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Abstract

Background and Objective Ankylosing spondylitis is a chronic, progressive, inflammatory, multidimensional, musculoskel-
etal disease primarily involving the axial skeleton. In addition, ankylosing spondylitis is associated with increased morbidity
and mortality, significantly affecting productivity and overall quality of life. The aim of the present study was to evaluate the
cost effectiveness of tofacitinib compared to currently marketed biologic treatment in patients with active ankylosing spon-
dylitis who have responded inadequately to conventional therapy (biologic-naive population) or previous biologic therapy
(biologic-experienced population) in Greece.

Methods A published model comprising a decision tree and a three-state Markov model was adapted from a public payer
perspective over a lifetime horizon. Adalimumab and secukinumab, having the highest market shares among biologics for
the treatment of ankylosing spondylitis in Greece (standard practice), were selected as comparators in the analysis. Clinical
parameters captured treatment response defined per Assessment of Spondyloarthritis International Society 20 response,
short-term and long-term changes in Bath Ankylosing Spondylitis Disease Activity Index and Bath Ankylosing Spondylitis
Functional Index scores, long-term biologic treatment discontinuation, and adverse events. Efficacy, safety data, and utility
values were elicited from the published literature. Direct costs pertaining to drug acquisition, monitoring, adverse events,
and disease management costs were considered in the analysis (€2022). Model outcomes were patients’ quality-adjusted
life-years, total costs, and incremental cost-effectiveness ratios. All future outcomes were discounted at 3.5% per annum. A
probabilistic sensitivity analysis was conducted to account for model uncertainty.

Results In a biologic-naive population, compared with adalimumab, tofacitinib produced an estimated 0.06 additional
quality-adjusted life-years [QALYs] (10.67 vs 10.73), at additional costs of €2403 (€147,096 vs €149,500) resulting in an
incremental cost-effectiveness ratio of €41,378 per QALY gained. In a biologic-experienced population, the total cost per
patient for tofacitinib and secukinumab was estimated to be €151,371 and €145,757, respectively. In terms of health out-
comes, tofacitinib was associated with a 0.13 increment in QALYs compared with secukinumab resulting in an incremental
cost-effectiveness ratio of €42,784 per QALY gained. The probabilistic sensitivity analysis confirmed the deterministic
results for both populations.

Conclusions Tofacitinib was estimated to be a cost-effective option for the treatment of active ankylosing spondylitis in
Greece for both biologic-naive and biologic-experienced patients.

1 Introduction and mortality, significantly affecting productivity and overall
quality of life [2—4].
Ankylosing spondylitis (AS) is a chronic, progressive, In Greece, the prevalence rate of AS ranges between

inflammatory, multidimensional, musculoskeletal disease ~ 0.24% [5] and 0.29% [6] and is found to be more common
primarily involving the axial skeleton [1]. Similarly, to other =~ among male than female individuals, with a mean age of AS
chronic diseases, AS is associated with increased morbidity ~ onset at 25.83 (£ 6.5) years [5]. Moreover, real-world evi-
dence using the country-wide electronic prescription data-
base on 42,815 Greek patients with inflammatory rheumatic
disease showed a higher burden of depression and anxiety
among patients with AS compared with patients with psori-
Health Through Evidence, Agiou Panteleimonos 25, atic arthritis and rheumatoid arthritis [7].
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Ankylosing spondylitis is a chronic, progressive, inflam-
matory, multidimensional, musculoskeletal disease
primarily involving the axial skeleton.

The present study evaluates the cost effectiveness of
tofacitinib compared to currently marketed biologic
treatment in Greek patients with active ankylosing spon-
dylitis.

Tofacitinib was estimated to be a cost-effective option
for the treatment of active ankylosing spondylitis in
Greece for both biologic-naive and biologic-experienced
patients.

