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Abstract
Inflammatory bowel disease (IBD) is a chronic condition that significantly affects 
the quality of life of its patients. Biologic drugs have been the mainstay treatment 
in the management of IBD patients but despite their significant contribution, there 
remains a proportion of patients that do not respond or lose response to 
treatment. Therapeutic drug monitoring (TDM) involves measuring levels of 
serum drug concentrations and anti-drug antibodies. TDM of biologic drugs 
initially emerged to understand treatment failure in other immune mediated 
inflammatory diseases. This was then introduced in IBD to rationalize primary 
non-response or secondary loss of response, given that low serum drug concen-
trations or the formation of anti-drug antibodies are variably associated with 
treatment failure. The aim of this narrative review is to provide an overview 
regarding the current use of TDM in clinical practice and to present the evidence 
available regarding its use in both proactive and reactive clinical settings in 
preventing and managing treatment failure. This review also presents the existing 
evidence regarding the association of various clinical outcomes with specific 
thresholds of drug concentrations, in everyday practice. A narrative review of 
published articles and conference abstracts regarding the use of TDM in IBD 
management, through an electronic search using PubMed and ScienceDirect. 
TDM has proven to be superior and more cost effective in guiding management of 
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patients with treatment failure compared to empiric dose escalation or change in 
treatment. Despite a trend towards an association between clinical outcomes and 
drug concentrations, proactive TDM based strategies have not been shown to 
achieve clear benefit in long-term outcomes. In the clinical setting, TDM has 
proven to be useful in managing IBD patients, and its use in the reactive setting, 
as an additional tool to help manage patients with treatment failure, is being 
promoted as newer guidelines and consensus groups implement TDM as part of 
the management plan.

Key Words: Therapeutic drug monitoring; Inflammatory bowel disease; Biologic therapies; 
Loss of response; Reactive; Proactive

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this review, we discuss the existing studies that looked at both proactive 
and reactive therapeutic drug monitoring (TDM) and concluded that in current practice, 
reactive TDM has been shown to be useful. When used as an adjunct to clinical 
assessment and biomarkers in patients with treatment failure, TDM has proven to be a 
valuable tool for subsequent management.

Citation: Albader F, Golovics PA, Gonczi L, Bessissow T, Afif W, Lakatos PL. Therapeutic 
drug monitoring in inflammatory bowel disease: The dawn of reactive monitoring. World J 
Gastroenterol 2021; 27(37): 6231-6247
URL: https://www.wjgnet.com/1007-9327/full/v27/i37/6231.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i37.6231

INTRODUCTION
The management of patients with inflammatory bowel disease (IBD) has changed 
dramatically over the past decade, more so since the use of biologic agents[1]. 
Biologics such as anti-tumor necrosis factor (anti-TNF) agents have revolutionized the 
treatment of patients with IBD during this time in addition to newer classes of biologic 
agents, such as selective adhesion molecule and interleukin 12 and 23 inhibitors that 
are also being used. Furthermore, with advances in the treatment of IBD, goals of 
therapy have also changed as specialists worldwide have adopted the ‘treat to target’ 
approach in the management of IBD[2]. Despite these advances, treatment failure still 
occurs in a significant proportion of IBD patients[3], prompting a need in dose intensi-
fication or discontinuation of therapy with a change to another class of drug[4,5]. In 
the past, treatment failure in IBD, defined as either a primary non-response (PNR) or 
secondary loss of response (sLOR) to a drug, has been difficult to explain and predict. 
But as a result of a better understanding of the pharmacodynamics (PD) and pharma-
cokinetics (PK) of biologic drugs, the idea of therapeutic drug monitoring (TDM) 
emerged as an important tool. It plays a role in not only identifying the mechanism of 
loss of response but also in guiding clinicians in their treatment approach[6,7].

TDM is defined as the measurement of serum drug and/or anti-drug antibody 
(ADA) concentrations. ADAs refer to antibodies that are formed in response to the 
immune system’s recognition of biologic drugs. In several studies, ADAs have been 
found to be associated with treatment failure because of an up-regulated clearance of 
the drug[8,9]. Another mechanism of treatment failure relates to a non-immune 
mediated clearance, resulting in sub-therapeutic levels of the drug.

Over the years, TDM was initially used in the reactive setting for patients, when 
there was a suspected loss of response to a biologic drug, mainly the anti-TNF agents. 
Based on the serum drug levels and/or presence of ADAs, the management was 
changed with the aim of optimizing their current treatment, thus avoiding unne-
cessary dose intensification or targeted switching between anti-TNF agents or out of 
class. However, preliminary results from recently published data have shown that 
TDM used in the proactive setting, by preemptively targeting specific thresholds of 
serum drug levels, may in fact result in more favorable clinical outcomes[10-17]. 
Despite growing evidence supporting the use TDM in IBD, there still exist limitations 

https://www.wjgnet.com/1007-9327/full/v27/i37/6231.htm
https://dx.doi.org/10.3748/wjg.v27.i37.6231
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of its use, such as when to use it and how best to apply it. This is evident in the fact 
that routine use of TDM in the management of IBD patients is not recommended in 
guidelines, but rather made as suggestions by organizations when faced with a patient 
with suspected treatment failure[18-22].

This review article summarizes the latest evidence with regards to the use of TDM 
in both the reactive and proactive settings in addition to its limitations and how it is 
currently being used in clinical practice.

