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Abstract

required in the clinical setting.

Background: Many studies have revealed that mucosal healing improves the long-term prognosis of ulcerative
colitis. Frequent colonoscopy is difficult because of its invasiveness and cost. Therefore, in diagnosing and treating
ulcerative colitis, noninvasive, low-cost methods for predicting mucosal healing using useful biomarkers are

This study aimed to evaluate whether serum amyloid A is a better serum biomarker than C-reactive protein in
predicting mucosal healing in ulcerative colitis patients in clinical remission.

Methods: Ulcerative colitis patients whose C-reactive protein and serum amyloid A were measured within 1 month
before and after colonoscopy were included in this retrospective study, and the relationship between the C-reactive
protein and serum amyloid A values and the mucosal condition was analyzed. Mucosal condition was assessed
using the Mayo Endoscopic Score, with score 0 or 1 indicating mucosal healing.

Results: A total of 199 colonoscopic examinations were conducted in 108 ulcerative colitis patients who
underwent C-reactive protein and serum amyloid A blood tests. In clinical remission patients, serum amyloid A
showed a strong correlation with mucosal inflammation compared to C-reactive protein and had excellent
sensitivity and specificity rates with significant statistical significance.

Conclusions: Serum amyloid A is a more useful marker compared to C-reactive protein in predicting mucosal
inflammation in ulcerative colitis patients in clinical remission.
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Background

Patients with ulcerative colitis (UC) typically manifest
symptoms such as rectal bleeding, persistent bloody diar-
rhea, increased stool frequency, and abdominal pain [1, 2].
Moreover, UC is a chronic inflammatory disorder of the
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colorectum characterized by repeated clinical remission
and relapse [3]. UC is generally thought to be caused by
various factors, such as genetic factors, immune abnor-
mality, and environmental factors including intestinal bac-
teria [1]. However, its cause has not been elucidated yet,
and its fundamental therapy has not yet been established.
The goal of UC treatment is to achieve clinical remission
in patients; however, recently, treatment options, such as
immunomodulators and biological agents, have been

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-020-01229-8&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:r-hayashi@hiroshima-u.ac.jp

Wakai et al. BMC Gastroenterology (2020) 20:85

gaining attention, and the therapeutic goal has changed
from achieving clinical remission to achieving mucosal
healing [1].

Mucosal healing is related to long-term clinical remis-
sion, and long-term prognosis is improved by reducing
the risk of hospitalization and surgical operation [4].
Mucosal healing is detected via endoscopy, as colonos-
copy is quite an invasive examination, and frequent ex-
aminations are difficult because of its medical cost.
Therefore, in the diagnosis and treatment of UC, nonin-
vasive, low-cost prediction methods of mucosal healing
using useful biomarkers are clinically required. Gener-
ally, C-reactive protein (CRP) is reported to be less sen-
sitive in UC cases [5], and it mildly increases in UC than
in Crohn’s disease (CD). Although serum amyloid A
protein (SAA) is mainly secreted from the liver, similar
to CRP [6, 7], SAA is reported to be more effective than
CRP in diseases other than inflammatory bowel disease
(IBD) [8]. In addition, SAA was reportedly correlated
with the clinical activity in UC [9, 10], but there is no re-
port examining its correlation with endoscopic findings.
Therefore, this study aimed to evaluate whether SAA is
a better serum biomarker than CRP in predicting muco-
sal healing in UC patients in clinical remission.

