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IMPORTANCE Proactive therapeutic drug monitoring (TDM), defined as individualized drug
dosing based on scheduled monitoring of serum drug levels, has been proposed as an
alternative to standard therapy to maximize efficacy and safety of infliximab and other
biological drugs. However, whether proactive TDM improves clinical outcomes when
implemented at the time of drug initiation, compared with standard therapy, remains unclear.

OBJECTIVE To assess whether TDM during initiation of infliximab therapy improves treatment
efficacy compared with standard infliximab therapy without TDM.

DESIGN, SETTING, AND PARTICIPANTS Randomized, parallel-group, open-label clinical trial of
411 adults with rheumatoid arthritis, spondyloarthritis, psoriatic arthritis, ulcerative colitis,
Crohn disease, or psoriasis initiating infliximab therapy in 21 hospitals in Norway. Patients
were recruited from March 1, 2017, to January 10, 2019. Final follow-up occurred on
November 5, 2019.

INTERVENTIONS Patients were randomized 1:1 to receive proactive TDM with dose and
interval adjustments based on scheduled monitoring of serum drug levels and antidrug
antibodies (TDM group; n = 207) or standard infliximab therapy without drug and antibody
level monitoring (standard therapy group; n = 204).

MAIN OUTCOMES AND MEASURES The primary end point was clinical remission at week 30.

RESULTS Among 411 randomized patients (mean age, 44.7 [SD, 14.9] years; 209 women
[51%]), 398 (198 in the TDM group and 200 in the standard therapy group) received their
randomized intervention and were included in the full analysis set. Clinical remission at week
30 was achieved in 100 (50.5%) of 198 and 106 (53.0%) of 200 patients in the TDM and
standard therapy groups, respectively (adjusted difference, 1.5%; 95% CI, −8.2% to 11.1%;
P = .78). Adverse events were reported in 135 patients (68%) and 139 patients (70%) in the
TDM and standard therapy groups, respectively.

CONCLUSIONS AND RELEVANCE Among patients with immune-mediated inflammatory
diseases initiating treatment with infliximab, proactive therapeutic drug monitoring,
compared with standard therapy, did not significantly improve clinical remission rates over 30
weeks. These findings do not support routine use of therapeutic drug monitoring during
infliximab induction for improving disease remission rates.
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I nfliximab and other tumor necrosis factor (TNF) inhibitors
can improve outcomes for patients with common chronic
immune-mediated inflammatory diseases, such as rheuma-

toid arthritis, spondyloarthritis, psoriatic arthritis, ulcerative
colitis, Crohn disease, and psoriasis. However, approximately
20% to 55% of patients do not respond to these therapies,1-4 re-
sulting in reduced quality of life and risk of irreversible organ
damage and disability. Strategies to optimize TNF inhibitor treat-
ment are needed.

Lack of response to TNF inhibitors has been attributed
to immunogenicity, defined as an immune response against
the drug, leading to formation of antidrug antibodies. Anti-
bodies against TNF inhibitors and other biologic drugs
reduce serum drug levels and are associated with adverse
effects such as infusion reactions.5,6 Infliximab, a chimeric
antibody, is more immunogenic than other TNF inhibitors,
and antibody formation is particularly common during ini-
tiation of infliximab.5,6

Substantial interindividual variation exists for serum
drug levels for infliximab and other TNF inhibitors. Further-
more, higher serum drug levels are associated with greater
efficacy.7-10 Therapeutic drug monitoring (TDM) has been
proposed as a method to maximize efficacy, safety, and
cost-effectiveness of TNF inhibitor therapy.10-12 Proactive
TDM, an individualized treatment strategy in which drug
doses and timing of administered doses are adjusted based
on scheduled measurements of serum drug levels, has been
adopted by some clinicians.13 However, clinical trial data
supporting proactive TDM of TNF inhibitor therapy for
improving clinical outcomes, compared with standard
therapy, is lacking. Guidelines are inconsistent regarding
recommendations for proactive TDM, largely because of
lack of evidence regarding TDM benefits during the induc-
tion phase of treatment.14-17

The Norwegian Drug Monitoring Trial (NOR-DRUM) Part A
was a randomized clinical trial designed to assess the effect
of proactive TDM during induction of infliximab therapy for
improving disease remission rates in patients with the 6 diag-
noses for which infliximab is indicated and approved.

Methods
Study Design and Participants
In this 38-week randomized, open-label, parallel-group,
phase 4 multicenter superiority study, patients were re-
cruited and followed up at 21 Norwegian hospitals (eTable 1
in Supplement 1). The trial was designed to determine
whether TDM was more effective than standard therapy for
the primary outcome of disease remission. The trial was con-
ducted in accordance with the principles of the Declaration
of Helsinki18 and International Conference on Harmonization
guidelines for Good Clinical Practice. The trial protocol and
the consent form were approved by an independent ethics
committee (Regional Committees for Medical and Health
Research Ethics South East). A steering group (eAppendix 1 in
Supplement 1), including researchers and clinicians repre-
senting all relevant specialties, biostatisticians, and patient

representatives, planned and conducted the study. All
patients provided written informed consent. The study was
conducted and analyzed according to the trial protocol and
statistical analysis plan (Supplement 2). This report does not
include the prespecified noninferiority comparison that was
planned if superiority was not established. The noninferiority
comparison is not presented because of lack of sufficient
rationale for the noninferiority comparison and because of
lack of sufficient justification for the prespecified noninferi-
ority margin.

