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Abstract: This article reviews therapeutic drug monitoring (TDM) use
for current inflammatory bowel disease (IBD) treatments. IBD comprises
Crohn’s disease and ulcerative colitis-chronic gastrointestinal inflamma-
tory disorders. Treatment options for moderate to severe IBD include
thiopurines; methotrexate; biologic agents targeting tumor necrosis fac-
tor, α4β7 integrin or interleukins 12 and 23; and Janus kinase inhibitors.
TDM is recommended to guide treatment decisions for some of these
agents. Published literature concerning TDM for IBD treatments was
reviewed. S.D.L., R.S., and E.V.L. drew on their clinical experiences.
Polymorphisms resulting in altered enzymatic activity inactivating thio-
purine metabolites can lead to myelotoxicity and hepatotoxicity.
Increased elimination of biologic agents can result from immunogenicity
or higher disease activity, leading to low drug concentration and con-
sequent nonresponse or loss of response. TDM may aid treatment and
dose decisions for individual patients, based on monitoring metabolite
levels for thiopurines, or serum drug trough concentration and antidrug
antibody levels for biologic agents. Challenges remain around TDM
implementation in IBD, including the lack of uniform assay methods and
guidance for interpreting results. The Janus kinase inhibitor tofacitinib is

not impacted by enzyme polymorphisms or disease activity, and is not
expected to stimulate the formation of neutralizing antidrug antibodies.
TDM is associated with implementation challenges, despite the recom-
mendation of its use for guiding many IBD treatments. Newer small
molecules with less susceptibility to patient variability factors may fulfill
the unmet need of treatment options that do not require TDM, although
further study is required to confirm this.
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I nflammatory bowel disease (IBD), which encompasses
ulcerative colitis and Crohn’s disease, is a chronic, medically

incurable disease that can be disabling.1 A recent systematic
review of population-based studies on IBD indicated highest
prevalence in Europe (ulcerative colitis: 505 cases/100,000
persons in Norway; Crohn’s disease: 322 cases/100,000 per-
sons in Germany) and North America (ulcerative colitis: 286
cases/100,000 persons in the United States; Crohn’s disease:
319 cases/100,000 persons in Canada), with the prevalence
increasing in newly industrialized countries.2

Management of IBD aims to induce and maintain clinical
and endoscopic remission.3,4 Patients with IBD, therefore,
require chronic medical treatment that is effective in maintaining
remission with acceptable tolerability.5,6 Treatment options for
the maintenance of remission in patients with moderate to severe
IBD include, with regional variability: thiopurines [azathioprine
(AZA) or 6-mercaptopurine (6-MP)]; methotrexate; biologic
agents targeting tumor necrosis factor (TNF; infliximab, adali-
mumab, certolizumab pegol, or golimumab), α4β7 integrin
(vedolizumab) or interleukins 12 and 23 (ustekinumab); and
Janus kinase (JAK) inhibitors (tofacitinib).3,7–10

This article reviews therapeutic drug monitoring (TDM) use
for current IBD treatments. Despite the efficacy of treatments,
many patients fail to achieve clinical or endoscopic response
(primary nonresponse), or lose response over time (secondary loss
of response).11 One factor that affects the response to thiopurines
is variation in the metabolism of the drug among different
patients, particularly variations in thiopurine methyltransferase
(TPMT) activity.12 If one’s metabolism of thiopurines leads to
higher levels of the active 6-thioguanine nucleotide (6-TGN)
metabolite, this can not only impact efficacy but can also cause
safety issues, as there is a risk of myelotoxicity.12 In addition,
accumulation of the 6-methylmercaptopurine (6-MMP) metab-
olite can lead to hepatotoxicity.13 With biologic agents, non-
response and loss of response can occur due to variation in serum
drug exposure at the indicated dose due to factors affecting drug
clearance, including patient characteristics, presence of active
inflammation, and the formation of antidrug antibodies
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(ADAs)11,14,15; however, it is unclear whether trough concen-
trations (Ctrough) or area under the curve are more important for
achieving a response. Changes to treatment may be warranted to
address primary nonresponse or secondary loss of response, with
options including, dose-escalation, use of additional immuno-
suppressant medications, or switching to an alternative
treatment.3,11

TDM is a clinical decision-making tool that is increasingly
being used and recommended to guide and optimize certain
treatments for IBD. TDM involves the use of laboratory meas-
urements such as serum drug and ADA concentrations as the
basis for dosage adjustments, to reach the drug exposure asso-
ciated with the highest possible response rate.3,14,16 Importantly,
TDM requires the availability of studies that correlate Ctrough
with clinical effectiveness, so that therapeutic Ctrough recom-
mendations can be made.14

“Proactive” TDM is performed by some providers in
patients with clinical or endoscopic response to a given therapy,
while the patient is doing well, to optimize treatment and
prevent future relapse; in nonresponders or those with loss of
response, “reactive” TDM is performed to guide treatment
decision-making towards the goal of achieving remission,16 and
to aid understanding of why a patient might have nonresponse
or loss of response. The American Gastroenterological Asso-
ciation (AGA) recommends both proactive TPMT testing
(genotyping or phenotyping) and reactive monitoring of active
metabolite levels for patients with active IBD who are receiving
thiopurines and suggests reactive TDM in clinical practice for
patients with IBD who are receiving anti-TNF agents.17 The
European Crohn’s and Colitis Organisation (ECCO) and
European Society of Gastrointestinal and Abdominal Radiol-
ogy (ESGAR) also recommend TDM for optimization of
treatment outcomes with anti-TNF agents, especially during
maintenance.18 The AGA makes no recommendation regard-
ing proactive TDM for patients with quiescent IBD receiving
anti-TNF agents, due to a lack of robust clinical evidence.17

Small-molecule treatments with novel modes of action
are currently under investigation for IBD, including the
sphingosine 1-phosphate receptor modulator, ozanimod, and
JAK inhibitors, such as filgotinib and upadacitinib.19–21 In
addition, tofacitinib is an oral, small-molecule JAK inhibitor
for the treatment of ulcerative colitis. This article reviews the
literature on the use of TDM for thiopurines and biologic
agents in the treatment of IBD, as well as data on the
pharmacokinetics of tofacitinib in patients with ulcerative
colitis, which suggest a lack of need for TDM.

