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Purpose: Treatment of rheumatic diseases with tumor necrosis factor inhibitors leads to
improved clinical outcomes. Therapeutic drug monitoring (TDM) may assist in guiding
clinical decisions. This study investigates the impact of TDM on clinical outcome, decision-
making and biologics cost expenditure.

Patients and Methods: In a retrospective observational study of 306 patients with rheu-
matic diseases treated with four different tumor necrosis factor inhibitors, drug levels and
antidrug antibodies were measured over a period of one year. Primary outcomes were the
clinicians’ response to each TDM result and the clinical outcome two years after TDM
initiation. Outcomes were compared between the 111 TDM-guided patients and the 195
empirically guided patients.

Results: Treatment change occurred in 55% of the patients in the TDM group, but in only
38% in the empirically guided group. In the TDM group, 89 (79.5%) patients were in
remission or had low disease activity after two years follow-up compared to 128 (65.6%)
patients in the empirical group. The average cost of biologics per patient per year was lower
in the TDM group than in the empirical group for patients receiving infliximab, adalimumab
or etanercept at baseline but not for golimumab.

Conclusion: TDM-guided decision-making is useful in rheumatic patients receiving TNFi
and may optimize therapeutic decisions, leading to a better control of disease activity.
Proactive TDM may support decisions on dose tapering, resulting in lower drug consumption
and biologics cost expenditure.
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Introduction

Rheumatic diseases are common in the population (prevalence =3%) and were
previously highly debilitating. The development of biological disease-modifying
anti-rheumatic drugs, including tumor necrosis factor inhibitors (TNFi), has greatly
improved clinical outcomes. However, not all patients respond (primary non-
response), and some patients lose effect over time (secondary loss of response),
due to the development of anti-drug antibodies (ADA) and low serum concentra-
tions of TNFi. In addition, some patients experience adverse events leading to
discontinuing treatment. Adjustment of treatment is largely empirically based, but
recently, therapeutic drug monitoring (TDM) guidance with measurement of drug
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concentration trough level and anti-drug antibody levels
have emerged."* TDM may be used both reactively and
proactively. Reactive TDM is used in patients with loss of
response to guide dose intensification or treatment change,
and has shown to be cost-effective compared to empirical
treatment.' > Proactive TDM is used in patients in remis-
sion to minimize future loss of response due to sub-
therapeutic drug levels or to reduce overtreatment.
Emerging evidence suggests that proactive TDM may
improve the clinical outcome in inflammatory bowel dis-
ease. However, TDM is not recommended in recent
guidelines.*® Here, we describe the everyday clinical use
of both reactive and proactive TDM 1in a group of patients
with rheumatic diseases, and compare those with results
for a group of patients that were only treated empirically.
Patient outcomes after two years and biologics expenditure
are evaluated.

Method

Study Design

This retrospective, observational cohort study included
patients with rheumatoid arthritis, ankylosing spondylitis
or psoriatic arthritis treated with either infliximab (IFX);
adalimumab (ADL); etanercept (ETN) or golimumab
(GLM). TDM measurements were performed in the period
of September 2017 to September 2018 every 3—4 months,
depending on dose interval. Each measurement consisted
of both drug level and ADA level and samples were taken
immediately before drug administration (trough levels).
The TDM measurements were supplemented with algo-
rithms for reactive and proactive TDM (Figure 1).
Treatment of some patients was guided by at least one
TDM result and an algorithm (TDM group). Treatment of
the remaining patients was not guided by TDM because
some rheumatologist preferred an empirical approach
without taking TDM into account (empirical group).
Patients that had received less than two TNFi doses at
baseline were excluded. TDM measurements not taken as
trough levels were excluded. Clinical outcome was eval-
uated for all patients at TDM start (baseline) and after two
years. Data were retrieved from patient records (diagnosis,
gender, concomitant immune suppressor, clinical health
assessment and drug amount/dose interval, as well as
trough level TNFi and ADA). The disease activity was
classified with DAS28 score or descriptive evaluations

ERINNT3

such as “in remission”, “good clinical response” or “rheu-

matologically doing well”. A DAS28 score <2.6 indicated

remission while DAS28<3.2 indicated low disease activity.
Patients were categorized as “non-responders” in case of
“no clinical effect” or “rheumatologically not well”. All
adverse events, serious or non-serious; expected or unex-
pected; and study-related, possibly study-related, or not
study-related were registered in the medical records. Loss
of response was defined as primary non-response (absence
of clinical improvement 12-20 weeks after initiation of
treatment) or as secondary loss of response. Primary out-
comes were treatment change in each group, clinical
response at two years follow-up and biologics cost
expenditure.

