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ABSTRACT
Anti-tumour necrosis factor (TNF) 
agents are recommended as second-line 
therapy for patients with axial spondy-
loarthropathies. This analysis reviewed 
data on studies investigating the effica-
cy and tolerability of anti-TNF agents 
in patients with non-radiographic axial 
spondyloarthritis (nr-axSpA) who had 
failed first-line non-steroidal anti-in-
flammatory (NSAID) treatment. Effica-
cy data from RCTs were used to calcu-
late the number needed to treat (NNT) 
for individual anti-TNFs and then the 
cost per responder was determined to 
provide an indication of the value of 
each therapy. A systematic literature 
review and analysis of search results 
over the period January 2008 to Sep-
tember 2014 identified four randomised 
placebo-controlled trials that were in-
cluded in the analysis. Adalimumab, 
etanercept and certolizumab pegol 
were all effective and well tolerated in 
patients with nr-axSpA. A patient was 
more likely to reach ASAS20 or ASAS40 
when treated with etanercept or adali-
mumab, the NNT was lowest for adali-
mumab, and the risk of adverse events 
was higher with certolizumab pegol 
200 mg every 2 weeks. The cost per 
responder (NNT) was lowest for adali-
mumab, followed closely by certolizum-
ab 400 mg every 4 weeks, intermediate 
for certolizumab 200 mg every 2 weeks 
and highest for etanercept. Although all 
anti-TNF agents were associated with 
clinical improvement in patients with 
nr-axSpA, adalimumab presented a bet-
ter cost per responder than etanercept 
and certolizumab pegol. 

Introduction
Axial spondyloarthritis (axSpA) is a 
rheumatic disease that predominately 
affects the spinal column and/or the 
sacroiliac joints. It is associated with 
a significant clinical and symptomatic 

impact, characterised by pain, rigidity 
and functional impairment (1, 2). Lit-
erature describing the epidemiology of 
axial spondyloarthritis is scare; a re-
cent US study reported an axSpA prev-
alence rate of 0.7% (95% confidence 
interval [CI] 0.38–1.1%) (3).
The Assessment of SpondyloArthri-
tis International Society (ASAS) has 
proposed and approved new classifi-
cation criteria (4, 5), based on which 
axSpA can be divided into two distinct 
diseases: ankylosing spondylitis (AS) 
and non-radiographic axial spondy-
loarthritis (nr-axSpA) (6). AS is char-
acterised by anatomic damage to the 
bone, detectable with conventional 
radiography whereas this is absent in 
nr-axSpA. Magnetic resonance imag-
ing (MRI) is therefore required to de-
tect joint inflammation in nr-axSpA. 
The prevalence of nr-axSpA has been 
estimated to be 0.35% (95% CI 0.18–
0.554%) (3). The two forms of axial 
spondyloarthritis are associated with 
the same degree of disability and the 
same negative impact on patient qual-
ity of life (7). In some cases, nr-axSpA 
can evolve into AS over time. Clinical 
studies have shown that up to 45% of 
patients progress from nr-axSpA to AS 
within 9 years (8, 9).
There is an average delay of 6 years 
from the early symptoms until a diag-
nosis of axSpA is made (10), and diag-
nostic delay is even more of an issue in 
nr-axSpA (2, 7) where this is primarily 
due to underestimation of symptoms 
[11]. The recent ASAS classification 
enables the early identification of pa-
tients with nr-axSpA, reducing the risk 
of a missed or delayed diagnosis and 
facilitating prompt treatment with the 
goal of limiting disease progression 
and permanent damage (1, 11, 12). 
In accordance with the ASAS/EULAR 
recommendations, first-line treatment 
for patients with SpA (AS and nr-ax-
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SpA) consists of non-steroidal anti-
inflammatory drugs (NSAIDs) (13). 
If this is not effective, anti-tumour 
necrosis factor (TNF) agents are rec-
ommended as second-line therapy. 
Unlike traditional disease-modifying 
anti-rheumatic drugs (DMARDs) such 
as methotrexate or sulfasalazine, anti-
TNF agents have been shown to be ef-
ficacious and safe in the treatment of 
AS and nr-axSpA (14-18).
This literature review assessed the ef-
ficacy and safety of anti-TNF agents 
in patients with nr-axSpA who have 
failed treatment with NSAIDs. Cost 
sustainability and, in particular, effi-
cient resource allocation are important 
planning objectives, and it is therefore 
relevant to assess the economic impact 
of different treatment options in addi-
tion to their clinical usefulness. As far 
as costs are  concerned, we have evalu-
ated cost in relation to efficacy, i.e. cost 
per responder in addition to the acquisi-
tion cost value. As a result this review 
utilised existing efficacy data to calcu-
late the number needed to treat (NNT). 
NNT can be interpreted as the number 
of patients who need to be treated with 
a particular drug in order to achieve 
one additional positive outcome (i.e. 
response, remission) (19). By relating 
NNT to the cost of treatment, the ac-
tual cost that the Italian National Health 
System (NHS) would need to pay per 
responder can be calculated (cost per 
responder). 

