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Abstract 

Background:  Anti-tumor necrosis factor (anti-TNF) agents are an effective, but costly, treatment for spondyloarthri-
tis (SpA). Worldwide, multiple sets of access criteria aim to restrict anti-TNF therapy to patients with specific clinical 
characteristics, yet the influence of access criteria on anti-TNF cost-effectiveness is unknown. Our objective was to use 
data from the DESIR cohort, a prospective study of early SpA patients in France, to determine whether the French anti-
TNF access criteria are the most cost-effective in that setting relative to other potential restrictions.

Methods:  We used data from the DESIR cohort to create five study populations of patients meeting anti-TNF access 
criteria from Canada, France, Germany, United Kingdom, and Hong Kong, respectively. For each study population, 
we calculated the costs and quality-adjusted life years (QALYs) over 1 year of patients treated and not treated with 
anti-TNF therapy. To control for differences between anti-TNF users and non-users, we used linear regression models 
to derive adjusted mean costs and QALYs. We calculated incremental cost-effectiveness ratios (ICERs) representing 
the incremental cost per additional QALY gained by treating with an anti-TNF within each of the five study popula-
tions, using bootstrapping to explore the range of uncertainty in costs and QALYs. A series of sensitivity analyses was 
conducted, including one to simulate the effect of a 24-week stopping rule for anti-TNF non-responders.

Results:  Anti-TNF access criteria from France were satisfied by the largest proportion of DESIR patients (27.8%), 
followed by Germany (25.1%), Canada (23.8%), the UK (12.1%) and Hong Kong (8.6%). Confidence intervals around 
incremental costs and QALYs in the basecase analysis were overlapping, indicating that anti-TNF cost-effectiveness 
estimates derived from each subset were similar. In the sensitivity analysis that examined the effect of excluding costs 
accumulated past 24 weeks by anti-TNF non-responders, the incremental cost per QALY was reduced by approxi-
mately 25% relative to the basecase analysis (France: €857,992 vs. €1,105,859; Canada: € 626,459 vs. €818,186; Ger-
many: € 422,568 vs. €545,808); UK €578,899 vs. €766,217; Hong Kong €335,418 vs. €456,850).

Conclusions:  Anti-TNF cost-effectiveness is strongly affected by treatment continuation among non-responders. 
Access criteria could improve anti-TNF cost-effectiveness by defining patients likely to respond.
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Background
Anti-tumour necrosis factor alpha (anti-TNF) agents, 
including infliximab, etanercept, adalimumab, golimumab, 

and certolizumab pegol, significantly reduce disease activ-
ity and improve functional ability among patients with 
spondyloarthritis (SpA), including ankylosing spondylitis 
(AS) and non-radiographic axial SpA (nr-axSpA) patients 
[1–3]. However, because of their similar high cost and 
potential side-effects, most health systems worldwide 
restrict access to all anti-TNF agents to SpA patients meet-
ing specific clinical criteria. Van den Berg et al. described 
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23 different criteria sets from various international settings 
that designate which SpA patients are eligible to receive 
anti-TNF therapy [4]. Some of these criteria sets represent 
clinical recommendations, while others are reimbursement 
criteria. All of the criteria sets differ in terms of the diag-
nosis, disease activity level, and history of treatment fail-
ure required to begin anti-TNF therapy. Some criteria sets 
limit anti-TNF agents to patients with AS, a severe form 
of SpA in which bone damage is visible on X-ray; others 
approve anti-TNF use among patients with nr-axSpA, the 
term for SpA prior to the development of this radiographic 
damage. Many criteria sets that allow anti-TNF use by nr-
axSpA patients require them to have sacroiilitis or spinal 
inflammation visible on MRI and/or elevated acute-phase 
reactants, such as C-reactive protein (CRP) or erythrocyte 
sedimentation rate (ESR), while others do not incorporate 
these additional markers.

The variation in these criteria sets means that patient 
access to anti-TNF therapy is more difficult in some set-
tings than others. For example, only an estimated 50% or 
less of all SpA patients have AS [5], meaning far fewer 
SpA patients will be treated with anti-TNF therapy in set-
tings that require radiographic damage. The prevalence 
of other clinical criteria commonly cited in anti-TNF 
access criteria also varies: elevated acute phase reactants 
such as CRP or ESR are present in only approximately 
40–50% of patients with AS [6], while sacroiilitis visible 
on MRI appears to be present in less than half of patients 
with nr-axSpA [7, 8]. Currently, there is a lack of evidence 
to indicate how many SpA patients possess the unique 
combinations of clinical characteristics demanded by dif-
ferent sets of anti-TNF criteria across various settings. 
However, it is clear that by requiring anti-TNF users to 
meet clinical criteria present in only a portion of SpA 
patients, fewer individuals will be treated with anti-TNF 
therapy than if it were available to all. Importantly, the 
burden of SpA in terms of disease activity and impair-
ment to be comparable among AS and nr-axSpA patients 
[9–11], indicating the need to treat both populations.

By limiting the number of patients treated, anti-TNF 
access criteria may be seen as a means of reducing the 
total budget impact [12] of anti-TNF agents. However, the 
cost-effectiveness of limiting anti-TNF therapy to patients 
meeting any particular set of clinical criteria has not been 
demonstrated. To date, some attention has been paid to 
the relative cost-effectiveness of anti-TNF agents in AS 
patients versus nr-axSpA patients [1], although the results 
are considered inconclusive. This is due in part to het-
erogeneity in the probability and magnitude of anti-TNF 
response observed across the small number of anti-TNF 
trials in nr-axSpA [13–17], which, notably, have included 
patients with different clinical characteristics. Although a 
meta-analysis indicates a slightly lower effect of anti-TNF 

therapy in the nr-axSpA population compared to AS [1], 
evidence from certain trials that have included both pop-
ulations suggests the effect may be the same if patients are 
similar in terms of CRP levels, human leukocyte antigen 
(HLA)-B27 positivity, and presence of MRI inflammation 
[17, 18]. Unique combinations of clinical characteristics, 
such as those cited in anti-TNF access criteria, have not 
been studied in terms of their influence on the estimated 
cost-effectiveness of anti-TNF therapy.

