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10Cedars-Sinai Medical Center, Los Angeles, California

Abstract

Therapeutic drug monitoring (TDM) of biologics is a rapidly evolving field. We aimed to provide
a consensus statement regarding the clinical utility of TDM for biologics in inflammatory bowel
disease (IBD).

A modified Delphi method was applied to develop consensus statements. A comprehensive
literature review was performed regarding TDM of biologic therapies in IBD and 45 statements
were subsequently formulated on the potential application of TDM in IBD. The statements, along
with literature, were then presented to a panel of 10 gastroenterologists with expertise in IBD and
TDM who anonymously rated them on a scale of 1 to 10 (1=strongly disagree and 10=strongly
agree). An expert consensus development meeting was held virtually to review, discuss, refine
and reformulate statements that did not meet criteria for agreement, or that were ambiguous.
During the meeting, additional statements were proposed. Panellists then confidentially re-voted,
and statements rated =7 by 80% or more of the participants were accepted.

During the virtual meeting, 8 statements were reworded; 7 new statements were proposed; and 19
statements were rerated. Consensus was finally reached in 48/49 statements. The panel agreed that
reactive TDM should be utilized for all biologics for both primary non-response and secondary
loss of response. It was recommended that treatment discontinuation should not be considered

for infliximab or adalimumab until a drug concentration of at least 10-15ug/ml was achieved.
Consensus was also achieved regarding the utility of proactive TDM for anti-tumor necrosis factor
(anti-TNF) therapy. It was recommended to perform proactive TDM post-induction and at least
once during maintenance.

Consensus was achieved in most cases regarding the utility of TDM of biologics in IBD,
specifically for reactive and proactive TDM of anti-TNFs.

Keywords

consensus statement; Crohn’s disease; ulcerative colitis; immunogenicity; anti-TNF; vedolizumab;
ustekinumab

INTRODUCTION

Although biologics are effective for treating inflammatory bowel diseases (IBD)?, up to 30%
of patients do not respond (primary non-responders) and another 50% lose response over
time [secondary loss of response (SLR)].2 3 Sub-therapeutic drug concentrations with or
without the development of anti-drug antibodies (ADA) can explain a substantial portion of
these outcomes.*

Therapeutic drug monitoring (TDM), defined as the measurement of drug concentrations
and ADA, has surfaced as an important tool for optimizing biologic therapy.® Reactive
TDM is the evaluation of drug concentration and ADA in the setting of treatment

failure and can help facilitate decision-making in both primary non-response (PNR)

and SLR.5-10 preliminary data suggests that proactive TDM, defined as the systematic
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measurement of drug trough concentrations and ADA with dose adaptation to a target

drug concentration, can also improve the efficacy of anti-tumor necrosis factor (anti-TNF)
therapy.11-19 Proactive TDM may also be utilized to decrease the dose of infliximab

in patients in remission with greater than adequate infliximab concentrations29-23 or for
optimizing infliximab monotherapy as a potential alternative to combination therapy with an
immunomodulator (IMM) in select patients.24 25 However, there is debate on when and how
to perform TDM in clinical practice.

We aimed to reach a consensus on the role of TDM of biologics in IBD and sought to
identify clinically relevant drug concentrations and ADA thresholds to guide physicians on
how to better apply TDM in clinical practice.

METHODS

RESULTS

We applied a modified Delphi method to establish consensus, as previously described.5 26 A
comprehensive literature review was performed regarding TDM of biologic therapies in IBD
using PubMed and Medline databases. We utilized the search terms: ‘inflammatory bowel
disease’; ‘Crohn’s disease’; ‘ulcerative colitis’; “anti-drug antibodies’; ‘immunogenicity’;
‘therapeutic drug monitoring’; “point of care assays’; ‘pharmacokinetics” AND ‘infliximab’
OR ‘adalimumab’ OR “certolizumab pegol’ OR ‘golimumab’ OR *‘vedolizumab’ OR
‘ustekinumab’. Forty-five statements were subsequently formulated (K.P., A.S.C) on the
potential application of TDM in IBD. These statements were grouped into 5 domains:
reactive TDM; proactive TDM; general statements regarding TDM; immunogenicity; and
drug concentrations to target. The statements, along with literature, were then presented

to a panel of 10 gastroenterologists with expertise in IBD and TDM who anonymously

rated them on a scale of 1 to 10 (1=strongly disagree and 10=strongly agree). An Expert
Consensus Development Meeting was held virtually on October 30, 2020, to review,
discuss, refine and reformulate statements that did not meet criteria for agreement or that
were ambiguous. During the meeting, additional statements were proposed. Panellists then
confidentially re-voted, and statements rated =7 by 80% or more of the participants were
accepted.

During the virtual Expert Consensus Development Meeting, 8 statements were reworded,;
7 new statements were proposed; and 19 statements were rerated. Consensus was finally
reached in 48 of 49 statements (Tables 1-5 and Table 1, Supplemental Digital Content #1).

