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Abstract
Objectives: Infliximab is an antitumour necrosis factor agent used to treat
inflammatory bowel disease (IBD). Measurement of infliximab trough concen-
trations (C‐troughs) are used to optimize drug exposure and improve out-
comes. Currently, enzyme‐linked immunosorbent assays (ELISAs) are used
predominantly for this purpose. Novel lateral flow immunoassays provide a
rapid result.
Methods: We collected 100 paired serum samples of adolescents and
young adults with IBD, who were treated with infliximab maintenance in-
fusions. C‐troughs were measured with the Quantum Blue® lateral flow test
(QB) with ELISA. Results were categorized as low‐range (mean C‐trough
≤5 µg/mL) or high‐range (>5 µg/mL). A Bland–Altman plot was created with
limits of clinical acceptability set at ≤2 µg/mL for low‐range and ≤40% for
high‐range C‐troughs. A concordance matrix was created to evaluate the
C‐trough‐based clinical scenario (whether or not to escalate infliximab)
using a cutoff value of 5 µg/mL.
Results: Agreement between QB and ELISA was good (intraclass corre-
lation coefficient: 0.85). In the low‐range, 90% (95% confidence interval
[CI]: 79–96) of measurements were within the limits of clinical accept-
ability. In the high‐range this was 67% (95% CI: 53–79). QB provided
higher results than ELISA. The concordance matrix showed 81% agree-
ment (95% CI: 72–88, κ: 0.62).
Conclusions: Lateral flow‐ and ELISA‐based infliximab C‐trough measure-
ments were in agreement. The swift establishment of infliximab C‐troughs
matters for patients experiencing increased disease activity. In the event of a
low C‐trough, prompt dose escalation can be initiated.
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1 | INTRODUCTION

Infliximab is a monoclonal antibody used in the treatment
of inflammatory bowel disease (IBD), which acts by bind-
ing to tumour necrosis factor (TNF)‐α and disrupting the
pro‐inflammatory cascade signalling. A strong association
between infliximab exposure and response to treatment
has been established.1 Due to large inter‐ and in-
traindividual variability in the pharmacokinetics of in-
fliximab, standard dosing can result in subtherapeutic drug
levels. Several covariates, including inflammatory burden,
age, body weight, albumin concentration, concomitant use
of immunomodulators and the presence of antidrug anti-
bodies play a role in the variability in infliximab clearance.2

Therapeutic drug monitoring (TDM), that is, mea-
suring infliximab trough concentrations (C‐troughs, i.e.,
serum drug concentrations right before the next
administration) and interpreting these C‐troughs for
adjusting further infliximab dosages, helps to optimize
drug exposure.3 TDM of anti‐TNF agents was found to
be cost‐effective,4 and is associated with an increased
likelihood to reach endoscopic healing,3 which has
been accepted as a long‐term treatment target in IBD.5

Currently, anti‐TNF C‐troughs are measured with an
enzyme‐linked immunosorbent assay (ELISA), which
often requires transportation of samples to a central-
ized diagnostic laboratory and usually takes around
1 week or more before the results are out.

Point‐of‐care tests based on the lateral flow tech-
nique have become widespread since the coronavirus
disease 2019 pandemic and infliximab C‐troughs
measured with this method may provide a rapid alter-
native with results available after ~15min.6

We aim to compare infliximab C‐troughs measured
with the Quantum Blue® test (QB) and the established
ELISA method,7 to determine whether these tests
agree sufficiently for QB to replace the ELISA, or to use
the two interchangeably.

2 | METHODS

2.1 | Design

For this head‐to‐head comparison samples prospectively
collected for the FREE‐study (ClinicalTrials.gov
NCT04646187, registration date 20 November 2020) at
the University Medical Centre Groningen and Rijnstate
Hospital were used. The FREE‐study is an ongoing par-
tially randomized patient preference trial comparing a
lengthened infliximab interval with an unchanged interval
in patients aged 12–25 years with IBD in sustained
remission. The FREE‐study protocol has previously been
published.8 Serum samples are routinely collected for
trough level measurement every 24 weeks (intervention

What is Known

• Measurement of infliximab trough concentra-
tions and subsequent dose adjustment can
optimize the effectiveness of infliximab therapy.

• Lateral flow tests may offer a rapid alternative
for the established enzyme‐linked immuno-
sorbent assay (ELISA).

What is New

• We found good agreement in infliximab
trough levels measured with a lateral flow test
and ELISA in a real‐world clinical setting.

