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ORIGINAL ARTICLE

Therapeutic drug monitoring in inflammatory bowel disease: implementation,
utilization, and barriers in clinical practice in Scandinavia

Kristin H. Bjørlykkea,b , Jørgen Jahnsena,b , Jørn Brynskovc, Pauliina Molanderd, Michael Eberhardsone,
Lo�a G. Davidsdottirf, Taina Sipponend, Henrik Hjortswange, Guro Løvik Gollg, Silje Watterdal Syverseng, Ebbe
Langholzc,h, Kristin K. Jørgensena� and Casper Steenholdtc�
aDepartment of Gastroenterology, Akershus University Hospital, Lørenskog, Norway; bInstitute of Clinical Medicine, University of Oslo, Oslo,
Norway; cDepartment of Gastroenterology, Herlev Hospital, Herlev, Denmark; dAbdominal Center, Gastroenterology, Helsinki University
Hospital and University of Helsinki, Helsinki, Finland; eDepartment of Gastroenterology, University Hospital, Link€oping, Sweden and
Karolinska Institutet, Stockholm, Sweden; fDepartment of Gastroenterology, Landsp�ıtali, University Hospital of Iceland, Reykjavik, Iceland;
gCenter for treatment of Rheumatic and Musculoskeletal Diseases (REMEDY), Diakonhjemmet Hospital, Oslo, Norway; hInstitute of Clinical
Medicine, University of Copenhagen, Copenhagen, Denmark

ABSTRACT
Background and aims: Therapeutic drug monitoring (TDM) may optimize biologic and thiopurine
therapies in inflammatory bowel disease (IBD). The study aimed to investigate implementation and
utilization of TDM in Scandinavia.
Methods: A web-based questionnaire on the use of TDM was distributed to Scandinavian gastroenter-
ologists via the national societies.
Results: In total, 297 IBD physicians prescribing biologic therapies, equally distributed between com-
munity and university hospitals, were included (response rate 42%) (Norway 118 (40%), Denmark 86
(29%), Sweden 50 (17%), Finland 33 (11%), Iceland 10 (3%)). Overall, TDM was applied during biologic
therapies by 87%, and for TNF-inhibitors >90%. Among the users, reactive and proactive TDM were
utilized by 90% and 63%, respectively. Danish physicians were significantly less inclined to use TDM
compared to other Scandinavian countries; (58% vs 98%); OR 0.03 [0.01–0.09], p< 0.001). Reactive
TDM was commonly applied at primary (74%) and secondary (99%) treatment failure. Proactive TDM
was used by 80% during maintenance therapy and 56% during induction and more commonly utilized
in Norway (p< 0.001), and by physicians managing >10 IBD patients/week (p¼ 0.005). TDM scenarios
were interpreted in accord with available evidence but with discrepancies for proactive TDM. The
main barriers to TDM were lack of guidelines (51%) and time lag between sampling and results (49%).
TDM of thiopurines was routinely used by 87%.
Conclusion: TDM of biologic and thiopurine therapies has been broadly implemented into clinical
practice in Scandinavia. However, physicians call for TDM guidelines detailing indications and interpre-
tations of test results along with improved test response times.

Abbreviations: IBD: inflammatory bowel disease; TDM: therapeutic drug monitoring; ADAb: anti-drug
antibodies; TNF: tumour necrosis factor; TPMT: thiopurine S-methyltransferase; 6-TGN: 6-thioguanine
nucleotide; 6-MMP: 6-methylmercaptopurine
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Introduction

Treatment of patients with inflammatory bowel disease (IBD)
often involves biologics (tumour necrosis factor (TNF) inhibitors,
integrin inhibitors, interleukin (IL)-12/23-inhibitors) or conventional
immunosuppressives, notably thiopurines (azathioprine or mer-
captopurine) [1,2]. Unfortunately, optimal efficacy of these agents
is not universal and treatment failure occurs in a substantial pro-
portion along with failure to attain mucosal or histological healing
and key patient reported outcomes [3,4]. As there is a limited
number of pharmaceutical options available, and because efficacy

tends to decline when switching agent, it is desirable to optimize
the treatment regimen and to rationally switch between agents, if
needed [5,6]. Therapeutic drug monitoring (TDM) includes meas-
urements of circulating drug, key metabolites, and anti-drug anti-
bodies (ADAb) and has been introduced as a clinical tool to
improve efficacy, safety, and cost-effectiveness [7–10]. Hence, pro-
active TDM is used in quiescent disease to prevent disease wor-
sening, and reactive TDM is used in primary non-response or
secondary loss of response to treatment [11,12].

