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 Background: Monitoring of trough levels and anti-drug antibodies is important when patients with inflammatory bowel 
disease (IBD) are treated with anti-TNF biologics due to guided therapeutic decisions. The comparability of 3 
ELISA tests for detection of the lowest serum concentration of infliximab (IFX) or antibodies to IFX (ATIs) was 
evaluated.

 Material/Methods: Two commercial assays for measuring IFX levels were compared with the in-house (UHL) test. ATIs were mea-
sured with 1 commercial test and compared to the in-house test. According to the guidelines, IFX levels were 
within the range of 3 to 7 µg/mL.

 Results: The decision to continue therapy would be the same for 11 out of 16 patients when comparing the apDia 
Infliximab ELISA and UHL test, and for 12 out of 18 patients when comparing the Lisa-Tracker and in-house 
UHL test. Linear correlations between the tests were R=0.92 (UHL and apDia), R=0.91 (apDia and Lisa-Tracker), 
and R=0.89 (UHL and Lisa-Tracker) with P<0.001, respectively.

 Conclusions: As the IFX levels are important for decisions on further therapy, detectable IFX levels realistically reflect the 
presence of the drug in the patients’ blood and thus control inflammatory activity. The tests were found as 
comparable and performed well in this aspect and might be used in everyday clinical practice.

 Keywords:	 Antibodies	•	Enzyme-Linked	Immunosorbent	Assay	•	Infliximab	•	Materials	Testing

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/939084

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Internal Medicine, History of Medicine and Medical Ethics, Faculty 
of Medicine, Josip Juraj Strossmayer University of Osijek, Osijek, Croatia

2 Department of Gastroenterology, University Medical Centre Ljubljana, Ljubljana, 
Slovenia

3 Institute of Microbiology and Immunology, Medical Faculty of Ljubljana, Ljubljana, 
Slovenia

4 Department of Research & Development, In-Medico, Metlika, Slovenia
5 Department of Public Health, Faculty of Health Sciences, Ljubljana, Slovenia

e-ISSN 1643-3750
© Med Sci Monit, 2023; 29: e939084

DOI: 10.12659/MSM.939084

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be 
made by its manufacturer, is not guaranteed or endorsed by the publisher

e939084-1
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Inflammatory bowel disease (IBD), which encompasses Crohn 
disease (CD) and ulcerative colitis (UC), is a lifelong gastro-
intestinal disease that takes place as alternating periods of 
disease flares and intermediate periods of disease remission. 
CD can affect the entire intestine from the mouth to the anus, 
while UC is restricted to the colon only [1].

The approach to treating IBD has changed significantly over 
the last 20 years [2]. In the past, the goal of treatment was 
only to alleviate symptoms, but today we want to achieve deep 
remission, that is, complete elimination of disease symptoms, 
normalization of biochemical and fecal indicators of inflamma-
tion, and healing of the intestinal mucosa (clinical, laboratory, 
and endoscopic remission of the disease) [3,4]. Several treat-
ment options such as 5-aminosalicylic acid, corticosteroids, 
immunosuppressants, and biologics have been introduced [5]. 
With the introduction of biologics, the treatment modality has 
changed dramatically, as they specifically target molecules as-
sociated with the course of the disease. The first approved bi-
ological drug for the treatment of CD and UC was infliximab 
(IFX) [6], a chimeric antibody that belongs to the group of tu-
mor necrosis factor (TNF)-a inhibitors [7].

Biologics have brought new opportunities for safe and effec-
tive treatment. For instance, regular IFX therapy leads to en-
doscopic mucosal healing, improves quality of life, and reduc-
es hospitalization and surgery [8]. Although biologics usually 
provide strong control over the disease, some patients do not 
respond to the treatment (primary non-responsive patients), 
or the drug eventually loses its effect (secondary non-respond-
ers). One of the main reasons for this is the emergence of anti-
drug antibodies (ADAs), which occur due to the immunogenici-
ty of the biological drug. ADAs lower the serum level of a drug 
(the lowest serum concentration of a drug during treatment, 
trough level [TL]) by inactivating or accelerating its excretion 
from the body by urine [2]. A major limitation in IFX treatment 
is the development of antibodies to IFX (ATI) in some patients, 
which is due to the immunogenic potential of the murine vari-
able region in the IFX molecule [9].

