
Abstract
Despite improvement in outcomes, loss of response 
(LOR) to tumor necrosis factor-alpha (TNFα) therapies 
is a big concern in the management of inflammatory 
bowel disease. LOR is associated with flares of disease, 
increased hospitalisation rates, need for surgical 
interventions, and decline in quality of life. LOR may be 
multifactorial, but immunogenicity makes a significant 
contribution. Traditionally doses of anti-TNFα have 
been adjusted based on clinical response, using a 
standard approach. Immunomonitoring involves the 
measurement of anti-TNFα trough and antibody levels. 
It takes into account the underlying pharmacokinetics 
of anti-TNFα therapies. Expanding on this a treat 
to target approach may be used, where doses are 
intensified, or tailored to the individual based on 
the measurement of anti-TNFα trough and antibody 
levels. This review looks at the history, evolution, and 
clinical impact that immunomonitoring is having in the 
treatment of inflammatory bowel disease. It will focus 
on the role of immunomonitoring in helping to achieve 
long lasting deep remission and mucosal healing. 
It will explore the different options in terms of best 
measuring trough and antibody levels, explore possible 
advantages of immunomonitoring, and discuss its role 
in best optimising response, at induction, during the 
maintenance phase of treatment, as well as a role in 
withdrawing or switching therapy.
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optimise response rates in inflammatory bowel disease. 
The aim of this review article is to explore the available 
literature, and to understand the rationale for using 
immunomonitoring and to see how this approach can 
be best incorporated into inflammatory bowel disease 
treatment algorithms. The focus of this review article 
is the role for immunomonitoring at the key points of 
induction, and at loss of response. It will emphasise the 
possible advantages of immunomonitoring. It will define 
optimal trough levels, plus targets required to achieve 
mucosal healing, and help alter the natural history of the 
disease.

Tighe D, McNamara D. Clinical impact of immunomonitoring 
in the treatment of inflammatory bowel disease. World J 
Gastroenterol 2017; 23(3): 414-425  Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i3/414.htm  DOI: http://
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INTRODUCTION
Response and remission rates for inflammatory bowel 
disease (IBD) have improved considerably with greater 
utilisation of immunomodulators, like azathiopurine 
and earlier introduction of anti-tumor necrosis factor-
alpha (TNFα) therapies. TNFα is a major driver of the 
inflammatory cascade and a key molecule for targeting 
in managing IBD[1]. Anti-TNFα therapies have proven 
efficacy in inducing and maintaining remission in both 
ulcerative colitis (UC) and Crohn’s disease (CD)[2-9].

Anti-TNFα therapies have revolutionised the man-
agement of IBD, improving response rates, and helping 
to alter the natural history of the disease, and achieve, 
long term goals of mucosal healing and deep remission. 
However loss of response and immunogenicity is a big 
concern. 80% of patients treated with infliximab in CD 
respond initially, but overtime 30% of patients will lose 
response, requiring dose and interval adjustments[7,10]. 
LOR is associated with flares of disease, increased 
hospitalisation rates, need for surgical interventions, 
and decline in quality of life. Historically doses have 
been intensified in a stepwise fashion, based on clinical 
response. This standard approach involves increasing 
the doses of anti-TNFα used, and shortening frequency 
of administration. However this approach does not 
take into account the underlying pharmacokinetics of 
anti-TNFα, and lacks flexibility for individual patients. 
Immunomonitoring offers an alternative, treat to target 
approach, where doses are tailored to the individual, 
based on individual anti-TNFα trough and antibody 
levels.

There is increasing evidence to suggest that utilisa-
tion of immunomonitoring, is helping to overcome LOR, 
improve remission rates, achieve mucosal healing and 
thus help alter the natural history of IBD. By targeting 
treatment to the individual overall response rates can 
be improved, and this can be further linked to both 

biochemical and mucosal healing. Immunomonitoring 
also facilitates more cost effective use of anti-TNFα 
therapy, and helps reduce side-effect burden, and limit 
toxicity.

This review article looks at the history, evolution, 
and clinical impact that immunomonitoring is having 
in the treatment of IBD. It will focus on the role of 
immunomonitoring in helping to achieve long lasting 
deep remission and mucosal healing.

WHAT IS IMMUNOMONITORING?
Overtime the body’s immune system may recognise 
anti-TNFα molecules, as foreign antigens, and result 
in antibody formation against them. This process is 
called immunogenicity, and can result in increased 
drug clearance and subsequent loss of response. 
Antibodies against Anti-TNFα (ADA) formation can lead 
to failure of anti-TNFα which may be due to a change 
in pharmacokinetics causing a faster clearance or by 
blocking the drug’s activity in case of neutralizing ADA. 
Therefore, drug trough concentrations could be the 
missing link to help understand the clinical impact of 
ADA[11].

