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AIM
Early prediction of (non-)response to infliximab therapy can improve therapeutic
benefit by avoiding unnecessary periods of high disease activity during ineffective
therapy. This prospective cohort study therefore aimed to study the predictive value
of (1) disease activity alone and (2) infliximab serum trough concentrations in
addition to disease activity 6 weeks after start of treatment for achieving low disease
activity after 6 months.

METHODS
Disease activity and infliximab serum trough concentrations were assessed in all
rheumatoid arthritis (RA) patients at 2, 6 and 26 weeks after initiation of infliximab
therapy. Receiver operating characteristic (ROC) curves and Youden indices were used
to calculate specificity for prediction of good response after 6 months while aiming
for maximum sensitivity.

RESULTS
Fifty-seven consecutive RA patients starting with infliximab therapy were included.
After 6 months, 15 (26%, 95 % CI 15, 38%) patients reached good European League
against Rheumatism (EULAR) response. A disease activity score <4.2 at 6 weeks after
initiation of therapy was a moderate predictor for reaching EULAR response after 6
months (sensitivity 100%, specificity 49%). Infliximab serum trough concentrations
(>2.5 mg l-1) as predictor complimentary to disease activity (<4.2) slightly increased
the specificity from 49% to 54% without changing the sensitivity (100%). As 39% of
the patients did not fulfill at least one of these criteria at week 6, these patients could
already be switched to another therapy after 6 weeks.

CONCLUSIONS
The combination of disease activity and infliximab serum trough concentrations
could be a fair predictor to identify early (after 6 weeks) patients who have
insufficient response after 6 months of therapy.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Although non-responders in rheumatoid

arthritis should be identified as early as
possible in order to prevent joint damage
and functional decline, a good prediction
model for predicting (non-)response is
absent.

WHAT THIS STUDY ADDS
• This study adds empirical evidence that

disease activity scores in combination with
infliximab serum trough concentrations at 6
weeks could to be a valuable and feasible
instrument to optimize early detection of
non-responders to infliximab therapy:
although this result requires validation in
another cohort.
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Introduction

Infliximab gives rapid, sustained clinical response, retards
radiographic progression and improves functional status
in patients with rheumatoid arthritis (RA) [1–3]. In the two
pivotal randomized controlled trials (RCTs) a major clinical
response was found in, respectively, 21–46% of the
patients using 3 mg kg-1 infliximab every 8 weeks [1–3].
However, these results also implicate that up to 54–79% of
patients with RA do not reach the clinically relevant 50%
improvement. These non-responders should be identified
as early as possible, as achieving good clinical response
early in the disease process is key to minimizing joint
damage and functional decline which is characteristic
of RA.

Although previous studies in RA identified a variety of
baseline variables to identify responders to infliximab
therapy (gender, smoking, disability, genetics, cytokine
concentrations,particular immune cells,non-steroidal anti-
inflammatory (NSAID) and methotrexate (MTX) use, rheu-
matoid factor (RF) and anti-cyclic citrullinated peptide
(anti-CCP) concentrations), none of these variables was
consistently related to treatment response and correlation
coefficients were low [4–6].Until now,only initial treatment
response to infliximab (already after 6 weeks) seems to be
a moderate predictor for achievement of low disease activ-
ity and continuation of anti-TNF treatment [7].

Measuring infliximab serum trough concentrations
could have added value to identify early long term
responders and non-responders. However, although
several cross sectional publications suggest that assess-
ment of infliximab serum trough concentrations may be
useful for optimization of infliximab treatment [8–12], no
prospective study for infliximab so far has attempted to
explore the test characteristics of infliximab serum trough
concentrations to predict initial response. A validated pre-
diction model to predict response before starting inflixi-
mab therapy is therefore not available at this point.

Therefore, we set up a prospective cohort of
RA-patients starting with infliximab therapy in order to
study the predictive value of disease activity scores alone
or combined with infliximab trough concentrations in
order to predict early which patient could achieve low
disease activity after 6 months.

Methods

Patients
All patients with RA, according to the American College
of Rheumatology (ACR) 1987 revised criteria, starting
with infliximab (3 mg kg-1) at the Sint Maartenskliniek
(Nijmegen,the Netherlands) were included in this prospec-
tive study [13]. Patients were enrolled between February
2007 and May 2008. No other inclusion or exclusion criteria
were used. The observation period started the day of

inclusion and was censored on the 24 September 2008,
or sooner when treatment was discontinued for any
reason, or when the patient stopped attending.

Treatment protocol All patients who started infliximab ful-
filled the Dutch criteria for reimbursement of anti-tumour
necrosis factor alpha (anti-TNFa) therapy: 1) moderate or
high disease activity (disease activity score (DAS)28 > 3.2)
and 2) having failed at least two disease modifying anti-
rheumatic drugs (DMARDs) including MTX in an optimal
dose up to 25 mg per week with folic acid supplementa-
tion. Patients started with exactly 3 mg kg-1 infliximab at
weeks 0, 2 and 6 and subsequently every 8 weeks thereaf-
ter.

