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Achieving Mucosal Healing in Inflammatory 
Bowel Diseases: Which Drug Concentrations 
Need to Be Targeted?
Nathalie Van den Berghe1 , Ann Gils1  and Debby Thomas1,*

Biologicals introduced a major shift in the treatment of patients suffering from inflammatory bowel diseases. 
Despite providing a tight disease control for many patients, a considerable proportion of patients will fail to respond 
favorably to treatment or will lose response over time. Therapeutic drug monitoring emerged as a valuable tool to 
guide clinical decision making as serum drug concentrations have been linked to outcomes. Focusing on mucosal 
healing as the ultimate treatment goal, different drug concentration thresholds to achieve this outcome have been 
identified in the literature and are summarized in this review. For therapeutic drug monitoring to be successful in 
guiding clinical decision making, the used assay, the sampling time point, and the outcome that is aimed for should 
be taken into account when interpreting drug concentration thresholds. Awareness of these essential aspects among 
clinicians will improve the implementation of therapeutic drug monitoring and aid in making an evidence-based 
decision.

Inflammatory bowel diseases (IBDs), the two main subtypes being 
Crohn’s disease (CD) and ulcerative colitis (UC), are chronic in-
flammatory disorders of the gastrointestinal tract typically char-
acterized by a relapsing-remitting disease course.1 These diseases 
usually start early in life, thereby strongly affecting the quality of 
life and work productivity of young individuals. As IBD remains 
incurable, patients have to be treated lifelong, which requires 
cost-effective, tolerable, and safe therapies.

Over the past decades, advances in the understanding of the 
pathophysiology of these diseases have greatly expanded the treat-
ment options. Next to the classical medications, including 5-ami-
nosalicylic acid, corticosteroids, and immunomodulators, patients 
can also be treated with biologicals targeting key mediators in this 
immune-mediated inflammatory disease.2

The first biologicals approved for the treatment of IBD were 
monoclonal antibodies targeting tumor necrosis factor (TNF)-α 
(infliximab, adalimumab, golimumab, and certolizumab pegol). 
More recently, biologicals directed against integrins (natalizumab 
and vedolizumab) and IL-12/23 (ustekinumab) emerged as valu-
able treatment options (Table 1). These drugs introduced a major 
shift in the treatment of patients suffering from IBD because 
they have not only shown to reduce symptoms but also avoid the 
chronic need for steroids, heal mucosal ulcers, and reduce hospital-
izations and surgical interventions.3

THERAPEUTIC DRUG MONITORING
Biologicals have emerged as an important cornerstone in the treat-
ment of patients with IBD. Nevertheless, the efficacy of these 
drugs can highly differ between individuals: some patients do not 
respond to treatment (primary nonresponders), whereas others 

initially respond to treatment but lose response over time (second-
ary nonresponders). For anti-TNF drugs, primary and secondary 
nonresponse rates in patients with IBD have been reported to be 
10–30% and 20–40%, respectively.4,5 Although real-life data for 
the newer anti-integrin and anti-interleukin drugs is limited and 
quite variable, similar nonresponse rates as for the anti-TNF drugs 
have been observed.6,7

An inadequate treatment response can be caused by pharma-
cokinetic or pharmacodynamic issues.8,9 For instance, treatment 
failure can be the result of insufficient drug exposure because of 
an increased clearance due to a high inflammatory disease burden 
or the presence of neutralizing and/or non-neutralizing antidrug 
antibodies.10,11 Alternatively, mechanistic failure can be the reason 
a patient does not adequately respond to treatment. Mechanistic 
failure implies that other molecules involved in the inflammatory 
pathway are the main drivers of the disease rather than the target 
inhibited by the biological.

Therefore, therapeutic drug monitoring, the measurement of 
drug concentrations in the blood of the patient, can shed light 
on what is happening with the drug in the patient and objectively 
evaluate potential reasons for treatment failure.12 Currently, a tri-
al-and-error approach is used in which clinicians blindly increase 
the dose or switch to another drug when a patient is not adequately 
responding to therapy. On the one hand, this inefficient approach 
leads to underexposed patients who are unnecessarily switched to 
another drug instead of optimizing treatment. On the other hand, 
some patients might be sufficiently exposed and will only benefit 
from switching to another drug. Therapeutic drug monitoring 
offers a solution to this problem by distinguishing between lack 
of response caused by insufficient exposure (subtherapeutic drug 
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concentrations) and lack of response caused by mechanistic fail-
ure (therapeutic drug concentrations).13 Together with a clinical 
evaluation, measured drug concentrations can help the clinician to 
define the next treatment step and maximize treatment outcomes.

