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Abstract

Background: Low anti-tumor necrosis factor o (TNFa) serum concentrations may result in
lack of treatment response in patients with inflammatory bowel disease. We determined the
anti-TNFa drug concentrations in patients with inflammatory bowel disease and investigated
whether or not subtherapeutic drug concentrations were associated with increased levels of
disease activity.

Methods: In a single-center cross-sectional study, we included patients with ulcerative colitis
or Crohn’s disease who were receiving infliximab or adalimumab maintenance therapy.
Demographic data, disease activity symptom scores (Partial Mayo Score, Harvey Bradshaw
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treatment response after induction therapy that is
subsequently lost during maintenance therapy,
has been reported in 23-46% of patients, depend-
ing on the length of follow up.11:12

There is increasing evidence that an optimal anti-
TNFo treatment response requires adequate
drug concentrations in the blood. Concentrations
can be lowered by pharmacokinetic as well as
pharmacodynamic factors, and low drug concen-
trations can influence treatment responses.!3
Secondary loss of response may be caused by for-
mation of antidrug antibodies (immunogenicity).
Neutralizing antidrug antibodies can prevent the
anti-inflammatory effects of the drug, lead to
increased drug clearance and lower serum drug
concentrations.!?2 Alternatively, high intestinal
inflammatory activity, as seen in severe ulcerative
colitis (UC), may lead to higher drug consump-
tion or increased drug clearance.!* Several other
pharmacokinetic factors may also influence drug
concentrations, and a situation where drug con-
centrations are too low to maintain an adequate
treatment response may arise.12.15.16

Measurements of serum drug concentration offer
the possibility of an individualized and optimized
dosing regimen in patients on anti-TNFa therapy
during induction or post induction!”-!® and main-
tenance therapy.l® An attenuated effect from the
anti-TNFa agent due to declining drug concen-
trations can be corrected to avoid further loss of
response.19:20

For infliximab (IFX), nondetectable drug con-
centrations are associated with worse outcomes
for both patients with UC and Crohn’s disease
(CD) such as more severe endoscopic findings of
inflammation, elevated C-reactive protein (CRP)
and higher colectomy rates.2!:22 For patients with
CD receiving adalimumab (ADA), higher drug
concentrations are associated with increased
remission and mucosal healing rates?324 and a
reduced risk of drug discontinuation compared
with patients with lower drug concentrations.25

Although measurements of serum drug concen-
tration seem to improve the standard of care in
patients receiving anti-TNFa treatments, optimal
therapeutic drug intervals for the agents IFX and
ADA have not been firmly established. It is
unclear if ‘subtherapeutic’ drug concentrations
influence disease activity compared with patients
with adequate or ‘therapeutic’ concentrations.

In this study, we assessed the prevalence of sub-
therapeutic drug concentrations in patients with
UC or CD receiving maintenance treatment
with either IFX or ADA, and also evaluated our
selected lower therapeutic limit. Furthermore,
we explored whether subtherapeutic drug con-
centrations lead to higher concentrations of
inflammatory markers or increased disease
activity symptom scores. We also assessed the
prevalence of antidrug antibodies and evaluated
their influence on drug concentrations and dis-
ease activity.

Materials and methods

Patients and study design

Patients with either UC or CD, aged 16 years and
above, from a cohort of outpatients with IBD
receiving long-term anti-TNFa treatment,
with a minimum of three doses of either IFX or
ADA, were included in a cross-sectional study
at the Unit of Gastroenterology, Department
of Medicine, Stavanger University Hospital,
Stavanger, Norway. The hospital catchment pop-
ulation is 360,000. All patients with IBD in need
of anti-TNFa treatment in our catchment area
are allocated to Stavanger University Hospital.
This study can therefore be regarded as popula-
tion based. The patients were included from 1
April to 30 September 2014. Exclusion criteria
were inability to provide consent and inability to
adhere to the study protocol.

Study visits

This study consisted of one study visit per
patient. Patients treated with IFX were included
at the time of scheduled infusion. Patients
treated with ADA were included in connection
with their already scheduled every 3-month
regular ‘follow up’.