All Norwegian hospitals using infliximab were invited
to participate. Patients were recruited by their treating
physician and enrolled by the site investigators. Adult
patients diagnosed as having rheumatoid arthritis, spondy-
loarthritis, psoriatic arthritis, ulcerative colitis, Crohn dis-
ease, or psoriasis with a clinical indication to start treatment
with infliximab were potential participants. Patients in
remission according to diagnosis-specific disease activity
scores, those who had received infliximab within the past 6
months, and those unable to provide written informed con-
sent were excluded. All eligibility criteria are described in
Supplement 2.

Randomization
Patients were randomized 1:1 to either infliximab therapy
according to TDM or to standard infliximab therapy. A
computer-generated random block randomization (block
sizes of 4, 6, and 8), stratified by diagnosis, was integrated
in the electronic data capture software solution (Viedoc,
version 4). Randomized group assignments were available
to study personnel and participants only after eligibility was
confirmed and patients were randomized.

Interventions
Patients in the standard therapy group received infliximab
therapy according to standard clinical practice. Following the
summary of product characteristics, infliximab was adminis-
tered intravenously in doses of 5 mg/kg (3 mg/kg for rheuma-
toid arthritis) at 0, 2, and 6 weeks and every eighth week
thereafter. Adjustments in doses and intervals according to
clinical parameters were considered standard clinical prac-
tice. Investigators did not have access to information on

Key Points
Question Among patients with chronic immune-mediated
inflammatory diseases initiating treatment with infliximab, does
proactive therapeutic drug monitoring (TDM) improve clinical
remission rates compared with standard therapy?

Findings In this randomized clinical trial that included 411
patients, the proportion of patients who experienced disease
remission after 30 weeks was 50.5% in the TDM group and 53.0%
in the standard therapy group, a difference that was not
statistically significant.

Meaning These findings do not support routine use of
proactive TDM during infliximab induction for improving disease
remission rates.
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levels of infliximab or antidrug antibodies and no algorithm
was provided to guide dosing adjustments.

In the TDM group, infliximab administration was
adjusted according to an algorithm designed to maintain
infliximab levels within the therapeutic range (eFigure 1 in
Supplement 1).19 At each infusion, serum trough levels of
infliximab and antidrug antibodies were measured and

results entered in the interactive web-based electronic case
report form, which provided the investigator with the recom-
mended infliximab dose and interval. During the induction
phase, the dose was adjusted by decreasing the time between
infusions if serum infliximab was low (<20 mg/L at the sec-
ond infusion, <15 mg/L at the third infusion, and <3 mg/L at
subsequent infusion[s] up to week 14). During weeks 1 to 14,
drug doses were not decreased and time between infusions was
not increased. After week 14, the infliximab dose or interval
could be either increased or decreased to reach the therapeu-
tic range of 3 to 8 mg/L. If a patient developed clinically sig-
nificant levels of antidrug antibodies (defined as >50 μg/L), the
algorithm recommended switching to another therapy.

Concomitant immunosuppressive treatment initiated prior
to study inclusion was maintained in both groups. Patients who
discontinued infliximab initiated other medication at the dis-
cretion of treating physicians (eTable 2 in Supplement 1). Pa-
tients who discontinued infliximab were followed according
to their randomized group with visits according to the prior
infusion schedule.

Clinical assessments, blood samples, and patient-
reported outcome measures were collected at each visit. The
primary efficacy parameters were (1) for rheumatoid arthritis
and psoriatic arthritis, the Disease Activity Score in 28 Joints
(range, 0-9.4; higher scores indicate worse disease activity;
minimum clinically important difference, 1.2)20,21; (2) for
spondyloarthritis, the Ankylosing Spondylitis Disease Activ-
ity Score (range, 0.6-7.6; higher scores indicate worse disease
activity; minimum clinically important difference, 1.1)22,23;
(3) for ulcerative colitis, the Partial Mayo Score (range, 0-9;
higher scores indicate worse disease; no minimum clinically
important difference defined)24; (4) for Crohn disease, the
Harvey-Bradshaw Index (minimum of 0 with no upper limit;
higher values indicate worse outcome; no minimum clini-
cally important difference defined)25,26; and (5) for psoriasis,
the Psoriasis Area and Severity Index (range, 0-72; higher
scores indicate worse disease; no minimum clinically impor-
tant difference defined).27 The Box herein and eTable 3 in
Supplement 1 provide more details on the disease-specific
assessment tools. Levels of infliximab and antidrug anti-
bodies were measured at the Department of Medical Bio-
chemistry, Oslo University Hospital, Radiumhospitalet, using
in-house assays automated on the AutoDELFIA immunoas-
say platform (PerkinElmer).28