Therapeutic drug monitoring (TDM) and monitoring of ATI 
enable us to optimize patient treatment. With this approach, 
we can identify patients who have very low or undetectable 
serum IFX concentrations, due to ATI activity. These may de-
velop at any time during treatment [10]. However, there are 
many different methods for determining TL IFX and ATI. The 
most used are enzyme-linked immunosorbent assay (ELISA), 
radioimmunoassay, and homogenous mobility shift assay [11]. 
As the monitoring of TL IFX and ATI is becoming a part of the 
clinical practice, competitive and precision tests are crucial for 
the diagnosis and decision-making of the patient’s subsequent 

therapy [12-15]. However, the discrepant accuracy rates of dif-
ferent assays for TDM might represent a challenge in improv-
ing the management of patients in clinical practice. ELISA as-
says vary for the quantitative determination of ATI in serum 
samples with different limits of detection.

Previously, assays have been tested and some showed accept-
able accuracy within the quantification range. Although all test-
ed assays were assessed as suitable for TDM, significant dif-
ferences were observed. One with the best accuracy has been 
identified as the apDia assay, when compared to in-house 
Sanquin Diagnostics, Promonitor® IFX (Progenika Biopharma 
SA®), and the Lisa-Tracker® Duo infliximab (Theradiag®) as-
say. For instance, Promonitor measured the lowest IFX con-
centrations, and the apDia the highest [14]. Accordingly, the 
Lisa Tracker assay has already been evaluated in monitor-
ing the concentration of IFX biosimilars and it showed valu-
able results [16]. Meanwhile, there are reports that showed 
a perfect comparisons alignment between 3 different assays 
(Ridascreen®, Promonitor, and Lisa-Tracker). The main driv-
ers of different assessments are differences in (i) TNF coat-
ing, (ii) immune complexes, and (iii) interference with other 
anti-TNFa agents. Evaluation results vary significantly and are 
quantitatively interchangeable. This might lead to divergent 
clinical decisions [17]. Thus, comparisons of different assays 
are never obsolete.

The purpose of this study was thus to validate and determine 
the comparability of 3 ELISA tests (2 commercially available 
and 1 non-commercially available) to detect the lowest se-
rum IFX concentration in IBD patients and to establish the 
mutual comparability of 2 ELISA tests, commercially available 
and non-commercially available, for the determination of ATI 
concentrations.

Material and Methods

Patients

Overall, 18 patients with moderate to severe IBD who were on 
IFX maintenance therapy at the time of sampling were tested 
and enrolled in the study, and 32 of their samples were tested. 
Inclusion criteria were age >18 years and confirmed diagnosis 
of UC or CD based on clinical, endoscopic, and histological ex-
aminations using European Crohn’s and Colitis Organization 
(ECCO) criteria. Patients were bio-naïve prior to the IFX thera-
py and settled for maintained disease remission. Prior to bio-
logical therapy, they were treated with conventional options, 
such as azathioprines, steroids, or oraminosalicylates, but the 
efficacy was lacking; therefore, these patients were eligible for 
biological therapy. Electronic clinical records of patients were 
reviewed and data on sex, age at diagnosis, age at first IFX 
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infusion, disease phenotype (CD, UC), C-reactive protein (CRP) 
value, fecal calprotein value, endoscopic disease activity, IFX 
doses, patient body weight, and final patient status (resumed 
IFX therapy/discontinued IFX therapy) were obtained (Table 1).

Treatment	of	Patients	with	IFX

Patients who were treated with IFX were treated according to 
the drug label, with 5 mg/kg of their body mass. IFX was giv-
en as an intravenous infusion. In addition to the initial dose, 
the patient received IFX at a dose of 5 mg/kg in weeks 2 and 6 
after the first dose. This was followed by a maintenance phase 
in which the patient received an IFX infusion of 5 mg/kg every 
8 weeks (the first maintenance infusion was therefore given 
14 weeks after the initial dose).

Ethical Aspects

All patients consented to the study with their signature. All 
information obtained were anonymous and not personally 
identifiable. The National Ethics Committee of the Republic 
of Slovenia approved the study (no. 45/5/14).

Determination	of	IFX	Serum	Concentrations

The lowest serum concentrations of IFX (TL IFX) were measured 
for each patient. The measurements were taken just before 
the next drug application. According to the research, IFX levels 

are currently considered to be associated with the best clini-
cal outcome within the interval of 3 to 7 µg/mL. Monitoring of 
IFX levels thus allows the optimization of the treatment [12]. 
The quantitative concentrations of serum IFX (Remicade®, 
anti-TNF-a) were determined with 2 commercially available 
ELISA tests: apDia Infliximab ELISA (apDia bvba, Turnhout, 
Belgium) and Lisa-Tracker Duo Infliximab (Theradiag®, Croissy 
Beaubourg, France). The results were then compared with each 
other and with the in-house test from the University of Leuven 
(UHL test). The UHL test has been taken as a reference, since 
has been developed by University of Leuven and proven in 
several scientific and clinical reports and serves as a guiding 
treatment algorithm for patients with IBD [12].