Outcomes Primary outcome measure was fulfilment of
good EULAR response criteria, 6 months after infliximab
start, which requires both a DAS28 score �3.2 and a
decrease in DAS28 > 1.2 compared with baseline [14].

Serum trough concentrations were collected 1 h prior
each infusion for the assessment of serum infliximab and
anti-infliximab antibodies. Infliximab antibody levels in
serum were determined by an enzyme-linked immuno-
sorbent assay [9].This assay had an adequate test perform-
ance (within day precision 6.9% to 13.8%; accuracy (RE)
-8.4 to 4.0%) with a lower limit of detection of 0.037 mg l-1

and limits of quantification between 0.5 mg l-1 and
50 mg l-1 [15]. These assays are inexpensive (€39) and
readily accessible (Sanquin Research, Amsterdam, the
Netherlands).

Serum anti-infliximab antibody levels were determined
by a previously described radioimmunoassay [16].The cut-
off level for a positive signal was set at 12 AU ml-1

(mean + 3 SD of blank serum values). The laboratory staff
was blinded for patient characteristics.

The following baseline data were recorded: demo-
graphic variables, year of disease onset, previous and con-
comitant DMARD treatment and systemic corticosteroid
and MTX dosage. At inclusion and at each follow-up visit
the dose of administered infliximab, adverse effects and
co-medication were registered. Trained and calibrated
research nurses assessed the DAS28 of the patients before
each infliximab infusion (measurement error 0.35 after
calibration).

Ethical considerations Approval from the Medical
Research Ethics Committee (MREC) was sought for. The
committee decided that this approval was not necessary
because DAS28 guided treatment of infliximab was per-
formed as usual care for all patients meeting the require-
ments of the Dutch legislation and no extra venous
puncture was necessary.

All patients were informed in writing and consented.

Statistical analysis Descriptive statistics were provided
using mean (� SD) or median (p25–p75) values depend-
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ing on the (non-) parametric distribution of measured
variables. We used Mantel-Haenszel c2-tests to evaluate
differences in proportions and Student’s t-tests to evaluate
differences in means. Baseline characteristics associated
with EULAR response after 6 months (P < 0.1) were
included in the prediction model.

The 95% confidence interval (95% CI) for the area under
the receiver operating characteristic (ROC) curves were
used to test whether DAS28 scores and infliximab serum
trough concentrations were discriminating between
EULAR-responders and non-responders. If the CI did
not include the 0.5 value, the predictor was considered to
have an ability to distinguish between responders and
non-responders.

In order to calculate cut-off values with optimal sensi-
tivity and specificity for the DAS28 scores and infliximab
serum trough concentrations, Youden indices (J =
sensitivity + specificity – 1) were calculated for every meas-
urement as a possible cut-off point. Subsequently, Youden
indices were calculated for all possible combinations of
DAS28 scores and infliximab serum trough concentrations
with maximal Youden indices. The combination with the
highest Youden index is the most discriminative combina-
tion of a DAS28 score and infliximab serum trough concen-
tration in order to predict EULAR response [17].

Results

Fifty-seven consecutive RA patients starting infliximab
therapy were included. Baseline demographic and clinical
data are summarized in Table 1. Three patients discontin-
ued treatment after the second infusion due to lack of
efficacy. After 6 months, 15 (26.3%, 95% CI 14.9, 37.7%)
patients reached good EULAR response. Initial DAS28
scores (responders 4.9 (� 0.2) vs. non-responders 5.1
(� 0.2)), age (responders 58.8 (� 0.3) vs. 56.3 (� 0.2) years)
and disease duration (responders 10.1 (� 2.5) vs. 8.1
(� 1.2) years) did not significantly differ between respond-
ers and non-responders. None of the other baseline vari-
ables (gender, anti-CCP status, rheumatoid factor status,
DMARD use and MTX use) was significantly associated
with good EULAR response.

Predictive value of disease activity scores at 2
and 6 weeks
After 2 weeks, DAS28-scores were already significantly
lower in patients with good EULAR response after 6
months (DAS282weeks 3.5 (� 0.8)) compared with patients
without good EULAR response (DAS282weeks 4.3 (� 1.1);
P = 0.01). This difference increased after 6 weeks, with a
DAS28 score of EULAR responders of 2.9 (� 0.9) compared
with DAS28-scores of 4.1 (� 1.0) in patients without good
EULAR response (P < 0.01). The decrease in disease activity
between baseline and 2 and 6 weeks was not significantly
associated with EULAR response at 6 months.

