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Abstract

Background: TNF inhibitors are relatively safe drugs, but as-
ymptomatic infliximab-induced high serum creatine kinase
(CK) levels have been reported in >30% of patients with in-
flammatory bowel disease (IBD). Whether high serum CK lev-
els are a specific effect of treatment with TNF inhibitors has
not been studied in detail. CK levels were therefore com-
pared between infliximab- and vedolizumab-treated IBD pa-
tients. Methods: In this retrospective, monocentric study,
131 IBD cases (82 with Crohn’s disease (CD), 49 with ulcer-
ative colitis) of the Basel University Hospital IBD cohort treat-
ed either with infliximab or vedolizumab were included. Se-
rum samples for measuring CK, lactate dehydrogenase
(LDH), C-reactive protein (CRP), and fecal calprotectin (FCal)
levels were collected longitudinally and analyzed using
mixed additive models. Results: No significant differences in
CK levels between infliximab and vedolizumab-treated pa-
tients were observed over time. Infliximab-treated males,
however, showed significantly higher CK levels than females
and former smokers treated with infliximab showed signifi-
cantly lower CK levels than nonsmokers. No such differences

were observed in vedolizumab-treated patients. LDH and
CRP were not significantly different between infliximab-and
vedolizumab-treated patients, while adjusted groups
showed substantially higher LDH levels with increasing age
and significantly lower LDH levels in patients with longer dis-
ease duration. Infliximab patients with CD showed signifi-
cantly lower CRP. However, significantly higher FCal concen-
trations were noted in infliximab patients independent of
diagnosis, gender, disease duration, smoking behavior, and
age. Conclusion: In our cohort, high serum CK levels are not
an infliximab- or vedolizumab-specific effect.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

TNF inhibitors, such as infliximab, are effective treat-
ments for severe inflammatory bowel disease (IBD) cases.
In patients treated with TNF inhibitors, muscle-related
complaints and elevated creatine kinase (CK) levels have
been reported in case of reports and cross-sectional stud-
ies [1-4]. Whether elevated CK levels (high serum CK
levels) in patients treated with TNF inhibitors is a spe-
cific treatment effect with TNF inhibitors, needs to be fur-
ther elucidated.
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Although TNF inhibitors are relatively safe drugs [5-
8], one published study suggests that >30% of IBD pa-
tients treated with infliximab have a therapy-induced, as-
ymptomatic serum CK elevation [9]. While high serum
CKlevels can occur as a side effect of various medications,
such as statins [10] widely described for the treatment of
hypercholesterolemia, isotretinoins [11] used for the
treatment of acne and imatinib [12] prescribed for the
treatment of chronic myeloid leukemia, it is not a well-
documented side effect of infliximab up to date. More-
over, dermatomyositis and polymyositis characterized by
elevated CK levels can develop in IBD and rheumatoid
arthritis patients treated with TNF inhibitors when para-
doxical inflammation arises in these patients [1-4]. It is
also unknown if high serum CK levels occur as a side ef-
fect of treatments with other biologics in IBD.

It has been suggested that the monoclonal antibody
vedolizumab targeting the a,(; integrin heterodimer is
one of the safest treatment options for IBD. The phase 3
placebo-controlled GEMINI1 and GEMINI 2 studies for
the induction and maintenance of ulcerative colitis (UC)
and Crohn’s disease (CD) patients treated with vedoli-
zumab reported only a few side effects, such as headache,
nasopharyngitis, upper respiratory tract infections, and
arthralgia [13, 14]. In addition, the single-arm open-label
phase 3 GEMINI long-term extension study reported ex-
acerbation of UC and nasopharyngitis as the most com-
mon adverse events in patients with UC [15-17]. To our
knowledge, the occurrence of therapy-induced, asymp-
tomatic high serum CK levels has not yet been investi-
gated in detail.

If therapy-induced, asymptomatic high serum CK lev-
els in IBD patients depend on infliximab or vedolizumab
used to treat IBD, this longitudinal study examined dif-
ferences between CK levels in IBD patients treated with
infliximab or vedolizumab in IBD patients treated at the
University Hospital of Basel.