The DESIR cohort is a longitudinal study of early SpA 
that provides clinical and cost data on a clinically hetero-
geneous population of both AS and nr-axSpA patients in 
France. Our objective was to explore how many DESIR 
patients would possess the unique clinical characteris-
tics required to receive anti-TNF therapy in select set-
tings and to examine costs and health outcomes in each 
of these subsets of patients. We then aimed to estimate 
anti-TNF cost-effectiveness over one year within each 
subset, with the goal of determining whether the current 
French restrictions on anti-TNF access [19] are the most 
cost-effective in that setting relative to other potential 
restrictions.

Methods
Study setting and data source
The current study was an analysis of data from the DESIR 
cohort, a 10-year prospective study of 708 early SpA 
patients recruited from 25 centres across France between 
October 2007 and April 2010 [20]. The DESIR cohort is 
a clinically heterogeneous SpA population whose char-
acteristics have been extensively described [21–23]. 
At study entry, all patients were aged 18–50 and had 
symptoms of inflammatory back pain [24, 25] that had 
lasted >3 months and <3 years and was suggestive of SpA 
according to a rheumatologist’s assessment. Follow-up 
visits occurred every 6  months in the first 2  years and 
every year thereafter. Data from the first 3 years of DESIR 
follow-up, i.e., baseline visit (n = 708) plus follow-up vis-
its at months 6 (n = 704), 12 (n = 698), 18 (n = 691), 24 
(n = 692), 36 (n = 631) were available for this analysis.

The DESIR database contains clinical, quality of life, 
and cost data. The clinical data include many of the 
parameters commonly cited in access criteria for anti-
TNF agents [4], including diagnosis; disease activity 
according to the Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI) and Physician Global Assess-
ment (PhGA); X-ray, magnetic resonance imaging (MRI), 
and computerized tomography (CT) findings; acute 
phase reactants (e.g., CRP); and treatment history. The 
quality of life data collected in DESIR is derived from the 
Short Form 36 Health Survey (SF-36).

The DESIR cost data were derived from a recent cost-
of-illness study, for which detailed costing methods, 
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unit costs, and data sources have been described [26]. 
In summary, costing was conducted from a limited 
societal perspective, including all-cause direct medical 
costs (i.e., health resource use) and indirect costs (i.e., 
productivity losses), but excluding direct non-medical 
costs (e.g., transportation, devices, caregiver expenses), 
and expressed in 2013 Euros. Direct medical costs were 
grouped into health practitioner visits, hospitalizations 
including emergency room visits and surgeries, medi-
cal workups, and medications. Total direct non-medical 
costs were calculated as the reported number of con-
sumed units of each cost component, multiplied by the 
corresponding unit cost, and summed across all catego-
ries and patients. Indirect costs were valued by multi-
plying the reported number of work days lost by a daily 
estimated wage per patient in 2013 Euros, which was 
based on reported professional category and average 
population wage data [27]. The age and sex distribution 
of DESIR the cohort was compared to that of the popu-
lation of French workers from which average popula-
tion wages were obtained and wages were not further 
adjusted for age and sex. Missing cost and clinical data 
were imputed using Monte Carlo Markov Chain multiple 
imputation, last observation carried forward, probabilis-
tic imputation, or with negative values based on clinical 
expertise, as appropriate [26].

Selection of anti‑TNF access criteria
Most patient characteristics cited in anti-TNF access 
criteria [4] are routinely collected in clinical practice for 
multiple purposes. Using DESIR clinical data, it is possi-
ble to assess patient satisfaction of the anti-TNF access 
criteria in place in France [19] and numerous other set-
tings. For the purpose of the analysis, we sought to select 
a practical number of sets of access criteria with clinically 
meaningful differences between them and the French cri-
teria, i.e., sets citing different markers of disease severity 
whose prevalence would vary within the DESIR cohort. 
The selection process was undertaken by the research 
team, which included a rheumatologist (BF), epidemiolo-
gist (SH), and biostatistician (DG) with knowledge of the 
DESIR cohort and database. By consensus, four sets of 
access criteria were selected, including those from Can-
ada [28], Germany [29] Hong Kong [30], and the United 
Kingdom (UK) [31]. Based on their respective criteria, 
these sets were anticipated to result in multiple, dis-
tinct (though potentially overlapping) subsets of DESIR 
patients defined as eligible for anti-TNF therapy.

Creation of ‘study population’ datasets
We created five separate datasets containing the DESIR 
patients who satisfied the diagnosis and disease severity 
criteria for anti-TNF access in France [19], Canada [28], 

Germany [29], Hong Kong [30], and UK [31], respec-
tively. These datasets were created to represent five sepa-
rate ‘study populations’ of patients, each comprised of 
anti-TNF users and non-users who satisfied the same set 
of anti-TNF access criteria. As patients could satisfy mul-
tiple criteria sets, unique patients could appear in more 
than one study population dataset. However, as the five 
study population datasets were separate, only anti-TNF 
users and non-users who satisfied the same criteria could 
be compared to each other. This was done to help limit 
confounding by indication, as patients satisfying the 
same anti-TNF access criteria have comparable disease 
severity on a number of specific measures. Satisfaction of 
the treatment failure criterion, i.e., insufficient response 
to non-steroidal anti-inflammatory drugs (NSAIDs), was 
assumed for all patients.

