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Abstract
Objective
This prospective long-term follow-up study evaluated the effects of half-dose etanercept (25 mg weekly) on clinical
remission and radiographic progression in a large cohort of patients with rheumatoid arthritis (RA) in clinical remission
after etanercept 25 mg bi-weekly.

Methods
524 biologic-naive RA patients were treated with etanercept 25 mg bi-weekly after failure of conventional drugs.
Patients achieving remission (DAS28 <2.6) for =12 months were randomised to receive etanercept 25 mg weekly or
25 mg bi-weekly. Patients were assessed at baseline and every 12 weeks. Remission rates, radiographic progression,
incidence of infections and costs of the regimens were compared.

Results
After a mean follow-up of 18+11 months, 347 patients (66.2%) achieved DAS2S remission; 323 were randomised to one of
two dose regimens: etanercept 25 weekly (group A, 159 patients) and etanercept 25 mg bi-weekly (group B, 164 patients).
At the end of follow-up, 81.8% patients of group A maintained remission for a mean of 3.6+1.5 years. Radiographic
progression occurred in a small number of patients of group A and the rate of radiographic progression (TSS >0) was not
significantly different in the two groups (18.85% vs. 19.0% after the first year and 16.9% vs. 21.6% after the second year,
respectively). The incidence ratio of severe infections was 2.3/1.000 patient-years in group A. Etanercept half-dose
regimen resulted in a saving of €3.190.545 with a cost saving up to €827.318 per year.

Conclusion
Clinical remission and arrest of radiographic progression persisted in a substantial percentage of patients with RA even
after reduction of standard-dose etanercept.
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Introduction

Rheumatoid arthritis (RA) is a chronic
inflammatory disease characterised by
erosive polyarthritis that leads to joint
destruction, disability and handicap. As
a consequence, the majority of patients
with RA incur work loss, quality of life
impairment and premature death (1).
The tumour necrosis factor (TNF) in-
hibitor etanercept (ETA) is approved for
the treatment of patients with moderate
to severe active RA. Randomised clini-
cal trials have shown that it improves
the signs and symptoms of early and
long-standing RA, prevents radiograph-
ic progression and ameliorates health-
related quality of life (2-4). However,
although it is accepted that ETA is cost-
effective compared with traditional dis-
ease-modifying anti-rheumatic drugs
(DMARD:Ss), treatment costs with TNF
inhibitors at recommended doses are
high, and there remains some concerns
over an increased risk of infections with
long-term therapy with TNF inhibitors,
including standard dose ETA (4, 5).
Therefore, in our study we evaluated the
effects of half dose ETA (25 mg/weekly)
on clinical remission and radiographic
progression in patients with RA in clini-
cal remission previously achieved with
standard dose (25 mg bi-weekly). Sec-
ondary endpoints were to evaluate the
frequency of adverse events and cost
savings after halving the ETA dose.

Methods

Study design and patients

This prospective long-term follow-up
study was conducted in a single Italian
academic center (Rheumatology unit,
Department of Medicine, University
of Padova). Between January 2006 and
December 2012 a cohort of 524 biolog-
ic-naive patients with RA as defined by
1987 ACR criteria (6) were treated with
ETA 25 mg bi-weekly after the failure
of traditional synthetic DMARDs and
evaluated every three months for dis-
ease activity. Among this cohort, pa-
tients who achieved a disease activity
score (7) using a 28-joint assessment
based on erythrocyte sedimentation
rate (DAS28-ESR) <2.6 for at least 12
months were randomised to one of the
following two subcutaneous dose regi-
mens: ETA 25 mg weekly (group A) or
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ETA 25 mg bi-weekly (group B). The
randomisation was done in a consecu-
tive manner, 1:1, and treatment was
continued until disease flare-up.
Patients received ETA 25 mg in pre-
filled syringes for subcutaneous injec-
tion. Qualified personnel instructed all
patients in correct injection technique
and directly observed self-adminis-
tration of the first dose. The drug was
delivered bi-monthly to each patient in
a package containing four prefilled sy-
ringes, and all patients were instructed
on how to store the drug protected from
light at 2-6°C. They were not permit-
ted variations to the dosage of steroids,
nonsteroidal anti-inflammatory drugs
(NSAIDs), and DMARDs during the
study period. Intra-articular steroids
were not permitted during the study pe-
riod. In the event of pain, the patients
were allowed to take analgesics (aceta-
minophen or tramadol).