Over recent years, TDM has been introduced into clinical
practice, but there is limited knowledge on how TDM has
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been taken up by physicians and implemented in patient
care. Previous surveys are few and hampered by small sam-
ple sizes, dating back to when few agents were available
and knowledge of TDM was sparse. Also, they originate from
health care systems and physician populations that cannot
be extrapolated to current practice in developed countries
[13–17]. While reactive TDM of biologics is now broadly rec-
ommended by both national and international IBD societies
and by expert guidelines [18–25], proactive TDM has gener-
ally not been endorsed for routine use in all patients [19,26].
However, recent clinical trials not yet incorporated into
guidelines have shown positive results of proactive TDM
[27–29]. TDM during thiopurine therapy is broadly recom-
mended both before initiation of therapy by measurements
of thiopurine S-methyltransferase enzyme activity (TPMT) and
during treatment by measurements of thiopurine metabolites
(6-thioguanine nucleotide [6-TGN] and 6-methylmercaptopur-
ine [6-MMP]) [19,30]. It is our impression that despite avail-
able TDM guidelines and a vast amount of publications,
clinical use of TDM is still controversial among clinicians.

This was the first study among Scandinavian gastroenter-
ologists evaluating the use of TDM in five developed coun-
tries with high prevalence of IBD. The aim of this study was
to investigate how TDM has been taken up by physicians,
application in everyday clinical practice, and barriers restrict-
ing implementation.

Material and methods

Study design

This web-based questionnaire survey on TDM for biologic and
thiopurine therapies was carried out from January to September
2021. Invitations were distributed via e-mail sent from the
national gastroenterology- and IBD societies in the five
Scandinavian countries (Norway, Denmark, Sweden, Finland, and
Iceland) and announced on relevant society- and IBD websites
and in newsletters. Three reminders at 2weeks intervals were
sent out. Responders were excluded if not gastroenterology con-
sultants or trainees, not involved in biologic treatment of IBD, or
had incomplete survey responses which was defined as not hav-
ing answered to questions concerning TDM of biologics. Data
were collected and managed using REDCap electronic data cap-
ture tools hosted at Herlev Hospital, Denmark.

TDM questionnaire

The survey consisted of dynamic categorical multiple-choice
questions comprising the following sections: physician demo-
graphics, IBD cohort characteristics, TDM for biologic thera-
pies, TDM for thiopurine therapies, TDM and combination
therapy, barriers towards TDM, and awareness of TDM guide-
lines. Furthermore, participants were introduced to a variety
of theoretical TDM scenarios exploring interpretation of pro-
and reactive TDM test results of biologic therapies. The ques-
tionnaire was reviewed by the study group to ensure validity
and piloted within the study group before dissemination.

Statistical analyses

Data were analyzed using descriptive statistics. Comparisons
between groups were evaluated using Fisher’s exact test for
categorical variables. Associations between utilization of TDM
and pre-chosen physician characteristics (country, health
region, practice setting, grade, specialist experience, trainee
experience, hospital catchment area, size of IBD cohort, and
contacts with IBD patients/week) were assessed by bivariate
and multiple logistic regression models. P-values <.05 were
considered statistically significant. Data were analyzed using
Stata v16 (StataCorp).

Ethical statement

The survey was registered and approved by the National
Data Protection Authorities according to national legislations.
All responses were anonymous and no specific patient-
related information was collected.

Results

Study population

The survey was distributed to approximately 900 gastroenter-
ology consultants and gastroenterology trainees of whom
377 (42%) responded. The study population comprised 297
physicians who handled IBD patients on biologic therapies
and with complete TDM survey responses (Norway 118
(40%), Denmark 86 (29%), Sweden 50 (17%), Finland 33
(11%), Iceland 10 (3%) (Figure 1). The majority (85%) were
consultant gastroenterologists, 51% were employed at uni-
versity hospitals, and 46% at community hospitals.
Characteristics of responders are detailed in Table 1.