Outcome Measures
The primary end point was clinical remission at week 30.
Clinical remission was defined by disease-specific composite
scores: Disease Activity Score in 28 Joints lower than 2.6 in
patients with rheumatoid arthritis and psoriatic arthritis,
Ankylosing Spondylitis Disease Activity Score lower than 1.3
in patients with spondyloarthritis, Harvey-Bradshaw Index of
4 or lower in Crohn disease, Partial Mayo Score of 2 or lower
with no subscores greater than 1 in patients with ulcerative
colitis, and Psoriasis Area and Severity Index of 4 or lower in
patients with psoriasis.21,23,26,28-30 Seventy-one secondary
efficacy outcomes (listed in eTable 4 in Supplement 1)
assessed disease-specific disease activity scores, patient’s

Box. Disease-Specific Assessment Toolsa

Spondyloarthritis
The Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
includes 6 questions pertaining to the 5 major symptoms of
ankylosing spondylitis: fatigue, spinal pain, joint pain/swelling,
areas of localized tenderness, morning stiffness duration, and
morning stiffness severity. Each question is scored on a numeric
rating scale of 0 to 10. The 2 morning stiffness scores are averaged
and added to the average of the other scores, forming a total score
in the range of 0 to 10, with higher values indicating worse disease.
Components of the BASDAI are included in the Ankylosing
Spondylitis Disease Activity Score.

The Ankylosing Spondylitis Disease Activity Score (ASDAS)
includes total back pain and patient global assessment of disease
activity on visual analog scales of 0 to 100, peripheral pain and
swelling and duration of morning stiffness on numeric rating scales
of 0 to 10, and C-reactive protein (CRP) measured in milligrams per
liter. The ASDAS is calculated as: ASDAS − CRP = 0.121 × total back
pain + 0.0110 × patient global + 0.073 × peripheral pain/swelling +
0.058 × duration of morning stiffness + 0.579 × ln(CRP + 1). The
ASDAS range is 0.6 to 7.6; higher values indicate worse disease.

Ulcerative Colitis
The Partial Mayo Score is a disease activity score used for
ulcerative colitis and consists of 3 components (rectal bleeding,
stool frequency, and physician assessment of disease activity)
scored from 0 to 3 and summed for a total score that ranges from
0 to 3. The range is 0 to 9; higher scores indicate worse disease.

Rheumatoid Arthritis and Psoriatic Arthritis
The Disease Activity Score in 28 Joints (DAS28) is used for
rheumatoid arthritis and psoriatic arthritis. It includes the 28
tender and swollen joint counts (SJC28 and TJC28), the
erythrocyte sedimentation rate (ESR), and a patient global
assessment (PGA). The DAS28 is calculated as follows:
DAS28 = 0.56 × square root of TJC28 + 0.28 × square root of
SJC28 + 0.70 × ln(ESR) + 0.014 × PGA. The DAS28 range is 0 to
9.4; higher values indicate worse disease.

Crohn Disease
The Harvey-Bradshaw Index (HBI) is a disease activity score used
for Crohn disease and consists of 5 domains: general well-being
(range, 0-4), abdominal pain (range, 0-3), number of liquid/soft
stools per day, abdominal mass (range, 0-3), and number of
predefined complications. The scores of each subdomain are
summed to compute the HBI. The HBI minimum score is 0, with no
upper limit; higher values indicate worse disease.

Psoriasis
The Psoriasis Area and Severity Index (PASI) is a disease activity
score used for psoriasis and includes measures of redness,
thickness, and scaliness of lesions (each scored from 0 to 4),
weighted by the area and location of involvement. The PASI score
ranges from 0 to 72; higher scores indicate worse disease.

a More details of these assessments are given in eTable 3 in Supplement 1.
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and physician’s global assessments of disease activity, bio-
chemical parameters of disease activity (erythrocyte sedi-
mentation rate and C-reactive protein), time to remission,
time to sustained remission (defined as presence of remis-
sion at all visits following initial remission), clinical remission
at week 14, and patient-reported outcome measures. Details
regarding secondary efficacy end points are given in eTable 3
in Supplement 1. Development of antidrug antibodies, remis-
sion rate restricted to patients developing antidrug antibod-
ies, infliximab dose, and drug discontinuation were pre-
defined exploratory outcomes.

Adverse events were coded according to the Medical
Dictionary for Regulatory Activities, version 21, 1E.

Statistical Analyses
The sample size was calculated with 80% power to detect a
between-group difference in the primary end point of 15% (40%
vs 55%). The choice of 15% as a clinically meaningful differ-
ence was based on a combination of statistical reasoning and
clinical judgement after thorough discussions between the cli-
nicians and biostatisticians in the steering group and was con-
sistent with previous infliximab trials.28,31 Using a 2-sided test
and a significance level of α = .05, it was necessary to have 358
patients completing the trial. To account for dropout, we aimed
to randomize 400 patients.

