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ABSTRACT - Background — Infliximab (IFX) therapeutic drug monitoring is an important tool to guide therapeutic decision in inflammatory bowel

disease patients. Currently, there are two methods to measure trough levels of IFX, ELISA assays or rapid tests. Despite that the ELISA assay is the
most used method in therapeutic drug monitoring, the results take long to be available for clinical use, and it needs to be performed by trained person-
nel. In contrary, the results of a rapid test take 20 to 30 minutes to be available and can be performed by non-trained lab personnel. Objective — The
aim of the study was to compare a rapid test (QB-IFX) for quantitative determination of IFX level to one ELISA assay in a cohort of inflammatory
bowel disease patients. Methods — Cross-sectional multicentric study with 49 inflammatory bowel disease patients on maintenance therapy with IFX.
Blood samples for IFX serum levels were collected immediately before infusion. IFX serum levels were classified as undetectable, low (<3.0 ug/mL),
adequate (3.1-7.0 ug/mL) or high (>7.1 pg/mL). A sensitivity and specificity of each test and a comparison between tests was based on ROC curves.
Results — Thirty-four Crohn’s disease patients and 15 ulcerative colitis patients in clinical remission were evaluated. The majority of patients had low
or adequate serum levels of IFX. In relation to the serum levels proportions with the two methods, there was no significant difference (P=0.84). The
ROC analysis identified a concentration threshold >2.9 pg/mL with the QB-IFX test (area under the ROC, 0.82; P<0.0001, sensitivity, 100%; specificity,
61.9%), and >3.83 pg/mL using the ELISA assay (area under the ROC, 0.96; P<0.0001, sensitivity, 100%; specificity, 92.9%). Conclusion — QB-IFX
and ELISA assays to measure IFX levels were comparable. Both methods had accurate sensitivity and specificity to detect undetectable, low and

adequate levels, but had showed low specificity for supra therapeutic levels of 1FX.

HEADINGS - Crohn’s disease. Proctocolitis. Infliximab. Drug monitoring.

INTRODUCTION

In the last two decades, the treatment of immune-mediated
diseases had changed dramatically since the advent of tumor-
necrosis factor (TNF) alpha inhibitors, mostly known as anti-TNF
agents. The available evidence on the importance and effectiveness
of these agents in the treatment of rheumatic and dermatological
conditions, such as rheumatoid arthritis (RA), ankylosing spondy-
litis (AS), psoriasis and psoriatic arthritis (PA) is solid. Moreover,
these drugs were also proven to be effective in the management of
major inflammatory bowel diseases (IBD), Crohn’s disease (CD)
and ulcerative colitis (UC)19,

In current clinical practice, the anti-TNF agents that are mostly
used in Brazil are: etanercept (a fusion protein used in rheumatol-
ogy and dermatology, not proven to be effective in the treatment of
IBD); infliximab (IFX); adalimumab (ADA); certolizumab pegol

(CZP) and golimumab (GOL). In Brazil, GOL is currently approved
for patients with RA and UC. The first anti-TNF agent approved
for the treatment of IBD in our country was IFX, back in 2000.
Since it was the first anti-TNF to be approved for the manage-
ment of IBD, IFX is the agent that concentrates most of the experi-
ence by gastroenterologists in treating CD and UC’!'V, Recently,
the dosage of TFX serum levels just before the following infusion
(known as trough levels) and antibodies to IFX (ATI) has been used
in clinical practice in order to monitor response and guide treatment
optimization in cases of secondary loss of response to the drug, a
strategy denominated as therapeutic drug monitoring (TDM)®19,
Therapeutic IFX levels are considered adequate when between
3.0 and 7.0 ug/mL®1, Despite being in remission, some IBD pa-
tients on IFX therapy may experience undetectable, low, adequate
or high trough levels. In 2015, Van de Casteele et al., studying a
cohort of 275 patients from Leuven demonstrated remarkable find-
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ings. Of 275 patients in remission, IFX trough levels were above
normal range (>7 pg/mL) in 72 (26.2%) patients. They found nor-
mal trough levels (between 3 and 7 ug/mL) in 121 (44.0%) patients,
low levels (<3 pg/mL) in 58 (21.1%) patients and undetectable
trough levels in 24 (8.7%) patients®.

