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During the past decade, we have entered an era of biologics for the treatment of Crohn’s disease 
and ulcerative colitis. The therapeutic goal of inflammatory bowel disease (IBD) management 
has evolved from symptom control and clinical remission to mucosal healing or even deep re-
mission. Histological remission for ulcerative colitis and transmural healing of Crohn’s disease 
are potential future goals. With the adoption of the treat-to-target concept, and given the need 
for tight control of IBD activity, therapeutic drug monitoring (TDM) is an important element of 
precision medicine. TDM involves the measurement of serum biologics and anti-drug antibodies 
levels, to confirm whether the right drug with the right dosage was prescribed to reach the right 
serum levels. TDM may help clinicians adjust biologics based on objective biomarkers instead 
of using empirical dosage escalation or making symptom-based therapeutic adjustments. Well-
established reactive TDM algorithms have been proposed, and emerging evidence supports the 
clinical application of a proactive TDM strategy to enhance the duration of effective biologics and 
improve clinical outcomes. Recently, the proactive TDM strategy was shown to avoid the second-
ary loss of response to biologics, and improve long-term clinical outcomes in IBD patients. This 
review summarizes data from trials, and practice guidelines, on the clinical application of proac-
tive and reactive TDM strategies for the daily care of biologic-treated IBD patients. (Gut Liver 
2022;16:515-524)
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INTRODUCTION

Effective biologics are now available for the manage-
ment of Crohn’s disease (CD) and ulcerative colitis (UC). 
Before the era of biologics therapy for inflammatory bowel 
disease (IBD), up to 70% of patients with CD, and 30% 
of those with UC, underwent surgery at some stage dur-
ing the disease course.1-4 Biologics can modify the disease 
course and reduce the likelihood of surgery in IBD pa-
tients.5,6 The therapeutic goal of IBD has changed from 
clinical remission to mucosal healing or even deep remis-
sion.7 Following the adoption of the treat-to-target concept, 
and given the need for tight control of disease activity, con-
firmation of mucosal healing, histological remission, and 
the normalization of biomarkers has become increasingly 
important in the daily care of both CD and UC patients.7-9 

Optimizing the serum biologics levels under the guid-
ance of therapeutic drug monitoring (TDM) is important 
for the precision care of IBD patients.10-12 TDM involves 
the objective measurement of serum biologics and anti-
drug antibody (ADAb) levels during the induction and 
maintenance phase of biologics therapy. TDM provides 
information on pharmacokinetics and pharmacodynam-
ics at the individual patient level, which maximizes the 
efficacy and duration of the effectiveness of biologics. This 
enables the objective clarification of the causes of primary 
non-response (PNR), or secondary loss of response (LOR), 
and allows proactive optimization of serum drug levels 
through dose titration or dosage interval adjustment to 
avoid ADAb-related secondary LOR.

Three biologics classes have been approved for the treat-
ment of CD and UC patients: anti-tumor necrosis factor α 
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(anti-TNF-α), anti-integrin, and anti-interleukin agents. 
Differences in immunogenicity for the development of 
ADAbs have been observed among the various classes of 
biologics.13-15 Thus, different needs of immune modula-
tor combinations and different TDM strategies may be 
required. Two main TDM strategies for IBD have been 
proposed; reactive (for patients with active IBD disease ac-
tivity), and proactive (for patients with quiescent disease). 

In this review, we discuss “How, When, and for Whom” 
TDM should be used in IBD patients taking biologics dif-
fering in immunogenicity.