PHARMACOKINETIC CONSIDERATIONS
In most cases, patients with IBD are treated with a fixed dose of the 
biological. The concentration of the biological in the blood circu-
lation, however, will differ between patients as it is dependent on 
absorption, distribution, and elimination of the drug (Figure 1). 
For intravenous administered drugs, the systemic availability is 

100% and the peak concentration will be reached within minutes 
after the end of the infusion.14 In contrast, the peak concentra-
tion of a biological that is administered subcutaneous will only be 
reached 2–8 days after the injection and will not achieve a peak 
concentration as high as intravenous administered biologicals.14

Even when a biological is administered through the same 
route, the concentration-time profile can differ remarkably 
between patients, resulting in a different total exposure to the 
drug. In some patients, the drug is rapidly absorbed and the peak 
concentration occurs within 2  days. In other patients, absorp-
tion of the drug is slow and the maximum concentration will 

Table 1 Biologicals approved for the treatment of IBDs in the EU and/or the US

Biological Target Disease Route of administration Dosing schedule

Infliximab TNF-α CD/UC i.v. 5 mg/kg at week 0, week 2, week 6, then every 
8 weeks

Adalimumab TNF-α CD/UC s.c. CD: 80 or 160 mg at week 0, 40, or 80 mg at week 2, 
then 20 or 40 mg every 2 weeks

UC: 160 mg at week 0, 80 mg at week 2, then 40 mg 
every 2 weeks

Golimumab TNF-α UC s.c. 200 mg at week 0, 100 mg at week 2, then 50 mg every 
4 weeks if weight < 80 kg (EU) or 100 mg every 4 weeks 

if weight ≥80 kg (EU and US)

Certolizumab pegol TNF-α CD s.c. 400 mg at week 0, week 2, week 4, then 400 mg every 
4 weeks

Natalizumaba α4 integrin CD i.v. 300 mg at week 0, then every 4 weeks

Vedolizumab α4β7 integrin CD/UC i.v. 300 mg at week 0, week 2, week 6, then every 8 weeks

Ustekinumab IL-12/23 CD First i.v., then s.c. i.v. infusion of 260 mg if weight ≤ 55 kg, 390 mg if 
weight 55–85 kg, 520 mg if weight > 85 kg at week 0, 

then 90 mg s.c. every 8 weeks

CD, Crohn’s disease; EU, European Union; IBD, inflammatory bowel disease; i.v., intravenous; s.c., subcutaneous; TNF-α, tumor-necrosis factor-alpha; UC, 
ulcerative colitis; US, United States.
aOnly approved in the United States.

Figure 1 Pharmacokinetic considerations of biologicals. The concentration of the biological in the blood circulation is dependent on 
absorption, distribution, and elimination of the drug. The concentration-time profile differs between intravenous and subcutaneous 
administered drugs. Peak concentrations are indicated as blue dots, intermediate concentrations as green dots, and trough concentrations at 
red dots. Drug concentrations differ between patients (interpatient variability) and within a patient (intrapatient variability).
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only be reached several days later. Alternatively, the drug con-
centration can decline more rapidly in one patient compared 
with another due to different elimination rates leading to lower 
drug concentrations at a specific time point. Furthermore, even 
within one patient the drug concentration at a fixed time point 
after the drug administration can differ between two dosing 
intervals. This high interpatient and intrapatient variability in 
drug concentrations underlines the need for therapeutic drug 
monitoring.

As the concentration of the drug changes over time, the time 
of sampling is important. Most frequently, a sample is collected at 
trough (Figure 1, in red), which is the lowest concentration, and 
in case of intravenous administered drugs, this is exactly before 
the next administration. For  subcutaneous administered drugs, 
this is not necessarily the case as the concentration of the drug in 
the blood can further decrease after a new injection, until the new 
dose is sufficiently absorbed to increase the concentration again. 
However, for reasons of simplicity, sampling at trough always re-
fers to sampling just before the next administration. Furthermore, 
trough is stated to be the least variable time point in the dosing 
interval as it represents the different pharmacokinetic phases, in-
cluding absorption, distribution, and elimination since its last 
administration.15 Alternatively, a sample can be obtained at an 
intermediate time point (Figure 1, in green), in between two ad-
ministrations, where the drug concentration will be higher than at 
trough but lower than at peak. Depending on the sampling time 
point, different pharmacokinetic information can be acquired. 
A sample collected at trough can give more information on the 
elimination of drug but less on the absorption or the volume of 
distribution.12 Precise estimations of the absorption rate and distri-
bution volume typically require sampling at peak and intermediate 
time points. For example, a recent study showed that 18 of 26 pa-
tients with CD had detectable adalimumab serum concentrations 
2 hours after administration of 160 mg adalimumab, which gives 
an indication on the rate of absorption.16