Infliximab (IFX) is a chimeric mouse-human IgG1 
molecule and antibodies to IFX (ATIs) are directed 
against the murine F(ab)2 fragment of the drug. 
Antibodies may form against infliximab in a large 
number of patients (8%-60%), and indeed may form 
as soon as after the first infusion[10]. Immunogenicity, 
is associated with increased drug clearance, which 
directly leads to reduced trough levels. This can 
ultimately lead to loss of response, infusion reactions 
and the need for dose intensification, or the need to 
switch to an alternative agent. A two-compartment 
pharmacokinetic model for infliximab has shown that 
the clearance increases 2.7-fold in patients positive 
for ATIs as compared with patients without ATIs[12].

Adalimumab is a fully human IgG monoclonal 
antibody against anti-TNFα, which has proven efficacy 
in the treatment of moderate to severe UC or CD. It 
was initially thought that antibody formation against 
adalimumab would be reduced, as it’s a fully human 
IgG antibody, but studies have shown that antibodies 
against adalimumab (AAA), are a real problem[13]. AAA 
formation are again associated with low trough levels, 
and loss of response.

Expanding on this, immunomonitoring is the use 
of laboratory techniques to measure anti-TNFα drug 
and antibody levels. Historically using a standard 
approach, drug doses are adjusted based on clinical 
need. However this approach is not patient focused, 
and doesn’t explore the underlying pharmacokinetics 
of anti-TNFα therapy. A treat to target approach with 
the use of anti-TNFα drug and antibody levels, could 
help tailor treatment to the individual and may help 
improve response rates, overcome loss of response, 
and achieve mucosal healing. An example of this 
approach used to good effect, is from the recent TAXIT 
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study, whereby patients infliximab doses were proac-
tively intensified if trough levels were < 3 μg/mL[14].

Key issues at present concerning immunomonitor-
ing include, defining optimal trough levels. Clarifying 
why low trough levels develop, and forming strategies 
to improve them. Do we need higher troughs to 
achieve mucosal healing? Distinguishing between 
clinically significant and insignificant antibody levels. 
Clarifying the role for combination therapy, and its 
impact on immunogenicity. When best to check 
levels, with perhaps strong consideration to targeting 
the period around completion of induction therapy. 
Improvement in laboratory enzyme-linked immuno-
sorbent assay (ELISA) techniques, reproducibility, and 
comparability of different assays.

DEFINING TROUGH AND ANTIBODY 
LEVELS?
As mentioned immunogenicity leads to ADA formation, 
and sub-therapeutic anti-TNFα trough levels, which 
can lead to loss of response. It’s important to define 
targets when incorporating immunomonitoring into 
the treatment algorithm of IBD. Low trough levels, are 
defined as trough levels < 1 μg/mL. The treat to target 
approach, involves aiming for optimal rather than 
minimal anti-TNFα trough levels. Therapeutic trough 
levels are currently being redefined, and targets will 
likely be drug specific, and trough levels will need to 
be improved, to achieve mucosal healing. This review 
will explore these targets in further detail. ADA may 
be defined as being detectable or undetectable, with 
specific cut-offs depending on the assay used.

Concerns have been expressed about the risk of 
high or supra-therapeutic trough levels. A recent study 
however has shown IBD patients with higher anti-TNF 
serum concentrations had significantly better disease-
specific quality-of-life. Fatigue, arthralgia, skin lesions 
and other side-effects do not occur more often in these 
patients. This study is reassuring in that high serum 
concentrations of anti-TNF antibodies are not toxic[15].

Antibody formation to TNFα is not a fixed process. 
A prospective study of 125 patients with IBD, treated 
with infliximab showed that ATI formation can fluctu-
ate[16]. Clinically relevant ATI were typically formed 
within the first 12 mo but transient ATI, which are of 
little clinical significance, can be formed at any time 
during treatment. Loss of response can be predicted 
based on a combination of C-reactive protein (CRP), 
trough levels and stable antibodies with a high degree 
of accuracy[17]. Transient antibody formation is not 
associated with a loss of response.

Recently there has been an introduction of biosimi-
lar anti-TNFα molecules for treating IBD. European 
agencies have approved Remsima (CT-P13) for use in 
Europe across all indications[18]. A recent study has con-
firmed the cross-reactivity of Remsima and Remicade 
(infliximab) suggesting similar immunodominant epit-

opes and immunogenic potential of the two agents[19]. 
It confirms that patients with IBD who develop high-
titre antibodies and infusion reaction/loss of response 
to Remicade should probably not be considered for 
switching to Remsima. In contrast, patients who 
develop anti-adalimumab antibodies may be considered 
for a switch to either Remicade or Remsima, if clinically 
indicated.

IMMUNOMONITORING, TROUGH AND 
ANTIBODY ASSAYS
There are a number of different ways of measuring 
drug concentration of ant-TNFα molecules in serum. 
For convenience trough levels are measured. The most 
commonly used method is ELISA[20-21]. The advantage 
of monoclonal or monospecific polyclonal anti-drug 
antibody is the specificity toward the anti-TNF drug, 
which results in lower specific binding[22]. This reduces 
the risk of false positives.

With regard to detecting ADA the most commonly 
used assay is the double-antigen (a.k.a. bridging) 
ELISA in which the anti-TNF drug is both used as cap-
ture and detecting antibody[23]. Despite developments 
and improvements in the assays to measure anti-TNFα 
and ADA levels, there is still a lack of standardization 
and quality control between the established tests[24]. 
This can have clinical implications, as well as issues 
around reproducibility of results between different 
centres.

