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Summary

In rheumatoid arthritis (RA) there are currently no useful indicators to
predict a clinical response to tumour necrosis factor-a (TNF-a) blockade. The
purpose of this study was to determine the role of peripheral blood cytokine
profiling in differentiating between a good versus poor response to etanercept
in RA. Peripheral blood samples were collected at baseline and at 3 months
from 33 patients with active disease who were treated twice weekly by etan-
ercept therapy. Responders are defined by the presence of three of four Ameri-
can College of Rheumatology criteria: �20% decrease in C-reactive protein
(CRP), visual analogue score of disease activity, erythrocyte sedimentation
rate and improvement of the disease activity score (28; four values) by �1·2
obtained at 3 months. Twelve cytokines were measured from serum collected
on days 0 and 90 by proteomic array (protein biochip array, Investigator
Evidence, Randox France), including interleukin (IL)-6, TNF-a, IL-1a, IL-1b,
IL-2, IL-8, interferon-g, IL-4, IL-10, monocyte chemoattractant protein
(MCP)-1, epidermal growth factor (EGF) and vascular endothelium growth
factor. Our results showed that high serum levels of MCP-1 and EGF were
associated with a response to etanercept. In addition, the increase of two
combined parameters CRP and EGF was predictive of a response to etanercept
treatment at 3 months (sensitivity: 87·5% and specificity: 75%, accuracy:
84·4%). These findings suggest that cytokine profiling by proteomic analysis
before treatment initiation may help to identify a responder patient to TNF-a
blocking agents in RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic, autoimmune,
inflammatory polyarthritis that results in progressive joint
damage and disability. Tumour necrosis factor (TNF)-a
plays a key role in the associated pathological events and is
considered as a therapeutic target. Indeed, TNF-a blocking
agents (TBAs), such as infliximab, etanercept and
adalimumab, have revolutionized the therapeutic care of
methotrexate-resistent patients.

Various clinical trials with a TBA/methotrexate combina-
tion have shown efficacy in 60–80% of such patients [1–3].
TBAs reduce joint inflammation, retard joint damage and
improve physical function [4,5]. None the less, 20–40% of
the RA patients given a TBA/methotrexate combination do
not respond to this treatment [1–3]. Moreover, TBAs may

have side effects and are costly [6], and the efficacy of any
given TBA in an individual patient is unpredictable [7,8]. For
these reasons, a means of predicting responsiveness to a
given TBA or other emerging biotherapies [such as inhibi-
tors of the interleukin (IL)-1 or IL-6 pathways] would be
most useful. Severals markers have been found to be infor-
mative in RA diagnosis and prognosis, such as C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR),
autoantibodies [rheumatoid factor (RF) and anti-cyclic cit-
rullinated peptide antibodies] and bone proteins [9].

These parameters, however, have not been proved useful
in predicting a response to TBAs. A major goal in RA today
is to determine a profile at the initiation of the treatment,
which could differentiate responders and non-responders.

This study was aimed at assessing the predictive response
to etanercept by analysing a panel of cytokines with a
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proteomic approach in RA patients. In addition, it evaluated
the feasibility and relevance of protein biochip array tech-
nology (PBAT) in a clinical application.

Materials and methods

Patients

A total of 33 patients were evaluated at Montpellier Univer-
sity Hospital and included in this study after informed
consent had been obtained, all satisfying the American
College of Rheumatology criteria revised in 1987 for RA
diagnosis [10]. The criteria for patient eligibility were: RA
and resistance to at least one disease modifying anti-
rheumatic drug (DMARD) (methotrexate included). Exclu-
sion criteria were: a history of severe or recurrent infectious
disease; no contraception; pregnancy; a diagnosis of cancer;
cardiac failure (stages III–IV of the New York Heart Associa-
tion); and etanercept allergy. Every patient was treated with
etanercept (ENBREL®), as recommended by the manufac-
turer and the French Drug Agency AFSSAPS (subcutaneous
25 mg two times per week). No DMARDs, including meth-
otrexate, were associated with etanercept during the study
period. Prior to the first dose of etanercept, disease activity
score (DAS 28; four values), plasma CRP levels (determined
by both immunological and biochemical analysis), patient
assessment of disease activity (0–100 mm visual analogue
scale), ESR, duration of morning stiffness, RF and dose of
corticosteroid therapy (mg/day) were recorded. Patients
were reassessed at 3 months. At this time, patients were cat-
egorized as responders if three of the following four criteria
were achieved: a change of DAS28 �1·2, an improvement of
20% of patient assessment disease activity, of CRP, or of ESR.
The study was approved by local ethical committee.

