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Introduction
Infliximab (IFX), a chimeric mouse/human mono-
clonal antibody against tumour necrosis factor-
alpha, is highly effective in inducing and maintaining 

remission in patients with Crohn’s disease and 
ulcerative colitis.1,2 During IFX maintenance ther-
apy, a substantial fraction of patients have second-
ary loss of response.3–5 Loss of response is overcome 
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Abstract
Background: The aim of this study was to evaluate reliability of four different assays for 
measuring infliximab trough levels and antibodies to infliximab (ATI).
Methods: In this non-interventional, cross-sectional study including IBD patients, infliximab 
levels and ATI were measured using four different assays: Lisa-Tracker, Promonitor, Q-Inflixi 
and Sanquin. Reliability and agreement for infliximab levels was assessed using the intraclass 
correlation coefficient (ICC) and Bland–Altman plots. Qualitative agreement for infliximab 
(based on a pre-established target window of trough levels between 3 µg/ml and 7 µg/ml) and 
for ATI were estimated by Cohen’s kappa.
Results: Serum samples of 84 IBD patients were evaluated for infliximab using the four 
assays. Reliability was ‘substantial’ between Lisa-Tracker versus Promonitor and ‘almost 
perfect’ between the remaining assay pairs, with ICCs [95% confidence interval (CI)] ranging 
from 0.93 (0.70–0.97) for Lisa-Tracker versus Promonitor to 0.97 (0.95–0.98) for Q-Inflixi versus 
Sanquin. Bland–Altman plots showed significant bias between assays except Promonitor 
versus Q-Inflixi, which had excellent agreement. The greatest differences in mean infliximab 
were found between Promonitor versus Lisa-Tracker (–0.91 µg/ml) and Lisa-Tracker versus 
Q-Inflixi (0.69 µg/ml). Qualitative agreement for infliximab was ‘almost perfect’ for Promonitor 
versus Q-Inflixi (kappa 0.84) and Q-Inflixi versus Sanquin (kappa 0.81), and ‘substantial’ for 
the remaining pairs. More than 10% of patients who had infliximab levels within the target 
interval by Lisa-Tracker had suboptimal concentrations (<3 µg/ml) with Promonitor and 
Q-Inflixi. Furthermore, 11% of patients within the target interval by Q-Inflixi had supra-optimal 
levels (>7 µg/ml) by Lisa-Tracker. In the remaining paired comparisons, fewer than 5% of 
patients were placed in different subgroups. Qualitative agreement for ATI fluctuated between 
‘moderate’ and ‘almost perfect’.
Conclusions: All four assays seem suitable for therapeutic drug monitoring of infliximab. 
Promonitor and Q-Inflixi had the best agreement, making those assays fully interchangeable. 
Systematic biases between Lisa-Tracker with Promonitor and Q-Inflixi suggest that these 
assays should not be interchanged during the follow up of an individual patient.
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by IFX dose escalation in most cases, although a 
subset of patients had IFX failure despite dose 
escalation. Possible reasons for IFX failure include: 
(1) non-immune related factors such as high body 
mass index or high disease burden, which increase 
drug clearance;6,7 (2) development of antidrug anti-
bodies, which form immune complexes and reduce 
exposure of the drug and increase its clearance;7,8 
and (3) tumour necrosis factor-independent dis-
ease mechanisms.9

Several studies show that serum IFX trough levels 
are correlated with clinical response, clinical remis-
sion and mucosal healing in patients with inflamma-
tory bowel disease (IBD).10–12 Recently, an optimal 
therapeutic window of 3–7 μg/ml has been reported.13 
Inadequate serum drug concentrations and antidrug 
antibodies are associated with poor clinical out-
comes.14–16 Therapeutic drug monitoring may help 
to identify mechanisms for loss of response and to 
guide selection of optimal intervention in individual 
patients. The use of therapeutic monitoring to guide 
treatment decisions in patients with loss of response 
to IFX has been shown to be cost-effective com-
pared with empiric dose escalation.17,18