Although the routine use of TDM can be questioned, as a
study from the Netherlands have demonstrated'?, it is for sure
helpful in making faster decisions in patients with secondary loss
of response. This strategy is important to guide a switch in the
agent or mechanism of action (when adequate levels, absence of
response and antibodies are detected), or to simply increase the
dose of the same agent, in case of negative antibodies detection
and lower detected levels. However, conventional ELISA (enzyme-
linked immune sorbent assay) methods used so far for TDM,
are usually performed at laboratories and are considerable time
consuming procedures®!*??. Thus, trough level results take one to
two days to be available for the clinician. The late availability of
this data, do not allow a possible dose escalation or de-escalation
when the patient is already at the infusion unit!*'®. In fact, with
this drawbacks related to ELISA, TDM is quite difficult to be
implemented.

ANVISA (Agéncia Nacional de Vigilancia Sanitaria), the Bra-
zilian regulatory agency, has recently approved the first rapid test
to measure IFX levels in Brazil, the Quantum Blue Infliximab test
(QB-IFX, Biithlmann Laboratories, Basel, Switzerland). The great
advantage of a rapid test is the availability of the results in 20 to 30
minutes, when the patient is still in the infusion unit®*!”?, However,
there is a lack of studies that compared QB-IFX rapid test to the
ELISA used in most IBD centers throughout the world10!-131517,
Moreover, to date, there are few studies with serum levels measure-
ment of IFX in Brazilian patients!>!,

The aim of the present study was to compare a rapid test
(QB-IFX) for quantitative determination of IFX serum level to
an ELISA in a cohort of IBD patients in clinical or endoscopic
remission.

METHODS

Study design

This was a cross-sectional multicenter study with IBD patients
that responded to IFX therapy after 14 weeks, in maintenance
therapy. Blood samples were collected before infusions in order to
check IFX levels. Previously defined demographic characteristics
were retrospectively collected from the patients’ charts and a specific
protocol was then fulfilled.

Inclusion and exclusion criteria

Patients with a diagnosis of IBD (either CD or UC) confirmed
by clinical, endoscopic, imaging and histological tests, that were
treated with IFX for at least 14 weeks, were in clinical and/or
endoscopic remission and signed the informed consent agreeing
to participate could be included in the study. Patients who had
their dose optimized according to physicians’ perspective but
were in stable doses for the last 6 months could also be included.
Patients with undetermined IBD, primary non-responders to
IFX and those with less than 18 years of age were excluded from
the analysis.

Response and remission were defined by physician global as-
sessment (PGA). Clinical response was defined as partial clinical
improvement of symptoms (improvement of symptoms, with

residual symptoms). Clinical remission was defined as complete
absence of symptoms at the occasion of blood sample collec-
tion. Endoscopic remission was defined as absence of ulcers at
colonoscopy (absence of active disease). The concomitant use of
immunomodulators such as azathioprine (AZA) or methotrexate
(MTX) at stable doses, and the use of corticosteroids in a dose of
less or equal than 10 mg/day of prednisone or equivalent, at the
moment of blood sample collection, was also permitted.

Blood sample collection

Samples were collected before infusions (trough levels), and 10
mL of blood were put in standardized serum tube for each analysis,
according to the kit manufacturer. The sample was centrifuged
after harvesting (10 min) and the serum should be transferred to a
new tube (minimum of 200uL). It was also recommended that the
sample was stored for 24 hours at -20°C, and then sent on icepacks
or dry ice to the laboratory so that it was always frozen until the
moment of dosing.

Blood sample analyses

The standardization of the analyses was performed as follows.
At the day of the infusion, ordinary routine blood tests (such as
C-reactive protein and complete blood count, among others) and
plasma for IFX-trough ELISA was collected in addition to 3 mL
serum for QB-IFX rapid test. The serum was initially thawed,
vortexed and 10 uL were diluted in 190 uL assay buffer and again
vortexed for 5 seconds. An amount of 70 uLL was applied to the rapid
test cassette and a 15 minutes timer was started. A new cassette
was loaded every two minutes. After 15 minutes, the first cassette
was read by using the QB-IFX dedicated electronic reader, by a
previously trained nurse. Subsequently, a cassette was read every
two minutes and thereafter.

