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Abstract

Background: Adalimumab (ADA) is an anti-tumor necrosis
factor agent that has been shown to be effective in inducing
and maintaining remission in adult patients with inflamma-
tory bowel disease. The relationship between the ADA
trough levels and clinical efficacy has been demonstrated,
but there is variability in the definition of the most suitable
range for its clinical applicability. Summary: A review of
published studies during the last 5 years on ADA serum lev-
els and its relationship with the clinical outcome was per-
formed. The studies selected included 7 observational stud-
ies, a systematic review, a meta-analysis and a post hoc anal-
ysisofaclinicaltrial. Thereported ADA levelsthatdiscriminate
patients in clinical remission from those with active disease
range from 4.5 to 8 pg/mL. This therapeutic range varies
when considering endoscopic remission (7.5 to >13.9 ug/
mL). Although the sample of patients with ulcerative colitis

is small, a tendency to reach higher levels of ADA is observed
in both clinical and endoscopic remission. Key Messages:
The optimal therapeutic cut-off point of serum ADA levels
ranges from 4.5-5 to 12 pg/mL, where ADA levels are associ-
ated with an adequate clinical monitoring of the disease
during maintenance therapy. These ranges vary according
to the target, suggesting levels of 4.8 ug/mL as the cut-off
for clinical remission and levels >7.5 pug/mL for mucosal
healing/endoscopic response. Controlled prospective stud-
ies are required to determine the optimal therapeutic inter-
val of ADA serum levels both as induction and as mainte-

nance therapy. ©2019 5. Karger AG, Basel

Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are
chronic diseases characterized by gastrointestinal tract
inflammation, with a severe impact on the quality of life
of patients. Tumor necrosis factor alpha (TNFa) plays a
crucial role in their pathogenesis and is the target of bio-
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Fig. 1. Cut-off levels of ADA in clinical and endoscopic remission.

logic therapies for inflammatory bowel disease (IBD) [1].
Adalimumab (ADA) is a monoclonal immunoglobulin
G1 antibody that binds with high affinity and specificity
to human TNF [2]. ADA is an anti-TNF agent that has
been shown to be effective in inducing and maintaining
remission in patients with IBD [2-5]. Anti-TNF therapy
is effective only in almost half the IBD patients, and 40%
of patients who initially respond to therapy ultimately re-
lapse within a year [6, 7]. A number of underlying factors
could explain such a lack of efficacy, as the production of
anti-TNF antibodies, TNF and anti-TNF tissue levels, se-
rum levels of C-reactive protein, BMI, serum albumin,
and serum levels of anti-TNF [3, 8-11]. These factors
might explain inter-individual variability in clinical and
histological outcomes of anti-TNF therapy at the recom-
mended doses [12]. Among these factors, serum levels of
anti-TNF can be controlled.

Serum ADA quantification used in combination with
clinical data of the patient could be useful for the clinical
management of IBD patients [6]. When ADA levels are
used only if there is a loss of response, management is
called a reactive monitoring [13]. Management is called
“proactive monitoring” when patients are in remission
and ADA levels are quantified to guide dose titration
aimed atavoiding a lack or loss of response [13]. Since the
publication of the studies on which their approval was
based, many studies have been performed to assess the
correlation between serum ADA levels in IBD patients
and clinical, endoscopic, and histological outcomes [14].
In this sense, it is necessary that serum ADA level cut-off
points (therapeutic interval] are established to ensure that
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ADA therapy is effective and predict its loss of efficacy in
IBD patients. A review of the literature was conducted to
gather data that guide decision-making in IBD patients
receiving ADA.

Materials and Methods

A review of the studies published in English and Spanish was
performed on PUBMED, the Cochrane Library, and EMBASE da-
tabases in the last 5 years until present (December 1, 2017). Search
words included: “drug monitoring, serum levels, ADA, anti-TNF,
IBD, CD, UG, outcome, remission, healing”. Clinical trials, clinical
studies, systematic reviews, and meta-analyses were included.
Then, abstracts were reviewed to identify studies aimed at assess-
ing the correlation between serum ADA levels and clinical out-
comes.