Figure 1 shows the ROC curve for good EULAR
response after 6 months in relation to the DAS28 score at 2
and 6 weeks. After 2 weeks, a DAS28 score of 5.0 achieved
a sensitivity of 100% and a specificity 31% (Youden index
0.31), implicating that none of the 12 patients with
DAS282weeks > 5.0 obtained a good EULAR response
whereas 17 (39%) of the 44 patients with DAS282weeks < 5.0
had a good EULAR response at 6 months. After 6 weeks,
the ROC curve indicated that none of the 19 (0%)
patients with DAS286weeks � 4.2 obtained a good EULAR
response whereas 20 (51.3%) of the 39 patients with
DAS286weeks < 4.2 had no good EULAR response after 6
months. Table 2 shows the 2 ¥ 2 table for these test results
(sensitivity 100%, specificity 49%, positive prediction value
(PPV) 43%, negative prediction value (NPV) 100%, Youden
index 0.49).

Predictive value of infliximab serum trough
concentrations
Figure 2 depicts the infliximab serum trough concentra-
tions in EULAR responders and non-responders after 2, 6
and 14 weeks. Patients with a good EULAR response after 6
months tended to have higher infliximab serum trough
concentrations (2 weeks 23.4 mg l-1 (� 20.8), 6 weeks
12.3 mg l-1 (� 6.1)) compared with non- or partially-
responding patients (2 weeks 16.0 mg l-1 (� 10.4), 6 weeks:
9.0 mg l-1 (� 6.8)).

After 6 weeks, all patients with infliximab serum trough
concentrations <2.5 mg l-1 (n = 9) did not attain infliximab
response, while 15 of 46 patients with infliximab serum

Table 1
Baseline characteristics of patients

Cohort n = 57

Age (years), mean (� SD) 57 (12)
Women (n, %) 36 (63)

Co-morbidity (n, %) 24 (42)
Median disease duration (years, p25–p75) 6.1 (2.1–16)

Onset RA (months) mean (� SD) 50 � 14
Rheumatoid factor positive (n, %) 44 (79)

Anti-CCP positive (n, %) 36 (63)
DAS28 at baseline, mean (� SD) 5.0 (1.0)

28 SJC at baseline, median (p25–p75) 7 (3–9)
28 TJC at baseline, median (p25–p75) 5 (1–10)

ESR (mm h-1) at baseline, median (p25–p75) 32 (16–54)
Patient global assessment at baseline (mm), mean (� SD) 47 (24)

Previous DMARDs, median (p25–p75) 3 (2-3)
Previously treated with another biological (n, %) 7 (13)

Concurrent corticosteroids (n, %) 16 (28)
Corticosteroid dosage (mg), median (p25–p75) 10 (6.3–10)

DMARD at baseline (n, %) 39 (71)
Methotrexate (n, %) 32 (59)

Dose (mg week-1), median (p25–p75) 15 (12–25)
Concurrent non-MTX, (n, %) 7 (13)

Receiving >1 current DMARD, (n, %) 0 (0)

Predictive value of infliximab serum levels
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trough concentrations >2.5 mg ml-1 reached good EULAR
response (ROC area 0.67 (95% CI 0.52, 0.82), sensitivity
100%, specificity 23%, PPV 35%, NPV 100%, Youden index:
0.23). The most optimal cut off score was however an
infliximab serum trough concentration of 11 mg l-1

(sensitivity: 73%, specificity: 64%, PPV: 42%, NPV: 83%:
Youden index 0.37). Of note, these were serum trough con-
centrations 4 weeks after the last infusion, and these are
not directly comparable with regular 8 week interval
trough concentrations.

After 14 weeks, infliximab serum trough concentrations
tended to be higher in the group of EULAR responders
compared with the non-responders (median (interquartile
range) 0.9 (0.05–2.6) vs. 2.0 (0.7–5.4) mg l-1, P = 0.06).

Anti-infliximab antibodies were formed in three (after 6
weeks) and nine patients (14 weeks). None of the patients
with anti-infliximab antibodies after 6 weeks reached
EULAR response after 26 weeks, whereas only one patient
with anti-infliximab antibodies after 14 weeks reached
EULAR response after 6 months.

Additional predictive value of combining
infliximab serum trough concentrations and
disease activity scores
Figure 3 displays the two graph ROC curves visualizing the
relationship between DAS28 scores (A) and infliximab
serum trough concentrations (B) on the one hand and sen-
sitivity, specificity and Youden’s index for predicting EULAR

response after 6 months on the other hand. After calculat-
ing Youden indices for every individual potential cut off
point, four DAS28 scores maximized Youden indices (3.2,
3.4, 3.6 and 4.2), whereas six infliximab serum trough con-
centrations maximized Youden indices (2.5, 3.3, 5.2, 6.7, 8.5
and 11.0). The 24 (4 ¥ 6) combinations of these predictors
were subsequently tested as possible cut-off levels. Sensi-
tivity, specificity and Youden indices of these possible cut
off values are depicted in Table 3.

