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ORIGINAL ARTICLE
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ABSTRACT
Background: Real-world evidence to support optimal ustekinumab dosing for refractory Crohn’s dis-
ease (CD) patients remains limited. Data from a retrospective nationwide chart review study was uti-
lized to explore ustekinumab dosing dynamics and optimization, identify possible clinical predictors of
dose intensification, and to evaluate ustekinumab trough concentrations (TCs) and concomitant medi-
cation use in Finland.
Methods: Information gathered from17 Finnish hospitals included clinical chart data from 155 adult
CD patients who received intravenous ustekinumab induction during 2017–2018. Data on ustekinumab
dosing and TCs, concomitant corticosteroid and immunosuppressant use, and antiustekinumab anti-
bodies were analyzed in a two-year follow-up, subject to availability.
Results: Among 140 patients onustekinumab maintenance therapy, dose optimization was required in
55(39%) of the patients, and 41/47 dose-intensified patients (87%) persisted on ustekinumab. At base-
line, dose-intensified patient group had significantly higher C-reactive protein (CRP) levels, and at
week 16, significantly lower ustekinumab TCs than in patients without dose intensification. Irrespective
of dose optimization, a statistically significant reduction in the use of corticosteroids was observed at
both 16weeks and one year, coupled with an increased proportion of patients on ustekinumab mono-
therapy. Antiustekinumab antibodies were undetectable in all 28 samples from 25 patients collected
throughout the study period.
Conclusions: Nearly a third of all CD patients on ustekinumab maintenance therapy, with a history of
treatment-refractory and long-standing disease, required dose intensification. These patients persisted
on ustekinumab and had significant reduction of corticosteroid use. Increased baseline CRP was identi-
fied as the sole indicator of dose intensification.
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Background

Crohn’s disease (CD) is a chronic inflammatory bowel dis-
order characterized by multifactorial intestinal inflammation.
Several biological and nonbiological drug treatments with
various modes of action are available for CD-related inflam-
mation [1]. Despite the increasing selection of available
therapies, a considerable proportion of CD patients experi-
ence persisting symptomatic or nonsymptomatic inflamma-
tion that can cause disability, decreased quality of life and

the need for surgical interventions [2]. In the armamentarium
of biologicals for treating moderately or severely active CD,
the newest approved agent is ustekinumab (Stelara, Janssen-
Cilag International NV,Beerse, Belgium), a fully human mono-
clonal IgG1k antibody targeting the p40 subunit of interleukin
12 and 23. The pivotal ustekinumab induction trials UNITI-1
and UNITI-2 showed significantly higher rates of clinical
response and remission in patients receiving ustekinumab
compared with patients receiving placebo [3]. Responders
from the two induction trials (one intravenous, weight-based
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induction dose) were randomized to the IM-UNITI mainten-
ance trial that showed significantly higher efficacy in patients
receiving ustekinumab compared to placebo group at
44weeks with both subcutaneous (SC) dosing intervals:
90mg every eight (q8w) or every 12weeks (q12w) [3]. A
recent posthoc analysis of IM-UNITI long-term extension trial,
trough week 152 showed that sustained corticosteroid-free
remission was achieved in 53.7% of patients with q8w dos-
ing, in 47.6% of patients with q12w dosing and in 32.4% of
patients with dose adjustment between weeks eight and 32
[4]. Recommended SC dosing intervals of ustekinumab as in
label, are based on UNITI-1, UNITI-2, and IM-UNITI trial
data [5].

In a real-world setting, however, CD patients commencing
ustekinumab treatment are often more treatment-refractory
than the patients included in clinical trials. The patients have
usually used TNF-blocking agents, which are often chosen as
the primary biological treatment for CD. Furthermore, the
patients have typically experienced several drug switches
due to primary or secondary loss of response or intolerance
[2]. While ustekinumab real-world studies have shown clinical
benefit even in treatment-refractory CD patient cohorts, data
on dosing patterns and dose optimization remain lim-
ited [6–13].