Methods

Patients

This study included consecutive outpatients or inpa-
tients who underwent endoscopic examinations at Hiro-
shima University from April 2010 to March 2017. CRP
and SAA values of these patients measured within 1
month before and after colonoscopy were retrospectively
analyzed. The exclusion criteria were as follows: patients
who were administered new therapies during the period
from colonoscopy to the time when CRP and SAA mea-
surements were taken, those with other infections such
as common cold, those with concurrent autoimmune
diseases such as collagen diseases, and those who were
not in clinical remission. UC diagnosis was made based
on the clinical, endoscopic, and pathological findings.
Demographic, clinical, endoscopic, and laboratory data
were obtained from patients’ medical records. Clinical
symptoms were evaluated using the Rachmilewitz clin-
ical activity index (CAI). Self-exclusive symptoms
(weekly frequency of bowel movement, bloody stools,
and abdominal pain), objective symptoms (temperature
and investigator’s assessment of symptomatic state), ex-
traintestinal manifestations, and blood test findings
(sedimentation rate and hemoglobin) were divided into
seven items and evaluated using the total score (range: 0
to 29). Clinical remission was defined as a CAI of 4 or
less [11]. In addition, the Montreal classification was
used to define the extent of the lesion, which was
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classified into three types: ulcerative proctitis (E1), left-
sided UC (E2), and extensive UC (E3) [12].

Evaluation via endoscopic examination

Mayo endoscopic subscore (MES) was used to evaluate
the degree of mucosal inflammation in each part of the
colorectum (cecum, ascending, transverse, descending,
sigmoid colon, and rectum). Mucosal inflammation was
analyzed using the maximum value among the scores.
Mucosal healing was defined as MES 0 or 1, whereas non-
mucosal healing as MES 2 or 3 throughout the colorec-
tum. Furthermore, complete mucosal healing (c(MH) was
defined as MES 0. The evaluation of inflammation was
performed by three physicians with endoscopic experience
of 7 years or more. A majority vote was adopted during
disagreements of opinions. Moreover, when endoscopic
score was judged, clinical symptoms were blinded.

SAA and CRP measurements

To measure SAA and CRP, blood specimens collected
within 1 month before and after the colonoscopy were
placed in a blood collection tube for biochemistry. SAA
and CRP values were measured via an automatic analyzer
using a latex agglutination reaction. The measurement kit
for CRP was LZ Test Eiken CRP - HG and that for SAA
was LZ Test Eiken SAA (Eikenkagaku, Tokyo, Japan). The
measurement range was from 0.01 to 30 mg/dL for CRP
and from 5 to 500 pg/mL for SAA. Both CRP and SAA
used BM6070 (JEOL, Tokyo, Japan) as measuring equip-
ment. In our hospital, when the SAA value was less than
5.6, the examination value was displayed as “<5.6.” If the
test result was less than 5.6, the value was set to 5.5, and
statistical analysis was performed.

Statistical analysis

All statistical analyzes were performed using EZR (Sai-
tama Medical Center, Jichi Medical Center), a graphical
user interface for R (The R Foundation for Statistical
Computing, version 2.13.0) [13]. Spearman’s rank correl-
ation was used to analyze the correlation between the
test result (SAA and CRP), MES, and endoscopic find-
ings. MES and inspection values (SAA and CRP) were
evaluated using the Cochran-Armitage trend test. A re-
ceiver’s operating characteristic (ROC) curve was drawn
to measure the area under the ROC curve and set a cut-
off value. To infer the mucosal condition based on SAA
and CRP values, sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accur-
acy with 95% confidence interval were calculated. A p-
value < 0.05 was considered to indicate a statistically sig-
nificant difference.
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Ethical statement

Our study protocol conformed to the ethical standards
of the responsible committees on human experimenta-
tion (institutional and national) and with the Declaration
of Helsinki in 1964 and later versions and was approved
by the Institutional Review Board of Hiroshima Univer-
sity Hospital. In this study, we only used clinical infor-
mation without invasion or intervention to the patient,
and we disclosed information such as research imple-
mentation and purpose and secured participants’ oppor-
tunity to refuse participation through posters.

