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Abstract

AIM: To investigate the association of procalcitonin
(PCT) with ulcerative colitis (UC) activity.

METHODS: Serum PCT levels, C-reactive protein (CRP)
levels, the erythrocyte sedimentation rate, and the
white blood cell count were analyzed in 18 patients
with UC and 11 healthy volunteers. Serum PCT levels
were analyzed by an electrochemiluminescence immu-
noassay. Severity assessments were based on Truelove
and Witts’ severity index. Correlation of serum PCT and
CRP levels with UC activity was examined. Moreover,
we assessed serum PCT and CRP levels in patients with
a Mayo endoscopic subscore.

RESULTS: Serum PCT levels in severe UC patients (n
= 7) (0.096 £ 0.034 ng/mL) were significantly higher
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than in mild-to-moderate UC patients (» = 11) (0.033
%+ 0.012 ng/mL) and healthy volunteers (7 = 11) (0.035
+ 0.005 ng/mL) (P = 0.0005 and P < 0.0001, respec-
tively). In addition, there was no difference in serum
PCT levels between mild-to-moderate UC patients and
healthy volunteers. Interestingly, patients with a Mayo
endoscopic subscore of 3 points displayed significantly
increased levels of serum PCT (0.075 + 0.043 ng/mL)
compared with patients with a subscore of 2 points (0.03
= 0.011 ng/mL) (P = 0.0302). Moreover, CRP levels in
patients with severe UC or a Mayo endoscopic subscore
of 3 points were not significantly higher than in patients
with mild-to-moderate UC or a Mayo endoscopic sub-
score of 3 points.

CONCLUSION: Serum PCT levels were significantly
correlated with UC activity.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: To investigate the association of procalcitonin
(PCT) with ulcerative colitis (UC) activity, we analyzed
18 UC patients (7 with severe and 11 with mild-to-
moderate UC) and 11 healthy volunteers. Serum PCT
levels in severe UC patients were significantly higher
than in mild-to-moderate UC patients and healthy vol-
unteers. Moreover, patients with a Mayo endoscopic
subscore of 3 points displayed significantly increased
serum PCT levels compared with patients with a sub-
score of 2 points. However, serum C-reactive protein
was not associated with disease activity or the Mayo
endoscopic score. Thus, serum PCT may be a good
biomarker for assessing UC activity.
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INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease (CD) are
idiopathic inflammatory bowel diseases that are gener-
ally complicated by systemic or local infection. Clinical,
endoscopic, histological, and radiological investigations
are typically necessary to make an accurate diagnosis
and assessment of disease activitym; however, disease
activity in UC is difficult to assess objectively because
clinical disease activity indices depend on several sub-
jective components. Biological markers have also been
investigated in the United States for diagnostic purposes,
for the assessment of disease activity and the prediction
of relapse, and for monitoring the effect of therapym.
However, traditional markers, such as C-reactive protein
(CRP), the erythrocyte sedimentation rate (ESR), and the
white blood cell (WBC) count, are still the most com-
mon markers used in clinical practicem. Among these bi-
ological markers, CRP is a protein produced by the liver
in response to various acute and chronic inflaimmatory
conditions and has been shown to be a good marker for
predicting the course and outcome of several diseases'.
Importantly, heterogeneity exists among individuals’ im-
mune responses, and elevations in CRP levels are more
common in CD than in UC due to differences in acute-
phase responses in CD and UC". Indeed, only 51% of
UC patients with active disease based on colonoscopy
have elevated CRP levels”. This finding suggests that
CRP levels add to clinical assessment’s ability to predict
active mucosal inflammation in UC patients. Thus, the
UC biomarkers currently used in clinical practice are of
low sensitivity and often do not reliably assess clinical
activitym.

Procalcitonin (PCT), a prohormone composed of 116
amino acids, is the precursor of the calcium homoeo-
stasis hormone calcitonin, which is found in thyroid C
cells and pulmonary endocrine cells™. Clinically relevant
levels of PCT influence the immunologic responses that
contribute to systemic inflammatory responses and septic
shock!™. Many studies have indicated that PCT is an ex-
cellent marker of bacterial infection in patients with sep-
sis and its related conditions”'". As a marker of disease
activity, PCT has also been evaluated in chronic inflam-
matory and autoimmune conditions, such as pulmonary
Wegener’s granulorrmtosis[11J and systemic lupus erythe-
matosus/systemic antineutrophil cytoplasmic antibody-
associated vasculitis'”; therefore, serum PCT levels may
be helpful for predicting the disease activity of UC.