Proteomic analysis

Peripheral blood samples were collected at baseline and at 3
months from all patients. The 15-min centrifuge samples
[550 g (relative centrifugal force)] were stored at minus
20°C. Twelve cytokines were measured in serum collected at
both time-points by proteomic analysis (protein biochip
array; Investigator Evidence, Randox, Mauguio, France)
including IL-6, TNF-a, IL-1a, IL-1b, IL-2, IL-8, interferon
(IFN)-g, IL-4, IL-10, monocyte chemoattractant protein
(MCP)-1, epidermal growth factor (EGF) and vascular
growth factor (VEGF). Highly sensitive CRP (reagent
Randox, Mauguio, France) was determined by latex-
enhanced immunoturbidimetric method on a Olympus
AU2700 biochemistry analyser (Rungis, Paris, France). The
total intra-assay and total interassay variation coefficients for
serum CRP were 3·3% and 2·6% respectively [11].

Statistical analysis

Values lower than the detection threshold were coded 0. The
normality assumption of the variables in the two groups at the

dates 0 and 90 was rejected. Twenty-four patients were
classified as responders by these criteria and nine as
non-responders. The variables were compared between
responders and non-responders using the two-sided
Kruskal–Wallis test. The link between the qualitative variables
sex, previous biotherapy and RF was tested in each group by a
c2 test or Fisher’s test. The change in each cytokine between
day 0 and day 90 was tested by the paired Mann–Whitney
U-test in each group. All the tests were implemented with r
software (version 2.3.1). The significant level of P-values was
fixed at 0·05 in the descriptive analysis. The loss of power
induced by multiple tests in the cytokine analysis was cor-
rected by the false discovery rate (FDR) approach [12].
Threshold P-values were given for each test. The relationship
between a combination of variables (cytokines, CRP, RF,
patient assessment of disease activity) at days 0 and 90 was
explored using a logistic regression model. Logistic regression
was implemented with sas software (version 8.1) with a
forward procedure. The variables were introduced into the
model if the P-value was < 0·05. The two variables retained in
the model were EGF and CRP. The CRP variable tends to have
a protective effect. However, it was not significant in the
logistic regression (P-value = 0·24), because the small size of
samples involved a loss of power. The EGF odds ratio could
not be evaluated by the logistic regression; the contingency
table between the response variable and EGF variable con-
tained a zero value, and its P-value was 0·95. The variable EGF
was stratified by the variable CRP. The hypothesis of homo-
geneity of EGF odds ratios across strata was not rejected. The
Mantel–Haenszel estimator with a continuity correction was
0·067 and the 95% confidence interval was (0·007, 0·625).

Results

Rheumatoid arthritis patients and response to
treatment (Table 1)

The demographic, clinical and biological parameters for all
patients at study initiation and at 3 months are shown in
Table 1. Twenty-four patients were classified as responders
and nine as non-responders. The average disease duration
was 14·57 years for the responder group and 17·22 years for
the non-responder group (P = 0·47). The number of prior
DMARDs was 4·47 for the responder group and 3·75 for the
non-responder group (P = 0·44). The high level of RA activity
seen in all patients is consistent with their history of resistance
to one or more DMARDs. Before treatment, however,
CRP levels and disease activity (DAS28 score) were higher
in the responder group [mean CRP at study initiation
were 41·84 � 30·25 mg/ml and 15·98 � 17·14 mg/ml for
the responder and non-responder groups respectively
(P < 0·05)] [mean DAS28 scores at study initiation were 6·36
and 5·3 for the responder and non-responder groups respec-
tively (P < 0·05)]. Before treatment, demographic and clinical
variables were not significantly different in responders com-
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pared with non-responders: sex (P = 0·93), age (P = 0·97),
disease duration (P = 0·47), corticosteroid therapy (mg/day)
(P = 0·13), number of previous DMARDs (P = 0·44), number
who received previous biological therapies (P = 0·84) and RF
(P = 0·28). By definition, the DAS28 score improved signifi-
cantly at 3 months in responders (DAS28 = 6·36 � 1·31 at day
0; DAS28 = 3·76 � 1·79 at day 90), whereas it remained
high in non-responders (DAS28 = 5·3 � 0·99 at day 0 ;
DAS28 = 4·76 � 0·46 at day 90) (Table 1).