A number of factors can influence ADA formation, 
including the type of assay used, timing involved in 
antibody measurement as well as the study popula-
tion. Taking this into account there have been attempts 
to standardize measurements, specifically for ADA 
against adalimumab[25].

ELISA techniques whilst reproducible and accurate 
do not offer single patient testing. Ongoing research 
is looking at more rapid turnaround alternatives. Lu 
et al[26] have developed a fast bioassay for determi
ning IFX concentration in serum using an in-house 
developed fiber-optic surface plasmon resonance 
biosensor. The assay turn-around time, was consider-
ably reduced compared to ELISA.

Tables 1 and 2[21,23-32] illustrate the different options 
available in terms of measuring anti-TNFα trough and 
antibody levels. Measuring ADA have proved problem-
atic, and there are ongoing attempts to develop drug 
tolerant ELISA assays.

IMPACT OF IMMUNOGENICITY ON LOSS 
OF RESPONSE
As mentioned above antibody formation against anti-
TNFα is associated with LOR. In general low trough 
levels (< 1 μg/mL) and the presence of detectable 
antibodies are associated with worse clinical outcomes. 
Steenholdt et al[33] established a cut off of < 0.5 
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μg/mL, has been associated with loss of response. 
It’s clear, that the level of anti-TNFα will impact on 
response rates, and there is ample evidence that 
higher trough levels are associated with sustained 
response, and likewise low or undetectable trough 
levels, increase the likelihood of loss of response. 
The following table from published papers explores 
the current evidence of the relationship between 
infliximab trough levels and loss of response (Table 
3[33-42]). The data for adalimumab is somewhat more 
limited (Table 4[43,44]).

In addition, to ADA formation the inflammatory 
burden may impact on response to anti-TNFα. For 
example, Brandse et al[45] have shown that in UC, 
patients with more severe disease loose infliximab in 
stool, to a greater level than clinical responders. This 
emphasises the concept of the leaky, inflamed gut, 
with increased loss of anti-TNFα in severely inflamed 
tissue. This links in with further research by Gibson 
et al[46] showing increase response rates and reduced 
colectomy rates in patients treated with an accelerated 
induction course of infliximab for severe UC. Going 
forward, it will be useful to check trough levels, during 
this accelerated protocol, to further define the best 
treatment strategy for severe UC.
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The ATLAS study in addition explored the relation-
ship between serum and intestinal anti-TNF levels, with 
endoscopic disease activity and levels of TNF[47]. This 
study of a cross-sectional group of 30 patients with UC 
or CD, treated with IFX or ADA showed that anti-TNFα 
levels were higher in mild to moderately inflamed than 
in non-inflamed tissue, but this increase was more 
than negated by the proportionally greater level of TNF 
in inflamed tissue. Anti-TNF concentration in tissue cor-
related with degree of endoscopic inflammation, except 
for tissue with severe inflammation in which anti-TNF 
levels were again lower (mean normalised anti-TNF 
in tissue: uninflamed = 0.93, mild = 2.17, moderate 
= 13.71, severe = 2.2 inflammation (P = 0.0042). 
This may explain why patients with satisfactory anti-
TNF levels, have active disease, as the inflamed tissue 
characterised by an abundance of TNF acts as a sink 
for the anti-TNF. This in turn increases the risk of ADA 
formation. These patients might therefore benefit from 
drug dose intensification.

Going forward more work is required to tease out 
the distinction between clinically significant and insigni
ficant ADA, which undoubtedly has a big impact on 
loss of response.

Finally one most also consider alternative explana-
tions for loss of response. Overlap with functional 
symptoms, small bowel bacterial malabsorption, non-
inflammatory strictures, could all explain alternatives 

ELISA: Enzyme-linked immunosorbent assay; FO-SPR: Fiber-optic surface 
plasmon resonance.

Table 1  Detecting anti-tumor necrosis factor-α trough levels

Study Technique Key Points

Ternant et al[21] ELISA
Vande Casteele et al[24] ELISA
Lu et al[26] FO-SPR based sandwich 

bioassay
Faster than ELISA, 

correlates well
Malíčková et al[27] ELISA (for CT-P13 

biosimiliar to infliximab)
Corstjens et al[28] Rapid lateral flow (LF)-

based assay
Wang et al[29] Non-radiolabeled 

homogeneous mobility shift 
assay (HMSA)

Ref. Technique Key points

Van Stappen et al[30] Solid-phase ELISA Lacks the ability to detect 
ADA in the presence of drug

Gils et al[25] Solid-phase ELISA
Bloem et al[31] Drug tolerant ELISA
Imaeda et al[23] ELISA Measures AAAs in the 

presence of free ADA
Van Stappen et al[32] ELISA Converts drug-sensitive 

bridging ELISA into a drug-
tolerant bridging ELISA

ELISA: Enzyme-linked immunosorbent assay; ADA: Anti-tumor necrosis 
factor-α; AAA: Antibodies against adalimumab.

