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The management of  inf lammatory bowel  disease 
(IBD) has advanced significantly in recent years, with 
increasing availability of biologic agents, the use of 
measurable objective biomarkers of inflammation (e.g., 
fecal calprotectin) and increasing use of therapeutic drug 
monitoring (TDM) to optimize individual therapies. 
IBD management has evolved towards a treat-to-target 
approach, of which TDM is an increasingly essential part. 
However, the clinical utilization of TDM varies globally 
and between institutions, and the ideal best practice use of 
TDM remains unclear. The recently published American 
Gastroenterology Association (AGA) TDM guideline 
attempted to address these issues for clinicians. It consisted 
of five recommendations on the use of TDM in IBD (1). 
Two of these recommendations considered anti-tumor 
necrosis factor (TNF)-α agents, with the remaining three 
relevant to thiopurines. Recommendations were not made 
on TDM of newer biologics agents such as vedolizumab 
and ustekinumab, due to the current paucity of data. The 
article was accompanied by a detailed technical review (2), 
a decision support tool (3), and a patient guide (4). The 
recommendations were developed by the AGA guideline 
panel, using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) framework. A 
literature review was performed in March 2016, and the 
panel met in February 2017 before finalizing the guideline.

We will address each of the five recommendations 

separately.
(I)	 In adults with active IBD treated with anti-TNF 

agents, the AGA suggests reactive TDM to guide 
treatment changes (Suggested trough concentration 
for infliximab ≥5 μg/mL, adalimumab ≥7.5 μg/mL, 
certolizumab ≥20 μg/mL)

The AGA guideline recommends reactive 
TDM in those with active IBD, either active 
symptoms confirmed by objective biomarkers, 
or asymptomatic patients with evidence of active 
inflammation on radiology and/or endoscopy. 
This is in keeping with the recent treat-to-target 
approach. Although there had been only a small 
number of studies, these showed better clinical 
response from reactive TDM than empiric dose 
escalation, which may also be cost-effective (2). 
Empiric dose escalation may be inappropriate in 
those with mechanistic failure or immune-mediated 
pharmacokinetic failure, who may benefit from 
an out of class or within class switch of therapy, 
respectively. 

T h e  g u i d e l i n e  s u g g e s t s  t a r g e t  t r o u g h 
concentrations for use of infliximab at ≥5 μg/mL, 
adalimumab at ≥7.5 μg/mL, and certolizumab at 
≥20 μg/mL in patients with active IBD during 
maintenance therapy. The authors acknowledged 
that the evidence on the optimal target trough 
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concentrations is limited. Unpublished data were 
used for the formulation of these guidelines, based 
on the proportion of patients achieving clinical 
remission above different thresholds (2). This is 
particularly relevant in the case of adalimumab, 
where the threshold was obtained from pooling the 
results of just 6 studies (232 patients). In a recent 
cross-sectional study in Crohn’s disease, thresholds 
which discriminated between active disease and 
remission could be identified for infliximab, but 
not for adalimumab (5). The AGA recommended 
targets are higher than suggested from some of the 
previous studies, for example, a target of 3–7 μg/mL 
for infliximab in the TAXIT study (6). Higher 
target levels may be needed in certain patients, 
including those with secondary loss of response, 
ulcerative colitis, and perianal disease (7). Higher 
levels are likely to be needed to neutralize systemic 
inflammation and achieve deep remission with 
mucosal healing than levels required for clinical 
remission (5,8,9). More recently, since these 
guidelines were made, studies have suggested 
higher trough levels are also needed during 
induction (10,11). The guideline also noted a wide 
variation in lab testing of drug levels and anti-drug 
antibodies, therefore the same lab should be used 
for each patient for consistency, and, in particular, 
clinicians need to be aware of assay-specific target 
thresholds, as these may differ between kits.

The accompanied decision making tool outlines 
an algorithm for management in response to 
reactive TDM (3). Those with maintenance 
trough levels at or above the target may benefit 
from switching to a different drug class. Those 
with low or non-detectable drug trough levels 
and negative or low-titer anti-drug antibody may 
benefit from dose escalation and/or adding an 
immunomodulator (12). Those with low or non-
detectable drug trough levels and high-titer anti-
drug antibody may benefit from switching within 
or outside drug class.