In addition to efficacy, safety and treatment persistence,
concomitant medication use, and treatment immunogenicity
remain as crucial factors for decisions on dose optimization.
In the IM-UNITI trial, approximately one-third of the study
patients received concomitant immunosuppressants [3].The
available data, however, do not offer clear guidance for the
combination therapy with ustekinumab, although the pro-
portion of antiustekinumab antibodies (AUAs) were equally
low in patients on ustekinumab monotherapy and those on
combination therapy [14].The low immunogenicity and a
clear exposure-response relationship in ustekinumab trough
concentrations (TCs) have been reported separately in real-
world and clinical studies including ulcerative colitis
[3,4,15,16]. However, real-world data on ustekinumab TCs
and immunogenicity are scarce among dose-opti-
mized patients.

The aim of the present study was to investigate ustekinu-
mab dosing dynamics and dose optimization, explore pos-
sible predictors of dose intensification, ustekinumab TCs and
to compare the concomitant use of corticosteroids and
immunosuppressants in patients with or without dose
intensification utilizing nationwide and long-term real-world
data in Finnish CD patients.

Methods

Study design

The present nationwide, retrospective multicenter chart
review study, FINUSTE2, assessed the persistence in addition
to objective and clinical outcomes of ustekinumab treatment
among CD patients at baseline, at 16weeks, at one year, at
1.5 years and at 2 years. FINUSTE2 was an extension of the
previously published FINUSTE study including 48 adult CD
patients who had initiated ustekinumab treatment with IV

induction during 2017 [9]. In the extension study, additional
follow-up data of the previously included 48 patients were
obtained, and new hospitals and patients were included.

Ustekinumab therapy was initiated as a part of routine
care with a weight-based intravenous (IV) induction dose
between 1 January 2017 and 31 December 2018 followed by
SC injections. The ustekinumab treatment had to be initiated
minimum four months prior to data collection. Data from
adult (�18 years) CD patients were obtained from patient
charts by local gastroenterologists and collected to electronic
standardized research questionnaires. Collected data of base-
line characteristics included sex, age, height, weight, year of
CD diagnosis, smoking status, comorbidities and Montreal
classification details (age at diagnosis, disease behavior and
location and presence of perianal disease). Data on concomi-
tant CD medication, clinical activity, serum ustekinumab TCs
and AUAs, objective markers of disease activity (assessed by
endoscopies and laboratory tests) were collected at baseline,
16weeks (± 4weeks), 1 year (± 1month), 1.5 years (±
1month), and 2 years (± 1month). In addition, data on all
changes to ustekinumab dosing during treatment and the
reason for such changes were collected regardless of
their timing.

Laboratory tests included albumin, hemoglobin, leuko-
cytes, platelets, C-reactive protein (CRP) and fecal calprotec-
tin (fCal). Serum ustekinumab TCs were analyzed with an
enzyme-linked immunosorbent assay and serum AUAs with a
radioimmunoassay (Sanquin, Amsterdam, The Netherlands).
The Simple Endoscopic Score for Crohn’s Disease (SES-CD)
and a modified Harvey-Bradshaw Index (mHBI, abdominal
palpation omitted) were used for scoring available endo-
scopic findings and clinical activity, respectively [17,18]. CRP
below 3mg/L was considered normal.

Data were collected between May and August 2019. A
more detailed description of data collection has been
reported earlier [19].

