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Abstract

Background The ability of serum infliximab level to
predict clinical outcome in infliximab therapy in Crohn’s
disease is unclear. Here, we aimed to clarify the correlation
between the timing of loss of response (LOR) to treatment
and a decrease in serum infliximab level, and, in addition,
to identify an indicator of infliximab level.

Methods The study used data from a previous clinical
study of infliximab for Crohn’s disease, in which inflix-
imab was initially given at 0, 2, 6 weeks at 5 mg/kg, and
then at 8-week intervals to 62 week-10 responders. Of
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these 62, here we analysed data from 57 in whom Crohn’s
disease activity index and serum infliximab level were
evaluated at week 14.

Results Twelve patients showed a clinical response
despite an infliximab level <1 pg/mL at week 14; of these,
8 (67 %) experienced LOR by week 54. A decrease in
infliximab level preceded LOR in 6 (75 %). In receiver
operating characteristic curve analysis, C-reactive protein
(CRP) showed better performance in detecting an inflix-
imab level <1 pg/mL. Infliximab level was <1 pg/mL in
60-80 % of patients with CRP >0.5 mg/dL.. Time to LOR
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(median: 22.0 weeks) was significantly longer than that to
a decrease in infliximab level to <1 pg/mL (14.0 weeks,
p <0.05) or to an increase in CRP to =>0.5 mg/dL
(14.0 weeks, p < 0.01).

Conclusions A decrease in serum infliximab level pre-
ceded LOR, and was easily detected by an increase in CRP.
The CRP may be an indicator of serum infliximab level in
predicting LOR.

Keywords Crohn’s disease - Predicting loss of response -
Serum infliximab trough level - C-reactive protein -
Crohn’s disease activity index

Introduction

Crohn’s disease (CD) is a progressive disease, and patients
often develop a stricturing or a perforating complication
with repeated relapse and remission, eventually requiring
surgery [1]. Repeated surgical procedures may result in
intestinal dysfunction and decrease the quality of life of
patients. These features emphasize the need for not only
the early achievement of remission in the treatment of CD
but also its long-term maintenance.

Treatment with infliximab, an anti-human tumor
necrosis factor-o. (TNF-0) monoclonal antibody, by intra-
venous administration of 5 mg/kg at weeks 0, 2, 6, and,
thereafter, at 8-week intervals enables early remission and
its maintenance in active CD [2, 3]. However, clinical
response is lost in some patients during maintenance
therapy [4]. One major cause of loss of response (LOR) to
anti-TNF-o. agents is considered to be the failure to
maintain an effective serum level [5], and it is accordingly
recommended that patients losing response be treated by a
dose intensification, such as dose escalation or shortening
of dosing interval [4-6].

We previously performed a clinical study in which
dosing interval was shortened to 4 weeks in CD patients
showing LOR during treatment with infliximab at 5 mg/kg
at 8-week intervals [7]. The results indicated that: (1)
clinical efficacy of infliximab correlated with its serum
level; (2) a serum trough infliximab level of 1 pg/mL was
the threshold for clinical efficacy; and (3) recovery of
serum infliximab level in patients with LOR resulted in a
high remission rate at week 54. Because this study defined
LOR using the Crohn’s disease activity index (CDAI)
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score, treatment could not be intensified until after the
manifestation of symptoms. Instead, maintaining the
quality of life and hindering disease progression would
have been better achieved by intensifying treatment prior to
the manifestation of symptoms.

Here, we hypothesized that a decrease in serum inflix-
imab level precedes LOR as determined by CDAI score. To
investigate this, we focused on the LOR caused by a
decrease in infliximab level, and analyzed the timing of
LOR and a decrease in trough infliximab level to below the
effective level using data from the clinical study above. If
confirmed, these findings would strongly support the ben-
efit of monitoring serum infliximab level in the long-term
maintenance of remission and help prevent the LOR caused
by a decrease in infliximab level during maintenance inf-
liximab treatment of 5 mg/kg at 8-week intervals. In
addition, given that serum infliximab levels are not rou-
tinely monitored in daily practice, we also sought an
indicator of a decrease in trough infliximab level below the
effective level.

Methods
Patients and study design

This study was performed as a multicenter, open-label,
controlled study. The study protocol was approved by each
institutional review board and the study was conducted in
accordance with the Declaration of Helsinki and Good
Clinical Practice. Written informed consent was obtained
from all patients prior to registration. The study design, and
criteria for patient registration, exclusion, and combination
of nutritional and/or drug therapies have been described in
detail in the previous report [7].