Reactive TDM

Statements that reached consensus regarding the role of reactive TDM are presented in Table

1. Supportive text for these statements (1-9) is provided in Supplemental Digital Content
#2_27—44

Proactive TDM

Statements that reached consensus regarding the role of proactive TDM are presented in
Table 2. Supportive text for these statements is provided below.

Am J Gastroenterol. Author manuscript; available in PMC 2022 November 18.
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Numerous exposure-outcome relationship data from prospective studies and post-hoc
analyses of randomized controlled trials (RCTs) have shown that higher induction, post-
induction and maintenance anti-TNF drug concentrations are associated with more favorable
therapeutic outcomes suggesting a role for proactive TDM for optimizing anti-TNF
therapy.3-® Furthermore, the TAXIT (Trough Concentration Adapted Infliximab Treatment)
(RCT), although didn’t reached its the primary endpoint, showed that proactive TDM
compared to clinically-based dosing was associated with lower frequency of undetectable
infliximab concentrations and lower risk of relapse.1®> Additionally, in patients with

CD and subtherapeutic drug concentrations, a one-time dose optimization increased

clinical remission rates and decreased C-reactive protein (CRP).1®> The PAILOT (Pediatric
Crohn’s Disease Adalimumab Level-based Optimization Treatment) RCT demonstrated that
proactive dose adjustment of adalimumab when treating pediatric CD was associated with

a higher rate of corticosteroid-free clinical remission at all visits from weeks 8 to 72

when compared to reactive TDM. A proactive TDM approach was also associated with a
higher rate of composite sustained corticosteroid-free clinical remission, normal CRP and
normal fecal calprotectin at all time-points.18 Furthermore, several retrospective studies

for infliximab and one for adalimumab have demonstrated that proactive TDM compared
to empiric dose optimization and/or reactive TDM was associated with better therapeutic
outcomes, such as greater treatment persistence, less need for IBD-related surgery or
hospitalization, and lower risk of ADA.11-13.17. 18 A recent retrospective multi-center study
showed that in patients with a SLR to infliximab who underwent reactive TDM, subsequent
proactive TDM following the initial reactive TDM was associated with greater infliximab
treatment persistence and fewer IBD-related hospitalizations than reactive TDM alone.19

Proactive TDM is probably most important in more severely active patients and in those
who have higher drug clearance, such as patients during induction therapy and patients with
acute severe UC and more severe CD. These patients have a high inflammatory burden,

an increased drug clearance, and therefore a greater risk of inadequate drug exposure,
immunogenicity and treatment failure.#>-48 Another IBD population with a high drug
clearance is the pediatric population.9: 50

Proactive TDM can also have an important role when de-escalating therapy.20-23 A
prospective study by Amiot et a/20 suggested that in patients with IBD in clinical remission
de-escalation of infliximab therapy should be done based on TDM rather than symptoms
and CRP. A recent retrospective study of 96 patients with IBD in remission showed that
TDM-based compared to clinically based de-escalation was associated with a decreased risk
of relapse.2 Furthermore, it is clinically reasonable to confirm that the trough concentration
is still adequate after dose de-escalation. A study from Peticolloin et a/. of 91 patients

with IBD in deep remission showed that TDM is also useful for following patients

after de-escalation.?2 Similarly, proactive TDM should be considered after removal of an
immunosuppressive therapy (i.e. azathioprine or methotrexate).>! A study by Drobne et

al. including patients with CD treated with infliximab combination therapy with an IMM
showed that a detectable trough infliximab concentration at the time of IMM withdrawal is
associated with long-term response.>2 Of note, drug trough concentrations >5 pg/mL at the
time of IMM withdrawal had a positive predictive value of 100% for not losing response to
infliximab.52
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Another possible use of proactive TDM could be to optimize monotherapy in a select

group of patients as an alternative to combination therapy with an IMM. In a post-hoc
analysis of the SONIC (Study of Biologic and Immunomodulator Naive Patients in Crohn’s
Disease) RCT stratification of infliximab concentrations displayed comparable outcomes
within each concentration quartile irrespective of concomitant azathioprine suggesting that
combination therapy with infliximab and azathioprine may not be required if adequate

drug concentrations of infliximab are attained using proactive TDM.?1 Furthermore, two
recent retrospective studies showed that drug persistence was similar between patients

on optimized infliximab monotherapy based on proactive TDM and patients receiving
combination therapy.24 25 Lega et al. also showed that in patients undergoing proactive
TDM for optimizing infliximab monotherapy compared to those receiving unoptimized
infliximab monotherapy, infliximab drug concentrations during maintenance therapy were
higher and treatment discontinuation was lower. Moreover, no patient undergoing proactive
TDM had antibodies to infliximab (AT]I) at first TDM compared to 41% of patients receiving
unoptimized infliximab monotherapy (p=0.002).24 However, currently there are no data
from RCTs supporting the concept of optimized infliximab monotherapy based on proactive
TDM as an alternative to combination therapy with an IMM.