Statistical analysis

All analyses were performed with Stata MP 14 statistical soft-
ware (StataCorp 2015, Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP). Continuous variables of
baseline patient’s characteristics were reported as mean and
standard deviation (SD) and categorical variables as propor-
tions. Apart for ustekinumab concentrations, which were
reported as mean (±SD), laboratory measures and clinical
outcomes were reported as median and interquartile range
(IQR) values due to potential skewness and censoring of
non-normal distributions. At all assessment timepoints, only
patients with continued ustekinumab use were included in
the analyses. Ustekinumab use was considered to continue if
the date of ustekinumab discontinuance was less than eight
weeks from the assessment timepoint. Due to the low num-
ber of patients with follow-up data beyond the one-year
timepoint, statistical analyses were based on baseline, 16-
week and one-year data. The significance of the change from
baseline value in laboratory measures and clinical outcomes
was tested with Wilcoxon matched-pairs signed-rank test.
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Pearson’s chi-squared test for categorical variables and
Wilcoxon rank-sum test for continuous variables were used
to measure group differences at any timepoint in patients
with and without initial ustekinumab dose intensification
during maintenance treatment. For clarity, the patient group
‘without dose intensification’ also included patients whose
dose interval was prolonged. Statistical significance (p)
threshold was set at .05.

Results

Seventeen Finnish hospitals, including all five Finnish
University hospitals, that provide specialist care participated
in the study and data from 155 CD patients were collated. At
baseline, which was determined by the date of first intraven-
ous ustekinumab dose administration, only five (3.2%)
patients had not received prior biologicals for CD. The
patients had a long mean disease duration of 14 years and
two-thirds of the patients had undergone prior CD-related
surgery, indicating a highly treatment-refractory study popu-
lation. At the time of study data collection, the mean dur-
ation of ustekinumab treatment was 11.8 (± 6.1) and
14.9(±6.4) months for patients without and with dose intensi-
fication, respectively. Mean follow-up time was 12.7 (±6.5)
months for patients without dose intensification and
15.7(±6.0) months with at least one dose intensification.
Patient characteristics are shown in Table 1. A more detailed
analysis of the baseline patient and disease characteristics
was previously published [19].

Dosing dynamics

In the entire cohort, 140 (90.3%) out of 155 patients contin-
ued to ustekinumab maintenance therapy after a weight
based IV induction dose as per label [5]. Dosing interval at
the beginning of ustekinumab maintenance therapy was
q8w in 101 (72.1%) and q12w in 39 (27.9%) patients. No sig-
nificant changes were detectable in the baseline characteris-
tics between the two dosing groups (Table 1), although
there was a trend towards a higher number of prior surgeries
in patients assigned to q8w dosing (p¼ .055, Table 1).

Fifty-five out of 140 patients (39.3%) on ustekinumab
maintenance therapy underwent dose optimization (either
shortening or prolongation of the dosing interval; Figure 1)
and altogether 65 dose changes were carried out as eight
patients experienced two or three dosing interval adjust-
ments. In 55 patients undergoing dose optimization, the ini-
tial change was shortening of the dosing interval (dose
intensification) in 47 patients (85.5%). After dose intensifica-
tion, 41/47 patients (87.2%) persisted on ustekinumab ther-
apy to the end of the follow-up period. The ustekinumab
dosing interval was shortened in 24.8% of 101 patients on
q8w and in 56.4% of 39 patients on q12w (Figure 1). At the
end of follow-up, the ustekinumab dosing interval was lon-
ger than eight weeks only in 21/122 patients (17.2%), whilst
the majority (66.4%) of patients received q8w dosing. The
dosing interval was shorter than eight weeks in the remain-
ing (16.4%) of the patients the shortest interval being four

weeks (q4w). Reasons for shortening of the dosing interval
were insufficient response (71.2%), loss of response (13.5%),
and other reasons (15.4%) including e.g., ustekinumab con-
centrations and disease symptoms. Furthermore, eight
patients prolonged the dosing interval due to either a satis-
factory clinical CD status or other reasons such as financial or
compliance problems.Mean duration from the ustekinumab
induction to the first dose intensification was 9.4months (SD,
5.4; median, 8.3).