The ultimate goal of AS treatment is to achieve clinical
remission/inactive disease [8, 9]. Following the Greek thera-
peutic protocol, in line with the European League Against
Rheumatism recommendations, the current treatment option
for AS is non-steroidal anti-inflammatory drugs (NSAIDs),
as first-line therapy that can be effective for the treatment
of pain and stiffness. However, a significant proportion of
patients do not achieve substantial clinical improvements
with NSAIDs, and most require biological treatment [8, 9],
including tumor necrosis factor and interleukin-17 inhibi-
tors. Nevertheless, many patients do not achieve disease
activity/treatment targets (remission/inactive disease), and
efficacy is not sustained over time; consequently, more effec-
tive therapies are needed to maximize patient outcomes
[10-13]. Evidence from Greece also points out the limited
efficacy of current treatment options as well as high treat-
ment discontinuation rates among patients with AS, primar-
ily because of treatment inefficacy and adverse events (AEs).

Despite the progress in the treatment of AS, there is an
unmet clinical need in terms of achieving and maintaining
treatment goals in real-world settings. Taking into consid-
eration this unmet need, new Janus kinase inhibitors have
exhibited promising results for the treatment of AS in a num-
ber of phase III trials [14, 15].

More recently, tofacitinib citrate (Xeljanz®), an oral Janus
kinase inhibitor with functional selectivity for cytokine
receptors associated with Janus kinase 1 and/or Janus kinase
3 over receptors that signal through pairs of Janus kinase 2,
has been approved by the European Medicines Agency for
adult patients with AS who have responded inadequately to
conventional therapy.

Two clinical trials (phase IIT A3921120 [NCT03502616]
[16] and phase I A3921119 [NCT01786668]) [17] dem-
onstrated the efficacy and safety of tofacitinib compared
with conventional care (CC). The A3921120 study met its
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primary endpoint, showing that the percentage of patients
achieving an Assessment of SpondyloArthritis International
Society 20 (ASAS20) response at week 16 was significantly
greater with tofacitinib (56.4%) versus placebo (29.4%) [p <
0.0001]. In addition, the percentage of ASAS40 responses
was significantly greater with tofacitinib (40.6%) versus
placebo (12.5%) [p < 0.0001], a key secondary endpoint
of the study.

Although tofacitinib has an established clinical profile
and represents a promising oral advanced therapy for the
management of AS, it also imposes a tangible cost to the
healthcare system and payers. In this light, the objective of
the present study was to evaluate the cost effectiveness of
tofacitinib compared to currently marketed biologic treat-
ment in patients with active AS who have responded inad-
equately to conventional therapy in Greece.

2 Methods

A cohort modeling approach combining a decision tree
model in the first 16 weeks and a three-state Markov model
for the remainder of modeled time horizon, with a cycle
length of 16 weeks was locally adapted from a Greek public
payer perspective. Model-extrapolated outcomes included
patients’ patient quality-adjusted life-years (QALYSs), total
costs per patient, and the incremental cost-effectiveness
ratio (ICER) per QALY gained. An annual discounting
of 3.5% was applied for both effectiveness and cost esti-
mations as often used in such studies [18, 19]. Moreover,
the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) was followed in reporting the cost-
effectiveness analysis results of tofacitinib compared with
available comparators.

2.1 Patient Population, Interventions,
and Comparators

The target population was adult patients with active AS
based on the modified New York Criteria for AS despite
NSAID therapy or adult patients who are intolerant to
NSAIDs, including both biologic disease-modifying anti-
rheumatic drugs (bDMARD-naive) and bDMARD/tumor
necrosis factor-alfa inhibitor-inadequate response (IR) popu-
lations. The definition of the target population was in line
with that of the intention-to-treat population of the phase III
A3921120 clinical trial for tofacitinib (including a mix of
bDMARD-naive [approximately 77%] and bDMARD/tumor
necrosis factor-alfa inhibitor-IR [23%] populations) [16].
The economic model considered two distinct subpopulations
of patients with active AS: (1) bDMARD-naive patients
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and (2) bDMARD/tumor necrosis factor-alfa inhibitor-IR
patients.

