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Abstract Rheumatoid arthritis (RA) is a chronic,
immune-mediated inXammatory disease characterised by
inXammation resulting in structural joint damage and func-
tional disability. Tumour necrosis factor-alpha (TNF�) is a
pivotal mediator and driver of inXammation in RA. InXam-
mation is closely related to the production of C-reactive
protein (CRP), and a close correlation exists between serum
CRP and TNF� levels. CRP levels are therefore a conve-
nient, objective biomarker of disease activity. CRP corre-
lates closely with changes in inXammation/disease activity,
radiological damage and progression and functional dis-
ability. IdentiWcation of TNF� as a driver of RA progres-
sion has led to the introduction of TNF�-blocking agents
and, subsequently, improvement of disease management.
TNF�-blocking agents provide rapid, profound and sus-
tained suppression of disease activity in correspondence
with a marked reduction in CRP levels. A reduction in CRP
level correlates closely with the positive clinical response
to TNF�-blocking therapy. Thus, CRP levels can be used to

predict, assess and monitor response to treatment with
TNF�-blocking agents, and may be helpful in determining
the optimal TNF�-blocker dosage. Given the close correla-
tion between inXammation and disease progression and the
relation between inXammation and CRP, the latter, if used
eVectively in clinical practice, may be means to identify
patients likely to progress rapidly and who require intensive
anti-TNF� therapy. The purpose of this review is to identify
how CRP levels may be useful for monitoring the eVect of
therapy on halting disease progression and why monitoring
CRP levels at baseline and after treatment should become a
routine part of clinical practice.
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Introduction

Rheumatoid arthritis (RA) is considered an immune-medi-
ated inXammatory disease (IMID), one of an expanding
group of diseases that share common inXammatory path-
ways characterised by cytokine dysregulation [1]. The list
of diseases Wtting the IMID proWle currently includes psori-
asis, Crohn’s disease (CD), ankylosing spondylitis (AS),
type 1 diabetes mellitus, ulcerative colitis (UC), multiple
sclerosis (MS) and uveitis [1]. In RA, cytokine dysregula-
tion manifests as overproduction of proinXammatory cyto-
kines, including interleukin (IL)-1, IL-6, IL-8, IL-15, IL-
17, IL-18, IL-23 and tumour necrosis factor-alpha (TNF�)
[2]. TNF� is both an autocrine stimulator and a potent para-
crine inducer of these inXammatory cytokines [2] and,
although these cytokines are involved in the pathogenesis
of inXammatory conditions, TNF� predominantly drives
the production of the inXammatory cytokines IL-1 and IL-6
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[3, 4]. TNF� is produced by a variety of cells including
monocytes, macrophages, dendritic cells, T cells and B
cells [2, 5].

Rheumatoid arthritis is a chronic, progressive, systemic
inXammatory disease characterised by persistent inXamma-
tion resulting in joint damage and functional disability. Dis-
ease progression occurs at any stage but has been suggested
to have the fastest rate early on in the disease [6]. Certainly,
the majority of damage experienced in RA occurs within
the Wrst 5 years of disease onset [7]. Within 3 months of
symptom onset, approximately 13-25% of RA patients
show radiological joint erosion [8, 9], and within 2 years,
approximately 75% of patients have erosive joint damage
[6].

Within the Wrst 2–3 years of disease onset, 20–30% of
patients are in a state of permanent work disability [10].
Several investigators have identiWed disease activity as the
most important determinant of functional disability [11–
14]. InXammation of joints causes disability in early disease
in the absence of detectable joint damage and continues to
contribute to disability throughout the course of the disease
[14]. The contribution of joint destruction to disability
increases over time [11] and becomes signiWcant after 5 or
more years [11, 15]. Joint destruction accounts for approxi-
mately 25% of the disability in patients with established
RA [14].

Prevention of disability is a major long-term goal of
treatment in RA patients. Achievement of this goal requires
rapid, profound and sustained suppression of inXammation
(disease activity) and the arrested progression of radiologi-
cal damage. It has been demonstrated that some patients
progress faster than others [11], and those patients may
require a more intense approach to therapy. The rapid rate
of disease progression argues for early eVective pharmaco-
logic anti-inXammatory intervention and close monitoring

of its eVectiveness over time. Prognostic markers for RA
severity, especially in patients with rapidly progressing dis-
ease, are playing an increasingly greater role in the diagno-
sis and management of RA because therapies that provide
rapid and eVective suppression of inXammation can halt
structural damage [16–19].

InXammatory pathogenic processes in RA

Uncontrolled inXammatory processes drive the progression
of RA and subsequent joint damage and disability (Fig. 1)
[20, 21]. InXammation induces systemic acute phase
responses with subsequent changes in hepatic production
and plasma concentration of acute-phase proteins [5]. The
prominent feature of the rheumatoid synovium is the over-
abundance of the proinXammatory cytokines TNF�, IL-1
and IL-6 that stimulate the hepatic production of large
amounts of the acute-phase protein, C-reactive protein
(CRP) [5, 22], thereby making CRP a convenient and
appropriate surrogate marker of inXammation disease activ-
ity in RA (Fig. 2) [23]. Therefore, CRP is closely associ-
ated with response to therapy [24]. These cytokines drive
the inXammatory and joint eroding processes forward by
activating other cytokines and chemokines [21] and stimu-
late the release of tissue-destroying matrix metalloprotein-
ases from synovial Wbroblasts, osteoclasts and
chondrocytes [2]. TNF� induces the inXammatory cyto-
kines, IL-1, IL-6, IL-8 and granulocyte-monocyte colony-
stimulating factor and stimulates the expression of adhesion
molecules, such as intercellular adhesion molecule 1, from
Wbroblasts [2]. Both TNF� and IL-1 cause bone resorption
[21]. On a clinical level, analysis of clinical and radiologi-
cal data from the Combinatietherapie Bij Reumatoide
Artritis (COBRA) trial revealed that in patients with early

Fig. 1 The pathologic processes of rheumatoid arthritis. The rheuma-
toid synovium is comprised primarily of Wbroblast and monocyte/mac-
rophage cells, which produce proinXammatory cytokines of which
TNF� and IL-1� are thought to be the central cytokines driving

synovial inXammation, joint destruction and the development of sys-
temic complications in RA [21]. Adapted with permission from Lip-
pincott Williams & Wilkens
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RA, symptoms of local inXammation (joint swelling or
joint tenderness) in an individual joint, both at baseline and
on follow-up, are independently and strongly predictive of
progression of joint damage in that joint [20].