Results

Patient characteristics

The patients’ background is shown in Table 1. A total of
199 colonoscopies were performed in 108 UC patients
who underwent blood tests for CRP and SAA (63 men,
45 women). The median age at the time of endoscopic
examination was 44 (range, 12-72) years, and the me-
dian disease duration at endoscopic examination was 9
(0-38) years. The median CAI value was 0 (range, 0—4)
points. The Montreal classification was used to define
the lesion range. The following number of cases were
obtained: E1, 38 (19.1%); E2, 47 (23.6%); and E3, 114
(57.3%). The median MES was 1 (range, 0-3). Even in

Table 1 Patient characteristics
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clinical remission patients, 39.6% of patients had endo-
scopic activity. The median CRP was 0.04 (range, 0.02—
1.09) mg/dL, and the median SAA was 5.5 (range, 5.5—
90.1) pg/mL. For treatment, 89.4, 9.0, 35.7, and 12.1% of
the patients were administered with mesalazine, cortico-
steroids, immunomodulators, and biologics, respectively.

Correlation between SAA, CRP, and colon endoscopic
findings

We examined the correlation between SAA, CRP, and endo-
scopic findings. The results are shown in Fig. 1. A low correl-
ation was found between CRP and MES (r =0.352, p =
338 x 1077, Fig. 1a), whereas SAA had a high correlation
with MES (r =0.614, p =5.44 x 10" >, Fig. 1b). At MES 0,
the ratio at which CRP and SAA are normal is the highest,
and with increasing MES, the ratio gradually decreases. The
decreasing trend in relation to the MES was statistically sig-
nificant in SAA (p <0.05), but not in CRP (Fig. 1a, b). The
correlation between CRP, SAA, and MES was also examined
in the same way, including in patients with no clinical remis-
sion (CAI>5). Both CRP and SAA were highly correlated
with MES, and SAA was more strongly associated with
MES. CRP showed a stronger correlation than in clinical re-
mission patients alone (data not shown).

Total no. of patients 108
Sex: male/female 63/45
Total colonoscopy 199
Number of colonoscopies
1 58
2 30
23 20
Age during colonoscopy: median (range) 44 (12-72) years
Disease duration during colonoscopy: median (range) 9 (0-38) years

Montreal classification (%)
E1/E2/E3
Clinical score at colonoscopy: median (range)
CAl
Mayo endoscopic score: median (range)
Blood examination: median (range)
CRP
SAA
Therapies (%)
Mesalamine
Corticosteroids
Immunomodulators

Biologics

38 (19.1)/47 (23.6)/114 (57.3)

0.04 (0.02-1.09)
5.5 (5.5-90.1)

178 (89.4)
18 (90)
71 (35.7)
24 (12.1)

CAI Clinical activity index, CRP C-reactive protein, SAA Serum amyloid A
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Fig. 1 Correlation between CRP/SAA and endoscopic findings. Only a low correlation is found between CRP and MES (r = 0352, p=03.38x 10"/,
a). On the contrary, SAA has a high correlation with MES (r = 0614, p =544 x 10 %, b). Moreover, trends of MES and inspection values (SAA and
CRP) were evaluated using the Cochran-Armitage trend test. At MES 0, the ratio at which CRP and SAA are normal is the highest, and with

increasing MES, the ratio gradually decreases. The decreasing trend in relation to MES was statistically significant in SAA (p < 0.05), but not in CRP
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Diagnostic accuracy of SAA and CRP for mucosal healing

Moreover, evaluation results of the predictive ability of
SAA and CRP to identify mucosal inflammation in clin-
ical remission patients are shown in Fig. 2. In the ROC
analysis, the area under the ROC curve of the SAA was
0.807, indicating a higher predictive power, whereas that
of the CRP was 0.701. Comparison of ROC curves for
mucosal inflammation of SAA and CRP showed that
SAA was superior to CRP and indicated a statistical