The relevant comparators to tofacitinib in the bDMARD-
naive and bDMARD/tumor necrosis factor-alfa inhibitor-IR
populations were reflective of local clinical practice, tak-
ing into consideration the availability of clinical data to
allow a robust economic evaluation. More specifically, for
the bDMARD-naive population, the comparator was adali-
mumab, while for the bDMARD/tumor necrosis factor-alfa
inhibitor-IR population, the comparator was secukinumab.
These comparisons were chosen on the grounds that adali-
mumab and secukinumab are highly effective and widely
tested therapies in routine clinical practice, representing the
most marketed biological therapies for the treatment of AS
in Greece (standard practice). Moreover, the same approach
has been used in similar cost-effectiveness studies conducted
in Greece in other disease areas [20—24]. Tofacitinib, adali-
mumab, and secukinumab dose and frequency of admin-
istration were modeled according to European Medicines
Agency licensed dosing schedules that are commonly fol-
lowed by Greek clinical practice.

2.2 Model Description

The current model is an adapted version of the York model
in AS and similar to prior models used to demonstrate the
cost effectiveness of treatment interventions in the National
Institute for Health and Care Excellence (NICE) submission
[25, 26]. A cohort was modeled to initially enter a decision-
tree model to determine response to treatment at 16 weeks,
followed by entry into a Markov state-transition model com-
prising three health states for on biologic treatment, CC, and
death (Fig. 1).

Treatment response was assessed at 16 weeks, when these
patients were categorized as responders or non-responders.
The 16-week timeframe was in line with the definition of
the primary endpoint in the phase III A3921120 trial for
tofacitinib (i.e., percentage of patients achieving a ASAS20
response at week 16) [16].

Non-responders to biologic treatment at 16 weeks would
then enter the ‘CC’ health state of the Markov model, assum-
ing that these patients would discontinue the initial biologic
treatment upon treatment failure and would not switch to
another biologic treatment. In contrast to non-responders
who would enter the ‘CC’ health state at 16 weeks, respond-
ers to biologic treatment would enter the ‘on biologic ther-
apy’ health state. These patients would then be at the risk of
treatment discontinuation and would enter the ‘CC’ health
state upon treatment discontinuation, assuming no sequential
treatment (Fig. 1).

It is important to note that patients withdrawing from their
initial biologic therapy may switch to a sequential biologic

treatment [9]. However, despite the relevance of treatment
sequences from a real-world clinical practice perspective,
there was a paucity of clinical evidence in the bDMARD/
tumor necrosis factor-alfa inhibitor-IR population and a lack
of clinical evidence for sequential treatment strategies. As a
result, modeling sequential treatment strategies would have
required extra assumptions without clear evidence for or
against, which would have introduced more uncertainties.
Therefore, sequential treatment strategies were not consid-
ered in the model, owing to the difficulty of interpretation.
This assumption was also used in similar published cost-
effectiveness studies [27, 28].

The model tracked the progression of AS by modeling
both the Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI) and the Bath Ankylosing Spondylitis Dis-
ease Activity Index (BASFI) scores over time, which are
commonly used to capture disease activity and physical
functioning, respectively, in patients with AS. The modeled
BASDALI and BASFI scores in each model cycle were then
used to predict the costs and utilities in that model cycle. A
half-cycle correction was applied.

2.3 Model Inputs and Parameters

2.3.1 Short-Term and Long-Term Health Outcomes
and Treatment Discontinuation

Short-term health effects over the initial 16-week treat-
ment period were captured by ASAS20 and used to
define responder’s versus non-responders at 16 weeks, in
line with the definition of the primary endpoint for the
tofacitinib phase III A3921120 study (i.e., percentage of
patients achieving an ASAS20 response at week 16) [16]
(Table 1). In the absence of head-to-head clinical trials of
tofacitinib compared to adalimumab and secukinumab, a
network meta-analysis was conducted to examine the rela-
tive treatment effect on response rates for the comparators
using the CC (placebo) arm as the reference treatment arm
(Electronic Supplementary Material [ESM]).