Median baseline CRP was significantly higher in dose-
intensified patient group (10mg/L; IQR, 5–18) compared to
the patients without changes in dosing interval (6mg/L; IQR
<3–13; p¼ .027, Table 1). When grouped according to the
number of prior biological therapies (one vs. more than one
prior biologicals), no statistically significant difference in the
proportion of patients with ustekinumab dose intensification
was detected (p¼ .784). Median fCal, CRP and SES-CD values
over time by ustekinumab dosing interval adjustment status
are shown in Figure 2. The differences in the values accord-
ing to the status of dosing interval adjustment were only
statistically significant for the baseline CRP. No differences
were detected in Kaplan-Meyer survival analysis based on
dose intensification status (Figure 3).

Ustekinumab trough concentrations and
antiustekinumab antibodies

During the study period, a total of 61 ustekinumab TCs were
measured from 52 patients (33.5% of all 155 patients) at dif-
ferent timepoints. Mean ustekinumab TCs at 16weeks, one
year and 1.5 years were 2.2mg/mL (SD, 1.2; median, 2;
n¼ 23), 2.7mg/mL (SD, 2.6; median, 1.7; n¼ 25) and 2.5 mg/
mL (SD, 2.1; median, 1.65; n¼ 8), respectively (Figure 4).
Reasons for measuring TCs were: insufficient response
(67.2%), concentration monitoring after dose change (12.5%),
routine monitoring (12.5%), and other reasons (7.8%). A low
number of other ustekinumab measurements (n¼ 5) were
measured outside of the predefined timepoints or at
two years.

At 16 weeks, TCs were measured from 13 patients who
experienced subsequent dose intensification during the
maintenance treatment and eight from patients without
dose intensification. There was a statistically significant differ-
ence in the mean ustekinumab TCs between the aforemen-
tioned groups, 1.6 mg/mL (SD, 0.7; median, 2) and 3.1 mg/mL
(SD, 1.4; median, 3.65; p¼ .038), respectively. Mean ustekinu-
mab TCs in patients grouped according to one prior biologic
and two or more prior biologics appeared similar at 16weeks
and one year (data not shown). No AUAs were detected in
28 samples taken from 25 patients at different timepoints.

Concomitant medications

Out of 47 patients with shortened ustekinumabdosing inter-
val, 22 (46.8%) used corticosteroids (prednisolone, prednis-
one, methylprednisone or budesonide) at baseline while 36/
93 (38.7%) patients without dose intensification received cor-
ticosteroids at baseline (Figure 5). In both groups, a
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Table 1. Clinical characteristics of CD study patients.

Patient
characteristic

Value

All patients
n¼ 155

Maintenance dosing Dose interval shortened during maintenancea

q8w
n¼ 101

q12w
n¼ 39 p Value

Yes
n¼ 47

No
n¼ 93 p Value

Age, years,
mean (SD)

41.5 (15.3) 40.7 (14.9) 43.4 (16.8) .471 39.8 (15.9) 42.3 (15.2) .312

Disease duration,
years,
mean (SD)

14.0 (10.6)
n¼ 148

14.9 (11.1) 13.2 (10.1) .361 14.3 (12.0) 14.5 (10.2)
n¼ 87

.666

Female, n (%) 74 (47.7) 46 (45.5) 16 (41.0) .629 16 (34.0) 46 (49.5) .083
Smoking yes /

not known,
n (%)

32 (20.7) /
13 (8.4)

19 (18.8) / 9 (8.9) 8 (20.5) /<5 .819 /.806 5 (10.6)/ <5 22 (23.7) /
11 (11.8)

.065/.145

Montreal classification, n (%)
Age (A)
at diagnosis

.137 .846

A1 36 (23.2) 29 (28.7) 5 (12.8) – 11 (23.4) 23 (24.7) –
A2 87 (56.1) 53 (52.5) 26 (66.7) – 28 (59.6) 51 (54.8) –
A3 32 (20.7) 19 (18.8) 8 (20.5) – 8 (17.0) 19 (20.4) –

Disease
behavior (B)

.779 .210

B1 48 (31.0) 28 (27.7) 13 (33.3) – 10 (21.3) 31 (33.3) –
B2 84 (54.2) 58 (57.4) 20 (51.3) – 31 (66.0) 47 (50.5) –
B3 23 (14.8) 15 (14.9) 15.4 (6) – 6 (12.8) 15 (16.1) –