UHL	Test	for	Infliximab	and	Anti-Infliximab

The UHL test is based on a methodology of a simple ELISA. 
Meanwhile, ATI are measured by double-antigen ELISA cap-
turing IFX-coated microplates and detection by peroxidase-
conjugated IFX. This assay was standardized using a mouse 
mAb against human immunoglobulin G [13,14]. IFX levels 
were measured according to the following. Micro-plate wells 
were coated with TNF-a. The wells in the plates were initially 
blocked for 2 h at room temperature with a phosphate buff-
ered saline (PBS) solution containing 1% bovine serum albu-
min (BSA). Samples were also diluted in a mixture of PBS/1% 
BSA and incubated for 2 h at 37°C. The secondary antibody 
that was used was a monospecific rabbit polyclonal antibody 
conjugated to horseradish peroxidase (HRP), followed by in-
cubation at room temperature for 1 h. Plates were developed 
using 400 lg/mLo-phenylenediamine (Acros Organics, Geel, 
Belgium) and 0.003% (v/v) H2O2 in 0.1 M sodium citrate 0.2 
M disodium phosphate buffer pH 5. The reaction was stopped 
with 2 M H2SO4. Absorption at 490 nm was measured. Results 
were related to a titration curve of IFX on each plate. The cut 
off for an IFX-positive sample was 0.3 mg/L.

Moreover, to measure antibodies to IFX, an in-house-developed 
ELISA was used. High binding 96-well plates were coated for 
72 h with IFX (Janssen Biologics, Leiden, Netherlands) at 4°C. 
Plates were blocked with PBS/1% BSA for 2 h at room tem-
perature, and samples were diluted in PBS/0.1% BSA/0.002% 
(v/v) Tween 80 and incubated overnight at 4°C. Detecting an-
tibody HRP-linked IFX (made in house) was added into the 
wells, and plates were incubated at room temperature for 
2 h. Plates were developed using 400 lg/mLo-phenylenedi-
amine (Acros Organics) and 0.003% (v/v) H2O2 in 0.1 M sodi-
um citrate 0.2 M disodium phosphate buffer pH 5. The reac-
tion was stopped with 4 M H2SO4. Absorption at 490 nm was 
measured. Results were related to a titration curve of mono-
specific rabbit polyclonal anti-body to IFX in each plate. The 
cutoff for an ATI-positive sample was 1 mg/L.

All patients (N=32)

Gender

 Male/Female 15 (46.9%)/17 (53.1%)

Age [years] 27.5

IBD phenotype

 Crohn’s disease  19 (59.4%)

 Ulcerative colitis  13 (40.6%)

Location

  L1: terminal ileal/limited 
cecal disease

 2 (5.2%)

 L2: colonic  19 (59.4%)

 L3: ileocolonic  11 (34.2%)

 L4: upper disease 0

Years from diagnosis till 
start of IFX

 0-5  11 (34.2%)

 5-10  9 (28.1%)

 >10  12 (37.5%)

Table 1.  Basic characteristics of patients whose samples were 
included in analysis.
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Test	apDia	Infliximab	ELISA

The test was performed according to the manufacturers’ in-
structions. Microtiter strips coated with TNF-a were incubated 
with calibrators, controls, and diluted patient samples. During 
this incubation step, IFX bound specifically to the TNF-a on the 
solid phase. After removal of the unbound serum proteins by a 
washing procedure, the antigen-antibody complex in each well 
was detected with specific peroxidase-conjugated monoclo-
nal antibody (clone 6B7, developed at the KU Leuven) direct-
ed to IFX. After removal of the unbound conjugate, the strips 
were incubated with a chromogenic solution containing tet-
ramethylbenzidine and hydrogen peroxide: a blue color devel-
oped in proportion to the amount of immunocomplex bound to 
the wells of the strips. The enzymatic reaction was stopped by 
the addition of 0.5 M H2SO4, and the absorbance values at 450 
nm were determined. The absorbances of 5 calibrators were 
measured and plotted on the y-axis. Corresponding concen-
trations were plotted on the x-axis to obtain a standardized 
curve. The absorbance value of the sample (y-axis) was used 
to determine IFX concentration in the sample and was inter-
polated to the x-axis according to the calibration curve. The 
value was then multiplied by the dilution factor. In order for 
the test results to be valid, criteria according to the manufac-
turer’s instructions had to be met: zero calibrator absorption 
value (CAL0) <0.080; highest calibrator absorbance (CAL5) val-
ue >1.400; first positive control (CTL1) concentration value=3 
µg/mL, range 2 to 4 µg/mL; second positive control (CTL2) con-
centration value=7 µg/mL, range 5 to 10 µg/mL.