Cost Estimation

The total cost of the biologic treatment for each patient
per year was summed (number of administrations per year
x duration x dosage price). During a treatment pause, the
dosage price was set to zero. The average cost for biolo-
gics and TDM per patient per year was calculated for each
of the four TNFi. The dosage price is based on the man-
ufacturers’ retail prices in Denmark as of September 2019
(Supplementary Table 1). The TDM test cost price (TNFi
concentration and ADA) were 45 € for infliximab, adali-

mumab and etanercept and 60 € for golimumab. Cost
estimations did not include utensils, human resources or
immune suppressors for each treatment strategy.

Therapeutic Drug Monitoring and
Algorithms

The trough level of drugs and ADA was measured using
ELISA kits (Promonitor-ADL #5080230000;
Promonitor-Anti-ADL  #5090230000; Promonitor-IFX
#5060230000; Promonitor-anti-IFX  #5070230000;
Promonitor-ETN #5110230000; Promonitor-anti-ETN#5
120230000;  Promonitor-GLM  #5200230000 and
Promonitor-anti-GLM #5210230000) (Progenika, Derio,
4-Plate
Barcelona, Spain). Drug concentrations were expressed

Spain) on a Triturus platform (Grifols,
in mg/L, and cut-off values for ADA in arbitrary units
according to the manufacture’s instruction, except for
anti-IFX (>2 AU/mL). The cut-off value for anti-IFX
were adjusted to the detection limit as the initial valida-
tion showed clearance of IFX at this level. Between
patient variability was calculated based on the first
TDM TNFi through level in all patients. The within
patient variability were calculated in the subgroup of
patients that had more than three consecutive TNFi
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Figure | Therapeutic TDM algorithms used to support clinical decisions based on the measurement of drug and ADA concentrations. (A) TDM algorithm for patients with
good clinical response (proactive TDM) (B) TDM algorithm for non-responding patients (reactive TDM).
Abbreviations: ADA, anti-drug antibody; IFX, infliximab; ADL, adalimumab; ETN, etanercept; GLM, golimumab; TDM, therapeutic drug monitoring.

trough level measurements and were not changed in
treatment during the one year TDM measurement per-
iod. TDM algorithms for responders (proactive) and
non-responders (reactive) are shown in Figure 1.

Statistics and Ethics

Data were analyzed using SPSS Version 21 (IBM,
Armonk, NY, USA) or GraphPad Prism version 5.0,
(GraphPad, La Jolla, CA, USA). Descriptive statistics
were used generally, Mann—Whitney U-test for compari-
son of continuous variables. Receiver operating curves
(ROC) and calculation of the area under curve were used
to establish optimal discrimination trough level (cut-off
values) for discriminate responders from non-responders

and for predicting remission/low disease activity at follow-
up. A post hoc power analysis of the cost estimation in the
two treatment groups were performed (PS: Power and
Sample Size Calculation version 3.1.6, October 2018).
The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki, but being part of
current clinical practice, it was not considered a bioethics
project according to the definition of the Danish Act on the
Bioethics Committee System and the Processing of
Bioethics Projects, and ethical approval and written
informed consent were waived. Patient data were obtained
from the medical records by the treating physicians in
compliance with The Danish Data Protection Agency and
local data protection and privacy regulations. Data were
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subsequently maintained with confidentiality in a secure
manner.