The local ethics committee reviewed
and approved the study protocol. Before
entering the study, each patient was in-
formed of the nature, duration, and pur-
pose of the study, as well as all the po-
tential benefits and drawbacks that could
be expected. All participants gave their
written informed consent. The study
was conducted in compliance with the
Declaration of Helsinki of 1975/83.

Clinical evaluations

Patients were followed by the same
rheumatologist, and follow-up visits
were scheduled at baseline and every
3 months thereafter. The patients were
evaluated for remission as the primary
outcome measure at enrolment and at
every follow-up visit. Intervals be-
tween control visits were shortened in
the event of urgent clinical problems.
At every visit, patients had a complete
physical examination. Disease activity
was assessed using the DAS-ESR on
28 joints (7). Disease flare-up was de-
fined as presentation of a DAS28 value
>2.6 at any follow-up visit.

Routine blood examinations, including
erythrocyte sedimentation rate, C-reac-
tive protein, rheumatoid factor, anti-
cyclic citrullinated proteins antibodies
(anti-CCP), complete blood cell count
with differential count, renal and liver
function tests, and antinuclear antibod-



ies were also carried out. All patients
were monitored for clinical and labora-
tory evidence of adverse events. Infec-
tions were considered as severe when
parenteral antibiotics and/or hospitali-
sation were required. The date of the
last visit constituted the end of follow-
up, which was extended to December
2012.

Joint damage was evaluated on hand
and feet x-rays performed at baseline,
and then after one and after two years.
A radiologist, experienced in muscu-
loskeletal pathologies and blinded to
the clinicians and the treatments of the
patient, calculated according to the van
der Heijde’s modified total Sharp score
(TSS) in the 2 groups (8), performed af-
ter one and after two years.
Progression was reported as absolute
radiographic progression (ATSS >0)
and as real progression (ATSS =5) ac-
cording to the smallest detectable dif-
ference defined for this scoring system
(8). Structural progression rates were
compared between the 2 groups. Yearly
progression of structural damage prior
to biologic treatment was calculated
for each patient with the radiographs
preceding the biologic therapy and was
expressed as ATSS/year.

The incidence ratio with 95% confi-
dence intervals of total and severe in-
fections per 1.000 patient-years was
calculated by Mid-P exact test modi-
fied by Miettinen with software Ope-
nEpi Version 2 in the half dose and in
the standard dose ETA group (9). Cost
savings deriving from half dose ETA
were calculated according to national
Italian pharmacy prices, including tax-
es, using data sourced from the Italian
pharmacy schedule (http://www.uvef.
it/ecm/web/uvef/online/home/farmaci/
schede-hta-farmaci). Annual and total
cost savings per patient were calculat-
ed from the time of the introduction of
half dose therapy. Indirect costs were
not included in the analysis.

Statistical analysis

Remission retention rates on half dose
and on all ETA therapies were deter-
mined with Kaplan-Meier survival
curves and compared by log rank test.
All data were analysed using SPSS sta-
tistical software (SPSS Inc., Chicago,
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Table I. Baseline characteristics of the study patients.