The primary end point was analyzed by mixed-effects lo-
gistic regression. The analysis included outcomes at all visits
up to and including the week 30 visit, used patient-level ran-
dom intercepts, and included time, treatment group, diagno-
sis (the stratification factor), and time × treatment interac-
tion as fixed categorical variables. The risk difference in
remission at week 30 was estimated using the average mar-
ginal effect at that time point. The delta method was used to
estimate the standard error of this estimator, and inference was
based on a normal approximation. This model yields consis-
tent estimates when missing outcomes are missing at ran-
dom, provided no other misspecification.

Secondary and exploratory outcomes were analyzed in a
similar manner, using mixed-effects logistic/linear regres-
sion for binary/continuous outcomes. Time-to-event end points
were analyzed by Cox proportional hazards regression, ad-
justing for diagnosis. The proportional hazards assumption
(Schoenfeld test) was met. Because of the potential for type I
error due to multiple comparisons, findings for analyses of sec-
ondary end points should be considered exploratory.

As specified in the trial protocol, patients exposed to the
randomized intervention (patients having received the sec-
ond infusion with a recorded treatment decision for the third
infusion) comprised participants in the primary analyses.
Prespecified sensitivity analyses of the primary end point

Figure 1. Flow of Participants Through the Norwegian Drug Monitoring Trial Part A

670 Patients with a chronic immune-mediated
inflammatory disease initiating infliximab
therapy assessed for eligibilitya

259 Excluded
132 Did not meet eligibility criteria
101 No staff available to evaluate

for enrollment
26 Declined to participate

411 Randomizedb

207 Randomized to therapeutic drug monitoring
198 Received intervention as randomized

9 Did not receive intervention
8 Had no recorded treatment

decision for third infusion
1 Lost to follow-up prior to

second infusion

198 Included in the primary analysis
9 Excluded (did not receive intervention)

177 Included in the sensitivity analysis
21 Excluded (major protocol violation

or early withdrawal)

21 Had a major protocol violation or early
withdrawal from study prior to week 30d

9 Withdrawals
4 Withdrew consent
3 Unable to follow protocole
2 Discontinued to avoid harm

8 Investigator nonadherence to algorithm
3 Prolonged infusion interval
1 Deviation from inclusion criteria

204 Randomized to standard therapy
200 Received standard therapy as randomized

4 Did not receive standard therapy
3 Had no recorded treatment

decision for third infusion
1 Randomized in error; did not fulfill

eligibility criteriac

200 Included in the primary analysis
4 Excluded (did not receive standard therapy)

188 Included in the sensitivity analysis
12 Excluded (major protocol violation

or early withdrawal)

12 Had a major protocol violation or early
withdrawal from study prior to week 30d

4 Withdrew consent
7 Prolonged infusion interval
1 Deviation from inclusion criteria

a Chronic immune-mediated
inflammatory disease included
rheumatoid arthritis,
spondyloarthritis, psoriatic arthritis,
ulcerative colitis, Crohn disease,
and psoriasis.

b Randomization was stratified by
diagnosis.

c Patient had a colostomy, which was
one of the defined exclusion criteria
(outcome measure includes stool
frequency).

d Major protocol violations were
prespecified in the statistical
analysis plan as follows: deviations
to inclusion and/or exclusion criteria
or delay in scheduled infusion with
an infusion interval of more than 12
weeks, or investigator
nonadherence to study algorithm,
defined as discrepancies between
recommended and actual
dose/interval at more than 1 visit.

e Patients for various reasons were
not able to adhere to the study
routine (eg, did not arrive for
scheduled infusions).
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included alternative approaches to deal with missing values
(complete case analysis, last observation carried forward,
and worst/best case imputation); an analysis restricted to
patients with high adherence to the protocol (defined as
patients fulfilling all of the following criteria: no withdrawal
from the study prior to the week 30 visit, no deviations from
eligibility criteria, no intervals between infusions >12 weeks,
and no deviations from the TDM strategy); and an analysis
that adjusted for baseline parameters (age, sex, prednisolone

use, number of prior TNF inhibitors, immunosuppressive
comedication, and disease activity). Post hoc sensitivity
analyses included adjustment for center (as fixed and ran-
dom effect), analyses of all patients receiving at least 1 inflixi-
mab infusion, and a test of treatment × diagnosis interaction.
We used 2-sided statistical tests at an α = .05 significance
level with corresponding 95% CIs for the treatment effect
estimates. All analyses, unless termed post hoc, were pre-
specified in the statistical analysis plan (Supplement 2) and

Table 1. Baseline Participant Characteristics (Full Analysis Set)

Characteristics
Therapeutic drug monitoring
(n = 198)

Standard therapy
(n = 200)

Age, median (IQR), y 44 (35-57) 44 (30-55)

Sex, No. (%)

Women 110 (56) 93 (47)

Men 88 (44) 107 (53)

Disease duration, median (IQR), y 3.5 (0.8-15.0) 3.8 (0.8-12.3)

Diagnosis, No. (%)

Spondyloarthritis 59 (30) 58 (29)

Ulcerative colitis 39 (20) 41 (21)