Methods/Statistical Analysis

Study Design, Participants, and Samples

Between January and December 2018, we included 127 IBD
patients of the Basel University Hospital treated with either inflix-
imab or vedolizumab. Inclusion criteria were as follows: (1) at least
one treatment with intravenous infliximab (Remicade® and/or In-
flectra®) and/or vedolizumab (Entyvio®) in the year 2018; (2)
available CK value before the first infusion of infliximab or vedol-
izumab. Exclusion criteria: (1) nonspecific IBD diagnosis; (2)
known polymyositis and/or rheumatoid arthritis or occurrence of
polymyositis during the study period. We considered polymyositis
when proximal muscle weakness was observed in the clinical
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exam, and persistent C-reactive protein (CRP) or erythrocyte sed-
imentation rate elevation was noted. Auto-antibodies (polymyosi-
tis panel), including antinuclear antibodies, anti-Jol antibodies,
anti-Mi2 antibodies, and anti-Pm/Scl antibodies, further indicated
possible polymyositis. All patients fulfilling these criteria have
been excluded from the analysis. Further exclusion criteria were
(3) manifestation of thyroid disease, (4) no treatment with biolog-
ics in 2018, and (5) missing CK values before the first treatment. A
total of 127 patients were included in this study. This study proto-
col has been approved by the Ethic Commission Northwest and
Central Switzerland (submission #2019-00641).

Serum samples for measuring CK, lactate dehydrogenase
(LDH), CRP and fecal samples for calprotectin (FCal) values were
collected dating back to the first treatment series at the University
Hospital of Basel. All blood samples were routinely collected on
each treatment day before receiving infliximab or vedolizumab
and analyzed by the Clinical Laboratory, University Hospital of
Basel. Briefly, CK and LDH values have been determined with UV
tests (Roche) and measured with a Roche/Hitachi Cobas ¢ system.
Cutoff levels were defined according to the information provided
by the manufacturer (CK: males; CK <190 U/L, females; CK <170
U/L; LDH: males; LDH 135-225 U/L, females; LDH 135-214 U/L;
Roche). In this ex-post facto study design, no systematic inter-
views regarding physical activity were available. Fecal samples
were collected intermittently and therefore did not correspond to
the same timeline as the blood samples. Demographic data and
medication, where available, were culled from the patient files pri-
or to the collection of laboratory values. Because the information
regarding the current medication was incomplete and inconsis-
tent, we decided not to consider the possible effects of medications
in our analysis.

Statistical Analysis

We collected the CK and LDH levels detected at every time
point when the patient received infliximab or vedolizumab. CK
and LDH values have been excluded when >1,000 U/L and LDH
>500 U/L at one data point of the longitudinal data set when all
other data points were below. All other data points per patients
were included in the analysis to omit undesired falsifications in our
regression analysis. Consequently, 99.5% of the CK and LDH val-
ues were included in the study analysis following the exclusion of
CK (>1,000 U/L) and LDH (>500 U/L) values. Moreover, CRP
values quantified as 0 mg/L was set to 0.1 mg/L to enable logarith-
mic transformation. Then, values beyond or below the laboratory
threshold (i.e.,>, <) were assigned to the threshold value to sim-
plify analysis. Hemolytic blood samples were set to missing LDH
values. All 4 clinical parameters CK, CRP, LDH, and FCal, were
log-transformed to receive approximately Gaussian distribution
verified by quantile comparison plots. To predict the clinical pa-
rameters during the treatment with infliximab or vedolizumab,
generalized additive mixed models were performed. The proper
function of the time-dependent behavior was based on the prin-
ciple of restricted maximum likelihood. All regression models
were adjusted for age, gender, smoking status, and duration of dis-
ease. The back-transformed estimates represent geometric mean
ratios (GMRs) with corresponding 95% confidence intervals and
p values analyzed by the statistics program “R” version 3.5.1.

