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1 | INTRODUCTION

| Noemi Rebollo??3® |

Fernando Mufoz>*

Aims: Therapeutic drug monitoring (TDM) of trough serum infliximab concentrations
has been mainly used in case of loss of response in patients with inflammatory bowel
disease (IBD). The aim of this study was to evaluate the effectiveness and safety of a

multidisciplinary early proactive TDM (mep-TDM) programme for dose adjustment.
Methods: A 3-year prospective study was conducted based on a sample of

81 patients who started treatment and were subsequently subjected to mep-TDM
with the first control at week 14. Data of a historical control group of 72 patients
treated with infliximab and managed with empirical dosing were included. Effective-
ness variables were treatment failure, IBD-related surgery and IBD-related hospitali-
zation. Safety variables were serious infusion reactions (SIRs) and adverse reactions.

Cox regression was used for survival analysis.
Results: In the mep-TDM study group, compared to the control group, there was a

significant reduction in the risk of treatment failure (hazard ratio [HR]: 0.51; 95%
confidence interval [Cl]: 0.27-0.92; P = .037), IBD-related surgery (HR: 0.14; 95% ClI:
0.03-0.65; P = .012) and hospitalization (HR: 0.38; 95% CI: 0.17-0.87; P = .022). SIRs
were lower in the mep-TDM group (2.5% vs 10.4%; P < .050); the incidence of
adverse reactions was similar (3.7% vs 3.9%; p > .999).

Conclusion: This study found that compared to empirical dosing, mep-TDM is associ-
ated with improved efficacy and safety of infliximab therapy, reduced IBD-related
hospitalization and surgery and incidence of SIRs, and increasing long-term durability

of treatment effects.
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factors and treatment, the main difference being the area of the diges-

tive system where inflammation occurs: in UC only the mucosa of the

Inflammatory bowel disease (IBD) is a chronic process characterized by
a disproportionate immune response that damages the tissues of the
digestive tract and leads to injuries of different severity. Ulcerative coli-
tis (UC) and Crohn's disease (CD) are the most common forms of IBD.*?

These pathologies share many similarities in terms of symptoms, risk

large intestine or the colonic mucosa is affected, whereas in CD tran-
smural lesions can occur in any part of the digestive tract.

The therapeutic use of anti-tumour necrosis factor (anti-TNF)
monoclonal antibodies, such as infliximab, adalimumab, golimumab and

certolizumab pegol, has dramatically changed the management of
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IBDs.3* However, although a high percentage of patients (70-90%) ini-
tially respond to treatment, loss of response (LOR) rates after induction
are high (20-50%).>¢ There are several reasons for this lack of
response, 1 being the formation of anti-drug antibodies that bind to the
epitope of the drug and form immune complexes that increase its clear-
ance, leading to inferior clinical outcomes.”>”® Additionally, lack of
response can be associated with non-immune-related factors such as
high body mass index, hypoalbuminaemia, high disease burden, and the
location and/or size of the affected surface.”'° Pharmacodynamic fac-
tors such as alternative pathway (re)activation of inflammation may also
lead to nonresponse.®

Currently, in clinical practice, pharmacological options after failure
of these drugs are limited.!* Once the lines of treatment have been
exhausted, the only available alternative is surgery. Therefore, optimi-
zation of response in order to maintain treatment using standard anti-
TNFs in the early stages for as long as possible has gained relevance
in recent years, becoming the subject of numerous studies.*? 4

Therapeutic drug monitoring (TDM) of anti-TNF has been tradi-
tionally used in patients with active inflammatory symptoms, this
strategy being known as reactive TDM. Recent studies have assessed
the usefulness of early proactive TDM*>17 following an approach that
involves determination of trough serum infliximab concentrations
(TSIC) in all patients from the beginning of the treatment to optimize
the dose by reaching target TSIC. Since low TSIC have been associ-
ated with an increased risk of anti-infliximab antibody (ATI) develop-
ment, the potential clinical benefits of this type of monitoring include
the prevention of immunogenicity and an increased probability of
remaining longer on anti-TNF therapy.1®#

The objective of this study was to prospectively evaluate the
long-term effectiveness and safety of a multidisciplinary early proac-
tive TDM programme (mep-TDM) as a tool for infliximab dose adjust-

ment in patients with IBD.

2 | MATERIALS AND METHODS

21 | Study design and population

In 2015, a mep-TDM of infliximab programme aimed at treatment
optimization in IBD patients was started at our Centre by the Gastro-
enterology Service in collaboration with the Pharmacokinetics Labora-
tory of the Pharmacy Service. Over the previous 3 years, 76 patients
had been subjected to infliximab therapy with dose adjustments based
only on clinical response as the standard of care. This group was used
as control, and TSICs and ATls were measured for all the patients
under treatment with infliximab at the time of the beginning of the
prospective study.