Drug concentrations are most frequently measured in serum as 
collecting blood is convenient and minimally invasive. However, 
the target site of the drug is the intestinal mucosa, and drug con-
centrations measured in serum are consequently considered as 
surrogate markers. Only one study evaluated drug concentrations 
in intestinal tissue and observed a positive correlation between an-
ti-TNF in serum and tissue, especially in uninflamed but not in 
inflamed tissue.17

DRUG CONCENTRATION THRESHOLDS TO ACHIEVE 
ENDOSCOPIC OUTCOMES
With the introduction of biologicals, the therapeutic goal shifted 
from controlling symptoms and achieving clinical remission to 
inducing and maintaining mucosal healing.18 Mucosal healing 
has shown to greatly improve patient outcomes as it is associated 
with sustained clinical remission, fewer surgeries and hospitaliza-
tions, reduced risk of relapse, and improved ability to work.19,20 
At the present time, current and novel therapeutics are evaluated 
based on their ability to improve endoscopic outcomes, ultimately 
aiming at achieving mucosal healing. Therefore, many efforts 
have been made to determine the minimum drug concentration 

necessary to achieve mucosal healing. This review will focus on 
the concentration thresholds of biologicals necessary to attain en-
doscopic outcomes (Tables 2 and 3), starting with the anti-TNF 
drugs followed by the newer anti-integrin and anti-interleukin 
biologicals. Because drug concentration thresholds of biologi-
cals in pediatric patients with IBD have not yet been reported in 
the literature, only studies with adult patients with IBD will be 
considered.

Infliximab
As infliximab has been approved for the treatment of CD since 
1998 by the US Food and Drug Administration and since 1999 
by the European Medicines Agency,21,22 the exposure–response 
relationship has already extensively been examined. Rather than 
merely being associated with clinical and biological remission, 
adequate infliximab concentrations have also been linked to im-
proved endoscopic outcomes.

The first studies showed that detectable trough serum infliximab 
concentrations were associated with higher rates of endoscopic im-
provement in both patients with CD and patients with UC.23,24 
Several years later, a post hoc analysis of the ACT-1 and ACT-2 
trials, which included 728 patients with UC, revealed that higher 
serum infliximab concentrations were associated with higher rates 
of mucosal healing at weeks 8, 30, and 54.25

More recently, research groups started determining drug concen-
tration thresholds necessary to achieve mucosal healing through 
receiver-operator characteristics curve analysis. In a retrospective 
observational study including 78 patients with IBD (53 with CD 
and 25 with UC), infliximab serum concentrations during mainte-
nance treatment were higher in patients achieving mucosal healing 
(4.3 μg/mL) vs. patients with endoscopically active disease (1.7 μg/
mL).26 The optimal infliximab threshold concentration associated 
with mucosal healing was determined to be 5 μg/mL. Incremental 
gain analysis revealed that the percentage of patients achieving 
mucosal healing increased with increasing infliximab serum con-
centrations and reached a near-plateau at 8 μg/mL. Based on these 
findings, the authors proposed a therapeutic window for inflix-
imab of 6–10  μg/mL aiming for mucosal healing in 80–90% of 
patients with IBD.

Regarding infliximab induction therapy, several research groups 
have made an effort to determine drug concentration thresholds 
associated with endoscopic outcomes, primarily focusing on short-
term mucosal healing. In a retrospective study including 54 pa-
tients with UC, infliximab concentrations at weeks 2, 6, and 14 
were significantly higher in patients achieving mucosal healing at 
weeks 10–14 compared with those not achieving mucosal healing 
(22.9 vs. 19.3 μg/mL; 17.6 vs. 10.3 μg/mL; and 7.4 vs. 1.5 μg/mL, 
respectively).27 Infliximab concentration thresholds associated 
with mucosal healing were 28.3, 15, and 2.1 μg/mL, respectively. 
A similar threshold of 2.1  μg/mL was observed by Van Stappen 
et  al.28 when measuring infliximab concentrations at week 14 in 
190 samples from 29 patients with UC using a rapid, lateral flow-
based assay.

When considering a less ambitious outcome, Brandse et  al.29 
observed that median week 6 infliximab concentrations were sig-
nificantly higher in endoscopic responders (8.1 μg/mL) compared 
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with endoscopic nonresponders (2.9 μg/mL). At that time point 
during induction, a serum infliximab concentration higher than 
6.6 μg/mL was identified as the threshold for endoscopic response.