Perianal disease
modifier (p)

49 (31.6) 36 (35.6) 9 (23.1) .154 13 (27.7) 32 (34.4) .419

Disease
location (L)
L1 or L1þ L4
or L4

39 (25.2) 27 (26.7) 8 (20.5) .446 13 (27.7) 22 (23.7) .605

L2 26 (16.8) 13 (12.9) 9 (23.1) .137 9 (19.2) 13 (14.0) .427
L3 or L3þ L4 90 (58.0) 61 (60.4) 22 (56.4) .667 25 (53.2) 58 (62.4) .297

Prior CD-related
surgery, n (%)

92 (59.4) 67 (66.3) 19 (48.7) .055 27 (57.5) 59 (63.4) .491

Prior biologicals
for CD, n (%)

.289 .353

1 47 (30.3) 31 (31.6) 14 (35.9) – 12 (26.1) 33 (36.3) –
2 66 (42.6) 40 (40.8) 17 (43.6) – 21 (45.7) 36 (39.6) –
� 3 37 (23.9) 27 (27.6) 8 (20.5) – 13 (28.3) 22 (24.2) –

Baseline
concomitant
medication,
n (%)
Corticosteroids 64 (41.3) 42 (41.6) 16 (41.0) .952 22 (46.8) 36 (38.7) .358
Thiopurines 36 (23.2) 24 (23.8) 8 (20.5) .681 10 (21.3) 22 (23.7) .752
Methotrexate 21 (13.6) 15 (14.9) 4 (10.3) .477 5 (10.6) 14 (15.1) .471

Comorbiditiesb 23 (14.8) 14 (13.9) 5 (12.8) .534 7 (14.9) 12 (12.9) .939
C-reactive

protein, mg/L,
median (IQR)

7 (3–15)
n¼ 154

8 (4–15)
n¼ 101

7 (2–10.8)
n¼ 38

.2251 10 (5–18)
n¼ 47

6 (<3–13)
n¼ 92

.027

Fecal calprotectin,
mg/g,
median (IQR)

776 (253–1944)
n¼ 123

907.5 (315–2045)
n¼ 84

627 (206–1582)
n¼ 29

.268 1373.5
(424–2081)
n¼ 42

646 (213–1822)
n¼ 71

.104

Hemoglobin, g/L,
median (IQR)

133 (124–141)
n¼ 155

133 (124–142)
n¼ 101

131 (118–139)
n¼ 39

.247 134 (124–140)
n¼ 47

132 (122–142)
n¼ 93

.877

Platelets, E9/L,
median (IQR)

330 (280–404)
n¼ 155

330 (280–402)
n¼ 101

332 (289–402)
n¼ 39

.970 330 (263–396)
n¼ 47

330 (291–411)
n¼ 93

.850

Leukocytes, E9/L,
median (IQR)

7.8 (6.5–10)
n¼ 155

8.1 (6.7–10.5)
n¼ 101

7.2 (5.6–9)
n¼ 39

.076 7.6 (6.6–10.9)
n¼ 47

7.9 (6.6–9.8)
n¼ 93

.930

Albumin, g/L,
median (IQR)

35 (31–37)
n¼ 111

34 (31–37)
n¼ 75

35 (29.4–37.4)
n¼ 24

.812 33 (29.7–36)
n¼ 34

35 (32–37)
n¼ 65

195

SES-
CD,
median(IQR)