After the implementation of the mep-TDM program, a 3-year pro-
spective, longitudinal, cohort study was conducted from September
2015 to September 2018 using data from patients aged >18 years who
started infliximab treatment and had been diagnosed with moderate or
severe CD and UC according to the following criteria: Partial Mayo
Clinic Score > 4 for UC® and Simplified Endoscopic Activity Score for

What is already known about this subject

e Therapeutic drug monitoring (TDM) of infliximab could
be a useful tool for dose adjustment in the management
of loss of response in inflammatory bowel disease.

e There are limited data on the usefulness of proactive

TDM in patients from the beginning of treatment.

What this study adds

e Early proactive TDM improves the efficacy, safety and
durability of treatments.

e Patients with inflammatory bowel disease on an empirical
dosage of infliximab have a high probability of presenting
subtherapeutic concentrations, associated with loss of
response.

e Multidisciplinary teams, including experts with clinical
pharmacokinetic experience to adequately interpret and
present TDM results, contribute to achieve better
outcomes.

CD >4 and/or Harvey-Bradshaw Index Score > 7 for CD.*?2° The study
was approved by the Local Ethics Committee and signed consent was
obtained from all the patients who agreed to participate.

Patients with the following characteristics were excluded from
the study: <14 weeks of treatment; isolated administration due to
transfers to other centres; and isolated outbreaks. In all cases, the ini-
tial dose of infliximab was administered according to the recommen-
dations provided in the drug data sheet: 5 mg kg™! by intravenous
infusion at weeks 0, 2, 6 and 14 (induction phase) and, subsequently,
proactive TDM was used for dose adjustments. The use of concomi-
tant immunosuppressants was allowed.

The following baseline variables were collected: age, sex, type of
disease, extent of the disease, CD behaviour, age at diagnosis, age at
start of infliximab, perianal fistulizing disease, concomitant use of
immunomodulators (i.e. thiopurines or methotrexate), extraintestinal
manifestations (musculoskeletal, dermatological, hepatopancreato-
biliary or ocular), faecal calprotectin (FCP) and C-reactive protein
(CRP) serum levels. Disease extent and behaviour were defined

according to the Montreal Classification.?

2.2 | TDM strategy

During the study period, all patients who had started treatment with
infliximab were proactively monitored, and the first TSIC was deter-
mined at week 14. TDM was repeated after 2 infliximab administra-
tions in those patients who had required dose adjustment, to verify
that target TSICs had been reached. Once TSICs were within thera-
peutic range, TDM was routinely performed every 6 months.
Figure 1 shows the algorithm used for making therapeutic decisions

based on TSICs and clinical response. This was adapted from the
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algorithm initially designed at our centre for TDM of anti-TNF
agents.12

TSICs and ATls were determined by ELISA (Promonitor) in the
Pharmacokinetics Laboratory of our centre. In this technique, serum
infliximab binds to TNF and is detected by an anti F (ab’)2-infliximab,
horseradish peroxidase-labelled antibody. The disadvantages of this
assay are that it is a drug-sensitivity test that cannot detect drug-
bound ATI?! and that it lacks specificity to distinguish between bio-
logically functional and nonfunctional ATls.

The TSIC therapeutic range was established according to the
available literature: 5-10 pg mL™! at week 14 of treatment'? and
3-10 pg mL™! during the maintenance phase.'®*>22 Concentrations
above 10 pg mL~! were used in patients with CD and perianal fis-
tulizing disease.?® ATls were measured in patients with TSIC
<lug mlL-1.12.24

TSICs were obtained in the hours prior to the administration of
infliximab. However, in patients with inflammatory symptoms, mostly
when low TSICs were suspected, additional samples were taken dur-
ing the administration interval in order to make the optimal therapeu-
tic decision.

Prior to the beginning of the study, a preliminary population phar-
macokinetic model of infliximab in adult patients with IBD had been
developed. For this purpose, a nonlinear mixed effects modelling using
the first-order conditional estimation method with interaction was
used to develop the population pharmacokinetic model using NON-
MEM version 7.3.0 (Ilcon Development Solutions, Ellicott City, MD,
USA\). Patient characteristics and bi-compartmental model specifica-
tions can be found in Appendix 1. In our preliminary pharmacokinetic
model, body weight, FCP and ATls proved to be the variables with the
most significant impact on infliximab pharmacokinetics.