Cytokine profiling before etanercept treatment
correlates with treatment responsiveness (Table 2;
Fig. 1).

Cytokine profiles were studied in all patients. We selected
proinflammatory cytokines (IL-6, TNF-a, IL-1a, IL-1b, IL-2,

IL-8, IFN-g, MCP-1, EGF and VEGF) and anti-inflammatory
cytokines (IL-4, IL-10). Some cytokine levels in serum at
the initiation of etanercept treatment in RA may be used to
predict a response to treatment at 3 months. Results of the
comparison of cytokines between responders and non-
responders at day 0 are presented in Table 2.

A high MCP1 serum level at day 0 was predictive of a good
response (199·83 � 146·09 in the responder group versus
29·08 � 70·81; P = 0·01), and a high EGF serum level at day 0
was also predictive (144·18 � 136·7 in the responder group
versus 9·4 = 25·15; P = 0·002) (Fig. 1). MCP-1 and EGF serum
levels at baseline may predict the treatment response to etan-
ercept at 3 months. The other cytokine serum levels, particu-
larly TNF-a and IL-1, were not statistically different at
baseline between the responder and non-responder groups.
This is consistent with earlier findings, suggesting that TNF-a

Table 1. Demographic, clinical and biological data of rheumatoid arthritis (RA) patients at baseline.

Parameters

Responders (n = 24) Non-responders (n = 9)

P-value(mean � s.d.) (mean � s.d.)

Age (years) 52·04 � 12·8 50·56 � 19·15 0·97†

Sex (men/women) 5/19 2/7 0·93‡

RA duration (years) 14·57 � 10·42 17·22 � 13·59 0·47†

Prednisone (mg/day) 13·69 � 6·1 10·21 � 5·27 0·13†

Previous DMARDs therapy (treatment number mean/patient) 4·47 � 1·77 3·75 � 1·58 0·44†

Previous biotherapy (patient number) 2 1 0·84‡

Duration of morning stiffness (minutes) 361·3 � 515·7 240 � 460·87 0·26†

DAS 28** (4 values) 6·36 � 1·31 5·3 � 0·99 0·04*†

Rheumatoid factor (>30) 68·18% 88·88% 0·21§

Demographic, clinical and biological data of RA patients at baseline were compared between responder and non-responder groups using the
†two-sided Kruskal–Wallis test, ‡c2 test or §Fisher’s test. *The threshold P-value was 0·05; **28 joints were evaluated [for the disease activity score (DAS)

28 score]; DAS 28 score: a measure of RA activity score. DMARDs, disease modifying anti-rheumatic drugs; s.d., standard deviation.

Table 2. Comparison of cytokine between responders and non-responders at day 0 and in the non-responder group between day 0 and day 90.

Cytokine analysis

Parameters

Responders

(n = 24) day 0

Non-responders

(n = 9) day 0

Non-responders

(n = 9) day 90

p1-value* p2-value**

(mean � s.d.) (mean � s.d.) (mean � s.d.)

