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Abstract
Objective
To investigate the efficacy, safety and survival of tumour necrosis factor (TNF) a antagonists in patients with
rheumatoid arthritis (RA).

Methods
One hundred and fifty-one RA patients treated with TNF-a inhibitors during the time period 2000 to 2009 were studied.
Kaplan-Meier statistic analysis was applied, in which discontinuation from anti-TNF-a therapy was used as the
terminal event.

Results
Eighty-two patients received infliximab, 49 adalimumab and 20 etanercept: they were followed up over 7, 5 and 4 years,
respectively. Anti-TNF-a therapy resulted in a rapid clinical improvement associated with a reduction in inflammatory
markers in the first year of the treatment, which was sustained throughout the following years. Ninety (59.6%) patients
were withdrawn during the observational period overall. The patients who discontinued infliximab, adalimumab and
etanercept therapy were 55/82 (67.1%), 27/49 (55.1%) and 8/20 (40%) respectively. The main reasons for discontinuation
were drug adverse events and inefficacy. According to Kaplan-Meier methods, the “survival rate” of infliximab after the
first year of treatment reached 82.9%, while after 7 years the proportion was 32.9%. With regard to adalimumab, after
the first year of treatment its “survival rate” was 83.7% and after 5 years it reached 44.9%. As far as etanercept is
concerned, after the first year of treatment, the “survival rate” reached 70% and after 4 years it remained 60%.

Conclusions
TNF-a antagonists constitute an effective therapeutic option for patients with RA refractory to disease-modifying
anti-rheumatic drugs. They demonstrate an acceptable safety profile. Their survival rate is high in the first years of
treatment, while after the fifth year it decreases considerably.
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Introduction

Rheumatoid arthritis (RA) is the most
common human autoimmune disease
that results in substantial joint dam-
age and disability. Although the pre-
cise etiology of RA remains unclear,
there is evidence that proinflammatory
cytokines such as tumour necrosis fac-
tor-a (TNF-a), interleukin-1, and inter-
leukin-6 play a role in the RA pathogen-
esis (1,2). Interfering with the activities
of these molecules might, therefore, be
useful for the treatment of RA.
Remission and retardation of radio-
graphic progression are main goals in
the treatment of RA. Disease-modify-
ing anti-theumatic drugs (DMARDs),
which constitute the traditional therapy
for RA, influence the disease process,
by slowing down the joint and bone de-
struction (3, 4). Methotrexate (MTX)
is the DMARD of choice for patients
with active RA due to its long-term sur-
vival in clinical practice (5). Combina-
tion of DMARD:s is very often needed
for patients to achieve disease remis-
sion and it has been found to be safe
and effective in the long-term manage-
ment of RA (6, 7). However, there is
a proportion of patients, especially in
established RA, in whom DMARDs
only partially can control the disease
course. The development of the TNF-
o inhibitors was evolutionary in the
last decades. Therapies that target TNF
have been successfully used to treat
patients with Thl-mediated chronic
inflammatory diseases and particularly
patients with RA refractory or intoler-
ant to at least two DMARDs (8). Plenty
of studies — randomised or not — have
demonstrated the efficacy of TNF-a
antagonists in the treatment of RA (9-
13). In most of these trials, patients
receiving TNF-a antagonists achieved
both disease remission and demon-
strated a statistically significant delay
in radiographic progression, compared
with those receiving DMARDs. Inf-
liximab is the first anti-TNF-a. mono-
clonal antibody that was approved for
the treatment of RA, and it is given
intravenously in different adminis-
tration schedules. On the other hand,
adalimumab, a monoclonal human
anti-TNF-a antibody, and etanercept, a
recombinant version of the soluble p75
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TNF-a receptor, are both administered
subcutaneously.

Although the TNF-o blocking agents
have been relatively safe in the short-
and long-term management of RA,
some concerns have been raised about
the increased risk of serious infections
and solid malignancy in a small percent-
age of patients treated with these agents
(14). Less severe, but quite often, au-
toimmmmune phenomena can also be
induced by them (15). In addition, in
some cases of patients treated with in-
fliximab, treatment has to be discontin-
ued due to infusion allergic reactions.
In the present long-term open label
study, we investigate the efficacy, safe-
ty and survival of the aforementioned
anti-TNF-o agents in anti-TNF-a naive
patients with RA.