Table 2  Detecting anti-tumor necrosis factor-α antibody 
levels

Ref. n  Mean IFX trough 

levels ug/mL

Mean IFX trough 

levels ug/mL

P value

Lost response Maintained response

Ainsworth et al[34] 27 0 (0-0.1) 2.9 (0.9-4.3)   0.002
Yamada et al[35] 31 (CD) 6.3 4.7 NS
Steenholdt et al[33] 69 (CD) N/A 2.8 (0.8-5.3)  < 0.0001
Pariente et al[36] 76 (CD) 3.3 ± 4.1 2.3 ± 2.2 NS
Steenholdt et al[33] 13 (UC) N/A 3.8 (1.1-8.5)  < 0.0001
Karmiris et al[37] 136 (CD) 0.3 (0.3-3.6) 4.9 (1.7-8.2) 0.01
Marits et al[38] 79 (CD) 1.8 4.1 < 0.001
Bortlik et al[39] 84 (CD) N/A > 3 N/A
Adedokun et al[40] 728 (UC) N/A 3.7 N/A
Cornillie et al[41] 147 (CD) 1.9 4.0     0.0331
Reinisch et al[42] 203 (CD) 0.8   2.14   0.006

Table 3  Relationship between infliximab trough levels and 
response rates

IFX: Infliximab; UC: Ulcerative colitis; CD: Crohn’s disease.

Study n Mean Adalimumab 
trough levels 

μg/mL

Mean Adalimumab 
trough levels μg/mL 

P  
value

Lost response Maintained response

Imaeda et al[43] 40 (CD) N/A 5.9 N/A
Roblin et al[44] 40 (UC/CD) 3.2 6.2 0.12

Table 4  Relationship between adalimumab trough levels and 
response rates

UC: Ulcerative colitis; CD: Crohn’s disease.
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to immunogenicity, in causing loss of response.

POSSIBLE ADVANTAGES OF 
IMMUNOMONITORING?
Dose intensification and treatment outcomes based on 
anti-TNFα  trough and ADA
Immunomonitoring has an increasingly important role 
to play in managing IBD. A prospective examination of 
a cohort in The Netherlands has shown absence of IFX-
trough levels in a significant proportion of their popula-
tion, suggesting a vital role for immunomonitoring, in 
identifying and managing loss of response to anti-TNF 
therapies[48].

As mentioned LOR is a big concern with anti-TNFα 
therapy. Immunomonitoring has a role to play in help-
ing to explore the pharmacokinetics behind LOR and 
to develop strategies to overcome it. For example, if 
patients have low trough levels, and no ADA, they may 
benefit from dose intensification, whereas patients, 
with adequate trough, and no ADA, are unlikely to 
benefit. Furthermore in the setting of ADA, and low 
trough, one strategy is the use of combination therapy, 
to reduce ADA and improve trough levels. However in 
the setting of ADA, and adequate trough levels, inten-
sifying doses, will have no impact, and a drug switch 
should be considered (Table 5). There is increasing 
evidence that adaption of a treat to target approach, 
with dose intensification based on anti-TNFα trough 
and antibody levels, alongside appropriate treatment 
selection, helps improve response rates, and achieve 
mucosal healing.

There is now proven evidence, that dose escalation 
of anti-TNF based on low drug trough levels, not only 
leads to improved clinical response rates, but also to 
increased mucosal healing. The TAXIT study looked at 
patients on stable maintenance doses of infliximab in 
remission and adjusted their infliximab dose to obtain 
a fixed drug level between 3-7 μg/mL[14]. This resulted 
in a higher proportion of CD patients in remission than 
before dose escalation (88% vs 65%, P = 0.020). This 
approach was also cost-effective, with 72 patients with 
trough levels > 7 μg/mL, 67 patients (93%) achieved 
through levels of 3-7 μg/mL after dose reduction. This 
resulted in a 28% reduction in drug cost from before 
dose reduction (P < 0.001).

In addition a recent study has also shown that 

a therapeutic week 2 IFX trough level is associated 
with higher likelihood of mucosal healing in a UC 
population[49].

Treatment selection based on trough and ADA
Early trough level assessment is useful at predict-
ing both short and long-term outcomes, as well as 
facilitating earlier decision making between continuing 
with the drug or considering alternative options. There 
is ample evidence from the literature, that escalating 
doses of anti-TNFα in patients with ADA is unlikely to 
improve response rates, and alternative agents should 
be considered[50]. Immunomonitoring helps explore 
this immunogenicity, and helps identify patients 
loosing response for immune reasons, and to develop 
strategies to regain response.

Economic benefit
A Danish study by Steenholdt also confirms that an 
individualised approach, with adjustment of infliximab 
doses based on drug antibody and trough levels, is 
more cost effective, without any obvious negative 
clinical effect on efficacy[51]. Costs for intention-to-
treat patients were substantially lower (34%) for those 
treated in accordance with the algorithm than by IFX 
dose intensification: € 6038 vs € 9178, P < 0.001. 
However, disease control, as judged by response 
rates, was similar: 58% and 53%, respectively, P = 
0.81; difference 5% (-19% to 28%). For per-protocol 
patients, treatment costs were even lower (56%) in 
the algorithm-treated group (€ 4062 vs € 9178, P < 
0.001) and with similar response rates [47% vs 53%, 
P = 0.78; difference -5% (-33% to 22%)].