THERAPEUTIC OUTCOMES AND BIOLOGICS 
LEVELS

1. Rationale for TDM
The rationale of biologics TDM is based on the expo-

sure-response relationship, which indicates the presence 
of a positive correlation between therapeutic outcomes 
with serum biologics levels, the difference in clearance, or 
metabolism of biologics (either immune- or non-immune-
mediated pharmacokinetic mechanisms), and the possibil-
ity for mechanistic failure.16 Three classes of biologics are 
currently approved by the U.S. Food and Drug Adminis-
tration and European Medicines Agency for the induction 
and maintenance treatment of IBD: anti-TNF-α (infliximab 
[IFX], adalimumab [ADA], certolizumab pegol [CZP], and 
golimumab [GOL]), anti-integrin (vedolizumab [VDZ]), 
and anti-cytokine (ustekinumab [UST]) agents. The physi-
cians usually prescribed the approved biologics with the 
standard dosage, and hope to achieve the maximal thera-
peutic goals (including clinical response/remission, bio-
medical remission, endoscopic healing, mucosal healing, 
transmural healing, or even histological healing). As an 
important ingredient of precision medicine for IBD care, 
the TDM may guide the physician to prescribe the right 
drug with the right dosage to have the best performance of 
the biologics objectively. 

2. Anti-TNF-α agents
The anti-TNF-α agents are approved to be effective for 

both inducing and maintaining remission in moderate-to-
severe CD and UC patients. Up to 30% of IBD patients do 
not gain any benefit from anti-TNF-α agents (PNR), and 
another 50% who initially respond will lose the response 
during treatment (secondary LOR).16,17 

The exposure-response relationship between therapeu-
tic outcomes and anti-TNF-α agents, especially IFX, is well 
established.18-22 Undetectable IFX trough level is reported 
to associate with higher colectomy rate in acute severe UC, 

and a higher IFX level is also noted to associate with longer 
remission and better endoscopic scores in moderate-to-
severe CD.18,19

Both the post-hoc analysis of ACT I/II trials in UC 
patients and the ACCENT I trial in CD patients sup-
ported the exposure-response relationship regarding the 
therapeutic outcomes.20,21 The IFX trough levels >5.1 μg/
mL at week 14 were positively correlated with the week 30 
clinical response in UC patients, and ≥3.5 μg/mL at week 
14 is predictive of the week 54 clinical response in CD 
patients.20,21 A serum IFX trough level above 5 μg/mL was 
reported to have longer IFX retention either monotherapy 
or combination therapy.22 

A recent cross-section study also demonstrated a posi-
tive correlation between IFX trough levels during the 
maintenance phase and serum erythrocyte sedimentation 
rate (ESR) in pediatric IBD patients.23 A trough IFX level 
>1.58 µg/mL was demonstrated to predict ESR <18 mm/hr 
in pediatric IBD patients.23

Different treatment goals, different diseases and differ-
ent time points may require different biologics target levels 
in reported data.20,21,24,25 The IFX trough levels ≥18.6 μg/
mL and ≥10.6 μg/mL at weeks 2 and 6, respectively, in the 
post-hoc analysis of the ACT I/II trials were associated 
with a week 8 Mayo endoscope subscore (MES) of ≤1. The 
week 14 IFX trough levels ≥5.1 μg/mL and ≥6.7 μg/mL, 
respectively, were predictive of a week 30 MES ≤1 and =0 
in UC patients.24 The TAILORIX study post-hoc analysis 
demonstrated that IFX trough levels >23.1 μg/mL and 
>10.0 μg/mL at weeks 2 and 6, respectively, are associated 
with week 12 endoscopic remission in CD patients.25 

To achieve the perianal fistula response in CD patients, 
a subgroup post-hoc analysis of ACCENT II study demon-
strated the serum IFX trough levels >13.9 μg/mL at week 6 
was correlated with a week 14 complete fistula response.26

In the CLASSIC I trial, the week 4 ADA trough lev-
els were higher in patients with clinical response in CD 
patients.27 The exposure-response relationship between 
serum ADA trough level and clinical remission was also 
identified in CLASSIC I/II CD patients at several time 
points.27

A cross-section designed study in both CD and UC 
patients treated with ADA showed that the serum ADA 
trough level was significantly higher in patients with clini-
cal remission than in those without clinical remission (6.02 
μg/mL vs 3.20 μg/mL, p=0.012).28 Subjects with mucosal 
healing also had higher median ADA trough levels than 
those without (6.50 μg/mL vs 4.20 μg/mL, p<0.005). A 
serum ADA trough level >4.90 μg/mL was reported to 
predict mucosal healing in both CD and UC patients.28 
Another cross-sectional study of IBD patients treated with 
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ADA or IFX demonstrated that the ADA trough levels 
>7.1 μg/mL (p=0.004) and IFX trough levels >5 μg/mL 
(p<0.001) predicted mucosal healing with 85% specificity.29 