RATIONALE AND RECOMMENDATIONS FOR
TDM WITH CURRENT THERAPIES FOR

ULCERATIVE COLITIS

Summary
Table 1 shows a summary of important considerations and

recommendations for TDM with current therapies for IBD.

Thiopurines
Thiopurines, although not approved for the treatment

of IBD by the US Food and Drug Administration (FDA) or
the European Medicines Agency (EMA),23,24 have been
used in the treatment of IBD for many years.12 However, up
to 28% of patients receiving thiopurines have adverse drug
reactions, and around one third of patients discontinue
treatment for this reason.12,25–31 The use of thiopurines in
the treatment of IBD can be optimized by TDM, increasing
clinical efficacy, and reducing drug-associated toxicity.32 It

is believed that the difference in patients’ responses to thi-
opurines can be partly explained by the variable activity of
the enzymes involved in thiopurine metabolism and variable
formation of the active metabolites.12,32 Figure 1 summa-
rizes thiopurine metabolism.

The metabolism of AZA and 6-MP is a complex multi-
enzyme process.12 If the prodrug AZA is administered, it is
first metabolized to 6-MP by glutathione S-transferase.12,23

There are then 3 main pathways: (1) activation to 6-TGN
by hypoxanthine-guanine phosphoribosyltransferase, inosine
monophosphate dehydrogenase, and guanosine mono-
phosphate synthetase; (2) inactivation to 6-thiouric acid by
xanthine oxidase; and (3) inactivation to 6-MMP or 6-MMP
ribonucleotides by TPMT.12

Xanthine oxidase is almost absent in erythrocytes, and
most likely other hematopoietic tissues, meaning that inacti-
vation in these cells occurs by TPMT methylation only.23

TPMT activity, therefore, correlates inversely with 6-TGN
levels.23 Although 6-TGN is thought to be the metabolite
responsible for therapeutic benefit, its incorporation into
DNA23 and low TPMT activity have been associated with
myelosuppression.12,13,32 The metabolism of thiopurines varies
between individuals, due to the involvement of multiple
enzymes and, partially, due to genetic variation. Various
polymorphisms of the TPMT gene have been described, lead-
ing to different levels of enzyme activity.23 TPMT poly-
morphisms have also been associated with hematotoxicity and,
in particular, neutropenia.13 Furthermore, high TPMT activity,
and the consequent accumulation of 6-MMP, causes
hepatotoxicity.13 Genotyping or phenotyping of TPMT is
therefore recommended23 before initiation of treatment, to
identify patients with intermediate levels of TPMT activity,
who may require a dose reduction to minimize the risk of
myelotoxicity, and those with low TPMT activity, who are
ineligible for treatment. Phenotyping quantifies the biologically
active enzyme; the result is, therefore, more representative of
the in vivo TPMT activity than that of genotyping,33 and is
preferred by the American College of Gastroenterology.6

Recent guidance from the AGA recommends that for
adult patients with IBD, in addition to TPMT testing to guide
the initial thiopurine dose, thiopurine metabolite levels should
be monitored reactively in response to active disease or
potential thiopurine toxicity.17 A target 6-TGN cutoff of 230
to 450 pmol/8×108 red blood cells, is recommended when
thiopurine is used as monotherapy, although this does not
guarantee remission.17,34 The optimal 6-TGN cutoff when
thiopurines are used in combination with anti-TNF agents is
uncertain.17,34 There is a recommendation against routine
proactive metabolite monitoring in patients in remission.17 In
addition, ECCO-ESGAR guidelines recommend TDM in
IBD patients with loss of response to thiopurines.18

While the recommendations for TDM in patients receiving
thiopurines have not changed, their long-term use in IBD treat-
ment has recently declined due to the inherent risk of malignancy
associated with thiopurine use.23 Thiopurines can be used in
combination with biologic agents since it is thought that the
immunosuppressive effect reduces immunogenic potential,
reducing the development of ADAs to the biologic, and may
also lead to increased trough levels of the biologic agent, which
has been associated with higher remission rates.35,36 Proactive
TDM of the thiopurine is often not undertaken if the patient
has responded to the combination of biologic and thiopurine;
the thiopurine is often discontinued within 1 to 2 years because of
the malignancy risk. Furthermore, TDM of the biologic agent
can be undertaken to guide dosing in combination therapy.

Lee et al J Clin Gastroenterol � Volume 55, Number 3, March 2021

196 | www.jcge.com Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.



For example, based on the clinical experiences of S.D.L., R.S.,
and E.V.L., in a patient receiving infliximab and AZA combi-
nation therapy, AZA could be stopped if the trough infliximab
concentration is ∼10 μg/mL after at least 12 months of treatment.
However, if the trough infliximab concentration is in the region
of 4 μg/mL, it may be beneficial to increase the infliximab dose
before stopping AZA.