Disease progression was demonstrated by changes in
BASDALI and BASFI scores. Baseline BASDAI and BASFI
scores were based on baseline scores from the A3921120
clinical trial [16] and were applied in the model separately
for the bDMARD-naive and bDMARD/tumor necrosis
factor-alfa inhibitor-IR populations. In the first 16 weeks
of the model, patients would experience improvements
in both BASDAI and BASFI scores, conditional on the
response status at 16 weeks, regardless of the treatment
arm. Responders would experience larger improvements
in both BASDAI and BASFI scores compared with non-
responders, in line with NICE Technology Appraisal (TA)
407 [26] and NICE TA383 [25].
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Fig. 1 Model structure. CC
conventional care

Biologic
therapy

CcC

A. Decision tree in the first 16 weeks of the model

Non-responders

Markov, ‘CC’
health state
Responders
Markov, ‘on
biologic therapy’
health state
Responders and
Non-responders
Markov, ‘CC’

health state

B. Markov model beyond the first 16 weeks

In addition to the short-term effects on BASDAI and
BASFI scores, the model captured the impact of treatment
on long-term disease progression. For BASDAI scores, con-
ditional changes from baseline at week 16 were assumed to
be maintained while patients remained in the ‘on biologic
therapy’ health state. Upon discontinuation of biologic ther-
apy, the BASDAI score was assumed to rebound to baseline.

Patients with AS experience progressive deterioration of
function over time, dependent on the extent of disease activ-
ity and radiographic progression. This was captured as long-
term progression in the BASFI score. As the BASDAI score
was assumed constant in the long term, natural progression
of BASFI score was modeled as dependent on radiographic
progression measured by the modified Stoke Ankylosing
Spondylitis Spinal Score (mSASSS) using the following
equation. The annual linear change of the BASFI score
for biologic treatment (0.034) = annual linear change of
mSASSS change (1.440x0.42) x BASFI change with 1 unit
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On biologic
therapy

Death

change in mSASSS (0.057). More specifically, the annual
linear change of BASFI score was calculated as a product
of the annual linear change of mSASSS and the independent
effect of a 1-unit change in mSASSS on the BASFI score. In
line with NICE TA407 [26] and NICE TA383 [25], the inde-
pendent effect of a 1-unit change in mSASSS on the BASFI
score (0.057) was based on the coefficient in the multivari-
ate model reported in Landewé et al. [29] Assuming that
patients receiving biologic treatment were associated with
a slower rate of mSASSS change compared with patients
receiving CC, a relative rate (0.42) from Haroon et al. [30]
was applied to the annual change in mSASSS for CC (i.e.,
1.440) to derive the annual change in mSASSS in patients
receiving biologic treatment, regardless of the biologic type
(Table 1).

The change in BASDAI scores beyond 16 weeks was spe-
cific for patients who responded to the initial biologic treat-
ment at 16 weeks and therefore remained on the biologic
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Table 1 Key clinical parameters considered in the model

Parameters

bDMARD-naive

bDMARD/TNFi-IR

Baseline characteristics
Female proportion, %
Age, years
Weight, kg

ASAS20 response rate at 16 weeks, %
Tofacitinib 5 mg BID
Conventional care (placebo)
Adalimumab 40 mg Q2W
Secukinumab 150 mg

Baseline BASDAI and BASFI scores
BASDALI, mean (SE)
BASFI, mean (SE)

BASDALI and BASFI CFB, by ASAS20 response status
BASDAI CFB, mean (SE)
BASFI CFB, mean (SE)

15.5 21.0

40.82 41.90

79

70.1 39.5

359 16.1

66.4 -

- 31.2

6.45 (1.47) 6.59 (1.44)
5.76 (2.15) 6.15 (2.28)
Responders Non-responders
—4.05(1.49) -0.92(1.13)
—3.39(1.75) —0.50(1.01)

ASAS20 Assessment of Spondyloarthritis International Society 20 response, BASDAI Bath Ankylosing Spondylitis Disease Activity Index,
BASFI Bath Ankylosing Spondylitis Disease Activity Index, bDMARD biologic disease-modifying antirheumatic drug, CFB change from base-
line, IR inadequate response, Q2W every 2 weeks, SE standard error, TNFi tumor necrosis factor-alfa inhibitor

treatment. These patients were at risk of biologic discontinu-
ation beyond 16 weeks and therefore a rebound in BASFI
scores upon discontinuation.

Moreover, the annual withdrawal rate was also considered
in the model. More specially for patients initially treated
with any biologic treatment, patients who were defined as
responders at 16 weeks were assumed to remain on that
treatment until discontinuation. Consistent with NICE
TA383 [25] and preferred by the evidence review group
(ERG) in NICE TA407 [26], the same long-term discon-
tinuation probability (11% per year) was applied to all the
biologic treatment arms, regardless of drug class.