It should be clear that we are not recommending anti-TNF monotherapy over combination
therapy with an IMM, as unoptimized monotherapy without early and aggressive proactive
TDM is not as effective as combination therapy with an IMM and should not be considered.
However, proactive TDM-based optimized anti-TNF monotherapy could be considered in

a select group of adherent patients based on several factors such as risk of adverse events
and patient preference.53-56 Examples include situations where there is concern for increased
risk of serious infection or malignancy®* or when there is no genetic predisposition for
immunogenicity.® 56 Proactive TDM for optimizing anti-TNF monotherapy is better than
unoptimized anti-TNF monotherapy.

Regarding biologics other than anti-TNF therapies the only data supporting the role of
proactive TDM currently derives exclusively from exposure-response relationship studies
showing that higher vedolizumab and ustekinumab concentrations are associated with better
therapeutic outcomes.30-44

General considerations regarding TDM

General statements regarding TDM that reached consensus are presented in Table 3.
Supportive text for these statement is provided below and in Supplemental Digital Content
#2.

Anti-TNF induction therapy—Several studies have shown an association between
higher induction anti-TNF drug concentrations and favorable therapeutic outcomes in IBD
implying that TDM should probably be performed early after treatment initiation. For
example, higher infliximab concentrations at week 6 and 14 are associated with higher
rates of positive clinical outcomes so checking drug concentrations at these time points

is reasonable.3-> TDM during induction is important as patients during induction have
active disease (often characterized by low serum albumin and high baseline CRP levels)

Am J Gastroenterol. Author manuscript; available in PMC 2022 November 18.
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and consequently increased drug clearance, putting them at higher risk for inadequate drug
exposure, early development of immunogenicity and treatment failure->7-62 |n addition to
ADA, low albumin and high CRP levels are associated with a higher anti-TNF clearance.
There is also some evidence that male gender and high body mass index are correlated with
lower drug concentration.®3 In the prospective PANTS (Personalised anti-TNF therapy in
Crohn’s disease) study, low drug concentration at week 14 was independently associated
with PNR and non-remission at week 54 for both infliximab and adalimumab. The optimal
week 14 drug concentrations associated with remission at weeks 14 and 52 were 7 mg/L
for infliximab and 12 mg/L for adalimumab. For both drugs, suboptimal week 14 drug
concentrations were associated with immunogenicity, as was the development of ADA with
subsequent low drug concentrations.54 In a study by Verstockt et a/°8 patients with low
adalimumab concentrations at week 4 (<8.3 pg/mL) were at significantly higher risk to have
antibodies to adalimumab (ATA) by week 12 (46.7% vs 13.0%, p=0.009). The 21.4% of
patients who were ATA positive by week 12 had significantly more frequent dose escalation
and experienced sustained clinical benefit less frequently due to PNR or SLR.

Infliximab drug holiday—In a study from Baert et a/85 among 128 consecutive patients
who restarted infliximab after a median 15-month hiatus, the absence of ATI at an early
sample after re-exposure to infliximab (typically before second infusion) was associated
with improved short-term responses. Similarly, higher trough concentrations at an early
sample after re-exposure to infliximab were associated with long-term response. Of note,
ATI at an early sample after re-exposure to infliximab were associated with a higher rate

of infusion reactions (with detectable ATI) after reinitiating therapy. In fact, the greatest
risk for a serious acute infusion reaction is the second or third dose after a drug holiday.%°
Though data is limited, testing for ADA after the first re-induction and administering the
second dose only after confirmation of absence of ADA for safety reasons is recommended.
The same study showed that IMM co-treatment at restart was the only clinical predictor
for preventing infusion reactions implying that an addition of an IMM when re-initiating
infliximab following a drug holiday is a valid option.6®

TDM assays—Although commercially available assays typically correlate well, absolute
drug concentrations can differ among assays or even the same type of assay.56-77 This is
very important as clinical decisions are typically based on drug concentration thresholds

to target. Two recent studies comparing a commercially available homogeneous mobility
shift assay (HMSA) and the enzyme-linked immunosorbent assay (ELISA) to assess
infliximab, adalimumab and ustekinumab concentrations demonstrated quantitative and
qualitative discrepancies in drug concentrations.’2 73 Similar discrepancies have been
identified between ELISAs and point of care assays.” As the clinical impact of these
differences has not been extensively investigated, and until commercial assays are accurately
cross-validated and standardized, patients should ideally be followed and managed over time
with the same TDM assay. In order to facilitate harmonization of TDM assays and quality
control implementation of an international standard and use of universal calibrators should
be considered.