C-reactive protein

Role in inXammation

C-reactive protein may be more than just a marker of
inXammation in RA. As a component of the innate immune
system, CRP’s main function is that of a pattern recognition
receptor [5]. However, in vitro and in vivo studies [25] and
recent clinical Wndings [26] implicate CRP in the promotion
of inXammation in RA via activation of the complement sys-
tem. Molenaar et al. (2001) found that median plasma levels
of CRP-complement complexes (CRP-C3d and CRP-C4d,
where C3d and C4d represent degradation products of the
activated complement components) were elevated in ¸98%
of RA patients and were signiWcantly higher in patients with
active RA than in those with inactive RA (P < 0.001 for
between group diVerences in CRP-C3d and CRP-C4d lev-
els). In patients with active RA, signiWcant correlations were
seen between plasma concentrations of CRP-C3d and CRP-
C4d and disease activity (DAS28) (r = 0.61 and 0.55,
respectively; P < 0.001 for both) that were more pronounced
than the correlations seen in patients with inactive RA
(r = 0.28 and 0.25, respectively; P < 0.01 for both). Increas-
ing levels of complement-CRP complexes observed during
IL-2 therapy suggest that CRP may be a link between com-
plement activation and cytokines and that CRP-mediated
complement activation may be one of the eVector mecha-
nisms triggered by cytokines [26].

The proposed mechanism for CRP-mediated comple-
ment activation involves interaction with secretory phos-
pholipase A2 (sPLA2), whose production is stimulated by
cytokines released at sites of tissue injury, with levels rising

soon after inXammatory stimuli [27]. During apoptosis of
injured (inXamed) cells, phospholipids of inner and outer
leaXets may exchange (‘Xip-Xop’ phenomenon). ‘Flip-
Xopped’ (but not normal) membranes are susceptible to
hydrolysis by sPLA2, which generates lysophosphatidylch-
oline in the outer leaXet and subsequently creates binding
sites for CRP, triggering the activation of complement via
the classical pathway.

Clinical evidence of the relationship between CRP com-
plement activation and the progression of inXammation in
RA was recently elucidated by Familian et al. [28]. In 35
patients with active RA, biologic therapy with inXiximab
3 mg/kg at weeks 0, 2, 6, 14 and 22 was initiated. At 22
weeks, clinical response and plasma levels of complement
activation products (C3 and C4), CRP and CRP-comple-
ment complexes were evaluated. Levels of C3 and C4 acti-
vation and plasma levels of CRP and CRP-complement
complexes were signiWcantly reduced at 2 weeks after the
Wrst dose and continued throughout the observation period.
Since the decreases were greater in patients who demon-
strated a clinical response to therapy, the authors concluded
that complement activation may be included as an eVector
mechanism of TNF in RA [28].

Recently published data, however, indicate that the
activity of CRP is more complex than this simple explana-
tion and that over-expression of CRP may actually have an
anti-inXammatory eVect in experimental models of arthritis
in transgenic mice capable of expressing high levels of rab-
bit CRP (serum concentration >50 mcg/ml) in response to
dietary manipulation. The results showed that in these ani-
mals where CRP expression had been suppressed, inXam-
matory arthritis began to develop by day 4 and was fully
developed by 7 days. Further evidence of this alternate
eVect was observed with the induction of CRP expression
(serum concentrations >50 mcg/ml), resulting in the reduc-
tion at day 7 of an inXammatory response with little to no
evidence of joint inXammation [29].

Role of CRP as inXammatory indicator

In clinical practice, CRP has a role as a biological
indicator which could be used as a tool for monitoring
the course of RA and response to therapy, especially
in rapidly progressing patients. [30]

Elevated CRP level is conclusive evidence of inXammation
[30]. CRP concentration is closely related to the production
of IL-1 and TNF�, and thus reXects levels of these cyto-
kines [22, 31] and correlates with the magnitude and sever-
ity of inXammation [5, 30] and grade of disease activity
[32]. The plasma CRP concentration increases sharply (by
up to 1,000-fold) within hours of the inXammatory response
and drops quickly as inXammation subsides [5, 30].

Fig. 2 Stimulation of hepatic production of acute phase proteins by
proinXammatory cytokines participating in inXammatory processes in
rheumatoid arthritis [22]. Adapted with permission from John Wiley &
Sons, Inc
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InXammatory biomarkers and disease activity

Several types of biological markers are available for assess-
ing disease activity and treatment response in RA (Table 1)
[31]. Of these, CRP and erythrocyte sedimentation rate
(ESR) are the most widely used [5] and are included in both
the American [American College of Rheumatology (ACR)]
[33] and European (European League Against Rheumatism
[EULAR]) [34] guidelines for the diagnosis and assessment
of RA. Although a high rheumatoid factor (RF) level corre-
lates with systemic symptoms and severity of disease, CRP
is more reliable than RF for monitoring disease activity or
response to treatment [30]. Furthermore, 20–30% of RA
patients have a negative RF test result throughout the
course of their disease [10].

While ESR is considered to be a better predictor at very
early stages of disease activity (it is more sensitive because
of immunoglobulin changes), when elevated, CRP is supe-
rior to ESR as a measure of inXammation/disease activity
because raised immunoglobulin levels and reduction in
haemoglobin levels both act to increase ESR (Table 2) [5,
32, 35–41]. Unlike ESR, CRP is a direct measure of disease
activity and is not inXuenced by patient- or blood-related
factors. Because ESR is an imprecise measure of disease
activity, values can be misleading [5]. Furthermore, more

than 40% of patients with active RA have a normal ESR
value [42].

C-reactive protein level correlates more closely than
ESR with subjective (morning stiVness, pain and fatigue
after walking) and semi-objective (grip strength, articular
index) clinical parameters of RA disease activity [32, 35,
43] and disability [35]. A recent study that evaluated corre-
lations between disease activity based on the DAS28 score
and serum levels of various acute phase reactants (includ-
ing ESR) found serum CRP levels to be most closely corre-
lated with disease activity and singled out CRP as the most
useful biomarker for evaluating disease activity in RA. A
strong positive correlation was observed between the
DAS28 score and serum CRP level (Fig. 3) [44]. CRP can
be substituted for ESR in calculation of the DAS28, with
little diVerence in overall results [45] and no change in val-
ues deWning disease activity (highly active, DAS28
CRP > 5.1; moderately active, DAS28 CRP 3.2–5.1; mini-
mally active, DAS28 CRP < 3.2) [46].

High-sensitivity CRP (hs-CRP) assays can be used to
identify mild disease activity that is associated with
inXammation but that is not detectable by routine
CRP testing. [43] hs-CRP is also superior to ESR in
predicting disease activity and disease severity. [43]
The use of hs-CRP is valuable for determining the
level of intensity of treatment in patients with mild
RA.