Responders day

0/non-responders day 0

Non-responders day

0/day 90

IL-2 28·27 � 38·14 75·59 � 192·97 39 � 58·44 0·21 1·00

IL-4 11·14 � 15·23 74·9 � 217·38 16·38 � 25·4 0·16 0·80

IL-6 66·69 � 84·94 69·75 � 139·57 38·2 � 37·31 0·10 0·93

IL-8 34·02 � 39·48 72·69 � 191·23 56·96 � 83·2 0·07 0·80

IL-10 3·41 � 4·83 1·53 � 4·19 5·52 � 9·24 0·06 0·21

EGF 144·18 � 136·7 9·4 � 25·15 61·79 � 75·3 0·002* 0·15

VEGF 228·23 � 236·54 235·39 � 662·89 247·35 � 294·36 0·06 0·45

IFN-g 22·95 � 32·14 94·23 � 251·63 28·99 � 47·2 0·26 1·00

TNF-a 12·82 � 16·7 88·51 � 230·74 59·74 � 89·81 0·14 0·80

IL-1a 8·86 � 14·43 5·31 � 14·34 15·86 � 23·05 0·07 0·30

IL-1b 5·71 � 9·91 3·39 � 8·78 13 � 22·37 0·08 0·21

MCP-1 199·83 � 146·09 29·08 � 70·81 192·62 � 175·08 0·005* 0·05

Cytokine serum levels were compared: (1) at day 0 between responder and non-responder patients using the two-sided Kruskal–Wallis test. *The

threshold p1-value corrected by the false discovery rate (FDR) approach was 0·008; (2) at days 0 and 90 in the non-responder group using the paired

Mann–Whitney U-test. **The threshold p2-value corrected by the FDR approach was lower than 0·005, and any variable was retained. IL, interleukin;

IFN, interferon; MCP, monocyte chemoattractant protein; TNF, tumour necrosis factor; EGF, epidermal growth factor; VEGF, vascular endothelium

growth factor; s.d., standard deviation.
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and IL-1 serum levels at baseline may not be useful to predict
response to TBA [13,14].

The area under the ROC curve (AUC) provides a measure
of the cytokine’s ability to discriminate the two patient
groups (responders/non-responders). If the AUC lies
between 0·8 and 0·9 then the cytokine is considered to be an
excellent discriminate variable, which was the case for EGF
and MCP-1 (AUC values were, respectively, 0·838 and 0·815)
(data not shown).

Cytokine profiles were also compared in the responder
and non-responder groups at day 90 (data not shown; see
Supplementary material, Table S1). They showed no signifi-
cant difference in cytokine serum levels. In particular, no
significant differences in EGF and MCP-1 serum levels were
found between the two groups at day 90, despite a significant
difference at treatment initiation. Thus, at day 90, the cytok-
ine profile did not discriminate between responders and
non-responders.

Comparison of kinetic cytokine profiles at day 0 versus
day 90 (Table 2; Fig. 1; Supplementary material
Table S1)

Kinetics of the cytokine profiles were analysed at days 0 and
90 in the responder and non-responder groups. In the
responder group, the serum IL-6 level decreased, although
not significantly [IL-6 level: 66·69 � 84·94 mg/ml at day 0,

versus 18·11 � 33·69 mg/ml at day 90 (P < 0·05)]; in con-
trast, IL-6 levels in the non-responder group increased
during treatment, although not significantly (Table 2;
Fig. 1). In the responder group, there was a tendency of
IFN-g levels to decrease [22·95 � 32·14 mg/ml at day 0,
versus 5·91 � 12·05 mg/ml at day 90 (P = 0·06)]. In the non-
responder group (results are presented in Table 2), MCP-1
serum levels increased from day 0 to day 90, although not
significantly (29·08 � 70·81 at day 0 versus 192·62 � 175·08,
P = 0·05). This suggests that the treatment, when it is not
efficient, does not facilitate a decrease in the inflammatory
process. No significant variations of growth factors (VEGF,
EGF) or anti-inflammatory cytokines (IL-4, IL-10) levels
were found in both groups. Even though all patients were
treated with TBAs, their TNF-a, IL-1, and IL-8 levels did not
decrease significantly (Fig. 1).