Results

Of the 306 included patients, 111 patients' treatment was
guided by TDM while the remaining 195 patients' treat-
ment was guided empirically. The treatment response mea-
surements were based on DAS28 scores in 175 patients
and descriptive clinical evaluation in 131 patients. Two
hundred seventy-six patients (90%) were categorized as in
remission/having low disease activity at baseline, while 30
(10%) were categorized as non-responders. Demographic
and clinical characteristics at baseline for the two groups
appeared balanced (Table 1). The intra-patient variability
(>3 consecutive trough levels) was 23.6% (n=11) for I[FX,
26.7% (n=12) for ADL, 23.2% (n=26) for ETN, and
45.7% (n=14) for GLM. Between-patient variability at
first TDM was 90.5% (n=67) for IFX, 49.8% (n=60) for
ADA, 63.3% for ETN (n=137) and 82.3% (n=39) for
GLM. At first TDM, trough levels <1 mg/L for IFX
were prevalent in non-responders n=3 (4%), but also in
some patients in remission/having low disease activity n=9
(13%) of IFX patients (Table 2). Most (8/12) patients with
low IFX trough levels at TDM start subsequently had
treatment failure primarily due to the presence of ADA
(data not shown). Interestingly, unmeasurable IFX trough
levels were also seen in four patients without ADA, all
with subsequent loss of response. Low ADL trough levels
and ADA were found in two patients; one with loss of
response resulting in a reactive change to another TNFi,
and one with low disease activity that was proactively
taken of treatment for seven months before being switched
to another TNFi at signs of relapse (data not shown).
A further two ADL patients were found to have unmeasur-
able levels of both TNFi through levels and ADA (double
negative) that could not be explained by patient non-
compliance. Both of these patients displayed loss of
response. No ADA was detected in any ETN or GLM
patients. However, there were four double negative ETN
patients (unmeasurable levels of both TNFi and ADA).
The median trough level in 39 GLM patients was
0.7 mg/L (interquartile range: 0.3-2.2 mg/L), with no
difference between patients in remission/with low disease
activity and non-responders at baseline or at follow-up.
Remission/low disease activity at TDM start was observed
in 19 patients (49%) with GLM trough levels <0.5 mg/L.
Only a single patient with initial low GLM trough level
below 0.5 mg/L subsequently experienced loss of

response. Trough TNFi levels were lower in IFX patients
receiving concomitant methotrexate compared to mono-
therapy, with median: 3.9 mg/L (2.5-5.0 mg/L; 95% con-
fidence interval) vs 5.5 (4.4-7.5mg/L; 95% confidence
interval), P<0.05. However, no differences in trough
levels were observed in patients treated with ADL, ETN
or GLM and receiving concomitant methotrexate com-
pared to monotherapy. Serum trough levels for each
TNFi in patients that are categorized as non-responders
or in remission/having low disease activity at baseline as
well as after two years follow-up are shown in Table 2.
Receiver operating characteristic analysis and discrimina-
tion threshold for remission/low disease activity at follow-
up indicated a cut-off level for IFX at 2.9 mg/L (P=0.001):
however, the classification model’s performance for ADL,
ETN and GLM was poor (Table 3). In the present study,
ADA was found in 13% of IFX patients and in 3% of ADL
patients. Patients with detectable ADA had higher baseline
C-reactive protein values compared to patients without
ADA (P=<0.0001) (data not shown), reflecting poor
inflammatory suppression. Interestingly, only 5/11 (45%)
patients with ADA displayed loss of response at the time
of ADA detection and a single patient with ADA was in
clinical remission resulting in a discontinuation of TNFi
treatment.

Effect of TDM Results on Clinical

Management

In total, 686 TNFi through level measurements were per-
formed with a range of 1-4 measurements in each patient
per year. About half (54%, n=370) were in the proposed
therapeutic ranges, 15% were below (n=106) and 31%
(n=210) were above the proposed therapeutic ranges
(Table 4). Most TDM results 77.8% (n=534) did not lead
to any change in treatment, even in the TDM-guided
group. TDM supported a change in treatment in 61
patients: 20 of the IFX patients, 21 of the ADL patients,
20 of the ETN patients and none of the GLM patients.
Proactive changes were made in 40 patients in remission/
with low disease activity, while reactive changes were
made in 21 patients with loss of response. TDM guiding
resulted in dose reduction (30.6%), switch to another TNFi
(8%), switch to non-TNFi (9.8%), discontinued adminis-
tration of biological drugs (3.6%), dose escalation (2.7%)
or no change (45%). In some cases, ADA-positive patients
were subjected to a proactive treatment pause of 3 to 7
months before switching to another TNFi/non-TNFi
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Table | Baseline Characteristics of Patients with Rheumatoid Arthritis, Ankylosing Spondylitis or Psoriasis Treated with a TNFi