The Personalized Anti-TNF therapy in Crohn's Dis-
ease Study (PANTS) study of bio-naïve active luminal CD 
patients (655 and 955 patients treated with ADA and IFX, 
respectively) demonstrated that PNR was associated with 
low week 14 biologics trough levels (odds ratio [OR], 0.13; 
p<0.001 for ADA and OR, 0.35; p<0.001 for IFX).13 Low 
ADA and IFX trough levels at week 14 were also predictive 
of no clinical remission at week 54 (OR, 0.03; p<0.001 for 
ADA and OR, 0.29; p<0.001 for IFX).13 

Analysis of CZP quartiles, performed during the MU-
SIC trial, showed that CD patients with the CZP trough 
levels in the lowest quartile at week 8 had a lower probabil-
ity of week 10 endoscopic response and clinical remission 
(p=0.002 and p=0.03, respectively) than others with serum 
CZP higher quartiles levels.30 Higher CZP trough levels 
during the maintenance phase were demonstrated to cor-
relate with a higher probability of clinical remission.31 The 
receiver operating characteristic (ROC) curve analysis of 
CD patients treated with CZP, pooled data from nine clini-
cal trials, showed that CZP trough levels >36.1 μg/mL at 
week 6 was predictive of week 26 clinical improvement.31

The data of the GOL exposure-response relationship is 
relatively limited. In the PURSUIT-SC study of GOL in UC 
patients, the week 6 GOL though levels were significantly 
higher in patients with clinical response than non-clinical 
response (2.96 μg/mL vs 1.55 μg/mL, p<0.001), remission 
than non-remission (3.14 μg/mL vs 2.13 μg/mL, p<0.001), 
and mucosal healing versus non-mucosal healing (3.14 
μg/mL vs 1.70 μg/mL, p<0.001). An optimal week 6 GOL 
trough level >2.5 μg/mL, and week 44 GOL trough level 
>1.4 μg/mL predicted better therapeutic outcomes in UC 
patients.32

3. Anti-integrin agent
VDZ, a recombinant humanized α4β7 integrin IgG1 

monoclonal antibody, was approved for both moderate-to-
severe adult UC and CD patients.14,33 The VDZ GEMINI 
I trial showed that UC patients with the highest quartile 
of week 6 serum VDZ trough level (>37.5 μg/mL) had a 
higher probability of clinical remission as compared to 
those with VDZ levels in the lowest quartile (<17 μg/mL) 
(remission rate, 37.0% vs 5.6%).14 In the GEMINI II CD 
trial, CD patients with the highest quartile of VDZ trough 
level (>33.3 μg/mL) also had higher clinical remission rates 
than those in the lowest quartile (<16.7 μg/mL) (remission 
rate, 22.0% vs 6.1%) at week 6.33 In a prospective study, a 
week 14 VDZ trough level >16.55 µg/mL was associated 
with the duration of VDZ persistence in UC patients.34 In a 

retrospective study, VDZ trough concentrations >28.9 µg/
mL, >20.8 µg/mL, and >12.6 µg/mL at weeks 2, 6, and 14, 
respectively, were associated with the week 14 clinical re-
sponse rate in UC patients.35 A week 14 VDZ cutoff trough 
level >17 µg/mL in UC patients was required for the goal 
of mucosal healing.35 A week 2 VDZ trough level >35.2 µg 
/mL was predictive of week 6 biomedical remission in CD 
patients.35