Symptom assessment

Symptomatic disease activity in patients with UC
at each study visit was assessed by the Partial
Mayo Score (PMS), a nine-point noninvasive
score rating stool frequency, rectal bleeding, and
the physicians global assessment of disease activity.2®
The Harvey-Bradshaw Index (HBI) was assessed
in patients with CD and consisted of the follow-
ing clinical variables; wellbeing, abdominal pain,
number of loose stools, abdominal mass, and
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complications.?” A PMS score of at least 2 or a
HBI score of at least 5 was considered as active
disease.

Inflammatory markers

CRP concentrations in blood were measured at
each study visit and analyzed using the CRP
VARIO 6K2641 on Architect c16000TM
(Abbott Diagnostics, LLake Forrest, IL, USA).
Fecal calprotectin was measured in all patients
from the first morning defecation =3 days of
each study visit, and analyzed using the auto-
mated EliA Calprotectin 2 enzyme fluoroimmu-
noassay (Phadia/Thermo-Fischer, Uppsala,
Sweden). Clinical response was defined as a
fecal calprotectin less than 50 mg/kg and CRP
less than 5 mg/liter.

Serum drug concentrations: assays and
therapeutic ranges

Serum for concentrations of IFX was drawn 1
day prior to, or on the same day just before the
next infusion (‘trough’), while the serum for
concentrations of ADA was drawn independ-
ent of the injection time. All samples were ana-
lyzed using in-house assays where human
recombinant TNF was immobilized on the
solid phase. Both IFX and ADA in patient
serum samples bind TNF, and a europium-
labelled tracer binds the Fc domain of IFX/
ADA. Assays for serum drug concentrations
are fully automated on the AutoDELFIA
(PerkinElmer, Waltham, MA, USA) immuno-
assay platform. Therapeutic drug concentra-
tions were defined from 3-8 mg/liter for IFX
and from 5-12 mg/liter for ADA.

Antidrug antibody measurements

Antidrug antibodies to IFX and ADA were ana-
lyzed using in-house inhibition assays that only
measure neutralizing antibodies (antibodies that
inhibit the TNF-binding capacity of the drugs).
Antidrug antibodies were not analyzed in sam-
ples with serum concentrations of IFX or ADA
greater than 5 mg/liter, since high drug concen-
trations interfere with the assays for antidrug
antibodies. Assays for antidrug antibodies
are fully automated on the AutoDELFIA
(PerkinElmer) immunoassay platform. Antidrug
antibody concentrations were dichotomized as
detectable or nondetectable.

Statistical analysis

Normality of the data was tested using the Shapiro
Wilk test. As all data were non-normally distrib-
uted, medians and ranges were reported and dif-
ferences between groups were analyzed with the
Mann-Whitney U test or y? test/Fischer’s exact
test. For all analyses, p less than 0.05 was consid-
ered statistically significant. Corrections for mul-
tiple analyses were not performed.

The sample size estimation was based on the fol-
lowing assumption: if a therapeutic versus sub-
therapeutic drug concentration yields a difference
in disease activity (CRP) of at least 50%, from 7
to 10 mg/liter (which is regarded as clinically rel-
evant), a sample size of at least 16 persons in each
group is required with a power of 80% and a
significance level of 0.05 (CRP 7 mg/liter versus
10 mg/liter, SD *3).

All analyses were conducted using SPSS, version
23 (IBM SPSS Statistics for Macintosh, IBM
Corp., Armonk, NY, USA) or GraphPad Prism,
version 7 (GraphPad Software, La Jolla, CA, USA).

Ethics

The study was approved by the regional ethics
committee, REK Vest (2013/554/REK Vest), and
was conducted in compliance with the principles
expressed in the Declaration of Helsinki. All par-
ticipating patients provided written informed
consent. The studywasregistered at Clinical Trials.
gov [identifier: NCT02134054].

Results

Patients: baseline data

Out of 218 eligible patients receiving anti-TNFa,
treatment with either IFX or ADA for UC or CD,
210 were included. One patient was excluded due
to treatment in a satellite outpatient clinic with-
out trained study nurses, and six declined to par-
ticipate in the study. The remaining patient was
regarded as not eligible for participation due to
mental illness.

In total, 73 patients (34.8%) had UC and 137
(65.2%) had CD. The median time since diagno-
sis was not different between disease groups (p = 0.1).
Treatment duration was shorter in patients with
UC versus CD (p = 0.003). Significantly fewer
patients with UC than with CD had previously
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Table 1. Baseline characteristics.