C-reactive protein is also a better indicator of radiologi-
cal progression than ESR [40, 47]. In a 3-year prospective

Table 1 Types of biological markers useful for the evaluation of rheu-
matoid arthritis [31] Adapted with permission from John Wiley &
Sons, Inc

Genetic markers

HLA-D4; HLA DRB-1

Non-HLA markers 2q34 (TNP1) and 2q35 (K812, VILI, DES)

Disease-associated autoantibodies

Rheumatoid factor

Antinuclear antibodies (ANA)

Anti-Wlaggrin (anti-keratin, anti-perinuclear factor)

Anti-citrulline epitope containing peptides

Anti-A1/RA33

Markers of inXammatory process

Acute phase reactants

 Erythrocyte sedimentation rate (ESR)

 C-reactive protein (CRP)

 SAA (serum amyloid-associated protein)

Cytokines/inhibitors (e.g., IL-1, TNF�, IL-6, IL-8, IL-1Ra)

Joint and cartilage breakdown products

Hyaluronic acid

Cartilage oligomeric protein

Aggrecan

Bone turnover

Bone sialoprotein

Pyridinoline crosslinks

Table 2 Superiority features of C-reactive protein (CRP) over eryth-
rocyte sedimentation rate (ESR) as a measure of inXammation/disease
activity [32, 35, 39, 40, 41]

CRP correlates better than ESR with disease activity. Only 
occasionally is ESR a more sensitive predictor in early disease

CRP levels respond quickly to changes in inXammatory/disease 
activity; ESR levels change slowly

CRP levels are unaVected by age; ESR values increase with age

CRP levels are unaVected by gender; ESR levels are higher in 
women than in men

ESR is an indirect, but slowly responding and therefore imprecise 
measure of the acute-phase reaction; CRP is an acute phase 
protein and results from cytokine-driven inXammation

ESR is aVected by abnormalities in size, shape and number 
of erythrocytes and other serum proteins 
(e.g., immunoglobulins); CRP is unaVected

A broader range of abnormal levels exists for CRP 
than for ESR

CRP level, but not ESR, correlates with histological 
changes in synovium

CRP serial measurements correlate with radiological 
progression more closely than ESR serial measurements
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study of patients with early RA, van Leeuwen et al. (1994)
found that although there was a statistically signiWcant cor-
relation between radiological progression and time-inte-
grated values of either CRP and ESR, the correlation with
CRP was stronger (Spearman correlation coeYcient, 0.656
vs 0.536 for ESR). CRP levels are signiWcantly associated
with severity and progression of radiological parameters
during all stages of RA, whereas ESR is signiWcantly asso-
ciated with severity of radiological parameters only in late
RA [48].

Serum CRP level also has prognostic value in terms of
progressive joint damage (discussed in the following sec-
tion) [38] and functional status and outcome [36, 37]. With
respect to function, in patients with early RA (symptom
duration <3 years), Jansen et al. (2000) found elevated
serum CRP levels at presentation to be an independent pre-
dictor of functional ability assessed by the Health Assess-
ment Questionnaire (HAQ) with an odds ratio of 1.38 [95%
conWdence interval (CI) 1.13, 1.67] [37]. The functional
status was predicted with an accuracy of 74% according to
baseline CRP level. The correlation of CRP levels and
functional outcome (HAQ score) was also examined in a 2-
year prospective study of 109 patients with newly diag-
nosed, untreated RA (symptom duration <1 year) and
median CRP level at baseline of 38 mg/l [36]. After 6
months of systemic steroid and/or disease-modifying treat-
ment, patients were divided into three groups according to
CRP response: Group 1 (CRP level normalised), Group 2
(CRP level reduced by 50% but not normalised) and Group
3 (<50% reduction in CRP level). A correlation was
observed between CRP response and HAQ score that was
maintained at 12 and 24 months (Fig. 4) [36]. Re-elevation

of CRP level was associated with deterioration of HAQ
score. At 12 and 24 months, HAQ score was more strongly
associated with CRP response (P < 0.001) than with base-
line grip strength, Steinbrocker function grade, ESR,
Ritchie articular index or pain (visual analogue score).
These Wndings demonstrate the association of reduced
serum CRP level with improvement in functionality and
suggest its usefulness in the assessment and monitoring of
treatment eYcacy and as a guide to treatment intensity [36].

A new group of bone biomarkers has also recently been
identiWed as a method for determining disease activity and
inXammation in RA. These relatively new biochemical
assays focus on type-I and type-II collagen-based bone
resorption, collagen synthesis and degradation and synovi-
tis. Increased bone resorption associated with bone erosion
is mediated by changes in receptor activator of nuclear fac-
tor kappa B-ligand and osteoprotegerin (RANKL and OPG)
balance which is associated with long-term radiographic
progression. These new biomarkers represent highly sensi-
tive and speciWc biologic markers of systemic quantitative
and dynamic changes in bone turnover rates. And while
their use in assessing RA activity, severity and response to
therapy appear to be promising, large clinical trials are nec-
essary to determine their deWnitive utility [49, 50].

In addition to these biomarkers, recent interest has
focused on both the acute phase response and autoantibody
formation that develop years before the Wrst symptoms of

Fig. 3 Correlation between serum CRP level and DAS28 disease
activity score in 47 RA patients. Spearman rank correlation coeYcient
was 0.65 (P < 0.001) [44]. Adapted with permission from The Associ-
ation of Clinical Scientists

Fig. 4 Relationship between CRP response and functional outcome
based on HAQ scores (error bars = lower to upper quartiles) [36].
Adapted with permission from The Journal of Rheumatology Publish-
ing Company, Ltd
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RA [51]. In early arthritis, long-term damage relates to anti-
CCP, RF and high long-term clinical disease activity char-
acterised in part by CRP [52]. Interestingly, the diVerential
eVect of inXiximab on IgM RF and anti-CCP antibodies and
on changes in acute phase reactants suggests that RF and
anti-CCP antibodies are independent autoantibody systems
in RA [53].

CRP and radiological progression

Serum CRP levels correlate signiWcantly with progression
of radiological damage [19, 38, 41, 47, 54, 55, 56]. In a
study of 130 patients with early RA (median disease dura-
tion, 3 months), logistic regression analysis of baseline
variables revealed that a high CRP level (¸20 mg/l) was an
independent predictor of radiographic severe progressive
joint damage at 1 year (odds ratio, 3.59; 95% CI 1.53, 8.39)
[38]. Åman et al. (2000) recently reported that the combina-
tion of elevated CRP level and positive RF increases pre-
dictive power for rapid progression of joint damage [54]. In
their study, the odds ratio for progressive joint disease
(change in Larsen score >20 over 3 years) in patients pre-
senting with serum CRP ¸10 mg/l in combination with RF
positivity was 5.7 compared with an odds ratio of 2.6 in
patients presenting with CRP ¸10 mg/l alone. The Larsen
score is a method of measuring radiographic joint damage
by evaluating erosions and joint space narrowing in the
small joints of the hands and wrists and scoring both for
severity [57]. The presence of serum CRP ¸10 mg/l com-
bined with RF positivity gave a sensitivity of 67% and
speciWcity of 72%, with a positive predictive value of 59%.
In comparison, CRP ¸10 mg/l alone gave a similar sensi-
tivity of 71% but lower speciWcity of 51%, with a lower
positive predictive value of 47%.

Findings suggest that patients presenting with a high
risk proWle (CRP ¸10 mg/L plus RF positivity) in
early RA are likely to have a rapidly progressive dis-
ease and are therefore candidates for aggressive drug
therapy to improve clinical outcome.

