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ABSTRACT

Objectives: We evaluated the relationship between serum concentration and efficacy of adalimumab
(ADA), an anti-tumor necrosis factor-alpha agent, in pediatric patients with inflammatory bowel disease
(PIBD).

Materials and methods: This retrospective cross-sectional study traced 75 patients with PIBD (Crohn’s
disease, n=57) treated with ADA at two tertiary centers in Finland in 2012-2018. Drug levels and
drug antibody titers were chart-reviewed, and the treatment continuation rate of ADA therapy was
evaluated. We also assessed the impact of trough levels in the first 3 months on the continuation of
ADA within one year of therapy.

Results: ADA was introduced at a median age of 13.4 years, and the median disease duration was 2.7
years. During the first year, 22 patients (29%) discontinued ADA due to either loss of response (20%,
n=15) or anti-drug antibody formation (5.3%, n=4). Regarding trough levels in the first 3 months, 9/
16 patients (56%) with trough levels <5mg/L and 12/20 (60%) with trough levels <7.5mg/L at
3 months discontinued the therapy by the end of the first year. In comparison, only 8/32 patients
(25%) with trough levels >7.5mg/L at 3 months discontinued treatment during the first year
(p=.005). At the last follow-up (median 1.5 years), 52% of the 75 patients were on maintenance ther-
apy and had a median trough level of 8.8 mg/L.

Conclusion: Higher trough levels in the first 3 months of adalimumab treatment are associated with
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lower rates of discontinuation due to loss of response during the first year.

Introduction

Monoclonal antibodies to tumor necrosis factor-alpha (TNFo)
agents infliximab and adalimumab have become the main-
stay of therapeutic treatment for moderate to severe pediat-
ric inflammatory bowel disease (PIBD) [1-4]. This is
comparable with the management of adult IBD. In Europe,
the patent for infliximab expired in 2015 and for adalimumab
in 2018, and currently, there are several biosimilars to the
original drugs Remicade (Janssen Biologics) and Humira
(Abbvie) on the market [5-7]. The induction phase of inflixi-
mab is six weeks, and the three first doses are administered
intravenously usually at 5mg/kg at weeks 0, 2, and 6. The
maintenance phase and the fourth dose follow at 8 weeks
[1-5]. For adalimumab, the approved induction regimen in
PIBD ranges from 40 mg at week 0 and 20 mg at week 2 to
160 mg at week 0 and 80 mg at week 2 based on the weight
of the patient, and disease severity assessed by a physician.
Maintenance therapy with adalimumab is administered
biweekly but may be enhanced to weekly therapy and/or by
doubling the maintenance dose [8,9].

Infliximab and its biosimilars are licensed for use in chil-
dren who are at least six years of age and have moderate to
severe Crohn's disease or ulcerative colitis, and adalimumab
only recently for such patients with ulcerative colitis in add-
ition to Crohn’s disease. Several countries, including Finland,
allow off-label use of anti-TNFa in younger children at the
physicians’ discretion. This includes shortening of the interval
and increasing the dose [10,11].

Most patients with PIBD initially respond to anti-TNFo ther-
apy but will need dose escalation during the first year of ther-
apy [12-15]. To guide therapeutic decisions, the use of trough
level measurements of infliximab has been established [9,16]. In
PIBD, however, published reports on adalimumab levels are
scarce. We have had access to adalimumab trough level meas-
urements since 2012 and aim in this study to summarize our
experience of the association between adalimumab levels and
therapeutic outcomes in PIBD, i.e., treatment continuation rate.

Materials and methods

We traced altogether 75 pediatric patients with PIBD and
ongoing adalimumab  therapy with  trough level
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Table 1. Background data of the patients with pediatric-onset inflammatory bowel disease and treated with anti-TNF-alpha antag-
onist adalimumab between 2012 and 2018 at two tertiary care hospitals in Finland.