Rheumatoid arthritis 38 (19) 42 (21)

Crohn disease 29 (15) 28 (14)

Psoriatic arthritis 20 (10) 22 (11)

Psoriasis 13 (7) 9 (5)

Therapy, No. (%)

Prior biologic therapy 47 (24) 45 (22)

Prior use of 1 TNF inhibitora 30 (15) 29 (15)

Prior use of ≥2 TNF inhibitorsa 15 (8) 15 (8)

Prior use of other biologic therapyb 8 (4) 9 (5)

Concomitant immunosuppressive therapyc 112 (57) 109 (55)

Concomitant use of glucocorticoids 40 (21) 31 (16)

Erythrocyte sedimentation rate,
median (IQR), mm/hd

13 (6-25) 14 (6-25)

C-reactive protein, median (IQR), mg/Le 5.0 (2.0-14.0) 5.0 (1.0-15.0)

Patient global assessment of disease activity,
mean (SD)f

59.6 (23.0) 56.8 (22.3)

Physician global assessment of disease activity,
mean (SD)f

46.6 (21.1) 46.4 (21.6)

Disease-specific characteristics

Spondyloarthritis

HLA-B27 positive, No./total (%) 41/53 (77) 42/55 (76)

Bath Ankylosing Spondylitis Disease
Activity Index, mean (SD)g

5.1 (1.7) [n = 59] 5.3 (1.5) [n = 58]

Ankylosing Spondylitis Disease
Activity Score, mean (SD)g

3.1 (1.0) [n = 59] 3.1 (0.9) [n = 58]

Ulcerative colitis: Partial Mayo Score,
median (IQR)g

6 (5-7) [n = 39] 6 (4-7) [n = 41]

Rheumatoid arthritis

Anti–citrullinated protein antibody positive,
No./total (%)

26/38 (68) 28/42 (67)

Rheumatoid factor positive,
No./total (%)

26/37 (70) 27/42 (64)

Disease Activity Score in 28 Joints,
mean (SD)g

4.6 (1.1) [n = 38] 4.4 (1.2) [n = 42]

Crohn disease: Harvey-Bradshaw Index,
median (IQR)g

8 (6-10) [n = 29] 8 (5-9.5) [n = 28]

Psoriatic arthritis: Disease Activity Score
in 28 Joints, mean (SD)g

4.3 (1.0) [n = 20] 4.8 (1.3) [n = 22]

Psoriasis: Psoriasis Area and Severity Index,
mean (SD)g

10.1 (4.8) [n = 13] 9.7 (4.1) [n = 9]

Abbreviations: HLA, human
leukocyte antigen; IQR, interquartile
range; TNF, tumor necrosis factor.
a Prior TNF inhibitor use includes

etanercept, adalimumab,
certolizumab pegol, golimumab,
and infliximab.

b Other biologic therapy includes
abatacept, rituximab, secukinumab,
tocilizumab, ustekinumab, and
vedolizumab.

c Concomitant immunosuppressive
therapy includes methotrexate,
leflunomide, sulfasalazine, and
azathioprine.

d For erythrocyte sedimentation rate,
the normal range is 0 to 12 mm/h for
men and 0 to 17 mm/h for women.

e For C-reactive protein, the normal
range is 0 to 4 mg/L.

f Global assessment of disease
activity range, 0 to 100 on a visual
analog scale, with 0 indicating no
disease activity and 100 indicating
the highest possible disease activity.

g See the Box and eTable 3 in
Supplement 1 for detailed
descriptions of the Bath Ankylosing
Spondylitis Disease Activity Index,
Ankylosing Spondylitis Disease
Activity Score, Partial Mayo Score,
Disease Activity Score in 28 Joints,
Harvey-Bradshaw Index, and
Psoriasis Area and Severity Index.
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carried out using Stata version 16 (StataCorp) and R version
3.4.4 (R Foundation).

Results
Study Participants
From March 1, 2017, to January 10, 2019, a total of 411 pa-
tients with rheumatoid arthritis (n = 84), psoriatic arthritis
(n = 45), spondyloarthritis (n = 119), ulcerative colitis (n = 83),
Crohn disease (n = 58), or psoriasis (n = 22) initiating inflixi-
mab therapy were randomized. Of these patients, 398 (198 in
the TDM group and 200 in the standard therapy group) re-
ceived at least 2 doses of study drug with a recorded treat-
ment decision for the third dose and were included in the pri-
mary analyses (Figure 1). All patients received the same
infliximab biosimilar (CT-P13, infliximab-dyyb). Of the in-
cluded patients, 189 (91%) in the TDM group and 196 (96%) in
the standard therapy group completed the trial (Figure 1). The
2 groups were balanced regarding baseline demographic, clini-
cal, and treatment characteristics (Table 1; eTable 5, A-F, in
Supplement 1).

Primary End Point
The primary end point of clinical remission at week 30 was
reached in 100 patients (50.5%) and 106 patients (53.0%) in
the TDM and standard therapy groups, respectively, with an
adjusted difference of 1.5% (95% CI, −8.2% to 11.1%) (Figure 2).
The between-group difference was not statistically signifi-
cant (P = .78). Analyses of the primary end point by disease sub-
groups did not show significant differences between the groups
(Figure 2).