Materials and methods

One hundred and fifty-one anti-TNF-a
naive RA patients, who were enrolled
between March 2000 and March 2005,
were treated with TNF-a inhibitors and
were followed-up at predefined times
according to a standardised protocol.
The protocol had been approved by
the Institutional Scientific Committee
of the University Hospital of Ioannina,
Greece. All patients fulfilled the Amer-
ican College of Rheumatology (ACR)
criteria for RA (16). Before initiation of
anti-TNF-o treatment all patients were
screened for latent tuberculosis. Ten
patients had positive purified protein
derivative skin test for tuberculosis and
were treated with isoniazide 300mg/
day for a period of 9 months. Patients
with evidence of active tuberculosis,
chronic or clinically significant infec-
tion, malignancy or congestive heart
failure were not eligible for the study.
All patients met criteria for adminis-
tration of o biologic agent. They had
active disease which was included: ten-
der or swollen joint count =6, disease
activity score for the 28 joint indices
(DAS-28) =3.2 (17) and erythrocyte
sedimentation rate (ESR) =28 mmHg/
Ist hour or C-reactive protein (CRP)
>10 mg/l. Additionally, they were all
refractory to at least 2 DMARDs. Pa-
tients were not randomised to receive
a specific TNF-a inhibitor. They were
treated as regular clinical patients. The



Survival of anti-TNF-a in RA / T.E. Markatseli et al

decision to start a specific anti-TNF-a
biologic agent was made according to
patients’ preference for intravenous in-
fusions or self-injections. Although this
was not a sponsored trial, the costs of
the different biologic agents did not in-
fluence this decision, since in our coun-
try patients receive biologics for free as
their costs are covered by patients’ life
insurance. Infliximab (3 mg/kg body
weight) was administered intravenous-
ly at weeks 0, 2, 6 and every 8 weeks
thereafter. If there was an inadequate
response to the treatment, the intervals
between infusions were shortened to 6
or to 4 weeks or, alternatively, the dose
of infliximab was increased to Smg/ kg
body weight keeping the same dosage
interval. Insufficient response was de-
fined as patients not fulfilling the ACR
20% criteria or the DAS-28 score im-
provement >1.2. Adalimumab was ap-
plied in patients with RA in a dose of 40
mg subcutaneously, every 2 weeks. If
adalimumab therapy failed to result in
an acceptable response, the injections
were conducted every week. Etanercept
was also given subcutaneously. In all
patients, it was administered as a 25 mg
subcutaneous dose twice a week. Ap-
proximately three years later, when the
once week injection of 50 mg of etaner-
cept was available, all patients switched
to the later administration scheme.
Data concerning the efficacy, tolerabil-
ity, adverse events as well as the cause
and the exact date of discontinuation
from the anti-TNF-a therapy were re-
corded. In addition, clinical and labo-
ratory data, parallel medical diseases,
immunosuppressive and other concom-
itant drugs were recorded. Clinical im-
provement according to the ACR 20%,
50% and 70% response criteria, as well
as the DAS-28 score were calculated.
Reasons for discontinuations included
failure of drug treatment due to lack of
efficacy, adverse events — either life-
threatening or intolerance — comorbidi-
ty and loss from follow-up. All patients
had their last follow-up examination by
March 2009.

Statistical analysis

The data were analysed in order to es-
timate the survival of TNF-a inhibi-
tors in patients with RA. Kaplan-Meier

Table I. Baseline characteristics of the 151 RA patients treated with TNF inhibitors.

Infliximab Adalimumab Etanercept
(n=82) (n=49) (n=20)
Sex (male/ female), n (%) 14/68 (17/83) 6/43 (12/88) 1/19 (5/95)
Age (yeas), mean (SD) 55.8 (12) 542 (14) 53.5 (13.1)
Disease duration (years), mean (SD) 13 (7) 15.1 (8.4) 12.9 (12.6)
RF positive, n (%) 52 (634) 30 (61.2) 13 (65)
MTX intake, n (%) 65 (79) 30 (61) 14 (70)
CsA intake, n (%) 49 (60) 3 (6) 13 (65)
Steroid intake, n (%) 72 (88) 42 (85.7) 15 (75)
DAS-28, mean (SD) 5.55 (0.91) 5.87 (0.83) 6.09 (1.08)
ESR (mm/1st hour), mean (SD) 49 (28) 48.6 (23.5) 49.6 (244)
CRP (mg/l), mean (SD) 26.5 (27.3) 21.6 (16.8) 22.3 (15.2)

statistic analysis was applied, in which
discontinuation from anti-TNF-a ther-
apy was taken as the terminal event.
Cox regression models were used to
compare discontinuation rates between
the three treatment groups as well as to
adjust for the following independent
factors: drug, sex, age, disease dura-
tion and MTX intake. Comparisons be-
tween the three treatment groups were
applicable at year 4, while comparisons
between infliximab and adalimumab
group were also possible at year 5. The
treatment response according to the
ACR criteria was analysed in an inten-
tion to treat analysis. Statistical analy-
sis was performed using SPSS Statis-
tics, version 17.0.