No. of patients

n=175

Male (%)
Age at diagnosis, years
median (interquartile range)
Diagnosis

Crohn

Unclassified

Disease duration at induction of adalimumab < 1 year
Anti-TNFo. naive

Immunosuppressive medication at induction of adalimumab n (%)
Azathioprine

Methotrexate

Azathioprine and methotrexate

Therapy with glucocorticoids at induction

Perianal disease

Surgery

Growth impairment

Pubertal delay

43 (57%)
11.2 (8.4-13.6)

57 (76%)

10 (13.3%)

Disease extent is presented according to Paris classification [34].

measurements between February 2012 and December 2018
at Children’s Hospital, University of Helsinki, Helsinki, Finland
and at the Department of Pediatrics, Tampere University
Hospital, Tampere, Finland. Drug levels at one year and at
the latest follow-up for maintenance therapy were related to
the therapy outcome in the total patient cohort. Of all 75
patients, 52 had at least one drug level measurement in the
first 3 months of therapy and these patients were included
in a sub-analysis and assessment of the impact of induction
drug levels on therapy outcome at one year. The background
data of the included patients are shown in Table 1.

In Helsinki, the patients on adalimumab were identified
from the prospective register of PIBD patients treated with
biologics at Children’s Hospital, University of Helsinki,
Finland. This register includes data on all patients introduced
to biologics, dates of introduction, dates of discontinuation,
and reasons for discontinuation. As the register is in routine
use, it includes all patients treated at the hospital. In
Tampere, the patients were traced from the files of the out-
patient clinic of pediatric gastroenterology using a retro-
spective chart review and laboratory files of adalimumab
measurements.

Decisions on management were made at the discretion of
the treating physician and were based on the routine use of
the clinical symptom index [17], fecal calprotectin [18-20],
blood inflammatory marker and drug level measurements,
and the presence of drug antibodies when appropriate
[7,16]. Clinical disease activity was retrospective scored
according to Physician Global Assessment (PGA) on a scale
of 1-3 [21]. Fecal calprotectin <100mg/g is considered as
remission and values >1000mg/g as exceedingly high [18].
The endoscopy or imaging results were also used when they
were available. We reviewed data on patient age and gender,
a subtype of PIBD, disease duration at adalimumab induc-
tion, immunosuppressive medication, adalimumab induction

doses, drug levels, and the presence of drug antibodies. Our
analysis also included the duration of the adalimumab ther-
apy, the reasons for discontinuing the drug, and any adverse
events. As most adalimumab injections are given at home,
the day of blood sampling varies from 0 to 3d prior to the
injection but counts as trough level. There were in total 328
measurements of adalimumab levels in 75 patients, but as
the sampling time points varied, we evaluated the levels and
inflammatory markers at the following time points: 1) in the
first 3 months (corresponding induction period), 2) at one
year, and 3) at the latest follow-up visit.

Ethics

This was a register-based study, and, according to Finnish
legislation, neither ethics approval nor informed consent was
needed since the patients were not contacted. The study
was licensed at Helsinki University Hospital and Tampere
University Hospital.

Statistical analysis

Data are presented as the median and interquartile range
(IQR) unless otherwise stated. We used Fisher’s exact test to
determine differences in binary variables. Non-parametric
Mann-Whitney test was used to compare continuous varia-
bles between the groups as appropriate (Graph Pad Prism
version 7.0, GraphPad Software, San Diego, CA, USA). When
comparing the therapy outcomes related to disease subtype,
patients with ulcerative colitis (UC) were combined with
unclassified colitis (IBDU) due to the low number of patients.
The level of significance was set at p <.05.



Table 2. Therapy with anti-TNF-alpha antagonist adalimumab (ADA) of the
patients with pediatric-onset inflammatory bowel disease.