Prespecified Sensitivity Analyses
Prespecified sensitivity analyses of the primary end point
(adjustments for baseline variables, different methods for

handling missing data, and analyses restricted to patients
with high adherence to the protocol [defined as not with-
drawn from the study prior to week 30 and having no major
protocol violations]) yielded consistent results (eTable 6A in
Supplement 1).

Secondary Outcomes
At week 14, 91 patients (49.1%) in the TDM group and 104 pa-
tients (54.7%) in the standard therapy group had attained clini-
cal remission (adjusted difference, 6%; 95% CI, −3.7% to 15.6%).
The median time to remission was 56 days in the TDM group
and 46 days in the standard therapy group. There were no sig-
nificant differences between groups in time to remission or
time to sustained remission (hazard ratios were 1.21 [95% CI,
0.97-1.52] and 1.25 [95% CI, 0.89-1.75], respectively). The
change from baseline to week 30 was not significantly differ-
ent between groups for any of the assessed secondary effi-
cacy outcomes (Figure 3; eTable 7, eTable 8, and eFigure 3 in
Supplement 1).

Exploratory Outcomes
Infliximab was discontinued in 59 patients (30%) in the
TDM group and 43 patients (22%) in the standard therapy
group, with a between-group difference of −9.5% (95% CI,
−18% to 1%). Nineteen patients in the TDM group discontin-
ued because of formation of antidrug antibodies (see
eTable 9 in Supplement 1 for reasons for drug discontinua-
tion). New medications started in patients discontinuing
infliximab and the numbers of patients taking immunosup-
pressive comedications during the study are described in
eTable 2 in Supplement 1.

The median serum level of infliximab (week 14 to week 38)
was 6.9 mg/L in both groups (interquartile ranges, 3.8-10.7 mg/L
and 3.1-12.1 mg/L in the TDM and standard therapy groups, re-
spectively) (eFigure 2 in Supplement 1). Mean infliximab doses
received during the trial were 4.9 mg/kg (SD, 1.1 mg/kg) and

Figure 2. Clinical Remission at 30 Weeks (Primary Outcome)

–40 400 20
Adjusted difference, % (95% CI)

–20

Favors therapeutic
drug monitoring

Favors
standard therapy

Remission rate, No./total (%)
Therapeutic drug
 monitoring

Standard
therapyDisease subgroup

Adjusted difference,
% (95% CI)

21/38 (55.3) 21/42 (50.0)Rheumatoid arthritis –8.3 (–30.4 to 13.8)

5/20 (25.0) 12/22 (54.5)Psoriatic arthritis 29.4 (–0.2 to 59.0)

23/59 (39.0) 21/58 (36.2)Spondyloarthritis –3.5 (–21.4 to 14.4)

25/39 (64.1) 29/41 (70.7)Ulcerative colitis 4.9 (–15.6 to 25.5)

17/29 (58.6) 17/28 (60.7)Crohn disease 4.7 (–21.1 to 30.4)

9/13 (69.2) 6/9 (66.7)Psoriasis –8.3 (–47.7 to 31.0)

100/198 (50.5) 106/200 (53.0)Overall 1.5 (–8.2 to 11.1)

Adjusted difference in clinical remission rate at 30 weeks overall (the primary
end point) and by disease subgroup. The adjusted difference in remission rate
was assessed by mixed-effects logistic regression using data from all patients
exposed to the randomized intervention (patients having received the second
infusion with a recorded treatment decision for the third infusion). Size of data
markers is proportional to the number of patients in the group. Clinical
remission was defined by disease-specific composite scores: a Disease Activity
Score in 28 Joints lower than 2.6 in patients with rheumatoid arthritis and

psoriatic arthritis, an Ankylosing Spondylitis Disease Activity Score lower than
1.3 in patients with spondyloarthritis, a Partial Mayo Score of 2 or lower with no
subscores greater than 1 in patients with ulcerative colitis, a Harvey-Bradshaw
Index of 4 or lower in patients with Crohn disease, and a Psoriasis Area and
Severity Index of 4 or lower in patients with psoriasis. See the Box and eTable 3
in Supplement 1 for detailed descriptions of the Disease Activity Score in 28
Joints, Ankylosing Spondylitis Disease Activity Score, Partial Mayo Score,
Harvey-Bradshaw Index, and Psoriasis Area and Severity Index.
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Figure 3. Disease Activity by Disease Subgroup