Test	Lisa-Tracker	Duo	Infliximab

The test was performed according to the manufacturers’ instruc-
tions. The test has been validated to monitor drug levels and 
anti-drug antibody levels of any biological drug that contains 
the active substance IFX, that is the original drug Remicade, 
and any biosimilar drug, such as CT-P13 (Remsima or Inflectra) 
and SB2 (Flixabi or Renflexis). Thus, this test was used to mea-
sure trough levels of IFX and levels of anti-IFX antibodies. The 
TNF-a was coated onto a polystyrene microtiter plate. First, the 
diluted sample was added to the TNF-a-coated well, which al-
lowed it to bind. After incubation, unbound proteins were re-
moved by washing. Biotinylated polyclonal rabbit anti-IFX an-
tibody was added. After incubation, unbound antibodies were 
removed by washing. Then horseradish peroxidase-labeled 
streptavidin was added. The streptavidin binds to the complex 
formed with biotinylated anti-IFX antibodies. After incubation, 
the wells were washed again to eliminate any excess of con-
jugate. The bound enzyme was revealed by addition of sub-
strate TMB (3,3’,5,5’ tetramethylbenzidine). The color intensity 
was proportional to the amount of IFX. Adding H2SO4 stops the 
enzymatic reaction. After stopping the reaction by H2SO4, the 
optical density was read by a spectrophotometer at 450 nm. 

A range of calibration allows us to define the quantity of IFX 
of each patient sample, expressed in µg/mL. The absorbance 
values of the 5 standards were measured and plotted on the 
y-axis. Corresponding concentrations (μg/mL) were plotted on 
the x-axis. Using the standards, a polynomial curve of degree 
4 was determined, from which, according to the measured ab-
sorbance, the concentration of IFX in the sample was read di-
rectly. The obtained value was multiplied by the dilution factor. 
The test can detect IFX concentrations between 0.1 and 8 µg/
mL. In order for the test results to be valid, criteria according 
to the manufacturer’s instructions had to be met: absorption 
value of standard 1 ³0.8 and the IFX concentration in the pos-
itive control should be within the range recorded on the vial.

Moreover, undetectable sample concentrations were set as fol-
lows: undetectable TL IFX from the UHL test was defined as 
TL IFX <0.30 µg/mL; undetectable TL IFX from the apDia test 
was defined as TL IFX <0.50 µg/mL and undetectable TL IFX 
from the Lisa-Tracker test was defined as TL IFX <0.10 µg/mL.

Determination	of	Anti-IFX	Serum	Concentrations

In clinical practice, ATI are determined for patients who have 
undetectable serum IFX concentrations (<0.30 µg/mL). One of 
the reasons for low serum IFX concentrations are anti-IFX anti-
bodies that accelerate drug clearance and neutralize IFX func-
tion [15]. Quantitative concentrations of ATI were determined 
using the Lisa-Tracker Duo Infliximab assay. The results were 
compared with those measured with the in-house UHL test.

Test	Lisa-Tracker	Duo	Infliximab

The test was performed according to the manufacturers’ instruc-
tions. The IFX was coated onto a polystyrene microtiter plate. 
First, the diluted sample was added to the antibody-coated 
well, which allowed it to bind. After incubation, unbound pro-
teins were removed by washing. Biotinylated IFX was added. 
After incubation, unbound antibodies were removed by wash-
ing. Then horseradish peroxidase-labeled streptavidin was add-
ed. The streptavidin binds to the complex formed with bioti-
nylated IFX. After incubation, the wells were washed again to 
eliminate any excess of conjugate. The bound enzyme was re-
vealed by addition of substrate TMB (3,3’,5,5’ tetramethylben-
zidine). The color intensity is proportional to the amount of an-
ti-IFX antibodies. Adding H2SO4 stops the enzymatic reaction. 
After stopping the reaction by H2SO4, the optical density was 
read by a spectrophotometer at 450 nm. A range of calibration 
allows us to define the quantity of anti-IFX antibodies of each 
patient sample, expressed in ng/mL. Due to the high sensitivi-
ty of the test, but a narrow range for ATI determination (detect-
ing range of 10-200 ng/mL), the samples were diluted. Samples 
were diluted 1: 100 for Lisa-Tracker. Samples with undetect-
able ATI (<1 μg/mL) with UHL were diluted 1: 100 and 1: 10. 
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The measurements were executed, and undetectable samples 
were diluted for the second time. Those samples were then di-
luted 1: 32 for Lisa-Tracker, and samples with undetectable ATIs 
(<1 μg/mL) with UHL were diluted 1: 32 and 1: 16, respectively.

