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Serum Procalcitonin Values Relate to Disease Activity in

Patients with Inflammatory Bowel Diseases

ABSTRACT

Objective: In inflammatory bowel disease (IBD) patients, the correlation between
disease activity and serum procalcitonin (SPCT) values remains elusive. By using a
number of clinical and laboratory phenotypes of disease activity in conjunction with
the degree of mucosal inflammation in patients with ulcerative colitis (UC), we
sought to determine whether the blood SPCT levels of IBD patients could be useful
as a biomarker.

Method: This retrospective case-control study was conducted with 132 UC patients,
83 Crohn’s disease (CD) patients, and 72 healthy controls (HCs). In UC, endoscopic
and clinical activity were identified using the Mayo Clinical Scoring System (MCS),
and the histological activity index (HAI) was calculated using the Truelove and
Richards technique. The Crohn's disease activity index (CDAI) of CD patients was
calculated. The Montreal classification was preferred for determining disease
localization in IBD patients.

Results: The median SPCT levels were higher in the UC and CD patients compared
to the HC (0.07 vs 0.26 vs 0.03 ng/ml, respectively, p<0.001). The MCS of UC and
the CDAI of CD patients having active disease showed higher median SPCT levels
than the patients in remission (p<0.001, p=0.033, respectively). The CD patients
with a fistula and/or an abscess had higher SPCT concentrations than CD patients
without a fistula and/or abscess (p<0.001). In the UC group, SPCT levels were
positively correlated to the MCS and HAI values (p<0.001 for both values).
Conclusions: For the disease activity of IBDs, SPCT values may be a cost-effective
and practical biomarker.

Keywords: Disease Activity, Inflammatory Bowel Disease, Procalcitonin.

Inflamatuvar Bagirsak Hastalarinda Serum Prokalsitonin

Degerleri Hastahik Aktivitesi ile Iiskilidir

OZET

Amac: Inflamatuar barsak hastaliklar1 (IBH) olan vakalarda hastalik aktivitesi ile
serum prokalsitonin (SPCT) degerleri arasindaki korelasyonlar ile ilgili veriler
celiskili olup tam olarak belirlenememistir. Calismamizda iilseratif kolitli (UK)
hastalarda mukozal inflamasyonun derecesine ilave olarak, IBH hastalik
aktivitesinin degisik klinik ve laboratuvar fenotipleri ile SPCT diizeyleri
degerlendirilmis ve SPCT’nin yararli bir biyobelirte¢ olup olamayacag:
arastirilmistir.

Yontem: Bu retrospektif vaka-kontrol calismasma 132 UK hastasi, 83 Crohn
hastaligi (CH) vakas1 ve 72 saglikli kontrol (SK) dahil edilmistir. UK klinik
aktivitesi icin Mayo klinik skorlama sistemi (MKS), histolojik aktivite indeksi (HAT)
icin Truelove ve Richards yontemleri kullanildi. CH*da klinik aktivite i¢in Crohn
hastalig1 aktivite indeksi (CHAI) kullanildi. IBHmin endoskopik lokalizasyonu
Montreal siniflandirmasina gore yapilmustir.

Bulgular: Median SPCT diizeyleri UK ve CH hastalarinda SK’'e gore daha yiiksekti
(0.07 vs 0.26 vs 0.03 ng/ml, sirasiyla, p<0.001). UK’de MKS ve CH’da CHAI’e
gore aktif hastaligi olanlarda remisyonda olanlara gére median SPCT degerleri daha
yiiksekti (p<<0.001, p=0.033, sirasiyla). Fistiilii ve/veya apsesi olan CH vakalarinda
olmayanlara gére daha yiiksek median SPCT seviyeleri tespit edildi (p<0,001). UK
hastalarinda SPCT diizeyleri ile MKS ve HAI degerleri arasinda pozitif korelasyon
saptandi (p<<0.001 her ikisi i¢in).

Sonug: Hastalik aktivitesinin belirlenmesinde IBH’da SPCT degerleri uygun
maliyetli ve pratik bir biyobelirteg olarak kullanilabilir.