2.3.2 Safety

Adverse events were included in the model in terms of the
associated impact on the costs. In line with NICE TA407
[26] and NICE TA383 [25], only serious infections (catego-
rized as tuberculosis reactivation and other serious infec-
tions) were included in the model. These AEs were selected
because of the increased risk of infection with biologic
therapies [31]. The distribution of serious infections was
assumed to be 5% tuberculosis and 95% other serious infec-
tions, in line with the assumption adopted in NICE TA407
[26]. Moreover, the AE rates (per 100 patient-years) reported
in the trial publications were converted to per model-cycle
probabilities of AE, which were then applied for as long as
patients remained taking specific treatment.

2.3.3 Mortality

Patients were at risk of AS mortality at any timepoint in the
model. Age- and sex-adjusted AS mortality estimates were
derived by applying the sex-specific relative risks of death in
the AS population (male 1.63; female 1.38) [32] versus the
general population to the age- and sex-dependent mortality
estimates of the general Greek population (World Health
Organization National Life Tables for Greece [33]).

2.3.4 Utility Inputs

To estimate the total QALY's per patient over time, the pro-
portion of patients alive in each model cycle was multiplied
by the utility at that timepoint. In line with NICE TA407
[26] and NICE TA383 [25], to account for the negative
impact of progressed disease activity and physical func-
tioning on patients’ quality of life, the utility value in each
model cycle was typically modeled based on a multivariable
regression model. More specifically, BASDAI, BASFI, sex,
and age were typically included as covariates in the regres-
sion models for utilities in the prior NICE TAs. Moreover,
consistent with NICE TA407 [26] and NICE TA383 [25], it
was assumed that AEs were associated with no utility decre-
ment in the base-case analysis.
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2.3.5 Resource Use and Cost Data

Healthcare resource use and cost inputs relating to drug
acquisition, administration, monitoring, AEs, and disease
management were considered in the model. Because the
analysis was conducted from the public payer perspective,
only direct medical costs that are reimbursed in the context
of the public sector were accounted for. The cost estimation
was performed by applying local unit costs to the volume of
resources needed for patients’ care. All unit costs correspond
to the year of analysis, namely 2022 in €.

More specifically, drug acquisition costs were calculated
by combining the dose of each agent with the reimbursed
drug unit cost, as derived following current legislation, and
publicly available price data in Greece. The reimbursed drug
costs were calculated on the grounds of the ex-factory prices,
as they were published in the latest price bulletin issued by
the Greek Ministry of Health [34] and after also applying
the relevant mandatory minimum discounts provided in the
corresponding legislation (Table 2). The drugs’ dose and
frequency of administration were based on the Summary of
Product Characteristics reported by the European Medicines
Agency.

Moreover, following local clinical practice, it was
assumed that all patients were able to self-administer sub-
cutaneous injections and oral tablets and, hence, no admin-
istration costs were accrued for adalimumab, tofacitinib, and
secukinumab. Disease-related costs including accounting
for AS disease management costs were estimated using the
exponential BASFI regression mode for annual direct medi-
cal costs taken from the literature [25, 35] (Table 2).

Monitoring services included routine outpatient visits and
laboratory tests. Unit costs for each resource were obtained
from the Government Gazette and EOPYY official website
[36] (Table 2).

The model also included costs for treating and managing
AEs such as tuberculosis and other serious infections. Costs
related to tuberculosis and other serious infections were

Table 2 Cost data considered in the model

sourced from the list of Diagnosis Related Groups issued
by the Greek Ministry of Health [37] (Table 2).

3 Model Analyses

The aforementioned approach and data were used to calcu-
late mean estimates of life-time costs and QALYSs for each
comparator. The cost effectiveness of tofacitinib versus
other treatment comparators was evaluated by calculating
the incremental cost per QALY gained (ICER).

One-way sensitivity analyses were conducted to deter-
mine the key drivers of cost-effectiveness results separately
for the bDMARD-naive and bDMARD/tumor necrosis fac-
tor-alfa inhibitor-IR populations. Each parameter has been
allocated a lower value and an upper value that correspond
to the lower and upper bounds of the 95% confidence inter-
val. When each parameter is varied independently, the sensi-
tivity of the model results to that parameter can be estimated.
The one-way sensitivity analyses results were presented as
tornado plots presenting the parameters for which the asso-
ciated uncertainty has the greatest impact on the relevant
model outcomes.