In brief, infliximab 5 mg/kg was administered at weeks
0, 2, and 6 to 64 patients with CD who had a CDAI score
between 220 and 400 in spite of standard therapy. Main-
tenance therapy with infliximab 5 mg/kg at 8-week inter-
vals was started in 62 patients who showed an
improvement (decrease of >25 % and reduction of >70
points compared with baseline CDAI) by week 10 (week-
10 responders). Patients meeting the criteria for LOR at
weeks 14, 22, 30, 38, or 46 were administered infliximab at
5 mg/kg at 4-week intervals up to week 50.

Outcome measures

Outcome was evaluated by CDAI. Clinical response was
defined as a decrease of >25 % and reduction of >70
points compared with baseline CDAI, and clinical remis-
sion as CDAI <150. The criteria for LOR were defined as
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follows: (1) CDAI >175; and (2) increase of >35 % and
>70 points compared with the lowest CDAI up to week 10.

To assess serum levels of infliximab, blood samples
were obtained before each treatment at weeks 0, 2, and 6,
and then every 4 weeks until week 54. Serum infliximab
levels were measured by an enzyme-linked immunosorbent
assay using a monoclonal antibody against infliximab
obtained from Janssen Biotech Inc. (Horsham, PA, USA)
[8]. All measurements were performed by Mitsubishi
Tanabe Pharma Corporation (Osaka, Japan). The detection
limit was 0.1 pg/mL. In the present analysis, infliximab
levels at trough were used, with the threshold trough level
for clinical response set at 1 pg/ml. based on the results of
the previous study [7].

Among other laboratory tests, serum C-reactive protein
(CRP) levels were determined by latex agglutination
immunoassay (reference range <0.5 mg/dL); albumin by the
bromocresol green method (reference range 3.8-5.3 g/dL);
prealbumin and retinol-binding protein by nephelometry
(reference range 22-40 and 2.9-7.9 mg/dL); and transferrin
by turbidimetric = immunoassay (reference range
190-320 mg/dL). Plasma levels of TNF-a and interleukin-6
(IL-6) were measured by chemiluminescence enzyme
immunoassay. All measurements were performed by Mits-
ubishi Chemical Medience Corporation (Tokyo, Japan).

Statistical analysis

A marker for detecting serum trough infliximab levels of
<1 pg/mL was explored in patients treated at 3-week
intervals. Receiver operating characteristic (ROC) curve
analysis was performed for the following clinical and
laboratory parameters using a trough infliximab level of
<1 ug/mL as positive. Clinical parameters (CDAI mea-
surement items) were soft/liquid stool score, abdominal
pain score, general well-being score, hematocrit (Hct)
(male: 47-Hct, female: 42-Hct), and percent below stan-
dard body weight; while laboratory parameters were CRP,
albumin, prealbumin, transferrin, retinol-binding protein,
and IL-6. The TNF-o was excluded from the ROC curve
analysis because levels cannot be accurately measured in
the presence of infliximab.

Parameters with the highest area under the ROC curve
(AUC) were analyzed with regard to accuracy, sensitivity,
and specificity at an appropriate cut-off value. The correla-
tion between infliximab level and the selected parameter was
analyzed by Spearman’s rank correlation coefficient. Fish-
er’s exact test was used for analysis of statistical differences
in patients with an infliximab level <1 and >1 pg/mL when
stratified by cut-off value of the selected parameter.

Time to LOR, time to a decrease in trough infliximab
level to <1 pg/mlL, and time for the selected parameter to
reach the cut-off value were compared in patients in whom
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response was lost and trough infliximab level decreased
below 1 pg/mlL. Statistical differences among respective

parameters were analyzed using the Wilcoxon rank test.

Results

Patients

Baseline characteristics of patients included in the analyses
are shown in Table 1. Of the 62 week-10 responders, 57

Table 1 Baseline patient characteristics

Week-10 responders assessed for
clinical response and serum trough
infliximab level at week 14

(n = 57)

Gender (male:female)
Age (years), median (IQR)

Disease duration (years),
median (range)

Disease location
(ileum:colon:ileocolonic)

Previous surgery for Crohn’s
disease, n (%)

Resection:stricturoplasty
Smoker, n (%)

Concomitant medications,
n (%)

Corticosteroids
5-Aminosalicylates
Immunomodulators
Metronidazole/ciprofloxacin
Enteral nutrition

Crohn’s disease activity index,
median (IQR)

Inflammatory Bowel Disease
Questionnaire, median (IQR)