Methods
Study selection and search strategy
A systematic literature review was per-
formed using the PubMed databases in 
order to identify published, placebo-
controlled, randomised, controlled clin-
ical trials (RCTs) of biologic therapies 
for the treatment of nr-axSpA from Janu-
ary 2008 to September 2014. The search 
terms used were: non-radiographic axial 
spondyloarthritis, ankylosing spondyli-
tis, spondyloarthritis, biological agents, 
anti-TNF agent, adalimumab, certoli-
zumab, etanercept, infliximab, goli-
mumab. The language of the publica-
tions was limited to English. Abstracts 
from national and international confer-
ences (not available as full papers) and 
unpublished data were excluded. 

Eligibility criteria
Studies were included if they met the 
following criteria: adult patients with 
nr-axSpA; randomised allocation to 
treatment with an anti-TNF agent or 
placebo, and reported at least one rel-
evant clinical outcome. In selecting the 
literature, the title and abstract were 
first screened to see whether they met 
the inclusion criteria, then the full man-
uscript of studies that needed further 
examination was assessed. 

Data extraction
Two authors independently extracted 
all relevant data and entered it into a 
specially-designed data form. Disa-
greements were resolved by discus-
sion. For each trial, the following 
data were recorded: (i) author, year of 
publication, study design and identifi-
cation of each trial; (ii) demographic 
characteristics of the participants; (iii) 
intervention characteristics, such as the 
anti-TNF dose, study visits and trial 
endpoints; (iv) the results; (v) informa-
tion regarding the authors’ conclusions. 
If necessary, data on outcomes were 
extrapolated from graphs.

Outcome measures
The primary outcome for the review 
reflected the primary endpoint of the 
included studies. This was usually 
ASAS40 response, but ASAS20 was 
used if ASAS40 was not available. Data 
from 12- and 24-week follow-up visits 
were collected. Safety, including any 
adverse events (AEs), was a secondary 
endpoint.

Statistical analysis
In order to compare the efficacy and 
safety of the different anti-TNF agents, 
risk ratio (RR) values and their 95% 
confidence intervals (CI) were calculat-
ed. The NNT per additional responder/
remitter associated with each biologic 
drug was estimated using the point es-
timate of relative efficacy. Treatment 
costs were estimated by considering the 
purchase price of the drugs net of the 
deductions laid down by the law and 
the mandatory negotiated discounts that 
must be applied to supplies sold to the 
public facilities of the NHS. Costs per 
additional responder were estimated as 

the NNT multiplied by the projected 
drug cost per patient. To use a stand-
ardised time horizon for all anti-TNF 
agents, costs per additional responder/
remitter were recalculated using a 52-
week time frame, with the assumption 
that shorter-term response rates (12 
weeks) were maintained to year-end 
(11). 