TDM of biological therapies

Characteristics and patterns of TDM utilization
Overall, 257 of 297 (87%) IBD physicians used TDM during
biologic therapies. Indications for TDM were to improve effi-
cacy (70%), aid treatment decisions (62%), improve safety
(36%), and secure cost-effectiveness (32%). TDM was applied
for all biologic agents, with the highest utilization rate
(>90%) for infliximab and adalimumab (Table 2).

Among physicians using TDM, 231 (90%) used reactive
TDM and 161 (63%) used proactive TDM. Combined pro- and
reactive TDM was applied by 53%. Reactive TDM was applied
at primary non-response (74%) and secondary treatment fail-
ure (99%); most commonly for infliximab and adalimumab,
followed by vedolizumab, ustekinumab, and golimumab
(Table 2). Proactive TDM was used by 80% during mainten-
ance therapy and 56% during induction. In line with reactive
TDM, proactive TDM was most frequently applied for inflixi-
mab and adalimumab, followed by vedolizumab, ustekinu-
mab, and golimumab (Table 2). Physicians generally applied
proactive TDM measurements once (91%) or twice a year
(59%). In addition to pro- and reactive TDM, measurements
of drug concentrations and ADAb levels were also applied in
cases of side-effects by 53%, at re-initiation of therapy after
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Figure 1. Flowchart of study population. �Answers to questions regarding TDM of biologic agents were lacking.

Table 1. Demographic and clinical characteristics of study participants (n¼ 297).

Demographics (n) Study participants n (%)

Country
Norway 118 (40)
Denmark 86 (29)
Sweden 50 (17)
Finland 33 (11)
Iceland 10 (3)

Grade
Gastroenterology specialist /trainee 252 (85)/45 (15)

Specialist experience (years)
<5/5–10/10–20/�20 54 (21)/50 (20)/81 (32)/66 (27)

Trainee practice (years)
<3/�3 18 (40)/27 (60)

Practice setting
University hospital 152 (51)
Non-university hospital 136 (46)
Private specialist practice 9 (3)

Hospital catchment area
<100.000/100.000-300.000/�300.000 59 (20)/126 (43)/111 (38)

Size of IBD cohorta

<500/500-1.000/�1.000 87 (29)/54 (18)/116 (39)
Size of IBD cohort on biologic agentsb

<200/�200 118 (40)/126 (43)
IBD patients, contacts/weekc

<10/�10 98 (33)/198 (67)
IBD patients on biologic agents, contacts/week

<10/�10 198 (67)/97 (33)
aMissing data n¼ 38.
bMissing data n¼ 50.
cNumber of contacts with IBD patients reported by the physician per week.

Table 2. Use of reactive and proactive TDM across different biologic drugs.

Reactive TDM n (%)
(n¼ 231)

Proactive TDM n (%)
(n¼ 161)

Primary non-response Secondary loss of response Induction Maintenance

Use of TDM n (%) 172 (74) 228 (99) 90 (56) 129 (80)
Biologic agent
Infliximab 168 (98) 220 (96) 85 (94) 125 (97)
Adalimumab 154 (90) 206 (90) 71 (79) 121 (94)
Golimumab 71 (41) 93 (41) 42 (47) 72 (56)
Vedolizumab 108 (63) 143 (63) 57 (63) 98 (76)
Ustekinumab 76 (44) 108 (47) 43 (48) 78 (60)

The physicians were able to check all the above options in the questionnaire.
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a drug-holiday by 39%, and when considering discontinu-
ation of biologic therapies by 30%. Utilization patterns across
the Scandinavian countries are shown in Figure 2.

Among physicians who used TDM in clinical practice, 66%
reported awareness of TDM guidelines or international expert
recommendations. Local guidelines were available for react-
ive and proactive TDM for 28% and 34%, respectively.

