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Abstract \
lleocolonoscopy is currently recognized as the gold standard for evaluating mucosal healing in patients with Crohn disease (CD).
However, the ideal noninvasive marker to assess mucosal healing instead of invasive ileocolonoscopy is not available. This study
aimed to determine the correlations between the mucosal healing and serological optimizing markers in CD.

This retrospective study consecutively included 62 CD patients with 137 hospitalizations between March 2014 and March 2020.
On the basis of the Simple Endoscopic Score for Crohn’s disease (SES-CD), the CD patients were divided into mucosal healing group
(SES-CD < 2) and nonmucosal healing group (SES-CD>2). We collected the results of ileocolonoscopy examination and
inflammatory markers and then serological optimizing markers, including C-reactive protein/aloumin ratio (CRP/ALB), platelet/
albumin ratio (PLT/ALB), neutrophil-lymphocyte ratio (NLR), and platelet-lymphocyte ratio (PLR) were calculated. The control group
consisted of 50 healthy volunteers in the corresponding period.

We found that CRP/ALB, PLT/ALB, NLR, and PLR were correlated with the mucosal healing of CD, and the correlation of CRP/
ALB with the mucosal healing was the highest (r=-0.64). Receiver operating characteristic (ROC) analysis showed that the area
under the curve (AUC) of CRP/ALB (0.87) was higher than NLR (0.69), PLR (0.72), and PLT/ALB (0.81). In the efficacy of assessing
the mucosal healing in CD, the sensitivity of CRP/ALB, NLR, PLR, and PLT/ALB were 91.1%, 83.9%, 73.2%, and 73.2%,
respectively, and the specificity was 76.5%, 46.9%, 64.2%, and 75.3%, respectively.

CRP/ALB was the most appropriate marker to assess CD mucosal healing among the serological optimizing markers.
Abbreviations: ALB = albumin, AUC = The area under the curve, BMI = body mass index, CD = Crohn’s disease, CDAI =
Crohn’s disease activity index, Cl = confidence interval, CRP = C-reactive protein, CRP/ALB = C-reactive protein/albumin ratio, IL=
interleukin, L = lymphocyte, N = neutrophil, NLR = neutrophil-lymphocyte ratio, PLR = platelet-lymphocyte ratio, PLT = platelet, PLT/
ALB = platelet/aloumin ratio, ROC = Receiver Operating Characteristic, SES-CD = Simple Endoscopic Score for Crohn’s disease.
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1. Introduction

Crohn disease (CD) is a chronic intestinal inflammatory disease
characterized by transmural inflammation and involvement of
the entire gastrointestinal tract. CD tends to follow a long and
relapsing course with various symptoms such as abdominal pain
and diarrhea.*! A meta-analysis showed that achieving mucosal
healing in CD was associated with improved long-term out-
comes, including clinical remission, mucosal healing, and a trend
toward avoiding CD-related surgery.!®! Therefore, the therapeu-
tic target of CD has been changed from clinical remission to
mucosal healing.[**!

The mucosal healing of CD is considered to be the absence of
mucosal ulceration under the endoscopy.!®*! In 2015, Interna-
tional Organization for the Study of Inflammatory Bowel Disease
officially defined the Simple Endoscopic Score for Crohn ’s
disease (SES-CD) score 0 to 2 as mucosal healing.””! In order to
monitor the mucosal healing in CD, ileocolonoscopy need to be
performed repeatedly. However, ileocolonoscopy has the
disadvantages of being invasive, time-consuming, expensive,
and sometimes uncomfortable for patients. Patients are usually
reluctant to accept ileocolonoscopy examinations, which is not
conducive to the long-term monitoring of the disease. Therefore,
we hope to find an ideal noninvasive marker to replace
ileocolonoscopy, and the marker should be highly sensitive,
specific, and easily accepted.!”!