Results

A total of 71 references were initially identified includ-
ing clinical trials, observational studies, clinical studies,
meta-analyses, and systematic reviews.

Articles related to the relationship between ADA
trough levels and clinical outcomes were selected, ex-
cluding those that related ADA trough levels with anti-
ADA antibodies or with interleukin concentrations of
inflammation, and other publications on different tech-
niques of analysis of ADA levels. After the selection pro-
cess, the number of references finally selected for review
was 11.
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Table 1. Summary of the publications included

Publications Year Study design Population  Clinical impact of serum ADA level
Mazor 2014 Cross-sectional 71CD - 5.85 pg/mL was the adequate cut-off point to predict remission
etal. [15] — ADA levels were inversely related to disease activity
Yanai 2015 Retrospective - 4.5 pg/mL was considered adequate
etal. [10] - TDM was useful for guiding dose titration on suspicion of loss of
response or definitive inflammatory loss of response
Yarur 2016 Cross-sectional 59 CD - 27.5 pg/mL best correlated with the lack of endoscopic lesions
etal. [16] 7U0C — ADA levels were significantly lower in patients with histological
inflammation (9.2 vs. 14.1 ug/mL, p = 0.03) and endoscopic
inflammation) 8.5 vs. 13.3 ug/mL, p = 0.02)
Bodini 2014 Post-hoc analysis 6 CD - Levels were lower in patients with clinical or endoscopic recurrence
etal. [17] of a clinical trial than in patients in remission (7.5 vs. 13.9 pg/mL, p < 0.01)
- TDM was useful for reducing postoperative recurrence
Bodini 2016 Prospective 23CD - Levels were significantly different (p = 0.027) in patients in
et al. [18] observational remission (10.1 pg/mL), with mild disease (7.4 pg/mL), and with
moderate to severe disease (4.5 pug/mL)
- TDM of ADA is relevant in the therapeutic management of CD
patients
Aguas Peris 2017 Prospective 71 CD — ADA levels in CD patients in remission were significantly higher
etal. [19] observational 16 UC (p = 0.009) than in patients with active disease (9.2 vs. 6.0 pug/mL)
- ADA levels in UC patients in remission were significantly higher
(p = 0.002) than in patients with active disease (14.4 vs. 5.2 ug/mL)
Ungar 2016 Cross-sectional 58 CD — ADA levels were higher in patients with mucosal healing than in
etal. [1] 9UC patients with active disease (6.2 vs. 3.1 pg/mL, p = 0.01)
- ADA levels ranging from 8 and 12 pg/mL are estimated to be
necessary for attaining mucosal healing in 80-90% of patients with
BID
Roblin 2014 Cross-sectional 22CD - ADA levels were higher in patients in clinical remission than in
et al. [20] 18 UC patients with active disease (6.02 vs. 3.2 ug/mL, p = 0.012)
- ADA levels 24.85 pg/mL are associated with clinical remission
- ADA levels <4.9 pg/mL are associated with a lack of mucosal healing
Paul 2014 Systematic review 1354 CD - Serum ADA levels exceeding the cut-off point (4.8 ug/mL, identified
etal. [14] and meta-analysis 587 UC as optimal in 4 studies) were more likely to be in clinical remission,
with an OR 2.6 (95% CI 1.79-3.77, p < 0.0001)
- Higher ADA levels were associated with higher rates of clinical
response in patients with CD
Papamichael 2017 Retrospectivo 43UC - Mucosal healing: ADA levels >10.6 ug/mL in week 4. Below
etal. [23] 7.4 ug/mL there is no mucous cure

- Levels in week 4 >7.5 pg/mL are associated with less loss of
clinical response

CD, Crohn’s disease; UC, ulcerative colitis; ADA, adalimumab.