Am J Gastroenterol. Author manuscript; available in PMC 2022 November 18.
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Biosimilars—Supportive text for statement 22 is provided in Supplemental Digital Content
#2_78—80

Immunogenicity

Statements that reached consensus regarding immunogenicity are presented in Table 4.
Supportive text for these statements is provided below. Among all statements, only one did
not reach consensus: ‘Low-titer antibodies to adalimumab (ATA) can be defined as <4 pg/ml
for the ELISA’ (10% vote of =7).

Numerous studies have shown that ADA are associated with sub-therapeutic or undetectable
drug concentrations and undesirable clinical outcomes, such as PNR, SLR and infusion
reactions.45: 57-59, 64, 81-88 These refer mostly to high-titer, neutralizing, persistent ADA
that cannot be overcome with dose optimization and are associated with undetectable drug
concentrations and treatment failure. It seems that ADA present when drug is still detectable
by a drug tolerant assay may not be clinically relevant.”’: 86 However, there are some

data suggesting that ADA, even at low concentrations and in the presence of drug, may

still be a risk factor for SLR to infliximab or adalimumab and treatment discontinuation
highlighting the importance of systematic TDM to look for an increase of ADA titers and/or
undetectable drug concentrations and to determine if ADA can be overcome following
treatment optimization.88: 89 A recent prospective study showed that the prevalence of ATI
and ATA is high when detected early using a drug-tolerant assay and their presence predicts
further treatment discontinuation.8? Time to treatment discontinuation was significantly
shorter in patients with ATA 22.0 ug/mL or ATI =4.0 pg/mL at week 2 compared to patients
without positive ADA. In multivariate analysis ATI or ATA at week 2 were the only factors
associated with treatment discontinuation.89

In case of SLR to anti-TNF therapy due to the development of high titer ADA physicians
should switch to a different biologic. A study more than 10 years ago showed that in patients
with detectable ATI a change to another anti-TNF agent was associated with a complete or
partial response in 92% of patients, whereas dose escalation resulted in a response of only
17%.90 More recently, Yanai et a/.” showed that ATA >4 pg/mL or ATI >9 pg/mL identified
patients who did not respond to an increased drug dosage. Although dosage increases were
more effective for patients with no or low-titer ADA patients with high-titer ADA had longer
durations of response when anti-TNFs were switched than when dosage was increased.

When considering a switching within drug class the recommendation would be to add an
IMM to a subsequent anti-TNF therapy to prevent the formation of ADA to the second anti-
TNF. In a recent RCT, consecutive patients with IBD who developed a SLR to monotherapy
with an anti-TNF due to ADA received a second anti-TNF and were randomised to

receive either combination therapy with a second anti-TNF (adalimumab, 40; infliximab,

50 patients) with azathioprine (n=45) or a second anti-TNF as monotherapy (n=45). Rates of
clinical failure and appearance of undetectable trough concentrations with high ADA were
higher in monotherapy compared with combination therapy.®!

However, the distinction between low and high ADA titers may be difficult as they are
assay specific and as there are still limited data for assays other than the HMSA and

Am J Gastroenterol. Author manuscript; available in PMC 2022 November 18.
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for biologics other than infliximab.%2 This is of great clinical importance as low-titer

ADA can be overcome by treatment optimization (dose escalation, dose interval shortening
and/or addition of an IMM),%3-98 while high-titer ADA can lead to undetectable or low

drug concentrations, infusion reactions and treatment failure. 4 57-59. 64, 81-88 Tyyq studies
showed that ATI >9.1 U/ml were associated with failure of dose intensification after SLR,
infliximab discontinuation, and infusion reactions.2* 85 Ben-Horin et a/.% reported that

in 5 patients with IBD and SLR to infliximab due to immunogenicity, ATI gradually
decreased, drug concentrations increased and clinical responses were restored following the
administration of IMM. Ungar et a/%° showed that in almost half of patients with IBD and
SLR due to immunogenicity ATA could be gradually reversed by the addition of an IMM
with restoration of a clinical response.> Moreover, Strik et a/.93 showed that in 77% of IBD
patients with SLR due to immunogenicity, addition of IMM resulted in undetectable ADA
levels, increased serum drug concentrations and regaining of clinical response in patients
treated with infliximab and adalimumab.%3 Regarding ADA titers that can be overcome with
treatment optimization, Papamichael et a/%6 demonstrated that AT1<8.8 U/mL using the
HMSA was associated with drug retention in patients with IBD in whom infliximab was
optimized, either proactively or reactively, to overcome immunogenicity. Similarly, a recent
study using a large database derived cohort showed that AT1<8.55 U/mL via HMSA was
associated with overcoming ATI with dose escalation.%