After that, the same procedure was followed, but this time
by a highly experienced laboratory technician that performed
the ELISA. The ELISA used in our study was performed with a
validated test (Ridascreen, R-Biopharm, Darmstadt, Germany) a
4-plate ELISA reader based on KU Leuven homecare ELISA®1?,

Definitions

The results of the analyses of the serum levels were described
as undetectable, infra therapeutic or low (when detectable and
below 3 pg/mL), adequate (between 3.1 and 7.0 ug/mL) and supra
therapeutic or high (above 7.1 ug/mL).

Statistical analysis

Statistical analyses were used according to SSPS v.16.0 soft-
ware (IBM Inc., Armonk, NY, USA). The results were expressed
as means * standard deviation (mean + SD) for continuous vari-
ables and as frequency for categorical variables. For categorical
variables Chi square or Fischer’s exact test were used according
to the expected values. Receiver operating characteristic (ROC)
curves were drawn to determine the sensitivity ans specificity of
the tests, in addition to comparing the QB-IFX rapid test with
IFX-trough ELISA. Statistical significance was assumed if P<0.05
to all statistical tests.

Ethical considerations

This study was approved by the ethical boards of all institu-
tions involved, under the CAAE number 22094913.7.0000.5411, at
Plataforma Brasil website from the Brazilian Ministry of Health.
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RESULTS

A total of 51 patients met the inclusion criteria and initially were
considered for the study. From those, two patients were excluded
due to lack of data in some information at chart review. Thus, a
total of 49 patients composed the final sample of the study and
had the 2 tests for the comparison after blood collection.

The baseline characteristics of the patients are described in
detail in TABLE 1. As seen, from the total sample of 49 patients,
34 had CD and 15 had UC as main diagnosis. In the CD group,
mean disease duration was approximately 8 years and the mean age

TABLE 1. Baseline characteristics of the included patients.

Baseline clinical characteristics CD (n=34)
Male/female (%) 18/16(52.9/47.1)
Median duration of disease (months) 94.09+79.58
Age (years) 37.71£12.76

Clinical remission (%)
Endoscopic remission (%)
Age at diagnosis®

34/34 (100.0)
30/34 (88.2)

Al <16y (%) 3(8.8)
A2 17y-40y (%) 29 (85.3)
A3 >40y (%) 2(5.9)
Disease location®
L1 ileal (%) 4(11.8)
L2 colonic (%) 20 (58.8)
L3 ileocolonic (%) 10 (29.4)
Disease phenotype®
B1 non-stricturing, non-penetrating (%) 24 (70.6)
B2 stricturing (%) 6(17.6)
B3 penetrating (%) 4(11.8)
Perianal disease (%) 11/34 (32.4)
Active smoking (%) 3/34 (8.8)
Medication profile
Mesalamine (%) 21/34 (61.8)
Previous steroids (%) 1/34(2.9)
Combo/monotherapy (%) 21/13 (61.8/38.2)
Treatment duration with IFX (months) 50.41+28.44
Optimization of Infliximab (%) 14/34 (41.2)
Baseline clinical characteristics UC (n=15)
Male/female (%) 8/7 (53.3/46.7)
Median duration of disease (months) 85.60+53.83
Age (years) 44.07+19.26

Clinic remission (%)
Endoscopic remission (%)

15/15 (100.0)
15/15 (100.0)

Disease phenotype®
E2 left sided colitis 2/15 (13.3)
E3 pancolitis 13/15 (86.7)
Active smoking (%) 1/15 (6.7)
Medication profile
Mesalamine (%) 10/15 (66.7)
Previous steroids (%) 0/15
Combo/monotherapy (%) 10/5 (66.7/33.3)
Treatment duration with IFX (months) 48.73+29.19
Optimization of Infliximab (%) 8/15 (53.3)

* According to Montreal classification; CD: Crohn’s disease; UC: ulcerative colitis.
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was 37.71 (£12.76) years. The majority of patients had ileocolonic
luminal CD. All patients were in clinical remission and the majority
(88%), in endoscopic remission, defined as absence of ulcers and
inactive disease. In the UC group, patients had disease duration
of approximately 7 years, with mean age of 44.07 (£19.26) years.
Almost 90% of the patients had pancolitis and all of them were in
clinical and endoscopic remission.

