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Abstract
Monitoring anti-TNF agents in inflammatory bowel disease (IBD) patients may be helpful in optimizing outcomes. We aimed to
evaluate potential correlations among demographic, clinical, laboratory, or imaging parameters, as well as serum levels of infliximab
(IFX) and adalimumab (ADA) and their respective antibodies, in the clinical management of IBD patients.
A cross-sectional study of 95 patients with Crohn’s disease (CD) or ulcerative colitis (UC) in maintenance therapy with infliximab or

adalimumab was performed. Drug trough levels and anti-drug levels were determined using ELISA-based assays.
Regarding the serum IFX dosage, patients with higher relative C-reactive protein (CRP) levels had significantly lower relative serum

IFX levels (<3mg/mL) (P= .028). In contrast, higher concentrations of anti-IFX antibodies were found in patients who were not on
concomitant immunomodulators (P= .022) and who had more biological-related adverse events (P= .001) and higher levels of CRP
(P= .042). Serum CRP levels were also negatively correlated with IFX (CC=�0.315; P= .033) but positively correlated with the
presence of IFX antibodies (CC=0.327; P= .027). Serum albumin dosage showed a positive correlation with levels of both IFX (CC=
0.379; P= .004) and ADA (CC=0.699; P= .003).
Although anti-TNF-a trough levels and immunogenicity do not show a significant correlation with disease outcome, our results

reinforce the use of combination therapy for patients treated with infliximab. Moreover, we confirmed the presence of significant
associations between anti-TNF-a trough levels and immunogenicity with body mass index (BMI), the concomitant use of
immunomodulators, the rates of side effects, and laboratory markers, including serum albumin and CRP.

Abbreviations: ADA = adalimumab, BMI = body mass index, CD = Crohn’s disease, CRP = C-reactive protein, EIM =
extraintestinal manifestations, ESR = erythrocyte sedimentation rate, IBD = inflammatory bowel disease, IFX = infliximab, IMM =
immunomodulator, UC = ulcerative colitis.

Keywords: adalimumab, Crohn’s disease, immunogenicity, inflammatory bowel disease, infliximab, therapeutic drug monitoring,
ulcerative colitis
1. Introduction
Inflammatory bowel diseases (IBDs) are chronic and progressive
diseases including ulcerative colitis (UC) and Crohn’s disease
(CD) that affect the gastrointestinal tract. The fact that the
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incidence of IBD has been increasing globally in recent years is a
matter of great concern due to high morbidity and cost.[1–3]

The major aim when treating patients with IBD is to control the
inflammatory response and maintain clinical and endoscopic
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remission. Some of the most widely used anti-TNF-a biological
therapies (infliximab and adalimumab) have limitations, including
infusion reactions and a high rate of primary and secondary
nonresponders, despite their undisputed success. Not all patients
respond to this type of therapy,with approximately 30%of patients
failing the induction response (nonprimary responders), and a
significant proportion of initial responders tend to lose the response
over time (approximately 40–60%). In patients initially regarded as
responders, the annual risk of response loss has been reported as
13%perpatient/year.[4] In fact, various studies in the literature show
controversial and often contradictory results in this regard.[5,6]

The monitoring of serum levels of biological drugs and the
formation of anti-drug antibodies have emerged as useful tools in
the follow-up of patients, and they enable physicians to optimize
treatment and maintain drugs at effective concentrations for
longer periods of time. In addition, serum levels and anti-drug
antibodies may have significant impacts on the cost of treatment
in these patients, avoiding overdoses or the use of ineffective
drugs.[7,8] The rationale for monitoring drug levels and their
respective anti-drug antibodies relies on the fact that they can
help a physician to objectively understand the reason for a
potential treatment failure and to define the next steps in patient
management. Moreover, a proactive action provides a great
opportunity to maximally optimize and increase the chances of
success.[7] In practice, the best time to check anti-drug antibodies
is on the day of the application of the next dose, just before the
application of the drug, particularly in situations of treatment
failure.[9] Because the cost of routinely measuring the serum level
of anti-TNF-a and its antibodies is still high, particularly in
developing countries, attempts to identify other laboratory,
clinical, or endoscopic markers, which may correlate with those
tests, appear to be logical and justifiable.
The goal of the present study was to measure serum levels of

anti-TNF-a biological drugs and their respective antibodies to
identify correlations with sustained clinical response, nonre-
sponse, and loss of drug response in IBD patients.