(Infliximab, Adalimumab, Etanercept and Golimumab) for at Least 3 Months

C-reactive protein, mg/L, median (range)

<29 (<2.9-59)

<29 (<2.9-38)

All TDM Guided Empirically Guided
(n=306) (n=111) (n=195)

Female, n (%) 177 (58) 52 (49) 125 (61)

Age years, mean (SD) 56 (14) 57 (14) 56 (15)

Rheumatoid arthritis, n (%) 139 (45) 46 (41) 93 (48)

Ankylosing spondylitis, n (%) 76 (25) 29 (26) 47 (24)

Psoriatic arthritis, n (%) 86 (28) 35 (32) 51 (26)

Other disease, n (%) 52 1 (1) 4(2)

Methotrexate use, n (%) 123 (39) 41 (38) 76 (37)

DAS28, mean (SD) 25 (1.2) 24 (1.1) 2.6 (I.1)

<29 (<2.9-59)

Infliximab, n 67 27 40
Remission/low disease activity, n 63 25 38
Non-responders, n 4 2 2

Adalimumab, n 63 30 33
Remission/low disease activity, n 60 29 31
Non-responders, n 3 | 2

Etanercept, n 137 46 91
Remission/low disease activity, n 117 42 79
Non-responders, n 20 4 12

Golimumab, n 39 8 31
Remission/low disease activity, n 37 8 29
Non-responders, n 2 0 2

Infliximab drug level mg/L, median (range) 4.4 (0.0-14.0) 5.4 (0.0-12.8) 4.4 (1.4-14.0)

Adalimumab concentration mg/L, median (range) 7.0 (0.0-12.5) 6.0 (0.0-12.5) 7.4 (0.0-10.4)

Etanercept concentration mg/L, median (range) 3.0(0.0-10.0) 3.3 (0.0-10.0) 2.8 (0.0-9.0)

Golimumab concentration mg/L, median (range) 0.8 (0.054.6) 1.0 (0.05-3.0) 0.6 (0.08—4.6)

Infliximab ADA positive, n 9 8 |

Adalimumab ADA positive, n 0 2 0

Etanercept ADA positive, n 0 0 0

Golimumab ADA positive, n 0 0 0

Median (range) number of TDMs per patient per year 2 (14) 2 (14) 2 (14)

Abbreviations: SD, standard deviation; TDM, therapeutic drug monitoring; TNFi, TNF inhibitor; ADA, anti-drug antibodies.

(2.7%). In the current study, 34 patients with high TNFi
trough levels and low disease activity/in remission were
reduced in dose guided by TDM. Thirty (88%) of patients
undergoing TDM-guided dose reduction were in remis-
sion/had low disease activity at follow-up after two
years. The remaining four patients had loss of response
and needed rescue therapy. In the empirical group, the
majority of treatment strategies involved no changes in
treatment (62%) followed by reactive changes to another
drug (32%). Flowcharts of the clinical management for
each of the two groups are available in supplementary
Figure 1. In the TDM group, 89 (80.2%) patients were in
remission/had low disease activity at follow-up, compared
to 128 (65.6%) in the empirical group. Clinical response
and rate of adverse events at two years follow-up for both

the TDM- and empirically guided groups are shown in
supplementary Table 2. The average cost of biologics per

patient per year was lower in the TDM group compared to
the empirical group for patients receiving IFX, ADL or
ETN at study start (Figure 2). The test cost for each drug
was in average 90-159 € per patient per year (Figure 2).
A post hoc powers calculation of the cost estimation in the
two treatment groups using a common standard deviation
within each drug group showed a power between 0.77 and
0.96, except for GLM of 0.11 (TDM resulted in no
changes in the GLM group).