In creating the five study population datasets, spe-
cific rules were applied in a basecase analysis and sub-
sequently varied in sensitivity analyses. In all analyses, 
patients were required to satisfy the relevant criteria set 
no later than month 24. In the basecase analysis, anti-
TNF use (yes/no) was defined based on the patient’s 
experience in the 1  year following the date of criteria 
satisfaction, which was taken as the index date for all 
patients. In the sensitivity analyses, anti-TNF use (yes/
no) was defined over the entire study period, with date 
of criteria satisfaction taken as the index date for anti-
TNF non-users and date of anti-TNF initiation taken as 
the index date for anti-TNF users. In all analyses, out-
comes were observed in the 1  year following the index 
date. Because the start point for the 1  year observation 
period was defined differently in the basecase and sen-
sitivity analyses, patients who were classed as anti-TNF 
non-users in the basecase analysis could be classed as 
anti-TNF users in the sensitivity analyses.

To be included in the basecase analysis, anti-TNF 
users were required not to have initiated anti-TNF 
therapy prior to criteria satisfaction (rule 1). Anti-TNF 
users were further required to have initiated the anti-
TNF <6 months after criteria satisfaction (rule 2). Con-
sequently, anti-TNF users who initiated anti-TNF before 
criteria satisfaction or  >6  months after criteria satisfac-
tion were excluded from the basecase analysis. These 
rules were applied in order to include only anti-TNF 
users with a similar length of anti-TNF exposure in the 
basecase analysis, in which outcomes were observed fol-
lowing the date of criteria satisfaction rather than therapy 
initiation.

In the first sensitivity analysis, anti-TNF users were 
permitted to receive the anti-TNF prior to criteria sat-
isfaction (rule 1 lifted). In the second sensitivity anal-
ysis, anti-TNF users were permitted to receive the 
anti-TNF  >6  months after criteria satisfaction (rule 2 
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lifted). In the third sensitivity analysis, anti-TNF users 
were permitted to receive the anti-TNF at any time point 
(rules 1 and 2 lifted). A separate sensitivity analysis was 
conducted to explore the impact of simulating a 24-week 
stopping rule for anti-TNF non-responders, defined as 
patients who did not achieve a 50% relative change or 
absolute change of 2 on the BASDAI scale [32] one visit 
post-therapy initiation. In this analysis, anti-TNF costs 
accumulated by non-responders after 24  weeks of ther-
apy were excluded. Additional sensitivity analyses were 
conducted to explore the impact of excluding indirect 
costs in all scenarios.

Descriptive statistics
Sociodemographic and clinical characteristics at base-
line and at time of criteria satisfaction among patients in 
each of the five basecase study population datasets were 
described in terms of mean (SD) and frequency (%) as 
appropriate. Descriptive statistics were also produced 
to describe the number of anti-TNF users in the DESIR 
cohort who did not satisfy any of the selected criteria sets 
(and were therefore excluded from analysis) as well as 
the number of anti-TNF non-responders in the basecase 
study population datasets and their total time on anti-
TNF therapy.

Adjustment of costs and QALYs
To control for differences between anti-TNF users and 
non-users, we used linear regression models to estimate 
adjusted total costs (i.e., direct medical plus indirect 
costs) in the 1  year post-index. Independent variables 
considered to be potential confounders of the relation-
ship between anti-TNF use and costs were first tested 
in univariate models of costs, specifically age, sex, edu-
cation, marital status, disease duration, smoking (yes 
vs. no/do not know), HLA-B27 status and presence of 
peripheral arthritis at baseline, and the Bath Ankylosing 
Spondylitis Functional Index (BASFI), BASDAI, PhGA, 
CRP, and SF-36 at the patient’s index date. The same vari-
ables were then each tested in preliminary multivariate 
models of costs that included BASFI (the strongest pre-
dictor of costs in univariate analyses) and anti-TNF use. 
Independent variables that changed the coefficient for 
anti-TNF use by more than 10% in the preliminary mul-
tivariate models were included in the final multivariate 
costs model.

Total QALYs in the one year post-index were calculated 
using SF6D utility weights derived from SF-36 health 
states, following the area under the curve method [33, 
34]. Again to control for differences between anti-TNF 
users and non-users, we used linear regression models 
to derive adjusted mean QALYs. Independent variables 
as above were first tested in univariate models then in 

preliminary multivariate models that included SF-36 at 
time of criteria satisfaction (the strongest predictor of 
QALY in univariate analyses) and anti-TNF use. Inde-
pendent variables that changed the coefficient for anti-
TNF use by more than 10% in preliminary multivariate 
models were included in the final multivariate QALY 
model.

Cost‑effectiveness analysis using adjusted costs and QALYs
For each of the five study population datasets, we cal-
culated the incremental cost-effectiveness ratio (ICER) 
comparing the costs and QALYs of anti-TNF users versus 
non-users, i.e., the incremental cost per additional QALY 
gained by treating with an anti-TNF, using the standard 
formula: [(Cost anti-TNF- Cost no anti-TNF)/(QALYs 
anti-TNF- QALYs no anti-TNF)]. To explore the range 
of uncertainty around mean costs and QALYs, we used 
non-parametric bootstrapping [35], repeating the same 
procedures for each study population datasets (i.e., group 
of patients satisfying a given criteria set). Specifically, 
10,000 bootstrap samples were generated (i.e., by sam-
pling with replacement), stratified by anti-TNF users and 
non-users. For each bootstrapped sample, linear regres-
sion models were fitted for costs and QALYs; although 
the models were fitted separately, the data used were 
from the same samples, meaning the interdependence 
of costs and QALYs was accounted for. Adjusted mean 
costs and QALYs and hence the incremental costs and 
QALYs were then estimated from the models. The 2.5th 
and 97.5th percentiles of the bootstrapped distribution 
were used to estimate 95% confidence intervals (CI) for 
the incremental costs and QALYs.