Anahtar Kelimeler: Hastalik Aktivitesi, Inflamatuar Bagirsak Hastaligi, Prokalsitonin
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INTRODUCTION

Inflammatory bowel disorders (IBDs) have
been becoming more widespread worldwide. Two
main subtypes of IBDs, ulcerative colitis (UC) and
Crohn’s disease (CD) have relapsing and remitting
courses. Assessment of the disease activity plays a
pivotal role, especially for the choice of treatment
modality in the follow-up sessions of IBD patients
(1-3). Until now, several clinical and endoscopic
modalities were developed for the assessment of the
disease severity and biomarkers that correlate to the
clinical, endoscopic, and laboratory features of
IBDs are gaining interest (4-8). The resolution of
mural inflammation is the ideal therapeutic goal in
IBDs and a useful biomarker should display the
inflammatory activity in the gut wall (9,10).

The thyroid gland's parafollicular C-cells
secrete procalcitonin (PCT), a 116 amino acid
precursor of calcitonin that plays a role in calcium
control. Normally, serum procalcitonin (SPCT) is
detected in low ranges or is undetectable (11).
Gram-negative bacteremia has a strong potential to
stimulate the secretion of pro-inflammatory
cytokines and tumor necrosis factor-alpha (TNF-a),
which further induces calcitonin-related
polypeptide gene 1 expression. Thus, extra-
thyroidal synthesis of PCT occurs in severe
bacterial infections, including sepsis, in which
supranormal circulating SPCT can be encountered
(12,13).

In previous reports, as an easily obtained and
economic biomarker, SPCT has gained interest for
clinical use in IBDs (14-18). However, studies
about SPCT have revealed conflicting results
(12,19-22). As a practical marker, the diagnostic
and prognostic utility of SPCT in IBDs needs to be
further elucidated. In this regard, we aimed to
evaluate whether SPCT can be linked to the various
clinical and laboratory traits of IBDs along with the
severity of mucosal inflammation in patients with
ucC.

MATERIAL AND METHODS

Data Collection: This research was a single-
center retrospective, cross-sectional study. Patients
with  IBDs who were admitted to the
gastroenterology department at the institute and
who underwent a colonoscopy procedure between
October January 2012 and July 2023 were
retrospectively evaluated. In this group, both newly
and previously diagnosed patients were included. A
second cohort of healthy subjects served as the
control group. The local ethics committee approved
the study (2023/203).

Subjects with clinical conditions that can
alter their SPCT values, such as infections whether
acute or chronic, sepsis, inflammatory and
autoimmune diseases, severe organ failure, any
malignancy, and any physical trauma, as well as
patients who underwent a bowel resection and/or
had a history of surgery within the previous six
months, were excluded from the study. The patients

who underwent colonoscopy for non-IBD
indications and whose colonoscopy results were
normal constituted the healthy control group.

The medical records of all patient and
healthy control files were reviewed and the records
of 215 eligible patients with IBDs and 72 healthy
controls were evaluated. SPCT, C-reactive protein
(CRP), erythrocyte sedimentation (ESR), and total
blood count values were noted from the subject
files prior to undergoing colonoscopy.

Evaluation of Patients’ Clinical and
Endoscopic Activities: For the clinical activity of
patients with UC, the scores ranged from 0 to 12
using the Mayo Clinical Score (MCS). A score of
<2 was categorized as clinical remission, while a
score of >2 referred to an activation (5). Proctitis,
left-sided colitis, and widespread or pancolitis were
the three categories used to classify the illness
severity of UC patients. While pancolitis and
extensive colitis were identified as extensive
diseases, proctitis and left-sided colitis were
identified to be limited disorders. The endoscopic
activity of ulcerative colitis was classified using the
Mayo Endoscopic Sub-scoring (MES) index; values
ranging from 0 to 3 denote remission and mild,
moderate, and severe colitis, respectively (5). A
score of 0 and 1 was recorded as an endoscopic
inactive disease, while a score of 2 and 3 was
recorded as an endoscopic active disease.

For the clinical activity of CD patients, the
Crohn's disease activity index (CDAI) was
identified, and a score below 150 was defined as
clinical remission while a score of >150 referred to
activation (6). lleal, colonic, and ileocolonic
diseases were identified as locations of CD.