Discussion

Despite several studies on biological drugs, the clinical

utilization of TDM with TNFi remains unclear.””

Biologics: Targets and Therapy 2020:14
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Table 2 Percentage of Low, Intermediate and High Baseline Serum Trough Levels for Each TNFi in Patients Categorized as Non-
Responders or in Remission/Low Disease Activity at Baseline (A) as Well as After Two Years Follow-Up (B)

Intermediate Trough Level

High Trough Level

A Low Trough Level

Infliximab (n=67) <I mg/L (n=12)
Remission/low disease activity, n (%) 9 (13)
Non-responders, n (%) 34

Adalimumab (n=63) <I mg/L (n=4)
Remission/low disease activity, n (%) 3 (5
Non-responders, n (%) 1 (2)

Etanercept (n=137) <I mg/L (n=9)
Remission/low disease activity, n (%) 4 (3)
Non-responders, n (%) 54

Golimumab (n=39) <0.5 mg/L (n=20)
Remission/low disease activity, n (%) 19 (49)
Non-responders, n (%) I 3)

I-7 mg/L(n=38)

> 7 mg/L(n=17)

36 (54) 17 (25)
2(3) 0 (0)

1-8 mg/L (n=27) >8 mg/L (n=32)
25 (41) 32 (50)

2(3) 0 (0)

1-3 mg/L (n=108) >3 mg/L (n=20)
99 (72) 14 (10)

9 (6) 6 (4)

0.5-3 mg/L (n=17) >3 mg/L (n=2)
16 (41) 2 (5)

I 3) 0 (0)

Intermediate Trough Level

High Trough Level

B Low Trough Level
Infliximab (n=67) <I mg/L (n=16)
Remission/low disease activity, n (%) 2 (3)
Treatment failure, n (%) 14 (21)
Adalimumab (n=63) <I mg/L (n=4)
Remission/low disease activity, n (%) 1 (2)
Treatment failure, n (%) 3 (5
Etanercept(n=137) <l mg/L (n=10)
Remission/low disease activity, n (%) 2 (1)
Treatment failure, n (%) 8 (6)
Golimumab (n=39) <0.5 mg/L (n=21)
Remission/low disease activity, n (%) 17 (44)
Treatment failure, n (%) 4 (10)

1-7 mg/L(n=37)

> 7 mg/L(n=14)

27 (40) 11 (16)

10 (15) 34

1-8 mg/L (n=38) >8 mg/L (n=21)
30 (48) 15 (24)

8 (13) 6 (10)

1-3 mg/L (n=66) >3 mg/L (n=61)
43 (32) 45 (33)

23 (17) 16(12)

0.5-3 mg/L (n=16) >3 mg/L (n=2)
13 (33) 0(0)

3(8 2 (5)

Abbreviation: TNFi, TNF inhibitor.

Recently, the American Gastroenterology Association

a pediatric inflammatory bowel

disease  cohort.'®

recommended reactive TDM in patients with active dis-
ease and data on the clinical benefits of using proactive
TDM have emerged.'®'" Routine clinical practice of TDM
has also been proposed in treatment of psoriasis.'*> To our
knowledge, no published studies have reported on the
routine clinical use of both proactive and reactive TDM
in rheumatic patients. In this study, TDM was used to
guide treatment in 111 patients (both proactive and reac-
tive). We offered TDM in the clinic, but not all doctors
utilized the possibility. This opened the opportunity for
comparison of TDM with conventional treatment (empiri-
cal group). Only 22.2% of the TDM measurements made
during one year resulted in treatment changes. This is in
accordance with other studies regarding TDM and TNFi
treatment. TDM resulted in treatment changes in 22%
patients with Crohn’s disease, and in 37% of inflammatory
bowel disease patients with secondary loss of