Moreover, a probabilistic sensitivity analysis (PSA) was
conducted to assess the parametric uncertainty associated
with the base-case model results. In each iteration, the PSA
sets all parameters with uncertainty in the model to a value
that is randomly sampled from its assigned probability dis-
tribution and records model results. Distributions built in the
PSA were beta (for utilities and probabilities), gamma (for
cost data), lognormal (for relative risk data), and per conven-
tion in economic analyses (ESM). This process is repeated
multiple times to provide an estimation of the uncertainty
surrounding the cost effectiveness of interventions. Hence,
the model used simulation modeling to run 1000 analyses, in
order to be able to construct cost-effectiveness acceptability
curves, which indicate the likelihood of the incremental cost
per QALY to fall below specified willingness-to-pay (WTP)

Cost description Unit cost (€) Source
Drug acquisition costs (ex-factory price)
Tofacitinib (5 mg/Tab X 56 Tabs) 612 Drug price bulletin issued by the Greek Ministry
Adalimumab (40 mg/0.4 mL PFS x 1) 292 of Health [34]
Secukinumab (150 mg/mL PFS X 1) 440
Disease management costs 1749 NICE TA383 [25] and Tzanetakos et al. [35]
Adverse event costs
Tuberculosis 1800 DRG issued by the Greek Ministry of Health [37]
Other serious infections 1195

DRG Diagnosis Related Groups, NICE National Institute for Health and Care Excellence, PFS per prefilled syringe, TA technology appraisal,

Tab tablets
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thresholds. Moreover, different time horizons (10, 20, and
40 years) and discount rates for both effectiveness and cost
estimations (0% and 6% instead of 3.5% in the base case)
were tested and compared to the base-case analysis.

4 Results
4.1 Base-Case Analyses

In the bDMARD-naive population, the analysis indicated
that over a lifetime horizon that the total cost per patient for
tofacitinib and adalimumab was estimated to be €149,500
and €147,096, respectively. With respect to effectiveness
in terms of QALYs, tofacitinib was found to be associated
with 10.730 QALYs, while the QALY for adalimumab was
10.672. The incremental analysis of tofacitinib versus adali-
mumab resulted in an ICER of €41,378 per QALY gained
(Table 3).

The analysis in the b(DMARD-tumor necrosis factor-alfa
inhibitor-IR population showed that over a lifetime horizon,
tofacitinib was associated with a 0.13 increment in QALY's
compared with secukinumab, at an additional cost of €5614.
The corresponding ICER of tofacitinib compared to secuki-
numab was €42,784, per QALY gained (Table 3).

4.2 Sensitivity Analysis Results

In the bDMARD-naive population, the results of one-way
sensitivity analyses for the comparison of tofacitinib versus
adalimumab indicated that the most influential parameters
on the model results were the response-dependent BASFI
change from baseline and the coefficient for BASFI score in
the utility equation (Fig. 2). While in the bDMARD-tumor
necrosis factor-alfa inhibitor-IR population, the results of
one-way sensitivity analysis results for the comparison of

Table 3 Base-case cost-effectiveness results

tofacitinib versus secukinumab reported that the response-
dependent BASDAI and BASFI changes from baseline by
ASAS20 were the parameters with the greatest effects on the
base-case results (Fig. 3).

It is noteworthy that tofacitinib maintained its cost-
effective profile in both populations, when the model time
horizon was set at 10, 20, 30, and 40 years as well as in
all tested sensitivity analyses, exhibiting ICERs below the
WTP threshold of €60,000 per QALY gained. The PSA indi-
cated that the total costs of each intervention and QALY
yielded were comparable to the base-case analyses. The
ICER on the PSA was €46,167 of tofacitinib compared to
adalimumab in the bDMARD-naive population, and €51,651
of tofacitinib compared to secukinumab in the bDMARD/
tumor necrosis factor-alfa inhibitor-IR population. Moreo-
ver, the PSA showed that at the WTP threshold of €60,000
per QALY gained, treatment with tofacitinib had a 69% and
75% (Fig. S1 of the ESM) probability of being a cost-effec-
tive option compared with adalimumab and secukinumab,
respectively. The results of the PSA confirmed the robust-
ness of the base-case results in both populations.