Variable uc ch

Patients, No. (%) 73 (35%) 137 (65%)
Age (years) 42 (19-69) 37 (17-78)
Male sex, No. (%) 49 (67%) 72 (53%)
Time since diagnosis (years) 9 (1-36) 12 (0-39)
Duration of treatment (months) 30 (1-98) 46 (1-64)
CRP (mg/liter) 4 (1-46) 5 (1-45)
F-calprotectin (mg/kg) 167 (20-1250) 147 (20-1250)
PMS/HBI 1(0-9) 3(0-11)

Disease distribution, No. (%)

Rectum 6 (8%)

Left-sided colon 27 (37%)

Extensive/total colon 40 (55%)

Upper Gl 3 (2%)
lleum 54 (39%)
Colon 26 (19%)
Ileocolon 54 (40%)
Perianal 17 (12.4%)
Anti-TNFa agent, No. (%)

Adalimumab 24 (33%) 103 (75%)
Infliximab 49 (67%) 34 (25%)
Prev. biol. exp., No. (%) 16 (21.9%) 54 (39.4%)
SDC 6 months prior to incl., No. (%) 15 (20.5%) 26 (19%])
Nonstandard (high) dosing, No. (%)

Adalimumab 2 (8.3%) 11 (10.9%)
Infliximab 30(61.2%) 20 (58.8%)

Medication, No. (%)

5-ASA 57 (78%) 5 (4%)
Corticosteroids 8 (11%) 4 (3%)
Antibiotics 5 (7%) 2 (2%)
Immunomodulators 6 (8%) 17 (12%)

Values are absolute numbers or medians (ranges).
5-ASA, 5-aminosalicylic acid; CRP; C-reactive protein; Gl, gastrointestinal; HBI, Harvey Bradshaw Index; PMS, Partial
Mayo Score; SDC, serum drug concentration; TNF, tumor necrosis factor.

been exposed to anti-TNFa treatment (p = 0.011).  around one fifth of patients in both groups during
Drug concentrations had been measured in the 6 months before inclusion (Table 1).
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Figure 1. Serum drug concentrations in 48 patients
with ulcerative colitis (UC) and 33 with Crohn's
disease (CD) treated with infliximab (A), and in

24 patients with UC and 101 with CD treated with
adalimumab (B) and receiving at least three doses.
Medians and ranges are shown.
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Figure 2. C-reactive protein (CRP) concentrations
in patients with serum infliximab concentrations of
less than 3 mg/liter versus at least 3 mg/liter in all
patients (21 versus 60) (A}, in patients with ulcerative
colitis (UC) (11 versus 37) (B), and in patients with
Crohn’s disease (CD] (10 versus 23) (C). Medians and
ranges are shown.

Serum drug concentration data were missing for
four patients, CRP concentration for one patient,
and fecal calprotectin concentration for 21
patients. HBI data were missing for two patients
and PMS for five patients.

Serum drug concentrations

Infliximab. Forty-nine (67%) patients with UC
and 34 (25%) with CD were treated with IFX.
The median (range) drug concentration for
patients treated with IFX did not differ between
the disease groups [6.9 mg/liter (0-23.3) in
patients with UC wversus 4.5 mg/liter (0-23.3) in
patients with CD, p = 0.12] (Figure 1A). The
prevalence of subtherapeutic IFX concentrations
was 23% and 30.3% in patients with UC and CD,
respectively (p = 0.47). Antidrug antibodies
towards IFX were present in 7 (16.6%) patients
with UC and 1 (3.3%) patient with CD.

Adalimumab. Twenty-four (33%) patients with UC
and 103 (75%) with CD were treated with ADA.

The median drug concentration for ADA did not
differ between the disease groups [7.8 mg/liter
(0-20.9) in patients with UC wversus 6.9 mg/liter
(0-24.6) in patients with CD, p = 0.22] (Figure
1B). The prevalence of subtherapeutic ADA con-
centrations was 16.7% in patients with UC versus
27.7% in patients with CD (p = 0.22). Antidrug
antibodies towards ADA were present in 0 and 7
(6.3%) patients with UC and CD, respectively.

Serum drug concentrations and inflammatory
markers

Infliximab. For all patients, the median CRP con-
centration in the group with subtherapeutic drug
levels was higher than in the group with therapeu-
tic levels [2.8 mg/liter (1-43) versus 1.4 mg/liter
(1-29), p = 0.001] (Figure 2A).