Optimal individualized dosage estimation was addressed using a
Bayesian approach based on TSICs, demographical information and

IFX? <3 pugmL?
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other patient characteristics to predict TSIC evolution over time. A
priori information (IFX population pharmacokinetic parameters) was
combined with a posteriori information (individual TSICs) to predict
future concentrations.?® Individual pharmacokinetic parameters were
estimated and subsequently used to predict the optimal individualized
dosing (dose and interval) required to reach therapeutic TSICs. For this
purpose, infliximab concentrations were simulated based on nonlinear
mixed effects modelling (NONMEM version 7.3.0). Then, this informa-
tion, together with the clinical and endoscopic outcomes, was used to
draw up a pharmacokinetic report with the patient-adapted dosage

recommendation.

2.3 | Therapeutic outcomes

Loss of response was defined as worsening or relapsing of symptomes,
that is, Harvey-Bradshaw Index Score >4 in CD, partial Mayo clinic
score > 2 in UC, biological activity (FCP >100 mg Kg™! or CRP
level > 0.5 mg dL™1), together with endoscopic or radiological findings
of active disease. Endoscopies were performed according to clinical
criteria.

The effectiveness variables were treatment failure (TF), IBD-
related surgery and IBD-related hospitalization during the first 3 years
from the beginning of treatment. The follow-up period for IBD-related
surgery and IBD-related hospitalization was extended 6 months
beyond infliximab discontinuation provided that no other biological
drug was administered in the meantime.

Reasons for TF were LOR despite therapeutic TSICs, severe
infusion-related reactions (SIRs), adverse reactions (ARs) or
nonreversible ATls.

IBD-related surgery included total or partial bowel resection,

ostomy, ileal pouch-anal anastomosis. Fistula seton placement and

IFX TDM maintenance

IFX>® 3 -10 ug mL* IFXb > 10 pg mL?

N N

GR
Dose intensification
(STOP??)

Check ATI

No dose adaption || Dose intensification Dose de-
and/or addition of intensification

‘ GR LOR GR

ATI -
Dose intensification

and/or addition of
IMM

IMM (STOP??)d and/or IMM dose
decrease

FIGURE 1 Algorithm designed to

High ATI (> 10 AU mL*?)
STOP

Low ATI (< 10 AU mLY)
Dose intensification
and/or addition of

IMM

make therapeutic decisions based on
trough serum concentrations of
infliximab, presence of anti-infliximab
antibodies and treatment response.
Response is based on clinical, endoscopic
and biochemical outcomes. Adapted from
reference 12

a: 5ug mL™ at week 14"™.

intensification.

ATI: anti-infliximab antibodies; GR: good response; IFX: infliximab; IMM: immunosuppressants; LOR: loss of
response; TDM: therapeutic drug monitoring.

b: 10-15 ug mL?! perianal fistulizing Crohn disease.

c: patients in endoscopic remission for a long time and infra-terapeutics trough concentrations of IFX could be
candidates for drug holiday.

d: patients with trough concentrations in the upper zone of the therapeutic range are unlikely to benefit from dose
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abscess drainage were excluded from I[BD-related surgery. By
contrast, IBD-related hospitalization was defined as any hospitaliza-
tion due to relapse, intestinal obstruction, fissure, symptomatic
fistula, abscess or gastrointestinal symptoms secondary to IBD,
such as abdominal pain, diarrhoea, constipation or gastrointestinal
bleeding.

To evaluate the effect of mep-TDM on drug safety, the number
of patients with SIRs and ARs during the first 3 years after starting the

treatment with infliximab was compared in both groups.

24 | Statistical analysis

Descriptive statistics were provided using median or mean for the
continuous variables, and frequency and percentage for the categori-
cal variables. The continuous variables were compared using t-test or
Wilcoxon test, and the categorical variables using the Xz test or Fish-
er's exact test, as appropriate.

Kaplan-Meier estimates were used to draw the cumulative and
incidence curves of probability of TF, IBD-related surgery and IBD-
related hospitalization. Curves were compared using the log-rank test.
Additionality, a subgroup analysis was made in order to evaluate the
effectiveness variables on CD and UC patients.

Univariate and multivariate survival analysis using Cox
proportional-hazards regression was performed to determine the
independent effects of different variables that could be associated
with the therapeutic outcomes. The examined variables were sex, age
at diagnosis, age at start of infliximab treatment, IBD subtype, UC
extension, CD location and behaviour, perianal fistulizing disease, con-
comitant use of immunomodulators, and extraintestinal manifesta-
tions. Variables were eliminated from the multivariate model if Wald
test results rendered them nonsignificant (P < .1). All P-values were
based on a 2-sided hypothesis, and those <.05 were considered statis-

tically significant.