Results
Overview of the clinical studies
Six RCTs met all criteria for inclusion 
in the review (2,11,14, 20-22). Two of 
these (both using infliximab, a drug 
not currently indicated for nr-axSpA) 
were excluded from the review be-
cause ASAS40 was a secondary end-
point (14), or specific efficacy data for 
the subgroup of patients with nr-axSpA 
could not be extracted (22).
Table I shows the main characteristics 
of the remaining four RCTs that were 
assessed (2, 11, 20, 21). One trial in-
cluded patients with any axSpA and 
divided them into two subgroups; data 
from the subgroup of patients with nr-
axSpA were included in this review. 

Adalimumab
The first adalimumab study investi-
gated the efficacy and safety of this 
agent in patients with nr-axSpA without 
radiologically-defined sacroiliitis who 
were resistant to conventional treat-
ment (NSAIDs) (11). Patients with ac-
tive SpA were randomised to receive 
adalimumab 40 mg every other weeks 
(n=22) or placebo (n=24) for 12 weeks. 
The primary endpoint was ASAS40. 
All patients completed 12 weeks’ ob-
servation and 38 were assessed up 
to 52 weeks. At 12 weeks, 54.5% of 
adalimumab recipients and 12.5% of 
those treated with placebo achieved an 
ASAS40 response (p=0.004). Response 
was maintained up to 52 weeks in the 
patients who continued adalimumab 
therapy, and placebo recipients who 
were switched to adalimumab at 12 
weeks went on to achieve a similar 
ASAS40 response rate at 52 weeks. 
In the other trial investigating adali-
mumab, efficacy and safety were de-
termined in patients with nr-axSpA 
(2). Study participants met the ASAS 
criteria for SpA, had a Bath Ankylos-
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ing Spondylitis Disease Activity Index 
(BASDAI) of ≥4, a total back pain score 
≥4 on a 10-cm visual analogue scale 
(VAS) and an inadequate response, in-
tolerance or contraindication to NSAID 
treatment; patients who satisfied the 
New York criteria for the diagnosis of 
AS were excluded. A total of 185 en-
rolled patients were randomised to re-
ceive adalimumab (40 mg every other 
weeks; n=91) or placebo (n=94). The 
primary endpoint was the proportion 
of patients achieving ASAS40 response 
week 12, which was significantly high-

er in adalimumab (36%) versus pla-
cebo (15%) recipients (p<0.001). The 
proportion of patients with AEs was 
similar in the adalimumab and placebo 
groups (57.9% vs. 58.8%, respectively). 
The most common AEs were nausea 
(8.2%) and diarrhoea (7.2%). 

Etanercept 
This randomised clinical trial as-
sessed the efficacy of etanercept in 
patients with nr-axSpA resistant to 
NSAID treatment (20). Patients were 
randomised to receive etanercept 50 

mg every week (n=106) or placebo 
(n=109) for 12 weeks, both added to 
background NSAID therapy. MRI of 
the sacroiliac joints and spinal column 
was performed at baseline and at 12 
weeks. The primary study endpoint 
was ASAS30 at 12 weeks. At 12 weeks, 
the percentage of patients achieving 
ASAS40 was significantly higher in the 
etanercept group compared with place-
bo (32% vs. 16%; p=0.006). During the 
12-week study, AEs were reported in 
57% of patients treated with etanercept 
and in 45% of placebo recipients; there 
was no significant difference between 
groups in the rate of grade 3 or 4 AEs.

Certolizumab pegol
This phase III clinical trial assessed 
the efficacy and safety of certolizumab 
pegol in patients with SpA, includ-
ing subpopulations with AS (n=178) 
or nr-axSpA (n=147) (21). Patient de-
mographic and clinical characteris-
tics at baseline are shown in Table II. 
Randomised treatments were placebo, 

Table II. Characteristics of the subpopulation in the trial by Landewé et al. (21).