10.0

8.0

6.0

4.0

2.0

0

Di
se

as
e 

Ac
tiv

ity
 S

co
re

 in
 2

8 
Jo

in
ts

Week

Rheumatoid arthritisA

No. of observations
Therapeutic drug
   monitoring
Standard therapy

0

42

38

2

41

38

6

41

38

14

42

35

22

38

30

30

42

36

38

36

36

6

5

4

3

2

1

0

An
ky

lo
si

ng
 S

po
nd

yl
iti

s D
is

ea
se

Ac
tiv

ity
 S

co
re

Week

SpondyloarthritisB

No. of observations
Therapeutic drug
   monitoring
Standard therapy

0

58

59

2

58

58

6

56

56

14

54

55

22

49

54

30

57

57

38

52

55

8

6

4

2

0

Di
se

as
e 

Ac
tiv

ity
 S

co
re

 in
 2

8 
Jo

in
ts

Week

Psoriatic arthritisC

No. of observations
Therapeutic drug
   monitoring
Standard therapy

0

22

20

2

21

20

6

22

18

14

21

19

22

18

18

30

21

18

38

18

16

8

6

4

2

0

Pa
rt

ia
l M

ay
o 

Sc
or

e

Week

Ulcerative colitisD

No. of observations
Therapeutic drug
   monitoring
Standard therapy

0

41

39

2

41

39

6

41

39

14

40

36

22

39

37

30

41

37

38

38

35

20

15

10

5

0

H
ar

ve
y-

Br
ad

sh
aw

 In
de

x

Week

Crohn diseaseE

No. of observations
Therapeutic drug
   monitoring
Standard therapy

0

28

29

2

28

29

6

27

29

14

26

29

22

26

28

30

26

28

38

24

27

10.0

8.0

6.0

4.0

2.0

0

Ps
or

ia
si

s A
re

a 
an

d 
Se

ve
rit

y 
In

de
x

Week

PsoriasisF

No. of observations
Therapeutic drug
   monitoring
Standard therapy

0

9

13

2

9

13

6

9

12

14

9

12

22

9

12

30

9

12

38

8

11

Standard therapyTherapeutic drug monitoring

Orange indicates therapeutic drug monitoring; blue, standard therapy. Box tops
and bottoms indicate interquartile range; horizontal bars inside boxes, median;
whiskers, highest and lowest values within 1.5 × the interquartile range. Dots
indicate individual patient outliers. See the Box and eTable 3 in Supplement 1 for

detailed descriptions of the Disease Activity Score in 28 Joints, Ankylosing
Spondylitis Disease Activity Score, Partial Mayo Score, Harvey-Bradshaw Index,
and Psoriasis Area and Severity Index.

Research Original Investigation Therapeutic Drug Monitoring in Infliximab Induction and Remission of Immune-Mediated Inflammatory Diseases

1750 JAMA May 4, 2021 Volume 325, Number 17 (Reprinted) jama.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/26/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.4172?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.4172
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.4172


4.8 mg/kg (SD, 1.2 mg/kg) in the TDM and standard therapy
groups, respectively, with a between-group difference of
−0.01 mg/kg (95% CI, −0.17 to 0.15 mg/kg).

Thirty-six patients (18%) in the TDM group and 34
patients (17%) in the standard therapy group developed anti-
drug antibodies (≥15 μg/L) during infliximab treatment
(between-group difference, −1.2%; 95% CI, −8.7% to 1.8%).
Twenty patients (10%) in the TDM group and 30 patients
(15%) in the standard therapy group had antidrug antibodies
above the threshold for discontinuation (≥50 μg/L) defined in
the treatment algorithm (between-group difference, 4.9%;
95% CI, −1.6% to 11.4%). The remission rate at week 30 in
patients developing antidrug antibodies was 20 (56%) of 36
patients and 12 (35%) of 34 patients in the TDM and standard
therapy groups, respectively (between-group difference,
−23%; 95% CI, −43% to −2%).

Adjustments to infliximab administration (relative to the
standard schedule) were made at 297 (25%) of the visits in
the TDM group (194 doses increased, 103 doses decreased) of
which 264 adjustments (89%) were according to algorithm
recommendations. In the standard therapy group, adjust-
ments were made based on clinical assessment at 99 (9%) of
the visits (76 doses increased, 23 doses decreased). Investiga-
tor adherence to the treatment algorithm was high. Devia-
tions from the predefined TDM strategy occurred in only 16%
of patients.

Adverse Events
Adverse events were reported for 135 (68%) and 139 (70%) pa-
tients in the TDM and standard therapy groups, respectively
(Table 2). The most frequent adverse events were related to
infections. Five patients (2.5%) in the TDM group compared
with 16 patients (8%) in the standard therapy group experi-
enced an infusion-related reaction (Table 2).

Post Hoc Analyses
Post hoc sensitivity analyses of the primary end point (adjust-
ment for center and analyses of all patients receiving at least 1
dose of infliximab) yielded consistent results (eTable 6B in
Supplement 1). A likelihood ratio test for a treatment × diag-
nosis interaction was not significant (P = .12).

Discussion
In this randomized clinical trial of patients with immune-
mediated inflammatory diseases initiating infliximab, proactive
TDM, compared with standard therapy, did not significantly im-
prove remission rates or any secondary efficacy outcomes.