After areview of the literature, 7 observational studies,
a systematic review and meta-analysis, and the post hoc
analysis of a clinical trial were valid for the analysis. Al-
though 2 of the studies (Mazor et al. [15], and Bodini et
al. [17]) were included in the meta-analysis, they have
been considered important enough to be explained sepa-
rately. The characteristics of the studies included are
summarized in Table 1.
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Mazor et al. [15], conducted a cross-sectional study
in 71 patients with CD treated with ADA. The analysis
of 118 serum samples revealed that high serum ADA
levels were associated with clinical remission (area un-
der curve 0.748, p < 0.001). Based on the results ob-
tained, the authors established a cut-off point of 5.85 ug/
mL for serum ADA levels to predict remission (68%
sensitivity, 70.6% specificity, and 2.3 positive probability
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ratio). The conclusion drawn was that an inverse rela-
tionship existed between high serum ADA levels and
disease activity.

Yanai et al. [10] performed a multicenter retrospective
study in 247 IBD patients with suspected loss of response
to anti-TNF agents (infliximab or ADA). Loss of response
occurred 330 times, 142 of which occurred in patients
treated with ADA. The results of this study revealed that
patients with suspected loss of response and stable ADA
levels >4.5 pg/mL did not respond to an increased dose or
shift to another anti-TNF agent. In consequence, 4.5 ug/
mL was established as cut-off point. In the same line, the
authors observed that the duration of response in patients
with adequate ADA levels (i.e., >4.5 ug/mL) was higher
when ADA was replaced with an agent of a different class
than when ADA dose was increased or replaced with an-
other anti-TNF. The results of this study evidenced that
an ADA level cut-off point could be useful for the thera-
peutic management (dose titration, changing to another
anti-TNF, changing to a different-class biological agent)
of IBD patients treated with ADA.

Paul et al. [14] conducted a systematic review and a
meta-analysis of all data available as of 2013. Fourteen
studies were included in the systematic review (4 con-
trolled clinical trials, 4 prospective cross-sectional stud-
ies, 5 observational studies, and a retrospective study), 11
of which were performed in CD patients, 2 in UC pa-
tients, and one included both types of patients. Serum
ADA levels and clinical outcomes were assessed in 13 of
the 14 studies included. Notably, a correlation was not
found between high serum ADA levels and outcomes in
just one study. The authors of this study concluded that
the optimal cut-off point for serum ADA levels ranged
between 4.8 and 5.9 pg/mL, which was consistent with the
optimal cut-off points identified in another 4 of the stud-
ies included in the systematic review. Six studies were in-
cluded in the meta-analysis (with a total of 536 patients
with CD). The results obtained revealed that patients with
serum ADA levels above the cut-off point previously set
were more likely to be in clinical remission. The authors
concluded that high trough levels of ADA (TRA) were as-
sociated with higher rates of response in patients with
CD.

A cross-sectional study carried out by Yarur et al. [16],
in 66 patients (59 with CD and 7 with UC) treated with
ADA showed that mean serum ADA levels were lower in
patients with histological and endoscopic inflammation
(9.2 vs. 14.1 pg/mL, p = 0.03, and 8.5 vs. 13.3 ug/mL, p =
0.02, respectively). ADA levels 27.5 pg/mL were found to
be correlated with the absence of endoscopic lesions.

ADA Levels and IBD

However, sensitivity was low. The explanation offered by
the authors was that some patients may need to reach
higher serum ADA levels to attain histological healing
(the ADA level that best associated with histologic heal-
ingwas 7.8 ug/mL). These findings led the authors to con-
clude that the serum ADA levels necessary to reach his-
tological and endoscopic healing may be higher than
those reported in previous studies.

Bodini et al. [17] undertook a post hoc analysis of a
clinical trial to explore the potential association between
ADA levels and clinical and endoscopic outcomes in a
series of 6 patients who received prophylactic ADA
monotherapy after surgery. Patients without recurrence
during the follow-up period (2 years) were found to have
higher serum ADA levels. Of note, serum ADA levels in
patients who experienced recurrence progressively de-
creased until recurrence. The conclusion drawn by the
authors was that ADA levels after surgery in these pa-
tients may guide therapeutic and follow-up decision-
making and help reduce recurrence rates following sur-
gery in CD patients.