The formation of ADA cannot only be overcome, but also be prevented by the use

of IMM.64. 99-101 A retrospective multi-center study showed that thiopurines-infliximab
combination therapy in patients with CD was associated with reduced ATI formation
compared with infliximab monotherapy.?® In the prospective PANTS study, combination
IMM (thiopurine or methotrexate) therapy mitigated the risk of developing ATI [Hazard
ratio (HR): 0.39; 95%confidence interval (Cl): 0.32-0.46, p<0.001) and ATA (HR: 0.44;
95%Cl: 0.31-0.64; p<0.001).64 A meta-analysis of 35 studies showed that combined
treatment with IMM is associated with reduced risk of formation of antibodies against anti-
TNF in patients with IBD. The pooled risk ratio for formation of ADA in patients receiving
combined therapy with IMM versus that of patients receiving anti-TNF monotherapy was
0.49 (95%Cl: 0.41-0.59; p<0.001).19 Finally, it seems that even lower doses (<1mg/Kg)
of azathioprine can prevent immunogenicity of infliximab in patients with IBD receiving
combination therapy.100

Regarding risk factors for ADA formation, a genome-wide association study found that the
HLA-DQA1*05 allele increased the risk of ATl and ATA development by 2-fold in patients
with CD, regardless of concomitant IMM use. The highest rates of immunogenicity, 92%

at 1 year, were observed in patients treated with infliximab monotherapy who carried HLA-
DQAL1*05. Conversely the lowest rates of immunogenicity, 10% at 1 year, were observed in
patients treated with adalimumab combination therapy who did not carry HLA-DQA1*05.5°
In the same line, HLADQA1*05 was found to be independently associated with a high risk
of ATI in addition to infliximab SLR and treatment discontinuation.>6

Immunogenicity to biologics other than anti-TNF therapy is less common. The development
of ADA is relatively low for vedolizumab and ustekinumab ranging from 1 to 4.1% and 0.7
to 4.6%, respectively,102, 103

Am J Gastroenterol. Author manuscript; available in PMC 2022 November 18.
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Biologic drug concentrations to target

Statements that reached consensus regarding drug concentrations to target are presented in
Table 5 and Table 1, Supplemental Digital Content #1. Supportive text for these statements
is provided below and in Supplemental Digital Content #2 (for statements 40-48).

Numerous exposure-response relationship studies suggest that biologic drug concentration
thresholds and ranges appear to differ depending on treatment goals (Table 6), disease
phenotypes and assays used.2-: 31-33, 39-41, 81, 104-118 |y general, higher drug concentrations
tend to be associated with more stringent outcomes such as endoscopic and histologic
remission,2> while even higher drug concentrations may be needed for IBD phenotypes
characterized by a higher inflammatory burden, such as fistulising CD119: 120 and acute
severe UC.%6 However, these data mostly refer to infliximab and adalimumab.

We would like to highlight that for all statements regarding the biologic drug concentrations
to target the suggested range was based on previously published association data3-> and the
upper limit of range typically refers to drug concentration associated with more stringent
therapeutic outcomes such as biochemical, endoscopic, histologic or composite remission
defined as any combination of the previous.

During the on-line meeting, it was highlighted that there are only limited data about the drug
concentrations to target for certolizumab pegol, golimumab, vedolizumab and ustekinumab
(statements 40-48) and the panellists felt that robust recommendations could not be made
based on so few studies and that the data be presented only as a supplementary table (Table
1, Supplemental Digital Content #1). For these biologics the suggested range was based on
data from post-hoc analysis of RCTs and prospective studies, where available.3-

DISCUSSION

Although most gastroenterology societies, as well as expert groups, endorse the use of
reactive TDM of anti-TNF therapy, there is still a debate regarding the role of proactive
TDM.10 There is also debate regarding the application of reactive TDM for non-TNF
biologics and threshold drug concentrations to target.

The panel agreed that reactive TDM should be utilized for all biologics for both PNR and
SLR. It was also recommended that treatment discontinuation should not be considered for
infliximab or adalimumab until a drug concentration of at least 10-15ug/ml is achieved. In
the absence of high quality data and reflecting also the clinical practice of the panellists,
the suggested range of 10-15 pug/mL was selected based on data from incremental gain116
and quartile analysis197. 110. 120 of association studies showing that drug concentrations

in quartiles (Q)3 and 4 are associated with better therapeutic outcomes. For example,
infliximab concentrations = 12.3 pg/ml (Q4) are associated with higher rates of endoscopic
and histologic healing.11% Moreover, infliximab concentrations in Q3 (10.1-20.1 pg/ml) or
Q4 (= 20.2 pg/ml) are associated with higher rates of mucosal or fistula healing as well

as fistula closure.120 By using a rather higher (10-15 pg/mL) than the standard infliximab
(5-10 pg/mL) or adalimumab (8-12 pg/mL) concentration range to target (mostly referring
to proactive TDM) we wanted to highlight that the drug should not be inappropriately

Am J Gastroenterol. Author manuscript; available in PMC 2022 November 18.
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abandoned for a presumed mechanistic failure when reactive TDM is applied for SLR.
This is very important as most of the SLR is attributed to PK issues because of low/sub-
therapeutic drug concentrations.2