4. Anti-interleukin agent
UST, a recombinant humanized IgG1 monoclonal an-

tibody against the subunit p40 of interleukin-12 and -23, 
was approved for both adult CD and UC patients.36-38 CD 
patients with UST trough levels in the two highest versus 
two lowest quartiles in the UNITI-I/II trials were reported 
to have higher clinical remission rate (p<0.039 for UNITI-
I and p=0.007 for II trial). The UNITI-I/II post-hoc ROC 
analysis identified the week 8 UST trough level >3.3 μg/
mL is associated with clinical remission (area under the 
curve=0.57, p=0.001). In the UST maintenance study of 
CD patients, IM-UNITI, the clinical remission rate was 
significantly higher in patients with UST trough levels 
in the two highest quartiles (p=0.002).15 A recent report 
demonstrated that CD patients UST trough levels >15.9 
μg/mL at week 4 was associated with a significant decrease 
in fecal calprotectin at week 8.39

5. The current recommended biologics trough level 
by practice guidelines
Reported exposure-response relationships between 

biologics and clinical treatment outcomes are summarized 
in Table 1, and the recommended target serum biologic 
trough levels by the American Gastroenterological As-
sociation (AGA), Building Research in Inflammatory 
Bowel Disease Globally (BRIDGe), and European Crohn’s 
and Colitis Organisation (ECCO)-European Society for 
Paediatric Gastroenterology Hepatology and Nutrition 
(ESPGHAN) practice consensus and guidelines are also 
summarized in Table 2.10-12,16,40

IMMUNOGENICITY OF BIOLOGICS

1. Biologics with relatively high immunogenicity
The PANTS study demonstrated that 62.8% (95% con-

fidence interval [CI], 59.0% to 66.3%) of IFX and 28.5% 
(95% CI, 24.0% to 32.7%) of ADA-treated CD patients 
developed ADAbs.13 Suboptimal week 14 IFX or ADA 
trough levels predicted PNR, the development of ADAbs, 
and subsequent low serum biologics levels.13 The combina-
tion of immune modulator decreased the risk of ADAbs 
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for both IFX and ADA (hazard ratio [HR], 0.39; 95% CI, 
0.32 to 0.46; p<0.001 for IFX and HR, 0.44; 95% CI, 0.31 to 
0.64; p<0.001 for ADA). A previous case series also dem-
onstrated that the add-on of immune modulator (azathio-
prine or methotrexate) therapy in IFX-treated patients may 
boost the IFX trough level and lead to the disappearance 
of low-level ADAbs.41 A genome-wide association study 
demonstrated that CD patients carrying HLA-DQA1*05 
are associated with the development of ADAbs to IFX and 
ADA during the biologics therapy.42

Up to 20% of ADA-treated patients were reported to de-
velop neutralizing ADAbs after a median time of 34 weeks, 
and patients with ADAb were noted to have lower week 4 
ADA trough levels.43 The ADA trough levels <5 μg/mL at 
week 4 was associated with PNR (HR, 25.1; 95% CI, 5.6 to 
111.9; p=0.002), and secondary LOR (OR, 3.0; 95% CI, 1.04 
to 9.09; p=0.034).43 

Hence, IFX and ADA have relatively high immuno-

genicity, and maintaining optimal trough levels via con-
comitant use of an immune modulator may prevent the 
development of ADAbs. Patients carrying HLA-DQA1*05 
genotype are prone to the development of ADAbs targeting 
IFX and ADA, may have a special need for the concomi-
tant immune modulator (methotrexate or azathioprine) 
and TDM guided therapy.

2. Biologics with relatively low immunogenicity
VDZ and UST were reported to have relatively low im-

munogenicity for the development of ADAbs.14,15,33 The 
prevalence of ADAb against VDZ was 3.7% and 4.1% in 
patients with UC and CD, respectively, in the GEMINI I 
and II trials.14,33 A cohort of 179 VDZ-treated IBD patients 
further confirmed the low immunogenicity of VDZ, with 
4 (2.2%) subjects developing a transient ADAb against 
VDZ.44

The UNITI-I/II and IM-UNITI trial data revealed 

Table 1.Table 1. Therapeutic Outcomes by Biologic Trough Levels in Crohn’s Disease and Ulcerative Colitis 