2.5 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, the
common portal for data from the IUPHAR/BPS Guide to PHARMA-
COLOGY,?® and are permanently archived in the Concise Guide to
PHARMACOLOGY 2019/20.%’

3 | RESULTS
3.1 | Therapeutic drug monitoring in empirically
dosed patients

Prior to the beginning of the study, 52 patients were already under
chronic infliximab therapy. The results obtained from these patients

are shown in Figure 2. Dose adjustment according to standard care

revealed that 48.1% of the patients had subtherapeutic TSICs and
13.5% had ATls. The average TSIC (standard deviation) measured was
4.35 (4.40) pg mL™L,

These results were taken into account to manage the dosage regi-
mens. Dose escalation (interval decrease and/or dose increase) was per-
formed in 18 patients with subtherapeutic TSICs. Infliximab was
discontinued in 7 patients with subtherapeutic TSICs and high levels of
ATls. Additionally, infliximab treatment was switched to adalimumab in
3 other patients with low TSICs who were already receiving exception-
ally high intensified empirical doses. By contrast, a treatment de-
escalation was carried out in 6 patients with supratherapeutic TSICs.
For this purpose, an extended interval was selected.

It must be pointed out that treatment was escalated in 4 patients
with therapeutic levels of TSICs due to inadequate response, whereas
infliximab treatment was switched to vedolizumab in 1 patient due to
TSIC being in the upper limit of the therapeutic range and a lack of

clinical control.

3.2 | Early proactive therapeutic drug monitoring
Mep-TDM was performed on 81 patients who started infliximab, and
a total of 201 TSICs were determined over a 3-year period. The
median (interquartile range) follow-up of patients was 82 (34-118)
weeks. The clinical and demographic characteristics of the study and
control group patients are presented in Table 1. As shown, patient
characteristics at the time of inclusion in the study were similar in
both groups and, therefore, comparable.

Patients who started treatment with infliximab during the study
were proactively monitored, with initial TDM at week 14. Table 2
shows the main data related to the mep-TDM programme. Among the

100 |, B Response 100.0 ~
[~ Mean TSIC |14
90 i
s 80 76.2 ‘ 12
X
0 70 ‘ 10 ;
c
g 60 | 8
3 52.0 | 8 &
s 90 ‘ «Q
8 | ;
g 40 | 5.4 6 =
2 30 B
! 4
20
10 5 12 l ‘ 2
o . M1 M| 0
Infra-therapeuti Therap Supra-therapeutic
n=25 n=21 n=6
FIGURE 2 Serum infliximab concentrations and corresponding

clinical response obtained in 52 patients of the control group
managed with standard of care. TSIC: trough serum infliximab
concentrations; supratherapeutic: TSIC <3 pg mL~%; therapeutic: TSIC
3-10pg mL™%; supratherapeutic: TSIC >10 ug mL™!
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monitored patients, 33 (40.7%) and 6 (7.4%) required early dose
adjustment because of low and high TSICs, respectively. Furthermore,
2 patients developed reversible ATls, and 1 with therapeutic levels of
TSIC presented primary TF and had to be treated with vedolizumab.
Over the 3-year follow-up period, out of the patients subjected to
mep-TDM, 51 (63%) underwent dose escalation and 28 (35%)
received de-escalation in order to reach the therapeutic range. By
contrast, 26 patients (32%) received no dose modification during the
study.

Figure 3 shows the Kaplan-Meier cumulative probability curves
for TF, IBD-related surgery and IBD-related hospitalization. Patients
who underwent mep-TDM had a statically higher probability of
maintaining treatment with infliximab and a significantly lower cumu-
lative probability of IBD-related surgery and IBD-related hospitaliza-

tion than those who were not subjected to TDM. In the subgroup

TABLE 1 Baseline characteristics of patients included in the study

n
Sex, male (%)

Age at diagnosis (y), median (IQR)

Age at start of infliximab (y), median (IQR)
Weight (kg), median (IQR)

Body mass index (kg m~2), median (IQR)
IBD type CD, n (%)

UG, n (%)

L1 (ileal), n (%)

L2 (colonic), n (%)

CD Location?