Results
Table  1 shows the diagnosis and disease severity crite-
ria for anti-TNF access in France, Canada, Germany, 
Hong Kong, and the UK, as well as the number of DESIR 
patients who satisfied the respective sets. The criteria sets 
from the UK and Hong Kong both required a diagnosis 
of AS, while those from Canada, France, and Germany 
were inclusive of nr-axSpA patients. Anti-TNF access 
criteria from France were satisfied by the largest num-
ber of DESIR patients (197/708; 27.8%), followed by Ger-
many (175/708; 25.1%), Canada (169/708; 23.8%), the UK 
(86/708;12.1%) and Hong Kong (61/708; 8.6%).

Table  2 shows the characteristics of anti-TNF users 
and non-users in each of the basecase study population 
datasets. The proportion of anti-TNF users was highest 
among patients who met the Hong Kong criteria (32/61; 
52.5%), followed by the UK (40/86; 46.5%), Canada 
(71/169; 42.0%), France (80/197; 40.6%), and Germany 
(67/175; 38.3%). Among a total 225 anti-TNF users in 
the DESIR cohort, 107 (47.6%) never satisfied the French 
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anti-TNF access criteria, while 94 (41.8%) never satisfied 
any of the selected criteria sets and were thus excluded 
from the analysis. The characteristics of excluded anti-
TNF users are shown in Additional file 1: Table S1.

Table  3 shows the unadjusted and adjusted costs of 
patients in the five basecase study population datasets. In 
final multivariate models, costs were adjusted for smok-
ing and HLA-B27 status at baseline, and BASFI, PhGA, 
and CRP at date of criteria satisfaction; QALYs were 
adjusted for age, sex, education, smoking, HLA-B27 sta-
tus and peripheral arthritis at baseline, and SF-36, PhGA, 
and CRP at date of criteria satisfaction. Table 4 shows the 
incremental costs and QALYs and ICERs over one year for 
each of the five study populations in the basecase analy-
sis. The most favourable cost-effectiveness point estimate 
was derived from the study population satisfying the Hong 
Kong criteria (ICER €456,850), followed by Germany 
(€545,808), the UK (€766,217), and Canada (€818,186). The 
highest ICER was derived from the study population satis-
fying the French criteria (€1,105,859) However, as shown 
in Fig.  1, the confidence intervals surrounding the point 
estimates for the incremental costs and QALYs derived 
from each of the five study populations were overlapping, 
indicating uncertainty in the results of the analysis.

A positive anti-TNF response one visit post-therapy 
initiation was achieved by approximately half of anti-TNF 

users who satisfied the criteria from Canada (n  =  39; 
54.9%), France (n = 42; 52.5%), and Germany (35; 51.5%), 
respectively, and by approximately forty percent of anti-
TNF users who satisfied criteria from the UK (n =  17; 
42.5%) and Hong Kong (n =  13; 40.6%). In each of the 
five study populations, 90% or more of non-respond-
ers continued anti-TNF therapy for one or more years 
(Additional file  2: Table S2). In the sensitivity analysis 
that examined the effect of excluding costs accumulated 
past 24  weeks by anti-TNF non-responders, the incre-
mental cost per QALY was reduced by approximately 
25% (France: €857,992 vs. €1,105,859; Canada: € 626,459 
vs. €818,186; Germany: € 422,568 vs. €545,808); UK 
€578,899 vs. €766,217; Hong Kong €335,418 vs. €456,850) 
(Table  5). Consistent with this finding, utility gain was 
observed to be lower among anti-TNF non-responders 
compared to responders (Table 6).

In the sensitivity analysis using the basecase study pop-
ulation, but excluding indirect costs, all ICERs became 
more favourable (Additional file 3: Table S3). In all addi-
tional sensitivity analyses, i.e., including anti-TNF users 
who initiated therapy prior to and/or 6–12 months after 
criteria satisfaction, anti-TNF agents were dominated in 
all study populations (Additional file  3: Table S3); this 
finding did not change upon the exclusion of indirect 
costs (data not shown).

Table 1  Selected criteria sets and satisfaction at baseline among 708 DESIR patients

CT computerized tomography, MRI magnetic resonance imaging, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, AS ankylosing spondylitis, CRP C-reactive 
protein, ESR erythrocyte sedimentation rate, SJ sacroiliac joint, VAS visual analogue scale
a  Positive expert opinion defined in the analysis as Physician’s Global Assessment ≥4
b  NA at baseline, values reported for month 6

Criteria set origin Patients ever satisfying criteria  
set (n) and percent of total (N = 708)

Diagnosis and disease severity criteria

France n = 197 (27.8%) BASDAI ≥4
New York criteria for AS OR involvement of SJ OR spine by X-ray, 

CT or MRI
Physician’s Global Assessment ≥4

Germany n = 175 (24.7%) BASDAI ≥4
ASAS criteria
Positive MRI or Elevated CRPb (i.e., minimum 1 of 2 criteria)

Canada n = 169 (23.8%) BASDAI ≥4
Sacroiilitis or spinal inflammation on X-ray, CT or MRI
Elevated CRP or ESR and/or Inflammatory lesions in the sacroiliac 

joints and/or spine on MRI and/or Expert opiniona (Minimum 
2 of 3 criteria)

United Kingdom n = 86 (12.1%) BASDAI ≥4
Modified New York criteria for AS
Spinal pain in last week 4/10 VAS

Hong Kong n = 61 (8.6%) BASDAI ≥4
Modified New York criteria for AS
Morning stiffness ≥45 min
Inflammatory back pain ≥40/100 VAS
Patient Global Assessment ≥40/100 VAS