10 (8–15)
n¼ 43

10 (8–16)
n¼ 27

11 (8–13)
n¼ 13

.783 11.5 (10–16)
n¼ 14

9.5 (7–15)
n¼ 26

.274

mHBI, mean (SD) 7.5 (5.8)
n¼ 97

7.8 (5.8)
n¼ 68

7.7 (6.1)
n¼ 24

.708 7.7 (5.1)
n¼ 31

7.8 (6.2)
n¼ 61

.769

SES-CD: Simple Endoscopic Score for Crohn’s Disease; mHBI: modified Harvey Bradshaw Index; q8w: every eight weeks; q12w: every 12 weeks; IQR: interquar-
tile range.
aGroup without dose interval shortening included patients whose dose interval was prolonged.
bHidradenitis suppurativa, psoriasis and ankylosing spondylitis.
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statistically significant reduction in the use of corticosteroids
was observed at 16weeks and at one year (p< .05, Figure 5).
Subsequently, we observed a statistically significant increase
in the proportion of patients on ustekinumab monotherapy
in both groups from baseline to one year (p< .05; Figure 5).
However, there was a trend towards more prominent use of
corticosteroids in the patients with dose intensification than
without at one year (21 vs. 7%, respectively; p¼ .063).
Overall, 32 and 39% of patients with or without dose intensi-
fication, respectively, used immunosuppressants, either thio-
purines or methotrexate, at baseline. In both groups the
results showed similar use of immunosuppressants during
ustekinumab maintenance therapy at one year (Figure 5).

Discussion

In the present nationwide Finnish real-world study, we eval-
uated ustekinumab dosing patterns, dose optimization and
predictors to dose intensification such as biomarkers, usteki-
numab TC and immunogenicity. The use of concomitant cor-
ticosteroids and immunosuppressants were studied based on
the dose optimization status. The vast majority of the 155 CD
patients included in the study started the maintenance treat-
ment with q8w dosing. However, nearly one-third of all
patients required a dose intensification, consistent with a
highly refractory disease phenotype. At baseline, CRP was
the only clear predictor of subsequent dose intensification.
Ustekinumab treatment persistence in patients with long-
standing and complicated CD remained high, allowing sig-
nificant corticosteroid tapering followed by increased use of
ustekinumab as a monotherapy in patients to manage CD in
both patient groups, with or without dose intensification.

Ustekinumab maintenance dosing regimen differs from
other biologicals as two different dosing intervals are sug-
gested depending on the achieved induction response.
Dosing q12w is appropriate after successful induction
whereas q8w is suggested in the case of inadequate
response [20]. In the current study, most patients began their
maintenance ustekinumab treatment with q8w dosing. There
was a trend to a higher number of prior CD surgeries in
patients with q8w dosing (p¼ .055). High frequency of q8w
dosing regimen can be explained by the study patient’s

treatment-refractory disease and long disease duration, as
almost all patients had previously used biologicals. Moreover,
approximately one-fourth of the patients had used three or
more biologicals. These results differ markedly from the IM-
UNITI trial, where approximately 40% of patients entering
the ustekinumab maintenance treatment had not used prior
antiTNF agents and had a shorter disease duration [3].

While the analysis of dosing patterns in IM-UNITI trial sug-
gested regaining clinical response in 55% of patients follow-
ing dose intensification from q12w to q8w [3,21], data on
dose optimization in real-world situations remains scarce
[10,22]. However, some recent studies report clinical out-
comes derived from specific real-world cohorts consisting of
only dose optimized patients [11,23–25]. Where reported,
22–52% of patients needed dose intensification, which
appeared successful in around half of the patients
[10,11,22–25].In the present study, one-third of patients on
ustekinumab maintenance therapy required dose intensifica-
tion. Among patients initiating maintenance therapy with
q12w dosing, two-thirds shortened the interval. This is a con-
siderably higher proportion likely due to a more disease-
refractory patient population when compared to the patients
of IM-UNITI trial where only 23% needed dose adjustment
from q12w to q8w [21]. Our data on dosing patterns support
the findings of other real-world registry studies of ustekinu-
mab maintenance treatment where the majority or all the
patients commenced their ustekinumab maintenance therapy
with q8w dosing [6,10,12,13,22].