Numerous studies suggest that fecal calprotectin is a reliable
noninvasive marker for evaluating mucosal healing in CD.[1171%!
However, fecal calprotectin has not been routinely used in clinical
practice in some countries and regions, mainly because of the
complicated collection and processing of fecal samples and the
poor compliance of some patients.''*"'8! Compared with stools
collection and endoscopy, some studies have shown that C-
reactive protein (CRP), as a serum marker, is more suitable for
long-term monitoring of CD.!*'”! However, the correlations
between CRP and CD activity under endoscopy in some reports
are inconsistent,?*?!" and CRP has been shown to correlate
worse with mucosal inflammation compared to fecal calprotec-
tin."Y! Thus, further research regarding serum markers correlat-
ing with mucosal healing is needed.

In recent years, some studies have found that serological
optimizing markers including CRP/albumin ratio (CRP/ALB),
platelet/albumin ratio (PLT/ALB), neutrophil-lymphocyte ratio
(NLR), and platelet/lymphocyte ratio (PLR) could be used to
assess the CD clinical activity.”?>>*! Nevertheless, the correla-
tions between serological optimizing markers and mucosal
healing have not been covered. Therefore, we aimed to explore
the associations between serological optimizing markers and
mucosal healing in CD patients, using retrospectively collected
data.

2. Experimental procedures

2.1. Patients

Between March 2014 and March 2020, CD patients hospitalized
in Huashan Hospital North of Fudan University were included.
They were diagnosed on the basis of standard clinical,
endoscopic, and histological criteria. The phenotype of CD
followed the Montreal classification. Patients were randomly
selected using the following exclusion criteria: concomitant
infection (pulmonary infection, urinary system infection, gastro-
intestinal tract infection, central system infection, and other
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infectious diseases), low nutritional status, malignant tumors,
other autoimmune diseases, regular intake of aspirin, and/or
other nonsteroidal anti-inflammatory drugs, incomplete medical
history. A total of 137 ileocolonoscopy procedures were
performed in 62 CD patients were collected. In addition, 50
healthy subjects in the same period were enrolled as a control
group. This study was approved by the ethics committee of
Huashan Hospital Affiliated to Fudan University.

2.2. Data collection and collation

Data relating to age, gender, age of onset, diagnosis age, disease
course, smoking history, CD-related surgery history, clinical
symptoms, Montreal classification, ileocolonoscopy and radio-
graphic examination results, and therapeutic drugs were collected
from the electronic medical records. Blood samples were obtained
on the day before ileocolonoscopy. Inflammatory markers such
as CRP, albumin (ALB), platelet (PLT), lymphocyte (L), and
neutrophil (N) were measured at the hospital clinical laboratory,
and we calculated the serological optimizing markers including
CRP/ALB, PLT/ALB, NLR, PLR.

2.3. The definition of mucosal healing in CD

The SES-CD has been developed to reflect intestinal mucosal
inflammation and is currently the best tool for evaluating
mucosal healing.!**! For calculating the SES-CD, the intestine was
divided into five parts: ileum, right colon, transverse colon, left
colon and rectum. The degree of involvement was determined by
four parameters: ulcers, proportion of the surface covered by
ulcers, proportion of the surface with any other lesions and
stenosis, and each parameter was scored from 0 to 3.'"231 Ulcers
were scored in accordance with size (diameter 0.1-0.5, 0.5-2, or
>2cm); proportion of ulcerated surface in accordance with
extent (<10%, 10-30%, or >30%); proportion of affected
surface in accordance with extent (<50%, 50-75%, or >75%);
and stenosis as single or multiple, and whether the colonoscope
could be passed through the narrowed lumen,! as shown in
Figure 1.%°) Mucosal healing is most commonly defined as the
absence of mucosal ulceration in the area within reach of the
ileocolonoscopy, meanwhile the guidelines also recommend SES-
CD 0-2 as mucosal healing.?”! According to the pictures of
ileocolonoscopy, the scores were made by 2 experienced
endoscopists (more than 10 years’ working experience) without
the patients” medical histories.