Group A* Group B*  p-value
n=159 n=164
Mean age, years +SD 557135 55.6+12.8 0.8
Female, n (%) 135 (84.9) 132 (80.5) 0.9
Mean disease duration, years +SD 14.3+£9 13.4+59 0.8
Mean DAS28 prior to etanercept therapy +SD 52+1.1 5.3+0.9 0.6
Rheumatoid factor or anti-CCP positive patients, n (%) 115 (72.3) 129 (78.6) 0.5
Mean TSS at baseline £SD 92.5+£76.4 85.7+60.2 0.8
Mean ATSS/year prior to etanercept +SD 10.9+5.7 11.1+4.9 0.2
Mean concomitant prednisone, mg/day +SD 3.3+3.0 3.5+2.0 0.1
Patients on concomitant NSAIDs, n (%) 36 (22.6) 48 (29.3) 0.7
Patients on concomitant DMARDSsY, n (%) 103 (64.8) 109 (66.5) 0.5
n. of previous DMARD:s prior to etanercept 24+1.1 24+1.3 0.8
therapy, mean+SD
n. of comorbidities, mean+SD 0.57+0.8 0.61£0.9 0.5

*Group A, half dose, Group B, standard dose etanercept; ¥ methotrexate or leflunomide.
DAS: disease activity score; anti-CCP: anti-cyclic citrullinated proteins; DMARDs: disease-modifying
anti-rheumatic drugs; NSAID: non-steroidal anti-inflammatory drugs; SD: standard deviation; TSS:

total Sharp score.

Illinois, USA, version nr. 18). All com-
parisons were controlled for statistical
significance by Mann-Whitney U-test
or exact Fisher test as appropriate.
Statistical significance was considered
when p<0.05.

Results

Patient demographics and baseline
characteristics

From January 2006 to December 2012,
524 patients with RA (421 females and
103 males; mean age 48.3+20.2 years;
mean disease duration 11.5+8.7 years;
mean DAS28 6.2+1.2) were treated with
ETA 25 mg bi-weekly. After a mean fol-
low-up of 18+11 months, 347 (66.2%)
of patients were in DAS28 remission.
Of these patients, 323 agreed to partici-
pate in the study and were randomised
to receive ETA 25 mg weekly (group A)
and 25 mg bi-weekly (group B).

Table I shows demographics, clinical,
and radiographic characteristics of the
two groups at baseline. No differences
were found between the two groups of
patients regarding positivity of autoan-
tibodies, extra-articular manifestations,
concomitant therapy with steroids,
NSAIDs and DMARDs, comorbidities
and ATSS/year. In group A and B (323
patients), higher disease activity prior
biologic therapy was associated with
higher radiographic damage at base-
line (ATSS/year 12.3+8.8 vs. 8.7+5.7;
p=0.008), and was treated more fre-
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quently with concomitant DMARDs
(76.7% vs. 61.0%; p=0.004).

Maintenance of remission on

half dose etanercept

At the end of the observational pe-
riod, 130 patients out of 159 (81.8%)
maintained remission with ETA 25 mg
weekly for a mean of 3.6+1.5 years, as
estimated by the Kaplan-Meier survival
curve (Fig. 1). These 130 patients were
slightly younger than those who failed
dose reduction (55.2+14 vs. 6189
years; p=0.04) and were taking fewer
NSAIDs (17.6% vs. 39.3%; p=0.02).
Disease activity prior to biologic therapy
did not influence response to ETA half
dose. Failure to maintain remission with
ETA half dose occurred in 29 patients
(18.2%). All these patients returned to
standard dose after remission was rec-
ognised to be lost: 62.1% during the
first year, 27.6% during the second year
and 10.3% during the third year on ETA
half dose. Most of the patients failing
dose reduction regained remission with
standard dose, except 7 (24.1%), who
were switched to other biologic agents.

Prevention of progression

Half dose ETA was very effective in
preventing radiographic progression.
Radiographic progression occurred
only in a minority of patients treated
with ETA half dose (Fig. 2), and the rate
was not different from that of patients
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Fig. 1. Kaplan-Meier
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disease activity score
(DAS)28 remission,
in 159 patients on half

40 -

20 -

dose etanercept.