This was also the case for the 33 patients with
CD, where the median CRP concentration in
the group with subtherapeutic drugs levels was
8.4 mg/liter (1-28) wversus 1.4 mg/liter (1-11) in the
group therapeutic levels (p = 0.001) (Figure 2C).

In the latter group, after excluding samples with
nondetectable drug concentrations (<1.0 mg/liter,
three patients), there was still a difference
[8.1 mg/liter (1-28) versus 1.4 (1-11),p = 0.014].

There was no difference for patients with UC
(Figure 2B).

There was no difference in median fecal calpro-
tectin concentrations between patients with sub-
therapeutic versus therapeutic drug concentrations
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Figure 3. C-reactive protein (CRP) concentrations in
patients with serum adalimumab concentrations of
less than 5 mg/liter versus at least 5 mg/liter in all
patients (31 versus 93] (A), in patients with ulcerative
colitis (UC) (3 versus 20) (B], and in patients with
Crohn’s disease (CD) (28 versus 73) (C). Medians and
ranges are shown.
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Figure 4. Fecal calprotectin concentrations in
patients with serum adalimumab concentrations of
less than 5 mg/liter versus at least 5 mg/liter in all
patients (25 versus 86) (A), in patients with ulcerative
colitis (UC) (3 versus 17) (B), and in patients with
Crohn’s disease (CD) (22 versus 69) (C). Medians and
ranges are shown.

in either group [for UC 30 mg/kg (20-1250)
versus 44 mg/kg (20-1158), p = 0.717 and
for CD 181 mg/kg (20-1250) wersus 30 mg/kg
(20-554), p = 0.135].

Adalimumab. Patients with subtherapeutic drug
concentrations had higher CRP concentrations

than patients with therapeutic drug concentrations
[4.4 mg/liter (1-38) versus 2.2 mg/liter (1-46), p =
0.008]. Similarly, in the 101 (81.5%) patients with
CD in this group, the median CRP was elevated in
the group with subtherapeutic versus therapeutic
drug concentrations [4.7 mg/liter (1-38) wversus
2.3 mg/liter (1-45), p = 0.003] (Figure 3C).

After removing samples with nondetectable drug
concentrations (eight patients) in the CD group,
the difference in CRP persisted [4.5 mg/liter (1—
38) versus 2.3 mg/liter (1-45), p = 0.005].

There was no difference in CRP for patients with
UC (Figure 3B).

Similar to CRP, the median fecal calprotectin for
all patients was higher in the group with subthera-
peutic drug concentrations than in the group with
therapeutic drug concentrations [112 mg/kg (20—
1250) versus 60 mg/kg (20-740), p = 0.014]
(Figure 4A). Also, in the 91 (82.0%) patients with
CD in this group, the median fecal calprotectin
was increased in the group with subtherapeutic
drug concentrations compared with the group
with therapeutic levels [170 mg/kg (20—1250) ver-
sus 60 mg/kg (20-509), p = 0.004] (Figure 4C).

This finding was still significant after removing
samples with nondetectable drug concentrations
(six patients) [181 mg/kg (20—1250) versus 60 mg/
kg (20-509), p = 0.009].

Similar to CRP, there was no significant differ-
ence in fecal calprotectin in the UC group,
57 mg/kg (23-100) versus 50 mg/kg (20-740),
p = 0.91 (Figure 4B).

Disease activity indexes

Based on PMS and HBI, 80.6% of patients with
UC and 78.0% of patients with CD were in clini-
cal remission.

There were no differences in disease activity
symptom scores (HBI, PMS) between the groups
with subtherapeutic and therapeutic drug con-
centrations in either of the drug treatment or dis-
ease groups.

Antidrug antibodies
Infliximab. Median serum drug concentration
was significantly lower in patients in the antidrug
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Figure 5. C-reactive protein (CRP) concentrations

in patients with negative versus positive antidrug
antibodies against infliximab in all patients (73 versus
8) (A}, in patients with ulcerative colitis (UC] (41
versus 7) (B), and in patients with Crohn’s disease
(CD) (32 versus 1) (C). Medians and ranges are shown.

antibody-positive group (eight patients, 9.9%)
versus the antibody negative group [0 mg/liter
(0-2.3) versus 6.4 mg/liter (0-23.3), p < 0.0001].
Only one patient in the antidrug antibody-
positive group had detectable serum drug
concentrations.