Interestingly, data on recapturing or improvement of uste-
kinumab response in CD patients with q4w dosing is emerg-
ing [11,22–25]. In the present study, a sixth of patients
received shorter dosing than q8wat the end of follow-up. In
accordance with previous studies from Dalal et al., the most
common reason for dose intensification was insufficient
treatment response [23]. Importantly 87.2% of patients who
underwent a dose intensification persisted on ustekinumab
therapy at the end of the follow-up. This is in line with the
findings from previous dose-intensified patient cohorts
where 61–79% of patients continued ustekinumab treatment
at last follow-up [11,24,25].

In the present study, dose-intensified patient group had
significantly higher baseline CRP compared to the patients

Figure 1. Dose optimization during the study. Nine out of 140 patients (6.4%) patients without dose optimization discontinued ustekinumab. Seven out of 55
patients (12.7%) with dose optimization discontinued ustekinumab. UST: ustekinumab.
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without dose intensification, with a trend towards
increased fCal levels as well. Higher baseline CRP may
reflect higher inflammatory burden in patients needing
shortening the dose interval in agreement with a previous
report where77% of dose-intensified patients had elevated
CRP [25]. However, in the present study, ustekinumab dose

intensification resulted in CRP and fCal responses compar-
able to the responses of patients without dose intensifica-
tion. Furthermore, no differences were detectable in
endoscopic responses, although the limited number of
endoscopy data available limits the interpretation of
these results.

Figure 2. Median fCal, CRP, and the SES-CD over time by ustekinumab dose intensification status.
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Reactive and even proactive therapeutic drug monitoring
(TDM) of antiTNF-agent therapy has been suggested in sev-
eral consensus statements or guidelines, but less guidance is
available for ustekinumab TC measurements [26–28].
Reactive ustekinumab TDM, however, has been suggested to
be performed in nonresponders at the end of induction and
in patients with a secondary loss of response during main-
tenance treatment [28]. Also, three real-world studies show
association between ustekinumab trough concentrations and
clinical outcomes [16,29,30]. However, the data on ustekinu-
mab TCs related to dose intensification and their relationship
to clinical outcomes is limited. In the present study, insuffi-
cient response was the main reason for reactive TDM. Week
16 is reported as the timepoint for ustekinumab concentra-
tions reaching steady state with q8w dosing [31]. In our

study, at week 16 the mean ustekinumab TCs measured for
patients with later dose intensification was 1.6 mg/mL and
without dose intensification significantly higher, 3.1mg/ml.
Both values exceeded the level associated with maintenance
of clinical remission (above 0.8–1.4 mg/mL) in the IM-UNITI
trial [36]. In IM-UNITI, median ustekinumab TC at 44weeks
ranged from 2.0–2.2mg/mL in q8w dosing group and from
0.6–0.8mg/mL in q12w dosing group [32]. Our results are
comparable to those reported by Verstockt et al. [29], where
the mean ustekinumab TC was 2.6mg/mL at 16weeks. A
threshold of 1.9 mg/mL at 24weeks for endoscopic response
and 2.2mg/mL for composite clinical/biochemical remission
was suggested in real-world studies [16,29].

No AUAs were detected in 28 samples during the study,
in line with three other real-world studies [29,33,34]. In

Figure 3. Kaplan-Meier survival analysis according to dose intensification status.

Figure 4. Box-and-whiskers plot of serum ustekinumab trough concentrations measured at different timepoints. The whiskers present 25 and 75th percentiles,
respectively.
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addition, low immunogenicity (4.6% of all patients) has been
reported in a long-term follow-up study of IM-UNITI patients
through 156weeks [4]. Immunogenicity was the lowest
(2.6%) among CD patients originally randomized to q8w-dos-
ing [4].

We observed a significant reduction in corticosteroid use
within first year of ustekinumab maintenance treatment irre-
spective of ustekinumab dose intensification. Kopylov et al.
[25] also report discontinuation of systemic corticosteroids in
67.6% of patients at week 16 after dose intensification to
q4w.On the contrary, Haider et al. [22] reported that a higher
number of dose-intensified patients received steroids at the
end of follow-up, although this study included low patient
numbers. In our study, 21% of the patients who underwent a
dose intensification were still on corticosteroid treatment at
one year, probably due their more refractory CD also indi-
cated by the higher CRP levels at baseline.