• Rapid measurement of infliximab trough con-
centration may especially be beneficial for pa-
tients that experience increased disease activity
while under infliximab maintenance therapy. In
the event of a subtherapeutic trough concen-
tration, prompt dose escalation can be initiated.
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group) or 48 weeks (control group). The first patient was
enrolled in the FREE‐study on 11 March 2021. For the
current study, data were collected until 8 December 2023.

2.2 | Pre‐analytical sample handling

Serum samples were collected routinely for infliximab
trough level measurement. At each timepoint, two serum
samples were collected from each patient right before in-
fliximab administration. One serum sample was analysed
immediately after collection at the local laboratory with QB.
The other sample was sent to a diagnostic service facility
for ELISA‐based testing within 24 h after collection. If
transportation within 24 h was not possible, the samples
were frozen until the next sending.

2.3 | Measurement of infliximab
concentration with lateral flow test

The commercially available QB Infliximab Quantitative
Lateral Flow Assay (LF‐TLIF10/−25, BÜHLMANN Labo-
ratories AG) was used, hereafter referred to as QB. In
short, the radiofrequency identification chip card was
inserted into the QB reader (BI‐POCTR‐ABS) to load lot‐
specific test parameters. At room temperature, 10 µL
serum was mixed with 190 µL chase buffer and vortexed.
The test cassette was inserted into the QB reader and
80µL of the diluted serum was added onto the loading
port. After incubating for 15min, the concentration of free
infliximab was displayed. According to the instructions for
use, the measuring range of QB is 0.4–20µg/mL, which
can be extended by dilution. The list price of the QB reader
is €3000 and the list price of the infliximab test kits is €750
for 25 tests (i.e., €30 per measurement), value‐added tax
excluded.

2.4 | Measurement of infliximab
concentration with ELISA

ELISA was performed by Sanquin Diagnostic Services
(Level Infliximab M2920 kit),9 with a detection range of
0.03–20µg/mL. Free infliximab in serum was measured. If
a trough level <1µg/mL was measured, the presence and
concentration of anti‐infliximab antibodies was measured
using a radioimmunoassay.7 The laboratory technicians
involved in the QB method were blinded for the ELISA
result and vice versa. The costs for ELISA by Sanquin was
€63.81 per measurement.

2.5 | Outcome measures

Agreement between the paired measurements was
assessed by creating a Bland–Altman plot.10 The Bland–

Altman plot assigns the mean of the ELISA and QB
measurements on the x axis and the difference between
both on the y axis. Agreement was compared for both low‐
(<5 µg/mL) and high‐ (≥5µg/mL) range C‐troughs. We
reasoned that disagreement in the lower range of the test
could lead more easily to misclassification of the infliximab
concentration than in the higher range. We therefore
considered an agreement of ≤2µg/mL in the low range
and ≤40% in the high range as clinically acceptable.

We also performed a scenario analysis of therapeutic
consequences. In accordance with the European guide-
line on the medical management of pediatric Crohn's
disease, we considered a C‐trough <5 µg/mL (in the
absence of anti‐TNF‐antibodies) to be a reason to
increase the dose or shorten the interval. A C‐trough
≥5 µg/mL (in patients in remission) was considered to be
in the target range, which should lead to an unchanged
continuation of the infliximab treatment.

2.6 | Sample size calculation

For the current study, the first 100 collected serum
samples were used for paired measurement. This
sample size was based on the recommendation by
Martin Bland, stating that 100 is a good sample size to
accurately estimate the limits of agreement (LOA).11

2.7 | Statistical analysis

Study data were collected and managed using REDCap
electronic data capture tool hosted at the University Med-
ical Centre Groningen.12,13 Statistical analyses were per-
formed using IBM SPSS Statistics (Version 28). For the
Bland–Altman plot, the mean difference between the two
methods (bias), the upper and lower LOA (±1.96SD) and
the 95% confidence interval (CI) of the LOAs were cal-
culated and displayed in the plot. Additionally, agreement
was quantified by calculating the intraclass correlation
coefficient (ICC) and its 95% CIs based on single mea-
surements, absolute‐agreement, two‐way mixed‐effects
model.14,15 A value< 0.5 was considered poor, 0.5–0.75
moderate, 0.75–0.9 good and >0.9 excellent.14 The ther-
apeutic consequence of the ELISA and the QB were
determined individually and displayed in a concordance
matrix. Other outcome measures included the κ statistic to
quantify agreement. The strength of agreement was
interpreted as poor for κ<0.0, slight for 0.0–0.2, fair for
0.2–0.4, moderate for 0.4–0.6, substantial for 0.6–0.8 and
almost perfect for 0.8–1.0.16

2.8 | Ethical consideration

The study protocol of the FREE‐study has been
approved by the Institutional Review Board (IRB)
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UMCG (METc 2020/340). Written informed consent
was obtained from all patients and parents/legal
guardians of minor patients before enrolment. The IRB
Committee issued an exemption for additional ethical
review of the current study (METc 2021/131).