2. Materials and methods

2.1. Study design, selection of patients, and ethical
considerations

Patients were consecutively recruited at the outpatient unit of
the Policlínica Piquet Carneiro of the State University of Rio
de Janeiro, Brazil, from July 2015 to November 2016. The
study protocol was approved by the institutional research board
and the ethical committee of the University Hospital of the State
University of Rio de Janeiro (Approval number: CAAE
30711014.6.0000.5259) and was performed in accordance with
the Helsinki declaration. All the participants signed an informed
consent form prior to entry into the study. The study was of cross-
sectional design with prospective patient inclusion. A total of 95
patientswith IBDwere selected, and thediagnosis ofCDorUCwas
confirmed by routine clinical, endoscopic and/or radiological, and
histological parameters.All patientswere using either infliximab in
the maintenance phase, with doses of 5mg/kg or 10mg/kg every 6
or 8 weeks after being given the induction phase with infliximab 5
mg/kg at weeks 0, 2 and 6 at the beginning of treatment, or
adalimumab at doses of 20 or 40mg SCweekly or every 2weeks as
postinduction therapy with 160/80/40mg every 2 weeks.
Sociodemographic data, diagnosis, duration of disease, and

specific phenotypes were recorded. Clinical activity evaluation
was performed using the Harvey-Bradshaw score for CD and the
2

Truelove or Mayo index for UC. To evaluate the laboratory
activity, we used the complete blood count, concentrations of
serum hemoglobin and albumin, erythrocyte sedimentation rate
(ESR), titrated C-reactive protein (CRP), and the dosage of fecal
calprotectin. A simplified endoscopic score was used for colono-
scopic evaluation and for the assessment of mucosal healing. A
modified score was used for enterography analysis by magnetic
resonance. The following criteria were used to define the response
to treatment in 3 distinct groups, according to clinical, laboratory,
and imaging parameters: nonresponse or primary failure, that is,
patients not responding to anti-TNF-a induction therapy; loss of
response or secondary failure, that is, patients who responded to
induction therapy and then relapsed from disease activity; and a
good or sustained response to treatment, that is, patients who
responded to anti-TNF-a induction therapy and maintained the
response with maintenance therapy.
The exclusion criteria were patients who declined to participate

in the study, HIV-positive patients, and patients who had not
used a biological therapy for more than 9 weeks.
2.2. Determination of infliximab, adalimumab, anti-
infliximab, and anti-adalimumab blood antibody
concentrations

Venous blood samples were harvested in serum tubes immediately
before infliximab infusion and adalimumab application to ensure
that the drugswere at the lowest possible blood concentration in all
patients. The collection tubes were centrifuged at 3000rpm for 10
min at room temperature. The serum was then transferred into
cryotubes and stored at �20 °C until analysis. Serum levels of
infliximab and anti-infliximab antibodies as well as adalimumab
and anti-adalimumab antibodies were assessed simultaneously by
Lisa Tracker Duo Infliximab and Lisa Tracker Duo Adalimumab
enzyme-linked immunosorbent assay (ELISA)-based techniques
(Theradiag, France), respectively. All assays were performed
according to protocols provided by the kit manufacturers.
2.3. Statistical analysis

Individual characteristics were analyzed using simple descriptive
statistics. Differences between the distributions of the selected
variables were evaluated with either the Chi-square test or Fisher’s
exact test for categorical data. The correlation between numeric
variables was assessed using Spearman’s rank correlation coeffi-
cient. All tests were two-tailed, and statistical significance was
established at P values of less than .05. Statistical analyses were
performed using SPSS 20.0 software (SPSS Inc., Chicago, IL).