Evidence of the evolution of immunosuppressant use,
such as thiopurines or methotrexate, during ustekinumab
maintenance therapy is limited. Ustekinumab was not
included in a large TruveMarketScan database study on com-
bination therapy with immunosuppressants stating that com-
bination therapy may increase the persistence on anti-TNF

agents and vedolizumab [35]. Unlike the antiTNF agents,
however, a combination of ustekinumab with immunosup-
pressants does not affect ustekinumab TCs or efficacy
[15,31,36]. While real-world studies have reported the base-
line use of concomitant immunosuppressants, reports on the
evolution of their use during the ustekinumab maintenance
or after dose intensification are scarce.

In our study over a third of patients were on immunosup-
pressants at baseline (Figure 5). This proportion is in line
with several cohorts where 36 to 52% of patients used
immunosuppressants at baseline [10,11,13, , 33], but some-
what higher than 5 to 22% range observed in other studies
[6,8,9]. The significant increase of patients on ustekinumab
monotherapy resulted mostly from reduction in the use of
corticosteroids in both patient groups, with or without dose
intensification. Out of 77 patients on ustekinumab mainten-
ance therapy at one year, 21% with dose intensification and
27% without dose intensification used immunosuppressants.
These proportions are slightly less compared to the propor-
tion reported in IM-UNITI long-term extension where 35.4%
of patients on q8w dosing were taking concomitant immu-
nosuppressants through 92weeks [37]. Iborra et al. report
that 28% of the patients who were using concomitant

Figure 5. Concomitant medications during the study in patients (A) without and (B) with initial ustekinumab dose intensification during maintenance treat-
ment. �p< .05.
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immunosuppressants at baseline were able to discontinue
them completely during the follow-up, although these data
were not stratified based on dose intensification status [10].
It is important also in refractory CD patients to achieve com-
parable treatment efficacy with biological monotherapies as
with combination therapies because potential adverse effects
of thiopurines are well known. The use of thiopurines
increases the risk of opportunistic infection up to 2–3 fold
[38]. Additionally, the use of thiopurines increases the risk of
non-Hodgkin lymphoma, and especially Epstein Barr virus
seronegative young males are at risk of severe postmononu-
cleosis lymphoma [37]. Additionally, the use of thiopurines
increases the risk of urinary tract cancers in elderly men [39].

The retrospective design and setting of our nationwide
study resulted in incomplete data collection for some clinical
and laboratory variables. Data on ustekinumab dose adjust-
ments were collected regardless of their timing whereas data
on clinical outcomes and laboratory variables, including uste-
kinumab TCs, were collected according to study protocol
timepoints, subject to availability. Due to the variation in the
data collection timepoints, we could not confidently assess
the association between ustekinumab dose adjustments and
efficacy outcomes. Limited endoscopic data availability may
be partly due to the lack of national guidelines for follow-up
of endoscopic response and varying local endoscopic resour-
ces between different IBD units. Despite these limitations,
the current study adds valuable knowledge in real-world set-
ting on individualized treatment regimens, related concomi-
tant medication, TCs and low immunogenicity of
ustekinumab among CD patients.

Conclusion

In this real-world study of CD patients in Finland, including
two-year follow-up, most patients commenced ustekinumab
maintenance treatment with a q8w dosing interval, whilst
nearly a third of all patients required shortening of the dos-
ing interval, suggesting a highly refractory disease pheno-
type. High baseline CRP was found as a sole indicator for
dose intensification. Majority of patients, irrespectively of
dose optimization, persisted on ustekinumab at one year and
showed significantly reduced concomitant corticosteroid use.
Ustekinumab mean TCs were significantly lower in patients
with subsequent dose intensification at week 16. No antibod-
ies to ustekinumab were detected, which indicated low
immunogenicity.
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