An Analysis of Ulcerative Colitis using
Histopathology: A skilled pathologist who was
blinded examined the formalin-fixed, paraffin-
embedded, and H&E-stained colonic biopsies and
graded them using a scale created by Truelove and
Richards (23). The scale consisted of three
components: active inflammation (0-3), chronic
inflammation (0-2), and crypt distortion (0-3). The
histologic activity index (HAI) was calculated by
summing the scores of these components. The
histological remission was defined as scores less
than 5, whereas activation was defined as values
more than 5 (16).

Statistical Analysis: The statistical analysis
was performed in SPSS 23.0 (SPSS Inc., Chicago,
IL). The normality tests were conducted using the
Kolmogorov Smirnov tests and when both tests
resulted in p values of > 0.05, the distribution was
assumed to be normal. Median (interquartile range)
was used for the data with non-normal distribution
and frequencies with percentages were presented
for the categorical data. The Mann-Whitney U and
Kruskal-Wallis tests were used to compare non-
parametric continuous variables. Additionally,
equity with categorical variables was tested using
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the chi-square test. Diagnostic accuracy was studied
by the receiver operating characteristics (ROC)
curved analysis. A p-value of <0.05 was accepted

as statistically significant.
RESULTS

Totally, age and sex matched for the 132 UC
patients (86 males and 46 females), for the 83 CD
patients (54 males and 29 females), and for the 72
healthy controls (HCs) (47 males and 25 females)

that were included in the study. Table 1 shows the
demographic, clinical, and laboratory
characteristics of the subjects. The disease duration
was similar between the patient groups. The ESR,
CRP, and platelet values of IBD patients were
higher compared to those of the HCs (p<0.001). In
comparison to the HCs, the leucocyte and
neutrophil counts were higher in the CD patients
(p=0.003 and p<0.001, respectively).

Table 1. The sample’s demographic, clinical, and laboratory characteristics.

UC Patients CH Patients Control Group
(n=132) (n=83) (n=72) P
Gender, n (%)
Female 46 (34.8) 29 (34.9) 25 (34.7) 0.989 2
Male 86 (65.2) 54 (65.1) 47 (65.3) '
Age (years), median (IQR) 35 (25-50) 36 (25-46) 38 (29.25-48.75) 0.706°
Disease duration (years), median (IQR) 2.25 (0.50-6) 3 (0.50-5) 0.785 ¢
. 16.90 15.91 2.36 bl
CRP (mg/L), median (IQR) (3.64-76.65)  (4.58-42.65) (0.94-4.09) <0.001
ESR (mm/h), median (IQR) a j-%ggs) 30 (14-50) 9.50 (3-17) <0.001 b1
. 7.71 8.59 7.27
Leukocytes (x10%/uL), median (IQR) (6.46-9.53) (6.93-10.80) (6.07-8.85) 0.012 b2*
Neutrophils (x10%/uL), median (IQR) (3]%?; 45) ( 455795 36) (3.6%555? 63) <0.001 b3*
. 319.50 313 244.50
Platelets (x10%/uL), median (IQR) (262.50-403) (274-409) (211-270.75) <0.001 bt *
- 0.07 0.26 0.03 b1 %
Procalcitonin (ng/mi) (0.03-1.05) (0.04-1.04) (0.03-0.05) <0.001
UC Localization, n (%)
Limited disease 82 (62.1)
Extensive disease 50 (37.9)
CH Localization, n (%)
lleal 49 (59)
Colonic 12 (14.5)
lleocolonic 22 (26.5)
Mayo Endoscopic Score of UC, n (%)
Inactive disease 2 (1.5)
Mild disease 51 (38.6)
Moderate disease 47 (35.6)
Severe disease 32 (24.2)
IBDs in first degree relatives, n (%) 18 (13.6) 15 (18.1) 0.380 2
Mayo Clinical Score of UC, median
’ 6 (3-9
(IQR) 39
Remission (score < 2), n (%) 28 (21.2)
Activation (score>2), n (%) 104 (78.8)
Crohn’s Disease Activity Index, median 182
(IQR) (108-272)
Remission (score < 150), n (%) 35 (42.2)
Activation (score >150), n (%) 48 (57.8)
Histological Activity Index in UC, 6 (5-7)
median (IQR)
Fistula and/or abscess 18 (21.7)
Extra-intestinal manifestations n (%) 13 (9.8) 26 (31.3) <0.001 &*

Abbreviations: CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; IQR: Interquartile range; UC: Ulcerative colitis; CD: Crohn’s

disease; IBDs: Inflammatory bowel diseases.