Reduced toxicity
In addition immunomonitoring can be utilised to man-
age complications or drawbacks to anti-TNFα therapy. 
As well as impacting on loss of response, Anti-TNFα 
antibody formation is also associated with transfusion 
related reactions and anaphylaxis[52]. For example 
patients with ATI (antibodies against infliximab) are at 
increased risk of acute transfusion reaction, and loss of 
response, compared to those patients without ATI[53]). 
In addition a study by Baert et al[20] in which an arbi-
trary figure for ATI was used in a population with CD, 
they showed that patients with an ATI greater than 8 
μg/mL, had increased risk of loss of response, and 2.4 
fold increased risk of infusion reaction.

COMBINATION THERAPY AND 
IMMUNOMONITORING
There is ample evidence that the addition of an 
immunomodulator like a thiopurine or methotrexate 
to anti-TNFα therapy is associated with improved 
response rates in IBD. In the SUCCESS (Efficacy 
and Safety of Infliximab, as Monotherapy or in 
Combination with Azathioprine, versus Azathioprine 
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Table 5  Strategies to overcome loss of response

Dose escalate Alternative cause for LOR?
Low trough Adequate trough
No ADA No ADA

Combination therapy Alternative anti-TNFα/agent
Low trough Low trough
ADA ADA

ADA: Anti-TNFα; LOR: Loss of response.
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Monotherapy in Moderate to Severe Ulcerative Colitis) 
trial in UC, steroid-free remission was achieved by 
40% of patients receiving infliximab and azathioprine, 
compared with 22% receiving infliximab alone (P 
= 0.017)[54]. Furthermore it has been shown that 
combination therapy of infliximab and azathioprine is 
associated with reduced infliximab antibody formation, 
as well as reduced systemic inflammation. Post hoc 
analysis of the SONIC trial data has shown that at 
week 30, trough levels for the combination of IFX and 
azathioprin were 3.5 μg/mL vs 1.6 μg/mL for the IFX 
group alone (P < 0.001) The authors also found that 
only 1 out of 116 (0.9%) in the combination group had 
drug antibodies compared to 15 out of 103 (14.6%) 
in the IFX group alone[55]. Combination therapy has 
been shown to require less need for dose escalation, 
surgical intervention or the need for switching to a 
different class of ant-TNF or alternative agents.

In addition data from a Dutch study has confirmed 
the benefits of combination therapy in overcoming 
the problems of immunogenicity[56]. In a study invo
lving 217 patients (108 patients IFX; 109 patients’ 
adalimumab). Mean trough levels in the IFX group was 
higher in the combination therapy group compared 
with the monotherapy group, 4.6 µg/mL vs 7.5 µg/mL, 
P = 0.04. In the adalimumab group, the difference was 
not significant. In patients with IFX monotherapy, the 
incidence of antibody formation was higher compared 
with patients with combination therapy (29.8% vs 
5.7%, P = 0.001. The incidence of antibody formation 
was lower in IFX patients who immediately started 
with immunomodulators compared with patients who 
did not (33.3% vs 66.7%, P = 0.04). Thus combina-
tion therapy, through a synergistic effect on immuno-
genicity clearly results in reduced antibody formation, 
and leads to a greater likelihood of improved response 
rates.

There is also role for measuring 6-TG levels, the 
active metabolite of azathioprine[57]. This offers the 
potential to even further optimise the combination 
approach. An interesting study by Yarur et al[58] looked 
at the relationship between 6-TG, infliximab trough 
and antibody levels. They performed a cross-sectional 
study of 72 patients receiving maintenance therapy 
with infliximab and a thiopurine for IBD. They found 
that levels of 6-TG correlated with those of infliximab 
(ρ = 0.53, P < 0.0001). The cut-off point of 6-TG 
that best predicted a higher level of infliximab was 
125 pmol/8 × 108 red blood cells (RBCs) P < 0.001). 
Patients with 6-TG levels less than 125 pmol/8 × 108 
RBCs were significantly more likely to have ATI (OR = 
1.3, 95%CI: 2.3-72.5, P < 0.01). Historically a 6-TG 
level 230 pmol/8 × 108 RBCs have been associated 
with better response rates in patients on monotherapy, 
a level of 6-TG of 125 pmol/8 × 108 RBCs or greater 
may be adequate to achieve therapeutic levels of 
infliximab. In the long term, this may minimize the 
toxicity and adverse side effects, like malignancy for 
patients on combination therapy.

However measuring 6-TG levels is complicated, 
with concerns over reproducibility of the assay, as well 
as the potential for increased toxicity, in patients with 
high 6-TG levels. This may restrict the wide-spread use 
of 6-TG monitoring, as part of the treatment algorithm.