2.4. Data sharing and data availability accessibility

Study materials are available upon request to interested
researchers. The raw data supporting the conclusions of this
manuscript will be made available by the authors, without undue
reservation, to any qualified researcher.

3. Results

3.1. Study population and laboratory results

Blood samples from 95 patients were evaluated. Among the
selected patients, 85 (89.47%) had CD, and 10 (10.53%) had
UC. Sixty-three patients (66.32%) were on infliximab therapy,
while 32 (33.68%) were on adalimumab therapy.
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Among the patients with CD, 56 (65.9%) were responders
(sustained response), 11 (12.9%) were primary nonresponders
(primary failure), and 18 (21.2%) were secondary nonresponders
(secondary failure). Among the patients with UC, 7 (70%) were
responders, and 3 (30.0%) were secondary nonresponders; there
were no reports of patients with UC who were primary
nonresponders in this study. Details of the demographic and
clinical characteristics of the patients and the respective
laboratory results are described in Table 1.
Table 1

Patient demographics and medical characteristics.

Parameters
Crohn’s disease

(n=85)
Ulcerative colitis

(n=10)

Female 48 (56.5%) 7 (70.0%)
White 64 (75.3%) 7 (70.0%)
Age (y) (mean±SEM) 42.2 (±1.8) 36.3 (±3.9)
BMI (mean±SEM) 24.2 (±0.4) 25.8 (±1.6)
Disease duration (mo) 148.1 (±12.1) 130.8 (±23.7)
Age
A1 2 (2.4%) 0 (0.0%)
A2 36 (42.4%) 8 (80.0%)
A3 47 (55.3%) 2 (20.0%)

Behavior
B1 15 (17.6%) –

B2 41 (48.2%) –

B3 29 (34.1%) –

Location
L1/E1 22 (25.9%) 1 (10.0%)
L2/E2 16 (18.8%) 2 (20.0%)
L3/E3 39 (45.9%) 7 (70.0%)
L4 8 (9.4%) –

Perianal disease 34 (40.0%) –

Smoking 6 (7.1%) 0 (0.0%)
EIM 40 (47.1%) 3 (30.0%)
Clinically active 33 (38.8%) 4 (40.0%)
Albumin, g/dL 4.3 (±0.07) 4.6 (±0.12)
Hemoglobin, g/dL 13.14 (±0.25) 13.07 (±0.44)
CRP, mg/L 2.21 (±0.50) 2.08 (±0.68)
ESR, mm/h 21.06 (±2.7) 22.5 (5.4)
Calprotectin, mg/g 579.13 (±208.9) 1061.75 (±838.2)
Mucosal healing (colonoscopy) 48.2% (n=27) 57.1% (n=4)
Endoscopy score (mean±SEM) 1.77 (±0.25) 1.29 (±0.61)
Surgery prior to biologicals 44 (51.80%) 0 (0.0%)
Previous biologic therapy 13 (15.3%) 0 (0.0%)
Biologic adverse events 10 (11.8%) 2 (20.0%)
Concomitant IMM 43 (50.6%) 6 (60.0%)
Steroid dependency 54 (64.3%) 10 (100.0%)
Response to biologicals
Responder 56 (65.9%) 7 (70.0%)
Primary failure 11 (12.9%) 0 (0.0%)
Secondary failure 18 (21.2%) 3 (30.0%)

Trough level
Infliximab 2.51 (±0.38) 2.70 (±0.91)
Adalimumab 6.32 (±0.57) –

Antibodies
Anti-infliximab 166.03 (±92.8) 463.78 (±311.6)
Anti-adalimumab 8.04 (±8.04) –