In a 3-year follow-up, van Leeuwen et al. (1993) demon-
strated a highly signiWcant correlation between time-
integrated CRP values and radiological progression of
disease (Spearman’s correlation coeYcient = 0.582;
P < 0.001) in 110 patients with newly diagnosed RA
(disease duration <1 year) [47]. Substantial progression
of radiological joint damage was consistently associated
with persistently high CRP values. To account for inter-
individual variation in absolute CRP value correspond-
ing to particular levels of disease activity and joint
damage and CRP levels that increase markedly yet still
remain within the normal reference range, these investi-

gators developed a mathematical model to describe the
individual relationship between CRP level and radiologi-
cal progression early in the disease (approximately the
Wrst 6 years), thus improving the prognostic value of
serial CRP measurements. This model is based on CRP
measurements and radiographic scores over 6 months
and deWnes the individual relationship between time-
integrated CRP value and progression of radiological
damage. It is not suitable to use this model for patients
with no radiological damage after 6 or 12 months. This
model accurately predicts radiological damage at 6 years
from CRP measurement and outcome from 6 months
after presentation. It has been incorporated into a readily
available software program in which it is combined with
patient-speciWc prognostic factors, and radiological
prognosis is updated with each new CRP measurement.
This model is a useful tool that assists in decision mak-
ing regarding treatment and the identiWcation of target
levels for CRP for prevention of further joint damage
[41, 55].

Plant et al. (2000) prospectively examined the rela-
tionship between time-integrated CRP levels and radio-
logical progression in previously normal joints (‘new
joint involvement’) and already damaged joints (‘dam-
aged joint progression’) in 359 patients with active RA
treated with disease-modifying antirheumatic drugs
(DMARDs; hydroxychloroquine, penicillamine or gold)
[41]. After a 5-year follow-up period, the mean Larsen
score increased from 15.9 to 36.2. Time-averaged CRP
levels correlated signiWcantly with the mean change in
Larsen score over the 5-year period (Spearman correla-
tion coeYcient = 0.50; P < 0.001), and a stronger corre-
lation was seen in patients with disease duration ·2
years at study entry (correlation coeYcient = 0.59).
StratiWcation of radiographic progression by time-inte-
grated CRP level showed a more marked relationship
between new joint involvement and time-averaged CRP
than between damaged joint progression and time-inte-
grated CRP (Fig. 5) [41]. By 5 years, in patients with
normal time-integrated CRP level (<6 mg/l), 7.3% of
normal joints became involved/damaged (deWned as hav-
ing Larsen grade of ¸2) and 26.1% of damaged joints
became further damaged. In patients with high integrated
CRP level (¸25 mg/l), the rate of ‘new joint involve-
ment’ was 39.1% and the rate of ‘damaged joint progres-
sion’ was 41.6%. This represents a 5.4-fold increase in
‘new joint involvement’ compared with a 1.6-fold
increase in ‘damaged joint progression’ from normal to
high CRP level. These Wndings imply that suppression of
CRP value to <6 mg/l (by drug therapy) may minimise
new joint involvement and support the introduction of
disease-modifying therapy in the early stages of RA
before the onset of erosive damage.
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Suppression of inXammation in RA, clinical beneWts and 
CRP response

It is well established that DMARDs suppress CRP and
ESR, resulting in the minimisation of new joint involve-
ment, and that the available data supports the use of
DMARDs in the early stages of RA before the onset of ero-
sive damage [41]. However, patients with established or
early RA may be responding incompletely to the eVects of
DMARDs, particularly the ability of these agents to com-
pletely suppress CRP and ESR. Therefore, the elucidation
of the immunopathogenesis of RA has led to the develop-
ment of scientiWcally based biologic treatment options for
RA and other IMIDs. Biologic DMARDs that inactivate the
key proinXammatory cytokine, TNF�, are the forerunners
of this new treatment approach. InXiximab is one of these
compounds and the one with arguably the most rapid, pro-
found and sustained eVect on TNF�. Recent data indicate
that TNF� blockade with agents such as etanercept, inXix-
imab and adalimumab reduce CRP-mediated complement
activation in patients with RA, which may contribute to the
anti-inXammatory eYcacy of TNF�-blocking agents [28].

Etanercept is a dimeric fusion protein consisting of the
extracellular portion of the p75 TNF receptor linked to the
Fc portion of human immunoglobulin G1. It is licensed for
the treatment of adult RA, AS, psoriatic arthritis (PsA) and
plaque psoriasis as well as juvenile RA. Etanercept is
administered by subcutaneous (SC) injection once or twice
weekly [58].

InXiximab is a chimeric human-murine monoclonal anti-
body that binds TNF�. It is licensed for the treatment of RA

(in combination with methotrexate), CD, AS, PsA and
plaque psoriasis and has recently been granted a license for
use in UC. InXiximab is administered via intravenous infu-
sion every 6–8 weeks after an initial loading regimen with
infusions at 0, 2 and 6 weeks [59].

Adalimumab is a recombinant human monoclonal anti-
body speciWc to TNF�. It is licensed for use in RA and is
administered via SC injection every 1–2 weeks [60].

TNF�-blocking agents are recommended for the treat-
ment of active RA in patients with inadequate response to
another DMARD, most commonly methotrexate [61]. A
TNF�-blocking agent may be added to or, where appropri-
ate, replace pre-existing treatment.

Clinical beneWt of pharmacologic TNF� blockade

Treatment of early or advanced RA with a TNF�-blocking
agent provides rapid and signiWcant improvement in symp-
toms and signs of disease activity (joint inXammation,
serum CRP level), slows radiographic progression of joint
damage and improves physical functioning (Table 3) [16,
18, 19, 62–65]. A notable clinical response (ACR) criteria
for 20% improvement in measures of disease activity is
seen after 1 or 2 weeks of treatment with a TNF�-blocking
agent (etanercept, inXiximab or adalimumab) [62–65].

In a 24-week, double-blind clinical trial by Weinblatt
et al. [62], 89 patients with persistent active rheumatoid
arthritis despite 6 months of treatment with methotrexate
were randomised to receive either etanercept (25 mg) or
placebo SC twice weekly while continuing to receive meth-
otrexate. The addition of etanercept to methotrexate therapy
in these patients resulted in a rapid and sustained response
to therapy which was signiWcantly greater than for those
patients receiving placebo (P < 0.001, 71% vs 27%, respec-
tively). With regard to ACR50 scores, 39% of patients
receiving etanercept and methotrexate attained an ACR50
vs 3% for placebo and methotrexate.

In the Anti-Tumor Necrosis Factor Trial in RA with
Concomitant Therapy (ATTRACT) study, over half of the
patients responding to inXiximab attained the ACR 20%
improvement in clinical parameters as early as 2 weeks fol-
lowing an infusion of inXiximab [64]. A subanalysis of data
from nonresponders in the ATTRACT study showed that,
relative to methotrexate alone, the concomitant use of
inXiximab provided signiWcant radiographic beneWt inde-
pendent of a clinical response in patients with advanced RA
[18, 66]. Data from the Active-controlled Study of Patients
Receiving InXiximab for the Treatment of Rheumatoid
Arthritis of Early Onset (ASPIRE) study demonstrated that,
compared with methotrexate, treatment with inXiximab
plus methotrexate signiWcantly improved the likelihood that
patients with early RA would maintain employability as a
result of improved control of disease activity [67].