Bodini et al. [18] carried out a prospective observa-
tional study in 23 patients with CD treated with ADA.
The results obtained revealed that ADA levels at week 48
and at the end of follow-up (median follow-up: 102
weeks) were significantly higher in patients in remission
than in patients with mild and moderate to severe disease
(ADA levels 10.1, 7.4 and 4.5 pg/mL respectively, p =
0.027). Serum ADA levels in patients in remission were
11.9 vs. 5.5 pug/mL in patients with mild and moderate to
severe disease (p = 0.0002). Once again, emphasis was laid
on the relevance of therapeutic drug monitoring (TDM)
in the clinical management of CD patients treated with
ADA.

Aguas Peris et al. [19] performed a prospective obser-
vational study in 87 patients with IBD (71 CD and 16 UC)
treated with ADA. Serum ADA levels were observed to be
associated with clinical remission. Thus, 9 pg/mL was
considered an appropriate cut-off point to discriminate
patients in clinical remission from patients with active
disease. Additionally, the cut-off point 12. 2 ug/mL cor-
related with a good course of disease if the ADA dose was
reduced.

The cross-sectional study carried out by Ungar et al.
[1], in 67 patients with IBD (58 CD and 9 UC) revealed
that serum ADA levels were higher in patients with mu-
cosal healing than in those with active disease (6.2 vs. 3.1
pg/mL, p = 0.01). ADA levels >7.1 ug/mL indicated pa-
tients with mucosal healing with a specificity of 85%. At
12 pg/mL, a plateau was identified in the association be-
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Table 2. Therapeutic range of adalimumab levels estimated in CD
and UC [12-14]

Luminal disease Clinical Endoscopic
remission, remission,
pg/mL pg/mL

Adalimumab EC 4.8-5.9 7.5-12

Adalimumab CU >7.4 >10.6

CD, Crohn’s disease; UC, ulcerative colitis.

tween high serum ADA levels and mucosal healing. Based
on the results obtained, the authors concluded that 8-12
ug/mL was necessary to achieve mucosal healing in 80-
90% of patients with BID.

In a cross-sectional study in 40 IBD patients (22 CD,
18 UC) [20], serum ADA levels were higher in patients in
clinical remission than in those with active disease (6.02
pg/mL vs. 3.2 ug/mL, p = 0.012). A cut-off point of 4.85
pg/mL of serum ADA levels was associated with clinical
remission, with a sensitivity of 81% and a specificity of
67%, VPP 84% and VPN 57%. The results obtained led
the authors to conclude that serum ADA levels are sig-
nificantly associated with clinical remission and mucosal
healing. The optimal cut-off point for predicting these
results was set at 4.85-4.9 pg/mL.

The levels of the therapeutic range of ADA estimated
in EC and CU are summarized in Table 2 and Figure 1.

Discussion

Although therapeutic decisions on IBD patients are
mainly based on the clinical status of the patient, TDM of
ADA presents as a useful tool for the management of IBD
patients who receive induction and maintenance therapy
with ADA [8, 21, 22]. Thus, when a patient receives in-
duction therapy, low serum ADA levels are associated
with lack of response [23] and similarly when a patient
receives maintenance ADA therapy, low serum ADA lev-
els are correlated with loss of clinical and endoscopic re-
sponse and lack of mucosal healing. In both situations,
low serum ADA levels may predispose to the appearance
of anti-ADA antibodies [24]. Therefore, ADA TDM
could be useful for the therapeutic management of IBD
patients and help optimize outcomes.

At first, most studies analyze trough levels as predic-
tors of response to anti-TNF agents, but there are points
of uncertainty about whether the peak levels after ad-
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ministration of the drug, levels at other points of the ad-
ministration cycle, or exposure to the drug defined by
the area under curve could be better indicators. How-
ever, few studies have evaluated these scenarios. Gener-
ally, the levels are measured once the plateau phase has
been reached. It may also take months to achieve these
objectives with ADA and infliximab. The half-life with
both is long and there may be variability in the induction
doses. On the other hand, the half-life of anti-TNFs de-
pends on individual variables such as sex, body mass in-
dex, co-treatment with immunomodulators, albumin
levels, inflammatory bowel activity, and loss of drug and
antibodies through the intestine, which conditions both
inter and intra-individual variability. With ADA, using
trough levels as an indicator for decision making may be
less critical due to less fluctuation in levels within the
administration cycle. The abundance of data available il-
lustrates the interest of researchers on exploring the cor-
relation between serum ADA levels and ADA therapy
efficacy [1, 7, 10, 14-20, 25, 26]. Yet, the studies included
in our review are heterogeneous and present some limi-
tations. Serum ADA levels in patients on ADA mainte-
nance therapy were assessed in all studies, and the ma-
jority of them had a retrospective cross-sectional design.
However, most had a small sample and included patients
receiving or not concomitant treatment with immuno-
modulators, and the sample of UC patients was gener-
ally small.