DAS 28 remission (% patients)
(-2}
o
1

100
After first year

©
(=]

82.4 82.3

Percent patients
Q [0} ~ o]
(@] (@] (@] (@]

I
(@)

ATSS =0 >0 =25

0 >0 =5

After second year

84.5
80.0

0 >0 =5

0 >0 =25

Group A

Group B

Group A Group B

Fig. 2. Radiographic progression in patients on half dose etanercept (Group A) and patients on stand-
ard dose etanercept (Group B) after the first and the second year. ATSS = 0: no progression; ATSS >0:
absolute progression; ATSS =5: real progression. TSS: total Sharp score.

on standard dose. This observation was
true both in the first and in the second
year of observation (p=n.s.). After the
first year the rate of patients who had
experienced a ATSS >0 or a ATSS =5
was 17.6% and 1.25%, respectively,
on half dose versus 17.8% and 1.2%
on standard dose. After 2 years it was
15.5% and 1.4% on half dose versus
20.0% and 1.6% on standard dose. No
difference in radiographic progression
was seen between severe and moder-
ate disease activity prior to ETA treat-
ment in either the half or standard dose
group, even in the patients who failed
dose reduction (Fig. 3).

Risk of infections

Group A patients had significantly few-
er total infections than patients in group
B (104 vs. 172 infections per 1.000
patient-years; p<0.001). The incidence
ratio of severe infections was 2.3 per
1.000 patient-years in group A and 6.7
in group B, although this difference was
not statistically significant.

Therapy discontinuation

Atotal of 15 patients of group A (9.4%)
discontinued ETA therapy until the end
of study: 7 (4.4%) patients due to inef-
ficacy, 6 (3.8%) due to adverse events,
1 patient wanted to become pregnant,
and 1 patient was lost to follow-up. The
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overall drop-out rate from ETA therapy
during the study period (mean 3.4+1.6
years) was not significantly different
between half dose and standard dose
patients (Fig. 4).

Treatment costs

Analysis of treatment costs of the biolog-
ic therapy showed that successful ETA
dose reduction saved €3.190.545.13
since its introduction. This treatment
strategy continues to produce a cost sav-
ing of €827.318.71 every year.

Discussion

Our data demonstrate that half dose
ETA is very effective in maintaining
clinical remission induced by stand-
ard dose ETA in a large proportion of
patients with established RA (81.8%),
and all patients maintained their re-
mission through a mean follow-up of
3.6x1.5 years.

Two considerations are pivotal to
clarify the efficacy of lower dosages:
first, in remission, circulating TNF-a
levels are expected to be not as high
as in active disease; then, the favour-
able neutralising profile of ETA makes
lower doses sufficient to keep patients
in remission.

ETA has unique pharmacokinetics and
pharmacodynamics, that are different
from the other TNF-a inhibitors, and
that could make it suitable for dose ad-
justments. Moreover, the maximum se-
rum concentrations and the area under
the serum concentration-time curve of
weekly ETA 25 mg are similar to those
of weekly ETA 50 mg (10).

Recent data showed differences among
the TNF-a inhibitors in the neutralisa-
tion potency of soluble TNF-a. (sTNF-c)
being dependent on the concentration of
TNF-a in the serum. At high concentra-
tions of sSTNF-a (>2 ng/mL), as found
in inflamed tissues, all TNF-o inhibi-
tors neutralise STNF-o with similar po-
tency. Whereas, at low concentrations
of STNF-a (~0.1 ng/mL), as expected in
the case of disease remission, ETA neu-
tralises STNF-a with more than 20-fold
higher potency than the other TNF-a
inhibitors (11).

Thus, ETA appears particularly suitable
for dose reduction once patients have
gained remission.
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Fig. 3. Radiographic progression in patients on half dose etanercept (Group A) and patients on stand-
ard dose etanercept (Group B) according to moderate and high disease activity prior to etanercept
treatment, and in patients failing DAS28 remission on half dose etanercept (p=NS) ATSS = 0: no
progression, ATSS >0: absolute progression, and ATSS =5: real progression. TSS: total Sharp score.