Footnotes: 1: Significant difference in the comparison of UC vs controls, CD vs controls (p<0.001, p<0.001); 2: Significant difference in the
comparison of CD vs HCs (p=0.003); 3: Significant difference in the comparison of CD vs HCs (p<0.001). a: Chi-Square Test, b: Kruskal-

Wallis Test, ¢: Mann-Whitney U Test. *: Statistically significant (p<0.05).
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Most of the UC patients had limited disease
detected in the colonoscopy procedure, whereas
terminal ileum was the most common location in
the CD patients. With respect to the clinical activity
scores, most of the patients with IBDs had an active
disease. The ratio of the patients who were under
treatment and the patients with IBDs in first degree
relatives were similar between the UC and CD
groups. Extra-intestinal manifestations were more
prevalent in the CD patients than in the UC patients
(p<0.001) (Table 1).

The median SPCT levels of the UC and CD
patients were higher than those of the HCs (0.07
[0.03-1.05] vs. 0.26 [0.04-1.04] vs 0.03 [ 0.03-0.05]

ng/ml, respectively, p<0.001). CD patients had the
highest median SPCT values (Table 1). Regarding
the treatment status and presence of IBDs in first-
degree relatives, the median SPCT values were not
statistically significantly different in both the UC
and CD groups (Table 2). According to the MCS
values of the UC patients and the CDAI values of
the CD patients, the patients with active disease had
higher median SPCT levels than the patients in
remission (p<0.001 and p=0.033, respectively). In
the CD group, the patients with a fistula and/or
abscess had higher SPCT levels than the patients
without a fistula and/or abscess (p<0.001) (Table
2).

Table 2. Serum procalcitonin values according to the disease phenotypes in the patients with IBDs.

Procalcitonin

Ulcerative Colitis % Median IQR p
Mayo clinical Remission (score < 2) 28 21.2 0.03 0.02-0.04 <0001 &
scoring Activation (score >2) 104 78.8 0.89 0.04-1.07 '
Localization of Limited disease 82 62.1 0.04 0.02-0.06 <0.001 &+
ucC Extensive disease 50 37.9 1.07 1.03-1.76 '
IBDs in first Positive 18 13.6 0.50 0.03-2.05 03832
degree relatives Negative 114 86.4 0.07 0.03-1.04 '
Extra-intestinal Positive 13 9.8 0.04 0.03-1.05 0.789
manifestations Negative 119 91.2 0.07 0.03-1.05 '
Crohn’s disease
No Treatment 34 41 0.22 0.05-1.03 a
Treatment status Under Treatment 49 59 0.82 0.03-1.07 0.550
Remission (score< 150) 35 42.2 0.06 0.03-1.02 ax
CDAI Score Activation (score>150) 48 57.8 084 009-1.06 0%
Localization of lleal 49 59 0.08 0.03-1.02
CH Colonic 12 14.5 1.05 0.38-1.82  0.010 br2*
lleocolonic 22 26.5 0.94 0.18-1.04
IBDs in first Positive 15 18.1 0.93 0.14-1.07 0.187 ¢
degree relatives Negative 68 81.9 0.25 0.03-1.04 )
Extra-intestinal Positive 26 313 1.02 0.45-1.42 0.001 &%
manifestations Negative 57 68.7 0.14 0.03-1.02 '
Fistula and/or Positive 18 21.7 1.07 0.91-2.02 <0.001 &+
abscess Negative 65 78.3 0.14 0.03-1.02 '

Abbreviations: CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; IQR: Interquartile range; UC: Ulcerative colitis; CD: Crohn’s
disease; CDAI: Crohn’s Disease Activity Index
Footnotes: 1: Significant difference between ileal localization and colonic localization in patients with CD (p=0.014); 2: Significant
difference between ileal localization and ileocolonic localization in patients with CD (p=0.026).

a: Mann-Whitney U Test, b: Kruskal-Wallis Test. *: Statistically significant (p<0.05).