13,14

response. Similar results have been seen in

Although dose reduction has been shown to be a feasible
approach, such a proactive empirical approach in patients
showing a good response has rarely been employed.'® An
open-label randomized trial in rheumatoid arthritis patients
with high trough levels concluded that TDM-guided dose
reduction was equivalent to a conservative strategy.'” In
addition, dose reduction in patients with inflammatory
bowel disease and a high IFX trough levels did not
increase remission rates, but reduced treatment costs.*
The lower cost expenditure observed in the TDM group
may be due to a larger proportion of proactive dose reduc-
tions and proactive treatment pauses/discontinuations
compared to a larger proportion of patients with no change
in treatment in the empirical group. It is not possible to say
whether it is proactive or reactive TDM that contributes
the most to the lower cost in the TDM group. However,
based on the higher proportion of proactive dose reduc-
tions and treatment pauses in the TDM group, it seems that
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Table 4 Changes in Clinical Management After TDM or Empirical Decision. All Values Represent Number (%) Unless Otherwise

Indicated

Patients with positive ADA, n (%)
Patients with trough level in therapeutic ranges n (%)
Patients with trough levels below therapeutic ranges, n (%)
Patients with trough levels above therapeutic ranges, n (%)
Post TDM management

Dose escalation, n (%)

Dose reduction, n (%)

Switch to another TNFi, n (%)

Switch to non-TNFi biologic, n (%)

Stopped biologics, n (%)

No action, n (%)
Clinical remission/low disease activity at follow-up, n (%)
Non-responder/loss of response, n (%)

Adverse events, n (%)

TDM Group (n=111) Empirically Group (n=195)
10 (9) I (0)

55 (50) 113 (63)
10 (9) 27 (14)
36 (32) 54 (28)
303 I (0)

34 (31) 3(2)

9 (8 34 (17)
11 (10) 28 (14)
4 (4) 8 (4)

50 (45) 121 (62)
89 (80) 128 (65)
20 (18) 47 (24)
303 20 (10)

Abbreviations: ADA, anti-drug antibodies; TDM, therapeutic drug monitoring; TNFi, TNF inhibitor.

that TDM helps in identifying patients with a good clinical
response that are overdosed or receive a drug while also
having ADA. It is speculative whether any treatment fail-
ure in the empirical group might have been avoided if
TDM had been used to adjust dose to a target concentra-
tion, or if treatment had changed in the acknowledgement
of ADA. Our results suggest that TDM-guided treatment
results in a larger proportion of patients in remission/with
low disease activity after two years compared to the
empirically treated group. There are still challenges with
regard to identifying candidates for dose reduction, how-
ever. One reason for this is the lack of internationally
recommended trough levels for dose reduction. The
TDM algorithms and cut-off values used in this study
were based on data from other studies, as well as our
experience.'’>' Trough level cut-off may vary depending
on several factors, such as disease nature, phenotype,
gender and serum albumin, as well as the measurement
method/assay, etc., making it difficult to establish univer-
sal ranges.”> Establishing “true” therapeutic ranges and
cut-off levels requires large-scale studies relating concen-
tration to effect, with unbiased measurement of the
outcomes.

Infliximab, Adalimumab and Etanercept
We identified an IFX trough level threshold around
2.8 mg/L for discriminating between future treatment fail-

ure and remission/low disease activity, in line with results

4,14,23

for inflammatory  bowel disease  patients.

Accordingly, we adjusted our therapeutic ranges for [FX

to 3—-7 mg/L. Pouw et al found a correlation between
disease activity and ADL trough levels, identifying
a therapeutic window of 3-12 mg/L, while Keystone
et al recommend a narrower interval, 5-8 mg/L.*"*** In
accordance with other studies,'”*° we found that proactive
TDM could be used to prolong the dose interval of ADL in
patients in remission/with low disease activity having
serum trough levels >8 mg/L. This indicates that >8 mg/
L may be used as an upper cut-off value for successful
dose reduction of adalimumab. Like others, we found
a low frequency of ADA in ETN patients.”***° For eta-
nercept patients there was a significant difference between
trough levels in patients in remission/with low disease
activity and in non-responders at baseline as well as fol-
low-up (Table 3); however, a clear discriminatory thresh-

old as found in previous studies was not seen.*’