Results with a p value <0.05 were considered significant. Ad-
justment of significance level for multiple comparisons was omit-
ted because of the descriptive nature of the study.
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Results

Table 1. Demographic characteristics in infliximab- and vedolizumab-treated patients

Infliximab Vedolizumab

CD (n=67) UC (n=32) CD (n=15) UC (n=17)

Age [mean (SD)], years 42.64 (15.1) 40.69 (12.5) 41.33 (14.4) 45.18 (14.4)
Gender (female) n (%) 31 (46.3) 17 (53.1) 10 (66.7) 6(35.3)
Gender (male) n (%) 36 (53.7) 15 (46.9) 5(33.3) 11 (64.7)
Weight (mean [SD]), kg 79.0 (23.2) 71.2 (19.0) 71.4 (16.6) 83.3(15.7)
Smoker, 1 (%) 24 (35.8) 4(12.5) 5(33.3) 5(29.4)
Disease duration mean (SD), years 13.8 (11.6) 10.0 (7.5) 14.6 (11.2) 9.9 (6.5)

Montreal classification, n (%)
Age at diagnosis, years (CD)

Al (<16 years) 6(9.0) 3 (20.0)
A2 (16-40 years) 40 (59.7) 8 (53.3)
A3 (>40 years) 11 (16.4) 2 (13.3)
NA 10 (14.9) 2(13.3)
Disease location (UC)
E1 (proctitis) 3(9.4) 0(0.0)
E2 (left colitis) 11 (34.4) 8 (47.1)
E3 (pancolitis) 8 (25.0) 8 (47.1)
NA 10 (31.3) 1(5.9)
Disease location (CD)
L1 (terminal ileum) 14 (20.9) 4(26.7)
L2 (colon) 12 (17.9) 2 (13.3)
L3 (ileum-colon) 24 (35.8) 4(26.7)
L4 (upper GI) 2 (3.0) 0 (0.0)
Others 5(7.5) 3(20.0)
NA 10 (14.9) 2(13.3)
Disease behavior (CD)
B1 (nonstenotic, nonpenetrating) 25(37.3) 6 (40.0)
Blp 2(3.0) 0(0.0)
B2 (stenotic) 15 (22.4) 4(26.7)
B2p 1(1.5) 1(6.7)
B3 (penetrating) 7 (10.4) 2(13.3)
B3p (perianal penetrating) 5(7.5) 0 (0.0)
Others 2(3.0) 0 (0.0)
NA 10 (14.9) 2(13.3)
Use of other medication during biological treatment, n (%)
Beta-blockers 7 (10.4) 2(6.3) 2 (13.3) 2(11.8)
Glucocorticoids 17 (25.4) 13 (40.6) 3(20.0) 9 (52.9)
Thyroxines 3 (4.5) 0(0.0) 0(0.0) 2(11.8)
Statine 6(9.0) 0(0.0) 1(6.7) 3(17.6)
Methotrexat 4(6.0) 3(9.4) 1(6.7) 0 (0.0)
5-Aminosalicylic acid 12 (17.9) 4(12.5) 1(6.7) 1(5.9)
IBD surgery, n (%)
Yes 31 (46.3) 2(6.3) 8 (53.3) 2 (11.8)
Disease activity, n (%)
CRP >5 mg/L 57 (85.1) 22 (68.8) 10 (66.7) 16 (94.1)
FCal >100 pg/g 48 (71.6) 20 (62.5) 6 (40.0) 8 (47.1)

CK, creatine kinase; LDH, lactate dehydrogenase; CRP, C-reactive protein; FCal, fecal calprotectin; CD,
Crohn’s disease; UC, ulcerative colitis, IBD, inflammatory bowel disease; SD, standard deviation.

Inflectra®), and 32 patients were treated with vedolizum-
ab (Table 1). Four out of the 32 vedolizumab-patients,

Demographic Characteristics and CK Concentrations ~ who initially were treated with infliximab, changed to ve-
Of the 127 considered individuals, 99 patients were dolizumab-treatment during the study period and there-
treated with infliximab (88 with Remicade® and 11 with  fore appeared in both treatment groups, leading to a total
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Fig. 1. Serum CK, LDH, CRP, and FCal levels in infliximab- and vedolizumab-treated patients. Serum was drawn
before infliximab or vedolizumab was given. After induction therapy, every 6-8 weeks infliximab or vedoli-
zumab was given. Values at application 1 indicated the pre-medication values since blood was taken before the
biologic was given. CK, creatine kinase; LDH, lactate dehydrogenase; CRP, C-reactive protein; FCal, fecal cal-

protectin.