This prospective study aimed to assess the correla-
tion of serum PCT levels with UC activity. Moreover, we
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compared PCT levels, CRP levels, the ESR, and the WBC
count and evaluated the additional diagnostic benefit of
measuring serum PCT levels along with CRP levels in the
assessment of disease activity in UC.

MATERIALS AND METHODS

Study subjects

This study was conducted prospectively from March 2011
to May 2013 in a single-center cohort. The study proto-
col was reviewed and approved by the ethics committee
of the Jikei Institutional Review Board, Jiket University
School of Medicine, and the clinical study committee of
Jikei University Kashiwa Hospital. All of the subjects
provided written informed consent. The diagnosis of UC
was confirmed by a typical history combined with appro-
priate endoscopic, histopathological, and radiologic find-
ings. The eligibility criteria for study participation were
mild-to-severe UC"” with an endoscopy score of at least
1 (erythema, a decreased vascular pattern, and mild fri-
ability) on a scale of 0 (normal or inactive) to 3 (sponta-
neous bleeding and ulceration) ' and/or watery diarthea
at least 5 times/d with visible blood in the stools. Severity
assessments were based on Truelove and Witts’” severity
index'"". After total colonoscopy, the endoscopic findings
were evaluated according to the Mayo system, with scores
of 0-3"", Patients with toxic megacolon or concomitant
diseases, including diabetes, hematological disorders, any
malignancies, obvious infection or sepsis, chronic liver
disorder, or any liver or renal diseases were excluded.
Subjects who were recruited had venous blood samples
drawn to assess PCT levels, CRP levels, the WBC count,
and the ESR. Where clinically indicated, stool cultures
were performed to exclude infective etiology for diarrhea
symptoms.

Study design

When patients had an established diagnosis of UC, serum
PCT levels, CRP levels, the WBC count, and the ESR
were examined. Serum PCT levels were analyzed by an
electrochemiluminescence immunoassay (ECLIA) at the
SRL (Tokyo, Japan), with a lower detection limit of 0.02
ng/mL. The normal value for PCT levels was defined
as < 0.05 ng/ml., with a cut-off of = 0.5 ng/mL being
indicative of bacterial sepsis at the SRL. Based on our
laboratory reference, the normal limits for the other in-
flammatory variables were a CRP level of 0.0-0.3 mg/dL,
a WBC count of 3300-8600 count/pl, and an ESR of
2-19 mm/h.

Statistical analysis

Values are expressed as the mean * SD. The statistical
analysis was performed using the Mann-Whitney test
and the Kruskal-Wallis one-way analysis of variance on
ranks. Proportions were compared using Fisher’s exact
test and Cramer’s 7 post-test. The statistical analysis was
performed with STAT VIEW software, version J 5.1 (SAS
Institute, Inc., Cary, NC, United States), which was used
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Table 1 Baseline characteristics of patients with ulcerative

colitis
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Table 2 Sensitivity and specificity of procalcitonin and

C-reactive protein for severe ulcerative colitis detection

Mild-to-moderate' Severe P value Marker Sensitivity 95%Cl Specificity 95%CI
Age upon entry, yr 39.3+125 400+£197  >02 Procalcitonin (ng/mL)

(mean + SD) > 0.0250 100% 59.04-100.0 27.27% 6.022-60.97
Gender, male/female 6/5 7/0 >0.2 > 0.0400 100% 59.04-100.0 72.73% 39.03-93.98
Extent of disease > 0.0550 100% 59.04-100.0 100% 71.51-100.0
Number of patients >0.2 > 0.0650 71.43% 29.04-96.33 100% 71.51-100.0
Extensive 7 7 > 0.0850 57.14% 18.41-90.10 100% 71.51-100.0
Left-side 4 0 >0.1050 42.86% 9.899-81.59 100% 71.51-100.0
Proctitis 0 >0.1150 28.57% 3.669-70.96 100% 71.51-100.0
Concomitant medication use >0.1350 14.29% 0.3610-57.87 100% 71.51-100.0