Disease Biologics Week Trough levels (μg/mL) Therapeutic outcomes

Crohn’s disease Infliximab21 14 ≥3.5 Clinical response (week 54)
Infliximab25  2 >23.1 Endoscopic remission (week 12)

 6 >10.0 Endoscopic remission (week 12)
Infliximab26  6 >13.9 Complete fistula response (week 14)

14 >4.8 Complete fistula response (week 14)
Infliximab29 >5 Mucosal healing 
Infliximab13 14 >7 Clinical remission (week 54)
Adalimumab13 14 >12 Clinical remission (week 54)
Adalimumab28 >4.9 Mucosal healing
Adalimumab29 >7.1 Mucosal healing
Certolizumab pegol31  6 >31.8 Clinical response (week 6)

 6 >36.1 Fecal calprotectin <250 mg/g and Crohn’s Disease 
Activity Index ≤150 (week 26)

12 >14.8 Clinical response (week 26)
Vedolizumab33  6 >33.3 Clinical remission (week 6)
Vedolizumab35  2 >35.2 Biomedical remission (week 6)
Ustekinumab39  8 >3.3 Clinical remission (week 8)
Ustekinumab40  8 >7.2 Biological remission (week 8)

Ulcerative colitis Infliximab20 14 >5.1 Clinical response (week 30)
Infliximab24  2 ≥18.6 Mayo endoscope subscore ≤ 1 (week 8)

 6 ≥10.6 Mayo endoscope subscore ≤ 1 (week 8)
 8 ≥34.9 Mayo endoscope subscore ≤ 1 (week 8)

14 ≥5.1 Mayo endoscope subscore ≤ 1 (week 30)
14 ≥6.7 Mayo endoscope subscore = 0 (week 30)
30 ≥2.3 Mayo endoscope subscore ≤ 1 (week 30)
30 ≥3.8 Mayo endoscope subscore = 0 (week 30)

Adalimumab28 >4.9 Mucosal healing
Golimumab32  2 >8.9 Clinical response (week 6)

 6 >2.5 Clinical response (week 6)
Vedolizumab14  6 >37.5 Clinical remission (week 6)
Vedolizumab34  6 >16.55 Vedolizumab persistence (1 year)
Vedozinumab35  2 >28.9 Clinical response (week 14)

 6 >20.8 Clinical response (week 14)
14 >17.0 Mucosal healing (week 14)
14 >12.6 Clinical response (week 14)
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prevalence rates of ADAb against UST of 3.1% and 2.6% 
at weeks 8 and 24, respectively.15 The UST trough level 
quartile analysis showed that the prevalence rates of ADAb 
against UST were 5.7%, 0.6%, 2.9%, and 3.4%, respectively, 
at week 8 in UST level quartiles 1 to 4 (p=0.042).15 Thus, 
the prevalence of ADAb against UST is inversely correlated 
with the UST level at week 8. UST trough level quartile 
analysis at week 24 showed that the prevalence rates of 
ADAb against UST were 6.4%, 2.1%, 0%, and 2.1%, respec-
tively, in UST level quartiles 1 to 4 (p=0.227).15

A study of psoriasis patients on UST therapy detected 
ADAb against UST in 6.5% of patients at a mean time of 13 
months of UST treatment, and the development of ADAb 
targeting UST was significantly correlated with lower 
serum UST trough concentrations in psoriasis patients 
(p<0.001).45

TDM: HOW, WHEN, AND FOR WHOM

1. Mechanism of treatment failure
Three major mechanisms of biologic treatment failure 

have been proposed by the AGA consensus (Table 3).16 
Subjects with non-immune-mediated pharmacokinetic 
failure may present with PNR during the induction phase, 
or secondary LOR during the maintenance phase. The 
mechanisms of non-immune-mediated pharmacokinetic 
failure may associate with noncompliance, an excessive 
inflammatory burden, low serum albumin level, rapid 
drug clearance, gastrointestinal loss, different drug dis-
tribution, and excessive drug wastage.13,16,46-48 The check 
of patient’s adherence is a key step in the management of 
non-immune-mediated pharmacokinetic failure.47 The 
presence of a neutralizing ADAb against biologics may re-