RCTs to test proactive TDM are more limited demonstrating inconsistent results

probably also due to differences in study design and algorithms used for dose
optimization.1 16.121-123 The TAX|T® and the TAILORIX21 (A Study investigating
Tailored Treatment With Infliximab for Active Crohn’s Disease) RCTs didn’t reach their
primary outcomes, while the PAILOT6 and the PRECISION123 (Precision Dosing of
Infliximab Versus Conventional Dosing of Infliximab) RCTs showed that proactive TDM is
associated with better therapeutic outcomes compared to standard of care. More recently, the
NOR-DRUM (NORwegian DRUg Monitoring study) RCT was the first study to compare
the efficacy and safety of proactive TDM starting early during the induction phase with
standard infliximab therapy in patients with immune mediated inflammatory diseases, such
as rheumatoid arthritis, spondyloarthritis, psoriatic arthritis, IBD or psoriasis.122 Although
the primary end point of clinical remission at week 30 and numerous secondary outcomes
were not met it is difficult to draw firm conclusions for IBD as the trial did not have the
statistical power to test hypotheses within each disease subgroup. We would like to highlight
that only 1/3 of the study population who received the randomized intervention had IBD,
mucosal healing as a stringent objective therapeutic outcome was not investigated and the
3ug/ml infliximab concentration threshold for allowing treatment optimization seems very
low based on recent data in 1BD.3

The panel recommended performing proactive TDM for anti-TNF post-induction and at
least once in the maintenance phase of therapy. It was felt that more data were needed

to support the use of proactive TDM for other biologics. Moreover, the panel agreed

that proactive TDM can efficiently guide therapeutic decisions in other clinical scenarios
including treatment de-escalation, optimized anti-TNF monotherapy instead of combination
therapy, verification of therapeutic drug concentrations after reactive testing, and assessment
of ADA after restarting IFX following a drug holiday. The panel also suggested a range
rather than a specific threshold of clinically relevant biologic drug concentrations to target,
as these can vary based on the therapeutic outcome of interest, typically being higher for
more stringent outcomes such as endoscopic and histologic remission or fistula healing.
Biologic drug concentrations to target may also differ based on the assay used and the IBD
phenotype.2

Nevertheless, additional data from prospective studies and RCTs concerning the use of
proactive TDM, particularly during the induction phase, incorporating point-of-care assays°®
and/or PK dashboards!23: 124 are warranted. Point-of-care assays will provide a rapid
assessment of drug concentrations and allow an immediate adjustment of drug dosage. PK
dashboards integrate individual clinical and PK data to forecast dosing recommendations

to target pre-specified drug concentrations for individual patients and allow for more
personalised care. PK modeling and pharmacogenetics to identify patients with a high

risk of accelerated drug clearance and a genetic predisposition of ADA formation,>5: 56
respectively, would allow a selection of those patients who would benefit more from
proactive TDM. Another important area that needs further investigation is the role of TDM
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in biologics other than infliximab and adalimumab, as recommendations for these drugs are
only based on exposure-outcome association studies which are limited. Finally, there is a
gap in knowledge regarding the measurement of peak drug concentrations3? and total drug
exposure. 125

In conclusion, TDM of biologics is a useful tool in optimizing the care of patients with IBD.
We hope that these consensus statements based on interpretation of the available literature
can assist physicians in improving the care of patients with IBD.
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Table 1.

Statements regarding reactive therapeutic drug monitoring of biologics
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Statement

\Vote
agreement, %

Strength of
*
recommendation

Ak
9. Reactive TDM should be performed in patients with confirmed  secondary loss of response to
ustekinumab.

A
1. Reactive TDM should be performed in patients with confirmed  primary non-response to anti- 100 97
TNF therapy.
. . . . . faid 100 9.8
2. Reactive TDM should be performed in patients with confirmed  secondary loss of response to
anti-TNF therapy.
3. Reactive TDM has been proven more cost-effective than empiric anti-TNF therapy optimization. 100 8.6
4. When performing reactive TDM for secondary loss of response to infliximab, treatment 90 8.5
discontinuation should not be considered until a drug concentration of at least 10-15ug/ml is
A
achieved.
5. When performing reactive TDM for secondary loss of response to adalimumab, treatment 90 8.3
discontinuation should not be considered until a drug concentration of at least 10-15pg/ml is
kA
achieved.
. . . . . A 100 8.3
6. Reactive TDM should be performed in patients with confirmed  primary non-response to
vedolizumab prior to switching therapy.
. . . . ) o 90 7.4
7. Reactive TDM should be performed in patients with confirmed  primary non-response to
ustekinumab prior to switching therapy.
. . . . ) el 100 8.9
8. Reactive TDM should be performed in patients with confirmed  secondary loss of response to
vedolizumab.
90 85

*
Mean score of rating of the statements.

*:

testing (i.e. CRP, FC), imaging and/or endoscopy.

AAA
A range rather than a threshold is provided as drug concentrations may differ among assays.