Different analytical techniques are currently used to 
measure IFX levels and antibodies to IFX (ATI), 
including enzyme-linked immunosorbent assay 
(ELISA), radio-immunoassay (RIA), functional 
cell-based reporter gene assay and homogeneous 
mobility shift assays. However, there is no gold 
standard technique available and assay heterogene-
ity may constitute an important bias for clinical 
application of therapeutic drug monitoring, hamper-
ing comparison of results from different studies.19 
Although several studies reported systematic differ-
ences in exact drug concentrations, even between 
assays that share the same technology, the different 
analytical techniques for quantification of IFX levels 
and ATI result in similar classifications and thera-
peutic interventions in most patients with IFX fail-
ure, leading to comparable clinical outcomes.20

The aim of this study was to assess the reliability 
of four different assays for measuring IFX levels 
and ATI in patients with IBD under maintenance 
treatment. In this study we compared the assays 
developed by Theradiag (Lisa-Tracker Infliximab 
and Lisa-Tracker Anti-Infliximab), Progenika 
Biopharma (Promonitor-IFX V.2 and Promonitor-
Anti-IFX V.2), Matriks Biotek (Q-Inflixi-ELISA 
and Q-ATI ELISA) and Sanquin Diagnostics 
(Sanquin IFX ELISA and RIA).

Material and methods

Study population and sample collection
This was a single-centre, non-interventional, 
cross-sectional study. The study was approved by 
the ethics committee of the centre (CI.12/148). 
Informed consent was obtained from each partici-
pant. The study population comprised all consec-
utive IBD patients who were primary responders 
to IFX induction doses and who received at least 
three IFX maintenance doses. Demographic and 
clinical characteristics, concomitant treatment, as 
well as dosing of IFX (milligrams per kilogram 
and interval between infusions) were recorded. 
Samples were taken immediately before the next 
intravenous infusion of IFX. Venous blood sam-
ples were collected into BD Vacutainer serum 
tubes, and processed immediately or within 4 h 
after extraction. Serum samples were obtained 
after centrifugation at 2330 g for 10 min at room 
temperature, and finally four separated aliquots 
were frozen at −40°C.

Measurement of infliximab trough levels and 
antibodies to infliximab
We performed the quantification of IFX levels 
and ATI with the three commercially available 
ELISA kits in Spain: Lisa-Tracker Infliximab and 
Lisa-Tracker Anti-Infliximab (Theradiag, 
France), Promonitor-IFX V.2 and Promonitor-
ANTI-IFX V.2 (Progenika Biopharma, Spain) 
and Q-Inflixi ELISA and Q-ATI ELISA (Matriks 
Biotek, Turkey). We also sent aliquots to Sanquin 
Diagnostics (Netherlands) for measurement of 
IFX and ATI with in-house assays that have been 
used for several years in clinical practice. All kits 
were used by a qualified person in accordance 
with the manufacturer’s instructions. Drug-level 
analyses for all kits were carried out using a cap-
ture or sandwich ELISA, and ATI were measured 
using bridging ELISA (Lisa-Tracker and 
Promonitor), capture ELISA (Q-Inflixi) and RIA 
(Sanquin), as previously described.21–24 The 
lower limit of quantification for IFX concentra-
tions was 0.1, 0.03, 0.02 and 0.002 µg/ml for 
Lisa-Tracker, Promonitor, Q-Inflixi and Sanquin, 
respectively. The upper limit of quantification for 
IFX concentrations was 16, 14.4, 20 and 47 µg/ml 
for Lisa-Tracker, Promonitor, Q-Inflixi and 
Sanquin assays, respectively. The lower and 
upper limits of quantification of ATI assays were: 
Lisa-Tracker (10–200 µg/ml), Promonitor (2–
1440 AU/ml), Q-Inflixi (30–500 µg/ml) and 
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Sanquin (in-house method, concentrations >12 
antibody units/ml were classified as positive).