Based on data of 484 patients with UC from two randomized 
controlled trials, Vande Casteele et al.30 identified infliximab con-
centration thresholds associated with endoscopic outcomes during 
induction and maintenance therapy. The evaluated endoscopic 
outcome was either Mayo Clinical endoscopic subscore equal to 
0 or Mayo Clinical endoscopic subscore ≤ 1. An infliximab serum 
concentration of 18.6 μg/mL at week 2 and 10.6 μg/mL at week 
6 were associated with a week 8 Mayo Clinic endoscopic subscore 
≤ 1. An infliximab serum concentration of 5.1 μg/mL at week 14 
and 2.3 μg/mL at week 30 were associated with a week 30 Mayo 
Clinic endoscopic subscore ≤ 1, whereas higher concentrations of 
6.7 μg/mL and 3.8 μg/mL, respectively, were associated with a sub-
score equal to 0. Additionally, the authors identified an infliximab 
concentration threshold at an intermediate time point. An inflix-
imab serum concentration of 34.9 μg/mL at week 8 was associated 
with a week 8 Mayo Clinic endoscopic subscore ≤ 1.

Recently, a population pharmacokinetic–pharmacodynamic 
model that predicts the proportion of patients with UC with mu-
cosal healing after infliximab induction therapy was developed 
based on 583 samples from 204 patients with UC.31 The model es-
timated an infliximab trough concentration at day 14 of 18.8, 35.1, 
and 49.8 μg/mL to predict mucosal healing in 55%, 70%, and 75% 
of patients, respectively.

Adalimumab
Also for adalimumab, multiple studies have evaluated the association 
between drug serum concentrations and endoscopic outcomes, most 
of them not specifically looking at a certain time point during treat-
ment but a mixture of time points in maintenance at trough.

In a cohort of 40 patients with IBD (22 with CD and 18 with 
UC), the median adalimumab trough concentrations were sig-
nificantly higher in patients with mucosal healing compared with 
those without (6.5 vs. 4.2  μg/mL).32 The absence of mucosal 
healing was associated with a maintenance trough concentration 
of adalimumab <  4.9  μg/mL. In accordance with these results, 
Ungar et  al.26 observed significantly higher median adalimumab 
concentrations in patients with mucosal healing than patients with 
active inflammation based on endoscopy (6.2 vs. 3.1  μg/mL, re-
spectively) in a larger cohort of 67 patients with IBD (58 with CD 
and 9 with UC). Compared with the previous study,32 a somewhat 
higher threshold of 7.1 μg/mL necessary to achieve mucosal heal-
ing was identified with a relatively low sensitivity of 32%. Through 
incremental gain analysis, the authors showed that the percentage 
of mucosal healers increased with increasing adalimumab serum 
concentrations, reaching a plateau at 12 μg/mL. Therefore, a thera-
peutic window of 8–12 μg/mL aiming at 80–90% of patients with 
IBD achieving mucosal healing was proposed.

In a study that only included patients with CD, a higher adalim-
umab trough concentration was significantly associated with mu-
cosal healing (14.7 μg/mL in those with mucosal healing vs. 3.4 μg/
mL in those without).33 A cutoff of 8.1 μg/mL discriminated pa-
tients with mucosal healing best from those without. Alternatively, 
Yarur et al.34 evaluated the association between adalimumab drug Ta

bl
e 

3
 D

ru
g 

co
nc

en
tr

at
io

n 
th

re
sh

ol
ds

 o
f 
an

ti
-in

te
gr

in
 a

nd
 a

nt
i-i

nt
er

le
uk

in
 b

io
lo

gi
ca

ls
 t

o 
ac

hi
ev

e 
en

do
sc

op
ic

 o
ut

co
m

es

D
ru

g
D

is
ea

se
Ti

m
e 

po
in

t
Th

er
ap

eu
ti

c 
ou

tc
om

e

D
ru

g 
co

nc
en

tr
at

io
n 

(μ
g
/m

L)
Th

re
sh

ol
d 

 
co

nc
en

tr
at

io
n 

(μ
g
/m

L)
S

en
si

ti
vi

ty
; 

sp
ec

if
ic

it
y

P
P

V;
 N

P
V

D
ru

g 
as

sa
y

R
ef

.
R

es
po

nd
er

s
N

on
re

sp
on

de
rs

Ve
do

liz
um

ab
U

C
W

ee
k 

2
M

uc
os

al
 h

ea
lin

g 
(w

ee
k 

1
4)

3
1

.7
2
4

.3
2

8
.9

6
2

%
; 
7
3

%
5

9
%

; 
7
5
%

EL
IS

A
1

3

Ve
do

liz
um

ab
C

D
/U

C
W

ee
k 

2
En

do
sc

op
ic

 r
em

is
si

on
 (
w

ee
k 

5
2)

2
4

.8
2

0
.0

2
3

.2
–

–
M

S
A

47

Ve
do

liz
um

ab
C

D
/U

C
W

ee
k 

6
M

uc
os

al
 h

ea
lin

g 
(w

it
hi

n 
th

e 
fi
rs

t 
ye

ar
)