BMI=body mass index, CRP=C-reactive protein, EIM= extraintestinal manifestations, ESR=
erythrocyte sedimentation rate, IMM= immunomodulators, SEM= standard error of the mean, Y=
years. Surgery prior to biological refers to IBD-related abdominal surgeries.
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3.2. Comparison of infliximab and adalimumab trough
concentrations and anti-drug antibody concentrations with
several medical parameters

In accordance with previous studies in the literature regarding
serum infliximab,[5,6,10–15] we considered a ≥3mg/mL cut-off as
the therapeutic level related to the satisfactory clinical response to
treatment. We considered levels of anti-infliximab antibodies
greater than 0 (zero) to be positive.
Table 2 shows a comparative analysis of serum infliximab

levels and anti-infliximab antibodies in relation to several clinical,
endoscopic, and laboratory parameters. We found that patients
with higher CRP levels had significantly lower levels of serum
infliximab (<3mg/mL) (P= .028). In contrast, high levels of anti-
IFX antibodies were detected among the patients who were not
using immunomodulators concomitantly (P= .022), who had
more side effects related to biologicals (P= .001), and who had
high levels of CRP (P= .042).
Table 3 shows a comparative analysis of serum adalimumab

levels and anti-adalimumab antibodies in relation to several
clinical, endoscopic, and laboratory parameters. In accordance
with previous studies in the literature regarding serum adalimu-
mab,[16–18] we adopted a ≥3mg/mL cut-off as the therapeutic
level related to good clinical response to treatment. We
considered levels of anti-adalimumab antibodies greater than 0
(zero) to be positive.
Table 3 shows that patientswith lower serumadalimumab levels

had a longer disease duration since diagnosis (P= .046). Lower
body mass index (BMI) was significantly associated with higher
levels of anti-ADA antibodies, despite the relatively small number
of individuals in the study (P= .036). However, no significant
difference was found between drug levels and their respective
antibodies and the clinical responses presented by the patients.
Table 4 shows a series of correlations between numeric

variables assessed by Spearman’s rank correlation coefficient. A
relatively weak negative correlation was found between BMI and
serum infliximab level (CC=�0.292; P= .02). Serum CRP levels
were also negatively correlated with infliximab (CC=�0.315;
P= .033) but were positively correlated with anti-infliximab
antibodies (CC=0.327; P= .027). This means that patients with
adequate serum levels of infliximab (high) present a satisfactory
therapeutic response with reduced levels of inflammatory
markers including serum CRP. In contrast, patients with low
serum levels of infliximab had high CRP, and anti-infliximab
antibodies were present. Serum albumin dosage was positively
correlated with serum infliximab levels (CC=0.379; P= .004)
and adalimumab (CC=0.699; P= .003).

4. Discussion

In the last 2 decades, biological agents, particularly monoclonal
anti-TNF-a antibodies, have become the mainstay of IBD
therapy. However, in Brazil, this change has progressively
occurred only in the last decade. Some side effects and a relevant
rate of primary and secondary nonresponders have been reported
and represent a critical limitation for the treatment of IBD
patients. To address this issue, we proposed a pilot study to
measure anti-TNF-a trough levels and immunogenicity, for the
first time, in an area regarded as having low IBD prevalence, to
investigate potential associations with specific disease outcomes.
In addition, we evaluated whether anti-TNF-a trough levels and
anti-drug antibodies are associated with parameters routinely
used in the follow-up of patients.

http://www.md-journal.com


Table 2

Agreement of infliximab and anti-infliximab serum concentrations with selected clinical, endoscopic, and laboratory variables.