3 | RESULTS

Between 11 March 2021 and 8 December 2023, we
collected 100 samples on all of which a paired mea-
surement was performed. The number of paired mea-
surements per subject ranged from 1 to 8. Anti‐
infliximab antibodies were detected in one sample. In
Table 1 we present the patient characteristics.

3.1 | Bland–Altman analysis

In Figure 1 we show the agreement between QB and
ELISA with a Bland‐Altman plot. None of the measure-
ments was above the upper limit of detection. The mean
difference between infliximab measurements across the
whole range was −1.45 µg/mL (lower LOA −5.49 − upper
LOA 2.59), indicating that QB provides higher results
than ELISA. The mean difference was more pronounced
for high‐range infliximab concentrations (>5 µg/mL)
compared to low range (≤5 µg/mL) with −2.23 µg/mL
(LOA between −7.11 and 2.64) and −0.69 (LOA
between −2.91 and 1.53), respectively. In the low range,
46 of 51 (90%) paired measurements were within the
predefined limits of clinical acceptability. In the high
range, 33 of 49 (67%) paired measurements were within
the predefined limits of clinical acceptability.

3.2 | ICC

The ICC including all measurements is 0.85 (95% CI:
0.60–0.93), indicating good agreement.

3.3 | Concordance

Table 2 shows the concordance matrix of therapeutic
consequences (either escalating the infliximab dose or
continuing the same dose) in both the low and high‐
range infliximab concentrations. Overall, 81 of 100
paired measurements (81%; 95% CI: 72–88) were
concordant. Discordance between the ELISA and QB,
leading to infliximab underdosing on the one hand and
overdosing on the other hand, was observed in 19 of
100 paired measurements (19%; 95% CI: 13–28). The
κ statistic is 0.62, indicating substantial agreement.
Subanalysis results in concordance in 86% (95% CI:
74–93) of measurements in the low range and 80%
(95% CI: 66–89) in the high range.

4 | DISCUSSION

4.1 | Summary of main findings

We performed a head‐to‐head comparison of a rapid
lateral flow quantitative infliximab C‐trough test versus
ELISA in 100 paired serum samples of adolescents and
young adult patients with IBD in sustained remission.
We showed that infliximab concentrations measured
with QB agreed sufficiently with the ELISA‐based
quantification. There was good agreement in the con-
tinuous comparison and substantial concordance of
therapeutic consequences using a cutoff of 5 µg/mL.

4.2 | Comparison with existing
literature

The QB method yielded higher infliximab concentrations
than ELISA, indicating a systematic difference. This was
more pronounced in the high‐range subgroup, where the
mean difference was 2.23µg/mL. Toja‐Camba et al.17 also
observed that QB slightly overestimated the infliximab
concentration, with a median C‐trough of 4.86 µg/mL for
ELISA (Promonitor) and 6.15 µg/mL for QB (p<0.001).
Two older studies, on the other hand, observed systematic
differences in the opposite direction, with ELISA‐based
measurements (both Sanquin) 2.62 and 0.92 µg/mL higher
than QB, respectively.18,19 The difference between the two
older and the two newer studies may reflect a change in
measuring procedures over time, such as a change in
calibration or in the antibody used for ELISA.

We found three additional studies that specifically
compared QB with ELISA by calculating an ICC. The

TABLE 1 Patient characteristics.

Characteristic n = 21

Gender

− Male 11 (52%)

− Female 10 (48%)

Age at study baseline (median [range]) 16 (12–25)

Diagnosis

− Crohn's disease 16 (76%)

− Ulcerative colitis 5 (24%)

Age at diagnosis (median [range]) 11 (6–16)

Infliximab dose per administration

− 5mg/kg 14 (67%)

− 10mg/kg 7 (33%)

Fecal calprotectin at study baseline (median
[range])

47 (30–234)

Note: Presented as n (%) unless stated otherwise.

4 | BOUHUYS ET AL.
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ICCs ranged between 0.82 and 0.94.18–20 This is con-
sistent with the ICC of 0.85 that we found, although
methods of ICC calculation could differ as this was not
specified in the studies.