As indicated in Table 3, the Youden index was maxi-
mized with DAS scores after 6 weeks �4.2 and/or inflixi-
mab serum trough concentrations �2.5 mg l-1 (sensitivity
100%, specificit: 54%, PP: 45%, NP:100%, Youden index
0.54). Consequently, none of the 21 of 54 (39%) patients
with either DAS286weeks � 4.2 and/or infliximab serum
trough concentrations �2.5 mg l-1 reached EULAR
response after 6 months.

Discussion

Early prediction of response to infliximab therapy can
improve therapeutic benefit by avoiding unnecessary
periods of high disease activity, costs and side effects. The
results of this study could help to identify early responders
as we found that the combination of either a DAS28 score
of �4.2 and/or infliximab serum trough concentrations
�2.5 mg l-1 6 weeks after initiation of therapy was a fair
predictor (sensitivity 100%, NPV 100%) for not achieving
low disease activity, with also acceptable specificity (54%).
As 39% of the patients starting infliximab fulfilled this
criterion at week 6 (54% of the non-responders), these
patients could potentially be switched to another therapy
after 6 weeks. This implicates that infliximab serum trough
concentrations (measured just before the third infusion at
6 weeks) should be measured in 27 patients to find one
extra non-responding patients (number needed to meas-
ure = 27). Early identification of non-responding patients
enables the patient to get alternative effective treatment
and increases the cost effectiveness of the treatment by
shortening the period of moderate/high disease activity
despite costly medication.

Increasing the dose in these non-responding patients
is less sensible, at least in RA. Increasing the dose has a
much lower chance of response in rheumatic diseases
[18,19] and is associated with more adverse events and
costs [20] than switching to another biological, and is
therefore not cost effective.

In order to improve the specificity of this prediction
model, we considered inclusion of other baseline variables
that have been reported to be associated, at least to some
extent, with response. However, as none of the baseline
variables (like gender,disability,NSAID and MTX use,genet-
ics, particular immune cells, RF and anti-CCP concentra-
tions) were related to low disease activity after 6 months,
baseline variables were unable to increase the specificity
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of this prediction model. Other candidate predictors that
could be considered include genetic predictors, especially
polymorphism in the TNF (receptor) region. Thus far,
however, none of these markers has unequivocally been
shown to be associated with response to anti-TNF [21].
Furthermore, the use of these genetic markers is at this
moment not feasible in clinical practice, because they are
not widely accessible and because assessment is too time
consuming and costly.

Although this prediction model suggests that DAS28
scores combined with infliximab serum trough concen-
trations could predict early half of the non-responding
patients, several requirements are to be met before this
prediction model could be successfully used in clinical
practice. Firstly, it should be noted that the proposed pre-
diction model was developed in a relatively small popu-
lation and should be validated in another cohort of
patients with RA treated with infliximab, as it is to be
expected that the sensitivity and specificity will be some-
what lower after replication in another cohort. The next
step should address feasibility. This seems adequate, as
the DAS28 is a widely adopted measure for disease activ-
ity that can be measured instantaneously. The measure-

ment of infliximab serum trough concentrations is
regularly available in the Netherlands, is not very expen-
sive and takes 2 weeks.

In conclusion, disease activity scores in combination
with infliximab serum trough concentrations at 6 weeks

Table 2
2 ¥ 2 table for prediction of EULAR response after 6 months vs. DAS28 score at 6 weeks (left) and vs. DAS28 score and/or infliximab serum trough
concentrations at 6 weeks (right)

DAS28 response (after 6 months) DAS28 response (after 6 months)
Good Non/moderate Good Non/moderate

DAS28 < 4.2 15 (28%)a 20 (37%)b DAS28 < 4.2 and infliximab trough
concentration >2.5 mg l-1

15 (28%)a 18 (33%)b

DAS28 � 4.2 0 (0%)c 19 (35%)d DAS28 � 4.2 and/or infliximab trough
concentration �2.5 mg l-1

0 (0%)c 21 (39%)d

Sensitivity = a/(a + c) 100% Sensitivity 100%
Specificity = d/(b + d) 49% Specificity 54%

PPV (positive predictive value) = a/(a + b) 43% PPV 45%
NPV (negative predictive value) = d/(c + d) 100% NPV 100%
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Infliximab serum trough concentrations in EULAR responders and non-
responders after 2, 6 and 14 weeks. , EULAR non-responders; ,
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seem to be a valuable and feasible instrument to optimize
early detection of non-responders to infliximab therapy
although this result requires validation in another cohort.
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