Tests Infliximab Anti-infliximab

Patients variables ≥3mg/mL (n=19) <3mg/mL (n=44) P value 0.00 (n=52) 0.00 (n=11) P value

Crohn’s disease 16 (84.2%) 37 (85.7%) 1.000 44 (84.6%) 9 (81.8%) 1.000
Ulcerative colitis 3 (15.8%) 7 (14.3%) 8 (15.4%) 2 (18.2%)
Female 12 (63.2%) 22 (50.0%) .579 28 (53.8%) 8 (72.7%) .326
BMI 23 (20–24.22) 24 (21–28) .182 23.87 (0.57) 25.61 (1.92) .241
Smoking 0 (0.0%) 2 (4.54) 1.000 2 (3.80) 1 (9.10) .443
Disease duration (m) 108 (60–240) 138 (72–240) .435 164.8 (15.14) 156.0 (46.30) .365
Clinical activity 6 (31.6%) 19 (45.2%) .404 21 (40.4%) 4 (36.4%) 1.000
Steroid dependency 10 (52.6%) 32 (72.7%) .080 36 (69.2%) 7 (63.6%) .732
IMM 10 (52.6%) 21 (47.7%) 1.000 30 (57.7%) 2 (18.2%) .022
Previous biological 1 (5.3%) 2 (4.54) 1.000 2 (3.8%) 1 (9.1%) .443
Biologic side effects 2 (10.5%) 7 (15.9%) .707 4 (7.7%) 6 (54.5%) .001
Response to therapy
Sustained 14 (73.7%) 27 (61.4%) .557 35 (67.3%) 8 (72.7%) .791
Primary failure 0 (0.0%) 2 (4.54%) 2 (3.8%) 0 (0.0%)
Secondary failure 5 (26.3%) 13 (29.5%) 15 (28.8%) 3 (27.3%)

CRP, mg/L 0.31 (0.08–0.75) 1.7 (0.25–3.7) .028 0.54 (0.13–2.1) 2.4 (1.7–14.5) .042
ESR, mm/h 10 (6–24) 16.5 (7–23.2) .847 17 (7–24) 10 (5–17) .383
Calprotectin, mg/g 140.9 (101.9–426.9) 54.3 (40.1–1061.7) .548 140.9 (59.7–442.4) 51.2 (51.2) .400
Hemoglobin, g/dL 12.9 (12.0–13.8) 13.4 (11.85–14.7) .572 12.9 (12.1–14.8) 13.4 (10.9–13.9) .293
Albumin, g/dL 4.55 (4.27–5.0) 4.25 (4.0–5.0) .139 4.4 (4–5) 4.25 (3.6–4.7) .147
Endoscopic score 0 (0–3) 2 (0–3) .337 0 (0–3) 0 (0–2.25) .395
MRE score 1 (0–1.5) 1 (1–2) .312 1 (0–2) 1 (0.25–1.75) 1.000

BMI=body mass index, CRP=C-reactive protein, ESR=erythrocyte sedimentation rate, IMM= immunomodulators, MRE=magnetic resonance enterography. Values are presented as numbers with
percentages in parentheses or median with interquartile range.
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Findings from several previous studies have shown that anti-
TNF-a trough levels are consistently associated with a sustained
clinical response[10] andmucosal healing.[11,13] The results from a
recent study appear to corroborate this information, as the best
clinical outcomes were associated with elevated infliximab trough
Table 3

Agreement of adalimumab and anti-adalimumab serum concentratio

Tests Adalimumab trough level

Patient variables ≥3mg/mL <3mg/mL

Crohn’s disease 27 5
Female 16 (59.3%) 3 (60.0%)
BMI 26 (22–28) 27 (15.5–30.5)
Smoking 2 (7.4%) 1 (20.0%)
Disease duration (m) 84 (48–132) 180 (114–192)
Clinically active 10 (37.0%) 2 (40.0%)
Steroid dependent 20 (76.9%) 1 (20.0%)
IMM 16 (59.3%) 1 (20.0%)
Previous biological 8 (29.6%) 2 (40.0%)
Biologic side effects 1 (3.7%) 1 (20.0%)
Response to therapy
Sustained 17 (63.0%) 3 (60.0%)
Primary failure 7 (25.9%) 2 (40.0%)
Secondary failure 3 (11.1%) 0 (0.0%)