IMMUNOMONITORING TO FACILITATE 
DRUG WITHDRAWAL
The benefits of combination therapy are proven, with 
improved response and remission rates. There is 
however long terms concerns about the side-effects of 
combination therapy, and concerns expressed about 
risks of lymphoproliferative disorders in particular. 
Therefore discussions about withdrawal of immu-
nomodulators in well patients, achieving remission 
have been debated. Concerns have been expressed 
about relapse of disease, with their withdrawal. In a 
retrospective study, among co-treated patients, levels 
of infliximab remained stable after immunomodula-
tors were withdrawn after at least 6 mo of therapy 
(before: 3.2 μg/mL, 95%CI: 1.6-5.8 μg/mL and after: 
3.7 μg/mL, 95%CI: 1.3-6.3 μg/mL, P = 0.70)[59]. The 
most striking observation in this study was the fact 
that none of the 27 patients with infliximab trough 
levels > 5 μg/mL at the time of immunomodulator 
withdrawal lost response to infliximab after withdrawal 
of immunomodulator during the median follow-up 
of 29 mo. The authors propose that it is safe to stop 
immunomodulators in patients with IFX trough levels 
greater than 5 μg/mL.

OPTIMAL TROUGH
As mentioned above the use of anti-TNFα trough and 
antibody levels, may be helpful in identifying loss of 
response. Also of interest is the potential to develop 
strategies to improve response rates. However there 
is a need to define optimal trough levels, in terms of 
what’s required not only to achieve clinical remission, 
but also what’s necessary for achieving mucosal heal-
ing. As mentioned the TAXIT study, looking at patients 
who have secondary loss of response to infliximab 
doses can be safely intensified aiming for a trough 
level of between 3-7 μg/mL[14].

Similarly Bortlik et al[39] showed that an infliximab 
trough of greater than 3 μg/mL, at the start of a 
maintenance regime was associated with sustained 
clinical response to infliximab. A recent meta-analysis 
by Moore et al[60] has shed further light on optimal tar-
gets for infliximab. They found twelve studies reported 
IFX levels in a manner suitable for determining effect 
estimates. During maintenance therapy, patients in 
clinical remission had significantly higher mean trough 
IFX levels than patients not in remission; 3.1 μg/mL 
vs 0.9 μg/mL. Patients with an IFX level > 2 μg/mL 
were more likely to be in clinical remission (RR = 2.9, 
95%CI: 1.8-4.7, P < 0.001), or achieve endoscopic 
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remission (RR = 3, 95%CI: 1.4-6.5, P = 0.004) than 
patients with levels < 2 μg/mL.

In addition evidence is emerging that in order to 
achieve the more stringent target of mucosal healing, 
higher trough levels are essential. Table 6[42,43,61-64] illus-
trates the data for infliximab trough levels, and mucosal 
healing, and Table 7, the data for adalimumab. In a 
French study looking at response to infliximab dose 
intensification in patients loosing response, the only fac-
tor associated with a greater likelihood of mucosal heal-
ing, was an increase in drug trough levels[61]. A recent 
meta-analysis by Barnes et al[65] showed that among 
patients with IBD, anti-TNFα trough levels above pre-
specified values were associated with increased rates of 
mucosal healing (OR = 5.57, 95%CI: 3.80-8.15).

In a retrospective study of 145 IBD patients 
Ungar et al[63] recently found significant association 
between serum levels of anti-TNFα agents and level 
of mucosal healing. Median serum levels of infliximab 
and adalimumab were significantly higher in patients 
with mucosal healing than patients with active disease 
(based on endoscopy) (for infliximab, 4.3 μg/mL vs 1.7 
μg/mL, P = 0.0002 and for adalimumab, 6.2 μg/mL 
vs 3.1 μg/mL, P = 0.01). Levels of infliximab above 5 
μg/mL (area under the curve = 0.75, P < 0.0001) and 
levels of adalimumab above 7.1 μg/mL (area under 
the curve = 0.7, P = 0.004) identified patients with 
mucosal healing with 85% specificity. Increasing levels 
of infliximab beyond 8 μg/mL produced only minimal 
increases in the rate of mucosal healing, whereas the 
association between higher level of adalimumab and 
increased rate of mucosal healing reached a plateau 
at 12 μg/mL. They propose that serum levels of 6-10 
μg/mL for infliximab and 8-12 μg/mL for adalimumab 
are required to achieve mucosal healing in 80%-90% 
of patients with IBD, and that this could be considered 

as a “therapeutic window”. Exceeding these levels pro-
duces only a negligible gain in proportion of patients 
with mucosal healing. Further studies are required, but 
this suggests, that in order to alter the natural history 
of IBD, and achieve mucosal healing, we need robust 
and sustained trough levels of anti-TNFα.