No statistically significant correlation was
determined between the disease duration and the
SPCT levels in patients with IBDs. In the UC
group, the SPCT levels were positively correlated
to the MCS, HAI, CRP, ESR, leukocytes,

neutrophil, and platelet values (p<0.001 for all). In
the patients with CD, there were positive
correlations between the SPCT values and the CRP,
ESR, and platelet counts (p<0.001, p=0.004,
p=0.039, respectively) (Table 3).
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Table 3. Correlation analysis of the serum procalcitonin values with clinical and laboratory parameters in the

patients with IBDs

Procalcitonin

Ulcerative Colitis rho p
Disease duration -0.058 0.506
Mayo Clinical Score 0.624 <0.001 *
Histological Activity Index 0.757 <0.001 *
C-Reactive Protein 0.861 <0.001 *
Erythrocyte sedimentation rate 0.524 <0.001 *
Leukocytes 0.313 <0.001 *
Neutrophils 0.323 <0.001 *
Platelets 0.442 <0.001 *
Crohn’s disease r p
Disease duration 0.141 0.204
Crohn’s Disease Activity Index 0.194 0.078
C-Reactive Protein 0.676 <0.001 *
Erythrocyte sedimentation rate 0.313 0.004 *
Leukocytes 0.016 0.883
Neutrophils 0.009 0.935
Platelets 0.227 0.039 *

Footnotes: 1: Significant difference in the comparison of UC vs HCs, CD vs HCs (p<0.001, p<0.001); 2: Significant difference in the
comparison of CD vs HCs (p=0.003); 3: Significant difference in the comparison of CD vs HCs (p<0.001).

rho: Sperman Correlation Coefficient. *: Statistically significant (p<0.05)

The area under the curve (AUC) for the
SPCT concentrations showed a diagnostic accuracy
of 0.796 (95% CI: 0.709-0.882, p<0.001) for the
clinical activity of UC (MCS), according to the
receiver operating characteristic curve (ROC)
analysis. For the cut-off value of >0.05 ng/ml,
sensitivity was 67.3% and specificity was 89.3%
(Figure 1).

The AUC for the SPCT concentrations had a
diagnostic accuracy of 0.637 (95% CI: 0.511-0.764,
p=0.033) for the clinical activity of CH (CDAI),
according to the ROC analysis. For the cut-off
value 0f>0.18 ng/ml, the sensitivity and specificity
were 70.8% and 62.9%, respectively (Figure 2).

ROC Curve
1.0
08
06| 5
-E. 7 Sensitivity  :67.3
= Specificity :89.3
« Criterion  : > 0.05
< 4
LY /,"
@ 04 e
02|
// Area under the ROC curve (AUC) : 0.796
o Standard Error : 0.044
/S 95% Confidence Interval : 0.709 to 0.882
i /,/ Significance level p : <0.001
00
00 02 04 06 08 1.0
1 - Specificity

Figure 1. The predicted serum procalcitonin values for the Mayo Clinical Scoring in ulcerative colitis

were analyzed using ROC curves.
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DISCUSSION

In daily clinical practice, CRP, as a
traditional marker of inflammation, is widely used
to assess the disease activity of IBDs patients.
However, CRP has some drawbacks for the
monitoring of disease activity (24). Serum CRP
values depend on age, gender, weight, and smoking
status, and sometimes, despite the overt
inflammation, CRP may be normal or slightly
elevated in 15-20% patients because of genetic
polymorphisms and inter-individual variability
(24). In addition, CRP may not exhibit mucosal
healing (MH) in IBDs patients with lower
inflammatory activity (25). SPCT levels have a
tendency of early elevation and they can also
rapidly normalize compared to serum CRP
concentrations in bacterial infections (11). Thus, as
a marker of inflammation, PCT may be more
specific than CRP in infectious conditions (12,16).