All this implies important limitations to set down
conclusions, so the ranges for ADA in patients with UC
should be applied with caution due to the low num-
ber of patients included. As it has been observed that
anti-TNF levels do not correlate in a defined way with
the risk of secondary events, the therapeutic range
should be focused toward the optimization clinical ef-
ficacy.

Based on the data provided in the studies included in
our review, optimal serum ADA level ranges from 4.5 to
8 pg/mL. This cut-off is consistent with the one estab-
lished by the American Gastroenterological Association
[21]. The cut-off point set by American Gastroenterolog-
ical Association was the result of a technical review of all
the evidence available up to March 2016 in relation to the
role of TDM in the management of IBD. The authors of
this review observed that the percentage of patients not in
remission progressively decreased from 17% when the
>5 + 1 ug/mL cut-off was used (232 patients) to 10% with
ADA levels of 27.5 + 1 ug/mL. Only a few studies have
been performed to compare ADA cut-off points for UC
and CD, which limits any type of analysis. It is worth
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mentioning that there is lack of high-quality RCT and
comparative studies conducted with the same purposes as
those of this study.

Despite the data obtained in the review of the different
studies, the established objectives vary, mostly from clin-
ical remission, or more broadly from the concept of re-
sponse or non-response, to mucosal healing. We believe
that this is an important point that limits the possibility
of establishing conclusions that may have later applicabil-
ity in real practice.

In order to establish a therapeutic range, it is funda-
mental to define the target that needs to be achieved be-
cause the clinical implications change. The STRIDE study
has defined that the combination of clinical remission,
based on the results referred by the patient together with
the endoscopic remission, should be the endpoint to
achieve both in the UC and CD.

There are clear limitations in the studies, which are
evaluated to make therapeutic decisions. One of the
most important is to consider 2 processes such as UC
and CD in which the inflammatory activity at the level
of the intestinal mucosa may differ. Tissue TNF in the
inflamed mucosa is superior to anti-TNF, which ex-
plains why there are subgroups of patients that maintain
the activity of the disease despite therapeutic levels of
anti-TNF [27]. These differences at tissue level are evi-
dent between UC (where there is a very rapid clearance
of the antibody at intestinal level) and CD, so that the
therapeutic ranges can vary between both processes.
Therefore, based on the available evidence, we can only
suggest thresholds above which only a small proportion
of patients may not be in clinical remission during
maintenance treatment [28]. Aspects such as the type of
disease, the inflammatory tissue activity defined not
only by the level of TNF but also by the antibody pres-
ent, variables involved in the pharmacokinetics of ADA,
and the target to be analyzed prospectively and evalu-
ated together will help establish the appropriate ranges
in each clinical scenario.

Conclusions

In the light of the results obtained in this study, the
optimal therapeutic cut-off point of serum ADA levels
ranges from 4.5-5 to 12 ug/mL, where ADA levels are as-
sociated with an adequate clinical monitoring of the dis-
ease during maintenance therapy.

These ranges vary according to the target, suggesting
levels of 4.8 ug/mL as the cutoff for clinical remission and

ADA Levels and IBD

levels >7.5 pug/mL for mucosal healing/endoscopic re-
sponse. Prospective controlled studies should be con-
ducted to determine the optimal therapeutic interval of
serum ADA levels and compare the clinical outcomes of
TDM in combination with clinical status vs. clinical sta-
tus monitoring alone. Research should be done both on
maintenance and on induction therapy and in patients
with CD and with UC.
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