L3 (ileocolonic), n (%)
L4 (upper Gl disease), n (%)
CD behaviour B1 (nonstricturing, nonpenetrating), n (%)
B2 (stricturing), n (%)
B3 (penetrating), n (%)
Perianal fistulizing disease, n (%)
E1 (proctitis), n (%)
E2 (left-side colitis), n (%)
E3 (pancolitis), n (%)

UC extent

Extraintestinal manifestations, n (%)
Musculoskeletal, n (%)
Dermatologic, n (%)
Other, n (%)
Concomitant IMM at start of infliximab, n (%)
Thiopurines (azathioprine, 6-MP), n (%)
Methotrexate, n (%)
CRP at diagnosis (mg dL=2), median (IQR)
FCP at diagnosis (mg kg™1), median (IQR)
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analysis, the survival curves of patients with CD and UC showed a
similar behaviour and no statistically significant differences were
found.

A lower number of TFs was observed among the patients sub-
jected to mep-TDM: 15 (18.5%) of the patients in the study group vs
30 (39.5%) in the control group. Reasons for treatment discontinua-
tion in the mep-TDM group were: 8 inadequate clinical responses
(9.9%), 4 ATls (4.9%), 2 ARs (2.5%) and 1 SIR (1.2%). In the control
group, 18 (23.7%), 7 (9.0%), 3 (3.9%) and 2 (2.6%) treatments were
discontinued due to inadequate clinical response, SIRs, ARs and other,
respectively. The median time for the appearance of ATls in the study
group was 27 weeks in a range between 15 and 42 weeks.

Table 3 shows the results from univariate and multivariate Cox
analysis for TF. Univariate Cox analysis showed a lower probability of
TF compared with the control group (hazard ratio [HR] = 0.53; 95%

Control group Early proactive TDM group P value
76 81

38 (50.0) 48 (59.3) .32
29 (20-38) 32(20-42) 22
38 (24-49) 41 (29-50) A7
67.8 (57-80) 69.4 (56-82) .63
24.2(21.1-27.5) 24.6 (21.4-28.0) .58
61(80.3) 56 (69.1) 16
15(19.7) 25(30.9)

30 (49.2) 33(58.9) 71
8(13.1) 4(7.2)

23(37.7) 19 (33.9)

2(3.3) 1(1.8)

23(37.7) 26 (46.4) .62
8(13.1) 7 (12.5)

30(49.2) 23 (41.1)

19 (25.0) 14 (17.3) .32
3(20.0) 9(36.0) .56
3(20.0) 4(16.0)

9 (60.0) 12 (48.0)

28 (36.8) 24 (29.6) 72
22 (28.9) 19 (23.5)

4(5.3) 1(1.2)

2 (2.6) 4(4.9)

59 (77.6) 60 (74.1) .73
53(69.7) 57 (7.4)

6(7.9) 3(37)

1.1(0.1-3.1) 1.3(0.1-3.7) 72
NA 222.0 (15-3590) -

ATI: antidrug antibody; CD: Crohn's disease; CRP: C-reactive protein; FCP: faecal calprotectin; Gl: gastrointestinal; IBD: inflammatory bowel disease; IMM:
immunomodulators; NA: not available; TDM: therapeutic drug monitoring; UC: ulcerative colitis.

@ Patients could present several locations (L) of the CD lesion.
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TABLE 2 Early proactive therapeutic drug monitoring outcomes
n 81
Duration of infliximab treatment (wk), median (IQR) 82 (34-118)
TSICs analysed during the study, n 201
TSIC at week 14 (pg mL™Y), median (IQR) 5.8(2.2-7.8)
Therapeutic, n (%) 42 (51.9)
Supratherapeutic, n (%) 6(7.4)
Subtherapeutic, n (%) 33 (40.7)
Immunogenic TSIC (< 1 pg mL™2), n (%) 6(7.4)
ATI at week 14, n (%) 2(2.5)
Optimized treatments per patient (n y~2), median 1(0-2)
(IQR)
Optimized dose during the study (mg kg™1), median 5.1(5.0-5.9)
(IQR)
Optimized interval during the study (wk), median 7 (5-8)
(IQR)
Non reversible ATI during the study, n (%) 4(4.9)
Severe infusion-related reactions, n (%) 2(2.5)
Non infusion-related adverse reactions, n (%) 3(3.7)

ATI: antidrug antibody; IQR: interquartile range; TSIC: trough serum
infliximab concentrations.

confidence interval [Cl]: 0.28-0.97; P < .05) with 3-year absolute risk
reduction (ARR) of 23%. Mep-TDM (HR = 0.51; 95% Cl: 0.27-0.92;
P < .05) and extraintestinal manifestations (HR = 1.72; 95% CI:
1.02-3.16; P < .05) were the only variables independently associated
with TF.

Patients who underwent mep-TDM were less liable to require
IBD-related surgery (2 in the study group vs 16 in the control group)
and 3-year ARR was 25%. Multivariate analysis (Table 4) yielded sig-
nificantly lower values for IBD-related surgery with the use of mep-
TDM (HR = 0.14; 95% Cl: 0.03-0.65; P < .05), whereas perianal fis-
tulizing disease increased the risk (HR = 3.13; 95% CI: 1.17-8.42;
P < .05).