Number of patients >0.2 C-reactive protein (mg/dL)
Sulfasalazine B 0 >0.2500 100% 59.04-100.0 27.27% 6.022-60.97
5-ASA 9 7 > 0.5000 85.71% 42.13-99.64 36.36% 10.93-69.21
Glucocorticoid 6 2 > 0.7000 85.71% 42.13-99.64 45.45% 16.75-76.62
Immunomodulator 1 0 >0.9000 85.71% 42.13-99.64 63.64% 30.79-89.07
>1.400 85.71% 42.13-99.64 72.73% 39.03-93.98
!Severity assessments were based on Truelove and Witts’ severity index. >2.600 85.71% 42.13-99.64 81.82% 48.22-97.72
Eighteen ulcerative colitis (UC) patients were included in the study. The >3.600 85.71% 42.13-99.64 90.91% 58.72-99.77
distribution of age and sex was not significantly different between mild-to- >4.050 71.43% 29.04-96.33 90.91% 58.72-99.77
moderate and severe UC. There was no difference in the extent of disease >4.700 71.43% 29.04-96.33 100% 71.51-100.0
and concomitant medication use between mild-to-moderate and severe >7.100 57.14% 18.41-90.10 100% 71.51-100.0
UC. ASA: 5-aminosalicylic acid. >9.850 42.86% 9.899-81.59 100% 71.51-100.0
>10.75 28.57% 3.669-70.96 100% 71.51-100.0
>11.35 14.29% 0.3610-57.87 100% 71.51-100.0
>11.35 14.29% 0.3610-57.87 100% 76.84-100.0

for all analyses. P < 0.05 was considered significant.

RESULTS

Baseline characteristics

Eighteen UC patients (mean age: 39.6 = 15.2 years; 13
male, 5 female) were included in the study. The distri-
bution of age and sex was not significantly different
between mild-to-moderate UC (mean age: 39.3 + 12.5
years; 6 male, 5 female), severe UC (mean age; 40.0 *
19.7 years; 7 male, O female), and the control healthy
volunteers (mean age 40.2 = 9.92 years, 10 male, 1 fe-
male) (Table 1). In patients with UC, mild-to-moderate
activity was observed in 11 patients (61.1%), and severe
activity was observed in 7 (38.9%). Moreover, there was
no difference in the extent of disease and concomitant
medication use between mild-to-moderate and severe

UC (Table 1).

Biomarkers in severe UC

In this study, serum PCT levels were analyzed by ECLIA
at the SRL, with a lower detection limit of 0.02 ng/ml..
The normal value for PCT levels has been defined as <
0.05 ng/mlL, with a cut-off of = 0.5 ng/mL being in-
dicative of bacterial sepsis at the SRL. There was no sig-
nificant difference in serum PCT levels between patients
with mild-to-moderate UC (0.033 + 0.012 ng/ml) and
healthy volunteers (0.035 + 0.005 ng/mL) (P = 0.3108)
(Figure 1A). Interestingly, patients with severe UC dis-
played significantly increased levels of serum PCT (0.096
+ 0.034 ng/mlL) compared with patients with mild-to-
moderate UC and healthy volunteers (P = 0.0005 and P
< 0.0001, respectively, Figure 1A). Moreover, CRP levels,
the ESR, and the WBC count in severe UC were not
significantly higher than in mild-to-moderate UC (P =
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A procalcitonin cut-off value of 0.055 ng/mL had good diagnostic accu-
racy for detecting severe ulcerative colitis, as demonstrated by the sensi-
tivity (100%; 95%CI: 59.04-100.0) and specificity (100%; 95%CI: 71.51-100.0)
(Table 2). Moreover, at a cut-off level of C-reactive protein > 3.6 mg/dL,
the sensitivity for detecting severe ulcerative colitis was 85.71% (95%ClI:
42.13-99.64), and the specificity was 90.91% (95%CI: 58.72-99.77).

0.0938, 0.0697, and 0.8562, respectively) (Figure 1B-D).

Correlation of serum PCT and CRP levels with UC
activity

Among mild-to-moderate UC patients, 3 displayed 0.05
ng/mL serum PCT, which was above normal; however,
another 8 exhibited normal levels. Interestingly, serum
PCT levels were > 0.06 ng/mL in all 7 patients with se-
vere UC. In addition, the levels in all healthy volunteers
were < 0.04 ng/ml., which was defined as normal at the
SRL. A PCT cut-off value of 0.055 ng/mL had good
diagnostic accuracy for detecting severe UC, as demon-
strated by the sensitivity (100%; 95%CI: 59.04-100.0)
and specificity (100%; 95%CI: 71.51-100.0) (Table 2).
Morteovert, at a cut-off level of CRP > 3.6 mg/dL, the
sensitivity for detecting severe UC was 85.71% (95%CI:
42.13-99.64), and the specificity was 90.91% (95%Cl:
58.72-99.77) (Table 2). In addition, there was a significant
correlation between PCT and CRP levels (» = 0.2776, P
= 0.0247) (Figure 2). Taken together, these results sug-
gest that serum PCT is superior as a detection marker of
severe UC compared with CRP.