Table 2.Table 2. Trough Levels of Biologics Recommended by Current Clinical Practice Guidelines

Drugs Phase Trough level (µg/mL) Reference

Infliximab Post-induction phase (week 14) ≥7 Papamichael et al.11

Maintenance phase ≥3 Papamichael et al.11

Maintenance phase ≥5 Feuerstein et al.10

Maintenance phase ≥5 Vande Casteele et al.16

Induction phase (week 2) ≥25 van Rheenen et al.40

Induction phase (week 6) ≥15 van Rheenen et al.40

Post-induction phase (week 14) ≥5 van Rheenen et al.40

Adalimumab Induction phase (week 4) ≥7 Papamichael et al.11

Maintenance phase ≥7.5 Feuerstein et al.10

Maintenance phase ≥5 Papamichael et al.11

Maintenance phase  ≥7.5 Vande Casteele et al.16

Induction phase (week 4) ≥7.5 van Rheenen et al.40

Maintenance phase (week 8) ≥7.5 van Rheenen et al.40

Certolizumab pegol Induction phase (week 6) ≥32 Papamichael et al.11

Maintenance phase ≥15 Papamichael et al.11

Maintenance phase ≥20 Feuerstein et al.10

Maintenance phase ≥20 Vande Casteele et al.16

Golimumab Induction phase (week 6) ≥2.5 Papamichael et al.11

Maintenance phase ≥1 Papamichael et al.11

Vedolizumab Induction phase (week 6) >20 Shukla et al.12

Maintenance phase (week 14 and beyond) >12 Shukla et al.12

Ustekinumab Induction phase (week 8) >4 Shukla et al.12

Maintenance phase (week 16 and beyond) >2 Shukla et al.12

Table 3.Table 3. Proposed Mechanisms of Biologic Treatment Failure in Inflammatory Bowel Disease10,16

Drug trough level Anti-drug antibody Phase of treatment Cause of failure

Non-immune mediated phar-
macokinetic failure

Suboptimal Undetectable Primary non-responder 
 at induction phase

Excessive inflammatory burden
Low serum albumin level

Secondary loss of response 
 at maintenance phase

Rapid drug clearance
Excessive drug wastage

Anti-drug antibodies mediat-
ed pharmacokinetic failure

Suboptimal Detectable Secondary loss of response 
 at maintenance phase

Neutralizing anti-drug antibodies

Mechanistic failure Optimal Undetectable Primary non-responder 
 at induction phase

Inflammatory mechanisms not bloc ked 
by the applied biologics
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sult in ADAb-mediated pharmacokinetic failure, present-
ing as secondary LOR during the maintenance phase of 
biologics treatment.13,16,21 While subjects with mechanistic 
failure may present with PNR during the induction phase, 
their IBD may be driven by inflammatory mechanisms not 
blocked by the applied biologics.16

2. When to perform TDM: proactive versus reactive
Two main biologics TDM strategies for IBD, the reactive 

TDM (in patients with active IBD disease activity), and the 
proactive (IBD patients with a quiescent disease or clini-
cal remission status), have been proposed (Fig. 1).11,12,16,40 

Studies based on reactive TDM of anti-TNF-α, a group of 
relatively high-immunogenicity biologics, estimated non-
immune-mediated pharmacokinetic failure, ADAb-medi-
ated pharmacokinetic failure, and mechanistic failure rates 
of 51%, 19%, and 30%, respectively.16,46,48 Non-immune-
mediated pharmacokinetic failure is characterized by in-
adequate control of IBD disease activity, suboptimal serum 
biologic levels, and an absence of ADAbs.16 Since there are 
pretty evidence demonstrating the suboptimal anti-TNF-α 
levels is a significant independent predictor for the devel-
opment of neutralizing ADAbs, non-immune-mediated 
pharmacokinetic failure in anti-TNF-α treated IBD pa-
tients can transition to ADAb-mediated pharmacokinetic 
failure subsequently.13,16,42,43 