Results

A total of 151 patients with established
RA refractory to at least 2 DMARDs
were eligible for anti-TNF-a therapy.
Of these, 130 (86.1%) were women and
21 (13.9%) men, with a mean age of
55+12.8 years and mean disease dura-
tion 13.7+8 4 years. Ninety-five (62.9%)
patients were positive for [gM rheuma-
toid factor (RF). The baseline character-
istics of the RA patients are presented in
Table I. It is of note that all patients had
active disease as it is evaluated by the
high DAS-28 score and the high levels
of ESR and CRP. As it is depicted in Ta-
ble I, at baseline a significant proportion
of the 151 patients were under therapy
with combination of two DMARDs and
steroids without improvement. The fact
that these 151 patients with established
RA were refractory or intolerant of the
majority of DMARDs also explains the
high percentage of patients in concomi-
tant cyclosporine A (CsA) intake partic-
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ularly in infliximab group. The majority
of patients (88.4%) did not substantially
modify their concomitant therapy with
DMARD while under anti-TNF-a treat-
ment.

Infliximab was administered to 82 pa-
tients, while 49 patients received adali-
mumab and 20 etanercept. In 32 pa-
tients (39%) of those receiving inflixi-
mab the dose was increased to 5 mg/kg,
since they did not respond to the initial
dose of infliximab. In addition, in 18
patients (34%) the dosage interval was
shortened. On the other hand, 7 (14.3%)
among the 49 patients who were treat-
ed with adalimumab, did not respond
sufficiently to the therapy and thus, the
interval between injections was also
shortened. The duration of the obser-
vational period for all patients who did
not drop out and who were treated with
infliximab, adalimumab and etanercept
lasted 7, 5 and 4 years respectively.
Anti-TNF-a therapy resulted in a rapid
improvement in the DAS-28 score and
in the inflammatory markers in the first
year of the treatment, which was sus-
tained throughout the following years
(Figure 1). Additionally, a significant
percentage of patients achieved the
ACR 20, 50 and 70 response criteria.
The overall clinical response is shown
in Figure 2.

Figure 3 presents the survival of the
three TNF-o inhibitors. According to
Kaplan-Meier methods, the “survival
rate” of infliximab after the first year
of treatment reached 82.9%, after the
second year it was reduced to 63.4%,
after the third year it was 50%, after
the fourth year it was further reduced
to 43.9%, while after the fifth and the
sixth year this rate was 37.8% and
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Fig. 1. Improvement of DAS-28 score (A), ESR (B) and CRP (C) in the three groups of RA patients.

35.4% respectively and after 7 years of
treatment the survival rate was 32.9%.
After the first year of treatment with
adalimumab, its “survival rate” was
83.7%, after the second year it was

lessened to 69.4%, after the third year
this rate was 63.3%, after the fourth
year it was further decreased to 51%,
while after 5 years of treatment it was
maintained to these levels (44.9%). In
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relation to the etanercept group, after
the first year of treatment the “survival
rate” reached the proportion of 70%, af-
ter the second and third year it remained
high (65% and 60% respectively) and
as we completed 4 years of treatment
we noticed that the drug survival was
60%. The comparison of the three anti-
TNF agents’ survival did not reveal
statistically significant differences at
year 4 (p=0.57). Similarly, the differ-
ence in survival rate at year 5 between
infliximab and adalimumab group of
RA patients did not reach the level of
statistical significance (p=0.69).