No. of patients n=75

ADA induction

median, (interquartile range)
ADA maintenance dose after induction

0.8 mg/kg (0.67-1.1)
40 mg biweekly*

ADA available at 1 year 46 (61%)
Duration of ADA therapy
median, years (interquartile range) 1.5 (0.58-2.46)
ADA ongoing at last follow up 39 (52%)
ADA discontinued during follow up 36 (48%)
Loss of response 23 (31%)
Adverse event 6 (8.0%)
Drug antibodies 4 (5.3%)

Other 3 (4.0%)
ADA levels at first measurement median, 7.65mg/L (5.33-9.95)
(interquartile range)
ADA levels during first 3 months 52 (69%)
32 with levels > 7.5 mg/L
20 with levels < 7.5 mg/L
8.85mg/L (5.32-11.25)**
8.8mg/L (5.34-12.5)

ADA levels at 1 year
ADA levels at last follow up median,
(interquartile range)

*One 9-year-old received 25 mg; **Available in 30/46 (65%) on maintenance
at 1 year (+8 weeks).

Results

Background data of the 75 patients with PIBD treated with
adalimumab are shown in Table 1. One-fifth of the patients
were anti-TNF-naive at therapy induction, 44% had concomi-
tant immunosuppression with azathioprine and/or metho-
trexate, and half were on glucocorticoids. Four patients (5%)
had undergone colectomy and three (4%) ileocecal resection.

The induction dose of subcutaneous adalimumab was
160mg in 3, 120mg in one, 80 mg in 48, 60 mg in 2, 40 mg
in 20, and 25mg in one patient, whereafter all except one
patient were introduced to maintenance therapy at 40 mg
biweekly (Table 2).

At one year, 46/75 (61%) were on maintenance therapy
and 31/46 patients (67%) were receiving adalimumab
biweekly, 7 (15%) with a shorter interval of one week, and 7
(15%) with a longer interval of up to 3 weeks (for one
patient, data were not available). In seven patients follow-up
was less than one year and 22 patients had discontinued the
therapy (see below).

During the first year, 22 patients (29%) discontinued adali-
mumab due to loss of response (20%, n=15/75), anti-drug
antibody formation (5.3%, n=4), or adverse events (4.0%,
n=13). One patient developed drug antibodies already during
the first 3 months of therapy. The dosing of adalimumab
was enhanced during the follow-up in 38/75 patients (51%),
and 31 patients underwent endoscopy during the therapy,
mostly due to loss of response and switching to alternate
therapy. During the entire follow-up, 48% of patients discon-
tinued the therapy (Table 2). There were no routine follow-
up endoscopies to assess mucosal healing during treatment.

Regarding trough levels during induction, 9/16 patients
(56%) with trough levels <5mg/L and 12/20 patients (60%)
with trough levels <7.5mg/L at 3 months discontinued the
therapy during the first year. In contrast, only 8/32 patients
(25%) with trough levels >7.5mg/L discontinued treatment
during the first year (p =.005). Figure 1 shows the probability
of continuing maintenance therapy at one year stratified to
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Figure 1. Trough levels during the first 3 months of adalimumab therapy are
related to the probability of ongoing therapy during the first year.

the levels of adalimumab during the first 3 months of ther-
apy. At the latest follow-up at a median of 1.5 years, 39
(52%) of the 75 patients were on maintenance therapy with
adalimumab and had a median trough level of 8.8mg/L
(Table 2). Disease activity at induction and the latest follow-
up of ongoing maintenance adalimumab therapy are shown
in Table 3. The albumin values were within the normal range
in the majority of patients, with a median value of 37 g/L at
induction and 38g/L at one year. More than two-thirds were
steroid-free at the latest follow-up and combination therapy
was in use in less than one-third (Table 3). At the one-year
follow-up, 8 patients and at the latest follow-up 12 patients
were on concomitant methotrexate therapy. Their median
levels of adalimumab were 83 mg/L (n=6) and 7.3mg/L
(n=7), respectively, comparable to the rest. There were
altogether 7 patients with concomitant azathioprine therapy
with available adalimumab levels at last follow-up, with a
median level of 6.6 mg/L.