Statistical analysis
Results for IFX levels are summarized as median 
and interquartile range (IQR), and qualitative 
data are shown as number and percentages. To 
quantify the reliability for IFX levels from all four 
assays, the intraclass correlation coefficient (ICC) 
was calculated using the two-way mixed-effects 
single-rater model (absolute agreement) whereby 
a value of 1 represents complete agreement. 
Pairwise ICC comparisons were also performed. 
We categorized degrees of reliability of ICC based 
on the lowest 95% confidence interval (CI) as: 
0.21–0.4 ‘low’; 0.41–0.6 ‘moderate’; ‘0.61–0.8’ 
substantial; and >0.81 ‘almost perfect’.25

Bland–Altman plots in which the difference 
between two measurements is plotted on the 
y-axis, and the average of two measurements on 
the x-axis were drawn for each pair of methods. 
This plot allows comparison of agreement of two 
assay methods. An ideal agreement between two 
assay methods is represented by a flat line in the 
Bland–Altman plot. Mean difference and its 95% 
CI were calculated. Limits of agreement were 
defined as mean difference ± two standard devia-
tions. Ninety-five percent of differences are 
expected to lie between limits of agreement. The 
qualitative agreement between IFX levels was 
determined using Cohen’s weighted kappa. Kappa 
statistics were calculated based on a pre-estab-
lished target window of IFX trough levels between 
3 µg/ml and 7 µg/ml.13 ATI were classified as 
detectable/undetectable. Fleiss kappa determined 
qualitative agreement between the four methods. 
Qualitative agreement between pairs of methods 
was determined using Cohen’s kappa based on the 
lowest 95% CI and categorized according to the 
criteria of Landis and Koch.26 p values <0.05 were 
considered significant. Statistical analysis was per-
formed using SPSS 21.0 and STATA 12.0.

Results

Study population
Between May and July 2016, serum samples were 
collected from 86 IBD patients. IFX concentra-
tions in samples from two patients were above the 
upper limit of quantification in the Lisa-Tracker 
and Promonitor assays and also gave a high signal 

with the Q-Inflixi and Sanquin assays. These 
samples were excluded from any further calcula-
tions. Baseline characteristics of the 84 evaluable 
patients are summarized in Table 1.

Infliximab trough levels
Quantitative analysis. IFX median (IQR) trough 
levels were 4.33 µg/ml (1.00–4.80) with Lisa-
Tracker, 2.4 µg/ml (1.75–6.52) with Promonitor, 
2.61 µg/ml (0.86–4.81) with Q-Inflixi and  
3.40 µg/ml (1.50–5.60) with Sanquin. IFX levels 
determined by Lisa-Tracker were frequently 
higher than the corresponding Sanquin levels, 
whereas Promonitor and Q-Inflixi show levels fre-
quently lower than the corresponding Sanquin 
determinations. Linear correlation was excellent 
between all assay pairs (Pearson’s r correlation 
coefficient: 0.95 Promonitor versus Sanquin and 
Q-Inflixi versus Sanquin; 0.94 Lisa-Tracker versus 
Promonitor; 0.92 Promonitor versus Q-Inflixi; 
and 0.91 Lisa-Tracker versus Sanquin; p < 0.001 
for all comparisons).

The overall inter-assay reliability of the four dif-
ferent assays for IFX levels was studied using the 
ICC. The ICC for absolute agreement was 
‘almost perfect’ (0.97, 95% CI 0.96–0.98) 
between the four assays. To study possible inter-
assay differences, a pairwise comparison was per-
formed. Reliability was ‘substantial’ between 
Lisa-Tracker and Promonitor and ‘almost per-
fect’ between the remaining assay pairs, with 
ICCs ranging between 0.93 (95% CI 0.70–0.97) 
and 0.97 (95% CI 0.95–0.98) (Table 2).