Draining fistulas (none:1:2:3
or more)

C-reactive protein (mg/dL),
median (IQR)

Albumin (g/dL), median (IQR)

Prealbumin (mg/dL), median
(IQR)

Transferrin (mg/dL), median
IQR)

Retinol-binding protein
(mg/dL), median (IQR)

Plasma tumor necrosis factor-o
(pg/mL), median (IQR)

Plasma interleukin-6 (pg/mL),
median (IQR)

43:14
29.0 (24.0-36.0)
5.4 (0.5-27.0)

13:14:30

21 (36.8)

20:8
17 (29.8)

19 (33.3)
55 (96.5)

8 (14.0)

9 (15.8)

36 (63.2)

283.0 (248.0-329.0)

148.0 (132.0-164.0)

50:3:3:1

1.6 (0.74.0)

3.8 (344.2)
21.0 (17.1-27.5)

237.0 (193.0-270.0)

2.6 (2.1-3.4)

1.04 (0.74-1.59)

6.40 (1.96-12.9)
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Fig. 1 Flowchart of week-10
responders administered

Week-~10 responders administered infliximab 5 mgikg at week 0, 2, and 6

n=62

infliximab 5 mg/kg at week 0, 2,
and 6

Excluded for adverse events, lack
of efficacy, or additional treatment
n=§

Assessed for clinical response and serum infliximab level at week 14

n =57

|

Clinical response at week 14
n=48

No response at week 14
n=9

|

Infliximab < 1 pg/mL at week 14

Infliximab = 1 pg/mL at week 14

n =15 (31%) n = 33 (69%)

Excluded for Excluded for adverse

adverse events or events, lack of

lack of efficacy efficacy, or

n=3 withdrawal of
informed consent
n=4

n=12 n=29

Loss of response
n=8(67%)

patients whose CDAI and serum trough infliximab level
were evaluated at week 14 were included in analyses
(Fig. 1). Four of the five excluded patients discontinued
treatment due to insufficient efficacy or adverse events up
to week 14, while one patient was excluded because of
additional treatment for small bowel obstruction that
developed prior to week 14.

Decrease in serum infliximab level precedes loss
of response

A total of 48 of 57 patients showed a clinical response at
week 14, whereas 9 patients showed no response (Fig. 1).
Of the 48 responders, the trough infliximab level was
<1 pg/mL in 15 (31 %) at week 14. Timing of LOR was
examined in 12 of these patients after exclusion of 3
patients in whom treatment was discontinued before the
LOR.

At week 14, 10 of 12 patients maintained efficacy
despite a trough infliximab level of <1 pg/mL, whereas the
remaining 2 patients satisfied the LOR criteria (Fig. 2). The
LOR was gradually observed thereafter at weeks 22, 30,
38, and 54 in 2, 1, 1, and 2 patients, respectively, giving a
cumulative rate of LOR of 67 % (8/12) at week 54. Among
the patients with LOR, a decrease in trough infliximab

Loss of response Loss of response

n =7 (24%) n =7 (78%)

° 1.0

© Serum infliximab level

2 084 — <1mg/mLatweek 14 (n=12)

5 --- 21 pg/mL at week 14 (n = 29)
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Fig. 2 Changes in the proportion of patients with loss of response in
week-14 clinical responders according to serum trough infliximab
level at week 14. Of the 48 patients who showed a clinical response at
week 14, timing of loss of response was examined in 41 patients after
excluding 7 patients in whom treatment was discontinued before the
loss of response

level preceded LOR in 75 % (6/8). The rate of LOR in
patients whose trough infliximab level was >1 pg/mlL at
week 14 was 24 % (7/29) at week 54.

Six of 9 non-responders at week 14 met the LOR criteria
at week 14, 1 showed LOR at week 30, and the remaining 2
patients did not meet the LOR criteria.
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C-reactive protein level shows better performance
in detecting a decrease in serum infliximab level

Table 2 shows the AUC of each clinical parameter and
laboratory parameter at week 14 by ROC curve analysis
using a trough infliximab level of 1 pg/mL as cut-off. The
AUC values of CRP and IL-6 were 0.928 and 0.909,
respectively, and higher than those of the other parameters.
From these two, we selected CRP owing to its ease of
measurement in daily clinical practice. The cut-off value
for CRP level was set at 0.5 mg/dL, which is the threshold
value of the normal range. The accuracy, sensitivity, and
specificity for detecting a trough infliximab level at week
14 of <1 pg/mL was 82, 95, and 76 %, respectively.