Regarding disease subtypes, no difference was present in
the first measured adalimumab level in the UC/IBDU group
compared with the group with Crohn’s disease (median 7.5
and 7.8 mg/L, respectively), although their fecal calprotectin
levels were higher at induction (median 1071 mg/g; IQR
264-1533; n=18 and median 597mg/g; IQR 761-2455;
n=>53; p <.0114, respectively). In the first three months, ada-
limumab levels were <7.5mg/L in 7/13 patients with UC/
IBDU (with available levels) and 5 of these patients discontin-
ued the therapy within the first year. At one year, adalimu-
mab levels were higher in the group with Crohn’s disease
than in the UC/IBDU group (median 12 vs. 7.5mg/L;
p <.011), but there were only 8 patients in the latter group
at this time point. At one year, there was no difference in
calprotectin levels between patients with Crohn’s disease
(median 272 mg/g, IQR 51-528, n=16) and those with UC/
IBDU (median 411 mg/g, IQR 226-962, n=>5) or in the corre-
sponding proportions of patients on maintenance therapy at
one year (39% and 44%, respectively). No significant differen-
ces emerged in blood or fecal inflammatory markers, in PGA,
or proportions of patients on combination therapy at the
end of follow-up when the Crohn’s and UC/IBDU groups
were compared (data not shown).
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Table 3. Disease activity at induction and last follow-up of ongoing adalimumab therapy.

Induction At 1 year At latest follow up (a median of 1.5 years)

Fecal calprotectin ng/g

median (interquartile range) 765 (343-1800) 295 (118-636) 438 (166-976)*
Fecal calprotectin categories**

<100 pg/g (remission)*** 8.5% (6/71) 24% (8/34) 18% (12/66)

>1000 pg/g (exceedingly high) 35% (25/71) 12% (4/34) 23% (15/66)
CRP mg/L

Above cut-off < 3 mg/L*** 48% (29/60) 21% (8/39) 38% (26/69)
PGA

40% (29/72)
47% (35/75)
44% (33/75)

Remission/mild disease activity
Steroid free
Combination therapy with immunosuppressants

70% (28/40)
89% (40/45)
20% (9/46)

38% (28/74)
77% (57/74)
26% (19/74)

*p <.05.

**[18].

*H%Cut-off for a raised value used by our hospital laboratories.
PGA: physicians’ global assessment, scale 1-3 [21].

Adverse events observed during adalimumab therapy
included severe infections (septicemia, n=1; abscesses,
n = 2), tubulointerstitial nephritis (n = 2), psoriasis (n=1), leu-
kocytoclastic vasculitis (n=1), recurrent ear infections.
(n=1), tinnitus (n=1), and an increase in the level of liver
enzymes (n=1). On six occasions, these resulted in the dis-
continuation of therapy.

Discussion

Although therapeutic drug monitoring for adalimumab is
widely available and might allow for improved treatment
outcomes, optimal serum trough levels for children accord-
ing to clinical and biological remission have not yet been
clearly defined. The objective of this study was to evaluate
the relationship between serum concentration and efficacy
of adalimumab in pediatric patients with IBD in a real-life
setting. We observed that adalimumab levels above 7.5 mg/L
during the first 3 months of therapy were associated with
sustained maintenance therapy at one year. Most patients
were exposed to infliximab prior to the start of adalimumab
and almost every other patient discontinued adalimumab
during the follow-up (median 1.5 years). This suggests that
the proportion of anti-TNF non-responsive patients was
somewhat higher than if all patients had been anti-TNF-naive
at adalimumab induction [22].

A recent retrospective study reported outcomes of 32
pediatric patients with UC and treated with adalimumab
after exposure to infliximab [23]. At one year, 59% of the
patients had maintained their therapy and 41% were in ster-
oid-free remission in the UC group. This is comparable to
our study results, although of our patients only 13% had UC.
In a study on pediatric patients with Crohn’s disease, the
one-year maintenance rate and clinical remission rates were
higher (73% and 78% of those on therapy, respectively) [24].
The proportion of patients receiving combination therapy in
the above-mentioned studies was not reported, but intri-
guingly, an adult study showed no difference in the levels of
adalimumab between patients with and without combination
therapy [25]. This is similar to our finding, although the num-
ber of patients receiving combination therapy was low.
Moreover, pediatric gastroenterologists favor withdrawal of

immunosuppressants in responders to adalimumab (or inflixi-
mab), as observed in a recent multinational survey [26].