significance (p < 0.01). Table 2 shows the sensitivity, spe-
cificity, PPV, NPV, and accuracy of CRP and SAA at op-
timal cutoff values for mucosal inflammation in clinical
remission patients. SAA levels <5.8 could discriminate
mucosal inflammation from mucosal healing with sensi-
tivity of 0.722, specificity of 0.850, PPV of 0.760, NPV of
0.823, and accuracy of 0.799. On the contrary, CRP
levels <0.060 could distinguish mucosal inflammation
from mucosal healing with sensitivity of 0.620, specificity
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Fig. 2 Comparison of ROC curves for mucosal inflammation (MES 2 or 3) of SAA and CRP. The ROC curves of SAA and CRP in patients in clinical
remission. In the ROC analysis, the area under the ROC curve of the SAA was 0.807, indicating a higher predictive power, but that of CRP was
0.701. Comparison of ROC curves for mucosal inflammation (MES 2 or 3) of SAA and CRP showed that SAA was superior and indicated statistical
significance (p < 0.01). AUC, area under the receiver's operating characteristic curve, Cl, confidence interval; CRP, C-reactive protein; MES, Mayo

of 0.758, PPV of 0.628, NPV of 0.752, and accuracy of
0.704 (Table 2). The results indicate that SAA could be
an excellent marker in predicting mucosal healing in
clinical remission patients than CRP. We compared the
area under the ROC curve of SAA and CRP for mucosal
inflammation, including patients who did not reach clin-
ical remission (CAI>5). No significant difference was
found (data not shown).

Recently, patients who achieved MES 0 have better
prognosis compared to other patients [14, 15], and a
higher treatment target is required for mucosal healing.
Therefore, sensitivity and specificity, among others, were

Table 2 Ability to predict mucosal inflammation (MES 2 or 3)
with optimal cutoff value by ROC curve

CRP SAA

0.620 (0.504-0.727) 0.722 (0.609-0.817)

0.758 (0.672-0.832) 0.850 (0.773-0.909)

0.628 (0.511-0.735) 0.760 (0.647-0.851)
( ) ( )
( ( )

Sensitivity (95% Cl)
Specificity (95% Cl)
PPV (95% Cl)
NPV (95% CI)
Accuracy (95% Cl)

0.752 (0.665-0.826 0.823 (0.744-0.885
0.704 (0.635-0.766) 0.799 (0.737-0.852

Cl Confidence interval, CRP C-reactive protein, MES Mayo Endoscopic Score,
NPV Negative predictive interval, PPV Positive predictive value, SAA Serum
amyloid A

calculated by using mucosal healing only as MES 0 using
the same method described above, and a ROC curve was
drawn in clinical remission patients. The ROC, sensitivity,
specificity, PPV, NPV, and accuracy with optimal cutoff
values of SAA and CRP are shown in Fig. 3 and Table 3.
Comparison of ROC curves for mucosal inflammation
showed that SAA was superior than CRP, with statistically
significant difference (p < 0.01), but its sensitivity was low.

In addition, we examined by disease duration about
patients in clinical remission. Disease duration was di-
vided into three groups: 0-5years (N =69), 6-15 years
(N = 88), and more than 16 years (N = 42). We examined
the ability of SAA and CRP to predict mucosal inflam-
mation by comparing the areas under the ROC curve.
There was no difference between the three groups regarding
disease type, age, and CAI (data not shown). In the groups
with disease duration of 0-5 years and 6—15 years, SAA was
significantly better than CRP, but in the group with disease
duration of 16 years or more, the area under the ROC curve
of CRP was high and SAA was not significant (Fig. 4).

We also examined disease type. Patients in clinical re-
mission were divided into two groups: proctitis or left
colitis (E1 + E2) and total colitis (E3). The area under
the ROC curve of SAA and CRP for predicting mucosal
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Fig. 3 Comparison of ROC curves for mucosal inflammation (MES 1 or 2 or 3) of SAA and CRP. The ROC curves of SAA and CRP in patients in
clinical remission. In the ROC analysis, the area under the ROC curve of the SAA was 0.749, indicating a higher predictive power, whereas that of
the CRP was 0.646. Comparison of ROC curves for mucosal inflammation (MES 1 or 2 or 3) of SAA and CRP showed that SAA was superior and
indicated statistical significance (p < 0.01). AUC, area under the receiver's operating characteristic curve; Cl, confidence interval; CRP, C-reactive

inflammation in each group was compared. There was a
significant difference in the E3 group, but there was no
significant difference in the E1+E2 group (data not
shown). There was no difference between the two
groups regarding age, disease duration, and CAI (data
not shown). Therefore, the usefulness of SAA may be
more enhanced in the group with widespread inflamma-
tion such as total colitis.