TDM: therapeutic drug monitoring; TNF: tumor necrosis factor.

Am J Gastroenterol. Author manuscript; available in PMC 2022 November 18.

A
PNR and SLR should not be defined by clinical symptoms alone, but ongoing inflammation needs to be confirmed objectively with laboratory




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Cheifetz et al.

Table 2.

Statements regarding proactive therapeutic drug monitoring of biologics.

Page 20

Statement

\Vote
agreement, %

Strength of
*
recommendation

therapies.

10. Proactive TDM should be performed post induction for patients treated with anti-TNF therapy. 90 9
11. Proactive TDM should be performed at least once during maintenance therapy for patients treated 90 8.8
with anti-TNF therapy.

12. Proactive TDM should be utilized after reactive TDM of anti-TNF therapy. 80 8.1
13. Proactive TDM is most important in more severely active patients and in patients who have higher 90 8.5
drug clearance.

14. When infliximab de-escalation (dose reduction) is considered in patients in remission, proactive 100 9.2
TDM both prior to and after de-escalation should be performed.

15. Proactive TDM for optimizing anti-TNF monotherapy is better than unoptimized anti-TNF 100 9
monotherapy.

16. Proactive TDM for optimizing anti-TNF monotherapy in select patients is an alternative to 90 8.5
combination anti-TNF therapy with an immunomodulator.

17. More data are needed to support the use of proactive TDM for biologics other than anti-TNF 100 9.2

*
Mean score of rating of the statements.

TDM: therapeutic drug monitoring; TNF: tumor necrosis factor.
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Table 3.

General statements regarding therapeutic drug monitoring of biologics.
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Statement

\Vote
agreement, %

Strength of
*
recommendation

and originator biologic drugs.

18. There is clinical utility for TDM to be performed in patients treated with anti-TNF therapy during 80 8
induction.

19. Increased anti-TNF clearance is associated with anti-drug antibodies, male gender, low albumin, 90 9.2
high baseline CRP and high BMI.

20. TDM (drug concentration and antibodies to infliximab) should be performed following a drug 100 9
holiday in patients treated with infliximab prior to second dose after re-starting.

21. Patients should be followed over time with the same TDM assay, if possible, until commercial 80 8.1
assays are accurately cross-validated and standardized.

22. There are no differences in performing and interpreting the results of TDM between biosimilars 100 9.4

*
Mean score of rating of the statements.

TDM: therapeutic drug monitoring; TNF: tumor necrosis factor; CRP: C-reactive protein; BMI: body mass index.
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Table 4.

Statements regarding immunogenicity of biologics.
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Statement

\Vote
agreement, %

Strength of
*
recommendation

23. Anti-drug antibodies are more clinically relevant when trough drug concentrations are 90 9.1
undetectable.

24. Patients with secondary loss of response to anti-TNF therapy due to the development of high-titer 100 9.4
anti-drug antibodies should not be dose-escalated, but instead should be switched to a different

therapy (within-class or out of class).

25. When considering switching within drug class in case of secondary loss of response to a first 90 8.5
anti-TNF drug due to the development of anti-drug antibodies, an immunomodulator should be added

to a subsequent anti-TNF therapy.

26. All commercially available assays are appropriate to use for TDM, however, for antibody 100 8.3
measurement, beyond the homogeneous mobility shift assay there are not sufficient data to support

specific clinically relevant cut-offs to define high-titer antibodies.

27. Low-titer antibodies to infliximab can be defined as <10 U/ml for the homogeneous mobility shift 90 8.1
assay.

28. Low titer anti-drug antibodies can be overcome by treatment optimization (dose escalation, dose 100 8.4
interval shortening and/or addition of an immunomodulator).

29. The formation of antibodies to infliximab or adalimumab can be reduced by the use of 100 9.1
immunomodulators.

30. HLA-DQAZ1*05 is associated increased risk of development of antibodies to infliximab and 100 9.3
adalimumab.

31. Vedolizumab is associated with less immunogenicity than anti-TNFs. 100 9.2
32. Ustekinumab is associated with less immunogenicity than anti-TNFs. 100 9.9

*
Mean score of rating of the statements.

TDM: therapeutic drug monitoring; TNF: tumor necrosis factor; HLA: Human leukocyte antigen.
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Table 5.

Statements regarding infliximab and adalimumab concentrations to target.

Page 23

Statement* agree\:gte?\t, % Strength 9]‘ *x
recommendation

33. The target drug concentration may vary depending on disease phenotype, assay used and desired 100 9.2
therapeutic outcome.