BACKGROUND OF TDM
The idea of TDM involves measuring the serum concentration of a drug, to maintain 
an adequate dose that would ensure drug efficacy and to avoid drug toxicity[23]. Use 
of TDM in clinical practice has existed for many years, even before the development of 
biologics. In the past, TDM was used for a variety of medications, such as antibiotics 
and immunosuppressants. More recently, it has been applied to biologics mainly to 
monitor drug efficacy and to guide management in suspected treatment failure for IBD 
patients on biologics. In IBD, TDM involves the measurement serum drug levels, in 
addition to the measurement of ADAs, both of which are related to drug efficacy[8,9]. 
Although many studies have proved its utility, many issues exist such as timing of 
TDM, identification of target thresholds for serum drug levels and ADAs, and the 
practical application of the results. Data looking into this shows that there is consid-
erable variability in target thresholds because of multiple factors that come to play, 
such as the different methods and assays used in TDM measurements, or the desired 
clinical outcome.

Lastly, given that the first class of biologics were anti-TNF agents, the use of TDM 
was first applied for patients who were treated with either infliximab or adalimumab, 
thus most studies looking into TDM revolved around anti-TNFs. With time, as newer 
classes of biologics emerged for their use in IBD, more studies were done regarding 
the application of TDM with vedolizumab or ustekinumab.

OVERVIEW OF TECHNICAL ASPECTS OF TDM
In TDM, the measurement of serum drug levels involves measuring the trough level 
(TL), meaning the lowest concentration of the drug just before the next dose. With the 
TL, the goal is to maintain a level sufficient enough for the drug to reach its maximal 
efficacy[24], and this is where the issue of target thresholds comes to play[25]. Before 
discussing the clinical relevance of these targets, it is important to know the technical 
aspects of TL and ADA measurements.

Assays used for TDM
Current tests for TL and ADA concentrations include various commercially available 
assays such as enzyme-linked immunoassay (ELISA), radioimmunoassay, high 
pressure liquid chromatography based homogeneous mobility assay, with ELISA 
being the most commonly used[26,27]. Drug assays use the drug as a calibrator while 
ADA assays use a monoclonal ADA as a calibrator, with titers often expressed as 
milligrams per liter. Several studies comparing various drug assays showed good 
correlation, however since assay methodologies and sensitivities differ, it is best to use 
the same assay when applying TDM[28]. Additionally, it is important to note that in 
the case of ELISA assays, the presence of the drug in the serum interferes with the 
detection of ADAs, thus not adequately quantifying ADA concentrations[29,30]. 
Various modified ELISA methods have been constructed to circumvent this problem, 
e.g., by improved puffer technologies, labeled ‘drug resistant’ assays for ADA 
detection.

Additionally, other factors that may influence results include human factors such as 
appropriate collection, handling, and storage. Newer studies looking into improving 
TDM have suggested the idea of point of care (POC) testing in the near future, where 
TDM measurements are made available on spot, without the need for a laboratory-
based testing method[30].
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MECHANISMS OF TREATMENT FAILURE IN IBD
To better comprehend the application of TDM in IBD, it is essential to understand the 
idea of drug PD and PK, as they are significant in understanding the mechanism of 
treatment failure[24]. Various factors affect a patient’s response to treatment, including 
low or sub-therapeutic drug levels related to increased clearance, whether it is 
immune or non-immune mediated in addition to the underlying pathway targeted by 
the drug.

PNR vs sLOR
Biologic agents, namely anti-TNF drugs, have significantly advanced the management 
of IBD patients. However, despite this, up to 30% of IBD patients fail to show an initial 
response after the induction period, also known as PNR, and up to 50% showing sLOR 
during the maintenance phase, especially during the first year 3-5]. Those with sLOR 
are patients who had initially responded after the induction phase, but then started to 
develop symptoms of disease activity, suggestive of treatment failure. Pharma-
cokinetic mechanisms underlining PNR and sLOR are thought to be due to inadequate 
serum drug concentrations as evidence has shown that those with low serum drug 
concentrations during induction or maintenance are less likely to achieve clinical 
response[31,32].

One study that signified this is the personalized anti-TNF therapy in Crohn’s 
disease (CD) study (PANTS), which was a prospective observational study carried out 
in the United Kingdom that included 955 patients with active luminal CD[33]. Results 
of the study revealed that anti-TNF failure is highly dependent on low drug concen-
tration and that this was associated with immunogenicity and the development of 
ADAs, especially during induction[33]. This finding mimics other studies that also 
revealed that higher drug concentrations early on is associated with a reduced risk of 
PNR and in preventing sLOR[34,35].

Clinical relevance of ADAs
One important aspect of treatment failure in IBD revolves around the idea of immuno-
genicity, which is an important downside of biologics. Immunogenicity deals with the 
fact that the immune system recognizes protein aspects of the drug as foreign and 
forms antibodies in response. These antibodies then form complexes with the drug, 
resulting in increased drug clearance and lower concentrations of the drug, rendering 
it ineffective[30]. However, it is important to note that not all antibodies work in the 
same way. In fact, two types of antibodies exist, neutralizing (NAb) vs non-neu-
tralizing antibodies (non-NAb). Although they both bind to the drug, each render it 
ineffective in a different way[36]. NAb inhibits the pharmacological function of the 
drug, thus preventing target binding, whereas non-NAb promotes increased clearance 
of the drug[37]. This is relevant to the understanding of TDM since there is evidence 
pointing to a correlation between ADA formation and low serum drug levels[38-40].