 Total axSpA AS nr-axSpA
 (n=325) (n=178) (n=147)
  
Age, years 39.6 ± 11.9 41.5 ± 11.6 37.4 ± 11.8
Female, % 38.5 27.5 51.7
Symptom duration, years 7.7 (0.3-50.9) 9.1 (0.3-50.9) 5.5 (0.3-41.5)
BASDAI score 6.4 ± 1.6 6.4 ± 1.6 6.5 ± 1.5

Values are mean ± standard deviation, or mean (range).
AS: ankylosing spondylitis; axSpA: axial spondyloarthropathy; BASDAI: Bath Ankylosing Spondyli-
tis Disease Activity Index; nr-axSpA: non-radiographic axial spondyloarthropathy.

Table I. Key characteristics of highlighted clinical trials.

Parameters Sieper et al. (2) Haibel et al. (11) Dougados et al. (20) Landewé et al. (21)

 Placebo Adalimumab Placebo Adalimumab Placebo Etanercept Placebo Certolizumab Certolizumab
 (n=24) (n=22) (n=24)  (n=22) (n=109) (n=106) (n=107) 200 mg q2w 400 mg q4w
        (n=111) (n=107)

Year of publication 2013 2008 2014 2014
Country Europe, USA, Australia Germany Europe, Asia, South America Europe, North America, Latin America
Patients nr-axSpA nr-axSpA nr-axSpA axSpA (AS + nr-axSpA)
Anti-TNF agent Adalimumab Adalimumab Etanercept Certolizumab pegol
Comparator Placebo Placebo Placebo Placebo
Primary endpoint ASAS40 ASAS40 ASAS40 ASAS20
Age, years 38.4±10.4 37.6±11.3 37 (25-64) 38 (25-64) 38 (25-64) 31.9±7.8 39.9±12.4 39.1±11.9 39.8±11.3
Female, % 57 52         50  59 47 35.9 39.3 39.6 36.4
Symptom duration, years 10.1±8.8 10.1±9.0 8 (1-24) 7 (2-16) 2.5±1.8 2.4±1.9 7.7 (0.3-50.9) 6.9 (0.3-34.2) 7.9 (0.3-44.8)
BASDAI score 6.5±1.6 6.4±1.5 6.3 (4.2-8.9) 6.7(4.2-7.9) 6±1.9 6±1.8 6.4±1.7 6.5±1.6 6.4±1.5

Values are mean ± standard deviation, or mean (range).
AS: ankylosing spondylitis; ASAS: Ankylosing Spondylitis Response Criteria; axSpA: axial spondyloarthropathy; BASDAI: Bath Ankylosing Spondylitis 
Disease Activity Index; nr-axSpA: non-radiographic axial spondyloarthritis; q2w: every 2 weeks; q4w: every 4 weeks; TNF: tumour necrosis factor.

Table III. Efficacy of anti-tumour necrosis factor agents in patients with non-radiographic axial spondyloarthritis.

Agent Study Endpoint Patients (n) Treatment Placebo ARR* (%) NNT
    response (%) response (%) 

Adalimumab Sieper et al. (2) ASAS 40 185 36 15 21 4.7
 Haibel et al. (11) ASAS 40 46 55 13 42 2.4
 Pooled analysis  231 40 14 25 3.9
Etanercept Dougados et al. (20) ASAS 40 213 32 16 17 6.0
Certolizumab 200 mg q2w Landewéet al. (21) ASAS 20 96 59 40 19 5.4
Certolizumab 400 mg q4w Landewé et al. (21) ASAS 20 91 63 40 23 4.4

ARR: absolute risk reduction; NNT: number needed to treat; q2w: every 2 weeks; q4w: every 4 weeks.