The main results of the study, according to the serum levels
of IFX, are summarized in FIGURE 1. As seen, by using both
methods, the majority of patients had low or adequate serum levels
of IFX. Approximately one fourth of patients had undetectable
serum IFX levels with both assays. In relation to the serum levels
proportions by the two methods, there was no significant differ-
ence (P=0.84).

QB-IFX

16.33%

B Undetectable
B Infra-therapeutic

B Adequate
[ Supra-therapeutic

FIGURE 1. Serum levels of IFX with the two different techniques. Un-
detectable; Infra therapeutic (0-3.0 pg/mL); adequate (3.1-7.0 pg/mL);
supra therapeutic (above 7.1 ug/mL). Fisher’s Exact Test, P=0.84.

The ROC analysis identified a concentration threshold >2.9 ug/
mL with the QB-IFX test (FIGURE 2, area under the ROC, 0.82;
P<0.0001, sensitivity, 100%; specificity, 61.9%), and >3.83 ug/mL
using the ELISA (FIGURE 3, area under the ROC, 0.96; P<0.0001,
sensitivity, 100%; specificity, 92.9%) for both methods, respectively.
These cut-off values implied that 50% of patients had serum IFX
concentrations lower than 2.9 pg/mL with the QB-IFX test, and 3.83
pg/mL with the ELISA. The QB-IFX rapid test had a positive predic-
tive value (PPV) of 29.9% and a negative predictive value (NPV) of
100.0%. The ELISA assay had a PPV of 70.15% and a NPV of 100%.

QB_IFX

100 |-

Sensitivity: 100.0
I Specificity: 61.9
Criterion: >2.9

AUC=0.82

60 -
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PR A I S|
40 60 80 100

100-Specificity

FIGURE 2. Rapid QB-IFX test IFX levels in patients with CD and UC.
AUC: area under the curve.
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FIGURE 3. Elisa method of IFX levels in patients with CD and UC.
AUC: area under the curve.

Moreover, when comparing the results by categories, we
observed that undetectable and low serum levels of IFX (0.0-2.9
pg/mL) with QB-IFX had 100% sensitivity and 61.9% specificity
and with ELISA they had 100% sensitivity and 92.8% specific-
ity. For adequate levels (3.1-7.0 ug/mL), however, we observed
regular sensitivity and high specificity of the two tests (QB-IFX:
54.1% sensitivity and 80.9% specificity; ELISA: 54.1% sensitivity
and 97.6% specificity). Finally, we found a quite low specificity
(QB-IFX: 28.5% sensitivity and 85.7% specificity; ELISA: 42.8%
sensitivity and 100% specificity) for the two tests when the trough
levels were supra therapeutic (above 7.0 pg /mL).

Comparing the rapid QB-IFX test with the ELISA, on ROC
analysis (FIGURE 4), the mean difference between areas (0.82; 95%
CI [confidence interval], 0.692-0.920, and 0.96; 95% CI, 0.870-0.997,
respectively) was 0.139£0.06; 95% CI, 0.00778-0.271 (P=0.03).

Sensitivity

— ELISA
i — QB_IFX
P I T R — P

a 20 40 60 80 100
100-Specificity

FIGURE 4. Comparison between the Elisa assay of IFX levels with QB-IFX
rapid test in patients with CD and UC. AUC: area under the curve. Elisa me-

thods: AUC: 0.966+0.02 (95% CI: 0.87-0.99). QB-IFX: AUC: 0.827+0.06
(95% CI: 0.69-0.92). Difference between areas = 0.139 (P=0.03).