In patients who have not achieved remission with
combination biologic and thiopurine therapy, one could
optimize the dosing of the thiopurine via TDM. However,
there are no studies to validate whether this impacts disease
activity. In addition, if the long-term goal is to discontinue
from thiopurine use, the utility of this modification is not
clear, and the authors would usually consider a therapy

change rather than a dose change. In patients who have
achieved remission on combination biologic and thiopurine
therapy, a dose reduction of thiopurine is feasible and
results in similar outcomes to the “therapeutic” dose of
thiopurines.37 However, there is no evidence that this
reduction lowers long-term malignancy risk. In contrast,
in patients who have achieved remission on combination
biologic and thiopurine therapy, but with low-level ADAs,
the authors would consider TDM to assess whether the
thiopurine dose can be increased to prevent further ADA
formation.

Although there is a known association between TPMT
polymorphisms and thiopurine-associated myelosuppression
(and its manifestation as leukopenia), only around one quarter of

TABLE 1. Summary of Important Considerations and Recommendations for TDM by Therapy

Recommendation of TDM

Therapy
Summary of Important
Considerations for TDM AGA17

ECCO-
ESGAR18

IBD Sydney Organisation and
Australian Inflammatory Bowel

Diseases Working Group
Consensus Statements16 BRIDGe22

Thiopurines Monitoring thiopurine metabolites,
particularly 6-MMP and 6-TGN, can
optimize treatment with thiopurines

Genotype testing, for example, of TPMT
and NUDT15, are also useful to
predict thiopurine metabolism

Proactive TPMT
testing; reactive

metabolite
monitoring*

Reactive NA NA

Methotrexate Monitoring liver function and blood
counts before and during
methotrexate treatment would allow
clinicians to reduce dose if necessary,
potentially leading to fewer adverse
events

NA NA NA NA

Anti-TNFs TDM of anti-TNF trough levels has
been widely adopted in clinical
practice to guide dose escalation,
introduction of immunosuppressants,
or switching to another therapy

Monitoring ADA levels is also used to
guide management strategies,
although clinicians should be aware
that ADA levels can vary depending
on the type of assay used

Reactive Reactive Proactive† and reactive Proactive
and

reactive

Vedolizumab Trough levels of vedolizumab may be
useful indicators of efficacy to guide
clinicians in dose optimization

Further study is required to determine
the minimum trough concentration
required for clinical remission

NA‡ Recommended
when available

NA‡ Reactive

Ustekinumab Similar to vedolizumab, trough levels of
ustekinumab may be useful indicators
of efficacy to guide clinicians in dose
optimization, although the minimum
trough concentration for clinical
remission remains to be determined

NA‡ Recommended
when available

NA‡ Reactive

Tofacitinib There is no evidence to suggest that
TDM would be of clinical benefit in
patients receiving tofacitinib, although
this has not been specifically studied

NA NA NA NA

*In patients with active IBD or adverse effects thought to be due to thiopurine toxicity.
†Recommended only when results would change management.
‡Further data required before a recommendation can be made.
ADA indicates antidrug antibody; AGA, American Gastroenterological Association; BRIDGe, Building Research in IBD Globally; ECCO, European

Crohn’s and Colitis Organisation; ESGAR, European Society of Gastrointestinal and Abdominal Radiology; 6-MMP, 6-methylmercaptopurine; NA,
not applicable; NUDT15, nudix hydrolase 15; TDM, therapeutic drug monitoring; 6-TGN, 6-thioguanine nucleotide; TNF, tumor necrosis factor; TPMT,
thiopurine methyltransferase.
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patients with IBD and thiopurine-associated myelosuppression/
leukopenia carry a TPMT mutation.38 Furthermore,
TPMT mutations are less common in Asian populations
than in European populations, but thiopurine-induced
leukopenia is more common in Asian patients than in
European patients.39 A nudix hydrolase (NUDT) 15 variant
allele has been strongly associated with thiopurine-induced
leukopenia in Korean and Chinese patients with Crohn’s
disease.39,40 In addition, 3 NUDT15 variants have been
associated with thiopurine intolerance in Asian and non-Asian
patients with acute lymphoblastic leukemia.41 It has been
suggested that NUDT15 genotyping may become a requirement
for patients initiating thiopurine therapy,42 and there are now
laboratories that offer clinical NUDT15 genotype testing.

Methotrexate
Methotrexate is an antimetabolite that is antiproliferative

and immunosuppressive: it impairs DNA synthesis (via inhib-
ition of dihydrofolate reductase), decreases the production
of proinflammatory cytokines and induces lymphocyte
apoptosis.43,44 Methotrexate is mainly used to treat Crohn’s
disease; the use of methotrexate in patients with ulcerative colitis

is controversial.44 A recent study of 179 patients with active
ulcerative colitis found that 91 patients (51%) achieved
steroid-free response with methotrexate induction therapy;
however, in the 84 patients who then received maintenance
therapy, methotrexate was not superior to placebo in the
prevention of relapse.45 Adverse events in patients receiving
methotrexate treatment include myelosuppression and
hepatotoxicity, both of which are dose-dependent.44