(II)	 In adult patients with quiescent IBD treated with anti-
TNF agents, the AGA makes no recommendation 
regarding the use of routine proactive TDM

The benefits of routine proactive TDM in all 
patients with quiescent IBD are less certain and 
the subject of considerable debate. Prospective 
studies have failed to show clinical benefits of 

proactive TDM, whereas smaller retrospective 
have demonstrated improved outcomes. The 
TAXIT study did not find a significant difference 
in clinical and biochemical remission between 
proactive TDM-based dosing and clinically-based 
dosing, although patients in both groups had initial 
dose optimization prior to randomization, which 
may have affected the outcomes (6). There were 
however some signals supporting proactive TDM, 
with less rescue therapy needed, more achieving 
therapeutic trough levels, and a smaller proportion 
developing anti-drug antibodies in the TDM-based 
dosing group.

The TAILORIX study of biologic naïve luminal 
Crohn’s disease patients receiving infliximab 
compared two groups where dose escalation was 
based on trough levels to one clinically-based dose 
escalation group. No differences between clinical 
and endoscopic outcomes at one year were found 
between groups, however the results may have been 
affected by the large proportion of the clinical care 
group receiving dose escalation (13). In contrast, 
two retrospective studies, predominantly from 
the one center, found better clinical outcomes 
with lower IFX discontinuation rates, lower 
immunogenicity rates and infusion reactions and 
even less IBD-related hospitalizations and surgeries 
in patients with proactive, rather than reactive, 
TDM (14,15). Prospective, multi-center studies 
replicating these results are required. 

The AGA’s lack of endorsement of proactive 
testing is in contrast to other recently published 
guidelines. The Australian consensus on TDM 
recommends proactive testing in the following 
situations: after successful induction at week 14, in 
those where a drug holiday is contemplated, and 
periodically during remission if the results would 
impact management (16). The recommendations to 
perform TDM after successful induction were made 
based on a post-hoc analysis form the ACCENT 
1 cohort which showed higher clinical remission 
at 1 year in those with week 14 infliximab levels of 
≥3.5 μg/mL (17). The rationale for recommending 
TDM prior to a drug holiday was based on a 
small retrospective study demonstrating improved 
outcomes in patients with undetectable ant-TNF 
levels prior to drug withdrawal (18). Similarly, the 
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Globally (BRIDGe) group also recommends TDM 
at least once during the first year of maintenance 
therapy, and following a drug holiday (19). The 
AGA justifies their caution in not recommending 
proactive TDM due to the limited evidence base 
and also concerns regarding high health costs, and 
potential inappropriate treatment changes in well 
patients in remission. 

(III)	 In adult patients with IBD being started on 
thiopurines, the AGA suggests routine thiopurine 
methyltransferase (TPMT) testing (enzymatic 
activity or genotype) to guide thiopurine dosing 
[routine laboratory monitoring, including complete 
blood count (CBC),  should be performed, 
regardless of TPMT testing results]

TPMT genetic polymorphisms are associated 
with low enzyme activity and an increased risk 
of leukopenic sepsis. Although homozygous low/
absent TPMT enzymatic activity is only prevalent 
in 0.3% of the population, this test is inexpensive 
and can prevent serious, and potentially fatal, 
complications. Both genotype and phenotype can 
be performed, each with their own advantages and 
disadvantages. Genotype remains constant whereas 
phenotype can be influenced by exogenous factors 
including recent red blood cell (RBC) transfusion 
and some medications (including thiopurines 
themselves). However, within one genotype there 
can be a significant variation in enzyme activity 
such that some patients with a normal genotype can 
still have low phenotypic activity. For this reason 
we believe measuring phenotype allows for slightly 
better thiopurine dose individualization. The 
recent Dutch TOPIC study found significantly 
less severe hematological toxicity in TPMT 
heterozygotes receiving thiopurine dose reduction 
compared to when TPMT was not measured in this  
population (20). We agree with the views of 
the accompanying editorial emphasizing the 
importance of TPMT testing—“surely just do 
it?” (21). Although the guideline rated the quality 
of evidence supporting TPMT testing as low, 
we believe that for safety reasons this should be 
routinely adopted into current clinical practice. 
It is hoped that thiopurine pharmacogenomic 
testing in future will progress beyond TPMT 
testing alone. For example, testing for nucleoside 
diphosphate-linked moiety X-type motif 15 

(NUDT15) polymorphism may help quantify 
the risk of thiopurine induced leukopenia in 
Asian populations where TPMT mutations are 
less common (22). Sensibly, the AGA guideline 
emphasizes the importance of routine laboratory 
monitoring, regardless of TPMT testing results, as 
myelosuppression is in fact most commonly seen in 
those with normal TPMT activity (23).