Atotal of 90 (59.6%) patients were with-
drawn during the observational period.
Fifty-five patients (67.1%) discontinued
infliximab therapy, 27 patients (55.1%)
ceased adalimumab therapy, while 8
(40%) discontinuations in the etaner-
cept group of patients were recorded.
More specifically, among the patients
who were treated with infliximab, 23
(28%) terminated the study due to ad-
verse drug reactions, 14 (17.1%) due to
lack of efficacy, 9 (11%) due to comor-
bidity, while 9 (11%) were lost from
follow-up. As severe adverse drug re-
actions demanding the permanent dis-
continuation of the current anti-TNF-a
therapy were considered the immediate
hypersensitivity reactions and infec-
tions. These occurred in 15 (18.3%)
and 8 (9.8%) patients who received
infliximab therapy respectively. In all
patients, who experienced immediate
hypersensitivity reactions, the infusion
was immediately ended and appropri-
ate drugs were administered. The per-
manent discontinuation of infliximab
therapy was decided in cases of serious
acute infusion reactions (9 patients), as
well as in cases of recurrence of clini-
cal symptoms in subsequent infusions
despite the administration of premedi-
cation and the maintenance of a slow
infusion rate (6 patients). Two cases of
pulmonary tuberculosis (TB) and one
of TB spondylitis were recorded. None
of these patients had positive purified
protein derivative skin test. As regards
the outcome, all severe infections were
resolved after appropriate treatment.
The main reason for discontinuation
due to comorbidity was cardiovascu-
lar disease. Additionally, two cases of
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Fig. 2. Response to infliximab (A), adalimumab (B) and etanercept (C) treatment according to ACR

criteria.

solid malignancy were recorded. In the
group of adalimumab, 6 (12.2%) pa-
tients discontinued therapy due to lack
of efficacy, 6 (12.2%) patients due to
drug’s side effects, 2 (4.1%) patients

due to comorbidities and 13 (26.5%)
patients were lost from follow-up.
Three (6.1%) immediate hypersensi-
tivity reactions were recorded, while 2
(4.1%) patients presented severe infec-
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tions. Of these, one patient with nega-
tive purified protein derivative skin test
developed extra-pulmonary tuberculo-
sis and the other one developed pulmo-
nary aspergillosis. In both cases, the
severity was moderate to high, but the
outcome was favourable. Finally, one
case of solid malignancy was recorded.
In the group of etanercept 2 (10%) pa-
tients experienced adverse drug reac-
tions and ceased anti-TNF-a therapy,
while 6 (30%) patients were lost from
follow-up. No terminations due to lack
of efficacy or due to comorbidity were
recorded. The trial profile and the rea-
sons for discontinuations are presented
in Figure 4. From a total of 90 patients
who discontinued anti-TNF-o treat-
ment 41 (45.6%) patients changed to
other anti-TNF-o agent.

Of note, concomitant use of CsA was
well tolerated. Of a total of 65 patients
receiving CsA, 5 (7.7%) had reversible
increases in serum creatinine levels,
while 6 (9.2%) patients had an elevated
blood pressure. CsA was used at the
lowest effective dose.

Discussion

The present open-label study was con-
ducted in order to evaluate the long-
term efficacy, safety and survival of
TNF-a inhibitors in RA patients. This
study indicate long-term efficacy of
TNF-a inhibitors on pain, joint tender-
ness and swelling as well as inflamma-
tion. The efficacy of the three TNF-a
inhibitors in the first four years was
comparable. To our knowledge, there
are no head-to-head randomised con-
trolled trials (RCTs) in the literature
that compare the efficacy of TNF-a
inhibitors. The results coming from
indirect comparisons of RCTs are un-
convincing (18-21). Thus, there is no
evidence that an individual TNF-a
blocking agent is more effective than
the others in RA.

With regard to safety, our study demon-
strated an acceptable toxicity profile of
anti-TNF-a therapy similar to that de-
scribed by other investigators (11, 22-
24). As expected, the infusion and sys-
temic allergic reactions were more often
in the group of patients treated with in-
fliximab. Among the serious infections
that occurred in our RA patients, there



Survival of anti-TNF-a in RA / T.E. Markatseli et al.

Survival Functions

0,67

0,47

Cum Survival

0,21

drug

—1 Adalimumab

=T infliximab

—"" Etanercept

—t— Adalimumab-censored
—t+ Infliximab-censored
—t+— Etanercept-censored

T T T
0,0 2,0 4,0

years

6,0

Fig. 3. TNF-« inhibitors’ survival in patients with rheumatoid arthritis.

were four cases of tuberculosis (three
in the infliximab group and one in the
adalimumab group). It is noteworthy
that all these four patients had normal
chest x-rays and negative purified pro-
tein derivative skin tests before anti-
TNF-a therapy. Additionally, all cases
of tuberculosis apart from one occurred
at least one year after initiation of anti-
TNF-o therapy. A late manifestation of
tuberculosis has also been described

and it is indicative of either a de novo
infection with mycobacterium tubercu-
losis or a reactivation of a latent dis-
ease in anergic RA patients with nega-
tive purified protein derivative skin
tests (25).