Despite this, there is a lack of data available evaluating
methotrexate therapy in IBD, and there are no societal
recommendations for monitoring hepatotoxicity.13 The
authors recommend complete blood count and liver function
tests before, and 1 month after, initiation of methotrexate. If
liver function test results are elevated, then the authors rec-
ommend reducing the methotrexate dose. In patients with
normal test results remaining on methotrexate, the authors
recommend repeating these tests every 2 to 4 months.
Simultaneous treatment with folic acid can reduce the adverse
events associated with methotrexate treatment,44 and is
advisable.7 Several polymorphisms in enzymes involved in the
metabolism of folic acid are associated with the toxicity of
methotrexate, though study results are conflicting.13
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FIGURE 1. Thiopurine metabolism.12 aThe metabolites 6-MeTIMP, 6-MeTIDP, and 6-MeTITP together form 6-MMPR. b6-TGMP, 6-TGDP,
and 6-TGTP together form active metabolites 6-TGN. The orange box indicates the production of active metabolites during thiopurine
metabolism. AZA indicates azathioprine; 6-dTGDP, deoxy-6-thioguanine diphosphate; 6-dTGTP, deoxy-6-thioguanine triphosphate;
GMPS, guanosine monophosphate synthetase; GST, glutathione S-transferase; HPRT, hypoxanthine-guanine phosphoribosyltransferase;
IMPDH, inosine monophosphate dehydrogenase; ITPA, inosine triphosphatase; 6-MeTG, 6-methylthioguanine; 6-MeTIDP, 6-methyl-
thioinosine diphosphate; 6-MeTIMP, 6-methylthioinosine monophosphate; 6-MeTITP, 6-methylthioinosine triphosphate; 6-MMP,
6-methylmercaptopurine; 6-MMPR, 6-methylmercaptopurine ribonucleotides; 6-MP, 6-mercaptopurine; 6-TGDP, 6-thioguanine
diphosphate; TG, thioguanine; 6-TGMP, 6-thioguanine monophosphate; 6-TGN, 6-thioguanine nucleotide; 6-TGTP, 6-thioguanine tri-
phosphate; 6-TIDP, 6-thioinosine diphosphate; 6-TIMP, 6-thioinosine monophosphate; TPMT, thiopurine methyltransferase; 6-TITP,
6-thioinosine triphosphate; 6-TU, 6-thiouric acid; 6-TXMP, 6-thioxanthosine monophosphate; XO, xanthine oxidase.
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Biologic Agents

Anti-TNF Agents
The introduction of biologic agents has greatly

improved the management of IBD.46 However, primary
nonresponse and secondary loss of response are significant
clinical problems, particularly with anti-TNF agents.15,47 In
2011, Ben-Horin and Chowers47 reviewed the literature on
the loss of response to anti-TNF agents in Crohn’s disease.
They found that 23% to 46% of patients who initially
responded to anti-TNF agents had experienced the secondary
loss of response based on the need for dose intensification by
12 months of therapy.47 Several factors can cause nonresponse
or loss of response, including patient characteristics such as
increased body mass index,48 female sex,49 increased age,50 and
severely active IBD leading to high inflammatory burden and
fecal loss of the drug.15 Parenteral administration of large
molecule biologic agents can lead to the development of ADAs
(immunogenicity) that reduce serum active-drug concentrations,

and this is the main cause of loss of response to anti-TNF
agents.51–54 In addition to the use of thiopurines in com-
bination with biologic agents to reduce immunogenicity,
other immunosuppressants, mainly methotrexate, can be of
similar use.54

Reported rates of ADAs vary across studies of IBD and
may depend on the assay used. Enzyme-linked immunosorbent
assays (ELISA) are frequently used because they are simple
and inexpensive. However, they can be subject to drug
interference, in which the circulating drug can inhibit the
capture and detection of ADA, even at relatively low drug
concentrations.55–57 Drug-tolerant assays, such as the
radioimmunoassay and homogenous mobility shift assay,
demonstrate reduced cross-reactivity compared with ELISAs,
allowing ADA to be measured when the drug is present.56

However, compared with ELISA, radioimmunoassay is not as
simple to use, and homogenous mobility shift assay has a higher
cost.57 Table 2 summarizes ADA formation rates for biologic
agents in patients with Crohn’s disease and ulcerative colitis,
reported in 2 recent systematic reviews of the immunogenicity
of biologic agents.58,59

Evidence from clinical studies of patients with IBD has
shown that serum Ctrough of anti-TNF agents and ADA
concentrations are associated with clinical and endoscopic
outcomes.11,60–66 Reactive monitoring of anti-TNF drug
concentrations to inform decisions about management
strategies (eg, dose-escalation, use of combination therapy
with immunosuppressants, or switching to another therapy)
has been widely adopted in clinical practice.11,17 Figure 2
shows a summary of guidance in the literature for TDM of
anti-TNF agents for IBD.14,16,46,54,67 To measure Ctrough
values, blood samples are collected just before the next
administration of the biologic agent.14 For adalimumab,
however, it has been suggested that blood samples can be
collected at any time point in the treatment cycle due to its
uniform concentration—time profile.68 However, a sub-
sequent study found that adalimumab concentrations are
only uniform for the first 9 days of the treatment cycle, and it
is best to perform TDM at the trough for adalimumab.69 In
contrast, one study found that adalimumab concentrations

TABLE 2. ADA Formation Rates for Biologic Agents in Patients
With IBD

Frequency of ADA Formation
Range of Reported % (Number of Studies)

Crohn’s Disease Ulcerative Colitis

Drug
Strand
et al58

Vermeire
et al59

Strand
et al58

Vermeire
et al59

Infliximab 3-83 (29) 3-61 (22) 6-46 (10) 6-41 (8)
Adalimumab 0-35 (13) 0-35 (11) 3-5 (3) 3-5 (3)
Golimumab — — 0-19 (8) 0-3 (2)
Certolizumab

pegol
3-25 (6) 3-25 (4) — —

Ustekinumab 0-1 (2) 1 (1) — —
Vedolizumab * 1-4 (2) * 4 (1)