Interpretation of TDM test results in clinical practice
To address how TDM was utilized by clinicians, we investi-
gated the interpretation of various theoretical clinical case
scenarios detailed in Supplementary Tables 1–2. For reactive
TDM (Supplementary Table 1), where a patient per definition
had objectively verified treatment failure, and in case of
therapeutic drug levels and not detectable ADAb, 48% would
switch out of biologic class. Other strategies were applied by
a minority, for example, switch within biologic class (17%),
dose intensify on current agent (16%), or optimize concomi-
tant immunosuppression (13%). At treatment failure in the
presence of ADAb, with sub-therapeutic drug levels, physi-
cians preferably switched within biologic drug class (34%),
and with some preferring to dose intensify (18%) or optimize
concomitant immunosuppressive therapy (10%), and with
22% reporting that their strategy depended on ADAb levels.
At treatment failure presenting with sub-therapeutic drug
level and no ADAb, 99% would dose intensify the bio-
logic agent.

Proactive TDM at quiescent disease without objective
findings of active disease and presenting with therapeutic
drug level, 92% would continue current treatment without
any changes (Supplementary Table 2). Therapeutic drug level
presenting with concurrent detection of ADAb would initiate
optimization of concomitant immunosuppressive therapy
among 30%, 10% would discontinue current treatment, and
17% would continue without any therapeutic changes.
However, 37% would base their strategy depending on

ADAb levels. Sub-therapeutic drug level without ADAb would
lead to dose intensification for about two thirds of partici-
pants (63%) while the remaining generally would continue
an unchanged regimen (29%). Sub-therapeutic drug level in
the presence of ADAb was handled inconsistently by physi-
cians; some of which would base their actions depending on
ADAb levels (39%), discontinue current treatment (22%),
dose intensify the current regimen (18%), or optimize con-
comitant immunosuppressive therapy (18%). Of note, 87%
would reduce dosing at supra-therapeutic drug levels
(Supplementary Table 2).

Factors affecting use of TDM
TDM as an overall approach was significantly less used in
Denmark as compared to all other countries (58% vs 98%;
OR 0.03 [0.01–0.09], p< .001) (Supplementary Table 3a). In
particular, TDM was used to a lesser extent outside the
Capital Region of Copenhagen (OR 0.15 [0.05–0.46], p¼ .001)
(Supplementary Table 3 b). Similar results were observed for
reactive TDM (Supplementary Table 4a-b).

In the multiple regression model, physicians from
Denmark (OR 0.02 [0.01–0.04], p< .001), Sweden (OR 0.22
[0.09–0.52], p¼ .001) and Iceland (OR 0.07 [0.01–0.40],
p¼ .003) used proactive TDM less than Norway (Figure 2 and
Table 3). Physicians managing more than 10 IBD patients per
week were more inclined to use proactive TDM (OR 2.71
[1.34–5.48], p¼ .005) (Table 3). Notably, Danish physicians
using proactive TDM were all employed in the Capital region
of Copenhagen (n¼ 9, p< .001).

Barriers to TDM
Overall, 77% of physicians encountered barriers hindering
implementation of TDM in clinical practice whereas 23%
experienced no barriers at all. The main barriers were lack of
knowledge of interpretation and indications for TDM along-
side a need for TDM guidelines and time lag between

Figure 2. The use of reactive versus proactive TDM of biologic agents among physicians in Scandinavia. Distribution of the current use of reactive and proactive
TDM in clinical practice in Norway, Denmark, Sweden, Finland, and Iceland presented as frequencies (%). P-values are generated from multivariate logistic regres-
sion models, adjusted for country, employment at university hospital, size of hospital catchment area, seniority, and number of IBD contacts per week.
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sampling and test results (Figure 3). There was no difference
in commonly encountered barriers between countries except
time lag which was more prominent in Finland (OR 3.43
[1.53–7.65], p¼ .004). In Denmark, where TDM was used to a
lesser extent, the main barriers were lack of evidence (44%),
lack of guidelines (39%), and lack of knowledge on proper
interpretation of drug and ADAb measurements (36%).