of 131 treatment cases analyzed. While only 11% of the
infliximab-treated patient received Inflectra® and the re-
maining 89% Remicade®; we argue that there will be no
measurable differences in the evaluated laboratory values.
Because the two medications have a similar active sub-
stance, we refer to them as infliximab. Two-thirds of the
infliximab patients suffered from CD. In vedolizumab-
patients, the distribution of CD and UC was about equal.
In both medication groups, the sex distribution was sim-
ilar. The mean age of all patient groups ranged from 40 to
45 years, and the disease duration was between 9 and 14
years. The distribution of smoking habits in the different
medication groups was equally distributed with roughly
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30% smokers, 37% nonsmokers, 13% former smokers,
and 20% with unknown smoking habits. We confirmed
that the treatment with infliximab or vedolizumab re-
duced FCal concentrations in our cohort (Fig. 1). Table 2
shows the median concentration of CK, LDH, CRP, and
FCal with higher CK levels in males and no profound dif-
ferences between CD and UC after the beginning of the
treatment. Table 3 shows the number of patients where
the laboratory marker concentrations exceeded the labo-
ratory reference range at least once. More than 50% of the
patients had at least one value above the reference range.
However, the mean CK was elevated in <20% of the cases
(Table 4).
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Table 2. Median concentration of biomarkers separately analyzed for CD or UC

Female Male Total
CD
CK Median (IQR) 90 (63; 142) 106 (74; 151) 99.5 (69; 147)
LDH Median (IQR) 184 (161; 219) 169 (149; 197) 176 (153; 206)
CRP Median (IQR) 2(0.9; 4.9) 2.2(1.1;4.8) 2.1(1;4.9)
FCal Median (IQR) 143 (62.2; 344.5) 115.5 (51; 234.5) 126 (53; 295)
ucC
CK Median (IQR) 76 (49; 106) 139 (103; 182.2 107 (69; 154)
LDH Median (IQR) 180 (157; 209.5) 196 (169; 228) 189 (162; 221)
CRP Median (IQR) 2.2(0.8;6.2) 1.4 (0.5;2.9) 1.7 (0.6; 4.1)
FCal Median (IQR) 98 (40.8; 685.3) 178 (39; 664) 159 (39; 679.8)

High serum CK levels defined as >170 U/L in females and >190 U/L in males. Elevated LDH concentrations
defined as >214 U/L in females and >225 U/L in males. Increased CRP defined as >10 mg/L. Increased FCal
defined as >50 pg/L. CK, creatine kinase; LDH, lactate dehydrogenase; CRP, C-reactive protein; FCal, fecal
calprotectin; CD, Crohn’s disease; UC, ulcerative colitis; IQR, interquartile range.

Table 3. Number of cases where laboratory values exceed the laboratory reference range at least once

Infliximab Vedolizumab
CD ucC CD ucC
(NF=31;NM=36) (NF=17;NM= 15) (NFZIO;NMZS) (NFZG;NM=1)
CK
Female >157 U/L, 1 (%) 16 (51.6) 7 (41.2) 4 (40.0) 2 (33.3)
Male >200 U/L, 1 (%) 25 (69.4) 11 (73.3) 2 (40.0) 9 (81.8)
LDH
Female >214 U/L, n (%) 27 (87.1) 13 (76.5) 9 (90.0) 6 (100)
Male >225 U/L, n (%) 30 (83.3) 15 (100) 4 (80.0) 7 (63.6)
CRP
>10 mg/L, n (%) 46 (68.7) 17 (53.1) 9 (60.0) 8(47.1)
FCal
>50 ug/L, n (%) 54 (80.6) 24 (75.0) 7 (46.7) 9 (52.9)

CK, creatine kinase; LDH, lactate dehydrogenase; CRP, C-reactive protein; FCal, fecal calprotectin; CD,

Crohn’s disease; UC, ulcerative colitis.