Fecal calprotectin <100 pg/g is an appropriate surrogate
marker for transmural and histological remission [18,27]. This
target was reached in less than 10% of patients during the
first 3 months of therapy but in 24% at one year. It is
remarkable that at one year most (89%) were steroid-free. A
recent pediatric study reported histological healing in 11% of
patients with Crohn’s disease and 5.3% of those with UC
when on adalimumab. Mucosal healing was within the same
range (12%) in both disease subtypes, although the time of
assessment varied from 7.6 to 18 months [28]. In adults,
patients with Crohn’s disease and low levels of adalimumab
(<3 pg/mL) had significantly higher bowel wall thickness
when measured with ultrasound, indicating poor response to
therapy [29].

Most (80%) of our patients were exposed to infliximab
prior to the introduction of adalimumab. Infliximab has been
available longer and has been the drug of choice in severe
diseases in our clinics. However, this partly reflects the reim-
bursement policy in our country, as patients receive drugs
free of charge when administered at a hospital but need to
pay annually 600 euros for prescribed drugs, including adali-
mumab, whereafter the costs are covered by the state. Thus,
only 20% of the patients were introduced to adalimumab as
first-line therapy and 28% had a disease duration of less
than one year, both facts potentially having an impact on
the outcomes. At the time of the study, there were no biosi-
milars to adalimumab available.

In adults with IBD, higher trough levels (>7.3 mg/L), but
not concomitant thiopurine therapy, were associated with
clinical remission, and patients with drug antibodies against
adalimumab experienced treatment failure [25]. In our pedi-
atric study, adalimumab levels above 7.5mg/L during the
first 3 months of therapy were associated with improved out-
comes thereafter. It is widely recognized that loss of
response is frequent during maintenance therapy with TNFao-
blockers and is not always overcome with therapy escalation
[9]. Therapeutic drug monitoring can be used for monitoring
and guiding the dosing of different types of medications.
With anti-TNF medication, drug monitoring can be used
either reactively, where trough level measurements are made
when loss of response is suspected, or prospectively, where
optimal trough levels are pursued to prevent loss of



response. Here, the therapeutic decisions and therapy adjust-
ments were made at the discretion of the treating physician.
Interestingly, a recent study identified genomic biomarkers
associated with non-response in adalimumab- and infliximab-
treated patients with PIBD [30]. Three genes, FCGRIA,
FCGR1B, and GBP1, were found to be over-expressed in non-
responders. FCRGTA and FCGR1B are expressed on the sur-
face of neutrophils, and GBP1 is an interferon-stimulated,
guanylate-binding protein involved in defense against patho-
gens and inflammation. This study is an example of many to
come aiming at identifying non-responders at an early phase
of therapy. Previously, it has also been reported that the
microbiome is related to therapeutic response [31-33]. Based
on these studies, it is likely that in the future drug level
monitoring will be combined with testing of the microbiome
and/or genetic variants when the therapeutic response
is suboptimal.

The strength of the study is that it combines comprehen-
sive real-life data from two major tertiary care centers of our
country. The data on patients with PIBD treated with adali-
mumab and their drug levels were traced from the hospital
files and a patient registry covering all patients treated with
biologics. Therefore, the number of eligible, missing patients
is considered very low. As a limitation, the timing of the
drug level measurements was decided by the treating physi-
cians and not all patients had values during the first three
months of therapy. Also, decisions on continuing or discon-
tinuing the therapy were made at the discretion of the treat-
ing pediatric gastroenterologists. As in most pediatric
studies, endoscopy data as routine follow-up were
not available.

In conclusion, higher trough levels of adalimumab during
the first three months of treatment are associated with
improved outcomes and lower rates of discontinuation due
to loss of response during the first year. Therefore, thera-
peutic drug monitoring is an essential part of the manage-
ment of PIBD patients treated with adalimumab.
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