One study that evaluated the clinical significance of ADAs was by Baert et al[32] that 
looked at a cohort of 125 CD patients receiving episodic infusions of infliximab. 
Results of this study revealed an association between the development of antibodies 
against infliximab response to treatment, as low trough infliximab level and high ADA 
level was found in 83% (10/12) with complete loss of response to infliximab. This 
finding reflects results of other studies that have also shown that ADA association was 
independently associated with LOR. There was also a large proportion of patients 
(61%) that had detectable ADAs and that there was an inverse relationship between 
ADA titers and duration of response (P < 0.0001)[32]. Moreover, they also noted that 
the median duration of clinical response was longer in patients with low ADA concen-
trations compared to those with higher ADA concentrations (71 d vs 35 d; P < 0.001). 
Similar conclusions were drawn in a study by Reinhold et al[41], where 16/104 (14%) 
patients had positive ADA titers and 15 of them had sub-therapeutic TLs, reflecting 
the increased drug clearance effect of ADAs[41].

As explained, ADAs play a significant role in treatment failure of IBD patients on 
biologics as antibodies neutralize the effect of the biologic agent, but the evidence 
linking ADA to LOR is not straightforward. This was demonstrated in a prospective 
study by Gonczi et al[42] that followed 112 IBD patients who were on therapy with 
adalimumab. Results of this study revealed that ADA positivity was significantly 
associated with LOR (P = 0.007), but the association between low TL and ADA 
positivity was not statistically significant (P = 0.054). They concluded that despite the 
development of ADA, low TL was not associated with LOR and that mainly ADA 
development should be considered a predictor for treatment failure[42]. This reiterates 
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the significance of NAb in that they inhibit the pharmacological function of the drug 
resulting in clinical non-response. As opposed to non-NAb, which affect drug efficacy 
by increased drug clearance thus resulting in low drug levels. For this reason, 
interpretation of ADA and TL when dealing with LOR should be made with caution.

Another clinically relevant aspect involves patients who develop infusion reactions. 
These are often found in those with persistently low drug concentrations and a 
significant concentration of ADAs[32,43], and this was demonstrated in the same 
study by Reinhold et al[41]. In this retrospective study that followed 104 IBD patients 
treated with infliximab or adalimumab, the authors delineated a positive correlation 
between the presence of ADAs and the development of infusions reactions as 44% 
(7/13) of patients with infusion reactions had positive ADA titers[41].

In conclusion, it has become clear that different ADAs exist and that not all types of 
antibodies affect drug clearance. Available data suggests that the presence of ADAs 
has a potential negative impact on clinical outcomes. Additionally, the relationship 
between ADA and treatment failure is not clear cut and that the impact of ADAs, may 
be more relevant to certain biologics than others[44-46].

ASSOCIATION OF SERUM DRUG CONCENTRATIONS WITH CLINICAL 
OUTCOMES
Numerous studies have demonstrated an association between drug levels and 
favorable outcomes[33,47-50]. Additionally, recent data has shown that higher serum 
drug concentrations during induction especially, is strongly associated with positive 
outcomes[34]. However, it is important to note that serum drug concentrations of 
different biologics vary as a result of many factors, such as patient demographics (age 
and body size), degree of underlying inflammation, and severity of disease[51]. As a 
result, there exists a large variation in target thresholds of TLs for each biologic drug. 
Current thresholds for serum drug concentrations are determined from observational 
studies and post HOC analyses, by looking at a variety of drug concentrations that 
have been found to be associated with specific outcomes; these can be seen in Table 1
[48,52-56].

In a retrospective multi-center study carried out by Juncadella et al[47], 98 IBD 
patients on therapy with adalimumab, underwent TDM and were followed to 
determine factors associated with outcomes such as biochemical, endoscopic, and 
histological remission. Results revealed that higher drug concentration during 
maintenance associated with good clinical outcomes and drug concentration > 12 
μg/mL were associated with endoscopic (P = 0.003) and histological remission (P = 
0.012) in CD[47]. Similar results were found in another retrospective study by Ungar et 
al[57], where serum drug levels of both infliximab and adalimumab were significantly 
higher in patients with mucosal healing compared to those with active disease on 
endoscopy (P = 0.002 for infliximab and P = 0.01 for adalimumab)[57].

Moreover, results of the PANTS study, showed that the only factor independently 
associated with PNR was a low infliximab (IFX) concentration at week 14 and that 
drug concentrations values associated with remission at weeks 14 and 54 were > 7 
μg/mL for infliximab and > 12 μg/mL for adalimumab[33].

In terms of disease severity, for CD patients with peri-anal fistula, current evidence 
supports the idea of targeting higher serum drug concentrations in those patients 
compared to those without fistulizing disease[56,58,59]. A study by Davidov et al[56], 
showed a positive association between infliximab TLs during induction and closure of 
perianal fistula in CD patients, further suggesting that those patients may benefit from 
a drug level guided treatment.

Interestingly, despite evidence that shows a positive association of higher serum 
drug levels with clinical outcomes, preliminary results from the SERENE CD and 
SERENE ulcerative colitis (UC) trials did not show an added benefit. In both trials, 
patients with CD and UC, were randomized to either induction by standard dosing 
(SIR) of adalimumab or by an intensified dosing regimen (HIR). Results of both trials 
revealed that there was no added benefit from those who underwent an intensified 
regimen even though that subset of patients had higher serum drug concentrations[60,
61]. Additionally, in terms of primary endpoints, the rates of clinical and endoscopic 
remission were similar among both groups.
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Table 1 Association between various thresholds for serum drug concentrations and clinical outcomes

Drug Serum drug level Clinical outcome
Infliximab (IFX)

IFX < 2 μg/mL for CD/UC at week 14 Increased incidence of IFX antibodies[52]