Page 6 of 13Harvard et al. Cost Eff Resour Alloc  (2017) 15:20 

Ta
bl

e 
2 

Ch
ar

ac
te

ri
st

ic
s 

of
 D

ES
IR

 p
at

ie
nt

s 
sa

ti
sf

yi
ng

 s
el

ec
te

d 
cr

it
er

ia
 s

et
s

Ca
na

da
 n

 =
 1

69
Fr

an
ce

 n
 =

 1
97

U
K 

n 
=

 8
6

G
er

m
an

y 
n 
=

 1
75

H
on

g 
Ko

ng
 n

 =
 6

1

A
nt

i-T
N

F 
no

n-
us

er
 (n

 =
 9

8)
A

nt
i-T

N
F 

us
er

 
(n

 =
 7

1)
A

nt
i-T

N
F 

no
n-

us
er

 (n
 =

 1
17

)
A

nt
i-T

N
F 

us
er

 
(n

 =
 8

0)
A

nt
i-T

N
F 

no
n-

us
er

 (n
 =

 4
6)

A
nt

i-T
N

F 
us

er
 

(n
 =

 4
0)

A
nt

i-T
N

F 
no

n-
us

er
 (n

 =
 1

08
)

A
nt

i-T
N

F 
us

er
 

(n
 =

 6
7)

A
nt

i-T
N

F 
no

n-
us

er
 (n

 =
 2

9)
A

nt
i-T

N
F 

us
er

 
(n

 =
 3

2)

A
t b

as
el

in
e

 A
ge

32
.8

 ±
 8

.5
33

.5
 ±

 9
.3

33
.2

 ±
 8

.7
33

 ±
 9

.1
33

 ±
 7

.6
32

.6
 ±

 9
.6

32
.7

 ±
 7

.9
33

.1
 ±

 9
.4

35
 ±

 8
31

.8
 ±

 8
.5

 M
al

e
53

 (5
4.

1%
)

40
 (5

6.
3%

)
58

 (4
9.

6%
)

59
 (5

3.
8%

)
27

 (5
8.

7%
)

24
 (6

0%
)

59
 (5

4.
6%

)
37

 (5
5.

2%
)

17
 (5

8.
6%

)
19

 (5
9.

4%
)

 P
os

t-
se

co
nd

ar
y 

ed
uc

at
io

n
55

 (5
6.

1%
)

42
 (5

9.
2%

)
65

 (5
5.

6%
)

48
 (6

0%
)

22
 (4

7.
8%

)
20

 (5
0%

)
60

 (5
5.

6%
)

35
 (5

9.
7%

)
11

 (3
7.

9%
)

14
 (4

3.
8%

)

 M
ar

rie
d

58
 (5

9.
2%

)
40

 (5
9.

2%
)

71
 (6

0.
7%

)
48

 (6
0%

)
24

 (5
2.

2%
)

23
 (5

7.
5%

)
69

 (6
3.

9%
)

40
 (5

9.
7%

)
17

 (5
8.

6%
)

19
 (5

9.
4%

)

 S
m

ok
in

g
41

 (4
1.

8%
)

36
 (5

0.
7%

)
50

 (4
2.

7%
)

38
 (4

7.
5%

)
23

 (5
0.

0%
)

22
 (5

5.
0%

)
44

 (4
0.

7%
)

35
 (5

2.
2%

)
12

 (4
1.

4%
)

19
 (5

9.
4%

)

 D
is

ea
se

 d
ur

a-
tio

n
1.

5 
±

 0
.9

1.
6 
±

 0
.8

1.
6 
±

 0
.9

1.
6 
±

 0
.8

1.
7 
±

 0
.9

1.
6 
±

 0
.8

1.
5 
±

 0
.9

1.
6 
±

 0
.8

1.
7 
±

 0
.9

1.
6 
±

 0
.8

 P
er

ip
he

ra
l 

A
rt

hr
iti

s
54

 (5
5.

1%
)

49
 (6

9%
)

65
 (5

5.
6%

)
55

 (6
8.

8%
)

22
 (4

7.
8%

)
25

 (6
2.

5%
)

56
 (5

1.
9%

)
46

 (6
8.

7%
)

13
 (4

4.
8%

)
21

 (6
5.

6%
)

 H
LA

-B
27

: p
os

iti
ve

59
 (6

0.
2%

)
44

 (6
2%

)
66

 (5
6.

4%
)

48
 (6

0%
)

32
 (6

9.
6%

)
25

 (6
2.

5%
)

83
 (7

6.
9%

)
46

 (6
8.

7%
)

18
 (6

2.
1%

)
19

 (5
9.

4%
)

 R
ad

io
gr

ap
hi

c 
sa

cr
oi

lii
tis

42
 (4

2.
9%

)
40

 (5
6.

3%
)

49
 (4

1.
9%

)
44

 (5
5.

0%
)

28
 (6

0.
9%

)
30

 (7
5.

0%
)

49
 (4

5.
4%

)
41

 (6
1.

2%
)

15
 (5

1.
7%

)
25

 (7
8.

1%
)

 S
ac

ro
iil

iti
s 

or
 

sp
in

e 
in

fla
m

-
m

at
io

n 
on

 M
RI

67
 (6

8.
4%

)
49

 (6
9.

0%
)

67
 (5

7.
3%

)
49

 (6
1.

3%
)

25
 (5

4.
3%

)
26

 (6
5.

0%
)

80
 (7

4.
1%

)
52

 (7
7.

6%
)

12
 (4

1.
4%

)
21

 (6
5.

6%
)

 B
A

SD
A

I ≥
 4

74
 (7

5.
5%

)
67

 (9
4.

4%
)

91
 (7

7.
8%

)
76

 (9
5.

0%
)

34
 (7

3.
9%

)
39

 (9
7.

5%
)

78
 (7

2.
2%

)
62

 (9
2.

5%
)

21
 (7

2.
4%

)
31

 (9
6.

9%
)

 C
RP

 >
 1

0 
m

g/
L

24
 (2

4.
5%

)
31

 (4
3.