CK in Infliximab- and Vedolizumab-Treated Patients

We applied a mixed additive model to our data set as
we have longitudinally measured CK concentrations.
This data set includes repeated CK, LDH, CRP, and
FCal measures in the infliximab-treated patients every
8 weeks for 90 months and repeated CK measures in the
vedolizumab group for 20 months every 8 weeks (Fig. 2).
Before analysis, we excluded outliers with CK >1,000
U/L and LDH >500 U/L, when all other data points of
the same patient have been below. We compared the
GMR of infliximab and vedolizumab on CK to confirm
the possibility that the previously described asymptom-

High Serum CK Levels in Inflammatory
Bowel Disease Patients

atic CK elevation in infliximab-treated patients de-
pends on TNF blockers. This analysis did not reveal sig-
nificant differences in CK between infliximab- and ve-
dolizumab-treated patients (Table 5). We also included
into our analysis LDH, CRP, and FCal measures. LDH
and CRP were not significantly different between inf-
liximab- and vedolizumab-treated patients. Of note, we
observed significantly lower FCal concentrations in ve-
dolizumab than infliximab-treated patients (Table 5).
We also compared the effect of the disease diagnosis
(CD or UC) on CK in our cohort (Table 6). CK levels
were similar between CD and UC patients. Also, similar

Inflamm Intest Dis 2021;6:165-174
DOI: 10.1159/000518264

169



Table 4. Number of cases with elevated mean CK

Infliximab Vedolizumab
CD UcC CD ucC
(NF = 31, NM = 36) (N]: = 17, NM = 15) (N]: = 10, NM = 5) (NF = 6; NM = 1)
CK
Female mean >157 U/L, n (%) 4 (12.9) 1(5.9) 2 (20) 0(0)
CK
Male mean >200 U/L, n (%) 5 (13.9) 2(13.3) 1(20) 1(100)

CK, creatine kinase; CD, Crohn’s disease; UC, ulcerative colitis.
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Fig. 2. Assumptions of the additive mixed error-component model for serum CK, LDH, CRP and FCal. Pre-
medication values are indicated at application #1 because blood was drawn before infliximab or vedolizumab was
given. CK, creatine kinase; LDH, lactate dehydrogenase; CRP, C-reactive protein; FCal, fecal calprotectin.

CRP and FCal concentrations were observed in CD and  imab or vedolizumab when the data was not adjusted
UC patients, and UC patients had increased LDH con- for disease diagnosis, sex, age, smoking, and disease du-
centrations (Table 6). Taken together, we did not ob- ration.

serve significant differences in CK levels between inflix-
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Table 5. Comparison of serum CK, LDH, CRP, and FCal over time between medication groups

Laboratory marker Medication/comparison GMR (95% CI) p value
CK Infliximab versus vedolizumab 0.91 (0.53; 1.55) 0.7221
LDH Infliximab versus vedolizumab 0.93 (0.84; 1.02) 0.1216
CRP Infliximab versus vedolizumab 0.68 (0.28; 1.67) 0.4006
FCal Infliximab versus vedolizumab 7.28 (2.22; 23.86) 0.001

CK, creatine kinase; LDH, lactate dehydrogenase; CRP, C-reactive protein; FCal, fecal calprotectin; CI,
confidence interval; GMR, geometric mean ratio.

Table 6. Comparison of serum CK, LDH, CRP, and FCal over time between CD and UC

Laboratory marker Diagnosis/comparison GMR (95% CI) p value
CK Ulcerative colitis versus Crohn’s disease 1.06 (0.85; 1.31) 0.61
LDH Ulcerative colitis versus Crohn’s disease 1.07 (1.01; 1.14) 0.046
CRP Ulcerative colitis versus Crohn’s disease 0.77 (0.49; 1.21) 0.26
FCal Ulcerative colitis versus Crohn’s disease 0.91 (0.51; 1.61) 0.75

CK, creatine kinase; LDH, lactate dehydrogenase; CRP, C-reactive protein; FCal, fecal calprotectin; CI,
confidence interval; GMR, geometric mean ratio; CD, Crohn’s disease; UC, ulcerative colitis.

Increased CK in Infliximab-Treated Patients after

Adjustment for Gender

To pursue our analysis further, we adjusted the data
for disease diagnosis, sex, age, smoking, and disease dura-
tion. The adjustment of the data for sex but not for age
and disease duration revealed significant differences in
the GMR on CK levels for infliximab-treated patients.
The ex-smoking status also correlated with increased CK
levels in the infliximab-treated group (Table 7) and see
online suppl. Table 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000518624). Further-
more, the adjustment for age and disease duration corre-
lated with LDH in infliximab-treated patients, and the
adjustment for disease and smoking status correlated
with CRP levels (online suppl. Tables 2 and 3). The ad-
justment for disease diagnosis, sex, age, smoking, and dis-
ease duration did not affect FCal (online suppl. Table 4).
Altogether, our data revealed only significant differences
in GMR in infliximab-treated patients after adjustment.