With regard to adalumimab there is less available 
research in the field of immunomonitoring. Post-hoc 
analysis of the Karmiris trial by Baert et al[66] has shown 
that a low serum adalimumab concentration after the 
induction regimen increases the risk of ATA formation. 
A trough level of < 5 μg/mL, increased the risk of ATA 
formation. In addition ATA formation is associated 
with a future risk of inflammation and disease relapse. 
Further analysis of the CHARM trial data also identified 
a positive association between serum adalimumab 
concentration and remission at several time points[67]. 
However the authors did not identify a threshold 
concentration reliably associated with remission. Roblin 
et al[44] also showed that in a cohort of 40 patients 
with IBD, on maintenance therapy, trough levels of 
adalimumab were higher in patients with mucosal heal-
ing (6.5 μg/mL) than in patients without (4.2 μg/mL,  P 
< 0.005). Zittan et al[68] similarly showed that higher 
adalimumab trough levels are associated with mucosal 
healing. In a cohort of 60 patients, on maintenance 
adalimumab therapy, a median trough of 14.7 μg/mL 
was found in those with mucosal healing vs 3.4 μg/mL 
in those without, P = 6.25 × 10-5).They propose a 
cut-off of 8.14 μg/mL, be used, as a target to achieve 
mucosal healing.

APPLICATION OF IMMUNOMONITORING
Immunomonitoring may be utilised at different stages 
of the treatment pathway, from induction, to mainte-
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Table 6  Trough levels associated with mucosal healing for infliximab

Study n Mean Infliximab Trough level μg/mL Mean Infliximab Trough level μg/mL P value 95%CI

Mucosal Healing No mucosal Healing
Paul et al[61] 52 (UC/CD) Delta IFX > 0.5   0.0001
Ungar et al[63] 78 (UC/CD)    4.3 1.7 0.002
Imaeda et al[43] 45 (CD) > 4.0 0.56-0.70
Reinisch et al[42] 123 (CD) > 3.0 1.53-7.28
Colombel et al[64] 188 (CD)      3.51   1.72   0.0018
Papamichael et al[62] 101(UC) > 15 (wk 6) 0.025

> 2.1 (wk 14) 0.004

IFX: Infliximab; UC: Ulcerative colitis; CD: Crohn’s disease.

Table 7  Trough levels associated with mucosal healing for adalimumab

Study n Mean Adalimumab Trough level μg/mL Mean Adalimumab Trough level μg/mL P value

Mucosal Healing No mucosal Healing
Ungar et al[63] 67 (UC/CD)   6.7 3.1    0.01
Roblin et al[44] 40 (UC/CD)   6.5 4.2 < 0.05
Zittan et al[68] 60 (UC/CD) 14.7 3.4     < 0.0001

UC: Ulcerative colitis; CD: Crohn’s disease.
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nance phase and finally remission.

Induction/Early immunomonitoring
As ever with the management of IBD timing is crucial, 
specifically at the key time points of induction, and 
maintenance. Low anti-TNFα trough levels, in the 
induction phase is linked to increase risk of antibody 
formation for both infliximab and adalimumab[69,70]. 
Data though on optimal trough levels at induction 
phase is limited. However a recent Belgian study 
of 101 patients with UC, who completed induction 
therapy with infliximab has demonstrated that higher 
infliximab trough levels are associated with increased 
likelihood of short term mucosal healing[62] Multiple 
logistic regression analysis identified infliximab concen-
tration ≥ 15 at week 6 (P = 0.025, OR = 4.6, 95%CI: 
1.2-17.1) and ≥ 2.1 μg/mL at week 14 (P = 0.004, 
OR = 5.6, 95%CI: 1.7-18) as independent factors 
associated with short term mucosal healing. Further 
randomised studies are required, but this suggests 
that a targeted approach, achieving therapeutic trough 
levels, particularly after completion of induction phase 
of therapy, will help optimise response and remission 
rates.

Brandse et al[71] have also shown significant differ-
ences in IFX trough levels at 6 wk in responders com-
pared to non-responders after completion of induction 
course of IFX. The median serum concentrations of 
infliximab at week 6 were 8.1 μg/mL in responders 
(interquartile range, 3.0-13.7 μg/mL) and 2.9 μg/mL 
in non-responders (interquartile range, 0.01-5.8 
μg/mL) (P = 0.03). In addition they found that early 
development of ATIs during induction therapy reduces 
the serum concentration of infliximab and is associ-
ated with nonresponse to treatment. Patients with 
high baseline serum levels of CRP had lower serum 
concentrations of infliximab. Thus it’s clear, that 
immunogenicity is a concern from the outset of treat-
ment, and particularly for the severely inflamed colon, 
accelerated induction courses, with therapeutic trough 
levels may be aimed for, to best optimise response.

Maintenance phase immunomonitoring
With regard to maintenance phase of treatment, as 
mentioned above there is evidence from the literature, 
backing up a targeted approach to therapy. As 
mentioned The TAXIT study, where patients on main-
tenance infliximab were randomised between a treat 
to target approach, aiming for trough levels between 
3-7 μg/mL, and the current standard approach. During 
optimization stage, response rates were improved, 
in patients with sub-therapeutic levels, who had their 
IFX doses intensified. In addition patients with supra-
therapeutic levels, had doses safely reduced, allowing 
a more cost effective use of anti-TNFα[14].