C-reactive protein serum level in RA patients treated
with etanercept (Fig. 2)

At treatment initiation the CRP serum level was higher in
the responder group, but not statistically significant
(41·84 � 30·25 mg/ml in the responder group versus
15·98 � 17·14 mg/ml; P = 0·02) (Fig. 2). At day 90, compari-
son between the responder and non-responder groups
showed no significant difference in CRP serum level [mean
CRP levels at day 90 were 12·11 � 16·54 and 13·26 � 14·24

Fig. 1. Cytokine level evolution during

etanercept treatment in the responder (R) and

non-responder (NR) groups. Box-plots are on

the right and representations of the mean

(�standard deviation intervals) on the left in

each group at each time (MCP1, monocyte

chemoattractant protein-1; EGF, epidermal

growth factor; IL6, interleukin-6, TNFA,

tumour necrosis factor-a).
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for the responder and non-responder groups respectively
(P = 0·43)]. During etanercept treatment, the CRP level
decreased significantly in the responder group [mean CRP
levels were 41·84 � 30·25 mg/ml at day 0, versus
13·07 � 17·02 mg/ml at day 90 (P < 0·001; the threshold
P-value corrected by FDR approach was 0·005)]. In contrast,
in the non-responder group the CRP level increased during
treatment, although not significantly (Fig. 2) [mean CRP in
the non-responder group were 8·9 � 13·36 mg/ml at day 0
and 13·26 � 14·24 mg/ml at day 90 (P = 0·2)].

Biological parameters combination to identify
responders to etanercept

We then performed a logistic regression analysis of all bio-
logical parameters at treatment initiation. The combination
of the two parameters CRP and EGF was informative to
identify responders and non-responders (sensitivity: 91·3%
and specificity: 70%, accuracy: 85%). The combination of
the above parameters levels could be used as a predictor of
responsiveness to TBA with good sensitivity and specificity.

Discussion

Anti-TNF-a therapy does not benefit all patients. About
20–40% of RA patients are non-responders. In order to
implement anti-TNF-a therapy in RA, it is important to
identify the predictors for responsiveness to this treatment.
The purpose of our study was to determine a cytokine profile
at baseline predictive of response to etanercept at 3 months
in RA.

Several studies have analysed predictive parameters.
Genetic markers have been identified as polymorphisms in
the TNF-a gene. In Korean RA patients, Kang et al. showed
that the –857T allele of the TNF-a promoter, compared with
the –857C allele, is associated with a good response to etan-
ercept [15]. In Caucasian RA patients several authors have
shown that the –308G allele of the TNF-a promoter, com-
pared with the –308A allele, is associated with a better clini-
cal response to anti-TNF-a therapy [16–20]. Demographic,
clinical and radiological factors predicting response to anti-
TNF-a therapy have also been studied. Disease duration, age
of onset, baseline DAS 28 and baseline number of radio-
graphic erosions were not shown to be correlated with anti-
TNF-a therapy response in RA [21–23]. On the other hand,
a low level of baseline disability (HAQ) was predictive of a
response to anti-TNF-a therapy in RA [24,25]. Many labo-
ratory parameters have been investigated. The available set of
biological parameters used usually for RA diagnosis or prog-
nosis [such as baseline CRP, human leucocyte antigen, RFs
and anti-CCP] failed to predict a response to anti-TNF-a
therapy [9,21,22,24,26–28]. However, Buch et al. showed
that failure to suppress the CRP at week 2 identified the
majority of patients who were non-responders at week 12
[27]. Therefore, to enable such a prediction, global
approaches based on proteomics, genomics or transcriptom-
ics have been considered recently [29–33].

The objectives of our study were to evaluate PBAT in a
clinical application, and to determine a cytokine profile at
baseline predictive of etanercept response at 3 months in RA.
Three months of treatment was chosen as the end-point of
our study, as recommended recently by international experts
[34], because the objective of an efficient RA treatment is a
rapid response. Two important points of clinical relevance
arise from this study.

First, we evaluated the feasibility and the relevance of
PBAT using a clinical approach in monitoring a treatment
response in RA patients. PBAT is a promising and innovative
technology. The chip system allows several tests to be per-
formed simultaneously without dividing the original patient
sample. In this study we used the technology Evidence®
(Randox Laboratories, Crumlin, UK), which is a multi-
analyte biochip array using a charge-coupled camera (CCD)
and imaging system. The systems have been developed to
allow simultaneous measurement of up to 25 analyses with a
single drop of patient sample on a biochip [35]. A few studies
have reported data concerning proteomics in a clinical
approach. PBAT was evaluated for the diagnosis of acute
coronary syndrome [36], and more recently for the predic-
tion of mortality in haemodialysis patients by the use of
cytokines [37].