Discussion
In this study, we examined whether SAA better predicts
mucosal healing in UC patients in clinical remission

Table 3 Ability to predict mucosal inflammation (MES 1 or 2 or
3) with optimal cutoff value by ROC curve

CRP SAA
0.557 (0.461-0.649) 0.574 (0.478-0.666)
0.702 (0.593-0.797) 0.893 (0.806-0.950)
) 0.880 (0.784-0.944)
) ( )
( )

Sensitivity (95% Cl)
Specificity (95% Cl)

PPV (95% Cl) 9 (0.614-0.809
NPV (95% CI) 0.536 (0.439-0.632 0.605 (0.513-0.691
Accuracy (95% Cl) 8 (0.547-0.686) 0.709 (0.640-0.771

Cl Confidence interval, CRP C-reactive protein, MES Mayo Endoscopic Score,
NPV Negative predictive interval, PPV Positive predictive value, SAA Serum
amyloid A

compared to CRP. Our findings revealed that SAA has a
strong correlation with endoscopic findings and is an ex-
cellent serum biomarker for predicting endoscopic activ-
ity in this patient cohort.

Monitoring of disease activity in routine practice is an im-
portant aspect in the clinical management of UC patients. It
is very important to periodically examine clinical symptoms
and endoscopic findings in such a population to determine
the state of the colonic mucosa. However, frequent endo-
scopic examinations are difficult to perform; hence, bio-
markers reflecting endoscopic findings are important.

Recently, fecal calprotectin has been used to evaluate
mucosal inflammation, and its effectiveness has also
been reported. Measuring fecal calprotectin levels has
been proposed as a noninvasive test for evaluation of in-
testinal inflammation in IBD patients [16, 17]. However,
because of the complexity of collecting feces, the lack of
the result on the same day in some hospitals, and fluctu-
ating values even when measured on the same day, fecal
calprotectin might not remain clinically useful [18].

Therefore, we considered that SAA used as an inflam-
matory marker might predict mucosal healing in UC.
CRP and SAA are secreted mainly by hepatocytes pro-
duced in response to infection, trauma, and other
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(See figure on previous page.)

Fig. 4 Comparison of ROC curves of mucosal inflammation (MES 2 or 3) of SAA and CRP when divided by disease duration. The ROC curves of
SAA and CRP in patients in clinical remission when divided by disease duration. Disease duration was divided into three groups: 0-5 years (N =
69), 6-15 years (N =88), and more than 16 years (N =42). When examined by disease duration, comparison of ROC curves for mucosal
inflammation (MES 2 or 3) of SAA and CRP showed that SAA was superior and indicated statistical significance in groups with disease duration of
0-5years and 6-15 years. On the other hand, no statistical significance was shown in the group with disease duration of 16 years or more. AUC,
area under the receiver's operating characteristic curve; CRP, C-reactive protein; MES, Mayo Endoscopic Score; SAA, serum amyloid A