Adalimumab. None of the 7 (5.6%) patients who
were antidrug antibody positive had detectable
serum drug concentrations, and the median
serum drug concentration was significantly lower
in this group compared with patients in the anti-
drug antibody-negative group [0 mg/liter versus
7.2 mg/liter (0-24.6), p < 0.0001].

CRP and fecal calprotectin. No significant differ-
ences in median CRP or fecal calprotectin con-
centrations were observed except for in patients
with UC treated with IFX. In this subgroup, the
median CRP concentration was increased in
the antidrug antibody-positive wversus antibody-
negative group [2.6 mg/liter (1.2-43.0) versus
1.2 mg/liter (1.0-27.0), p = 0.028] (Figure 5B).

Concomitant immunomodulator therapy,
nonstandard (high)] dosing and prior drug
concentration measurements

There were no differences in IFX or ADA concen-
tration, CRP or fecal calprotectin on concomitant

immunomodulator therapy. In addition, high-
dose anti-TNFa adjustments (IFX >5 mg/kg or
<8-week interval, ADA >40 mg or <2-week
interval) or drug concentration measurements
prior to inclusion did not influence the results.

Subtherapeutic drug concentrations and loss of
treatment response

In total, 53 (25.7%) patients had subtherapeutic
drug levels. In this subgroup, 39 (73.6%) had a
loss of clinical treatment response, whereas 14
(26.4%) had no loss of response, constituting
6.8% of all patients in the study.

Discussion

In this cross-sectional study of outpatients receiv-
ing maintenance treatment with IFX or ADA, the
main findings were that 17-30% of patients had
subtherapeutic serum drug concentrations. In
patients with CD, but not in those with UC, sub-
therapeutic drug concentrations were associated
with increased inflammatory activity as indicated
by increased CRP and fecal calprotectin concen-
trations. Antidrug antibodies were present almost
three times more frequently in patients with UC
than in patients with CD, and CRP concentra-
tions were significantly elevated in patients with
UC who had antidrug antibodies towards IFX.
Moreover, the presence of antidrug antibodies
was associated with lower serum drug concentra-
tions for both anti-TNFa agents.

The drug-concentration measurements were per-
formed in patients who had been on long-term
maintenance therapy and who had received anti-
TNFo treatment for a median of 30 and 46
months, and had considerable disease duration.
The participants were thus expected to be long-
term drug responders, with adequate therapeutic
drug concentrations. Nevertheless, we revealed
that roughly one out of four patients had subther-
apeutic serum drug concentrations. This is in line
with findings from previous studies.28-30

Nondetectable drug concentrations of IFX have
been associated with increased inflammation as
assessed by endoscopy and CRP concentrations,
and these patients experience higher surgery rates
compared with those with detectable drug con-
centrations.?»22 In addition, patients with high
ADA serum drug concentrations have been linked
to less risk of drug discontinuation than those
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with lower serum drug concentrations.?> In the
current study, this association was further
explored by excluding cases with nondetectable
drug concentrations. Interestingly, we found that
subtherapeutic but measurable drug concentra-
tions were still associated with higher inflamma-
tory activity in patients with CD receiving either
of the anti-TNFa agents. Elevated CRP has pre-
viously been associated with low?28:31:32 or nonde-
tectable drug concentrations.?? Also, fecal
calprotectin concentrations were increased in
patients with lower IFX drug concentrations.33:34
Our results indicate that for patients with CD,
even those with serum drug concentrations that
were only slightly insufficient, there is still a need
for treatment optimization or dose increases.
These findings also suggest that serum drug
measurements are useful even in long-term
responders receiving these agents.?> Increased
concentrations of inflammatory markers linked to
lower drug concentrations were detected even
when one in five patients had measured anti-
TNFa drug concentrations during the previous 6
months before the study, and may have had their
drug dose adjusted.