Secondly, we identified a baseline cytokine profile predic-
tive of a good response to etanercept at 3 months in RA. High
serum levels of two proinflammatory cytokines, MCP-1 and
EGF, were predictive of a TBA treatment response. Moreover,
the combination of the two parameters CRP and EGF was

CRP
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Fig. 2. Cytokine level evolution during etanercept treatment in the

responder and non-responder groups. Box-plots are on the right and

representations of the mean (�standard deviation intervals) on the

left in each group at each time (CRP, C-reactive protein).
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informative to identify responders and non-responders with
good sensitivity (91·3%), specificity (70%) and accuracy
(85%).

Monocyte chemoattractant protein-1–3 are members of
the CC family and may be induced by inflammatory cytok-
ines [38,39]. TNF-a-dependent expression of MCP-1 has
been described previously [33,40]. MCP-1 is regulated
directly by the TNF-a/nuclear factor-kB pathway, whether in
RA [41] or in another context [42,43]. Several research
groups have detected MCP-1 in the synovial fluid of RA
patients, and these concentrations were markedly higher
than those seen in other rheumatic diseases, including
osteoarthritis [40,44]. Similarly, treatment of RA patients
with TBAs reduced MCP-1 expression significantly in the
joint and tended to reduce the plasma concentrations of
these chemokines [45,46], as did corticosteroids [47].

High amounts of EGF were detectable in the synovial fluid
of RA patients and influenced the growth of rheumatoid
synovial cells [48]. Klooster and colleagues showed that
TNF-a and EGF have additive effects on chondrocyte
function [49].

Several studies have examined the effect of TBA in RA
on inflammation proteins, cytokines and growth factors
[13,21,45,46]. Serum level decrease of several cytokines, such
as IL-6, IL-8, MCP-1, VEGF, IL-1, regulated upon activation
normal T cell expressed and secreted, intercellular adhesion
molecule-1, E-selectin and vascular cell adhesion
molecule-1, has been described after infliximab therapy in
RA [14,45,46,50], but no parameters predicting a response to
TBA have been identified to date.

Our data suggest that the combination of high CRP with
high EGF is sufficiently sensitive and specific to identify
responders. EGF and MCP-1 serum levels could also be
useful predictive biological parameters to treatment
response, which has not been shown previously. However,
this result needs to be confirmed in a larger study in order to
increase the number of patients in the non-responder group.

The circulating TNF-a levels have been shown not to
correlate with a response to infliximab [21,22,51]. In our
study, the analysis of other proinflammatory cytokine serum
levels, such as TNF-a, IL-1a, IL-1b, IL-6, IL-2, IL-8, IFN-g
and VEGF, did not predict either TBA treatment response
or levels of anti-inflammatory cytokines, such as IL-4 and
IL-10. Even if TNF-a, IL-1a and IL-1b are key cytokines
involved in the RA inflammatory process [52], their serum
level assessment is not a useful tool to predict TBA response
at treatment initiation or to follow the treatment.

Conclusion

This study has evaluated PBAT to identify responders in RA
patients treated with etanercept, a soluble receptor TBA. We
identified a responder cytokine profile at the start of the
treatment: high serum levels of two proinflammatory cytok-
ines (MCP-1 and EGF) and CRP.

The combined levels of a small set of 12 cytokines have
provided, for the first time, a tool for the prediction of etan-
ercept efficacy in patients with long-standing and very active
RA. Future studies should identify additional cytokines
whose profile changes correlate with responsiveness to other
TBAs or biologics. Ultimately, we anticipate that a small
series of parallel tests for drug-specific combinations of
proteins, as quantified on proteomic biochip arrays, should
allow physicians to select the most appropriate treatment for
every RA patient, with the resultant beneficial eradication of
the non-responder or moderate responder phenotypes. This
study has evaluated the feasability and relevance of PBAT in
predicting treatment responses to a TBA in RA.
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