IFX > 2.1 μg/mL at week 14 in UC Associated with mucosal healing[53]

IFX ≥ 3 μg/mL during maintenance Clinical remission[48]

IFX > 3 μg/mL at week 14 or 22 in CD Sustained response[54]

IFX 3-7 μg/mL during maintenance Remission[16]

IFX ≥ 7 μg/mL during maintenance Mucosal healing[48]

IFX < 7 μg/mL at week 14 in luminal CD Absence of primary response[53]

IFX > 9.2 μg/mL at induction week 2 in CD Fistula response at weeks 14 and 30[56]

IFX ≥ 10 μg/mL at induction week 6 Clinical response[48]

IFX > 15 μg/mL at week 6 in UC Associated with mucosal healing[53]

IFX ≥ 20 μg/mL at induction week 2 Clinical response[48]

IFX ≥ 22 μg/mL at week 6 in UC Clinical response at week 8[55]

IFX ≥ 25 μg/mL at induction week 2 Mucosal healing[48]

Adalimumab (Ada.)

Ada. ≥ 3 μg/mL during maintenance Clinical response[48]

Ada. ≥ 5 μg/mL post induction (week 14) Clinical response[48]

Ada. ≥ 7 μg/mL post induction (week 14) Mucosal healing[48]

Ada. ≥ 8 μg/mL during maintenance Mucosal healing[48]

Ada. < 12 μg/mL at week 14 in luminal CD Absence of primary response[53]

Ustekinumab (UST)

UST ≥ 1 μg/mL during maintenance Clinical response[48]

UST ≥ 3.5 μg/mL post induction (week 8) Clinical response[48]

UST ≥ 4.5 μg/mL during maintenance Mucosal healing[48]

Vedolizumab (VDZ) 

VDZ ≥ 12 μg/mL during maintenance Clinical response[48]

VDZ ≥ 14 μg/mL during maintenance Mucosal healing[48]

VDZ ≥ 15 μg/mL post induction (week 14) Clinical response[48]

VDZ ≥ 17 μg/mL post induction (week 14) Mucosal healing[48]

VDZ ≥ 24 μg/mL at induction (week 6) Clinical response[48]

VDZ ≥ 28 μg/mL at induction (week 2) Clinical response[48]

Many studies that looked at exposure response relationship studies of anti-tumor necrosis factor drugs have demonstrated that specific drug concentration 
thresholds are associated with certain clinical outcomes, such as clinical response, improvement in biochemical markers, endoscopic remission, and 
mucosal healing.

MANAGEMENT OF TREATMENT FAILURE IN IBD USING A TDM BASED 
STRATEGY-REACTIVE TDM
Prior to TDM, the standard of care for suspected treatment failure, after exclusion of 
secondary causes such as infections and non-compliance, was either by empiric dose 
escalation, change to an alternative anti-TNF, or change to a different class of biologic.

The empiric approach of managing loss of response is considered frequently 
suboptimal and may lead to additional costs. The TDM-based strategy, by applying 
measurements of anti-TNF drug levels and anti-drug antibodies at the time of 
treatment failure offers an alternative. With time, more studies looking into benefits of 
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TDM emerged. These studies highlighted that TDM may be a useful adjunct to 
optimize the treatment of IBD patients, more cost effective than the standard of 
practice of empiric changes in management and can be useful in identifying patients 
who may be supra-therapeutic and instead, may benefit from dose reduction[6,62-64].

A multi-center study carried out by Guidi et al[65], was one of the first prospective 
studies carried out in a clinical practice setting that compared the management of 
sLOR by a TDM based algorithm to empiric dose escalations for IBD patients on 
infliximab. Results of their study demonstrated that the group of patients who 
underwent TDM based management of LOR resulted in lower rates of dose escalations 
with similar rates of clinical response, in addition to the fact that the TDM approach 
was more cost-effective[65]. Another study that reflected similar results was a 
randomized controlled study (RCT) carried out by Steenholdt et al[66], which recruited 
69 Danish patients with CD on treatment with infliximab, who had developed sLOR. 
Patients were randomized to either routine infliximab dose or TDM based inter-
ventions. Rates of clinical response, measured by CD activity index were the same in 
both groups, 53% vs 58% (P = 0.81) respectively, however the costs per patients was 
34% lower in TDM based group (P < 0.001)[66].

An important study that supported the use of reactive monitoring was by Afif et al
[67], which looked at measurements of serum drug and ADA levels of 155 IBD patients 
who were on treatment with infliximab. Results of this study highlighted the 
importance of TDM in the management of partial or loss of response, as it provided 
insight into who might benefit from a change in drug or dose escalation. In this study, 
it can be seen that in ADA positive patients, the decision to change to another anti-
TNF resulted in a complete or partial response in 92% of patients compared to 17% for 
those who underwent dose escalation. Additionally, with regards to drug levels, those 
who underwent dose escalation because of sub-therapeutic drug levels had a higher 
rate of complete or partial response compared to those who changed to an alternate 
drug[67]. Similarly, Yanai et al[6] demonstrated the utility of TDM in managing loss of 
response, as results from their study showed that patients with high ADA levels had 
longer duration to response when there was a drug change compared to dose 
escalation (P = 0.03) and that dose escalation was found to be more effective for those 
with low or undetectable ADA levels[6].

Additionally, in a study carried out by Kelly et al[63], which followed primary 
responders on infliximab who initially presented with clinical disease activity, authors 
revealed that those who underwent TDM based escalation had significantly higher 
clinical response (P < 0.01) and lower rates of hospitalization (22% TDM vs 35% non-
TDM, P = 0.025) compared to the non-TDM based group[63].