2
6

.8
1

5
.1

1
8

.0
8

8
%

; 
6
7

%
7
9

%
; 
8

0
%

EL
IS

A
4

5

Ve
do

liz
um

ab
C

D
/U

C
W

ee
k 

6
M

uc
os

al
 h

ea
lin

g 
(b

et
w

ee
n 

w
ee

ks
 1

4
 

an
d 

5
4)

41
.7

2
0
.8

–2
6

.0
–

–
–

EL
IS

A
4

6

Ve
do

liz
um

ab
C

D
/U

C
W

ee
k 

6
En

do
sc

op
ic

 r
em

is
si

on
 (
w

ee
k 

5
2)

2
5

.0
17

.0
1

9
.8

–
–

M
S

A
47

Ve
do

liz
um

ab
U

C
W

ee
k 

1
4

M
uc

os
al

 h
ea

lin
g 

(w
ee

k 
1
4)

1
4

.6
9
.6

1
3

.9
5

4
%

; 
8

5
%

4
8

%
; 
8

8
%

EL
IS

A
1

3

Ve
do

liz
um

ab
C

D
W

ee
k 

2
2

M
uc

os
al

 h
ea

lin
g 

(w
ee

k 
2

2)
17

.4
1
0
.3

1
3

.6
71

%
; 
6

9
%

8
3

%
; 
5
2

%
EL

IS
A

1
3

U
st

ek
in

um
ab

C
D

W
ee

k 
4

En
do

sc
op

ic
 r

es
po

ns
e 

(w
ee

k 
2
4)

2
3

.0
1

9
.6

1
6

.6
8

8
%

; 
4

5
%

3
2

%
; 
9

3
%

EL
IS

A
5

0

U
st

ek
in

um
ab

C
D

W
ee

k 
8

En
do

sc
op

ic
 r

es
po

ns
e 

(w
ee

k 
2
4)

8
.5

6
.4

5
.0

8
2

%
; 
4

5
%

3
0

%
; 
9

0
%

EL
IS

A
5

0

U
st

ek
in

um
ab

C
D

W
ee

k 
1
6

En
do

sc
op

ic
 r

es
po

ns
e 

(w
ee

k 
2
4)

3
.4

2
.2

2
.3

7
7

%
; 
5

4
%

3
4
%

; 
8

8
%

EL
IS

A
5

0

U
st

ek
in

um
ab

C
D

W
ee

k 
2
4

En
do

sc
op

ic
 r

es
po

ns
e 

(w
ee

k 
2
4)

2
.4

1
.8

1
.9

6
7

%
; 
5
2

%
3

4
%

; 
8

5
%

EL
IS

A
5

0

U
st

ek
in

um
ab

C
D

W
ee

k 
≥
 2

6
En

do
sc

op
ic

 r
es

po
ns

e 
(w

ee
k 

≥
 2

6
)

4
.7

3
.8

4
.5

6
7

%
; 
70

%
–

M
S

A
4

9

C
D

, 
C

ro
hn

’s
 d

is
ea

se
; 
EL

IS
A
, 

en
zy

m
e
-li

nk
ed

 im
m

un
os

or
be

nt
 a

ss
ay

; 
M

S
A
, 

m
ob

ili
ty

 s
hi

ft
 a

ss
ay

; 
N

P
V,

 n
eg

at
iv

e 
pr

ed
ic

ti
ve

 v
al

ue
; 

P
P
V,

 p
os

it
iv

e 
pr

ed
ic

ti
ve

 v
al

ue
; 
U

C
, 
ul

ce
ra

ti
ve

 c
ol

it
is

.



VOLUME 106 NUMBER 5 | NOVEMBER 2019 | www.cpt-journal.com950

STATE of the ART

concentrations and endoscopic healing when serum sampling was 
random and not only at trough. This study design reflects a real-life 
clinical setting as collecting serum just before the drug administra-
tion is not always possible. In this cohort of 66 patients with IBD 
(59 with CD and 7 with UC), mean random adalimumab con-
centrations were significantly lower in patients with endoscopic 
inflammation than in those without (8.5 vs. 13.3 μg/mL, respec-
tively) and the adalimumab concentrations threshold best associ-
ated with endoscopic healing was 7.5 μg/mL.

In a cohort of 43 patients with UC, Papamichael et al.35 in-
vestigated the optimal adalimumab concentration at week 4 to 
achieve short-term mucosal healing (e.g., within weeks 8–14). 
Patients with short-term mucosal healing had higher adalim-
umab concentrations at week 4 compared with patients with-
out (10.6  μg/mL vs. 7.4  μg/mL, respectively). A threshold of 
9.4  μg/mL was identified to achieve short-term mucosal heal-
ing. Interestingly, when the authors excluded the 5 patients who 
previously failed infliximab due to primary nonresponse, the 
threshold lowered to 7.5 μg/mL.