Serum PCT and CRP levels in patients with Mayo

endoscopic subscore of 2 or 3 points
Regarding Truelove and Witts’ scoting, it could be diffi-
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Figure 1 Scatter dot plot of biological markers in mild-to-moderate and severe ulcerative colitis patients. A: Procalcitonin (PCT) levels; B: C-reactive protein
levels (CRP); C: The erythrocyte sedimentation rate (ESR); D: The total white blood cell (WBC) count were examined in healthy volunteers or mild-to-moderate and
severe ulcerative colitis patients. Serum PCT levels in healthy volunteers were used as a control. Based on our laboratory reference, the normal limits for the other
inflammatory variables were a CRP level of 0.0-0.3 mg/dL, a WBC count of 3300-8600 count/uL, and an ESR of 2-19 mm/h. The results are expressed as the mean +

SD. °P < 0.01 vs healthy or mild-to-moderate group. NS: Not significant.
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The two curves represent the 95%CI for the
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regression line with 95% probability.
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Figure 2 Correlation of serum procalcitonin levels with C-reactive protein
levels in patients with ulcerative colitis. The two curves represent the 95%CI
for the regression line. This interval includes the true regression line, with a
95% probability. There was a significant correlation between procalcitonin (ng/
mL) and C-reactive protein (mg/dL) levels (r = 0.2776, P = 0.0247).

cult to use a scale of 1-3. Therefore, 14 patients with UC
were also examined for their Mayo endoscopic score and
serum PCT and CRP levels after total colonoscopy in
this study. As only 1 patient had an endoscopic subscore
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of 1 point, we assessed serum PCT and CRP levels in
patients with a subscore of 2 (# = 5) or 3 (#n = 8) points.
There was no significant difference in serum CRP levels
between patients with a subscore of 2 or 3 points (P =
0.24006), whereas patients with a subscore of 3 points dis-
played significantly increased levels of serum PCT (0.075
1 0.043 ng/ml.) compared with patients with a subscore
of 2 points (0.03 £ 0.011 ng/mL) (P = 0.0302) (Figure 3).

DISCUSSION

This study demonstrates that serum PCT levels are cor-
related with clinical, biological, or endoscopic disease
activity in patients with UC. Moreover, serum PCT levels
have superior diagnostic accuracy for detecting severe UC
in comparison with CRP levels, the ESR, and the WBC

count.

The assessment of disease activity in patients with
UC has been performed using clinical and endoscopic in-
dices. Biological markers are a noninvasive way of objec-
tively measuring inflammation and can play an adjunctive
or primary role in the assessment of disease activity. The
currently used UC biomarkers, such as CRP, the ESR,
and WBC and platelet counts, have low sensitivity and
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A
0.20 - a
P =0.0302
~0.15 - A
£
£
o
E — Tk
c A
'€ 0.10 -
2
o
g .
= A
% 0.05 | [ ] AA
e
4.7
0.00 | | |
2 3
n=1) (n=5) (n=28)

Mayo endoscopic score

Koido S et a/. Serum procalcitonin in severe UC

B
15 r NS
P = 0.2406
g A
g 10 |
< A
= _a
°
a
[}
2z
g 5t A
3 [ |
5 ° A
A
. ‘ n AN
1 2 3
(n=1) (n=05) (n=28)