The absorbance values of 5 standards were measured and 
plotted on the y-axis. Corresponding concentrations (ng/mL) 
were plotted on the x-axis. Using standards, a standard poly-
nomial curve was determined from which the concentration 
of ATI (ng/mL) in the sample according to the measured ab-
sorbance was read. The value was obtained and multiplied by 
the dilution factor.

Moreover, undetectable sample concentrations were set as 
follows: undetectable ATI with the UHL test was defined as 
ATI <1 µg/mL. Low ATI with the UHL test were defined as ATI 
<8 µg/mL, and high ATI levels were defined as ATI >8 µg/mL. 
The presence of ATI with the Lisa-Tracker test was defined as 
ATI >0.000.

Statistical Methods

Statistical analyses were performed using SPSS (IBM Corp, 
Armonk, NY, USA). Series of t tests were used in case of nor-
mally distributed variables, and the Mann-Whitney U test in 
case variables were not normally distributed. Linear regression 

was performed to find any statistically relevant differences or 
correlations between the tests. Statistical significance was set 
at a P value <0.05.

Results

Overall, 32 serum samples were analyzed with 3 different tests 
and included in the study. On average, patients with CD at the 
time of diagnosis were 23.8 years old (the youngest was 14 
years old and the oldest was 57 years old), and patients with 
UC were an average of 31.9 years at diagnosis (the young-
est was 9 years old, the oldest was 58 years old). On average, 
the first IFX infusion was given 8.3 years after IBD diagnosis.

Concentrations of IFX were measured in the serum of 18 pa-
tients with all 3 tests: apDia Infliximab ELISA, Lisa-Tracker Duo 
Infliximab immunoassay, and in-house UHL test (Table 2). All 
the tests were valid, as validation criteria were met according 
to the manufacturers’ instructions.

The results were then divided into 3 subgroups, according to 
the measured TL IFX; (i) TL IFX <3 µg/mL, (ii) TL IFX 3-7 µg/mL, 
and (iii) TL IFX >7 µg/mL. These groups can give guidance how 
to continue with the therapy. Tables 2 and 3 present compar-
isons according to the subgroups.

Patient ID TL	IFX	(µg/mL)	–	UHL TL	IFX	(µg/mL)	–	apDia TL	IFX	(µg/mL)	–	Lisa-Tracker

1 5.17 8.57 8.89

2 1.12 1.37 1.45

3 0.90 1.34 1.33

4 1.84 2.98 3.51

5 5.16 6.76 6.27

6 6.93 10.7 7.62

7 5.94 9.80 7.83

8 6.51 8.38 7.87

9 >12 >12 15.3

10 7.26 10.3 11.1

11 1.02 1.46 1.50

12 10.6 >12 8.77

13 4.68 6.31 5.07

14 6.56 6.16 5.21

15 8.54 8.27 7.50

16 7.46 ND 8.11

17 4.86 ND 6.16

18 ND ND ND

Table 2. Measured IFX levels according to the 3 methods.

ND – not detectable.
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Discussion

The determination of IFX and ATI levels is increasingly becom-
ing a part of clinical practice, as with their help we can iden-
tify patients with a presence of low IFX and ATI levels and 
therefore optimize and adjust treatment so that patient’s TL 
IFX are within the proposed interval of 3 to 7 µg/mL [16,17]. 
The development of ADAs leads to loss of response in patients 
on anti-TNF treatment for CD or UC. The reasons for develop-
ment of ADAs and ATI and heterogeneity in titers vary and are 
also related to genetics [20-22]. However, the development of 
ATI guides clinical decisions in patients, such as dose de-es-
calation or escalation, re-initiation of therapy, the application 
of combinational therapy with immunomodulator and corti-
costeroids, or even treatment cessation and switching to an-
other mode of action. Thus, the laboratory evaluations of IFX 
concentration and ATI are useful biomarkers in detecting loss 
of response and are important in guidance and eventual opti-
mization of treatment outcome [23,24]. However, their detec-
tion and evaluation highly depend on the assay used, as the 
use of different assays are not always interchangeable [19,23]. 
The aim of this research was thus to validate and compare 
2 commercially available tests for measuring IFX levels (Lisa-
Tracker Duo Infliximab test and apDia Infliximab ELISA) with a 
commercially unavailable test developed at the University of 
Leuven, the UHL test, and to compare a commercially available 
ATI test (Lisa-Tracker Duo Infliximab test) with a commercial-
ly unavailable ATI assay (UHL test) for detecting levels of ATI.