To investigate a correlation between CRP level and
serum trough infliximab level during 8-week interval
therapy, the data in patients switched to 4-week interval
therapy were excluded from analysis. The CRP level
showed a significantly negative correlation with trough
infliximab level at weeks 14, 22, 30, 38, 46, and 54
(p <0.001, Spearman’s rank correlation coefficient)
(Fig. 3a). The rho values were —0.606, —0.572, —0.639,
—0.597, —0.553, and —0.626, respectively.

A trough infliximab level of >1 pg/ml was maintained
in more than 80 % of patients whose CRP level was
<0.5 mg/dL at weeks 14, 22, 30, 38, 46, and 54 (Fig. 3b).
On the other hand, trough infliximab level was <1 pg/mL
in 60-80 % of patients whose CRP level was >0.5 mg/dL.
The difference in the percentage of patients with a trough
infliximab level of <1 pg/mL between those with a CRP
level of <0.5 or >0.5 mg/dL. was statistically significant at
all time points (p < 0.05, Fisher’s exact test).

Table 2 Performance of clinical and laboratory data parameters in
detecting an infliximab level of <1 pg/mL

Area under the receiver
operating characteristic
curve at week 14

(n = 57)
Soft/liquid stools score 0.585
Abdominal pain score 0.584
General well-being score 0.653
Hematocrit (male, 47-Hct; female, 42-Hct) 0.644
Percent below standard body weight 0.616
C-reactive protein 0.928
Albumin 0.809
Prealbumin 0.784
Transferrin 0.614
Retinol-binding protein 0.728
Interleukin-6 0.909

@_ Springer

No significant different in baseline CRP level was seen
between patients treated with [n = 19, median (IQR) 1.3
(0.6-3.1) mg/dL] and without corticosteroids [# = 38, 1.7
(0.7-4.0) mg/dL].

C-reactive protein is an indicator of serum infliximab
level in predicting loss of response

Timing of LOR in patients whose CRP was higher
than the normal level

Of the 48 week-14 clinical responders, the CRP level was
>0.5 mg/dL at week 14 in 18 patients. After excluding 4
patients who were discontinued before showing LOR,
timing of LOR was examined in 14 patients. At week 14,
12 of these patients maintained efficacy despite an increase
in CRP level, whereas the remaining 2 patients met the
criteria for LOR (Fig. 4). The LOR was gradually observed
thereafter at weeks 22, 30, 38, and 54 in 2, 2, 1, and 2
patients, respectively, giving a cumulative rate of LOR at
week 54 of 64 % (9/14). An increased CRP level preceding
LOR was observed in 78 % (7/9). The rate of LOR at week
54 was 22 % (6/27) for patients whose CRP level was
<0.5 mg/dL at week 14.

Comparison of timing of LOR, decrease in serum infliximab
level, and increase in CRP level

LOR was observed in 22 patients among the analysis
population (Fig. 1). Of these 22, 10 patients were excluded
from this analysis because they showed LOR when the
trough infliximab level was >1 pg/mL. Timing of LOR,
decrease in trough infliximab level to <l pg/mlL, and
increase in CRP level to >0.5 mg/dL were compared in the
remaining 12 patients whose trough infliximab level was
decreased to <1 pg/mL at some time point during the
study.

The LOR was observed at weeks 14, 22, 30, 38, and 54
in5 @2 %), 2 (17 %), 2 (17 %), 1 (8 %), and 2 patients
(17 %), respectively (Fig. 5). Trough infliximab level
decreased to <1 pg/mL at week 14 in 11 patients (92 %),
and at week 30 in the remaining 1 patient (8§ %). The CRP
level exceeded 0.5 mg/dL. at week 14 in all patients
showing LOR. Time to LOR [median (IQR) 22.0
(14.0-32.0) weeks] was significantly longer than both that
to a decrease in trough infliximab level to <1 pg/mL [14.0
(14.0-14.0) weeks, p < 0.05, Wilcoxon rank test] and that
to an increase in CRP level to >0.5 mg/dL [14.0
(14.0-14.0) weeks, p < 0.01]. The difference between the
time until trough infliximab level decreased to <1 pg/mL
and CRP level increased to >0.5 mg/dL. was not statisti-
cally significant.
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Fig. 3 Relation of C-reactive protein level to serum trough
infliximab level. Data were analyzed in patients treated at 8-week
intervals. a Correlation between C-reactive protein level and serum
trough infliximab level. b Serum trough infliximab level according to

C-reactive protein level is decreased after dose
intensification of infliximab

Of the 22 patients who showed LLOR, infusion interval was
not changed in 3 patients who showed LOR at week 54. In
contrast, infusion interval was shortened in 19 patients due
to LOR at weeks 14, 22, 30, and 38 in 10, 4, 4, and 1
patient, respectively. Serum infliximab and CRP levels
were measured in 17 of these patients after the change in
interval.