A study by Ungar and colleagues that looked at infliximab levels during induction, 
brought to light an important finding that may help better manage patients with acute 
severe UC. Results of their study indicated that at day 14, those with acute severe UC 
had lower serum drug levels compared to patients with moderately severe UC. This is 
significant as it suggests that patients with acute severe UC may benefit from an 
intensified regimen as drug efficacy may have been affected by the high degree of 
inflammation[68].

In terms of cost-effectiveness, Steenholdt et al[66] was able to demonstrate that an 
individualized approach using reactive TDM was in fact more effective[66]. Results of 
this multi-center RCT showed that the costs for the intention to treat patients were 
substantially lower in the TDM based group compared to various infliximab dosing 
regimens (€ 6038 vs € 9178, P < 0.001). Similar results were also replicated in a study by 
Velayos et al[62], again demonstrating that dose adjustments made based on a TDM 
based algorithmic approach is more cost effective than empiric dose escalation[62].

The key recommendations at sLOR regarding the clinical scenarios of different 
combinations of TL and ADA level results at TDM are consistent based on the above 
studies. The suggested therapeutic algorithm for the optimal management of anti-TNF 
treatment failure based on TDM results is summarized in Figure 1[69].

As mentioned earlier, TDM can be approached in one of two ways, either in the 
reactive or proactive setting. Although much debate exists around the many issues 
surrounding the use of TDM, in current practice, it is mainly used in the reactive 
setting. Prior to TDM, standard of practice for the management of treatment failure in 
IBD is through empiric dose escalation. But with growing evidence highlighting the 
utility of reactive TDM in guiding subsequent management and that it may in fact be 
more cost effective, more specialists are using it in their practice[62,66].

As a result of numerous exposure-response relationships linking target TLs to 
therapeutic outcomes, the idea of proactive approach emerged in the hopes of 
targeting a specific threshold to avoid PNR or sLOR.
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Figure 1 Therapeutic drug monitoring based approach to treatment failure. IBD: Inflammatory bowel disease; ADA: Anti-drug antibody.

PROACTIVE TDM
The idea of using a proactive approach stemmed from preliminary data revealing that 
targeting a specific drug concentration at various intervals is associated with better 
clinical outcomes, compared to empiric dose escalation and TDM done in the reactive 
setting[13,16,47-50]. A pivotal trial that demonstrated the potential benefits of 
proactive TDM is the landmark TAXIT trial (Trough Level Adapted Infliximab 
Treatment). This was a single center RCT of 263 IBD patients on infliximab, whose 
progress was followed to compare clinical benefit and cost effectiveness of concen-
tration vs clinical based approach. As a result of the design study, the primary end 
point, of clinical and biochemical remission after 1 year, was not met. However, 
important findings included lower rates of undetectable drug levels and disease 
relapse in the proactive group[16].

More recently, Fernandes et al[15] carried out a prospective study of 205 IBD 
patients with results strongly supporting the proactive approach. Patients were 
randomized to two groups, those who were treated with IFX without TDM (data 
collected retrospectively) and those who underwent proactive TDM. In terms of 
outcomes, they looked at mucosal healing, need for hospitalization, and surgery. 
Results demonstrated that there were higher rates of treatment escalation in the TDM 
group (P < 0.001) with less need for surgery in addition to higher rates of mucosal 
healing (P < 0.0001), concluding that the proactive approach significantly decreased 
odds of reaching any unfavorable outcomes[15].

In a multi-center, retrospective cohort study of 102 IBD patients on infliximab, 
Papamichael and colleagues compared outcomes associated between those who 
underwent reactive vs proactive drug monitoring. The study demonstrated that those 
who underwent proactive testing after initial reactive testing was associated with 
greater drug persistence in addition to fewer IBD related hospitalizations (HR 0.18, CI 
0.05-0.99; P = 0.007)[10].

Another multi-center study carried out by Papamichael et al[11], involving IBD 
patients on adalimumab also showed promising results with regards to the proactive 
approach as results also demonstrated that those who underwent proactive TDM had 
a reduced risk of treatment failure compared to the standard of care[11].

A recent study that strongly supports the proactive approach is the PAILOT study 
(Pediatric CD Adalimumab-Level based Optimization Treatment) by Assa et al[14]. 
This was a RCT of 78 children with CD who were on treatment with adalimumab and 
their primary end point was sustained steroid free remission. Authors of the study 
reached their primary endpoint with 82% in the proactive vs 48% in the reactive (P = 
0.002) in addition to lower biochemical markers in the proactive group (P = 0.003)[14]. 
This study is considered a step forward supporting proactive TDM as this was the first 
proactive RCT whose primary endpoint was reached.
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The TAILORIX trial (Tailored Treatment with Infliximab for Active CD) by D’Haens 
et al[12], was another important proactive trial carried out with the aim of promoting 
the treat to trough approach. This trial followed 122 biologic naïve patients with active 
CD who received induction with infliximab and were randomized to three different 
groups of maintenance infliximab. The three various groups comprised of various 
dose intensifications based on clinical assessment, biomarkers and/or serum 
infliximab levels with the primary outcome being sustained corticosteroid free clinical 
remission at one year. In the end, this trial failed to show the benefit of the proactive 
approach as results demonstrated that increasing infliximab dose based on 
combination of symptoms, biomarkers, and drug concentrations does not lead to 
increased rates of steroid free remission (P = 0.50) compared to dose escalation based 
on symptoms alone[12]. Interestingly, it is worth noting that less than 50% of patients 
in each group failed to reach the primary endpoint of corticosteroid free remission in 
addition to the fact that dose optimization was only carried out at week 14.