Golimumab
Only limited studies have evaluated the exposure–response rela-
tionship of golimumab in patients suffering from UC. Post hoc 
analyses of the PURSUIT study revealed that the proportion 
of patients achieving mucosal healing generally increased with 
increasing golimumab concentrations.36 Moreover, golimumab 
serum concentrations at week 6 were higher in patients achieving 
mucosal healing at week 6 (3.14 vs. 1.70 μg/mL) and at both weeks 
30 and 54 (1.22 vs. 0.83 μg/mL). No thresholds to achieve muco-
sal healing were identified in this cohort.

Detrez et al.37 also observed a difference in week 6 golimumab con-
centrations in patients with mucosal healing (6.3 μg/mL) compared 
with patients not achieving mucosal healing at week 14 (3.3  μg/
mL). However, this difference was not statistically significant, which 
is most likely due to the small sample size and low mucosal healing 
rate (4 of 21 patients). In another study of Detrez et al.,38 the decrease 
in golimumab trough concentration from weeks 2 to 10 was steeper 
in patients without mucosal healing at 14 weeks of therapy than in 
patients with mucosal healing, further indicating the association be-
tween golimumab exposure and mucosal healing.

Recently, a population pharmacokinetic model was developed 
based on 631 samples of 56 patients with UC to investigate the 
relationship between golimumab exposure during induction ther-
apy and mucosal healing.39 Patients achieving mucosal healing 
had a higher model-predicted golimumab concentration at week 6 
(7.6 μg/mL) compared with patients not achieving mucosal heal-
ing (4.7 μg/mL). The authors were the first to identify a golim-
umab threshold associated with endoscopic outcome and revealed 
that a golimumab concentration of 7.4 μg/mL at week 6 was the 
optimal concentration to achieve mucosal healing at week 14.

Certolizumab pegol
In a pooled analysis of nine clinical trials of certolizumab pegol 
in CD, an association between drug concentrations and clinical 
response and remission has been observed,40 but studies concern-
ing the relationship with endoscopic outcomes are fairly limited.

In a study by Colombel et al.,41 higher concentrations of certoli-
zumab pegol at week 8 were observed in patients with endoscopic 
response (19.8 vs. 11.5 μg/mL in responders and nonresponders, 
respectively) and remission (19.2 vs. 12.6  μg/mL in remitters 
and nonremitters, respectively) at week 10. Additionally, quartile 
analysis revealed that the percentage of patients achieving endo-
scopic response and remission increased with higher certolizumab 
pegol concentrations. In addition, when considering maintenance 
phase, the rates of endoscopic response and remission at week 54 
correlated with plasma concentrations of certolizumab pegol at 
week 8 (28.4 vs. 23.4 μg/mL for response vs. nonresponse and 38.1 
vs. 19.0 μg/mL for remission vs. nonremission). Despite the per-
formed receiver-operator characteristics curve analyses, no certoli-
zumab concentration thresholds to achieve endoscopic outcomes 
were reported in this study.

Natalizumab
To this day, no studies have been performed to investigate the 
exposure–response relationship of natalizumab in patients with 
CD. However, natalizumab is only approved for the treatment of 
CD in the United States and not in the European Union, limiting 
the interest of therapeutic drug monitoring of natalizumab.

Vedolizumab
More and more evidence regarding the exposure–response rela-
tionship of vedolizumab in both patients with CD and patients 
with UC is emerging. Post hoc analyses of the GEMINI1 trial re-
vealed that median vedolizumab trough serum concentrations at 
week 6 were lower in patients with UC with higher endoscopic sub-
scores.42 Moreover, there was a trend toward higher rates of deep 
remission at week 52 with higher vedolizumab trough steady-state 
serum concentrations.43 In contrast, a study by Badr Al-Bawardy 
et al.44 did not observe a correlation between vedolizumab serum 
concentrations and mucosal healing in either patients with UC or 
patients with CD. The pooling of different time points in which 
vedolizumab concentrations were measured could account for the 
lack of this association.

In a large retrospective cohort including 179 patients with IBD 
(113 with CD and 66 with UC), vedolizumab trough concentra-
tions at weeks 2 and 14 were significantly higher in patients who 
achieved mucosal healing at week 14 compared with those not 
achieving this outcome (31.7 vs. 24.3 μg/mL and 14.6 vs. 9.6 μg/
mL, respectively).13 Moreover, higher vedolizumab trough concen-
trations during induction predicted better endoscopic outcomes in 
patients with UC and CD. A trough concentration above 28.9 μg/
mL at week 2 and 13.9 μg/mL at week 14 predicted mucosal heal-
ing at week 14 in patients with UC. In patients with CD, a vedol-
izumab trough concentration above 13.6 μg/mL at week 22 was 
identified as the minimal exposure to achieve endoscopic response 
at the same time point.