TDM of thiopurine therapies

Indications and pattern of thiopurine usage
Thiopurines were used both as monotherapy (77%) and in
combination with biologics (95%) –particular in combination

with infliximab (98%) and adalimumab (74%) (Supplementary
Table 5). Factors considered most important when prescrib-
ing thiopurines were age (80%), type of concomitant biologic
agent (60%), and TPMT status (52%). A conventional “step-
up” strategy with sequential progression from conventional
biologics was generally preferred (Norway 23%, Denmark
58%, Sweden 73%, Finland 73%, and Iceland 71%). However,
physicians from Norway more often used a ‘top-down’ strat-
egy with early introduction of biologics as compared to all
others (OR 6.56 [3.69–11.67], p< .001). Treatment duration of
combination therapy was typically 1–2 years (55%); however,
one-third had no restraints on the duration of thiopurine
treatment (Supplementary Table 5).

Table 3. Factors associated with use of proactive TDM of biologic agents (n¼ 297).

Variable (n) Univariate OR [95%CI] p Value Multivariate OR [95%CI] p Value

Country
Norway 1 1
Denmark 0.03 [0.01,0.06] <.001 0.02 [0.01,0.04] <.001
Sweden 0.29 [0.14,0.60] .001 0.22 [0.09,0.52] .001
Finland 0.85 [0.33,2.21] .74 0.54 [0.19,1.50] .24
Iceland 0.06 [0.01,0.29] .001 0.07 [0.01,0.40] .003

Practice setting
University hospital 1 1
Community hospital 2.14 [1.33,3.43] .002 0.88 [0.42,1.83] .73
Private practice 1.50 [0.39,5.82] .56 0.60 [0.13,2.84] .52

Grade
Trainee 1 1
Specialist 1.43 [0.76,2.70] .28 1.43 [0.61,3.34] .41

Hospital catchment area
<300.000 1 1
>300.000 0.61 [0.38,0.99] .044 1.19 [0.54,2.61] .67

IBD contacts/weeka

<10 1 1
>10 1.30 [0.80,2.12] .29 2.71 [1.34,5.48] .005

Results are presented as odds ratios (OR) with 95% confidence intervals (CI). Univariate and multivariate p-values �0.05 in
bold. Variables tested but did not come out significant in univariate or multivariate analysis included specialist experience in
years, trainee practice training in years, size of IBD cohort, and number of contacts with IBD patients on biological therapies
per week.
aNumber of contacts with IBD patients reported by the physician per week.

Figure 3. Barriers hindering the implementation of TDM of biological therapy in clinical practice in Scandinavia. Barriers and reasons for not using TDM of biologic
agents among physicians in Scandinavia presented as frequencies (%)�. �Missing data: n¼ 52.
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Characteristics of TDM utilization
TDM of thiopurine therapy was utilized by most physicians
(87%) and across all countries but somewhat less in Finland
and Iceland (p< .001) (Supplementary Tables 5 and 6). Prior
to initiation, about two third (65%) assessed TPMT geno-
and/or phenotype and only 18% never assessed TPMT
(Supplementary Table 5). During ongoing therapy, the vast
majority (91%) assessed combined 6-TGN and 6-MMP metab-
olites and used both proactive and reactive TDM. Allopurinol
was commonly prescribed for 6-MMP shunters by 70%.
During combination therapy with biologics, thiopurine
metabolites were measured by the majority (74%) and indi-
cations were to reduce risk of ADAb (63%) and improve effi-
cacy of the biologic agent (61%). About half had access to
local thiopurine TDM guidelines (47%) and knowledge of
international guidelines and expert recommendations (56%)
(Supplementary Table 5).

Barriers for TDM of thiopurine therapies
In all, 64% encountered barriers for TDM of thiopurines. As
detailed in Supplementary Table 5, the most prominent were
long waiting time for test results (39%) and an unmet need
for guidelines (22%).

Discussion

This is the first multinational survey on how TDM of biologic
and thiopurine therapies have been adopted and imple-
mented in clinical practice by IBD specialists. In this survey
covering five northern European countries, we show that
TDM has become an integral part of everyday clinical prac-
tice to inform and guide therapeutic interventions. The study
also identifies important national and regional differences in
utilization patterns and interpretations of TDM test results,
and points to key barriers that need to be addressed to
attain higher adherence and more uniform utilization of TDM
in clinical practice.