Fig. 5 Percentage new joint involvement (NJI) and percentage dam-
aged joint progression (DJP) in relation to time-integrated CRP values
during a 5-year observational period. Percentage NJI is the proportion
of joints that were normal at baseline which became damaged by 5
years. Percentage DJP is the proportion of joints damaged at baseline
that became further damaged by 5 years [41]. Adapted with permission
from John Wiley & Sons, Inc
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Using a similar study design, the ARMADA (Anti-TNF
Research Study Program of the Monoclonal Antibody Ada-
limumab in Rheumatoid Arthritis) trial evaluated the use of
adalimumab in patients with active RA despite treatment
with methotrexate [65]. However, in this study, the attain-
ment of an ACR20 was used as the primary eYcacy end-
point at 24 weeks. For 24 weeks, 271 patients were
randomised to receive adalimumab (20, 40 or 80 mg SC)
plus methotrexate or placebo plus methotrexate every 2
weeks. For adalimumab 20, 40 and 80 mg, ACR20
response rates (48, 67 and 66%, respectively) were signiW-
cantly greater than those achieved for placebo at 24 weeks
(15%, P < 0.001). For measurements of ACR50 with ada-
limumab, the response rates were 32% for the 20-mg dose,
55% for the 40-mg dose and 43% for the 80-mg dose.
These values were signiWcantly greater than those observed
for placebo (8.1%) (P = 0.003, P < 0.001 and P < 0.001,
respectively). Adalimumab 40 and 80 mg were associated
with an ACR70 response of 27 and 19%, respectively [65].

CRP response to TNF�-blocking therapy

The close relationship between cytokine-driven inXamma-
tion and CRP response makes CRP a good surrogate bio-
marker for the impact of pharmacological TNF� blockade
in the management of RA. Treatment with TNF�-blocking
agents signiWcantly reduces CRP levels in patients with RA
[18, 62, 64, 65, 68, 69], and numerous trials of anti-TNF�
agents demonstrated that the signiWcant reduction in CRP
level occurred in parallel with signiWcant improvement in
clinical parameters and disability index as well as quality of
life (Fig. 6) [18, 62, 64, 65, 68, 69]. While there are no
head-to-head comparisons of the agents to date, all have
proven eVective in relieving the symptoms of RA [70] and
slowing or halting radiographic disease progression, with
50–70% of patients showing clinically signiWcant improve-
ment with inXiximab [71, 72].

In a placebo-controlled study of patients with early RA
and poor prognosis, the introduction of inXiximab treatment
to ongoing methotrexate therapy resulted in normalisation
of mean CRP level within 2 weeks after the addition of
inXiximab 3 mg/kg to preexisting methotrexate therapy,
with suppression of CRP level being sustained over the
treatment period [68]. Suppression of CRP response corre-
sponded to suppression of inXammatory joint disease (joint
counts, synovitis and bone oedema at 14 weeks) and pre-
vention of joint damage (evidenced by reduction of joint
erosions). In support of these Wndings, Familian et al.
(2005) demonstrated a signiWcant association between the
decrease in CRP level and good clinical response to inXix-
imab (P < 0.01) [28].

Fig. 6 Changes over time in mean C-reactive protein (CRP) levels,
Disease Activity Score in 28 joints (DAS28) and Health Assessment
Questionnaire (HAQ) and Rheumatoid Arthritis Quality of Life (RA-
QoL) Questionnaire Score in patients treated with inXiximab plus
methotrexate and those treated with methotrexate alone. AUC area un-
der the curve (CRP). Values for changes in DAS28 are the median and
interquartile range. P < 0.05 for diVerences in changes between inXix-
imab plus methotrexate vs methotrexate alone, for all study parameters
[68]. Adapted with permission from John Wiley & Sons, Inc
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Another study found that among diVerent measures of
disease activity, including swollen joint count, ACR clini-
cal response and CRP, decreased serum CRP level was the
strongest correlate of the absence of radiographic progres-
sion in patients receiving anti-TNF� (etanercept) therapy
(r = 0.45, P < 0.001) [19].

CRP level for assessment of treatment

C-reactive protein level can be used to predict and monitor
response to TNF�-blocking agents [22]. In the study of eta-
nercept and methotrexate by Weinblatt et al. [62], where
39% of patients attained an ACR50 (vs 3% for placebo and
methotrexate), 44% of patients with abnormal CRP levels
at baseline had normal values at their last visit at 24 weeks.
Median values decreased from a level of 22 mg/l for mea-
sures of CRP at baseline to 5 mg/l at week 24 (P < 0.001
for change vs placebo).

Buch et al. (2005) examined the value of CRP level as a
predictor of response to TNF�-blocker therapy (inXiximab)
in patients with resistant RA. Their analysis revealed that
86% of patients who do not show at least a 20% reduction
in CRP level at week 2 after the Wrst inXiximab infusion do
not achieve a clinical response [according to the ACR 20%
(ACR20) criteria] at week 12, whereas 57% of patients who
show a ¸20% reduction in CRP level at week 2 achieve a
clinical response at week 12. Among patients who showed
a sustained reduction in CRP level during the Wrst 12 weeks
of inXiximab treatment but failed to achieve an ACR20
clinical response, 59% showed a late clinical response (at
24 weeks) with continued inXiximab therapy. These data
suggest that reduction in CRP level following inXiximab
therapy is predictive of a clinical response within 12–24
weeks in over 50% of patients [22].

Pharmacokinetic data also suggest that baseline CRP
levels may assist in TNF�-inhibitor dosage selection.
Wolbink et al. (2005) found that inXiximab responders had
signiWcantly higher median serum trough drug levels than
nonresponders [deWned as a decrease in DAS28 score after
14 weeks of ·0.6 or a decrease of >0.6 and ·1.2 with an
attained DAS of >5.1 (3.6 vs 0.5 mg/l; P < 0.01)] and that
clinical response signiWcantly correlated with serum trough
inXiximab level [73]. They also found a signiWcant negative
correlation between serum trough inXiximab levels and pre-
treatment CRP levels (Spearman rank correlation
coeYcient = <minus>0.43, P < 0.001 at 14 weeks) [73].
These data suggest that patients with high pretreatment
CRP levels may require higher dosages of inXiximab or
shorter dosing intervals.

A subanalysis of data from the ASPIRE trial of inXix-
imab showed that patients with baseline serum CRP values
in the higher tertiles and/or high baseline joint damage
derived greater radiographic beneWt from combination

inXiximab–methotrexate compared with methotrexate
alone [56]. This Wnding suggests that patients with early
RA who have a high CRP level at presentation and/or
greater radiographic evidence of joint damage may be can-
didates for early addition of inXiximab therapy to metho-
trexate therapy [56]. Support for the beneWts of early and
profound suppression of inXammation comes from a pro-
spective study of 139 patients with early RA (duration <1
year) in which Stenger et al. (1998) used CRP level to
guide treatment intensity. In this study, a signiWcant reduc-
tion in the rate of radiographic progression was achieved by
titration of drug treatment intensity to a target reduction
(¸50%) from baseline in CRP level [17].