In our analysis, both commercially available tests, apDia and 
Lisa-Tracker, showed slightly higher concentrations of IFX in 5 
samples when compared to the UHL test (Tables 3, 4). The UHL 
test showed levels from the second subgroup (3-7 µg/mL), but 
both apDia and Lisa-Tracker showed levels higher than 7 µg/mL. 

Therefore, according to the results by apDia and Lisa-Tracker, 
the treatment decision in these 5 patients would have led to 
reduced IFX dosing or increased dosing interval, while therapy 
should have remained the same with respect to the results of 
the UHL test. When other parameters were considered, in 2 out 
of 5 sample patients had CRP <5 mg/L and were in endoscopic 
remission, which suggested the appropriate decision to reduce 
IFX dosing or increase the IFX dosing interval. For the other 3 
samples, no information on the patients’ CRP levels and en-
doscopic disease activity were obtained, so no conclusion was 
made, and patients remained on the therapy. When comparing 
the UHL and Lisa-Tracker tests, there was also 1 discrepancy 
in the sample having an IFX level of <3 µg/mL with UHL, and 
IFX level between 3 µg/mL and 7 µg/mL measured with Lisa-
Tracker (Table 4). No information on CRP levels and endoscopic 
activity was obtained, so no actions could have been taken on 
the appropriate therapy. The results of different assays showed 
differences in some of the patients; thus, the impact on clinical 
decision might be different, but according to our opinion, min-
imal or almost irrelevant. The alignment of patients with com-
mercial tests was high. Namely, the main differences between 
all tests were found in patients with higher levels of IFX and 
in remission. The discrepancy could be because of the higher 
upper quantification limit for the 2 commercial assays when 
compared with that of UHL. Discrepancies between the tests 
are common situations and were also obtained by other reports 
[16,19]. Bertin et al [19] evaluated 3 available tests: Lisa-Tracker 
Duo Infliximab, Ridascreen IFX Monitoring by R-Biopharm AG, 
and Promonitor IFX by Progenika Biopharma SA, and reported 
that the assays were not quantitatively interchangeable due 
to variations in some results. They also found the differenc-
es in group classification that could lead, for some patients, 
to divergent therapeutic decisions. Overall, from our findings, 
in 11 (68.8%) out of 16 specimens, the decision to continue 

TL	IFX	<3	µg/mL	–	UHL TL	IFX=3-7	µg/mL	–	UHL TL	IFX	>7	µg/mL	–	UHL

TL IFX <3 µg/mL – Lisa-Tracker 3 0 0

TL IFX=3-7 µg/mL – Lisa-Tracker 1 5 0

TL IFX >7 µg/mL – Lisa-Tracker 0 5 5

Table 4.  Comparison of samples between University of Leuven (UHL) test and Lisa-Tracker test: number of samples in a respective 
group.

TL	IFX	<3	µg/mL	–	UHL TL	IFX=3-7	µg/mL	–	UHL TL	IFX	>7	µg/mL	–	UHL

TL IFX <3 µg/mL – apDia 4 0 0

TL IFX=3-7 µg/mL – apDia 0 3 0

TL IFX >7 µg/mL – apDia 0 5 4

Table 3. Comparison of samples between University of Leuven (UHL) test and apDia test: number of samples in a respective group.

e939084-6
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Jukic T. et al: 
Test comparison in IBD

© Med Sci Monit, 2023; 29: e939084
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



patient therapy would be the same based on the results of the 
UHL and apDia tests. Meanwhile, the decision would be the 
same for 12 (66.7%) out of 18 samples based on UHL and Lisa-
Tracker test results. This is showing almost 70% concordance 
between our tests. Similar concordance was shown by Schmitz 
et al [16], who tested Lisa-Tracker, apDia, and Progenika and 
compared them with their in-house test. The authors showed 
the highest IFX levels with apDia and showed 70% concor-
dance between the tests.