5 Discussion

The results of the present study suggest that tofacitinib is
a cost-effective treatment strategy compared with adali-
mumab or secukinumab from a public payer perspective
in Greece and, therefore, tofacitinib represents a valuable
treatment option for patients with AS who have responded
inadequately to conventional therapy or previous biologic
therapy. As the model predicted, tofacitinib is associated
with improvements in quality-adjusted life expectancy than
adalimumab or secukinumab. Nonetheless, the health gains
of tofacitinib gains were associated with slightly higher

Technology Total costs® Total QALYs Tofacitinib vs comparator
Incremental costs Incremental QALYs ICER per
QALY
gained
bDMARD-naive population
Tofacitinib €149,500 10.730 - - -
Adalimumab €147,096 10.672 €2403 0.06 €41,378
bDMARD/TNFi-IR population
Tofacitinib €151,371 9.780 - - -
Secukinumab €145,757 9.649 €5614 0.13 €42,784

bDMARD biologic disease-modifying antirheumatic drug, /CER incremental cost-effectiveness ratio, /R inadequate response, QALY quality-

adjusted life-year, TNFi tumor necrosis factor-alfa inhibitor

Total costs include drug acquisition, monitoring, adverse event, and disease management costs
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bDMARD-naive: BASFI CFB by ASAS20 response: biologics responder
Utility coeff. (in use): BASDAI

bDMARD-naive: BASFI CFB by ASAS20 response: biologics non-responder
Utility coeff. (in use): BASH

bDMARD-naive: BASDAI CFB by ASAS20 response: biologics responder
bDMARD-naive: BASDAI CFB by ASAS20 response: biologics non-responder
AE rate per 100PY: TOFS: Serious infection

bDMARD-naive: Baseline BASFI

Disease mgmt. cost coeff.: BASFI

AE rate per 100PY: ADA40: Serious infection

AE costs per event: Non-tuberculosis serious infection (SIEs)

Annual linear change of mSASSS: CC arm

BASFI change with 1 unit change in mSASSS

Annual linear change of mSASSS: Relative tx effect btwn biologics and CC

34.000€ 36.000€ 38000€ 40.000€

M Decrease in input value

Fig.2 One-way sensitivity analysis results of tofacitinib versus
adalimumab in a biologic disease-modifying antirheumatic drug
(bDMARD)-naive population. AE adverse event, ASAS Assessment
of Spondyloarthritis International Society, BASDAI Bath Ankylosing
Spondylitis Disease Activity Index, BASFI Bath Ankylosing Spon-

42.000€ 44000€ 46.000€
Cost per QALY gained

M ncrease in input value

dylitis Disease Activity Index, btwn between, CC conventional care,
CFB change from baseline, coeff. coefficient, mgmt management,
mSASSS modified Stoke Ankylosing Spondylitis Spinal Score, PY
patient-years, QALY quality-adjusted life-year, SE standard error, tx
treatment

bDMARD-IR: BASDAI CFB by ASAS20 response: biologics responder
bDMARD-IR: BASDAI CFB by ASAS20 response: biologics non-responder
bDMARD-IR: BASFI CFB by ASAS20 response: biologics responder
bDMARD-IR: BASFI CFB by ASAS20 response: biologics non-responder
Utility coeff. (in use): BASDAI

Utility coeff. (in use): BASFI
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Fig.3 One-way sensitivity analysis results of tofacitinib versus
secukinumab in a biologic disease-modifying antirheumatic drug/
tumor necrosis factor-alfa inhibitor inadequate response (b DMARD/
TNFi-IR) population. AE adverse event, ASAS Assessment of Spon-
dyloarthritis International Society, BASDAI Bath Ankylosing Spon-
dylitis Disease Activity Index, BASFI Bath Ankylosing Spondylitis
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direct medical costs, generating ICERs from €41,378 to
€42,784 per QALY gained that fall well below the defined
WTP of €60,000 in Greece.