*Not included in the analysis.
— indicates no publications available; ADA, antidrug antibody; IBD,

inflammatory bowel disease.
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were not correlated with remission, suggesting that TDM
would not be useful or informative in patients receiving
adalimumab.70 In addition to reactive TDM, the IBD Syd-
ney Organisation and Australian Inflammatory Bowel Dis-
eases Consensus Working Group and Building Research in
IBD Globally (BRIDGe) recommend proactive TDM of
anti-TNF agents after induction and at least once in main-
tenance in patients with IBD.16,22

Recent guidance from the AGA suggests that for adults
receiving maintenance anti-TNF treatment for active IBD,
reactive TDM for drug Ctrough should be conducted to guide
changes in treatment but recommendations on proactive
TDM or monitoring during induction therapy cannot
currently be made.17 Similarly, ECCO-ESGAR guidelines
suggest that measuring trough levels can guide treatment
decisions in IBD patients with secondary loss of response to
anti-TNF treatments.18 However, there are no specific
trough level recommendations currently available within
these guidelines. Target Ctrough recommended by the AGA
for reactive TDM in adults receiving maintenance anti-TNF
treatment for active IBD are shown in Table 3.17 The AGA-
suggested target Ctrough were derived from a technical review
of cross-sectional studies of patients in various stages of
clinical response or remission receiving maintenance
treatment.71 Because of insufficient data at the time of
publication, this AGA guidance does not cover TDM in
patients treated with vedolizumab or ustekinumab.17

It is important to note that although the AGA have
made these recommendations about therapeutic biologic
Ctrough, other recommendations vary46; for example, the
following Ctrough have been recommended in the published
literature: > 2 µg/mL72; > 3 µg/mL73; 3 to 7 µg/mL74; and 5 to
10 µg/mL75 for infliximab; and ≥ 8 µg/mL for adalimumab.76

Because TDM-recommended Ctrough is based on associations,
achieving a target Ctrough does not guarantee a response. A
proportion of patients with “therapeutic” Ctrough will be
nonresponders; likewise, a proportion of patients with “sub-
therapeutic” Ctrough will be responders. Therefore, rather than
using TDM to target a particular drug level, the true target
should arguably be achieving endoscopic remission, for which
individual Ctrough will vary. As with clinical symptoms,
mucosal healing has been associated with TDM77; however,
there are currently no definitive studies to guide practitioners
regarding target Ctrough for achieving endoscopic remission.

Vedolizumab
Vedolizumab targets α4β7 integrin rather than TNF.78 In

the GEMINI 1 and GEMINI 2 studies, ADAs were detected
in 56 of 1434 (4%) patients treated with vedolizumab con-
tinuously for up to 52 weeks; and were persistent (in 2 or more
consecutive samples) in only 9 of these 56 patients.78 Patients

with ADA persistence generally had lower serum drug Ctrough
compared with the general study population79: 6 patients had
undetectable vedolizumab concentrations, 2 had reduced
vedolizumab concentrations, and data were not available for
the ninth patient.80 None of these 9 patients achieved clinical
remission at weeks 6 or 52 of the studies.80 More recently, in a
prospective study of the formation of vedolizumab ADAs in
106 patients with IBD, ADAs were detected in 17% of
patients in induction therapy and 3% of patients in main-
tenance therapy.81 By contrast, in another study, serum
samples of 179 vedolizumab-treated patients with IBD were
tested using a drug-resistant assay for ADA detection.82 Of
the 179 patients, 4 (2.2%) were ADA-positive, but the ADAs
were all transient.82 Further research is required to fully assess
the immunogenicity of vedolizumab.

Compared with anti-TNF agents, there are substantially
less data to inform guidelines on TDM for vedolizumab.17

However, a recent study investigated whether serum vedolizumab
Ctrough during induction treatment can determine whether
patients will require additional doses within the first 6 months.83

At week 6, Ctrough <18.5 µg/mL were associated with the need
for extended therapy within the first 6 months, and all patients
with Ctrough <19.0 µg/mL at week 6 regained a secondary
response after drug optimization at week 10.83 The same
research group then investigated the relationship between
vedolizumab Ctrough and mucosal healing in patients with
IBD in their first year of vedolizumab treatment; Ctrough
≥18.0 µg/mL at week 6 was associated with mucosal healing.84

These findings indicate that vedolizumab Ctrough monitoring
may help clinicians in drug optimization decision-making.83 In
a cross-sectional study of 171 patients with IBD treated with
vedolizumab, Ctrough was significantly higher among patients
with Crohn’s disease with normal C-reactive protein than
those with elevated C-reactive protein; however, no difference
was seen in patients with ulcerative colitis, and there was no
significant difference in Ctrough between patients with IBD with
and without mucosal healing.85 Currently, there is evidence of
Ctrough that are associated with mucosal healing and clinical
remission,84,86 but there are no definitive studies to guide
practitioners regarding the target Ctrough for achieving endoscopic
remission. Further studies are required to elucidate the role of
TDM in vedolizumab treatment.