DISCUSSION

TDM has being described as an important strategy to identify
and optimize loss of response to IFX and even to predict long-term
response to IFX after induction®!*1319, There is clear evidence show-

ing that therapeutic optimization may improve clinical remission®!”.
Besides, several prospective studies have also demonstrated that
concentration-based dosing (TDM) is also a cost-effective alternative
to clinically based dosing optmization®!?, Several TDM algorithms
have been created in order to assist the physician to the therapeutic
decision-making process. For instance, in cases of supra-therapeutic
IFX level, a de-escalation may save payer’s’ budget and also may
decrease the rates of adverse events related to IFX®!7.

The conventional assays used for TDM are mostly based in
ELISA methods""'*19, The ELISA assays are usually performed in
laboratory facilities and they are usually time-consuming. Moreo-
ver, to be cost effective, ELISA require analysis of multiple samples
at the same time®”. Thus, due to these well described limitations,
the results of ELISA take at least one or two days to be available
to be used in clinical practice. As the blood samples necessary for
the trough level tests are collected immediately before the infusion,
it means that these results are not going to be useful until the next
infusion. As a consequence, ELISA IFX levels tests do not allow
immediate dose escalation or de-escalation and may generate
difficulties in implementing TDM in a hospital or in an infusion
unit®!-1317 Despite all these considerations with the ELISA, they
still constitute the standard method in which TDM is based.

In order to bring TDM more applicable in real world clinical
practice, a fast trough level measurement test is required. Recently,
some rapid tests to measure IFX trough levels were described415-2,
Moreover, rapid tests must be validated in accordance with stand-
ard ELISA assays that have being used so far. Lindsjo et al., from
Norway, compared Quantum Blue Infliximab test (QB-IFX) to an
unspecified ELISA®. The authors showed a good correlation be-
tween the two tests: QB-IFX rapid test versus ELISA, r=0.91, with
P<0.001. In addition, the authors also reported that the rapid test
was easy to perform and could be done by a non-trained laboratory
employee. The correlation of the results of QB-IFX performed by
anurse or performed by a laboratory technician was also adequate,
r=0.92, P<0.0011%.

Recently, Van Stappen et al., from the University of Leuven,
Belgium, have evaluated a novel rapid test LFA (lateral flow-based
assay) and validated with an ELISA assay. The LFA (R-Biopharm
AG, Darmstadt, Germany) was compared to a specific ELISA as-
say (Ridascreen, R-Biopharm, Darmstadt, Germany), both using
a specific monoclonal anti-IFX antibody mAb-IFX6B7182, The
LFA rapid test had an excellent correlation with this specific ELISA
for quantification of IFX in anti-TNF naive UC patients starting
induction therapy"®. The authors reported an IFX concentration
threshold >2.1 pg/mL at week 14 using LFA (area under the curve of
0.819, P=0.008, sensitivity 100%, specificity 50%) and > 2.7ug/mL
using ELISA (area under the curve of 0.819, P=0.012, sensitivity
100%, specificity 50%) to be associated to mucosal healing!®.

Our study had a similar objective as the aforementioned stud-
ies, to compare a rapid test versus a conventional ELISA for IFX
dosing. Interestingly, we did not find a good sensitivity between the
two methods in supra-therapeutic levels. Adequate sensitivity was
only found in undetectable, low or adequate serum levels of IFX.
This means that QB-IFX test might not be an adequate alternative
to be used in patients with serum levels above 7.1 ug/mL as the
main test to guide dose de-escalation of IFX.

Trough level assays started to be marketed in Brazil in early
2017. So far, few studies were published reporting the use of TDM
in Latin America, and they did not compare different assays as our
study. They were just case series with a single method being used 1219,
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Our comparative analysis, as far as we know, represents the
first cohort of Brazilian IBD patients in which the trough level
measurement comparison was totally performed and analyzed in
our country. Moreover, it is the first study in Latin America that
compared two different methods for the detection of the IFX,
representing a landmark in our continent. Over time, we hope
that the implications of our results can be discussed in clinical
practice. For instance, when an undetectable or low level of TFX
is found in the QB-IFX rapid test, there is probably no need for
the ELISA levels. However, due to the limited correlation in
supra-therapeutic levels, in these situations with the rapid test,
an ELISA is strongly suggested to guide therapeutic decisions of
de-escalation, as decrease in the dose or increase in the intervals
of IFX infusions.