7%
)

25
 (2

1.
4%

)
33

 (4
1.

3%
)

8 
(1

7.
4%

)
21

 (5
2.

5%
)

26
 (2

4.
1%

)
32

 (4
7.

8%
)

5 
(1

7.
2%

)
14

 (4
3.

8%
)

 P
hy

si
ci

an
’s 

gl
ob

al
 a

ss
es

s-
m

en
t ≥

4

76
 (7

7.
6%

)
66

 (9
3.

0%
)

92
 (7

8.
6%

)
75

 (9
3.

8%
)

33
 (7

1.
7%

)
38

 (9
5.

0%
)

73
 (6

7.
6%

)
61

 (9
1.

0%
)

20
 (6

9.
0%

)
31

 (9
6.

9%
)

 In
fla

m
m

at
or

y 
ba

ck
 p

ai
n 
≥

 4
79

 (8
0.

6%
)

68
 (9

5.
8%

)
96

 (8
2.

1%
)

76
 (9

5.
0%

)
40

 (8
7.

0%
)

40
 (1

00
%

)
88

 (8
1.

5%
)

64
 (9

5.
5%

)
25

 (8
6.

2%
)

32
 (1

00
%

)

 M
or

ni
ng

 s
tiff

-
ne

ss
 ≥

45
 m

in
53

 (5
4.

1%
)

47
 (6

6.
2%

)
62

 (5
3.

0%
)

56
 (7

0.
0%

)
20

 (4
3.

5%
)

31
 (7

7.
5%

)
57

 (5
2.

8%
)

47
 (7

0.
1%

)
18

 (6
2.

1%
)

30
 (9

3.
8%

)

 P
at

ie
nt

 g
lo

ba
l 

as
se

ss
-

m
en

t ≥
4

73
 (7

4.
5%

)
65

 (9
1.

5%
)

88
 (7

5.
2%

)
74

 (9
2.

5%
)

33
 (7

1.
7%

)
38

 (9
5.

0%
)

79
 (7

3.
1%

)
60

 (8
9.

6%
)

23
 (7

9.
3%

)
31

 (9
6.

9%
)

A
t c

rit
er

ia
 s

at
is

fa
ct

io
n

 B
A

SD
A

I
56

.2
 ±

 1
2.

7
60

.6
 ±

 1
1.

4
55

.4
 ±

 1
2.

2
60

.9
 ±

 1
0.

9
52

.8
 ±

 1
0.

5
58

.9
 ±

 1
1.

9
55

.5
 ±

 1
2.

7
58

.7
 ±

 1
0.

8
56

.1
 ±

 1
2

59
.3

 ±
 1

1.
7

 B
A

SF
I

35
.8

 ±
 2

1.
8

43
.9

 ±
 2

0.
2

35
.9

 ±
 2

1.
5

45
 ±

 1
9.

8
30

.8
 ±

 2
0

47
.4

 ±
 2

0.
8

36
.5

 ±
 2

3.
5

42
.1

 ±
 1

9.
7

39
 ±

 2
1.

6
46

.5
 ±

 2
2

 S
F-

36
0.

6 
±

 0
.1

0.
5 
±

 0
.1

0.
6 
±

 0
.1

0.
5 
±

 0
.1

0.
6 
±

 0
.1

0.
5 
±

 0
.1

0.
6 
±

 0
.1

0.
5 
±

 0
.1

0.
6 
±

 0
.1

0.
5 
±

 0
.1

 P
hy

si
ci

an
’s 

gl
ob

al
 a

ss
es

s-
m

en
t

5.
3 
±

 1
.2

6.
7 
±

 1
.6

5.
3 
±

 1
.2

6.
8 
±

 1
.5

4.
7 
±

 1
.7

6.
8 
±

 1
.7

4.
5 
±

 1
.8

6.
4 
±

 2
5 
±

 1
.6

6.
7 
±

 1
.6

 C
RP

10
.9

 ±
 1

8.
6

20
.1

 ±
 2

4.
6

9.
5 
±

 1
7.

2
18

.8
 ±

 2
3.

8
7.

7 
±

 9
.3

22
.3

 ±
 2

5.
5

10
.9

 ±
 1

2.
5

19
.7

 ±
 2

3.
7

7.
6 
±

 1
0.

2
15

.8
 ±

 2
0.

6

St
at

is
tic

s 
pr

es
en

te
d 

ar
e:

 M
ea

n 
±

 S
D

, o
r N

 (%
)



Page 7 of 13Harvard et al. Cost Eff Resour Alloc  (2017) 15:20 

favourable than those estimated by the NICE: in a sen-
sitivity analysis, we found that ICERs were reduced by 
approximately 25% by simulating a 24-week stopping 
rule. As well, it may be noted that we found only mod-
est QALY gains associated with anti-TNF use over 1 year, 
though utility gains were up to 0.03 units higher among 
anti-TNF responders compared to non-responders. Few 
studies have directly reported utility gain associated with 
anti-TNF use, and the NICE cost-effectiveness models 
predicted utility from BASDAI and BASFI scores using 
an algorithm that has not been externally evaluated [1]. 
It is difficult to determine whether the utility gain associ-
ated with anti-TNF use among DESIR patients is similar 
to what was predicted by the NICE, and there is an out-
standing need for studies to report observed utility gain 
among patients using anti-TNF therapy.