Bland–Altman plots for each assay pair and values 
for mean differences and limits of agreement are 
shown in Figure 1. For all assay pairs except one, 
the 95% CI of the mean differences of infliximab 
levels did not include zero. The mean difference 
between Promonitor and Q-Inflixi was not  
significantly different from zero (–0.15 µg/ml, 
95% CI: –0.43–0.14; p = 0.306). The Bland–
Altman plots denoted systematic biases with 
higher IFX levels in Lisa-Tracker than in the other 
three assays, and higher IFX levels in Sanquin 
than in Promonitor and Q-Inflixi. The highest 
mean differences were found between Promonitor 
versus Lisa-Tracker (–0.91 µg/ml, 95% CI −1.18–
0.63; p < 0.001) and Lisa-Tracker versus Q-Inflixi 
(0.69 µg/ml, 95% CI 0.40–0.98; p < 0.001), 
showing that the concentrations measured by 
Promonitor and Q-Inflixi were consistently lower 
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than those measured by Lisa-Tracker. When the 
average of two measurements increased above 7 
µg/ml, the difference in measurements between 
assays also increased for all pairwise comparisons. 
In the concentration range of infliximab between 

0 µg/ml and 7 µg/ml, differences in most assays 
were small, with the exception of the comparison 
between Lisa-Tracker with Promonitor and 
Q-Inflixi assays.

Table 1. Baseline characteristics of patients.

Patients, n  84

Males, n (%) 52 (61.9)

Age, year, median (IQR) 45.5 (37–55)

Crohn’s disease, n (%)
Ulcerative colitis, n (%)

58 (69)
26 (31)

CD: location, n (%)*  

 L1 (terminal ileum) 23 (39.7) **

 L2 (colon) 11 (18.9)

 L3 (ileocolon) 22 (37.9) ***

 Perianal 28 (48.3)

CD: behaviour, n (% of CD)*  

 B1 (non-stricturing, non-penetrating) 27 (48.2)

 B2 (stricturing) 10 (17.9)

 B3 (penetrating) 19 (33.9)

UC: extension, n (% of UC)  

 E1 Proctitis 4 (15.4)

 E2 Left-sided 11 (42.3)

 E3 Extensive 11 (42.3)

Disease duration, year, median (IQR) 11.5 (7–20)

Smoker status  

No 48 (57.1)

Yes 36 (42.9)

Time since first IFX infusion, months, median (IQR) 36.0 (24.5–59.5)

Concomitant immunosuppressants, n (%) 39 (46.4)

C-reactive protein <0.5 mg/dl, n (%) 48 (69)

Serum albumin (g/dl), median (IQR) 4.2 (4.1–4.5)

CD, Crohn’s disease; IFX, infliximab; IQR, interquartile range; UC: ulcerative colitis.
*Two patients not characterized. Disease could be recorded in more than one location.
**Three patients with upper GI involvement.
***One patient with upper GI involvement.
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Qualitative analysis. The results for each assay 
were stratified according to the pre-established 
target window of IFX trough levels between 3 µg/
ml and 7 µg/ml. IFX <3 µg/ml and >7 µg/ml were 
classified as suboptimal or supraoptimal, respec-
tively.13 An ‘almost perfect’ agreement was found 
between Promonitor and Q-Inflixi (k = 0.840) 
and Lisa-Tracker and Q-Inflixi (k = 0.811). 
Comparisons between the remaining assay pairs 
showed a ‘substantial’ agreement (Table 3). Lisa-
Tracker assay yielded the highest IFX concentra-
tions: 11% and 14% of the patients who were 
within the target interval of 3–7 µg/ml when eval-
uated by Lisa-Tracker had suboptimal drug con-
centrations (<3 µg/ml) when measured with 
Promonitor and Q-Inflixi, respectively. Further-
more, 11% of the patients considered within the 
target interval by Q-Inflixi had supraoptimal lev-
els (>7 µg/ml) when measured by Lisa-Tracker. 
In the remaining paired comparisons, fewer than 
5% of patients were placed in different subgroups. 
We carried out a sensitivity analysis considering a 
minimum IFX trough level of ⩾5 µg/ml as the 
therapeutic threshold.27 Again, Lisa-Tracker 
yielded the highest IFX concentrations: 13% and 
14% of the patients with an IFX trough level of 
⩾5 µg/ml when evaluated by Lisa-Tracker had 
suboptimal drug concentrations (<5 µg/ml) when 
measured with Promonitor and Q-Inflixi. In  
the remaining paired comparisons, less than  
5% of patients were discordant for the threshold 
of ⩾5 µg/ml.