In the study of adalimumab 20, 40 and 80 mg, where
ACR20 response rates were 48, 67 and 66%, respectively,
after 24 weeks, CRP response was also evaluated. The
greatest change in CRP values from baseline was observed
for the 40-mg dose of adalimumab plus methotrexate. The
baseline value in this subset of patients (n = 67) was
21 § 1.8 mg/l. A reduction of 16 § 1.6 mg/l or 71% was
observed, which was a signiWcantly greater decrease than
that observed for placebo (3.2%, P < 0.001). These reduc-
tions in CRP are reXective of the changes in disease scores
which were greater for adalimumab 40 mg throughout the
study (ACR20, ACR50 and ACR70) than those changes
obtained with adalimumab 20 or 80 mg.

Summary and conclusions

Rheumatoid arthritis is a chronic IMID whose onset and
progression is associated by over-expression of TNF�. Ele-
vated levels of TNF� result in elevated levels of CRP, with
close correlation between TNF� and CRP levels. CRP can
be used as a single objective measure of disease activity
because it is highly responsive to changes in cytokine
(TNF�)-mediated inXammation/disease activity and it
closely correlates with disease activity, radiological dam-
age and progression and functional disability. High serum
CRP level at presentation identiWes patients with high lev-
els of disease activity and at high risk for rapid radiological
progression of joint damage and functional disability.
These patients may beneWt from a more intense approach to
controlling inXammation to prevent disease progression.
TNF�-blocking therapy signiWcantly reduces disease activ-
ity, improves clinical response and physical function and
reduces radiological progression. CRP level can be used to
predict, assess and monitor response to treatment with
TNF� agents and to titrate dosage. IdentiWcation and moni-
toring of these rapidly progressing patients using CRP,
together with clinical signs and symptoms and early and
aggressive treatment with anti-TNF� therapy to rapidly and
profoundly control the inXammation, may improve the
123
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treatment response and clinical outcomes. CRP should
become a standard tool in clinical practice to objectively
measure disease activity, progression and response to treat-
ment.

Acknowledgement Editorial support for the development of this
publication was provided by Schering-Plough Corporation.

References

1. Williams JP, Meyers JA (2002) Immune-mediated inXammatory
disorders (I.M.I.D.s): the economic and clinical costs. Am J Man-
ag Care 8:S664–S681

2. Choy EH, Panayi GS (2001) Cytokine pathways and joint inXam-
mation in rheumatoid arthritis. N Engl J Med 344:907–916

3. Goldenberg MM (1999) Etanercept, a novel drug for the treatment
of patients with severe, active rheumatoid arthritis. Clin Ther
21:75–87

4. Brennan FM, Chantry D, Jackson A, Maini R, Feldmann M (1989)
Inhibitory eVect of TNF alpha antibodies on synovial cell interleu-
kin–1 production in rheumatoid arthritis. Lancet 2:244–247

5. Gabay C, Kushner I (1999) Acute-phase proteins and other sys-
temic responses to inXammation. N Engl J Med 340:448–454

6. Van der Heijde DM (1995) Joint erosions and patients with early
rheumatoid arthritis. Br J Rheumatol 34(Suppl 2):74–78

7. Morel J, Combe B (2005) How to predict prognosis in early rheu-
matoid arthritis. Best Pract Res Clin Rheumatol 19:137–146

8. Machold KP, Stamm TA, Eberl GJ, Nell VK, Dunky A, UVmann
M, et al (2002) Very recent onset arthritis–clinical, laboratory, and
radiological Wndings during the Wrst year of disease. J Rheumatol
29:2278–2287

9. Van der Horst-Bruinsma IE, Speyer I, Visser H, Breedveld FC,
Hazes JM (1998) Diagnosis and course of early-onset arthritis: re-
sults of a special early arthritis clinic compared to routine patient
care. Br J Rheumatol 37:1084–1088

10. Sokka T (2003) Work disability in early rheumatoid arthritis. Clin
Exp Rheumatol 21(5 Suppl 31):S71–S74

11. Drossaers-Bakker KW, de Buck M, van Zeben D, Zwinderman
AH, Breedveld FC, Hazes JM (1999) Long-term course and out-
come of functional capacity in rheumatoid arthritis. Arthritis
Rheum 42:1854–1860

12. Drossaers-Bakker KW, Kroon HM, Zwinderman AH, Breedveld
FC, Hazes JMW (2000) Radiographic damage of large joints in
long-term rheumatoid arthritis and its relation to function. Rheu-
matology 39:998–1003

13. Wolfe F (2000) A reappraisal of HAQ disability in rheumatoid
arthritis. Arthritis Rheum 43:2751–2761

14. Scott DL, Pugner K, Kaarela K, Doyle DV, Woolf A, Holmes J,
et al (2000) The links between joint damage and disability in rheu-
matoid arthritis. Rheumatology 39:122–132

15. Kuper HH, van Leeuwen MA, van Riel PL, Prevoo ML, Houtman
PM, Lolkema WF, et al (1997) Radiographic damage in large
joints in early rheumatoid arthritis: relationship with radiographic
damage in hands and feet, disease activity, and physical disability.
Br J Rheumatol 36:855–860

16. St Clair EW, van der Heijde DM, Smolen JS, Maini RN, Bathon
JM, Emery P, et al Active-Controlled Study of Patients Receiving
InXiximab for the Treatment of Rheumatoid Arthritis of Early On-
set Study Group (2004) Combination of inXiximab and methotrex-
ate therapy for early rheumatoid arthritis. Arthritis Rheum
50:3432–3443

17. Stenger AA, van Leeuwen MA, Houtman PM, Bruyn GA,
Speerstra F, Barendsen BC, et al (1998) Early eVective suppres-

sion of inXammation in rheumatoid arthritis reduces radiographic
progression. Br J Rheumatol 37:1157–1163

18. Lipsky PE, van der Heijde DM, St Clair EW, Furst DE, Breedveld
FC, Kalden JR, et al Anti-Tumor Necrosis Factor Trial in Rheu-
matoid Arthritis with Concomitant Therapy Study Group (2000)
InXiximab and methotrexate in the treatment of rheumatoid arthri-
tis. N Engl J Med 343:1594–1602

19. Bathon JM, Martin RW, Fleischmann RM, Tesser JR, SchiV MH,
Keystone EC, et al (2000) A comparison of etanercept and metho-
trexate in patients with early rheumatoid arthritis. N Engl J Med
343:1586–1593

20. Boers M, Kostense PJ, Verhoeven AC, van der Linden S; COBRA
Trial Group. Combinatietherapie Bij Reumatoide Artritis (2001)
InXammation and damage in an individual joint predict further
damage in that joint in patients with early rheumatoid arthritis.
Arthritis Rheum 44:2242–2246