Eight patients under mep-TDM had to be admitted for IBD-
related hospitalization against 23 from the control group. By the end
of the follow-up period, the 3-year ARR of IBD-related hospitalization
was 23% in the study group. Mep-TDM was the only variable associ-
ated with IBD-related hospitalizations (HR = 0.38; 95% Cl: 0.17-0.87;
P < .05). All univariate and multivariate analysis results are shown in
Table 5.

The apparently high percentage of patients receiving concomitant
immunosuppressant therapy at the start of infliximab treatment led to
the decision to analyse the effect of these drugs on the effectiveness
variables. As shown in Tables 3-5, concomitant immunosuppressant
therapy was not associated with TPF, IBD-related hospitalization or
surgery. In addition, a supplementary analysis comparing all the
patients with concomitant immunosuppressant vs monotherapy
infliximab yielded no statistically significant differences: HR: 1.09,
95% Cl: 0.54-2.20, P = .81 for TF; HR: 2.58, 95% Cl 0.59-11.25,
P = .21 for IBD-related surgery; and HR = 1.55, 95% CI: 0.59-4.04,
P = .37 for IBD-related hospitalization.

In relation to the effect of mep-TDM on treatment safety, SIRs
were significantly lower in patients under mep-TDM (2.5 vs 10.4%,;
P = .048), but the onset of ARs was similar in both groups (3.7% and
3.9%, respectively; P > .999).

4 | DISCUSSION

Pharmacokinetic variability is a well-known key source of variability in
anti-TNF response.?® In addition, there is increasing evidence that
higher infliximab levels are associated with sustained response and,
likewise, low or undetectable TSICs increase the likelihood of LOR.%?
Therefore, TDM is emerging as a useful therapeutic tool to facilitate
personalization of these treatments.??-3!

In our study, patients subjected to empirical therapy had a low
probability of reaching therapeutic TSICs (40.4%). Furthermore, a posi-
tive correlation between TSICs and favourable therapeutic outcomes
was observed (Figure 2). ATls were also detected in a high number of
patients (13.5%), which is probably connected to the high percentage
(48.1%) of patients with subtherapeutic TSICs. These results are con-
sistent with previous studies.??323* Our findings underscore the con-
venience of guiding therapeutic decisions through personalized
dosing in order to reach the desired TSICs and maximize positive ther-
apeutic outcomes.

From the start of the study, proactive TDM was considered as
the dosing guide strategy for all the patients in our centre. We
found that patients with mep-TDM had 23% cumulative probability
of TF 3 years from the beginning of the treatment. This probability
was significantly lower (P < .05) than that observed in the control
group (46%). In addition, cumulative risks of IBD-related surgery
and IBD-related hospitalization became significantly reduced after
implementing the mep-TDM program, as presented in Figure 3:
surgery from 28 to 3% (P < .05) and hospitalization from 32 to 9%
(P < .05). The low percentage of patients with circulating ATls
(4.9%) observed after the implementation of TDM probably con-
tributed towards achieving these better results.>’

Papamichael et al.'® based on a sample of 130 patients with
IBD under proactive TDM, estimated an accumulative probability of
85% of them remaining on infliximab 3 years after starting the
treatment and a cumulative risk of IBD-related surgery and IBD-
related hospitalization of 5 and 9%, respectively. In this study, the
first TDM session was performed after a median time of >1 year
of infliximab therapy. Therefore, the sample population could have
influenced the slightly improved results in relation to our study.

7 also observed that IBD patients under proactive

Vaughn et a.l
TDM had a greater probability of remaining on infliximab after
3 years than those receiving infliximab doses at the discretion of
the treating physician, this probability increasing in patients who
achieved TSIC >5 pg mL™L.

The similarity among the survival curves shown in all the studies
carried out in IBD patients is worth noting. During the first 2 years
after the start of infliximab treatment, a pronounced slope is

observed; however, after this period, the curves become flat, probably
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FIGURE 3 Kaplan-Meier cumulative probability curves for inflammatory bowel disease (IBD)-related surgery (A) IBD-related hospitalization
(B) and probability of treatment failure with infliximab (C) in patients with early proactive therapeutic drug monitoring (TDM) and control group,
respectively