Antibodies to infliximab
For comparisons between ATI assays, only 36 
serum samples tested with the four assays were 
considered. Four serum samples had detectable 
ATIs and 30 serum samples were ATI-negative in 
all four assays; thus, only two samples had a dis-
cordant inter-assay classification [Fleiss kappa 
0.870 (p < 0.001)]. The two discordant samples 
were ATI-positive with Lisa-Tracker and Sanquin 

and ATI-negative with Promonitor and Q-Inflixi. 
Pairwise comparisons by Cohen’s kappa showed 
‘almost perfect’ agreement between the pairs of 
assays Lisa-Tracker and Sanquin, ‘substantial’ 
agreement for assay Lisa-Tracker and Q-Inflixi 
and Q-Inflixi and Sanquin, and ‘moderate’ agree-
ment between the remaining pairs (Table 4). 
There were detectable levels of infliximab in the 
30 samples with undetectable ATIs with the four 
assays.

Discussion
Several methods can be used to measure IFX lev-
els and ATI, including ELISA, RIA, functional 
cell-based reporter gene assay and homogeneous 
mobility shift assays, although ELISA-based 
assays are most commonly used given their cost 
and practicality. The variability in results between 
methodologies makes it difficult to compare data 
from different studies. At present there is unfortu-
nately no defined gold standard for quantification 
of IFX levels and ATI.19 Therefore, comparing 
assays is critical for understanding and interpret-
ing data of different clinical studies and before 
they are used for clinical decision-making based 
on a predefined therapeutic algorithm.21

In this study we evaluated IBD patients receiving 
IFX maintenance treatment with four ELISA-
based assays for IFX trough levels, and with three 
ELISA-based assays and one RIA-based assay for 
detection of ATI. All these assays are frequently 
used for therapeutic drug monitoring and there-
fore inter-assay reliability analyses are desirable. 
In the case of IFX trough levels, the overall com-
parison between all four ELISAs showed an 
‘almost perfect’ ICC for absolute agreement, sug-
gesting that the four assays could be used for ther-
apeutic drug monitoring of infliximab. Pairwise 
comparison using a strict categorization based on 
lower 95% CI confirmed an ‘almost perfect’ reli-
ability between all but one assay pair. Reliability 

Table 2. Intraclass correlation coefficients (95% confidence interval) for quantitative agreement of infliximab 
trough levels: comparison between assays pairs.

Assay Promonitor Q-Inflixi Sanquin

Lisa-Tracker 0.93 (0.70–0.97) 0.95 (0.87–0.97) 0.95 (0.92–0.97)

Promonitor 0.94 (0.91–0.96) 0.95 (0.89–0.97)

Q-Inflixi 0.97 (0.95–0.98)
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Figure 1. Bland–Altman plots of infliximab levels between assay pairs. The differences between each assay 
are plotted on the y-axis and their averages are plotted on the x-axis. The central dotted lines represents the 
mean difference and the closer dotted line are the upper and lower limits of the 95% confidence interval (CI). 
The more external dotted lines are the upper and lower limits of agreement (LOA).

between Lisa-Tracker and Promonitor assays was 
only ‘substantial’.