inflammatory conditions [6, 7]. These serum concentra-
tions increase sharply and slowly return to normal levels
over several days. However, chronic inflammation causes a
sustained increase of these serum concentrations [6, 7]. Al-
though there is a positive correlation between CRP and
SAA concentrations [8, 19], studies have shown that SAA
can be a more sensitive marker of inflammation in certain
diseases, such as rheumatoid arthritis, primary biliary cir-
rhosis, and chronic active hepatitis [8]. Therefore, we de-
cided to evaluate whether SAA measurement is a better
serum biomarker than CRP. A recently published study re-
vealed that SAA correlates with endoscopic findings in pa-
tients with CD and that SAA can be a useful biomarker to
predict mucosal healing [20]. On the other hand, there is
no report examining the correlation between UC and endo-
scopic findings yet. Hence, this report is the first to describe
the correlation between SAA and intestinal mucosal in-
flammation. In UC patients, there was a positive correlation
between mucosal inflammation and SAA, with the correl-
ation being stronger than that of CRP, and SAA was found
to more accurately reflect the state of the mucosa. In com-
parison with CRP, SAA proved to be an excellent marker
for predicting mucosal inflammation in clinical remission
patients. Although the therapeutic goal of UC is mucosal
healing, clinical and endoscopic findings do not necessarily
match. Actually, even in this study, 39.6% of clinical remis-
sion patients did not achieve mucosal healing. Therefore,
among the clinical remission patients without symptoms, it
is clinically important to evaluate intestinal inflammation
using biomarkers than through frequent endoscopies. Al-
though fecal markers, such as calprotectin, are considered
useful, there are also limitations, as described above. More-
over, although CRP is still the most widely used serum bio-
marker, the existence of serum biomarkers that can more
accurately predict mucosal healing is ideal.

Endoscopic examinations should be considered in clin-
ical remission patients with elevated SAA, even if the
CRP results are negative. Moreover, considering that
measuring SAA is inexpensive and that the results are
known on the same day, more facilities can adopt this
approach and the financial burden on patients can be re-
duced. Excellent clinical outcome of patients with UC
showing cMH (defined as MES 0) [15] has been set as
the clinical goal in the treatment and management of
these patients. SAA is an excellent marker for predicting
mucosal inflammation than CRP. However, its diagnostic

rate is lower when mucosal healing is defined as MES 0
or 1, indicating that SAA is an excellent marker in pre-
dicting strong mucosal inflammation only to some ex-
tent. We also compared the area under the ROC curve
of SAA and CRP to predict mucosal inflammation in all
patients, including those who did not reach clinical re-
mission (CAI<5). No significant difference was found.
When the disease activity of UC increases, CRP level
also tends to increase, and the significance of SAA de-
creases. Thus, SAA can be a better monitoring tool to
predict mucosal inflammation than CRP in patients with
clinical remission with low disease activity.

SAA is produced by the liver; it has recently been re-
ported that it is also produced extrahepatically (Intes-
tinal epithelium) [21]. In this study, SAA was not
superior to CRP as a marker to predict mucosal inflam-
mation when disease duration was prolonged. Longer
disease duration may make it difficult for SAA to de-
velop due to scarring and mucosal atrophy.

This study has several limitations. First, it is a retro-
spective study at a single facility involving a small abso-
lute number of patients with UC. Excluding patients
who were administered new therapies during the period
from colonoscopy to the time CRP and SAA measure-
ments were taken and those who were not in clinical re-
mission may also be a selection bias. In addition,
although no new treatment has been introduced in the
included patients, the patients’ condition may have
slightly changed because the date of the endoscopic
examination and the date of the blood test are different.
Second, since not all patients underwent urine tests,
chest X-ray examination, computed tomography, etc.,
we cannot completely exclude infectious diseases and
malignant tumors that may have caused the elevated
CRP and SAA levels. Further prospective studies that
are able to address these problems are needed. Third, we
did not compare SAA with fecal markers, such as cal-
protectin. Calprotectin, in spite of its limitations as we
mentioned above, is the most well established marker of
mucosal disease at present. A future study comparing
the serum markers with fecal markers could be interest-
ing. The strengths of the study were as follows: it dem-
onstrated the correlation between endoscopic findings of
UC and SAA, and because it is a blood test, which can
be easily measured, we believe that it can be applied im-
mediately in the clinical setting.
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Conclusions

In conclusion, SAA has a strong correlation with endo-
scopic findings and is an excellent marker than CRP for
predicting endoscopic activity in UC patients in clinical
remission.
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