Our study had significant limitations that need to be clarified
during the analysis of the results. First, the sample of patients was
reduced. Secondly, all the patients were in remission, a situation
in clinical practice that usually does not require TDM. Measuring
serum levels when there is loss of response to IFX is the main indica-
tion of this strategy. Therefore, more studies with active disease and
clear definitions of loss of response could also be useful in current
practice, and are awaited. Lastly, we compared the rapid test with a

single ELISA, and several others are used over the world. Despite
these limitations, the strength of our study, as previously stated, is
that it constitutes the first Latin American study to compare two
different assays in TDM with IFX in IBD.

In summary, QB-IFX and ELISA to measure IFX levels were
comparable in this multicentric cohort of Brazilian IBD patients.
Both methods were accurate and had adequate sensitivity and
specificity to detect undetectable, low and adequate levels. In
contrary, QB-IFX and ELISA had shown low specificity for supra
therapeutic levels of IFX. The implementation of the rapid test
in clinical practice is awaited, and prospective studies with the
methods are warranted.
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RESUMO - Contexto — A monitorizagdo dos niveis séricos do infliximabe (IFX) ¢ uma importante ferramenta para guiar a tomada de decisdao nos

pacientes com doenca inflamatdria intestinal. No presente momento existem dois tipos de métodos para quantificar nivel sérico de IFX disponiveis
no mercado: o ELISA e o teste rapido. O método ELISA ¢é o mais usado em todo o mundo, todavia os resultados demoram de 1 a 2 dias para estar
disponiveis para uso clinico. Além disso, o ELISA é um método que requer um técnico especializado para realiza-lo. Ao contrario, os resultados do
teste rapido estdo disponiveis em 20 a 30 minutos e esse pode ser realizado por um funcionario nao especializado. Objetivo — O objetivo deste estudo
foi comparar o teste rapido (QB-IFX) com o teste ELISA para determinag¢@o quantitativa do nivel sérico de IFX em uma coorte de pacientes com
doenga inflamatoria intestinal. Métodos — Foi realizado um estudo transversal multicéntrico com inclusao de 49 pacientes em terapia de manutengao
com IFX. Amostra sanguinea para dosagem sérica do IFX foi coletada imediatamente antes da infusdo. A dosagem sérica do IFX foi classificada em
indetectavel, baixo (<3,0 pg/mL), adequado (3,1-7,0 ug/mL) ou alto (>7,1 ug/mL). A sensibilidade e a especificidade de cada teste ¢ a comparagao
entre os testes foram avaliados através de curva ROC. Resultados — Foram avaliados 34 pacientes com doenga de Crohn e 15 pacientes com retocolite
ulcerativa em remissao clinica da doenga. A maioria dos pacientes apresentou niveis baixos ou adequados do IFX sérico de acordo com ambos os
métodos de dosagem. Nao houve diferencga significativa entre os métodos quando avaliados categoricamente (P=0,84). A analise da curva ROC
identificou limites de concentragdes >2,9 pg/mL com o teste rapido QB-IFX (AUC ROC, 0,82; P<0,0001, sensibilidade: 100%; especificidade: 61.9%),
e >3,83 pg/mL usando o método ELISA (AUC ROC, 0,96; P<0,0001, sensibilidade: 100%; especificidade: 92,9%). Conclusdo — Os testes QB-IFX e
ELISA foram comparaveis para dosagem do nivel sérico de IFX. Ambos os métodos sdo acurados e apresentaram boa sensibilidade e especificidade
para detecg@o de niveis indetectaveis, niveis baixos e niveis adequados, porém mostraram pouca especificidade para niveis supra terapéuticos da droga.

DESCRITORES - Doenga de Crohn. Proctocolite. Infliximab. Monitoramento de medicamentos.
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