Median CRP (IQR) level at baseline was 2.1 (0.7-4.1)
mg/dL, and decreased to 0.4 (0.1-0.6) mg/dL at week 2.
However, it was 2.4 (0.9-3.0) mg/dL at the time of LOR,

C-reactive protein level. The cut-off value for CRP level was set at
0.5 mg/dL (threshold value of the normal range). Statistical differ-
ences in patients with a serum infliximab level <1 and >1 pg/mL
were calculated by Fisher’s exact test

and decreased again after dose intensification of infliximab
to 0.6 (0.3-2.8) mg/dL at 4 weeks. It remained at around
0.5 mg/dL thereafter (Fig. 6).

Discussion

In the present study, we evaluated the hypothesis that
trough infliximab level is decreased preceding LOR by
analyzing the timing of LOR and a decrease in trough
infliximab level to below the threshold (1 pg/mL). We
demonstrated that a decrease in serum infliximab level
preceded LOR, and could furthermore be easily detected by
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Fig. 4 Changes in the proportion of patients with loss of response in
week-14 clinical responders according to C-reactive protein level at
week 14. Of the 48 patients who showed a clinical response at week
14, timing of loss of response was examined in 41 patients after
excluding 7 patients in whom treatment was discontinued before the
loss of response
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Fig. 5 Comparison of timing of loss of response, decrease in serum
infliximab level, and increase in C-reactive protein level. Results are
expressed as the number of patients with loss of response, with serum
infliximab level <1 pg/mL, and with C-reactive protein level

>0.5 mg/dL in patients showing loss of response in whom serum
infliximab level decreased to <1 pg/mL at some time point (n = 12)

an increase in CRP, in a subset of CD patients treated with
infliximab.

Various causes have been ascribed to LOR occurring
during treatment with infliximab in patients with CD, many
of which were reported to be associated with serum trough
infliximab level [5]. Previously, we described that the
threshold trough level of infliximab to obtain clinical effi-
cacy is 1 pg/mL [7]. Maser et al., also reported a value of
approximately 1 pg/mL in these patients [9]. On the other
hand, some of LOR have been shown to be not relevant to
trough levels of infliximab [5]. We, therefore, conducted
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Fig. 6 Changes in C-reactive protein level after switching to 4-week
interval therapy. Results are expressed as median (n = 13-17). The
median value at each point was calculated considering the time of
interval switching as baseline (week O on graph)

the subgroup analysis in patients whose trough infliximab
level was <1 pg/mL with the aim of excluding cases of
LOR presumably not associated with the reduction of inf-
liximab level.

In our analysis, 12 patients showed a clinical response
despite a trough infliximab level <1 pg/mL at week 14; of
these, however, 8 (67 %) eventually experienced LOR by
week 54. A decrease in trough infliximab level to <1 pg/
mL preceded LOR in 6 patients (75 %). This finding sug-
gests that a decrease in trough infliximab level precedes
LOR and that monitoring infliximab level may be useful
for predicting subsequent relapse.

The usefulness of monitoring infliximab levels in the
treatment of inflammatory bowel disease has been descri-
bed in our previous [7] and other reports [10, 11]. Afif et al.
[10] reported that measurement of infliximab level was
clinically useful and that a complete or partial clinical
response was observed with dose escalation in 86 % of
patients with subtherapeutic infliximab levels. Monitoring
infliximab level in daily practice is difficult, however, and
indeed not possible in some regions. We therefore used the
data of our previous clinical study to identify a useful
marker of a subtherapeutic serum trough level of inflix-
imab. In ROC curve analysis using a trough infliximab
level of 1 pg/mL as cut-off, AUC was highest for CRP and
IL-6.

Similarly to TNF-a, IL-6 is a cytokine that is involved in
the inflammatory cascade of CD [12]. The IL-6 levels
correlate with the degree of inflammation [13-18], how-
ever, is not routinely measured in daily practice, and like
serum infliximab may, therefore, be inappropriate as a
routine monitoring marker.

The CRP is an acute-phase protein produced by hepa-
tocytes which is induced by TNF-o, IL-6, and interleukin-
1B [19]. It serves as a noninvasive marker of inflammation
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