Linear regression was calculated to determine the correla-
tions between the tests. When comparing the apDia and Lisa-
Tracker tests, Pearson’s R correlation coefficient was 0.91 
(95% CI: 0.75-0.97; P<0.0001) (Figure 1A). When comparing 
the non-commercial UHL test and the apDia test, R was 0.92 
(95% CI: 0.79-0.97; P<0.0001) (Figure 1B). The correlation be-
tween the Lisa-Tracker and UHL tests was slightly worse, with 
an R of 0.89 (95% CI: 0.72-0.96; P<0.0001) (Figure 1C). The 
correlation coefficients are comparable to those from a study 
conducted in Belgium, in which they made comparisons be-
tween 16 pairs of different IFX concentration tests, and cor-
relation coefficients ranged between 0.73 and 0.99 [11]. Since 
none of the 3 methods represents a “criterion standard”, all 

3 methods for determining IFX levels show good correlation 
with each other and a good match in respective level groups, 
which make decisions possible on therapy continuation. The 
same had been confirmed in other studies emphasizing that 
according to different assays there will always be systematic 
biases of IFX trough levels, as well as differences in their clas-
sification based on clinical decisions [19]. Although different 
results are shown in comparisons between different assays 
and thus classify patients in different categories, the thera-
peutic changes and clinical decisions are less frequent and do 
not vary [19]. According to the gathered data, our opinion, in 
agreement with that of others [19,24,25] is to stick with 1 assay 
for monitoring the therapeutic outcome in patients with IBD.

Moreover, in our study, patients’ serum ATI concentrations 
were determined by the Lisa-Tracker Duo Infliximab and UHL 
test (Table 5). Only 14 samples from patients with IBD were 
obtained and were possible to analyze. The tests were per-
formed twice and were valid on both occasions, as the criteria 
for validity were met. The determination of ATI with the Lisa-
Tracker test has a main obstacle of choosing the right dilution 
factor so that the samples do not exceed the upper limit of ATI 
detection (200 ng/mL) or in order not to dilute the sample too 
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Figure 1.  Linear regression graph of IFX concentrations. (A) comparison of apDia and Lisa Tracker; (B) comparison of University of 
Leuven (UHL) UHL and apDia; (C) comparison of UHL and Lisa Tracker. (Microsoft Excel, version 2208, Microsoft).
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much and get undetectable levels of ATI. For instance, in our 
batch, 9 samples had a dilution of 1: 32, which proved appro-
priate, but the dilution of 1: 32 was too high for 4 samples, 
and consequently no detectable ATI were obtained. For 1 of 
these samples, ATI was determined with dilutions of 1: 10 and 
1: 16, which were therefore more appropriate than dilutions 
of 1: 32. In contrast, for 2 samples, the 1: 32 dilution was still 
too low, and the results were above the detection limit (ex-
cess) (Table 5). In both samples, the 1: 100 dilution was too 
low to obtain a quantitative concentration of ATI (but in 1 of 
the samples ATI concentration was only slightly above the de-
tection limit). The manufacturer has, however, ensured that ATI 
dilution <10 ng/mL means no ATI, while ATI=200 ng/mL is al-
ready considered as a strong positive and no additional dilu-
tion is required. The Lisa-Tracker test in terms of ATI is there-
fore more of a qualitative than quantitative method.

As Bertin et al [19] found discrepancies between assays for 
classification of TL IFX into concentration ranges, their pairwise 
qualitative comparison showed a perfect correlation between 
the 3 pairs for ADA detection. In the case of IFX concentra-
tion measurements, different tests can be compared directly, 
since IFX is used as the calibrator. In contrast, the tests used 
to measure ATI do not have a universal calibrator. First gener-
ation ELISAs for the determination of ATI, including UHL, use 
polyclonal anti-IFX antibodies as the calibrator, while second 
generation, which includes Lisa-Tracker, use monoclonal an-
ti-IFX antibodies as the calibrator. First generation polyclonal 
antibody ELISAs are cross-reactive with other anti-TNFs and, 
because of their polyclonal nature, they bring variability to the 
assay. The second generation tests are more specific than the 
first generation tests, as there is no cross-reactivity with other 

anti-TNFs, and they are also more sensitive, since this meth-
od is expected to measure ATI in the presence of IFX, which 
is not possible with the tests from the first generation [26]. 
Therefore, due to the lack of standardization between the 2 
tests, the tests were compared qualitatively and not quanti-
tatively. Table 6 shows the match between the 2 methods.