For the management of PNR and secondary LOR, 
the reactive TDM has proved to be a more cost-effective 
strategy compared to empiric dose escalation. In a ran-
domized, controlled, single-blind, multicenter study, adult 
patients with IFX secondary LOR were randomized to an 
IFX empiric dose intensification group (5 mg/kg every 4 
weeks) (n=36) or reactive TDM group (n=33). The study 
demonstrated the strategy of reactive TDM was more cost-
effective than dose intensification and may have utility as 
an intervention after secondary IFX failure.49

A retrospective observational study demonstrated 
that IFX-treated IBD patients under the proactive TDM 
care were more likely to remain on IFX than others with-
out proactive TDM (p<0.001). Patients with a serum 
IFX trough levels >5 μg/mL versus <5 μg/mL (HR, 0.03; 
p<0.001) was demonstrated to achieve a higher probability 
of retention on IFX therapy.50 A retrospective multicenter 
study of IBD patients (n=167 for CD and n=97 for UC) 
receiving IFX maintenance therapy demonstrated that the 
proactive TDM strategy significantly decreased the risk of 
treatment failure, IBD-related surgery, IBD-related hospi-
talization, neutralizing ADAb to IFX, and serious infusion 
reaction (HR=0.16, 0.30, 0.16, 0.25, and 0.17; p<0.001, 
0.017, <0.001, 0.025, and 0.023, respectively).51 Another 
multicenter retrospective cohort study of 382 ADA treated 
IBD patients (n=311 for CD and n=71 for UC) demon-
strated that the proactive TDM strategy with pre-empty 
dosage adjustment to therapeutic window significantly de-
crease the risk of ADA treatment failure (HR, 0.4; 95% CI, 
0.2 to 0.9; p=0.022).52

The prospective controlled Trough Level Adapted In-
fliximab Treatment (TAXIT) study optimized the trough 
concentration of IFX to 3–7 μg/mL before randomiza-
tion to the proactive TDM and empiric dose escalation 
groups.53 The proactive TDM group was demonstrated to 
have a higher relapse-free survival rate than the empiric 
dose escalation group (p=0.017).54 The recent PAILOT 
trial reported that the proactive TDM strategy in children 
who initially responded to ADA achieved a higher clinical 
remission rate than those managed with the reactive TDM 
strategy (82% vs 48%, p=0.002) in a randomized controlled 
design study.54

The recent BRIDGe TDM consensus recommended 
both proactive and reactive TDM for relatively high-
immunogenicity biologics, such as anti-TNF-α, to check 
the trough drug levels, and for ADAbs in responders and 

Fig. 1.Fig. 1. Reactive and proactive thera-
peutic drug monitoring strategies 
for biologics during the treatment 
course of inflammatory bowel dis-
ease. 
CRP, C-reactive protein; ESR, eryth-
rocyte sedimentation rate.

Proactive therapeutic drug monitoring

Reactive therapeutic drug monitoring

Clinical improving Quiescence/remission status

Induction phase of biologics Maintenance phase of biologics

Inadequate response
Loss of response, mucosal ulceration,
elevated CRP/ESR/fecal calprotectin
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non-responders during the induction and maintenance 
phases.11 Since the number of biologics approved for pe-
diatric IBD patients is extremely limited, the duration of 
effectiveness of those that are available is very important. 
The ECCO-ESPGHAN guidelines also recommend both 
proactive TDM (followed by dose optimization) and re-
active TDM strategies to guide the treatment of children 
receiving IFX and ADA.40

Exposure-response relationships between serum drug 
levels and clinical outcomes are evident for both VDZ and 
UST. Higher serum trough levels of both VDZ and UST 
were correlated with the clinical response, and with clini-
cal, biochemical, and endoscopic remission.15,33-35,39 No 
studies have compared proactive and reactive TDM for 
IBD patients treated with VDZ and UST. The prevalence 
of ADAbs against UST negatively correlated with serum 
UST trough levels.15,45 Proactive TDM and optimization of 
drug levels before the development of neutralizing ADAb 
for UST is likely to be important, but more evidence is 
still needed. ADAbs against VDZ and UST were seen 
in less than 5% of cases, and these agents have relatively 
low immunogenicity.14,15,33 The BRIDGe TDM consensus 
guidelines currently only recommend reactive TDM strat-
egy for these relatively low-immunogenicity biologics, to 
check trough drug levels and ADAbs in non-responders in 
the induction (PNR) and maintenance (secondary LOR) 
phases.11