Interestingly, new evidence looking at proactive TDM was revealed through several 
studies including both the SERENE-CD and SERENE-UC trials. In the post induction 
phase of both trials, authors followed patients into the maintenance phase following 
induction with high dose vs standard dose adalimumab in the treatment of patients 
with moderate to severe CD and UC[60,70]. In the maintenance phase of SERENE-CD 
study, clinical responders from the induction phase were recruited and the authors 
explored outcomes after 44 wk on adalimumab using a clinical based assessment with 
the use of biomarkers or through proactive TDM with specified target thresholds. 
Preliminary results presented at United European Gastroenterology conference (UEG) 
showed that in terms of efficacy endpoints, the rates were the same in both arms and 
that the addition of TDM as a criteria showed no added benefit as the rates of clinical 
response, steroid free clinical remission, and endoscopic remission were similar[70]. A 
study by Bossuyt et al[71], presented at UEG 2020, showed similar results in terms of 
clinical endpoints, by comparing outcomes of two groups, ultra-proactive TDM vs 
reactive TDM. In this study, at the end of one year, there was no difference noted 
between both groups in terms of composite endpoints of: IBD related hospitalizations, 
IBD related surgeries, and change of treatment[71].

On the other hand, the SERENE-UC trial looked at outcomes of patients who were 
randomized to either a high dose or standard dose adalimumab maintenance regimen. 
Colombel et al[60], concluded that there was a higher number of patients who 
achieved clinical remission at week 52 in the high dose group, compared to the 
standard dose group. However, despite the clear numerical difference, it was not 
statistically significant. Here, the hypothesis was that with an intensified regimen, 
there would be higher drug bioavailability, which could result in positive outcomes. 
This theory was based on a previous trial that an intensive regimen in patients with 
severe UC resulted in lower rates of patients requiring colectomy[72]. Although drug 
levels were higher in the intensified regimen in both trials, the rates of clinical 
endpoints were the same.

Although more studies are demonstrating results in favor of proactive TDM, the 
range of studies remain limited in that the majority are retrospective in nature. 
Additionally, even with the current use of TDM, used by IBD specialists in the reactive 
setting, multiple factors are considered in the subsequent management of treatment 
failure, and not simply by a treat to trough concentration approach.

TDM IN CLINICAL PRACTICE
Despite the issues surrounding the application of TDM involving how and when it 
should be used, it has proven to be a valuable tool. The current use of TDM as one of 
many tools of clinical assessment has helped in advancing the care of these patients. 
As such, the use of TDM has been recommended in certain guidelines and by 
consensus groups as an adjunct to manage patients with suspected treatment failure. 
Furthermore, because of the lack of evidence from proactive trials to support the idea 
of improved clinical outcomes associated with this approach, many support the use of 
TDM in the reactive setting. For further information, refer to Table 2 for a list of the 
main TDM based trials including both reactive and proactive[6,10-12,14-16,66,67,70,71,
73-77].

As evident, the debate over when to apply TDM is still ongoing because of limited 
prospective large trial studies. For this reason, TDM has not been fully incorporated 
into guidelines but rather hinted at as suggestions to help guide treatment in those 
with suspected treatment failure. One example is the guideline by the American 
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Table 2 A list of the main trials looking at both reactive and proactive therapeutic drug monitoring

Ref. Study design; 
n

Population 
studied Type of intervention Primary outcome Results

Vande Casteele 
et al[16], 2015 
(Proactive)

Prospective 
single center 
study RCT, n = 
263

Adults with mod 
to severe UC 
responders to 
infliximab (IFX)

IFX. Target 3-7 μg/mL 
during maintenance 
phase. Clinical vs 
concentration-based dose 
escalation

Clinical and biochemical remission Fewer flares in concentration-
based group. No difference in 
remission rates at 1 yr

Papamichael et 
al[73], 2017 
(Proactive)

Retrospective 
multi-center 
RCT, n = 264

Adults with CD + 
UC

IFX 5-10 μg/mL Treatment failureNeed for IBD 
related hospitalization or surgery. 
Adverse events

Proactive was associated with 
better clinical outcomes, 
including greater drug 
durability, less need for IBD-
related surgery or 
hospitalization

Perinbasekar et 
al[74], 2017 
(Proactive)

Retrospective 
single center 
study, n = 127

Adult IBD 
patients initiating 
treatment with 
either IFX or 
adalimumab 
(Ada)

IFX target ≥ 3 μg/mL; Ada 
target ≥ 5 μg/mL

Clinical response at 1 yr. 
Endoscopic response. Persistence 
with anti-TNF at 1 yr

Persistence with therapy and 
clinical and endoscopic 
response were superior for 
proactive compared to control 
patients treated with infliximab

Bernardo et al
[75], 2017 
(Proactive)

Retrospective 
single center 
study, n = 117

Adult IBD 
patients on 
treatment with 
infliximab

Clinical based vs proactive 
TDM. (1) Target IFX CD 3-
7 μg/mL; (2) Target IFX 
UC 5-10 μg/mL; (3) Target 
Ada CD 5-7 μg/mL; and 
(4) Target Ada UC 7-9 
μg/mL

At 48 wk (1) Clinical remission; (2) 
Rates of hospitalizations; (3) Rates 
of surgery; and (4) Therapeutic 
failure

No difference noted in relation 
to outcomes. Higher rates of 
drug escalation in proactive 
group. Longer period of 
remission in proactive group

D’Haens et al
[12], 2018 
(Proactive)

