments, and thus, a greater number of 
patients received that treatment. Although treatment with 
CZP was associated with higher initial costs, these were 
attenuated by reductions in follow-up treatment costs 
related to drug acquisition, administration, monitoring, 
and patient management. The largest contributing fac-
tor to treatment costs was the drug purchasing cost, fol-
lowed by patient management costs. Combining cost and 
health outcomes through ICER tool, the model estimated 
that CZP is likely a dominant strategy compared to goli-
mumab or adalimumab and is highly cost-effective versus 
etanercept (ICER: €3,177/QALY gained).

The sensitivity analysis performed here indicated that 
the conclusions drawn from the base-case analysis were 
robust when the uncertainty surrounding model parameters 
were tested (Table  5). In almost all univariate sensitivity 
assumptions, the treatment strategy with CZP was assessed 
to be either a cost-effective (ICERs below the defined 
threshold) or a dominant option. Likewise, the probabil-
istic ICERs of CZP versus comparator treatments were in 
accordance with the deterministic ICERs from the base-
case analysis.

Several potential limitations to this cost-effectiveness 
study should be considered. First, there is lack of data 
on the long-term efficacy of bDMARDs or csDMARDs 

in patients failing treatment with their first bDMARDs, 
given the short-term nature of most clinical trials. To 
compensate for this, assumptions relevant to disease 
progression were made based on previous literature 
(Table  2). As these assumptions were followed in all 
treatment arms, no bias has been caused in calculation 
of the ICER. Moreover, the literature on the safety of 
bDMARDs is reported in different ways making reliable 
direct comparison between agents impossible. As such, 
the costs and outcomes associated with adverse events 
were not included in the model simulations. Although 
this is consistent with the approach adopted in a NICE 
authored model in early RA [42], the consideration of 
adverse events on cost and health measures may have 
altered the results of present analysis. Noteworthy is the 
fact that based on the latest EULAR recommendations 
[8], no preference of one over another biological agent 
should be expressed in terms of safety.

Furthermore, the use of HAQ as a measure to assess 
disease progression suffers the same criticisms levelled at 
previous models submitted to NICE: that HAQ may be 
an inadequate measure of QoL and that mapping results 
from HAQ to utilities may be an inadequate substitute for 
the direct measurement of EQ-5D utility. Nevertheless, 
HAQ was used as it was the most well-recorded measure 
of physical function in rheumatoid arthritis clinical trials. 
Importantly, the majority of published cost-utility models 
have used a similar approach [30]. As the single rate of 
HAQ progression was used for all the first biologic inter-
ventions, it is unlikely that any directional bias occurred 
in the ICER estimations.

With regard to the treatment sequence, there is no 
consensus about the most appropriate therapy in patients 
failing first biologic treatment, predominantly due to the 
lack of available data. Nonetheless, to best reflect current 
clinical practice in Greece, two expert rheumatologists 
with extensive clinical experience indicated a common 
treatment algorithm. The switching of the first anti-TNF 
agent from soluble receptor to a monoclonal antibody 
or vice versa is also supported by the literature [43–46], 
but switching a second time appears much less effective 
[44]. In the treatment path nodes where multiple biologic 
treatments could be chosen, one-way sensitivity analyses 
were performed.

To calculate the effectiveness of treatments, data from 
direct comparisons would be preferable to combined data 
from differing sources. However, due to the scarcity of 
head-to-head clinical trials between biologic treatments, 
this was not feasible. Instead, data from a published 
random-effects meta-analysis were used, the validity of 
which have been previously discussed [18], and indi-
rectly compared adjusting for clinical effectiveness of the 
baseline treatment, CZP plus MTX.

Fig. 2   Cost-effectiveness acceptability curve of certolizumab pegol 
as add-on to MTX versus comparator treatments. QALY quality-
adjusted life year; MTX methotrexate
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The present findings have to be considered in the strict 
Greek setting and on the basis of the resource and drug 
prices, as well as clinical data available during the year of 
analysis. If any of the underlying parameters change, so 
may the results and the conclusions of the analysis.

In conclusion, the derived ICERs suggest that, in this 
model CZP plus MTX is likely a cost-effective alterna-
tive compared to etanercept and is a dominant option 
compared to adalimumab or golimumab, in combination 
with MTX, for the management of RA in Greece.
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