Golimumab

Only limited data on GLM trough levels are available
from other studies, but they compare well with our results.
The PURSUIT study found trough levels at 0.69-0.83 mg/
L in patients with ulcerative colitis with an estimated
threshold of 1.4 mg/L.*" In a prospective, small, observa-
tional cohort of rheumatoid arthritis patients median
trough levels were 0.55 mg/L (interquartile range: 0.27—
1.48), with a
responders.®? In the present study, proactive TDM of

significantly higher trough level in

GLM was of limited use, mainly because no patients
were identified above the proposed cut-off values for
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Figure 2 Average biologics cost per patient per year calculated as the total accumulated sum of therapy cost of the different treatment strategies divided by number of
patients. Treatment strategies included in the calculations include no change in treatment, dose escalation, dose reduction, switch to another TNFi, switch to non-TNFi
biologic, treatment pauses and discontinuation. ¥*P=0.05, **P=0.03, ***P<0.001, NS=Not significant, Mann-Whitney U-test. Average test cost per patient per year. All costs

are expressed in € [VAT included] per patient.

Abbreviations: IFX, infliximab; ADL, adalimumab; ETN, etanercept; GLM, golimumab.

dose reduction. The retrospective evaluation of data do not
support any clear threshold level.

As in some other studies, we found low trough levels
of all for TNFis in a number of patients with low disease
activity.”> >’ The clinical course of rheumatic diseases is
marked by exacerbations and remissions, which may occur
spontaneously or in response to treatment changes and it is
possible that these patients may have attained spontaneous
remission and therefore no longer required the presence of
drug to achieve a good response.

Anti-Drug Antibodies

Several studies have shown that ADA formation may
increase the risk of loss of response.'**~* ADA may also
be present in patients in clinical remission, as TNF-alpha
may fade with time in a subset of patients due to spontaneous
remission.>* It is speculative whether more patients in remis-
sion and with ADA may be discontinued or be subjected to
proactive treatment pauses instead of being immediately
switched to another drug. In all our cases, presence of ADA
was accompanied by unmeasurably low drug levels, suggest-
ing rapid clearance of drug. Our findings indicate that mea-
surement of ADA is most relevant in cases where IFX and
ADL trough levels are <1 mg/L, as found in a mixed cohort
of gastroenterology and rheumatology patients on mainte-
nance IFX therapy.”> A proportion of patients had

unmeasurable levels of both TNFi and ADA. The actual
mechanism for this remains unclear, although BMI, gender,
disease activity and albumin levels as well as non-immune
clearance may play a role.”*® Another explanation may also
be false-negative results as a result of the bridging ELISA’s
inability to detect functionally monovalent IgG4 ADA.

Limitations of Study

Firstly, this study is a small-scale single-center study that
is not powered to assessing all branches of the proposed
this
a heterogeneous group of different rheumatic diseases,

algorithms.  Secondly, study is based on
which may limit the interpretation. Thirdly, the retrospec-
tive design and the non-randomization into TDM and
empirical groups may result in a potential selection bias
and residual confounding. Furthermore, as this is
a retrospective study, collected data on clinical outcome
rely on record keeping and may be subject to interpretation
bias. The study may also be limited by the use of sub-
jective clinical evaluations of treatment response instead
of DAS28 scores in 43% of the cases. Lastly, the use of the
TDM algorithms was not as strict as would be expected in
a clinical trial. For this reason, it is not possible to say
whether TDM was the primary driver for treatment
changes in all cases in the TDM group. A technical limita-

tion to this study is the inability to measure IgG4 ADA in

Biologics: Targets and Therapy 2020:14
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the presence of circulating TNFi, which may result in

underreporting of ADA.

Conclusion
The combined use of both proactive and reactive TDM in

the clinical care of patients with rheumatic diseases treated
with IFX, ADL or ETN may be associated with improved
clinical outcome and lower biologics expenditure com-

pared to empirical treatment. For GLM, there is insuffi-

cient data to support the clinical use of proactive TDM,

although reactive TDM for clear indications may be

of use.

Trial Registration
Not relevant.
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