Prospective 
multi-center 
RCT, n = 122

Adults with mod 
to severe luminal 
CD biologic naïve 
on infliximab 
maintenance

Dose escalation using 
combined approach of 
clinical + TDM vs 
symptom-based approach. 
IFX target > 3 μg/mL 
during maintenance phase

Sustained steroid-free clinical 
remission at weeks 22-54 and 
mucosal healing at week 54

No difference in terms of rates 
of steroid-free remission

Papamichael et 
al[10], 2018 
(Proactive vs 
reactive)

Retrospective 
multicenter 
study, n = 102

Adult IBD 
patients on 
infliximab

Reactive TDM followed by 
subsequent proactive 
TDM vs reactive testing 
IFX target 5-10 μg/mL

Treatment failure. IBD related 
hospitalization and surgery

Proactive monitoring after 
reactive testing associated with 
greater drug persistence and 
fever IBD related 
hospitalizations 

Papamichael et 
al[11], 2019 
(Proactive)

Retrospective 
multicenter 
study, n = 382

IBD patients on 
maintenance 
therapy with 
adalimumab

Proactive vs reactive TDM. 
Ada > 10 μg/mL

Treatment failure Proactive associated with lower 
risk of treatment failure

Assa et al[14], 
2019 (Proactive)

Prospective 
multi-center 
RCT, n = 78

Ages 6-17 yr with 
CD with response 
to adalimumab

Ada target trough levels ≥ 
5 μg/mL

Sustained steroid-free clinical 
remission (weeks 8-72)

Higher rates of steroid free 
clinical remission in proactive 
group

Strik et al[76], 
2019 (Proactive)

Retrospective 
multi-center 
RCT, n = 80 

UC + CD in 
clinical remission 
on infliximab 
maintenance 
therapy

Dashboard driven dose 
escalation with TDM vs 
non TDM. IFX level > 3 
μg/mL

Clinical remission Dashboard-guided dosing 
resulted in a significant higher 
proportion of patients who 
maintained clinical remission 
during 1 yr of treatment

Danese et al
[70], 2020 
(Proactive)

Prospective 
multi-center 
RCT, n = 184

Clinical 
responders from 
induction phase 
of SERENE-CD

Clinical based group vs 
proactive TDM (TL 5-10 
μg/mL) adalimumab 
every week or every other 
week

Clinical remission and endoscopic 
response and remission at 1 yr

No difference in terms of 
clinical end points

Fernandes et al
[15], 2020 
(Proactive)

Prospective 
study, n = 205

IBD patients 
completing 
infliximab 
induction therapy

Prospective arm (TDM-
based dose escalation) vs 
retrospective arm (non-
TDM). IFX levels 3-7 
μg/mL CD; IFX levels 5-10 
μg/mL UC

Need for surgery, hospital 
admission, treatment endrates of 
mucosal healing at 2 yr of 
treatment

Proactive TDM associated with 
fewer surgeries and higher 
rates of mucosal healing

Bossuyt et al
[71], 2020 
(Proactive vs 
reactive)

Prospective 
multi-center 
RCT

All IBD patients 
on infliximab 
therapy > week 14

Using point of care testing 
at the time of infusion > 
proactive vs reactive TDM

Clinical remissionDiscontinuation 
of infliximab. Composite end 
points of IBD related 
hospitalizations and surgeries, 
change of treatment

No difference in terms of rate 
of clinical remission or 
treatment discontinuationUltra-
proactive not superior to 
reactive

Measurements of human 
anti-chimeric antibodies 

Measurement of both antibody 
and drug levels lead to 

Afif et al[67], 
2010 (Reactive)

Retrospective 
study, n =155

IBD patients who 
had infliximab

Loss of response. Change in 
treatment



Albader et al. Therapeutic drug monitoring in IBD

WJG https://www.wjgnet.com 6241 October 7, 2021 Volume 27 Issue 37

(HACAs) and infliximab 
concentrations

improved response 

Steenholdt et al
[66], 2014 
(Reactive)

Prospective 
RCT, n = 69

CD patients 
failing on 
infliximab 
therapy

Infliximab intensification 
vs algorithm defined using 
TDM

Clinical and economic outcomes at 
week 20

Lower healthcare costs in 
algorithm-based group. Similar 
rates of clinical response and 
remission

Kelly et al[63], 
2017 (Reactive)

Retrospective 
study, n = 312

Primary 
responders on 
infliximab who 
underwent dose 
escalation

TDM vs clinical based dose 
escalation of infliximab

Endoscopic remissionClinical 
response

Higher rates of endoscopic 
remission with TDM

Pouillon et al
[77], 2018 
(Reactive)

Retrospective 
single center 
study, n = 226

IBD patients who 
completed 
maintenance 
phase of TAXIT

Clinical based vs trough 
concentration-based 
dosing of infliximab, 
infliximab level 3-7 μg/mL

IBD related hospitalization and 
surgery. Steroid use. Mucosal 
healing

Similar rates of mucosal 
healing in both groups. Higher 
rates of treatment 
discontinuation in clinic-based 
group

TDM: Therapeutic drug monitoring; TNF: Tumor necrosis factor; IBD: Inflammatory bowel disease; RCT: Randomized controlled study; IFX: Infliximab; 
Ada: Adalimumab.

Gastroenterological Association, in which the use of TDM is suggested for patients 
with active IBD on anti-TNFs but not recommended for those with quiescent IBD[18]. 
Table 3 lists the various recommendations and statements made by various gastroen-
terology guidelines and consensus groups[18-22].