TABLE 3 Univariate and multivariate analysis of infliximab treatment failure

Univariate Cox analysis Multivariate Cox analysis
HR (95% Cl) P HR (95% Cl) P
Proactive TDM 0.53(0.28-0.97) .042 0.51(0.27-0.92) .037
Sex (ref male) 1.02 (0.57-1.84) 924 -
Diagnosis (ref UC) 0.79 (0.42-1.50) 477 -
Perianal fistulizing disease 0.88 (0.43-1.83) 734 -
Age at diagnosis 1.02 (0.68-1.52) 916 -
Age at start of infliximab 1.33(0.84-2.12) 224 -
CD localization (ref L1) 0.99 (0.69-1.44) 978 -
CD behaviour (ref B1) 0.91 (0.56-1.48) 713 -
UC extension (ref E1) 1.64 (0.60-0.79) 182 -
Concomitant use of immunomodulators 1.09 (0.54-2.20) .806 -
Extraintestinal manifestations 1.75 (0.98-3.13) .057 1.72 (1.02-3.16) .044

CD: Crohn's disease; Cl: confidence interval; HR: hazard ratio; TDM: therapeutic drug monitoring; UC: ulcerative colitis.
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TABLE 4 Univariate and multivariate analysis of surgery related with inflammatory bowel disease

Univariate Cox analysis

HR (95% ClI)
Proactive TDM 0.18 (0.04-0.79)
Sex (ref male) 2.28 (0.79-1.10)
Diagnosis (ref UC) 1.62 (0.60-4.37)
Perianal fistulizing disease 2.73 (1.08-6.95)
Age at diagnosis 1.25 (0.63-2.49)
Age at start of infliximab 1.88 (0.80-4.39)
CD localization (ref L1) 0.15 (0.03-0.69)
CD behaviour (ref B1) 1.40 (0.23-8.30)
UC extension (ref E1) 1.34 (0.66-2.72)
Concomitant use of immunomodulators 2.18 (0.49-9.63)
Extraintestinal manifestations 1.79 (0.67-4.78)

Multivariate Cox analysis
P HR (95% Cl) P

.023 0.14 (0.03-0.65) .012
275 =
.335 -
.024 3.13(1.17-8.42) .015
515 -
146 =
.015 -
.708 =
411 -
.303 =
244 -

CD: Crohn's disease; Cl: confidence interval; HR: hazard ratio; TDM: therapeutic drug monitoring; UC: ulcerative colitis.

Multivariate Cox analysis
P HR (95% Cl) P

.022 0.38 (0.17-0.87) .022
779 =
591 -
.088 =
962 -
931 =
423 -
.105 =
763 -
611 =

TABLE 5 Univariate and multivariate analysis of hospitalization related with inflammatory bowel disease

Univariate Cox analysis
HR (95% Cl)

Proactive TDM 0.38(0.17-0.87)

Sex (ref male) 0.88 (0.37-2.10)

Diagnosis (ref UC) 1.24 (0.57-2.67)

Perianal fistulizing disease 1.93(0.91-4.10)

Age at diagnosis 1.01 (0.59-1.73)

Age at start of infliximab 1.02 (0.57-1.84)

CD localization (ref L1) 0.81 (0.49-1.35)

CD behaviour (ref B1) 2.86 (0.80-10.20)

UC extension (ref E1) 1.10 (0.59-2.05)

Concomitant use of immunomodulators 1.29 (0.49-3.42)

Extraintestinal manifestations 1.11 (0.51-2.46)

.785 -

CD: Crohn's disease; Cl: confidence interval; HR: hazard ratio; TDM: therapeutic drug monitoring; UC: ulcerative colitis.

because the development of antibodies occurs mainly during these
first months.3® In our study group, ATls were only detected in this
period.

131636 \we found a low incidence

Consistent with other studies,
of SIRs (2.5%) in patients subjected to mep-TDM, whereas the per-
centage was significantly higher in the control group (10.4%).
These results, in turn, could be related to the low proportion of
patients with ATls, since there is evidence that the development of
antibodies may complement anaphilotoxin activation and produc-
tion.3® However, as expected, the incidence of adverse reactions
linked to the drug was similar in both groups. Our results support
the association of immunogenicity and SIRs, suggesting a potential
relationship between subtherapeutic TSICs and adverse effects, as
well as the usefulness of mep-TDM to improve the safety profile
of infliximab therapy.