The study evaluated the effect of proactive TDM com-
pared with standard therapy during the induction phase of TNF
inhibitor therapy, a period of high incidence of immunogenicity.6

Two prior clinical trials addressing proactive TDM of TNF in-
hibitors included only patients with inflammatory bowel dis-
ease and focused on the maintenance phase of infliximab
treatment.32,33 These 2 studies, with sample sizes of 12232 and
263,33 both concluded that proactive TDM was not superior to
standard therapy during the maintenance period.

Observational data suggested that low drug levels in the
induction phase were associated with low remission
rates.34-39 These observations led to the hypothesis that TDM
during induction of infliximab might improve remission
rates. There are several potential explanations for the find-
ings reported herein that TDM was not better than standard
therapy. First, observational data are subject to confounding
and selection bias. Second, it is possible that proactive TDM
is beneficial only in patients who develop antidrug antibod-
ies, in which case the population studied in the current trial
did not include a sufficient number of people with antidrug
antibodies to show benefit. Third, standard of care in Norway
allows for liberal dose increases in infliximab at the discre-
tion of physicians. This may have helped the standard of care
group attain a high rate of efficacy, minimizing differences
from the TDM group. Fourth, it is possible that the process of
antidrug antibody formation is irreversible and results in
resistance to dose modifications.

Further study is needed to determine whether TDM might
be associated with fewer infusion reactions than standard
therapy. Future research should identify risk factors for im-
munogenicity as well as the value of TDM in patients receiv-
ing maintenance infliximab treatment. It remains unclear

Table 2. Treatment-Emergent Adverse Events in the Full Analysis Set

Adverse eventsa

No. (%) of participants
Therapeutic
drug monitoring
(n = 198)

Standard
therapy
(n = 200)

Total adverse events 135 (68) 139 (70)

Serious adverse eventsb 21 (11) 20 (10)

Most frequent adverse eventsc

Upper respiratory tract
infection

39 (20) 40 (20)

Elevated liver enzymesd 19 (10) 12 (6)

Headache 9 (5) 3 (2)

Influenza-like illness 8 (4) 8 (4)

Lower urinary tract infection 8 (4) 3 (2)

Pneumonia 7 (4) 4 (2)

Tonsillitis 6 (3) 7 (4)

Infusion-related reaction 5 (3) 16 (8)

Abdominal pain 4 (2) 11 (6)

Most frequent serious
adverse eventse

Abdominal pain 0 6 (3)

Pneumonia 3 (2) 2 (1)

Pancreatitis 2 (1) 1 (<1)

a Adverse events were defined as any unfavorable and unintended sign,
symptom, or disease temporally associated with the use of the study drug and
were assessed continuously throughout the study.

b Serious adverse events were adverse events resulting in death, a life-threatening
condition, hospitalization (initial or prolonged), disability, or permanent damage
and were assessed continuously throughout the study.

c Most frequent adverse events were defined as those occurring in more than
5% of the study participants.

d Deemed as a clinically important elevation by site investigators.
e Most frequent serious adverse events were defined as those occurring in 3 or

more patients. Serious adverse events occurring in fewer than 3 patients were
acute myocardial infarction (n = 2), chest pain (n = 2), headache (n = 2), and
abdominal hernia (n = 1).
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whether patients who do not respond or who lose efficacy to
treatment may benefit from targeted drug monitoring (reac-
tive TDM).

Strengths of this study include the randomized clinical trial
design, the relatively large number of included patients, the
high retention rate, and high adherence to the algorithm.

Limitations
This study has several limitations. First, the trial was open
label. Bias due to lack of double-blinding is possible.
However, objective measures including acute-phase reac-
tants were incorporated as part of the primary outcome
measure. Second, the trial did not have statistical power to
test hypotheses within each disease subgroup. Third, as in
the NOR-SWITCH study,28 the primary end point was de-
signed to evaluate the occurrence of clinical remission across
the disease groups. Results were consistent across diagnoses
of included patients. Definitions of clinical remission in
each diagnosis were based on well-established measures of
disease activity with predefined cutoff points.20-27,29,30,40

Fourth, randomized patients who withdrew before receiving
their randomized treatment strategy were excluded. A more
rigorous design would have included all randomized partici-
pants, regardless of receipt of their randomized therapy.

However, a post hoc sensitivity analysis of a less strict exclu-
sion of patients (all patients receiving at least 1 dose of inflix-
imab) showed consistent results. Fifth, minimum clinically
important differences were not available for all outcomes.
Sixth, the proactive TDM strategy used for this trial was based
on available literature and clinical experience within the in-
vestigative team. The therapeutic range defined for serum in-
fliximab was consistent with prior studies32,33 and clinical
guidelines. However, it is possible that some patients might
benefit from higher drug levels than prescribed in this study.
Seventh, whereas infliximab levels are comparable between
assays, antidrug antibody levels are not always comparable
between assays.41

Conclusions
Among patients with immune-mediated inflammatory dis-
eases initiating treatment with infliximab, proactive thera-
peutic drug monitoring, compared with standard therapy, did
not significantly improve clinical remission rates over 30
weeks. The findings do not support routine use of therapeu-
tic drug monitoring during infliximab induction for improv-
ing disease remission rates.
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