Ustekinumab
Ustekinumab is an inhibitor of the p40 subunit of

interleukin 12 and interleukin 23 and is an effective treatment
for patients with Crohn’s disease.87 The association between
Ctrough of ustekinumab and endoscopic outcome in clinical
practice has been investigated in patients with Crohn’s disease
who were refractory or intolerant to anti-TNF agents.88

Patients received ustekinumab 90mg subcutaneously at weeks
0, 1, and 2 during induction and every 4 or 8 weeks during
maintenance.88 The endoscopic outcome was assessed at week
10 postinduction and at week 26 or later during maintenance; the
results demonstrated that a greater proportion of patients with
Ctrough of ustekinumab >4.5 μg/mL (75.9%) had an endoscopic
response compared with those with Ctrough <4.5 μg/mL.88

Patients with an ustekinumab Ctrough of > 4.5 μg/mL by at
least week 26 also had a lower mean level of C-reactive
protein. The authors concluded from this study that maintenance
Ctrough of ustekinumab >4.5 μg/mL at 26 weeks or later was
associated with biomarker reduction and endoscopic response.88

The majority (77.4%) of patients were on a maintenance dose
of ustekinumab 90mg every 4 weeks subcutaneously,88 which, to
our knowledge, has not otherwise been studied, and is higher

TABLE 3. AGA-suggested Target Ctrough for Reactive TDM in
Patients With Active IBD on Anti-TNF Maintenance Therapy17

Drug Suggested Target Ctrough (µg/mL)

Infliximab ≥ 5
Adalimumab ≥ 7.5
Golimumab Unknown
Certolizumab pegol ≥ 20

AGA indicates American Gastroenterological Association; Ctrough,
trough concentration; IBD, inflammatory bowel disease; TDM, therapeutic
drug monitoring; TNF, tumor necrosis factor.
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than the maintenance dose studied in the pivotal trials.87,89

A more recent report analyzed data on ustekinumab serum
concentrations from induction studies of patients with moderate
to severe Crohn’s disease treated with ustekinumab for 8 weeks
following a single intravenous dose, and from a maintenance
study of patients with a response in the induction study who then
received subcutaneous injections of ustekinumab every 8 or
12 weeks for 44 weeks.90 Ustekinumab serum concentrations
were associated with rates of clinical remission and endoscopic
endpoints; ustekinumab Ctrough of >0.8 μg/mL was associated
with maintenance of clinical remission in a higher proportion of
patients versus Ctrough ≤0.8 μg/mL.90 There is therefore still some
uncertainty as to the exact cutoff value for minimum Ctrough of
ustekinumab.

CHALLENGES IN IMPLEMENTING TDM IN
REAL-WORLD PRACTICE

The benefit of TDM for thiopurine treatment of IBD is
unclear. TPMT testing can identify patients with low or
absent enzyme activity23; it, therefore, has the potential to
avoid myelosuppression. Unfortunately, the TPMT assay is
not routinely performed in many clinics. Furthermore, most
thiopurine-related hematologic adverse events occur despite
normal TPMT status; TPMT testing therefore cannot sub-
stitute routine complete blood count monitoring in patients
receiving thiopurines.23,38,71 TPMT testing does not impact
the burden of the routine monitoring that is mandatory for
all thiopurine-treated patients, regardless of TPMT status.23

Thiopurine metabolite monitoring can identify those
patients who preferentially convert 6-MP to 6-MMP and
fail to achieve sufficient 6-TGN levels, thus having the
potential for accumulation of 6-MMP and hepatotoxicity.91

Therefore, metabolite monitoring is of particular ther-
apeutic benefit in cases where 6-TGN levels are very low and
6-MMP are very high, as it allows clinicians to avoid
unnecessary thiopurine dose escalation that may lead to
6-MMP-induced hepatotoxicity.34,92 However, to date, no
randomized controlled trials have demonstrated the benefit
of thiopurine treatment decisions based on 6-TGN concen-
trations. In a prospective randomized controlled trial in
patients with Crohn’s disease, standard AZA dosing was
compared with AZA dosing adapted to maintain 6-TGN
concentrations of 250 to 400 pmol/8×108 erythrocytes; the 2
dosing strategies led to the same 6-TGN concentrations and
remission rates.93 In another randomized controlled trial in
patients with Crohn’s disease treated with AZA, standard
dosing was compared with dosing that was individualized by
baseline TPMT activity and target 6-TGN concentrations.94

Although there was a trend favouring individualized dosing,
the 2 dosing approaches did not differ in efficacy to a stat-
istically significant extent.94

Although a target 6-TGN cutoff of 230 to 450 pmol/8×108

red blood cells is recommended when thiopurine is used
as monotherapy, there is no clear consensus on target
6-TGN levels when thiopurines are used in combination
with anti-TNF agents.17,34 In a cross-sectional study of
patients with IBD treated with infliximab and a thiopurine,
a 6-TGN level cutoff of >125 pmol/8×108 red blood cells was
the best predictor of higher infliximab levels.95 Targeting lower
6-TGN levels that are associated with therapeutic levels of
infliximab may minimize toxicity in patients receiving
combination thiopurine and anti-TNF therapy,95 although
further guidance is required.

Despite the AGA guidance and available clinical evi-
dence for TDM with biologic agents, key uncertainties
remain. For example, although target Ctrough have been
established for infliximab, adalimumab, and certolizumab
pegol maintenance treatment, the data for infliximab are more
robust than those for adalimumab. There is also insufficient
evidence to establish target cutoffs for golimumab, vedolizumab,
and ustekinumab, and optimal Ctrough for induction therapy are
uncertain.17

In addition, target Ctrough must not be treated as absolute
values, as they may vary based on several factors including
target endpoint (clinical remission vs. mucosal healing);
disease severity (high activity vs. low activity); or phase
of therapy (induction vs. maintenance).71 Furthermore, a
small proportion of patients may not be in remission at the
recommended target Ctrough, and targeting a higher Ctrough
may sometimes be beneficial in these cases.71 Therefore, the
application of target Ctrough in practice is not straightforward.