In the study group, a population TDM-based Bayesian dose pre-
diction was used, which provides a more efficient guide for dose
adjustments.®”  This data from TSICs,

strategy incorporates

demographics and other patient's characteristics to predict the TSICs
evolution over the time. TDM-based Bayesian dose prediction
allowed TSICs within the therapeutic range to be reached in all new
patients early after the induction phase. The high percentage of
patients who yielded subtherapeutic TSICs at week 14 could indicate
the convenience of conducting the first TDM during the induction
phase, where higher TSICs are probably needed.3®

Early proactive TDM is not yet a widespread practice, and
reactive TDM in response to suboptimal disease control is emerg-
ing as the new standard of care for optimizing anti-TNF therapy in
IBD.?? By contrast, preliminary data that prove the usefulness of
proactive TDM to improve therapeutic outcomes have been publi-
shed and there are currently experts who believe that proactive
TDM, which helps to optimize infliximab therapy before immunoge-

nicity and/or LOR, should
16,17,39-41

become standard clinical
practice.
At our centre, mep-TDM has proved effective in reducing IBD-

related surgery and hospitalization, as well as in increasing the
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durability of infliximab treatment, preventing changes to second-line
treatments associated with higher direct costs. The analysis of
201 samples during a 3-year period of mep-TDM applied to infliximab
dosing optimization in 81 patients showed that the potential benefits
of proactive TDM outweigh the high cost of infliximab and ATlIs deter-
mination and, consequently, mep-TDM could be a cost-effective strat-
egy. A randomized prospective trial is yet to be carried out to confirm
these results.

To ensure full clinical benefit of biological therapies, drug
concentration measurements should be appropriately implemented
and adequately interpreted. Many factors should be considered in
the interpretation of TSIC, such as biological matrix, analytic vari-
ability, sampling time, variability pharmacokinetics, among others,
which demand the involvement of experts with sufficient knowl-
edge and training to adequately interpret and present TDM
results.*?

Multidisciplinary work is considered good practice in the
healthcare system and the presence of multidisciplinary teams is
well established in many healthcare institutions.*® This involves the
coordinated efforts of specialists with expertise in their
corresponding areas, the combination of their skills being a key
aspect in helping to improve health outcomes. In our shared-
responsibility collaborative approach, doses were adapted to all the
patients as required, and no patients needed additional visits or
had wait for the next dose to adjust their treatment, unlike the
experience reported in other studies.*>* Two recent surveys have
yielded great heterogeneity in the use of TDM of biological agents
in clinical practice, identifying the greatest barriers to their imple-
mentation.***> Samaan et al.** revealed that many clinicians lack
confidence in their TDM knowledge and conclude that TDM
results should be interpreted according to clinical context and, ide-
ally, by a multidisciplinary team. While our study was not designed
to assess the benefits of multidisciplinary team work, the involve-
ment of experts with sufficient knowledge and training to ade-
quately interpret the results obtained in the laboratory, present the
TDM results and get involved in the decision-making process has
unguestionably contributed greatly towards the achievement of the
clinical benefits expected from our mep-TDM.

The available data that suggest the usefulness of proactive TDM
are mainly the result of retrospective studies. Therefore, a strength of
this study is that the data are largely prospective, coming from real-
life clinical practice and nonbiased with respect to patient selection,
since the treatment management strategy used (mep-TDM) was the
same throughout the entire study.

However, among the limitations of the study are its non-
randomized nature and the use of historical population in the
control group. Thus, the results should be confirmed by means of
a prospective randomized controlled trial. Nonetheless, although
this is considered the gold standard of study design, it is limited
by several factors, such as resources, cost or even ethical stan-
dards. Another potential limitation is the use of a drug-sensitivity
assay, which means that ATls cannot be measured in presence of

the drug; however, different reports conclude that drug-tolerant
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assays do not offer clinical benefits over

16,29,42

drug-sensitivity
assays.

In conclusion, empirical doses of infliximab in IBD patients result
in a high percentage of subtherapeutic TSICs and ATl development.
An early proactive-TDM programme after the induction phase
improves the long-term outcomes of infliximab therapy, increasing
durability of the drug, decreasing IBD-related hospitalization and sur-
gery and reducing ATls and SIRs. Therefore, our preliminary results
support the use of proactive TDM and, according to our experience,
multidisciplinary care is a useful approach to personalize infliximab

therapy for IBD patients.
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APPENDIX 1

POPULATION PHARMACOKINETIC MODEL (POPPK)

A. Patient characteristics

No. of patients 108
No. of serum samples 313
AT, n (%) 26 (8.3)
Age (y), median (IQR) 42 (18-79)
Weight (kg), median (IQR) 70 (55-82)
Female, n (%) 51 (48,6)
IBD type CD, n (%) 84 (77.8)

UC, n (%) 24 (22.2)
Albumin (g dL™%), median (IQR) 4.4 (4.1-4.9)
C-reactive protein (mg dL™%), median (IQR) 0.40 (0,10-0.95)

FCP (mg kg™1), median (IQR) 125 (20-580)
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