34. Infliximab concentrations to target at week 2 should be at least 20-25 pg/ml. 80 8.3

35. Infliximab concentrations to target at week 6 should be at least 15-20 pg/ml. 90 8.5

36. Infliximab concentrations to target at week 14 should be at least 7-10ug/ml. 100 8.3

37. Infliximab concentrations to target during maintenance therapy should be at least 5-10 pg/ml. 90 8.5

38. Adalimumab concentrations to target at week 4 should be at least 8-12 pg/ml. 80 8.2

39. Adalimumab concentrations to target during maintenance therapy should be at least 8-12 pg/ml. 80 8.3

*
For all statements the upper limit of range typically refers to drug concentration associated with more stringent therapeutic outcomes such as

biochemical, endoscopic, histologic and composite remission defined as any combination of the previous.

Ak
Mean score of rating of the statements.
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Biologic drug concentration thresholds can vary based on the desired therapeutic outcome to target.

Table 6.

Drug IBD TDM Threshold . * Therapeutic | Ref.
type type time point (ug/mil) Therapeutic outcome outcome
time point
1EXE CD Week 2 >16.9 Clinical response Week 14 81
>20.4 Clinical remission
uc >115 Clinical response
>15.3 Clinical remission
IFX uc Week 14 >5.1 Mucosal healing (MES<2) Week 30 104
>6.7 Mucosal healing (MES=0)
IFX CD Week 14 >2 CRP normalization Week 14 105
>6.1 Complete fistula response
7.2 Complete fistula response & CRP normalization
IFX CD Week 14 >9.4 FC<250ug/g Week 14 106
>115 FC<100ug/g
IFX CD Maintenance >2.2 Normal CRP Maintenance | 107
>9.7 Endoscopic remission
>9.8 Histologic remission
IFX CD Maintenance zg? Normal CRPIJ Maintenance | 108
>4 Normal FC¢
Mucosal healing
IFX CD Maintenance >1.5 Clinical remission Maintenance | 109
>3.4 Normal CRP
>57 Normal FCd
IFX uc Maintenance =75 Endoscopic healing Maintenance | 110
210.5 Histologic healing
IFX CD/UC | Maintenance >2.1 Clinical remission Maintenance | 111
>2.9 Clinical remission & normal CRP
>3.9 Clinical remission & FC <250ug/g
>4.9 Clinical remission, normal CRP & FC<50 pg/g
ADM CD Maintenance >5.6 Normal CRPb Maintenance | 111
>7.9 .
Mucosal healing
ADM CD Maintenance >8.5 Normal CRP & FC <250 ug/g Maintenance | 113
>10.5 Normal CRP & FC <100 ug/g
ADM CD Maintenance >6.8 Perianal fistula healing Maintenance | 114
>0.8 Perianal fistula closure
ADM CD Maintenance >6.8 Normal CRP Maintenance | 115
>0.8 Normal CRP & FC®
ADM | CD/UC | Maintenance >6.6 Normal CRP Maintenance | 116
>7.1 Mucosal healing
CzP CD Week 6 >31.8 - 4 Week 6 117
5327 Clinical remission
>34.5 Normal Fc9
Clinical remission & normal FC
GOL uc Week 6 >3.2 Clinical remission Week 6 118
>3.8 Clinical & biochemical remission
vDzZ CD Week 14 >21.2 Clinical remission Week 24 30
>25.2 Biological remission
>30.1 Endoscopic improvement
vDzZ uc Week 14 >12.6 Clinical response Week 14 31
>17 Mucosal healing
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Drug IBD TDM Threshold Th tic out * Therapeutic | Ref.
type type time point (ng/ml) erapeutic outcome outcome
time point

VDZ | CD/UC | Maintenance >10.7 CS-free endoscopic remission Maintenance | 32
>14.8 CS-free deep remission

USsT CD Week 8 >4.2 50% decrease in FC Week 8 33
>7.2 Biological remission

UST CcD Week 8 >6.9 h Week 24 39
S111 Normal FC

Endoscopic remission

UST CD Maintenance >1.4 . i Maintenance | 40
=2 Clinical remission
>2.2 Biochemical remissionk
Clinical & biochemical remission
UsT uc Week 8 235 Endoscopic improvement Week 8 41
>3.7 Histologic improvement
Maintenance >1.1 Endoscopic improvement Week 44
213 Histologic improvement

*
Higher drug concentrations are typically associated with more stringent outcomes going from clinical to biochemical, endoscopic, histologic and
composite remission defined as any combination of the previous.

?nfliximab biosimilar CT-P13
bsSmg/L

€<300ug/g

d<59ug/g

é’<50u@|/91

fCDAI<150

g<250ug/g

/7<100pg/g
'HBI<5

k<150pg/g.

IBD: inflammatory bowel disease; CD: Crohn’s disease; UC: ulcerative colitis; IFX: infliximab; ADM: adalimumab; GOL: golimumab; CZP:
certolizumab pegol; VDZ: vedolizumab; UST: ustekinumab; CRP: C-reactive protein, FC: fecal calprotectin; MES: Mayo endoscopic score; CS:
corticosteroids; CDAI: Crohn’s disease activity index; HBI: Harvey-Bradshaw index; ref: reference.
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