Increased CK in Males Treated with Infliximab

We analyzed the effects of sex, age, smoking, and dis-
ease duration in infliximab- and vedolizumab-treated pa-
tients. Male status and not age correlated with increased
CK levels in the infliximab group. Statistical significance
was not reached in the vedolizumab group (Table 7, on-

High Serum CK Levels in Inflammatory
Bowel Disease Patients

line suppl. Table 1) independent of diagnosis and medica-
tion. Males had an approximately 1.5 x higher CK than
females (online suppl. Table 1). In addition, age and dis-
ease duration correlated with LDH levels in the inflix-
imab-treated patients (online suppl. Table 2). Differences
in disease diagnosis, sex, age, smoking, and disease dura-
tion within infliximab- or vedolizumab-treated patients
were not observed. Taken together, the data suggest that
males treated with infliximab had higher CK levels associ-
ated with increased FCal levels.

Discussion

Asymptomatic high serum CKlevels have been report-
ed in infliximab-treated IBD patients [9]. In this study, we
did not find a specific influence on CK levels in inflix-
imab-treated patients, since vedolizumab-treated pa-
tients had also elevated CK levels occurred, while inflix-
imab and vedolizumab represent different modes of ac-
tion. Males treated with infliximab had significantly
higher CK levels than females.

In line with our study, Theodoraki et al. [9] also re-
ported elevated CK levels in infliximab-treated patients.
More than 30% of IBD patients treated with infliximab
had persistent, asymptomatic high serum CK levels [9].
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Table 7. Comparison of serum CK over time
within a medication group

between diagnosis, sex, age, smoking status, and disease duration

Parameter Laboratory Medication GMR (95% CI) p value
marker
Diagnosis (CD vs. UC) CK Infliximab 0.95 (0.7241; 1.2457) 0.71
Vedolizumab 1.20 (0.8067; 1.7994) 0.36
Sex (male vs. female) CK Infliximab 1.59 (1.2390; 2.0339) <0.001
Vedolizumab 1.38 (0.9097; 2.0953) 0.13
Age, years CK Infliximab 1.00 (0.9878; 1.0062) 0.52
Vedolizumab 1.00 (0.9868; 1.0180) 0.77
Smoker (yes vs. no) CK Infliximab 0.88 (0.6626; 1.1668) 0.37
Vedolizumab 1.12 (0.7336; 1.6997) 0.61
Smoker (ex vs. no) CK Infliximab 0.66 (0.4699; 0.9291) 0.02
Vedolizumab 0.82 (0.4409; 1.5116) 0.52
Disease duration CK Infliximab 1.00 (0.9879; 1.0134) 0.93
Vedolizumab 1.00 (0.9728; 1.0202) 0.75

CK, creatine kinase; CI, confidence interval; GMR, geometric mean ratio; CD, Crohn’s disease; UC, ulcerative

colitis.

We report here that <20% of all treated cases had persis-
tent high serum CK levels. Several reasons may contrib-
ute to the difference between our analysis and the study
by Theodoraki and colleagues [9]. First, we used all avail-
able CK values, not just the last three values like in the
abovementioned Greek study. Second, we did not differ-
entiate between outpatient and hospitalized patients.
Third, we considered the different reference values for
females and males. Fourth, due to unavailable additional
patient data, we could not exclude other causes for high
serum CK levels.

Moreover, we included vedolizumab-treated patients
in our analysis to receive insights into whether high se-
rum CK levels observed in infliximab-treated IBD pa-
tients depend on anti-TNF treatment. But significant dif-
ferences in CK levels between infliximab and vedolizum-
ab-treated patients were not observed. There might be the
possibility to consider that other biologic classes, such as
anti-IL12p40 antibodies, may influence CK levels. Future
investigations are required to test whether ustekinumab
affects CK values in IBD patients.