Reactive TDM at treatment failure was used by a vast
majority of clinicians, for all biologic agents but predomin-
antly TNF-inhibitors, and both during induction and mainten-
ance phases. Notably, different representative scenarios
revealed a high level of agreement on interpretation of
reactive TDM results, revealing a high level of knowledge.
Reactive TDM is well documented, and in line with available
guidelines and consensus statements [18–24],, there was
agreement on switching out of class in case of therapeutic
drug level (pharmacodynamic failure) and dose intensifica-
tion at sub-therapeutic drug level without ADAb
(non-immune pharmacokinetic failure). Furthermore, at pres-
entation of neutralizing ADAb (immune-mediated pharmaco-
kinetic failure), most would switch within class but with a
notable minority preferring dose intensification or optimiza-
tion of concomitant immunosuppression in effort to over-
come ADAb – strategies that have all been proven valid [31].

The introduction of TDM has been of great clinical impact
in the care of IBD patients, but current guidelines mainly
address reactive TDM, and recommendations for proactive

TDM is very limited [19,20,26]. Moreover, recent studies
showing promise for proactive TDM of TNF inhibitors in IBD,
have not been incorporated into the guidelines [27–29]. In
line with this, a few previous survey studies from US and UK
showed high utilization of reactive TDM (87-97%) but not
proactive TDM (36-54%) [14,15]. Interestingly, and likely
reflecting the improved evidence level, proactive TDM was
used by approximately two thirds of Scandinavian IBD physi-
cians participating in our survey. Theoretical clinical case
scenarios showed that physicians would generally continue
the therapeutic regimen in case of therapeutic drug levels,
most would intensify the regimen in case of sub-therapeutic
drug concentration and de-escalate the regimen at supra-
therapeutic drug levels. There were some disagreements on
interventions preferably applied in case of ADAb detection –
most would base their strategy depending on ADAb level –
but with a clear trend to optimize either the biologic regi-
men or concomitant immunosuppressive treatments. The
somewhat higher level of inconsistencies for proactive than
reactive TDM interventions may reflect the lack of guidelines
concerning proactive TDM, lack of evidence, or lack of know-
ledge on how to interpret test results. Of note, TDM was also
frequently used at side-effects, at re-initiation of therapy, and
when considering discontinuing biologic therapies; none of
these indications are covered in existing guidelines.

Although TDM of biologics proved to be the standard of
care for most participants, our study did reveal controversies.
For example, a significantly lower proportion of responders
from Denmark used TDM, and proactive TDM was exclusively
used in the Capital Region of Copenhagen. In contrast, TDM
of thiopurine therapies was commonly applied in Denmark.
Thus, Danish participants reported reservations on the level
of evidence favoring TDM. Furthermore, proactive TDM was
more frequently used in Norway and by physicians handling
a higher number of IBD patients per week. These observa-
tions suggest that differences in use may to some extent be
explained by local traditions and preferences, and availability
of competent laboratories. For example, Norway has recently
conducted two high-quality proactive TDM studies and TDM
analyses are easily available, centralized, and with low costs
(�20 EUR per assay) [27,32].

Three out of four participants noted important barriers
that restricted their use of TDM. The most prominent barrier
was a request for specific TDM guidelines. Thus, local pro-
active and reactive TDM guidelines were available only for
about one-third, and only two-thirds reported awareness of
international guidelines or expert consensus statements.
Furthermore, almost half of participants felt a lack of know-
ledge on how to interpret TDM test results, and some also
had reservations on the currently level of available evidence.
Taken together, these observations originating from IBD clini-
cians clearly document an unmet need for updated, evi-
dence-based, TDM guidelines and educational activities
incorporating how to practically interpret TDM test results in
the every-day clinical practice. Accordingly, we have here
provided TDM recommendations for clinical practice below.