In this study, we were unable to confirm whether 
France’s restrictions are the most cost-effective in that 
setting relative to other potential restrictions over the 
short term; the uncertainty around the results in the 
basecase analysis indicates all of the criteria sets com-
pared here may be equally cost-effective. However, the 
study makes a number of observations that highlight 
the potential for anti-TNF access regulations to shape 
the therapy’s cost-effectiveness, in part by defining the 
target population for initiation, which both influences 
the likelihood of anti-TNF response and determines the 
appropriate population of non-users for comparison. In 
this study, we found that between 41% and 55% of anti-
TNF users across the five study population datasets 
achieved a BASDAI 50 response, and the mean SF6D 
utility gain one year following anti-TNF initiation was 
higher among responders compared to non-respond-
ers. At the same time, cost-effectiveness estimates did 
not vary directly in accordance with the proportion of 
BASDAI 50 responders: the most favourable ICER was 
derived from the Hong Kong criteria dataset, though it 
had the lowest proportion of responders. This discrep-
ancy appears to result from the lower utility among the 
anti-TNF non-users in the Hong Kong criteria dataset, 
which translated to a larger incremental difference in 
QALYs compared to other study population datasets. 
These findings underscore that, to maximize cost-effec-
tiveness, anti-TNF therapy must be directed to patients 
mostly likely to experience substantial improvement in 
quality of life when compared to conventional care, and 
there is a strong need to inform anti-TNF access crite-
ria with evidence to characterize this patient population. 
To date, a good deal of research has demonstrated pre-
dictors of anti-TNF response, both among AS patients 
[38–41] and nr-axSpA patients [9, 13–15, 42]. However, 
there are shortcomings in this evidence base, with more 
data derived from RCT populations [13–15, 18, 43] than 

Discussion
To our knowledge, this is the first study to explore 
what proportion of SpA patients in a single cohort pos-
sesses the unique combination of clinical characteris-
tics demanded by select sets of anti-TNF access criteria. 
We found that the proportion of DESIR patients eligi-
ble to receive anti-TNF therapy ranged from 9 to 28%, 
depending on the criteria set considered. For illustrative 
purposes, we note that assuming a SpA prevalence of 
0.43% in France [36], this may translate to as few as 39 or 
as many as 120 people per 100,000 population per year 
being recommended anti-TNF therapy. At an estimated 
cost of €13,000 for a full year of anti-TNF therapy [26], 
the additional 81 people treated under the less restrictive 
access conditions would have an annual budget impact 
of €1.05 million. One of the contributions of the present 
study is in highlighting the potential role of anti-TNF 
access criteria, as at the current cost of anti-TNF therapy 
even a small number of additional patients treated will 
correspond to a large increase in health budgets, which 
may or may not represent good value for the public.

This study focused on the comparative cost-effec-
tiveness of selected criteria sets in the French setting, 
and the absolute ICER values generated here should be 
interpreted with caution. The ICERs were produced 
using data over a single year using real-world data, and 
it should be stressed that these cannot be compared to 
ICERs from models that employ a lifetime horizon, esti-
mate treatment effectiveness using RCT data, or assume 
that non-responders will be withdrawn from treatment. 
Lifetime cost-effectiveness models have the important 
capability of acknowledging that not all benefits of anti-
TNF therapy will be realized within a short time frame; 
in general, anti-TNF agents appear more cost-effective 
in models with longer time horizons [37]. Recently, the 
UK’s National Institute for Health and Clinical Excel-
lence (NICE) [1] reported upperbound ICERs of £66,529 
per QALY for AS patients and £34,232 per QALY for 
nr-axSpA patients based on lifetime cost-effectiveness 
models. These are vastly more favourable than the ICERs 
estimated here, reflecting, in part, the impact of includ-
ing the latent benefits of anti-TNF therapy. However, 
including these predicted benefits required extrapolating 
outcomes beyond periods for which observed data are 
available. In contrast, the present analysis has provided 
important observed data on the costs and benefits asso-
ciated with anti-TNF use in a real-world setting. Impor-
tantly, the NICE models assume that all non-responders 
will discontinue therapy at 12-weeks [1], yet we found 
that the vast majority of non-responders continued 
therapy for a year or more. The continuation of therapy 
among non-responders appears to be one reason that 
ICERs estimated in the basecase analysis here are less 
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Table 4  Comparative estimates of costs, QALYs, and ICERs: basecase analysis

a  Lower bound = 2.5th, upper bound = 97.5th percentile of bootstrapped distribution

Anti-TNF user Anti-TNF non-user Increment (user vs non-user) 95% CIa

Canada

 Costs 15,741 1703 14,038 (12,179, 15,991)

 QALYs 0.626 0.609 0.017 (−0.008, 0.042)

 ICER 818,186 (330,082, Dominated)

France

 Costs 15,773 1763 14,010 (12,423, 15,694)

 QALYs 0.620 0.607 0.013 (−0.011, 0.036)

 ICER 1,105,859 (375,227, Dominated)

UK

 Costs 16,952 756 16,195 (13,327, 19,181)

 QALYs 0.627 0.606 0.021 (−0.015, 0.059)

 ICER 766,217 (264,164, Dominated)

Germany

 Costs 15,617 1874 13,743 (11,848, 15,759)

 QALYs 0.642 0.617 0.025 (0.001, 0.050)

 ICER 545,808 (272,286, 18,727,278)

Hong Kong 

 Costs 15,764 722 15,042 (11,825, 18,898)

 QALYs 0.619 0.586 0.033 (−0.011, 0.076)

 ICER 456,850 (189,636, Dominated)

Fig. 1  Confidence intervals around ICERs from each of the five study populations
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observational cohorts [9, 38, 39, 42] and more evidence 
on certain markers (e.g., CRP [15, 39, 43]) than oth-
ers (e.g., HLA-B27 [42]). Furthermore, few studies have 
modelled anti-TNF response based on combinations of 
clinical characteristics, which should be more useful for 
decision-making than single predictors [41]. Perhaps 
most importantly, most studies have defined anti-TNF 
response in binary terms using clinical measures such as 

the BASDAI [32], ASAS40 [44], or ASDAS [45] and the 
effect on quality of life of achieving a response as defined 
by these measures has not been established [46].