CRP, mg/L 1.13 (0.23–3.0) 0.08 (0.08)
ESR, mm/h 25.5 (10.00–41.50) 38 (3�)
Calprotectin, mg/g 1850 1028.3
Hemoglobin, g/dL 12.8 (12.2–13.9) 13.5 (12.9�)
Albumin, g/dL 4.3 (3.95–4.8) 4.1 (3.8�)
Endoscopic score 3 (0–4) 0 (0)
MRE score 1 (0.25–1.75)

BMI=body mass index, CRP=C-reactive protein, ESR=erythrocyte sedimentation rate, IMM= immu
percentages in parentheses or median with interquartile range.
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levels, which were even higher than 10mg/mL.[11] In agreement
with a previous report,[19] we identified a correlation between
serum infliximab and CRP concentrations, which indicates that
patients with higher trough levels, especially within the
therapeutic range, have concomitant low levels of inflammatory
ns with selected clinical, endoscopic, and laboratory variables.

Anti-adalimumab

P value 0.00 >0.00 P value

30 2
1.000 19 (63.3%) 0 (0.0%) .157
.960 26 (22–28) 15.5 (10�) .036
.410 3 (10.0%) 0 (0.0%) 1.000
.046 96 (48–132) 192 (180�) .081
1.000 11 (36.7%) 1 (50.0%) 1.000
.027 20 (69.0%) 1 (50.0%) 1.000
.161 16 (53.3%) 1 (50.0%) 1.000
.637 9 (30.0%) 1 (50.0%) .534
.292 1 (3.3%) 1 (50.0%) .123

.651 19 (63.3%) 1 (50.0%) .735
8 (26.7%) 1 (50.0%)
3 (10.0%) 0 (0.0%)

.296 0.74 (0.132–2.8) –

1.000 28.0 (10.0–40) –

.400 1800 (297.8–1900) –

.412 12.9 (12.4–13.8) –

.439 4.25 (3.92–4.80) –

.353 3 (0–4) –

1 (0.25–1.75) –

nomodulators, MRE=magnetic resonance enterography. Values are presented as numbers with



Table 4

Correlations between trough levels and antibodies with clinical, laboratory and imaging variables.

Variables Statistics IFX Anti-IFX ADA Anti-ADA

Disease duration CC �0.011 �0.118 �0.112 0.215
P .935 .356 .543 .246
N 63 63 32 31