Mayo endoscopic score
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often do not reliably assess clinical activitylz’]sj. It has been
reported that although both PCT and CRP are acute-
phase reactant proteins, PCT is a more specific marker
of bacterial infections'”. Moreover, PCT is an excellent
marker of bacterial infection in patients with sepsis and
its related conditions™". There is growing evidence that
colonic luminal bactetia contribute to clinical activity in
uc suggesting that serum PCT levels may be an im-
portant biomarker for detecting active UC; however, little
is known about whether serum PCT is a reliable marker
for the diagnosis of active UC. To date, four studies
have evaluated PCT levels in adult patients with uc",
Among the four studies, only one™ evaluated the corre-
lation between serum PCT levels and Truelove and Witts’
severity index or a simple clinical colitis activity index
(SCCAI) > 5" however, this report demonstrated con-
flicting results when evaluating serum PCT as a biological
marker of UC activity. Our present study is the first to
show that serum PCT levels in patients with UC are sig-
nificantly correlated with Truelove and Witts’ severity in-
dex and a Mayo endoscopic subscore. Importantly, serum
PCT levels in patients with a Mayo endoscopic subscore
of 3 points are significantly higher than in patients with a
subscore of 2 points. PCT levels have been evaluated in
chronic inflammatory and autoimmune conditions, such
as pulmonary Wegener’s granulomatosis' and systemic
lupus erythematosus/systemic antineutrophil cytoplasmic
antibody-associated vasculitis''”. Moreover, PCT levels
have been associated with bactetial infection™"”. Severe
UC patients are characterized by bacterial invasion due
to a defensive deficiency of the mucosa; thus, it is pos-
sible that PCT levels are correlated with disease activity
in UC. In our study, serum PCT levels were analyzed by
ECLIA, which showed good reproducibility, linearity, and
functional sensitivity compared with previously reported
immunofluorescent assaysm]. The superior detection of
serum PCT in our study may be explained, at least in
part, by differences in methodology. In contrast, serum
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CRP levels in severe UC and in patients with a Mayo
endoscopic subscore of 3 points were not significantly
higher than in mild-to-moderate UC or in patients with
a subscore of 2 points, respectively. It has been reported
that local and systemic administration of steroids has the
potential to decrease CRP levels™*" wheteas PCT levels
appear to be unaltered””. In the current study, there
was no significant difference in concomitant medication
use, such as steroid use, between mild-to-moderate and
severe UC. Therefore, it is suggested that PCT levels are
correlated with disease activity in UC.

In conclusion, our results suggest that serum PCT
levels are useful in clinical practice to assess disease activ-
ity in patients with UC. The limitation of our study is
the relatively small sample size that was evaluated. Thus,
further studies are needed to evaluate the clinical signifi-
cance of serum PCT in a large sample of UC patients.
Morteover, a definitive approach is needed to assess serum
PCT levels as a marker for managing severe UC patients
after treatment.

COMMENTS

Background

Biological markers have been investigated in the United States for the as-
sessment of disease activity. Among traditional biological markers, C-reactive
protein (CRP) has been shown to be a good marker for predicting the course
and outcome of several diseases. However, only 51% of ulcerative colitis (UC)
patients with active disease based on colonoscopy have elevated CRP levels,
suggesting that CRP levels add to clinical assessment’s ability to predict active
mucosal inflammation in UC patients.

Research frontiers

Traditional biological markers, such as CRP, often do not reliably assess clinical
activity in UC patients. In the assessment of clinical activity in UC, the research
hotspot is the identification of excellent biomarkers.

Innovations and breakthroughs

It has been reported that although procalcitonin (PCT) is an excellent specific
marker of bacterial infections in patients with sepsis and its related conditions.
Moreover, colonic luminal bacteria contribute to clinical activity in UC. Thus,
serum PCT levels may be an important biomarker for detecting active UC. This

December 7, 2013 | Volume 19 | Issue 45 |



Koido S et a/. Serum procalcitonin in severe UC

prospective study aimed to assess the correlation of serum PCT levels with
UC activity. Authors showed that serum PCT levels in patients with UC were
significantly correlated with Truelove and Witts’ severity index and the Mayo
endoscopic subscore.

Applications

The study’s results suggest that serum PCT is an excellent biological marker for
assessing the activity of UC.

Terminology

UC and Crohn’s disease are idiopathic inflammatory bowel diseases that are
generally complicated by systemic or local infection. Clinical UC activity is dif-
ficult to assess objectively because of several subjective components. PCT is
the precursor of the calcium homoeostasis hormone calcitonin, which is found
in thyroid C cells and pulmonary endocrine cells.

Peer review

The strength of this study is a well-executed study. The statistics are appropri-
ate, and the manuscript is well written. This study demonstrates that serum
PCT levels are useful in clinical practice to assess disease activity in patients
with UC. However, the limitation of the study is the relatively small sample size
evaluated. The study recommend a future study on the results of treatment
based on PCT levels in a large sample.
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