In accordance with these results, Yacoub et al.45 observed higher 
vedolizumab concentrations at week 6, but not at weeks 2 or 14, 
in patients achieving mucosal healing compared with patients 
not achieving mucosal healing within the first year of treatment 
(26.8 vs. 15.1 μg/mL, respectively). A threshold of 18 μg/mL was 
identified as the optimal vedolizumab concentration at week 6 to 
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reach mucosal healing. A similar concentration–response relation-
ship was observed in a study by Liefferinckx et  al.46 with overall 
higher vedolizumab concentrations. At week 6, patients achieving 
mucosal healing between weeks 14 and 54 had a higher vedoli-
zumab concentration (41.7 μg/mL) compared with patients with 
mild (26 μg/mL) or severe endoscopic activity (20.8 μg/mL). No 
thresholds associated with mucosal healing were identified in this 
study.

Recently, Yarur et  al.47 evaluated the association between 
vedolizumab concentrations during induction and long-term 
endoscopic remission. In this cohort of 55 patients with IBD 
(25 with CD and 30 with UC), higher concentrations of vedol-
izumab at weeks 2 and 6 were noted in patients with endoscopic 
remission (24.8 vs. 20.0 μg/mL and 25 vs. 17 μg/mL in remit-
ters and nonremitters, respectively) at week 52. A cutoff higher 
than 23.2 and 19.8  μg/mL at weeks 2 and 6, respectively, dis-
criminated patients with endoscopic remission best from those 
without.

Ustekinumab
Data concerning ustekinumab, the most recently approved bio-
logical for the treatment of CD, are limited but encouraging. In 
the post hoc analysis of the UNITI trials, more patients achieving 
clinical remission, endoscopic response, and endoscopic remission 
were noted in the higher ustekinumab concentration quartiles.48 
The ustekinumab targets for clinical remission during mainte-
nance ranged from 0.8−1.4  μg/mL, but no concentration range 
was identified for endoscopic outcomes.

In an observational study including 62 patients with CD, the 
ustekinumab trough concentration at week ≥ 26 was significantly 
higher in patients with an endoscopic response compared with 
those without (4.7 vs. 3.8  μg/mL).49 The optimal ustekinumab 
week 26 threshold concentration associated with endoscopic re-
sponse was determined to be 4.5 μg/mL. Although no cutoff was 
identified for mucosal healing, a trend was observed toward higher 
rates of endoscopic remission in patients with ustekinumab concen-
trations higher than 4.5 μg/mL compared with patients with con-
centrations lower than this threshold (28% vs. 11%, respectively).

A similar exposure–response relationship was observed in a pro-
spective study including 86 patients with CD, both during induc-
tion and during maintenance therapy.50 In this study, ustekinumab 
serum concentrations at weeks 4, 8, 16, and 24 were higher in pa-
tients achieving endoscopic response and concentration thresholds 
of 16.6, 5.0, 2.3, and 1.9  μg/mL, respectively, were identified as 
the minimal exposure needed to maximize the likelihood of en-
doscopic response after 6 months. Due to the low mucosal healing 
rates, the authors could not perform statistically relevant analyses 
to find the ideal cutoff for mucosal healing. To this day, no study 
has yet identified ustekinumab concentration thresholds associated 
with mucosal healing.

PATIENT-RELATED AND TREATMENT-RELATED FACTORS 
AFFECTING DRUG CONCENTRATIONS
Over the years, several patient-related and treatment-related fac-
tors influencing the concentration of a biological have been iden-
tified, which can explain the variation observed between patients.

A biological can induce an immune response in a patient lead-
ing to the development of neutralizing and/or non-neutralizing 
antidrug antibodies. Both types of antidrug antibodies increase the 
clearance of the drug resulting in lower serum drug concentrations. 
In addition, neutralizing antibodies inhibit the drug’s activity by 
blocking the binding of the drug to its target.11

Disease severity of a patient also influences the drug concentra-
tion, which is reflected in the observations that lower C-reactive 
protein, lower fecal calprotectin, higher albumin, and higher he-
moglobin have been associated with elevated serum concentrations 
of biologicals.13,29,50,51 Likewise, a high induction dose quickly re-
duces the inflammatory burden leading to a decreased drug clear-
ance and consequently allowing lower maintenance doses.

Other commonly observed patient-related factors that affect the 
concentration of a drug include sex, weight, and smoking, more 
specifically, female sex, low body weight, and nonsmoking predict 
higher drug concentrations.13,36,50–52 With respect to treatment- 
related factors, being biological naïve and concomitant use of 
immunosuppressives have been shown to be associated with higher 
drug concentrations.50,53,54

PRACTICAL RECOMMENDATIONS FOR THE 
INTERPRETATION OF DRUG CONCENTRATION THRESHOLDS
The large variability in reported drug concentration thresholds 
needed to achieve mucosal healing makes it difficult for the cli-
nician to know which concentration to target. In order to inter-
pret a drug concentration threshold, several aspects should be 
considered.