Long response time from the laboratory was also a com-
monly encountered barrier restricting TDM, except in Norway
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as mentioned above. Thus, the current study highlights the
potential of point-of-care tests where serum drug levels and
even ADAb can be assessed on-site at patient visits. These
tests are now emerging and may serve to increase the use
of TDM in clinical practice [33,34]. Costs were not a signifi-
cant barrier in the Scandinavian countries as opposed to
elsewhere, which is likely due to the low costs of TDM analy-
ses and the Scandinavian health care systems where health
expenses are covered via taxes [13,14].

This study also shows that TDM of thiopurines has now
been fully adopted and widely implemented in clinical prac-
tice and routinely used both prior to initiation and reactively
at treatment failure or side effects during ongoing therapy.
This is consistent with guidelines [19] and in line with a pre-
vious survey from Sweden [35]. Albeit not recommended in
guidelines, proactive measurements of thiopurine metabo-
lites were, however, also routinely done once or twice a year.
Thiopurines were generally used according to the conven-
tional ‘step-up’ strategy, but a ‘top-down’ strategy was more
common in Norway possibly due to biosimilars having been
on the marked two years longer than elsewhere in
Scandinavia. Main barriers were long response time from the
laboratory, and only a minority requested TDM guidelines for
thiopurines.

Major strengths of this study are the large number of par-
ticipants from five different countries with a homogenous
and representative study population of IBD specialists
involved in biologic therapies. The survey was designed by
clinicians having experience with TDM, was validated intern-
ally, and covered all currently available biologics and thiopur-
ines. However, our results should be interpreted with caution
as risk of selection bias is inherent in the study design due
to responders not necessarily being representative, for
example, responders may have a special interest in TDM.
Furthermore, the number of participants from different coun-
tries was skewed, which can partly be ascribed to the differ-
ent population sizes and thus differences in number of
gastroenterologists in each country. Our results may not
apply to other geographical regions due to e.g. differences
in health care system, regional availability of TDM, and costs.
Hence, investigation of TDM utilization and barriers in other
regions and countries would be of interest in the future.
However, being a developed region and with public health
care systems, Scandinavia in theory provides an optimal set-
ting for implementation of TDM.

In conclusion, TDM of biologic and thiopurine therapies
have been broadly adopted and implemented in clinical
practice in Scandinavia. However, physicians call for TDM
guidelines detailing indications and interpretations of test
results along with improved test response times. Importantly,
in the view of precision medicine, TDM is important to pre-
dict outcomes in IBD patients, along with common and
novel biomarkers 36 .

Practical recommendations

In the following, we present practical recommendations on
interpretation of therapeutic drug monitoring (TDM) test

results during reactive (A) and proactive (B) TDM of biologics,
recommended therapeutic thresholds for biologics (C), and
TDM of thiopurines (D). These recommendations are based
on current available evidence and existing TDM guidelines.

A. Reactive TDM algorithm during anti-TNF therapies

TDM recommended during induction and mainten-
ance therapy and for all TNF-inhibitors [7,18–25,37].
It is generally recommended to repeat testing over
time. PK¼ pharmacokinetic PD¼pharmacodynamic
CL¼ clearance.

B. Proactive TDM algorithm during anti-TNF therapies

Proactive TDM following end of induction phase with
dose optimization to achieve therapeutic drug level is
recommended [22,25]. Routine proactive TDM recom-
mended 1-2 times a year during maintenance and for
all biologics [18,22]. It is generally recommended
to repeat testing over time. PK¼pharmacokinetic
PD¼pharmacodynamic.

C. Suggested therapeutic thresholds

Induction phase Maintenance phase

Infliximab w2: 20–25mg/mL
w6: 10–15mg/mL
w14: 7–10mg/mL

5 mg/mL

Adalimumab w4: 12mg/mL 8 mg/mL
Golimumab w6: 2.5–3.8mg/mL 1.4mg/mL

(continued)
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D. TDM of thiopurines
� TPMT genotype and phenotype assessment before

treatment initiation should be used in all patients [19].
� Thiopurine metabolites (6-TGN and 6-MeMP) should

be measured reactively at treatment failure or
side-effects[19].

� Proactive measurement of thiopurine metabolites (6-
TGN and 6-MeMP) is recommended at regular inter-
vals for example once yearly, and more frequently in
high-risk patients [19,40].
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