The concept of a ‘therapeutic window’ of drug
concentrations has been increasingly acknowl-
edged in recent years.3® However, the exact upper
and lower limits are not yet confirmed. This may
partly be due to differences in methods and analy-
ses used. Although the results from different
assays are comparable, systematic differences
have been demonstrated that may lead to differ-
ences in selected therapy ranges.3” Based on clini-
cal experience using the current drug assay, the
therapeutic range was pragmatically defined as
3-8 mg/liter for IFX and 5-12 mg/liter for ADA.
As the chosen lower cutoff concentrations dem-
onstrated significant differences in inflammatory
disease activity, these limits seem useful for future
studies using our method of analyzing drug con-
centrations. Less is known about the influence of
supratherapeutic concentrations on disease activ-
ity. A previous study indicated that reducing the
IFX dose above a chosen upper cutoff of 7 mg/liter
did not affect patients’ outcomes after 1 year of
follow up.?® However, this was not the aim of our
study and was not investigated further.

Formation of antidrug antibodies has been linked
to decreased serum drug concentrations and higher
rates of loss of response38:3° and surgery.*® In our
study, the prevalence of detectable antidrug

antibodies was low. This could be expected
because the study population consisted of long-
term treatment responders, possibly leading to a
selection of patients not developing antidrug anti-
bodies. In line with previous studies, the formation
of antidrug antibodies was associated with lower
serum drug concentrations, both for IFX and
ADA.3140 This is an expected finding, since we
only measured antidrug antibodies in samples with
drug concentrations less than 5 mg/liter. However,
as the assay is drug sensitive and only measures
neutralizing antibodies, we would probably not
have seen more antidrug antibodies even if sam-
ples with higher drug concentration had been
included. Also, in patients with UC treated with
IFX, detection of antidrug antibodies was associ-
ated with increased CRP concentrations. This is
supported by previous findings showing that antid-
rug antibodies towards anti-TNFo-inhibitors were
associated with a shorter duration of response and
increased mucosal inflammation.*!

There was a striking difference in findings for
patients with CD as opposed to those with UC in
our study. In patients with UC, there were no
associations between drug concentrations and
inflammatory activity. This may indicate that in
the UC cohort, a subgroup of patients were in
stable, probably long-term remission. Because
about 80% of the patients with UC in our study
were in clinical remission (based on PMS), their
noninflammatory state may not depend on suffi-
cient anti-TNFo serum drug concentrations.
Consequently, the subgroup of study patients in
remission (based on symptoms, CRP, and fecal
calprotectin) and demonstrating subtherapeutic
drug concentrations could be suitable for anti-
TNFa treatment discontinuation. In fact, suc-
cessful anti-TNFa drug withdrawal was shown in
patients with long-term remission who had non-
detectable drug concentrations.*! Our findings
therefore support a deescalate or stop treatment
strategy that has been proposed in patients with
UC who have a durable remission.*?

There was no association between clinical symp-
toms and serum drug concentrations in our
study. This could be due to the study population
or study design, with a large fraction of patients
being in remission. However, objective disease
activity markers showed differences, suggesting
that symptom scoring may not be sufficiently
sensitive in this setting of patients mostly in
remission.
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There are limitations to this study. First, the
cross-sectional study design represents a limita-
tion. We did not perform a colonoscopy on the
study participants to assess an endoscopic grade
of inflammation. As a result, we cannot present
the rate of true mucosal healing in the cohort.
Second, some of the subgroups in the study were
small, limiting the statistical power of the analy-
ses. Third, about one fifth of the patients had
measured serum drug concentrations within the
previous 6 months; thus, therapy may have been
optimized before the study and this may have
influenced the results. Serum ADA concentra-
tions were not measured as trough, but randomly
during the treatment interval as suggested by a
previous trial.43 However, it is possible that ‘strict’
trough measurements of ADA shortly before the
next dosage could have affected the results in our
study. Finally, we did not explore other therapeu-
tic ranges using our method of drug concentra-
tion analysis.

A strength of the study is that it represents an
unselected population-based cohort of IBD
patients treated with IFX and ADA.

In conclusion, in patients with CD on ADA or
IFX maintenance therapy, subtherapeutic serum
drug concentrations are associated with increased
signs of inflammatory activity. Routine serum
drug concentration measurements should be per-
formed even in patients in long-term remission
because about one in four may have insufficient
drug concentrations requiring clinical decision
making. In patients with UC on long-term main-
tenance therapy who are in remission, nondetect-
able drug concentrations may indicate that
anti-TNFa therapy could be discontinued.
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