Another challenge in implementing TDM in IBD is that
there is a lack of guidance for interpretation of results and a
lack of standardization among commercially available
assays.67,96 Factors such as drug interference can influence the
measurement of serum concentrations of biologic agents and
ADA levels, which can result in poor specificity, sensitivity,
and reproducibility; for example, a commercially available
ELISA detected false-positive infliximab levels in 18% of
tested samples.91 Furthermore, there is uncertainty in the
cutoffs for high-titer and low-titer ADA levels measured with
available assays. At a sufficiently high-titer, there may be
limited benefit in dose escalation, and switching to a different
agent in the same drug class may be of greater benefit.17 This
lack of consensus could delay some patients receiving con-
comitant immunosuppressants, which have been shown to
restore serum concentrations of infliximab and clinical
response in patients with IBD.97 Further studies are required
to derive optimal low-titer and high-titer ADA cutoff levels.

Several randomized clinical trials have investigated the
effect of TDM on clinical outcomes with TDM versus clinical
symptom-based therapy modification. The Trough Concen-
tration Adapted Infliximab Treatment (TAXIT) randomized
controlled trial compared concentration-based dosing (by
TDM) to a 3 to 7 μg/mL target Ctrough with clinical symptom-
based therapy in patients with IBD who were responding to
infliximab maintenance therapy.98 Although TDM resulted in
more efficient use of the drug during the optimization phase of
the study, continued concentration-based dosing was not
superior to clinically based dosing for achieving remission
after 1 year.98 However, there is some controversy regarding
how the TAXIT study was designed and performed. The
Tailored Treatment with Infliximab for Active Crohn’s Dis-
ease (TAILORIX) randomized controlled trial compared
proactive Ctrough-based dose intensification with symptom-based
intensification in patients receiving infliximab for Crohn’s
disease.99 Dose intensification based on symptoms, biomarkers,
and infliximab Ctrough was not superior to that based on
symptoms alone in achieving sustained corticosteroid-
free clinical remission.99 Further studies into proactive
TDM in IBD treatment are required to ascertain its
significance.

While there are challenges in the implementation of
TDM, there are also burdens on the patient. The need to
measure Ctrough requires assessment immediately before
dosing, which means that a patient with nonresponse or loss
of response may have to wait until the next treatment for
dose escalation with a reactive TDM approach. The patient
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also has to undergo additional blood testing and follow-up.
In addition to the practical burden, there may also be a
financial burden; while TDM may benefit some patients, the
costs are not yet well-defined and may exceed or be less than
the costs without TDM. A recent meta-analysis of 9 studies
of infliximab maintenance therapy in adults with IBD,
found that although TDM was not associated with superior
clinical remission rates, there was a cost-benefit.100 Further
research is needed to assess the costs of TDM for drugs
other than infliximab.

APPROVED AND INVESTIGATIONAL SMALL-
MOLECULE TREATMENTS

Available small-molecule treatments for IBD, or those
under investigation for IBD, are unlikely to induce the
formation of neutralizing ADAs, in contrast with biologic
agents.101 In addition, as these drugs are not used in combination
with thiopurines, TPMT, and metabolite monitoring are not
necessary, and the toxicity concerns related to thiopurine use are
not present. Therefore, TDM is not likely to be necessary to
optimize the treatment of IBD with small-molecule therapies.
However, it should be noted that other concerns have been
associated with these treatments.

Sphingosine 1-Phosphate Receptor Modulators
The sphingosine 1-phosphate receptor modulator,

ozanimod, induces peripheral lymphocyte sequestration,
which may reduce the level of activated lymphocytes within
the gastrointestinal tract, and has been investigated in a phase 2
study in patients with ulcerative colitis.19 The pharmacokinetics
of ozanimod are linear, dose-proportional, and subject
to low to moderate intersubject variability with a high
steady-state volume of distribution, moderate apparent
oral clearance, and an estimated elimination half-life
of 20 hours.19 Following the cessation of treatment with
ozanimod, lymphocyte counts have been shown to recover
to normal range within 3 days—a consequence of the short
half-life of ozanimod—offering flexibility to change treatment
or treat opportunistic infections.102 However, a plateau in the
lymphocyte count reduction has been observed at doses of 1 to
1.5mg.103

JAK Inhibitors
Filgotinib is a JAK inhibitor that is being investigated

as a treatment for moderate to severe Crohn’s disease.20 In
the randomized controlled FITZROY study, at week 10,
filgotinib induced clinical remission in significantly more
patients than placebo.20 Pharmacokinetic and pharmaco-
dynamic studies of filgotinib have demonstrated rapid
absorption in healthy volunteers, with a half-life of
6 hours.104 Filgotinib is metabolized, losing the cyclopropyl
carboxylic acid group to form an active metabolite with a
similar JAK1 selectivity profile as the parent compound.104

The filgotinib metabolite was shown to reach a maximum
plasma concentration within 3 to 5 hours followed by a slow
decrease, with a half-life of 23 hours.104 Therefore, the times
to peak and decline in the plasma level of the metabolite
are longer than the drug’s, and the rate-limiting step may
be the elimination of, as opposed to the formation of,
the metabolite.104 The long duration of JAK1 inhibition
following filgotinib dosing suggests that the formation of
a “major metabolite” contributes to the overall pharmaco-
dynamics of filgotinib treatment.104