21. Jenkins JK, Hardy KJ, McMurray RW (2002) The pathogenesis of
rheumatoid arthritis: a guide to therapy. Am J Med Sci 323:171–180

22. Buch MH, Seto Y, Bingham SJ, Bejarano V, Bryer D, White J,
et al (2005) C-reactive protein as a predictor of inXiximab treat-
ment outcome in patients with rheumatoid arthritis. Arthritis
Rheum 52:42–48

23. Kraan MC, Versendaal H, Jonker M, Bresnihan B, Post WJ, Hart
BA, et al (1998) Asymptomatic synovitis precedes clinically man-
ifest arthritis. Arthritis Rheum 41:1481–1488

24. Tak PP, Bresnihan B (2000) The pathogenesis and prevention of
joint damage in rheumatoid arthritis: advances from synovial biop-
sy and tissue analysis. Arthritis Rheum 43:2619–2633

25. Wolbink GJ, Brouwer MC, Buysmann S, ten Berge IJ, Hack CE
(1996) CRP-mediated activation of complement in vivo. J Immu-
nol 157:473–479

26. Molenaar ET, Voskuyl AE, Familian A, van Mierlo GJ, Dijkmans
BA, Hack CE, et al (2001) Complement activation in patients with
rheumatoid arthritis mediated in part by C-reactive protein. Arthri-
tis Rheum 44:997–1002

27. Hack CE, Wolbink GJ, Schalkwijk C, Speijer H, Hermens WT,
van den Bosch H, et al (1997) A role for secretory phospholipase
A2 and C-reactive protein in the removal of injured cells. Immunol
Today 18:111–115

28. Familian A, Voskuyl AE, van Mierlo GJ, Heijst HA, Twisk JW,
Dijkmans BA, et al (2005) InXiximab treatment reduces comple-
ment activation in patients with rheumatoid arthritis. Ann Rheum
Dis 64:1003–1008

29. Jiang S, Xia D, Samols D (2006) Expression of rabbit C-reactive
protein in transgenic mice inhibits development of antigen-in-
duced arthritis. Scand J Rheumatol 35:351–355

30. Sheldon J (2004) Laboratory testing in autoimmune rheumatic dis-
eases. Best Pract Res Clin Rheumatol 18:249–269

31. Nakamura RM (2000) Progress in the use of biochemical and bio-
logical markers for evaluation of rheumatoid arthritis. J Clin Lab
Anal 14:305–313

32. Mallya RK, de Beer FC, Berry H, Hamilton ED, Mace BE, Pepys
MB (1982) Correlation of clinical parameters of disease activity in
rheumatoid arthritis with serum concentration of C-reactive pro-
tein and erythrocyte sedimentation rate. J Rheumatol 9:224–228

33. American College of Rheumatology Subcommittee on Rheuma-
toid Arthritis Guidelines (2002) Guidelines for the management of
rheumatoid arthritis: 2002 update. Arthritis Rheum 46:328–426

34. Prevoo ML, van’t Hof MA, Kuper HH, van Leeuwen MA, van de
Putte LB, van Riel PL (1995) ModiWed disease activity scores that
include twenty-eight-joint counts. Development and validation in
a prospective longitudinal study of patients with rheumatoid
arthritis. Arthritis Rheum 38:44–48

35. Wolfe F (1997) Comparative usefulness of C-reactive protein and
erythrocyte sedimentation rate in patients with rheumatoid arthri-
tis. J Rheumatol 24:1477–1485
123



Rheumatol Int (2007) 27:793–806 805
36. Devlin J, Gough A, Huissoon A, Perkins P, Holder R, Reece R,
et al (1997) The acute phase and function in early rheumatoid
arthritis. C-reactive protein levels correlate with functional out-
come. J Rheumatol 24:9–13

37. Jansen LM, van Schaardenburg D, van der Horst-Bruinsma IE,
Bezemer PD, Dijkmans BA (2000) Predictors of functional status
in patients with early rheumatoid arthritis. Ann Rheum Dis
59:223–226

38. Jansen LM, van der Horst-Bruinsma IE, van Schaardenburg D,
Bezemer PD, Dijkmans BA (2001) Predictors of radiographic joint
damage in patients with early rheumatoid arthritis. Ann Rheum
Dis 60:924–927

39. Matsuno H, Yudoh K, Nakazawa F, Koizumi F (2002) Relation-
ship between histological Wndings and clinical Wndings in rheuma-
toid arthritis. Pathol Int 52:527–533

40. Van Leeuwen MA, van der Heijde DM, van Rijswijk MH, Hout-
man PM, van Riel PL, van de Putte LB, et al (1994) Interrelation-
ship of outcome measures and process variables in early
rheumatoid arthritis. A comparison of radiologic damage, physical
disability, joint counts, and acute phase reactants. J Rheumatol
21:425–429

41. Plant MJ, Williams AL, O’Sullivan MM, Lewis PA, Coles EC,
Jessop JD (2000) Relationship between time-integrated C-reactive
protein levels and radiological progression in patients with rheu-
matoid arthritis. Arthritis Rheum 43:1473–1477

42. Pincus T, Sokka T (2005) Complexities in the quantitative assess-
ment of patients with rheumatic diseases in clinical trials and clin-
ical care. Clin Exp Rheumatol 23(5 Suppl 39):S1–S9

43. Dessein PH, JoVe BI, Stanwix AE (2004) High sensitivity C-reac-
tive protein as a disease activity marker in rheumatoid arthritis. J
Rheumatol 31:1095–1097

44. Yildirim K, Karatay S, Melikoglu MA, Gureser G, Ugur M, Senel
K. Associations between acute phase reactant levels and disease
activity score (DAS28) in patients with rheumatoid arthritis (2004)
Ann Clin Lab Sci 34:423–426

45. Skogh T, Gustafsson D, Kjellberg M, Husberg M (2003) Twenty
eight joint count disease activity score in recent onset rheumatoid
arthritis using C reactive protein instead of erythrocyte sedimenta-
tion rate. Ann Rheum Dis 62:681–682

46. Soubrier M, Dougados M (2005) Selecting criteria for monitoring
patients with rheumatoid arthritis. Joint Bone Spine 72:129–134

47. Van Leeuwen MA, van Rijswijk MH, van der Heijde DM, Te Me-
erman GJ, van Riel PL, Houtman PM, et al (1993) The acute-
phase response in relation to radiographic progression in early
rheumatoid arthritis: a prospective study during the Wrst three
years of the disease. Br J Rheumatol 32(Suppl 3):9–13

48. Larsen A (1988) The relation of radiographic changes to serum
acute-phase proteins and rheumatoid factor in 200 patients with
rheumatoid arthritis. Scand J Rheumatol 17:123–129

49. Garnero P, Delmas PD (2004) Noninvasive techniques for assess-
ing skeletal changes in inXammatory arthritis: bone biomarkers.
Curr Opin Rheumatol 16:428–434