938

REVIEW Efficacy, safety and cost of biologics in the treament of nr-axSpA / I. Olivieri et al.

certolizumab pegol 200 mg every two 
weeks or certolizumab pegol 400 mg 
every four weeks, and the primary study 
endpoint was ASAS20 at 12 weeks. 
Patients were randomised 1:1:1 to the 
three treatment arms. In the subgroup of 
patients with nr-axSpA, 58.7%, 62.7% 
and 40% of patients treated with cer-
tolizumab pegol 200 mg, certolizumab 
pegol 400 mg and placebo, respective-
ly, achieved ASAS20. The overall rate 
of AEs during treatment was similar 
in certolizumab pegol and placebo re-
cipients (mild AEs: 56.2% vs. 48.6%, 
respectively; moderate AEs: 36.1% vs. 
33.6%, respectively). The most com-
mon AEs were nasopharyngitis (8.8% 
certolizumab pegol vs. 6.5% placebo) 
and upper respiratory tract infections 
(4.0% certolizumab pegol vs. 2.8% 
placebo). 

Pooled analysis: efficacy and safety 
On the basis of the efficacy and safety 
data from the reported trials, the NNT 
with the anti-TNF agent compared with 
placebo was calculated (Table III & 
IV). For adalimumab, NNT values are 
shown for the individual studies and 
as a pooled analysis of combined data, 
and for certolizumab pegol results are 
divided by used dosage. A patient was 
more likely to reach the treatment target 
(ASAS20 or ASAS40) when receiving 
adalimumab compared with etanercept 
or certolizumab (Fig. 1). The NNT also 
favoured adalimumab. Using pooled 
data, an average of nearly four patients 
need to be treated with adalimumab for 
one to reach the treatment target, with 
higher NNT values for certolizumab 
and, in particular, etanercept (Table III). 
In terms of safety, adalimumab, etaner-
cept and certolizumab pegol 400 mg 
every 4 weeks had similar tolerability 
profiles to placebo, whereas the risk of 
AEs was slightly higher with certoli-
zumab pegol 200 mg every 2 weeks 
(Table IV). 

Cost per responder
The cost per responder  was lowest 
for adalimumab, followed closely by 
certolizumab 400 mg every 4 weeks, 
intermediate for certolizumab 200 mg 
every 2 weeks and highest for etaner-
cept (Table V). 

Discussion
The results of this review of clini-
cal studies in patients with nr-axSpA 
show that adalimumab appears to be 
the most effective anti-TNF agent, with 
adalimumab recipients having a higher 
probability of achieving a clinical re-
sponse during treatment compared with 
etanercept and certolizumab pegol (200 
mg every 2 weeks or 400 mg every 4 
weeks). The comparison with certoli-
zumab was less robust because stud-
ies of this agent used the less stringent 
ASAS20 criteria as the primary end-
point compared with ASAS40 in the 
other studies. It has been conserva-
tively assumed that the same difference 
between certolizumab pegol (200 mg 
or 400 mg) and placebo, expressed in 
terms of percentage points using the 
ASAS20 criterion, may remain un-
changed when ASAS40 is used and that 
the RR value may not vary markedly. 
A number of factors are contributing to 

increase in expenditure on drugs and 
healthcare. These include the ageing 
population demographic, the availabil-
ity of new molecules, and higher health 
expectations from the general popula-
tion. As a result, the economic analysis 
included in this review is particularly 
relevant and the cost per responder data 
provide another factor to decision-mak-
ers, in addition to efficacy and safety, 
on which to base healthcare resource 
allocation decisions. In this analysis, 
adalimumab had a lower cost per re-
sponder than etanercept (-36.8%) and 
certolizumab pegol (200 mg: -18.9%; 
400 mg: -0.5%). 
Interpretation of these results needs 
to take into account a number of fac-
tors. The first is the assumption that 
response rates reported in individual 
RCTs at 12 weeks would remain con-
stant over 52 weeks of treatment. This 
seems appropriate in light of data from 
the open-label extension of one of the 

Table IV. Safety of anti-tumour necrosis factor agents in patients with non-radiographic 
axial spondyloarthritis.