BMI CC �0.292∗ 0.176 �0.141 �0.308
P .020 .168 .441 .092
N 63 63 32 31

Medication dosage CC �0.023 0.005 0.263 �1.000
P .859 .970 .146 –

N 63 63 32 31
CRP (mg/L) CC �0.315∗ 0.327∗ �0.066 –

P .033 .027 .807 –

N 46 46 16 16
ESR (mm/h) CC �0.041 �0.113 �0.208 –

P .786 .455 .458 –

N 46 46 15 15
Calprotectin (mg/g) CC 0.103 �0.406 0.5 –

P .777 .244 .391 –

N 10 10 5 5
Hemoglobin (g/dL) CC 0.031 �0.118 �0.031 –

P .817 .382 .895 –

N 57 57 21 21
Albumin (g/dL) CC 0.379∗∗ �0.187 0.699∗∗ –

P .004 .169 .003 –

N 56 56 16 16
Endoscopic score CC 0.052 �0.152 0.079 –

P .728 .306 .763 –

N 47 47 17 17
MRE score CC �0.053 0.022 �0.137 –

P .799 .914 .672 –

N 26 26 12 12

ADA= adalimumab, anti-ADA= anti-adalimumab, anti-IFX= anti-infliximab, BMI=body mass index, CC= correlation coefficient, CRP=C-reactive protein, ESR= erythrocyte sedimentation rate, IFX= infliximab,
MRE=magnetic resonance enterography, N=number of cases. Asterisk indicates a significant correlation.
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markers. However, fecal calprotectin, another noninvasive
marker routinely used to assess the activity of intestinal
inflammation in IBD, did not show a significant association
with anti-TNF-a or anti-drug antibodies in this study. It is likely
that the relatively small number of samples analyzed for fecal
calprotectin in this study might have influenced the results. To
identify other potentially useful laboratory biomarkers related to
the response to therapy and/or to anti-TNF-a trough levels and
anti-drug antibodies, we analyzed ESR, hemoglobin, and
albumin. While results involving ESR and hemoglobin did not
show any significant association with anti-TNF-a trough levels or
anti-drug antibodies, patients who had higher serum albumin
concentrations also had higher serum levels of infliximab and
adalimumab. In accordance with our findings, a previous study
identified a relationship between serum albumin and the
pharmacokinetics of infliximab. In particular, patients with
higher relative serum albumin concentrations maintained higher
serum infliximab levels, reduced clearance, and longer half-lives
compared to patients with low serum albumin.[20,21] Albumin is
the most abundant protein in human plasma and has a well-
established role in the transport and metabolism of drugs.[22]

Albumin binds with high affinity to various drugs, whereas non-
albumin-bound (“free”) drugs are more likely to be excreted
because binding to the protein may decrease the rate of drug
elimination.[22] In addition to its several critical physiological
roles, albumin metabolism can also be affected by both chronic
5

and acute disorders. In fact, low serum albumin concentration
has been associated with poor outcomes in several health
conditions and has been used as a marker of underlying
pathologic processes, including malnutrition and inflamma-
tion.[23] Here, we reinforce the importance of albumin
concentration as an adjuvant biomarker in the follow-up of
chronic inflammatory disorders such as IBD and present for the
first time its association with adalimumab, in addition to the
already described relationship with infliximab levels.
Regarding the concomitant use of immunomodulators, it has

been previously demonstrated that drugs such as azathioprine are
capable of reducing immunogenicity, preventing the formation of
anti-drug antibodies during biological therapy.[24,25] In fact,
previous data have shown that combination therapy is more
effective than azathioprine or infliximab monotherapy in
achieving parameters of deep remission.[26] The results of this
study appear to confirm the beneficial effect of this association in
relation to infliximab but not adalimumab. Although the number
of patients in this study on combination therapy with
adalimumab is smaller than that with infliximab, our results
appear to corroborate the findings from a recent investigation,
which demonstrated that the clinical efficacy of a combination of
adalimumab and azathioprine did not differ from that of
adalimumab monotherapy in the long term.[27] Of note, in
addition to potential effects on the clinical efficacy and
development of anti-drug antibodies, in the present study, we

http://www.md-journal.com
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also detected more side effects among patients with antibodies
against infliximab. This finding appears to reinforce the notion
that the beneficial effect of concomitant azathioprine during
biologic therapy may not be directly synergistic but rather may
indirectly increase serum levels of infliximab and/or prevent the
formation of anti-drug antibodies.
In terms of individual characteristics, it is interesting to note that

patients with a higher BMI had lower concentrations of serum
infliximab, in agreement with previous studies in the litera-
ture.[21,28] In fact, previous pharmacokinetic studies analyzing
anti-TNF-a therapies have demonstrated that higher body weight
is consistently associated with increased drug clearance and lower
trough serum levels.[29,30] In a study in which the influence of BMI
on the response to biologic therapy was assessed in patients with
UC, investigators identified a higher risk of surgery and
hospitalization for each kg/mm2 increase in BMI. Such an
association was observed in weight-based dose and fixed-dose
treatments. In addition, in contrast to our results, a significant
negative correlation was observed between BMI and adalimumab
serum levels but not infliximab serum levels.[21] Nevertheless, in
another study addressing BMI and biological therapy, obese
patients with either CD or UC (BMI>30) on infliximab had a
higher risk of flares and loss of response to treatment compared to
nonobese patients.[28] Our BMI findings appear to have important
clinical implications because the prevalence of obesity is increasing
rapidly in developing countries,[31] and rates appear to increase in
parallel with IBD.[32,33] In this sense, physicians taking care of
overweight and obese patients with IBD should be prepared to
consider more aggressive treatments and the concomitant use of
immunomodulators, in addition to the closemonitoring of patients
using biologic therapy andpotentially directly targeting obesity via
a multidisciplinary approach.
We acknowledge some limitations in our analysis, mostly due