There is however a lack of association between 
once off maintenance phase immunomonitoring with 
outcomes. Our group have done a retrospective anal

ysis of 82 patients on maintenance infliximab and 
adalimumab, and we found no association between 
once off, anti-TNFα trough and ADA levels, with clinical 
response, similar to other data[72]. In future, event trig-
gered immunomonitoring may be the best approach to 
incorporate immunomonotoring. For example, in the 
patient with a relapse, or who is losing response, calcu-
lation of trough and antibody levels, may help explore 
this deterioration and help guide therapy as previously 
discussed.

Stopping therapy
Immunomonitoring may also be useful in guiding when 
to stop therapy. Amiot et al[73] have shown that in a 
cohort of 80 patients with inflammatory bowel disease 
in clinical remission on infliximab therapy, de-escalation 
of infliximab therapy should be considered based on 
therapeutic drug monitoring rather than the current 
blind standard approach based on symptoms and CRP. 
In addition a study of patients with Crohn’s disease 
in remission, who had their infliximab discontinued, 
has shown that an infliximab trough level < 6 μg/mL, 
is associated with long lasting clinical remission[74]. 
Patients with higher trough levels at the time of IFX 
discontinuation were more prone to relapse suggests 
that these patients probably require continued anti-
TNFα administration and an adequate drug concentra-
tion to maintain clinical remission and therefore are 
more likely to relapse once this therapy is discontin-
ued. Further randomised controlled trials are required 
to confirm this, but these two studies suggests that 
immunomonitoring may be useful in guiding when it is 
safe to stop anti-TNFα therapy.

OPTIMISING THERAPY: SWITCHING 
AGENTS
Despite attempts to optimise response to anti-TNFα 
therapy, some patients will require a switch to another 
agent within the anti-TNF family, as well as alternative 
biologic agents, or immunomodulators. Patients with 
adequate trough levels, who loose response, are 
unlikely to benefit from further dose escalation. In 
a study of 247 IBD patients, with suspected loss of 
response, trough levels of adalimumab greater than 
4.5 μg/mL and infliximab greater than 3.8 μg/mL 
identified patients who failed to respond to an increase 
in drug dosage or a switch to another anti-TNF agent 
with 90% specificity[75]. In addition levels of antibodies 
against adalimumab > 4 μg/mL or antibodies against 
infliximab > 9 μg/mL identified patients who did not 
respond to increase in doses of anti-TNF, with 90% 
specificity.

Switching from one class on anti-TNF to an alterna-
tive agent is associated with modest response rates. 
It’s worth noting that patients who develop antibodies 
to one anti-TNF agent, are more likely to develop anti-
bodies to an alternative anti-TNF agent. For example 

421 January 21, 2017|Volume 23|Issue 3|WJG|www.wjgnet.com

Tighe D et al . Immunomonitoring in IBD



Frederiksen et al[76] has shown that in patients who 
failed infliximab, antibody formation to adalimumab 
was increased which was associated with minimal drug 
level, and a clear lack of response. They propose that 
it is prudent to assess ADA immunogenicity in anti-
IFX antibody-positive switchers to ensure optimal 
interventions at inadequate treatment responses and 
to avoid inappropriate ADA intensification regimens. 
In addition data from the SWITCH trial has shown that 
elective switching to a subcutaneous regimen is not 
efficacious and is associated with a high likelihood of 
losing response[77].

In patients with ADA’s and low anti-TNFα trough 
levels, consideration can be given to alternative anti-
TNFα agents, like golimumab, or newer agents, like 
vedolizumab but data on immunomonoitoring for these 
agents is lacking.

EXPANDING ROLE OF 
IMMUNOMONITORING
Immunomonitoring has the potential to drive forward 
the management of IBD, by tailoring treatment to 
the individual. However it’s important that its role 
is incorporated smoothly into treatment algorithms. 
Furthermore immunomonitoring needs to be utilised 
at key points in the treatment process. While further 
prospective data and studies are required there is 
evidence to support its usage in current practice. After 
completion of induction therapy, assessment of anti-
TNFα trough and antibody levels, may be performed, 
with strong consideration on dose intensification, 
if trough levels are sub-therapeutic. In addition for 
patients on maintenance therapy, it may be appropri-
ate to assess anti-TNFα trough and antibody levels, 
when loss of response occurs. Treatment may be 
intensified, by way of dose escalation where necessary 
to target trough levels, or the addition of an IM to 
improve trough levels, and reduce antibody formation. 
In addition immunomonitoring will offer guidance 
when contemplating a switch to an alternative anti-
TNFα agent as discussed above.

CONCLUSION
Immunomonitoring is helping us to understand the 
pharmacokinetics behind anti-TNFα therapies, and also 
how best to optimise management of IBD. Tailoring 
treatment to the individual in a treat to target fashion, 
offers the hope of improving response and remission 
rates, as well as achieving mucosal healing. This needs 
to be verified, using randomised clinical trials, compar-
ing with the current standard approach. Going forward, 
we need to understand further the significance of 
immunogenicity, the impact of anti-TNFα antibody 
formation, and there is a strong need for greater 
availability, of more affordable and rapid turnaround 
ELISA or alternative techniques, to fully implement the 

potential of immunomonitoring.
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