(IV)	 In adult patients treated with thiopurines with 
active IBD or adverse effects thought to be due 
to thiopurine toxicity, the AGA suggests reactive 
thiopurine metabolite monitoring to guide 
treatment changes (suggested target 6-thioguanine 
(6-TGN) between 230–450 pmol/8×108 RBCs when 
used as monotherapy. Optimal cutoff when used in 
combination with anti-TNF agents is uncertain)

Reactive testing of thiopurine metabolites in 
those with active IBD or suspected toxicity is 
recommended. Retrospective studies, and meta-
analyses, have consistently found improved clinical 
outcomes in patients with therapeutic 6-TGN 
levels (24). In our anecdotal (and unpublished) 
experience,  6-TGN levels  in the range of  
300–400 pmol/8×108 RBCs are associated with 
the best benefit to risk ratio. Testing of thiopurine 
metabolites also helps identify metabolic subgroups 
such as 6-methylmercaptopurine (6-MMP) 
“shunters” (who may benefit from dose reduction 
and the addition of low dose allopurinol), and truly 
refractory patients with therapeutic levels but active 
disease who require a change of agent. Perhaps 
the most practical use of thiopurine metabolite 
testing is for the detection of non-adherence. The 
guideline acknowledges that these recommended 
6-TGN levels are for patients on thiopurine 
monotherapy. Optimal 6-TGN levels for patients 
on combination therapy remain uncertain, although 
recent pharmacokinetic studies have suggested that 
lower 6-TGN levels may be sufficient to optimize 
anti-TNF levels and outcomes in patients on 
combination therapy (25). 

(V)	 In adult patients with quiescent IBD treated with 
thiopurines, the AGA suggests against routine 
thiopurine metabolite monitoring

The AGA guideline does not recommend 
routine thiopurine metabolite monitoring in 
those with quiescent IBD. Two randomized 
controlled trials did not find benefit of routine 
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testing compared to standard weight-based 
dosing, although these studies had methodological 
limitations (2). The guideline suggests that regular 
routine testing of thiopurine metabolites may 
add time and expense, without providing benefit. 
However, the authors of the accompanied technical 
review acknowledged the potential benefit of 
routine testing for identifying certain subgroups 
and guiding subsequent management decisions. 
Perhaps future studies will show that these patients 
may benefit from early treatment interventions 
prior to developing active disease or thiopurine 
related adverse events.

Appropriately, the guideline has taken into 
consideration the r isks and benefits  of  an 
intervention, patients’ values and preferences, and 
resource utilization. Given this suitably holistic and 
pragmatic view, and the limited current evidence 
base to support proactive TDM in particular, 
these recommendations are conservative, and, as 
with any guidelines, may not be applicable to all 
patients. With the rapidly evolving field of IBD, it 
should be anticipated that future TDM guidelines 
will be produced and/or revised, and will be quite 
different from this current version. Well-designed 
prospective studies of proactive TDM are a 
research priority. When performed, it is likely that 
these will confirm the validity of proactive TDM in 
certain circumstances, e.g., after induction or before 
de-escalation of therapy. Higher target trough 
concentrations are likely to be recommended in 
the future as treatment goals move towards deeper 
levels of remission. Future individualization of 
TDM will hopefully lead to different target levels 
for remission during induction and maintenance, 
and perhaps different recommendations for 
Crohn’s disease and ulcerative colitis. Phenotypic 
individualization of TDM is already occurring with 
the emerging recognition of the need for higher 
levels in patients with perianal Crohn’s disease and 
hopefully this trend will continue. Similarly, the 
increasing understanding of the effect of pregnancy 
on drug metabolism and pharmacokinetics may 
lead to specific recommendations for TDM in 
pregnancy in future guidelines. Drug level testing 
for newer biologics such as vedolizumab and 
ustekinumab will become commercially available in 
the near future, and pending the strength of data 

TDM recommendations for these agents may be 
incorporated into future guidelines. Results from 
studies utilizing rapid point of care assays and 
complex dashboard pharmacokinetic algorithms are 
also eagerly anticipated.

For now, reactive TDM has the strongest clinical 
evidence base for both thiopurines and anti-TNF agents 
and its use should be considered standard of care for IBD 
clinicians. Although not recommended for routine care 
of all patients, proactive testing may also be appropriate 
in some cases (such as patients with aggressive disease 
phenotypes), and should be considered on an individual 
basis. Hopefully, ongoing research in this rapidly evolving 
field will confirm the validity, or lack thereof, of proactive 
TDM testing for future guidelines. 
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