to the study design, reflecting the exploratory nature of the
investigation. Although this work constitutes a pilot study, it
highlights important aspects involving a comparative analysis of
anti-TNF-a trough levels and immunogenicity related to therapy
among patients from a low IBD prevalence area. Among the
patients consecutively enrolled in this study, the majority had a
sustained primary response. Interestingly, we present higher
response rates (clinical remission) (65.9%CD and 70%UC) than
most reports in the literature (overall average of 40%).[34] A
possible explanation for this may rely on the fact that this study is
a simple transversal analysis, considering that a single sample per
patient may not be sufficiently consistent to predict the outcome.
For example, patients with current low trough levels may not
havemanifested a loss of response yet. In contrast, patients whose
samples already reveal the presence of anti-drug antibodies may
still have a satisfactory response to the biologic agent in question.
Moreover, some technical aspects also need to be addressed. For
example, while sustained high levels of anti-drug antibodies
usually lead to permanent loss of response, it has also been
suggested that anti-drug antibodies may be transient andmay not
always result in permanent or progressive immunogenicity and
worse clinical outcome. Therefore, it has been suggested that
infliximab trough levels should bemeasured at week 14 and at the
time of loss of response; whenever trough levels are undetectable
or low, anti-infliximab antibodies should be assessed and
followed-up to rule out sustained formation of anti-drug
antibodies.[35] This represents a limitation of this pilot study,
in which we present only a transversal analysis of the patients.
Another controversial issue emerges from the question of whether
6

the measurement of anti-infliximab antibodies by ELISA is
reliable in the presence of serum infliximab. Thus, it has been
proposed that samples with measurable serum infliximab should
probably be considered inconclusive for anti-drug antibodies.[36]

Although different study designs may render the data difficult to
interpret and compare, it is likely that the specific characteristics
of our cohort might have influenced the results.
Here, we speculate that the specificities of this study population

may involve demographic features, including genetic background
and epigenetic modifications as well as the possibility of a more
naïve nature of the patients, with a relatively more recent use of
biologic agents in general. It is also interesting to note that during
the last decade, while the use of anti-TNF-a agents has become
progressively more common in Brazil, mainly due to availability
in the public health system, which covers approximately the
entire population, availability of the respective monitoring tests
has not followed in parallel. Therefore, further investigations
analyzing local epidemiological aspects of IBD and the clinical
response, including follow-up studies to address long-term
remission, the occurrence of failures and adverse events, will
be critically important. Moreover, it will also be crucial to
investigate the cost-effectiveness of promoting monitoring trough
levels and immunogenicity through the national health system. In
this regard, not only direct costs but also indirect costs, including
the need for surgery, additional medication, hospitalization, and
temporary and permanent disability, would be of paramount
importance for planning novel health policies for IBD in the
country.
In conclusion, although the results obtained in this IBD cohort

study do not show a clear correlation between anti-TNF-a trough
levels and immunogenicity with disease outcomes, we confirmed
significant associations with BMI, the concomitant use of
immunomodulators, the rate of side effects, and laboratory
markers, including serum albumin, and CRP. In particular, the
results of this study reinforce the use of combination therapy for
patients treated with infliximab, for initial reduction of side
effects and to minimize the loss of response in the long term.
Prospective controlled trials will be necessary to further
investigate the most appropriate approaches to monitor patients
under biologic therapy, particularly individuals who lose the
response. Moreover, studies addressing the cost-effectiveness of
monitoring trough levels and immunogenicity for patients with
IBD under biological therapy will be critically important both at
the individual level to implement more effective personalized
medicine as well as at the population level to possibly influence
public health strategies.
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