Agent Clinical trial Duration                   All the AE
  (weeks) RR 95% CI

Adalimumab* Sieper et al. (2) 12 0.99 0.78–1.25
 Haibel et al. 2008 (11) 12 0.98 0.79–1.24
Etanercept Dougados et al. (20) 12 1.27 0.97–1.63
Certolizumab 200 mg q2w Landewé et al. (21) 24 1.22 1.02–1.46
Certolizumab 400 mg q4w  24 1.19 0.99–1.43

*Pooled analysis data for the entire population with axial SpA showed an RR of 0.98 (95% CI 0.81–1.19).
AE: adverse events; CI: confidence interval; q2w: every 2 weeks; q4w: every 4 weeks; RR: risk ratio 
between patients on anti-TNF agents and those on placebo.

Fig. 1. Efficacy of anti-tumour necrosis factor agents in patients with non-radiographic axial spon-
dyloarthritis.
RR: risk ratio; CI: confidence interval.
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adalimumab studies suggesting that 
this does occur (11). The second is the 
use of ASAS20 versus ASAS40 for de-
termining the efficacy of certolizumab 
pegol, on which the calculation of the 
NNT is based. As mentioned above, the 
use of a less stringent efficacy criteri-
on might have favoured certolizumab 
pegol in the estimate of the NNT and 
the subsequent cost per responder. Fi-
nally, drug reimbursement needs to be 
considered. At the moment, the only 
drug reimbursed in Italy for the treat-
ment of nr-axSpA is adalimumab, 
which is covered for all nr-axSpA pa-
tients who are non-responders at the 
first clinical reassessment. For this 
indication, the regulatory Italian Medi-
cines Agency (AIFA) has an agreement 
with the manufacturer to share the risk 
(payment by results). As a result, the 
actual cost per responder to the Ital-
ian NHS for adalimumab is even lower 
than calculated in this review. In fact, 
irrespective of the expected efficacy 
data (and respective NNT), the Italian 
NHS will only be charged for patients 
who experience benefit from the treat-
ment. In this way it is possible to avoid 
spending precious healthcare euros on 
an ineffective treatment, and there is 
the possibility of allocating these re-
sources to treat additional patients.
The payment by results for the adali-
mumab treatment in nr-axSpA, is  as-
sociated also to monitoring register in 
order to assess the efficacy of therapy 
in everyday clinical practice This reg-
istry was activated by AIFA and the 
prescriber centers must complete en-
rolment and follow-up sheets for every 

patient deemed eligible for treatment. 
With this type of approach (payment by 
results and registration), an attempt has 
been made to give all patients the right 
to access innovative treatments, while 
also ensuring that agents are prescribed 
appropriately and to the right patients, 
and that there is sustainability for the 
Italian NHS. 
In conclusion, this review and analysis 
of studies investigating the treatment 
of nr-axSpA with anti-TNF agents indi-
cates that all are effective at providing 
clinical improvement for patients and 
are well tolerated. Of course, the low 
number of studies evaluated represents 
a limitation of the study. Of the three 
agents included in the analysis, adali-
mumab had the highest efficacy and the 
lowest cost per responder.
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No. of administrations 26 52 30 15
Cost of therapy for 52 weeks (€) 11,507  11,826  10,246 10,246
NNT 3.9 6.0 5.4 4.4
Cost per responder (€)  44,877  70,956  55,328 45,082
Cost per responder difference vs. adalimumab (€) - +26,079 +10,451 +205

*Drug costs were considered net of the deductions laid down by the law and the mandatory negotiated discounts that must be applied on the supplies sold to 
the public facilities of the National Health Service.
NNT: number needed to treat; q2w: every 2 weeks; q4w: every 4 weeks; qw: every week; SC: subcutaneous.
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