Further analysis evidenced some relevant differ-
ences between assays. Bland–Altman plots show a 
greater dispersion in all paired comparisons when 

IFX concentrations were over 7 µg/ml. The dif-
ferences increase with increasing IFX concentra-
tions, as described previously in other comparison 
studies.21,28 The Bland–Altman plot comparing 
Promonitor and Q-Inflixi showed excellent agree-
ment, making those assays fully interchangeable. 
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Conversely, due to the low agreement, our results 
indicate that Lisa-Tracker should not be inter-
changed with Promonitor and Q-Inflixi during 
the follow up of individual patients. For inflixi-
mab concentrations between 0 µg/ml and 7 µg/ml, 
differences were small between the remaining 
pairs of assays.

In the qualitative analyses, the results for each 
assay were stratified according to a recommended 
therapeutic window for patients receiving IFX 
maintenance treatment. The TAXIT trial demon-
strated that dose escalation in IBD patients with 

suboptimal drug concentrations (<3 µg/ml) 
results in better disease control, while dose reduc-
tion was successful in IBD patients with supraop-
timal drug concentrations (>7 µg/ml), which 
resulted in a decrease in costs and also fewer 
adverse events.13 There was an ‘almost perfect’ 
agreement between Q-Inflixi with Promonitor and 
Sanquin assays, and a ‘substantial’ agreement 
between the remaining assay pairs. However, 11% 
and 14% of the patients with suboptimal drug 
concentrations when measured by Promonitor 
and Q-Inflixi, were within the target interval of 
3–7 µg/ml when evaluated by Lisa-Tracker. In the 

Table 4. Qualitative agreement (Cohen’s kappa) for antibodies to infliximab: comparison between assay pairs.

Assays Positive 
agreement

Negative 
agreement

Overall 
agreement

Cohen’s kappa
(95% CI)

Lisa-Tracker versus 
Promonitor

14.3% 79.6% 93.9% 0.788
(0.558–1.000)*

Lisa-Tracker versus 
Q-Inflixi

87.7% 9.9% 97.6% 0.875
(0.705–1.000)*

Lisa-Tracker versus 
Sanquin

91.2% 8.8% 100% 1.000*

Promonitor versus 
Q-Inflixi

12.2% 81.6% 93.8% 0.764
(0.507–1.000)*

Promonitor versus 
Sanquin

83.3% 11.1% 94.4% 0.769
(0.467–1.000)*

Q-Inflixi versus 
Sanquin

91.5% 7.0% 98.5% 0.902
(0.711–1.000)*

*p < 0.001.

Table 3. Qualitative agreement (Cohen’s weighted kappa) between categorized infliximab trough levels**: 
comparison between assays pairs.

Assays Observed agreement Expected agreement Cohen’s kappa

Lisa-Tracker versus Promonitor 88.0% 62.8% 0.677*

Lisa-Tracker versus Q-Inflixi 87.3% 60.6% 0.678*

Lisa-Tracker versus Sanquin 87.5% 61.9% 0.672*

Promonitor versus Q-Inflixi 94.6% 66.5% 0.840*

Promonitor versus Sanquin 93.0% 65.5% 0.796*

Q-Inflixi versus Sanquin 93.0% 62.6% 0.812*

*p < 0.001.
** Infliximab target interval: 3–7 µg/ml; infliximab concentrations <3 µg/ml and >7 µg/ml were classified as suboptimal 

or supraoptimal, respectively.
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remaining paired comparison, fewer than 5% of 
patients were placed in different subgroups. 
Recently, the American Gastroenterological 
Association Institute Technical Review proposed 
an infliximab therapeutic threshold of ⩾5 µg/ml 
during maintenance therapy.27 In our study, the 
sensitivity analysis considering this threshold 
offered very similar results.