50. Garnero P, Geusens P, Landewe R (2003) Biochemical markers of
joint turnover in early rheumatoid arthritis. Clin Exp Rheumatol
21(5 Suppl 31):S54–S58

51. Nielen MM, van Schaardenburg D, Reesink HW, Twisk JW, van
de Stadt RJ, van der Horst-Bruinsma IE, et al (2006) Simultaneous
development of acute phase response and autoantibodies in pre-
clinical rheumatoid arthritis. Ann Rheum Dis 65:535–537

52. Machold KP, Stamm TA, Nell VP, PXugbeil S, Aletaha D, Steiner
G, et al (2007) Very recent onset rheumatoid arthritis: clinical and
serological patient characteristics associated with radiographic
progression over the Wrst years of disease. Rheumatology (Oxford)
46:342–349

53. De Rycke L, Verhelst X, Kruithof E, Van den Bosch F, HoVman
IE, Veys EM, et al (2005) Rheumatoid factor, but not anti-cyclic

citrullinated peptide antibodies, is modulated by inXiximab treat-
ment in rheumatoid arthritis. Ann Rheum Dis 64:299–302

54. Åman S, Paimela L, Leirisalo-Repo M, Risteli J, Kautiainen H,
Helve T, et al (2000) Prediction of disease progression in early
rheumatoid arthritis by ICTP, RF and CRP. A comparative 3-year
follow-up study. Rheumatology 39:1009–1013

55. Van Leeuwen MA, van Rijswijk MH, Sluiter WJ, van Riel PL, Ku-
per IH, van de Putte LB, et al (1997) Individual relationship be-
tween progression of radiological damage and the acute phase
response in early rheumatoid arthritis. Towards development of a
decision support system. J Rheumatol 24:20–27

56. Smolen JS, Van Der Heijde DM, St Clair EW, Emery P, Bathon
JM, Keystone E, et al; Active-Controlled Study of Patients
Receiving InXiximab for the Treatment of Rheumatoid Arthritis of
Early Onset (ASPIRE) Study Group (2006) Predictors of joint
damage in patients with early rheumatoid arthritis treated with
high-dose methotrexate with or without concomitant inXiximab.
Arthritis Rheum 54:702–710

57. Larsen A (1995) How to apply Larsen score in evaluating radio-
graphs of rheumatoid arthritis in long-term studies. J Rheumatol
22:1974–1975

58. Enbrel® (2006) Prescribing information. Immunex Corporation,
Thousand Oaks

59. Remicade® (2006) Prescribing information. Centocor Inc., Mal-
vern

60. Humira® (2006) Prescribing information. Abbott Laboratories,
North Chicago

61. Furst DE, Breedveld FC, Kalden JR, Smolen JS, Burmester GR,
Dougados M, et al (2003) Updated consensus statement on biolog-
ical agents for the treatment of rheumatoid arthritis and other im-
mune mediated inXammatory diseases. Ann Rheum Dis 62(Suppl
2):ii2–ii9

62. Weinblatt ME, Kremer JM, Bankhurst AD, Bulpitt KJ, Fleisch-
mann RM, Fox RI, et al (1999) A trial of etanercept, a recombinant
tumor necrosis factor receptor:Fc fusion protein, in patients with
rheumatoid arthritis receiving methotrexate. N Engl J Med
340:253–259

63. Moreland LW, SchiV MH, Baumgartner SW, Tindall EA, Fleisch-
mann RM, Bulpitt KJ, et al (1999) Etanercept in rheumatoid arthri-
tis. A randomized, controlled trial. Ann Intern Med 130:478–486

64. Maini R, St Clair EW, Breedveld F, Furst D, Kalden J, Weisman
M, et al (1999) InXiximab (chimeric anti-tumour necrosis factor �
monoclonal antibody) versus placebo in rheumatoid arthritis pa-
tients receiving concomitant methotrexate: a randomised phase III
trial. Lancet 354:1932–1939

65. Weinblatt ME, Keystone EC, Furst DE, Moreland LW, Weisman
MH, Birbara CA, et al (2003) Adalimumab, a fully human anti-tu-
mor necrosis factor � monoclonal antibody, for the treatment of
rheumatoid arthritis in patients taking concomitant methotrexate:
the ARMADA trial. Arthritis Rheum 48:35–45

66. Smolen JS, Han C, Bala M, Maini RN, Kalden JR, van der Heijde
D, et al; ATTRACT Study Group (2005) Evidence of radiographic
beneWt of treatment with inXiximab plus methotrexate in rheuma-
toid arthritis patients who had no clinical improvement. Arthritis
Rheum 52:1020–1030

67. Smolen JS, Han C, Van Der Heijde D, Emery P, Bathon JM, Key-
stone E, et al (2006) InXiximab treatment maintains employability
in patients with early rheumatoid arthritis. Arthritis Rheum
54:716–722

68. Quinn MA, Conaghan PG, O’Connor PJ, Karim Z, Greenstein A,
Brown A, et al (2005) Very early treatment with inXiximab in
addition to methotrexate in early, poor-prognosis rheumatoid
arthritis reduces magnetic resonance imaging evidence of synovi-
tis and damage, with sustained beneWt after inXiximab withdrawal:
results from a twelve-month randomized, double-blind, placebo-
controlled trial. Arthritis Rheum 52:27–35
123



806 Rheumatol Int (2007) 27:793–806
69. Macias I, Garcia-Perez S, Ruiz-Tudela M, Medina F, Chozas N,
Giron-Gonzalez JA (2005) ModiWcation of pro- and antiinXamma-
tory cytokines and vascular-related molecules by tumor necrosis
factor-� blockade in patients with rheumatoid arthritis. J Rheuma-
tol 32:2102–2108

70. Haraoui B (2005) DiVerentiating the eYcacy of the tumor necrosis
factor inhibitors. Semin Arthritis Rheum 34(Suppl 1):7–11

71. Aetna (2005) Remicade: Clinical Policy Bulletin. October 28,
2005. 0341 Revised

72. Keystone E (2005) Reality-based algorithm for treating with biol-
ogics. TNF inhibitors: a new era in the treatment of rheumatoid
arthritis. Rheumatol News 1–11

73. Wolbink GJ, Voskuyl AE, Lems WF, de Groot E, Nurmohamed
MT, Tak PP, et al (2005) Relationship between serum trough
inXiximab levels, pretreatment C reactive protein levels, and clin-
ical response to inXiximab treatment in patients with rheumatoid
arthritis. Ann Rheum Dis 64:704–707
123


	Evidence-based review of biologic markers as indicators of disease progression and remission in rheumatoid arthritis
	Abstract
	Introduction
	InXammatory pathogenic processes in RA
	C-reactive protein
	Role in inXammation
	Role of CRP as inXammatory indicator

	InXammatory biomarkers and disease activity
	CRP and radiological progression
	Suppression of inXammation in RA, clinical beneWts and CRP response
	Clinical beneWt of pharmacologic TNFa blockade
	CRP response to TNFa-blocking therapy
	CRP level for assessment of treatment

	Summary and conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