First, the assay that is used to measure the concentration of 
the biological is of importance. There are different assay formats 
available to measure drug and antidrug antibody concentrations, 
including enzyme-linked immunosorbent assay, electrochemilu-
minescence immunoassay, mobility shift assay, radio-immunoas-
say, surface plasmon resonance, and lateral flow assay.55 Each assay 
format has its strengths and limitations. When one patient sample 
is measured with different assays, the measured concentration will 
not be exactly the same. Variability can even exist within a simi-
lar assay format developed by two different companies. Numerous 
efforts have been made to compare different assays and establish 
the interchangeability.56–60 Moreover, several groups, including 
the Monitoring of monoclonal Antibodies Group in Europe and 
The Biopharmaceutical Pharmacokinetic and Immunogenicity 
Assessment Group, have been founded with the aim to harmonize 
testing of drug and antidrug antibodies. Nevertheless, harmoniza-
tion is challenging, and drug concentrations should always be in-
terpreted relative to the assay used.

Second, the time of sampling is essential. Due to the dosing 
regimen, the concentration of a biological at a certain time point 
during induction will not be the same as at a time point during 
maintenance. This is also reflected in the infliximab concentration 
thresholds summarized in Table 1, where the reported concentra-
tion thresholds at weeks 2 and 6 are on average higher than the 
reported thresholds in maintenance. Furthermore, and even more 
important, the time of sampling within one dosing interval is cru-
cial to interpret a certain drug concentration threshold. In most 
cases, sampling is performed at trough, the time point right before 
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the next administration. However, sampling can also be performed 
between two administrations where the concentration of a drug 
will be higher than at trough but lower than at peak. It is conse-
quently crucial to interpret a drug concentration relative to the 
time of sampling.

Last, a certain drug concentration threshold should always be 
evaluated with respect to the outcome. Depending on which out-
come you want to target, the drug concentration threshold differs. 
In general, more ambitious outcomes (e.g., mucosal healing) will 
require higher drug concentrations than less ambitious outcomes 
(e.g., clinical response). The minimally required drug concentra-
tion also depends on how the outcome is defined. In the com-
prehensive overview above, the definition of mucosal healing 
sometimes varies between studies. Especially for CD, there is no 
consensus on the definition of mucosal healing.61 In some stud-
ies, mucosal healing is defined as a Simple Endoscopic Score lower 
than three, whereas most others use the complete absence of ulcer-
ations as the definition for mucosal healing in CD. Additionally, 
one should also take into account at which time point the outcome 
is defined, a drug concentration threshold for short-term mucosal 
healing will differ from a threshold associated with mucosal heal-
ing at 1 or 2 years of treatment.

Despite a standardized assay and a defined sampling time 
point and outcome, there is still some variability associated with 
a certain drug concentration threshold that might influence 
the success of therapeutic drug monitoring in the clinician’s 
own practice. The drug concentration threshold reported in a 
study is based on the specific patient cohort of that study. The 
cohort might consist of more patients that have been exposed 
to other biologicals than biological-naïve patients and, impor-
tantly, patients are not always treated according to the standard 
dosing regimen. For example, if a drug concentration threshold 
is derived from a group of which most patients are treated with 
a dosing frequency of 4 weeks instead of the standard 8 weeks, 
the threshold will consequently be less appropriate to apply in 
patients treated with the standard 8-week schedule. Of equal 
importance, the positive and negative predictive values of a drug 
concentration threshold should be considered to get insight into 
the expected success rate of the threshold.

CONCLUSIONS
As biologicals constitute a major healthcare expenditure in many 
countries and the number of approved biologicals for the treat-
ment of IBD is expected to increase, cost-effective use of these 
drugs is becoming increasingly important. A large body of evi-
dence supports the usefulness of monitoring drug concentrations 
of biologicals as drug concentrations have been linked to out-
comes for anti-TNF as well as anti-integrin and anti-interleukin 
biologicals. Focusing on mucosal healing as the ultimate treat-
ment goal, different drug concentration thresholds to achieve 
this outcome have been identified in the literature. However, for 
therapeutic drug monitoring to be successful in guiding clinical 
decision making, clinicians should know how to interpret these 
drug concentration thresholds. In general, the assay used to mea-
sure the drug, the time point of sampling, and the outcome that 
is aimed for are crucial to take into account. Awareness of these 

essential aspects among clinicians will improve the implementa-
tion of therapeutic drug monitoring and aid clinicians in mak-
ing an informative and evidence-based decision.
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