The discontinuation rates of the three
TNF-a inhibitors did not differ at the
predefined time points. Our results are
in agreement with those of other in-
vestigators (18, 20, 21, 26). However,

analyses from other registries show
higher discontinuation rate of inflixi-
mab than of adalimumab or etanercept
(27-31). Reasons for this discrepancy
may be the differences in the number
of patients included, differences in dis-
ease duration, in disease severity or in
the length of the follow up time period.
In our study, the anti-TNF-o treatment
survival ranged between 43.9 and 60%
after 4 years of treatment. As we have
previously shown (32), after 3 years of
therapy, 59% of patients still continue
to receive infliximab. However, in the
present study it was found that after the
5% year, infliximab survival declines
significantly. The survival rate of inflix-
imab after 7 years of treatment was de-
creased to 32.9%, which is comparable
with the 31% rate observed in another
longitudinal study of RA patients with
severe long-standing refractory disease
treated with infliximab (33). Loss of
TNF-a inhibitor survival may be due
to generation of antibodies against the
administered biopharmaceutical agent.
It has recently been reported that anti-
bodies against infliximab or adalimu-
mab may be responsible for the loss of
the initial response to treatment over
time in RA patients (34, 35). Concomi-
tant administration of MTX seems to
suppress the formation of anti-drug
antibodies and prolong the drug’s
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Fig. 4. Trial profile and reasons for discontinuation from infliximab, adalimumab and etanercept therapy in an intention to treat analysis.
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survival (36). MTX intake ranged be-
tween 61-79% among the three treat-
ment groups of patients in our study. It
is notable that apart from MTX other
DMARDSs such as CsA were also used
by our patients. There are few studies
in the literature suggesting that CsA
may be an alternative DMARD to be
used in combination with infliximab in
patients with established RA who are
refractory or cannot tolerate MTX (37,
38). However, in Greece, CsA is a drug
that is usually used in clinical practice
since it has been found to be effective
as a combination therapy in RA in pre-
vious studies (39-41).

In our study, the fact that an important
proportion of our patients under sub-
cutaneous anti-TNF-o therapy were
lost from follow-up, has certainly de-
termined the respective drug survival.
Since our University centre is the only
one in north-western Greece, it is pos-
sible that some of our RA patients, who
first visited our centre for a second
opinion, after the initiation of adalimu-
mab or etanercept therapy and a time
period of follow-up that varied among
patients, they continued their follow-
up somewhere else. It is known that
subcutaneous anti-TNF-a therapy does
not demand hospitalisation in contrast
to infliximab intravenous therapy. This
could explain the high percentage of
subcutaneous anti-TNF-a treated pa-
tients who were lost from follow-ups.
Additionally, the fact that in our country
etanercept was introduced a few years
after adalimumab explains the small
proportion of patients using etanercept.
The present observational study is one
of the longest in the literature to evalu-
ate the survival of anti-TNF-a treat-
ment in RA. This applies mainly to
infliximab which was used for a maxi-
mum 7-year follow-up in RA patients.
Our study reflects usual clinical care;
our patients were treated with TNF-a-
inhibitors outside of a clinical trial set-
ting. Thus, a limitation is that they were
not randomised to receive a specific
TNF-a-inhibitor. Patients’ willingness/
ability to inject her/himself or prefer-
ence for intravenous infusions was
taken into account. Although, the costs
of the different biologic agents did not
influence this decision (as mentioned

in the materials and methods section),
this is a parameter that may also count
in real life. Another limitation of our
study is the fact that it is an open la-
bel study based on a limited number
of patients especially in the etanercept
group. Additionally, the three groups
differ in several baseline characteristics
(low concomitant DMARDs in etaner-
cept group, different sex ratio, etc.).
However, to overwhelm these potential
sources of bias COX regression model
was used.

In conclusion, anti-TNF-o treatment
is effective at improving the signs and
symptoms of patients with established
RA refractory to conventional therapy
with DMARDs. TNF-a inhibitors have
an acceptable safety profile. Their sur-
vival rate is high in the first years of
treatment; however, infliximab sur-
vival decreases considerably after the
fifth year.
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