Upadacitinib is another JAK inhibitor under inves-
tigation as a treatment for moderate to severe Crohn’s

disease.21 In the randomized controlled dose-ranging
CELEST study, upadacitinib at doses of 6mg twice daily
(bid) and higher, demonstrated endoscopic improvement and
clinical benefit in patients with moderate to severe Crohn’s
disease.21 Although the pharmacokinetics of upadacitinib
have not yet been reported in patients with Crohn’s disease,
there are reports in healthy volunteers and patients with
rheumatoid arthritis (RA). Upadacitinib has been shown to
follow dose-proportional biexponential disposition, with a
terminal elimination half-life of 6 to 16 hours and a functional
half-life of 3 to 4 hours.105 Oral clearance, steady-state volume
of distribution, absorption lag time and mean absorption time
have been estimated (95% bootstrap confidence interval)
as 39.7 (37.8 to 41.5) L/hour, 210 (196 to 231) L, 0.48 (0.47 to
0.49) hours, and 0.08 (0.04 to 0.12) hours, respectively, in a
typical healthy male.106 In patients with RA, sex, renal
impairment, and body weight did not show clinically relevant
effects on upadacitinib pharmacokinetics.106

Tofacitinib is an oral, small-molecule JAK inhibitor for
the treatment of ulcerative colitis. In phase 3 OCTAVE
trials, tofacitinib demonstrated efficacy in the induction and
maintenance of remission in patients with moderate to
severe ulcerative colitis.107

Tofacitinib: Pharmacokinetic Considerations
With Respect to TDM

Pharmacokinetic analyses have shown that tofacitinib
is rapidly absorbed.108 The primary clearance mechanisms
are renal (around 30%) and hepatic (around 70%), with
most metabolism attributable to cytochrome P450 (CYP)
3A4 and a minor contribution from CYP2C19.108 Poly-
morphisms of CYP3A4 in different populations are not
associated with low hepatic CYP3A4 protein expression or
low CYP3A4 activity109; such polymorphisms are therefore
not of concern regarding drug metabolism. An exploratory
evaluation that genotyped patients for polymorphisms of
the CYP2C19 gene suggested that these polymorphisms do
not affect tofacitinib pharmacokinetics,110 which contrasts
with the effect of polymorphisms on thiopurine metabolism
and the consequent risk of myelotoxicity.23

In the OCTAVE trials, there was no decrease in plasma
concentrations of tofacitinib in individual patients with
ulcerative colitis with either the 5mg bid or 10mg bid doses
during treatment (up to 52 wk), as shown in Figure 3.111

Baseline disease activity (albumin levels, Mayo score) was
not significantly associated with plasma concentrations of
tofacitinib during induction or maintenance,107 indicating
that tofacitinib concentration is not expected to be lower
in patients with the highest disease activity, in contrast to
biologic agents.112 Tofacitinib plasma concentration is not
a meaningful determinant of efficacy, and no loss of efficacy
due to low plasma concentration was identified in clinical
trials.107,111

The pharmacokinetic profile of tofacitinib in patients
with ulcerative colitis is consistent with that of other con-
ditions, such as RA, indicating that plasma concentrations
of tofacitinib are unaffected by colonic inflammation in
ulcerative colitis,10,107,108,113 in contrast to biologic agents.112

In addition, there is no clinically relevant effect of intrinsic
patient characteristics (age, weight, gender, and race) on
tofacitinib exposure, meaning that no dose adjustment is
required to account for differences in these characteristics
among patients9; these results support that there is a lack of
clinically relevant polymorphisms in tofacitinib metabolic
pathways. While the utility of TDM for tofacitinib treatment
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has not been specifically studied, these findings suggest it is
unlikely that TDM would be of any clinical value during
tofacitinib therapy.

CONCLUSIONS
Nonresponse or loss of response to available therapies

for IBD occurs in many patients. TDM is increasingly being
used by gastroenterologists treating patients with IBD to
inform decisions about changes to treatment required due to
nonresponse or loss of response. For thiopurines, differences
in patients’ responses can be accounted for by variation in
their levels of TPMT, an enzyme involved in the metabolism
of the drug. In addition, low levels of TPMT can lead to
high levels of the active metabolite 6-TGN, which are
associated with myelotoxicity. Polymorphisms within the
gene encoding TPMT can confer low levels of TPMT
activity. TDM for thiopurines, therefore, includes genotyp-
ing or phenotyping to identify patients with intermediate
levels of TPMT activity who may require a dose reduction
to minimize the risk of myelotoxicity and to find those
patients with low TPMT activity who are ineligible for
treatment.

For biologic agents, nonresponse and loss of response
can occur due to reductions in drug Ctrough, which is often
because of the presence of ADAs. TDM for biologic agents,
therefore, involves monitoring of drug Ctrough and ADA
levels. However, despite the availability of official recom-
mendations on TDM, there is still a lack of consensus on
how and when it should be implemented in practice, and
what impact it has on clinical outcomes. In addition, there is
a lack of standardized assays for monitoring ADA levels.
Together, these findings suggest that further guidance on
implementing TDM is required to fully optimize the treat-
ment of IBD with biologic agents.

Alternatively, therapies that avoid the need for TDM
have the potential to reduce extensive monitoring. Orally
administered small-molecule treatments may not be
susceptible to neutralizing immunogenicity or variable
metabolism. In phase 3 studies of the oral, small-molecule
JAK inhibitor tofacitinib, plasma concentrations at any
given dose across a treatment group were not reduced dur-
ing 1-year maintenance therapy and were not affected by
disease activity. TDM is therefore unlikely to provide any

incremental benefit in the treatment of ulcerative colitis with
tofacitinib. However, TDM remains a key recommendation
for many IBD treatments.
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