Fig. 4. Kaplan-Meier
curves of the drop-
outs from etanercept
therapy in patients on
half dose etanercept
(Group A) and pa-
tients on standard dose
etanercept (Group B)
during the study pe-
riod.
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Moreover, our data show that half dose
ETA halts radiographic damage as ef-
fectively as standard dose. The majority
of patients (about 80%) reached radio-
graphic remission, almost 20% showed
minor radiographic changes and just
1.5% of patients experienced a relevant
progression among all groups, with
no differences as far as disease activ-
ity, past radiographic progression, con-
comitant medications or ETA dose was

concerned. Effects were also sustained
in the second year of treatment.

Notably, patients who flared during
dose reduction, and thus returned to
full dose, did not show a greater radio-
graphic progression. That being so,
low dose ETA seems to prevent radio-
graphic damage even if full clinical
response is not achieved. There, is in
fact, some discordancy between the
clinical and the structural effects. It has
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been reported that therapy with TNF
antagonists (infliximab, ETA) in RA
modulates the OPG/RANKL system, a
potential mechanism that could explain
the retardation of radiographic damage
(12, 13).

A second concern relates to secondary
failure of ETA therapy caused by the
reduction of dosage. Eventual failure
of TNF-a inhibitor therapy is a crucial
point in the treatment of RA patients
and leads to either dose increase or to a
switch to other biologics (14, 15). Our
experience in this matter is reassur-
ing, as the majority of patients failing
half dose ETA regained remission with
full dose therapy. The need to switch
to other biologic agents was rare and
it occurred with similar frequency in
the low and in the standard dose group.
Accordingly, it could be assumed that
patients failing both half dose and re-
adjustment to full dose would have
probably lost disease control anyway.
With regard to side effects, in the half
dose ETA group significant less total
infections compared to full dose group
and a trend for fewer severe infections
were observed. TNF-a inhibitors are
demonstrated to be safe, but increased
rates of infections is sometimes related
to higher doses (16). Although a direct
relationship between infectious risk
and TNF-a dose has not definitively
been established, half dose ETA ap-
pears to be particularly safe and could
be of advantage in elderly patients on
TNF-a therapy presenting disease re-
lated or unrelated comorbidities mak-
ing them prone to infections.

In a recent randomised controlled trial
(17), patients with moderately active
RA (DAS28 >3.2 and <5.1) despite
treatment with methotrexate (15-25
mg weekly) received 50 mg ETA plus
methotrexate every week. Patients who
achieved sustained low disease activity
were randomly assigned to one of three
treatment groups: 50 mg ETA plus
methotrexate, 25 mg ETA plus metho-
trexate, or placebo plus methotrexate.
The results in this study are compara-
ble with our data. In fact, reduced dos-
es of ETA effectively maintained low
disease activity.

Finally, adopting a low dose ETA strat-
egy leads to the gain of considerable
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cost savings, particularly in established
RA, when therapy discontinuation is
demanding, but it may be applied to
earlier disease too. A recent study com-
bined clinical trial and daily practice
data to explore different treatment sce-
narios in early RA. The results indicate
that, in a situation where a considerable
proportion of patients achieve remis-
sion, dose-adjustments will increase
the cost-effectiveness of ETA treatment
(18). Strategies of drug discontinuation
and dose reduction may become es-
sential part of the “treat-to-target” ap-
proach (19, 20).

The resources so gained could be in-
vested for candidate patients for TNF-a
inhibitor or other biologic therapy, espe-
cially in situations where policy maker
intervention sets limitations to contain
ever more increasing health care costs.
Considering our calculated annual cost
of €6.315.41 per patient for Italy, low
dose ETA is the lowest priced biologic
treatment protocol available that meets
the present standards in RA therapy,
that is, clinical and radiographic remis-
sion, safety and cost-effectiveness.

Conclusion

Our study suggests that clinical remis-
sion and arrest of radiographic progres-
sion remain in a high percentage of pa-
tients with RA even after reduction of
full dose ETA. This finding has impor-
tant economic implications. Further-
more, maintenance of remission with
low dose ETA leads to new strategies
in the long-term management of RA
patients.
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