3. Proactive TDM and reactive TDM for whom
Proactive TDM is indicated for IBD patients with HLA-

DQA1*05 carriage receiving relatively high immunogenic-
ity biologics (such as anti-TNF-α), without a concomitant 
immune modulator (azathioprine or methotrexate). It may 
also be indicated for children, and for patients with a high 
inflammatory burden, low serum albumin level, or previ-
ous failure of biologics.11,12,16,40 Proactive TDM in these sub-

jects who are high risk for the development for ADAb and 
have limited biologics choice at the quiescent status in the 
induction and maintenance phase may get the chance to 
optimize the trough biologics serum levels within the goal 
therapeutic window. Proactive TDM strategy could avoid 
the transition from non-immune-mediated to ADAb-
mediated pharmacokinetic failure in high-risk patients by 
optimizing the biologics levels to prevent the development 
of neutralizing ADAbs.

The reactive TDM strategy is indicated for all IBD 
patients with active disease in the induction and mainte-
nance phases, for all three classes of biologics, to assist in 
the assessment and treatment adjustment for active dis-
ease.11,12,16,40 Since the immunogenicity of VDZ and UST 
is relatively low, as is the likelihood of transitioning from 
non-immune-mediated pharmacokinetic failure to ADAb-
mediated pharmacokinetic failure, reactive TDM alone 
may be sufficient for VDZ- and UST-treated patients.

Base on reported data and practice guidelines, a pro-
posed algorithm after proactive TDM in quiescent patients 
and reactive TDM in patients with active disease with bio-
logics was summarized in Fig. 2.11,12,16,40,55,56

LIMITATION

The use of different assays for the measurement of bio-
logic and ADAb levels may result in different reference 
values. However, this review did not discuss this issue.

CONCLUSIONS

The advent of biologics has improved the management 
of IBD, and the treatment goals have changed from a clini-
cal response and clinical remission to mucosal healing, or 

Proactive
TDM

(quiescent
status)

Reactive
TDM

(active
disease)

Adequate trough level
keep current therapy

Suboptimal trough level
check adherence/dose optimizing

Adequate trough level
change biologics

Suboptimal trough level
ADAb ( ) check adherence/dose optimizing
ADAb (+) add immunemodulator/change biologics

Fig. 2.Fig. 2. Proposed treatment algo-
rithms for proactive and reactive 
therapeutic drug monitoring (TDM) 
in patients receiving biologics. 
ADAb, anti-drug antibody.
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even deep remission. With the adoption of precision medi-
cine for the management of IBD, objective non-invasive 
biomarkers have become increasingly important. Given the 
exposure-response relationship between biologic trough 
levels and clinical outcomes, TDM is now increasingly 
recommended by practice guidelines of different societ-
ies.11,12,16,40,54,56 

Well-established reactive TDM algorithms for biolog-
ics guide dose escalation, augmentation of therapy, and 
the switching of biologics. Particularly for biologics with 
high immunogenicity, proactive TDM can prevent PNR, 
increase the duration of effective biologics, avoid second-
ary LOR, improve clinical outcomes, and achieve the best 
benefit of patients.57 

In summary, TDM is a key element of precision medi-
cine for IBD patients in the context of treat-to-target, given 
the need for tight control of IBD disease activity. Both 
proactive and reactive TDM strategies are well-established 
for anti-TNF-α biologics, while the reactive TDM strategy 
is generally recommended for non-anti-TNF-α biologics. 
The proactive TDM strategy for non-anti-TNF-α biologics 
with relatively low immunogenicity has potential clinical 
benefit, but more evidence is needed.39,55
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