Monitoring of fecal calprotectin (FCP) is a
good choice in the follow up sessions of IBDs (8).
However, the threshold values of FCP have not
been accurately determined and it needs to be
validated (8). In addition, FCP is an expensive test
and obtaining the samples may cause discomfort for
FCP. As a limitation, the FCP values of the IBD
patients could not be noted for the comparison of
FCP and SPCT levels.

Herrlinger et al. first evaluated the SPCT
values in adult IBDs patients (26). In that study,
regarding the discriminative efficacy of SPCT
between self-limited infectious enterocolitis and
IBDs, a PCT level greater than 0.4 ng/ml was noted
as diagnostic  for  self-limited infectious

enterocolitis. The SPCT concentrations were within
the normal ranges in all the patients with IBDs.
However, according to Truelove and Witt’s severity
index (TWI) and the CDAI in the patients with UC
and CD respectively, approximately 40% of the
patients presenting with a clinically active disease
tended to have higher SPCT values than the patients
with an inactive disease (26). Additionally, Orug et
al. found that patients with CD had greater SPCT
values than HCs, but there was no significant
difference between the SPCT values of the UC
patients and the SPCT values of the HCs (14).

In a previous report, the SPCT values were
higher among the UC patients (n=18) compared to
the HCs (n=11), and according to the TWI and
Mayo endoscopic sub-scoring, severe UC patients
had higher SPCT values compared to mild and
moderate patients and the HCs, but no significant
difference existed between the SPCT values of mild
and moderate UC patients and the SPCT values of
the HCs (15). Nishio et al. noted that SPCT values
correlated to the CDAI values in patients with CD,
whilst no correlation existed between the MCS and
SPCT values in the UC patients (20). In another
report, no correlation was found between the
disease location, MCS values, partial MCS values,
pelvic involvement, and the SPCT concentrations
(21). In the study of Chung et al., there was no
correlation between the clinical activity parameters
and the SPCT levels (22).

In light of the current literature, SPCT
values have a tendency to increase in IBDs patients
with an active disease with respect to clinical and
laboratory parameters. Although the
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methodological differences in the clinical trials may
partly be responsible for the variable results, the
diagnostic and  prognostic  value is  still
controversial. However, most probably, SPCT can
be a wvaluable marker for the infectious
complications in IBDs (12,17).

SPCT values lower than 0.05 ng/ml are
normal, whereas patients with limited but not
systemic infection could present with SPCT values
of 0.05-0.5 ng/ml (11). In our results, the median
SPCT values of the UC and CD patients were
within the ranges of limited bacterial infection that
can be ascribed to localized intestine bacterial
inflammation, which also have a pathogenic role in
IBDs (1,11,12,28). In our data, the median SPCT
values were the highest in the CD patients, but there
was no significant difference between the SPCT
values of the UC and CD patients. In the CD
patients presenting with fever episodes, elevated
SPCT values were also declared to be a marker that
can discriminate an intra-abdominal abscess from
disease  flares (17). The highest SPCT
concentrations in the CD patients might be due to
the formation of an intra-abdominal abscess or
fistula, which is directly related to bacterial
infections, and 21.7 % of the CD patients in our
cohort had a fistula and/or an abscess.

With respect to SPCT concentrations, we
firstly evaluated extra-intestinal manifestations in
the  patients with  IBDs.  Extra-intestinal
manifestations can relate to the severity of
inflammation in the intestine and the treatment of
IBDs can alleviate these symptoms (1,27). In our
study, the ratio of patients with extra-intestinal
manifestations was higher among the CD patients
compared to the UC group and it can be another
explanation for the elevated SPCT values in the CD
group. Our results revealed higher median SPCT
levels according to the respective MCS and CDAI
scoring in patients with UC and CD. Despite the
different scoring systems, which were settled in
different clinical trials, the SPCT values displayed
the clinically active disease (14-16).

Inflammation in the gut wall relates to
disease recurrence and poorer clinical outcomes,
including malignity in IBDs (10). MH is defined as
both endoscopic and histopathological remission
(25). Current treatment modalities aim for complete
MH; however, they cannot achieve complete MH
(9). We found positive correlations between the
SPCT values and the histological activity scores in
the UC patients along with the other biochemical
tests for inflammation. SPCT might a good marker
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