PRACTICAL ASPECTS-HOW BEST TO APPLY TDM
Although much evidence exists supporting the use of TDM in the proactive setting, it 
has become clear that current evidence has not supported its use as routine practice in 
the management of IBD patients. Instead of dividing TDM into two separate entities, 
TDM should be considered as a useful tool in the management of IBD patients. As 
clinicians, we treat patients as a whole, in the sense that we treat their conditions by 
looking at various aspects including their clinical assessment in addition to 
biomarkers. Therefore, TDM should be considered as another adjunct that will help 
guide management as opposed to looking at it as the sole means of ensuring clinical 
response and remission.

Given the fact that various thresholds for serum drug levels and ADAs exist, it can 
be difficult to choose which one to target, especially since another variable that 
complicates this is the type of assay used for these measurements. However, despite 
the wide range, in current practice, certain thresholds have been followed to ensure 
clinical response in IBD patients who are on biologic agents. An example of these 
thresholds to target during maintenance therapy can be seen clearly in Table 4[16,41,
78,79]. The values listed in the table have been determined by a panel of IBD specialists 
that have carefully looked at existing literature relating to TDM[79]. Interestingly, the 
cut-off values listed by this group differs from the suggestions put forth in the AGA 
2017 guideline[18]. It is important to note that these cut-off values are not absolute and 
should always be made in context with the clinical picture and that higher values 
might be needed for more rigorous clinical outcomes[48]. In the end, optimal TLs are 
difficult to define because of the multiple factors discussed above and because of the 
limited data from observational studies and post HOC analyses, thus it is important to 
be aware that the idea of ‘one size’ fits all may not be appropriate.

LIMITATIONS OF TDM
In research, RCTs are considered the gold standard in providing evidence for causal 
relationships and to support changes to clinical practice, and this seems to be lacking 
with regards to TDM. Thus, the majority of data available regarding TDM has been 
based mainly on prospective and retrospective observational studies or post HOC 
analyses. In addition to the timing of TDM and how often it should be carried out, 
other issues around TDM have to do with how to best interpret the results given the 
difficulty in obtaining results in a timely manner and being able to implement changes 
immediately[79]. Also, the bulk of evidence supporting TDM revolves mainly around 
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Table 3 Recommendations and statements made by various gastroenterology guidelines and consensus groups

Guideline/Consensus group Recommendation

Active IBD with anti-TNF → suggest use of reactive TDMAGA[18,19]

Quiescent IBD with anti-TNF → not recommended

Use of TDM preferred in (1) Upon suspected treatment failure; (2) Following successful 
induction; and (3) When completed drug holiday

Inflammatory bowel disease Sydney/Australian 
Inflammatory bowel disease consensus working group (2017)
[20]

For those in clinical remission, consider TDM periodically only if it will change 
management

Good practice recommendation → ALL IBD patients should be reviewed 2-4 wk post 
loading dose to assess response and check drug levels and anti-drug antibodies

British guidelines (2019)[21]

Use of serum drug trough & anti-drug antibody concentrations to be incorporated when 
deciding in change of therapy (dose escalation vs switch to other anti-TNF drug or out of 
class change)

CD in remission on anti-TNF → insufficient evidence to recommend FOR or AGAINST 
TDM 

ECCO (2020)[22]

CD patients who have lost response → insufficient evidence

AGA: American Gastroenterology Association; ECCO: European Colitis & Crohn’s Organization; TDM: Therapeutic drug monitoring; TNF: Tumor 
necrosis factor; IBD: Inflammatory bowel disease.

Table 4 Therapeutic drug monitoring thresholds used in current practice (Using enzyme-linked immunoassay)

Drug Cut-off for serum drug concentration Cut-off for detectable ADA

Infliximab > 3 μg/mL Present if > 10 μg/mL

Adalimumab > 5 μg/mL Present if > 10 μg/mL

Certolizumab > 15 μg/mL -

Ustekinumab Insufficient evidence to make a suggestion -

Vedolizumab Insufficient evidence to make a suggestion -

ADA: Anti-drug antibody.

anti-TNF and less so with the other biologics such as vedolizumab and ustekinumab
[80-82]. These newer biologics are now being used more in IBD thus it is imperative 
that well designed studies are done looking into outcomes associated with TDM based 
approach using these drugs.

Nonetheless, results from recent trials are promising and provide hope that more 
guidance may come soon. One example of such trials, is the PRECISION trial by Strik 
et al[76], which was the first prospective trial that demonstrated clinical benefit of a 
more personalized approach involving a dashboard system that incorporates patient 
features and TDM[76]. The ultra-proactive trial put forth by Bossuyt et al[71] is another 
example, making it one of the first studies to involve the use of POC testing, 
suggesting that this technology may be feasible to facilitate future research and the 
application of TDM. Lastly, the NOR-DRUM study also brings hope as this will be the 
first large sized RCT looking at the safety and effectiveness of TDM in patients 
receiving anti-TNF for a range of immune-mediated diseases, including IBD[83].

CONCLUSION
In the end, despite its issues, TDM has evolved the management of IBD patients and is 
being used more in clinical practice in the hopes of preventing loss of response and to 
ensure maximal use of biologic drugs. Even though more studies are showing results 
that support proactive TDM usage, many of them have methodological issues, making 
their data less reliable to be able to implement changes in clinical practice. Hence 
making it difficult to prove that proactive TDM is associated with better therapeutic 
outcomes. At present, TDM has been shown to be a useful tool in managing patients 
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suspected of loss of response and although it has not been fully implemented in 
guidelines, its usefulness in current practice brings hope that this might soon change.
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