The Lisa-Tracker test measured low ATI concentrations in 3 pa-
tients who had otherwise undetectable ATI with UHL. The rea-
son could be the greater sensitivity of the Lisa-Tracker test, as 
the levels were shown as low. However, there might be a con-
cern regarding the Lisa-Tracker test, which in fact could have 
determined false-positive ATI results. Although it is not rea-
sonable to compare the quantitative tests, it can be observed 
that the Lisa-Tracker was able to measure approximately 3 
times lower concentrations of ATI than the UHL test. On the 
other hand, the UHL test can capture other, nonspecific an-
tibodies as well and cover a wider range of antibodies than 
Lisa-Tracker, which might mean a lower specificity for the UHL. 
Here, we would like to mention a study from Jentzer et al [18], 
who tested the capability of Lisa-Tracker in detecting TL and 
ATI levels for biosimilar IFX. They proved that the Lisa-Tracker 
test can be effectively used in monitoring of patients treated 
with biosimilar IFX and is not strictly limited to the original 

Patient ID TL	IFX	(µg/mL)	–	UHL ATI	(µg/mL)	–	UHL ATI	(µg/mL)	–	Lisa-Tracker

19 <0.30 15.7 2.33

20 <0.30 >20.0 Excess

21 <0.30 8.03 2.19

22 <0.30 >20.0 Excess 

23 <0.30 14.4 1.80

24 <0.30 15.7 2.92

25 <0.30 <1.00 0.0352 

26 <0.30 1.30 0.384

27 <0.30 7.57 1.16

28 <0.30 <1.00 0.0796 

29 <0.30 2.47 0.655

30 0.88 <1.00 0.0477

31 0.67 <1.00 0.00

32 0.98 <1.00 0.00

Table 5. Comparison of antibodies to IFX concentrations between University of Leuven (UHL) and Lisa Tracker.

ATI	Lisa-Tracker	+ ATI	Lisa-Tracker	-	

ATI UHL + 9 0

ATI UHL - 3 2

Table 6.  Number of samples with detectable (+) and 
undetectable (-) antibodies to IFX for a respective test.
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molecule. Comparing the methods only qualitatively, the cor-
relation in our study between the 2 tests was good, since no 
false-negative ATI was measured with Lisa-Tracker and the con-
cordance was almost 79%. Regarding the measurement of ATI, 
here we would also like to express the opinion that the same 
assay should always be used during the follow-up of patients. 
One of the most probable reasons for the occurrence of ADAs 
is the generation of immune complexes. The ADAs are thus 
present in both, free and in bound form to the immune com-
plexes. Consequently, the concordance of 79% presents an ex-
tremely comparable result, as the assays might be subjected 
to the interference with the drug itself, whereas the free cir-
culating form of IFX limits the detection of ADAs, for instance 
showing low levels of ATI, while they are present in much high-
er serum concentration. Therefore, sticking with one assay is 
more prone to lead to a clinical decision than is using differ-
ent assays that are not interchangeable due to the influence 
of immune complexes in patients with IBD.

The existing knowledge and evidence support the use of reac-
tive TDM in secondary non-responders with CD and UC, but we 
are still lacking findings if regular/proactive TDM can improve 
patients’ clinical outcomes. It has already been shown that 
proactive TDM is associated with fewer surgeries and higher 
rates of mucosal healing than disease management without 
TDM [27]. Thus, measurements of TL IFX and ATI may help in 
better disease management. However, as there will always be 
discrepancies between different tests, shown in the present 
study and by other investigators, we recommend using only 
1 standardized assay for the follow-up of patients with IBD.

Our analysis had some limitations, including first, its small 
sample size. We should include more patients with IBD and 

their serum samples, but it must be emphasized that the ex-
ecution of all 3 tests were done in 2 separate laboratories and 
it was almost logistically impossible to have included a sig-
nificant batch of samples. In addition to the small number of 
samples, a limitation of ATI comparison methods is also that 
we were not able to include more samples with detectable lev-
els. Larger sample size could determine if it is truly possible to 
measure ATI in the presence of IFX with the Lisa-Tracker test.

Conclusions

The commercially available apDia Infliximab ELISA and Lisa-
Tracker Duo Infliximab test were comparable to the commer-
cially unavailable Belgian test from the University of Leuven 
(UHL test). The IFX levels were established as important to de-
cide on further therapy. The study showed that the decision to 
continue therapy would be the same in approximately 70% of 
patients according to the practice that IFX levels are within the 
range of 3 to 7 µg/mL, regardless of the tests. The detectable 
IFX levels realistically reflect the presence of the drug in the pa-
tients’ blood and thus control inflammatory activity. Therefore, 
all 3 tests performed well in this aspect and can be used in 
daily clinical practice for IFX quantification. Also, according to 
the findings from our study, we propose to stick with 1 as-
say for monitoring the outcome of patients with IBD, and this 
might be commercial tests, which provided accurate results.
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