The results of this study suggest that one crucial 
strategy to improve anti-TNF cost-effectiveness is to 
ensure treatment discontinuation by anti-TNF users not 
experiencing clinical benefit. To implement this strat-
egy, it would be useful to confirm minimally important 

Table 5  Comparative estimates of  costs, QALYs, and  ICERs: sensitivity analysis excluding  non-responder anti-TNF costs 
past 24 weeks

a  Lower bound = 2.5 th, upper bound = 97.5 th percentile of bootstrapped distribution

Anti-TNF user Anti-TNF non-user Increment (user vs non-user) 95% CIa

Canada

 Costs 12,405 1656 10,749 (8868, 12,789)

 QALYs 0.626 0.609 0.017 (−0.008, 0.042)

 ICER 626,459 (247,149, Dominated)

France

 Costs 12,566 1696 10,870 (9144, 12,751)

 QALYs 0.620 0.607 0.013 (−0.011, 0.036)

 ICER 857,992 (284,242, Dominated)

UK

 Costs 12,973 737 12,236 (8981, 15,769)

 QALYs 0.627 0.606 0.021 (−0.015, 0.059)

 ICER 578,899 (187,442, Dominated)

Germany

 Costs 12,321 1682 10,640 −877,112,728

 QALYs 0.642 0.617 0.025 (0.001, 0.050)

 ICER 422,568 (206,749, 14,587,057)

Hong Kong

 Costs 11,935 891 11,044 (7243, 15,470)

 QALYs 0.619 0.586 0.033 (−0.011, 0.076)

 ICER 335,418 (124,073, Dominated)

Table 6  Utility gain 6 and 12 months post-therapy initiation in anti-TNF responders and non-responders

Canada France UK Germany HK

Unadjusted (Mean ± SD)

 All users 

  Index 0.53 ± 0.08 0.53 ± 0.08 0.53 ± 0.07 0.54 ± 0.08 0.53 ± 0.07

  6 M after index visit 0.64 ± 0.13 0.63 ± 0.13 0.63 ± 0.13 0.65 ± 0.13 0.62 ± 0.13

  12 M after index visit 0.62 ± 0.12 0.61 ± 0.12 0.61 ± 0.11 0.63 ± 0.12 0.60 ± 0.11

 Responders

  Index 0.55 ± 0.09 0.55 ± 0.09 0.53 ± 0.08 0.55 ± 0.09 0.55 ± 0.08

  6 M after index visit 0.68 ± 0.12 0.67 ± 0.12 0.65 ± 0.12 0.69 ± 0.12 0.67 ± 0.11

  12 M after index visit 0.65 ± 0.12 0.64 ± 0.12 0.62 ± 0.10 0.66 ± 0.11 0.60 ± 0.10

 Non-responders

  Index 0.52 ± 0.06 0.52 ± 0.06 0.52 ± 0.07 0.52 ± 0.06 0.52 ± 0.07

  6 M after index visit 0.60 ± 0.13 0.59 ± 0.12 0.62 ± 0.14 0.61 ± 0.13 0.59 ± 0.13

  12 M after index visit 0.59 ± 0.12 0.58 ± 0.12 0.61 ± 0.12 0.60 ± 0.13 0.59 ± 0.11
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differences on common quality of life measures [47, 
48], to encourage clinicians to measure the benefits of 
anti-TNF therapy in terms of quality of life, and to help 
patients and providers engage in a shared decision-mak-
ing process around discontinuation. We acknowledge 
that enforcement of regulations surrounding anti-TNF 
therapy is challenging, as reflected by the fact that 40% of 
anti-TNF users in DESIR did not satisfy the French anti-
TNF access criteria. However, the potential for anti-TNF 
access criteria to shape the cost-effective use of these 
agents should not be ignored, and the rationale for ini-
tiating therapy only among patients likely to benefit- and 
for discontinuing therapy when appropriate- should be 
known by patients and providers.

Certain limitations of this study should be noted. For 
one, results differed depending on which anti-TNF users 
were included in the analysis: when anti-TNF users 
who received therapy prior to criteria satisfaction or 
6–12  months after criteria satisfaction were included, 
anti-TNF therapy was dominated in all scenarios. This 
finding points to a possible role for timing of anti-TNF 
initiation in determining the therapy’s cost-effectiveness; 
however, the results could also be explained by unmeas-
ured, time-variant confounders. In general, the data ana-
lyzed here were derived from a non-randomized study, 
meaning all results are subject to confounding by indica-
tion. To help control for this, we made comparisons only 
between anti-TNF users and non-users who satisfied 
the same set of access criteria and we further adjusted 
costs and QALYs for known confounders, though resid-
ual confounding cannot be ruled out. In terms of other 
study limitations, we assumed that all patients met treat-
ment failure criteria, which were defined differently in 
the selected criteria sets. It should be noted that up to a 
third of SpA patients may achieve clinical remission with 
NSAIDs alone [49] and anti-TNF therapy will necessar-
ily be more cost-effective if used only by patients who 
have failed this less costly treatment. The present study 
did not evaluate the number of NSAIDs that should be 
tried before anti-TNF therapy in order to maximize cost-
effectiveness, which is a limitation.

Despite its limitations, this study is unique in having 
used data from a heterogeneous, real-world population 
of SpA patients to demonstrate the influence of patient 
characteristics on anti-TNF cost-effectiveness estimates. 
In line with the initiative to incorporate economic evi-
dence into clinical guidelines [50, 51], future research 
should focus on confirming what combination of patient 
characteristics best predicts quality of life improvement 
following anti-TNF therapy and informing anti-TNF 
access criteria with this evidence. As a substantial num-
ber of anti-TNF users in the DESIR cohort did not satisfy 
any of the selected criteria sets, and as discontinuation 

of anti-TNF therapy following non-response was infre-
quently observed, this study further calls for a discussion 
as to the practical application of regulations surrounding 
anti-TNF therapy.
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