Although the reliability (ICC) between assays was 
excellent and kappa statistic showed ‘substantial’ 
and even ‘almost perfect’ qualitative agreement in 
some pairs, median absolute concentrations differ 
from assay to assay. Systematic differences in 
exact drug concentrations have been described 
previously with different types of assays and even 
between assays that share the same format and 
technology.20,29 Due to the aforementioned sys-
tematic differences and biases in Bland–Altman 
plots and disagreement in qualitative analysis, we 
consider that the four different assays are not 
interchangeable for the purpose of making thera-
peutic decisions during the follow up of patients. 
Although the four evaluated assays placed the 
vast majority of patients in the same categories 
based on a predefined therapeutic window, a 
non-negligible percentage of the patients was 
classified in different categories, with the possible 
change of management that this implies. The 
exception was the Promonitor and Q-Inflixi 
ELISA assays, which seem to be fully inter-
changeable according to our results.

To date, few studies have been done to assess reli-
ability between different assays measuring IFX 
trough levels. Despite the limitations and the dif-
ferent sensitivities and problems of each assay, the 
majority of studies of assays report adequate agree-
ment between assays, classifying the majority of 
patients in a similar way.20 Vande Casteele and 
colleagues compared three different techniques, 
including Lisa-Tracker and Sanquin assays, also 
evaluated in our study.21 The authors found a good 
correlation and agreement for IFX levels and ATI 
measurements between these assays. However, the 
authors reported that the Lisa-Tracker assay 
detected IFX in 18% of samples with undetectable 
levels by the other two assays, and found a correla-
tion of 0.83 where Sanquin assay measured lower 
levels than Lisa-Tracker, as observed in our study. 
Two comparison studies performed by Ruiz-
Argüello and colleagues30 and Schmitz and col-
leagues31 found that Sanquin measured higher 
IFX concentrations than Promonitor, as observed 

in our study. Several studies that have compared 
different assays suggested that the same assay 
should be used in individual patients during follow 
up.19,32,33 Our data support this suggestion.

The ICCs for ATIs could not be evaluated because 
the assays used different units of measurement. 
Therefore, ATIs were classified as detectable/
undetectable for all analyses. The value of Fleiss 
kappa for the four assays was almost perfect, but 
only samples with available results for the four tests 
were considered. All the assays evaluated in this 
study for ATIs are drug-sensitive to some extent 
and so the ability to detect antibodies may be 
affected by the presence of IFX. The sensitivity of 
the four assays was comparable, although the Lisa-
Tracker and Sanquin assays detected ATIs that 
were not detected with the other two assays. It has 
been reported that, since RIA is less sensitive to 
drug interference than ELISA, it can detect low 
ATI concentrations in the presence of drug.21 ATI 
results should be interpreted with caution, given 
the high rate of missing data (particularly when we 
compare the four assays together) and the very low 
number of ATI-positive samples, which makes it 
difficult to draw conclusions.

Our study had other limitations. We have not 
tested healthy control sera or IFX-spiked sam-
ples. Due to the lack of a gold standard technique, 
the studies performed with spiked samples would 
provide the true concentration of the drug. In our 
study, conclusions regarding reliability for IFX 
levels depend mainly on the results of the pairwise 
ICCs. We reported degrees of reliability of ICC 
based on the lowest 95% CI, which reinforces the 
quality of the evidence.25 Missing data for IFX 
levels were less than 5% in all four assays.

In conclusion, in a cohort of IBD patients under-
going IFX maintenance therapy, we found a ‘sub-
stantial’ to ‘almost perfect’ quantitative and 
qualitative reliability for IFX levels measured 
with all four assays, and all of them seem  
suitable for therapeutic drug monitoring of IFX. 
Promonitor and Q-Inflixi ELISA had the best 
agreement, making those assays fully interchange-
able. However, we found systematic bias between 
Lisa-Tracker assay with Promonitor and Q-Inflixi 
assays, which could affect interpretation and sug-
gests these assays are not interchangeable for the 
purposes of making therapeutic decisions during 
the follow up of an individual patient. International 
standards should be developed for the use of  
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different assays that measure IFX levels and anti-
bodies to IFX.
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