The concordance between QB and ELISA was eval-
uated in several studies. We distinguished two categories
of C‐trough results (<5mg/L vs. ≥5mg/L), whereas other

groups used three different categories (<3, 3–7 and
>7mg/L).17,19–22 The κ statistics in these studies ranged
from 0.67 to 0.81, corresponding with substantial to almost
perfect agreement. Our κ of 0.62 was slightly lower, but an
infliximab concentration ≥5mg/L is internationally
accepted as the recommended target C‐trough for children
in the maintenance phase.23

F IGURE 1 Bland–Altman plot showing difference against mean for ELISA versus QB. The shaded area corresponds with the predefined
range of clinical acceptability, which were arbitrary set at ≤2 µg/mL in the low range and ≤40% in the high range. The dashed pink lines are the
mean difference and the upper and lower 95% LOA. ELISA, enzyme‐linked immunosorbent assay; LOA, limits of agreement; QB,
Quantum Blue®.

TABLE 2 Concordance matrix of therapeutic consequences.

ELISA: adapt treatment (trough level
<5 µg/mL)

ELISA: continue treatment (trough level
≥5 µg/mL) Total

QB: Adapt treatment (trough level
<5 µg/mL)

43 4 47

QB: continue treatment (trough level
≥5 µg/mL)

15 38 53

Total 58 42 100

Note: Green: concordant test results. Orange: discordant test results.

Abbreviations: ELISA, enzyme‐linked immunosorbent assay; QB, Quantum Blue®.
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4.3 | Strengths and limitations of the
study

In our study, individual blood samples were processed
immediately for measuring the C‐trough, as is cus-
tomary in clinical practice. To our knowledge, other
studies comparing the lateral flow method with ELISA
first stored blood samples and then tested them at once
in large batches. We show that even in a less‐
controlled real‐life setting measurements with QB

agrees sufficiently with ELISA to use the former
in situations where a quick result provides added value
for the patient. One might consider the patient who,
during the maintenance phase of infliximab treatment,
starts experiencing symptoms suggestive of a disease
flare, prompting the question of whether there could be
a pharmacokinetic loss‐of‐response or presence of
anti‐infliximab antibodies. This study's cohort was lim-
ited to adolescents and young adults, which may
impact the generalizability of our findings to younger

F IGURE 2 Clinical scenarios of an imaginary patient treated with infliximab maintenance (5mg/kg every 8 weeks) who presents with a
disease flare. Scenario A: infliximab C‐trough is measured with ELISA in a reference laboratory. The subtherapeutic concentration is reported
after 2 weeks and it takes another 2 weeks before the patient receives an increased infliximab dose. Scenario B: infliximab C‐trough is measured
with a lateral flow test and the subtherapeutic infliximab concentration is recognized immediately. Immediate adjustment of the treatment may
limit the duration of the flare by 4 weeks. ↑/↓, above/below target range; =, in‐range; C‐trough, trough concentration; ELISA, enzyme‐linked
immunosorbent assay; IFX, infliximab; TDM, therapeutic drug monitoring.

6 | BOUHUYS ET AL.
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children with potentially different pharmacokinetic pro-
files. As anti‐infliximab antibodies were only present in
one paired serum sample, we were not able to evaluate
whether QB performs equally well in situations of
immunogenic loss‐of‐response.

4.4 | Implications for clinical practice

We found sufficient agreement between the lateral flow
test and the ELISA test in the lower infliximab concen-
trations to use the lateral flow test for monitoring patients
during the maintenance phase, both for proactive and
reactive TDM. The lower range (C‐trough < 5mg/L) is
exactly where precision is of utmost importance. A delay
in the recognition of a subtherapeutic infliximab con-
centration can lead to a delay in adjusting the treatment
plan. Although there is no consensus on how to dose‐
escalate in case of pharmacokinetic failure (dose
increase, interval shortening, or even a new intensified
induction scheme), the authors of this article advocate
the strategy of doubling the dosage as quickly as pos-
sible and shortening the interval if the subtherapeutic
trough level is accompanied by a (symptomatic) disease
flare. Figure 2 shows how a lateral flow infliximab test
and immediate dose escalation can help to limit the
duration of a disease flare.

Early pro‐active TDM with a lateral flow test during
the induction phase would also be desirable. However,
QB is less suitable for this purpose, as its test per-
formance is poorer in the higher range. During induc-
tion treatment, the target infliximab C‐troughs are ≥25
and ≥15 µg/mL at Weeks 2 and 6, respectively.23

5 | CONCLUSIONS

We found good agreement in C‐troughs between the QB
lateral flow test and ELISA in the lower ranges of in-
fliximab. The swift establishment of infliximab C‐troughs
matters for patients experiencing increased disease
activity in the maintenance phase. In the event of a low
C‐trough, prompt dose escalation can be initiated.
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