Infliximab is a monoclonal, chimeric immunoglobulin
G (IgG) antibody targeting TNF [18, 19], while vedoli-
zumab is a monoclonal IgG antibody highly selectively
blocking the a,B;-integrins [20, 21]. Infliximab neutral-
izes TNF, inhibits outside-inside signaling in cells ex-
pressing membrane-bound TNF, and induces apoptosis
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of T cells [19]. Vedolizumab binds to a,p;-integrins re-
ducing the migration of lymphocytes and monocytes into
the intestinal tissue [20, 22]. The different mode of action
between infliximab and vedolizumab does not explain in-
creased CK levels in IBD patients treated with biologics
in our study. Since infliximab is a chimeric antibody with
25% murine and 75% human sequences [19], we initially
speculated that the high percentage of murine sequences
within infliximab might elevate serum CKlevels observed
in infliximab-treated IBD patients.

In contrast to infliximab, the immunogenicity of ve-
dolizumab was overcome by cloning the binding site of
the murine ACT-1 antibody onto a human IgG, antibody
[21,22]. Also, antibody-mediated cellular or complement
cytotoxicity could contribute to high serum CK levels ob-
served in patients treated with infliximab or vedolizum-
ab. Of note, the fragment crystallizable region of vedoli-
zumab is mutated to prevent cytotoxicity [21, 23]. Our
study indicates that the mode of action of the respective
antibody, the percentage of mouse sequences in the anti-
body, and antibody-mediated cellular or complement cy-
totoxicity do not explain the increased CK levels in IBD
patients treated with infliximab or vedolizumab. At this
stage, we cannot explain why asymptomatic high serum
CK levels occurred in approximately 20% of patients
treated with biologics. However, our findings that inflix-
imab-treated males had higher CK levels than females
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suggest that men treated with biologics have elevated CK
levels. Other studies show higher CK levels in healthy
men due to more increased muscle mass [24-26], which
is the possible explanation for our findings.

Outliers in CK and LDH values were excluded from
the statistical analysis. Most of the excluded values were
nonrecurring. While over 50% of the cases in our cohort
had at least one elevated CK value, only 0.5% of all CK
values superseded a value of 1,000 U/L. Those cases often
came along with high LDH values over 500 U/L. Such a
combination could suggest rhabdomyolysis or excessive
physical activity [27], as anti-TNF-alpha medications are
not commonly known as use for medication-induced
rhabdomyolysis. Since most CRP levels were not elevated
together with CK and LDH, inflammatory causes are less
likely. With the exclusion criteria, where patients with
proximal muscle weakness have been excluded, polymyo-
sitis as a possible explanation for elevated CK values is
unlikely. As well, the presence of thyroid disease was an
exclusion criterion in our study. However, mild to mod-
erate physical activity could contribute to elevated CK
levels in our study. Because we collected the data in a ret-
rospective manner, we could not systematically assess
physical activity in our cohort with a specific question-
naire such as the global physical activity questionnaire.
The patients with a persistent CK evaluation did not have
a concomitant use of statins.

We also observed significantly lower FCal concentra-
tions in vedolizumab-treated patients than infliximab-
treated patients. As FCal concentrations correlate to the
number of granulocytes in the gastrointestinal system, it
is used as a marker for intestinal inflammation [28, 29].
These observations could imply that vedolizumab has a
better anti-inflammatory effect than infliximab in the in-
testinal tract, possibly due to the higher gastrointestinal
specificity of vedolizumab. In the VARSITY trial, which
compared the efficacy of vedolizumab with the TNF
blocker adalimumab in UC, vedolizumab-treated UC pa-
tients received higher percentages of clinical remission at
week 52 [30]. Because the group size and duration of
treatment in our study were unequal between the inflix-
imab and vedolizumab group due to the later approval of
vedolizumab, we do not want to overemphasize this as-
pect. The main goal of our study was to investigate wheth-
er treatment with infliximab or vedolizumab influences
CK levels in IBD patients.

In conclusion, our study showed that high serum CK
levels in IBD patients did not specifically depend on anti-
TNF treatment with infliximab. To determine whether ve-
dolizumab leads to an asymptomatic and persistent high

High Serum CK Levels in Inflammatory
Bowel Disease Patients

serum CK level, further prospective studies are needed re-
garding the possible difference between infliximab and
vedolizumab in elevating CK values. High serum CK lev-
els in IBD patients treated with biologics need to be care-
fully assessed and potentially life-threatening conditions
ruled out before therapy with biologics is continued.
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