While currently there is no officially established WTP
threshold in Greece, for a health intervention to be consid-
ered cost effective, a WTP threshold of €60,000 per QALY
gained was used in the current analysis. This assumption
was based on published studies recommendation based on
which a health intervention should be considered as cost
effective if the ICER is between one and three times the
GDP per capita of that country [38—40]. The Greek GDP
per capita was taken from the International Monetary Fund,
which estimated it at €20,000 using current prices [41] at
the time of the analysis.

Sensitivity analyses indicated that the base-case results
were relatively insensitive to variations in input parameters
and assumptions. Furthermore, the stability of base-case
findings was further endorsed by the PSA, and the PSA
revealed that the probability of tofacitinib being a cost-
effective option at the WTP threshold of €60,000 per QALY
gained was higher than 69% versus all available comparators
in both populations.

To the best of our knowledge, this is the first study aim-
ing to evaluate the cost effectiveness of tofacitinib compared
to adalimumab or secukinumab in adult patients with AS
who have responded inadequately to conventional therapy
or previous biologic therapy. Nevertheless, previous similar
studies that were caried out in Greece from a public payer
perspective have recorded the cost-effective profile of tofaci-
tinib in patients with moderate-to-severe active ulcerative
colitis [42] and rheumatoid arthritis [22]. Moreover, similar
findings were obtained in a recent Greek study conducted
from a public payer perspective, which showed that tofaci-
tinib was likely to provide similar or greater health benefits
because of lower cost administration method compared with
adalimumab for the treatment of patients aged 2 years and
older with active polyarticular juvenile idiopathic arthritis
[23].

Ankylosing spondylitis is a chronic systemic rheumatic
disease with major consequences for a patient’s health and
well-being. Despite the availability of several treatment
options, the heterogeneity of the disease makes it difficult
to achieve satisfactory outcomes for all patients, with the
unmet need for new pharmacologic treatments remaining.
Therefore, it is of key importance to include new treatments
involving innovative mechanisms of action and convenient
routes of administration in the therapeutic arsenal to opti-
mize patients’ quality of care and quality of life.

In terms of limitations, there was a lack of direct clini-
cal evidence of relative responder rates for the compari-
son of tofacitinib and comparators. In the absence of such
a head-to-head clinical trial, a network meta-analysis was

undertaken based on data reported by clinical trials. None-
theless, a network meta-analysis is considered as a valid
method provided direct comparative trials are lacking.
Moreover, the selection of the most appropriate compara-
tors was the first priority in the analysis, and the use of
evidence synthesis using recommended methodologies is
becoming increasingly important and accepted for health
technology assessment globally [43]. Second, given a lack
of clinical evidence for tumor necrosis factor-alfa inhibi-
tors in the bDMARD/tumor necrosis factor-alfa inhibitor-IR
population and for treatment sequences in AS in general,
no exploratory sequencing analysis was conducted for or
included in the model. Even though in real-world clinical
practice patients might switch to another biologic upon fail-
ure of the initial biologic treatment, there was a paucity of
clinical evidence in the bDMARD/tumor necrosis factor-alfa
inhibitor-IR population. Even if clinical evidence existed for
tumor necrosis factor-alfa inhibitors for the bDMARD/tumor
necrosis factor-alfa inhibitor-IR population, it would remain
questionable whether the efficacy of tumor necrosis factor-
alfa inhibitors in the bDMARD/tumor necrosis factor-alfa
inhibitor-IR population might be dependent on or independ-
ent of the prior bDMARD, as there was no clinical study
that compared the efficacy of different treatment sequences.
Despite the uncertainty around these assumptions, a series
of sensitivity analyses indicated that model outcomes are
robust, as the main results remained unchanged in a wide
range of parameter values.

6 Conclusions

To conclude, tofacitinib was estimated to be a cost-effective
therapy versus adalimumab and secukinumab in the treat-
ment of active AS in Greece for both biologic-naive and
biologic-experienced patients. Important to note is that
these favorable results for tofacitinib were found against
adalimumab and secukinumab, the most marketed biologi-
cal therapies for the treatment of AS in Greece (standard
practice).
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