2.4. Statistical analysis

All data were analyzed by statistical software (SPSS for Mac,
version 22.0, SPSS Inc., Chicago, IL). Data were expressed either
as the mean plus or minus standard deviation or as the median
and interquartile range for continuous variables and as
percentages for categorical variables. The Mann—Whitney U-
test was used to explore associations of non-parametric
numerical data in 2 independent groups and the # test was used
for parametric numerical data. And the x” tests were used to
explore associations of categorical data in two independent
groups. Correlations between the mucosal healing and serum
markers were measured by the Spearman rank coefficient.
Receiver operating characteristic (ROC) curves were plotted to
compare the ability of serological optimizing markers to predict
mucosal healing and for exploring their optimal cutoff values
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Figure 1. The specific scores of ulcers, proportion of the surface covered by ulcers and stenosis are shown from (A) to (C). (A) Ulcers a. O: none; b. 1: aphtous ulcers
(< 0.5¢cm); c. 2: large ulcers (from 0.5 to 2cm); d. 3: very large ulcers (> 2 cm). (B) Proportion of the surface covered by ulcers a. O: surface involved by ulcerations
0% (none); b. 1: surface involved by ulcerations < 10%; c. 2: surface involved by ulcerations 10-30%; d. 3: surface involved by ulcerations > 30%. (C) Stenosis a. 0:
none; b. 1: single, can be passed; c. 2: multiple, can be passed; d. 3: cannot be passed.

while balancing sensitivity and specificity. According to the
optimal cutoff value, the sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy value were
calculated. All P-values were 2-sided, and P < .05 was considered
statistically significant.

3. Results

3.1. Clinical and laboratory characteristics of CD patients
and healthy controls

According to the inclusion and exclusion criteria, a total of 137
ileocolonoscopy procedures were performed in 62 CD patients
(20 women and 42 men), from whom blood samples were
available for analysis. And 50 healthy control group (22 women
and 28 men) were enrolled. Baseline characteristics of subjects are
summarized in Table 1. Among the 62 patients, most of them had
multiple ileocolonoscopies, and 24 (38.71%) underwent ileoco-
lonoscopy once, 14 (22.58%) twice, 16 (25.81%) 3 times, 4
(6.45%) 4 times, 3 (4.84%) 5 times, and 1 (1.61%) 6 times.

In comparing the CD group with the control group, no
significant differences were found in age, gender, and smoking
history (P> .05). However, there were significant differences in the
levels of serological indicators and serological optimizing markers.
Thelevels of N, L, CRP,NLR, PLR, PLT/ALB and CRP/ALB in CD
group were significantly higher than those in healthy control
group, while ALB level was lower, as summarized in Table 2, and
these differences were statistically significant (P <.05).

3.2. Differences between mucosal healing group and
nonmucosal healing group

According to the evaluation of digestive endoscopy experts, of the
137 ileocolonoscopy procedures, 56 cases were in the mucosal
healing group and 81 cases were in the nonmucosal healing
group. Table 3 presents the clinical and laboratory characteristics
of CD patients in the mucosal healing group and the nonmucosal
healing group. The results indicated that there were no significant
differences in age, gender, body mass index (BMI), smoking
history, and L level between the 2 groups (P>.05). Compared
with the nonmucosal healing group, the course of disease in the

mucosal healing group was longer, the hospital stay was shorter,
the Crohn’s disease activity index (CDAI) score was lower, the
levels of N, PLT, CRP, NLR, PLR, PLT/ALB, CRP/ALB ratio
were lower, and ALB level was higher (P <.05).

3.3. Relationship between markers and CD mucosal
healing

The correlations between biomarkers and mucosal healing in CD
patients are summarized in Table 4. CDAI (Spearman’s rank
correlation coefficient r=-0.61), CRP level (r=-0.62), and CRP/
ALB (r=-0.64) demonstrated stronger correlations with mucosal
healing as compared to ALB level (r=0.58), PLT level (r=-0.38),
Nlevel (r=-0.32), PLR (r=-0.38), NLR (r=-0.31), and PLT/ALB
(r=-0.52) (all P <.035). No significant correlations were detected
between mucosal healing with age, gender, BMI, smoking
history, and L level (all P>.05).

To compare the predictive values of serum markers and
serological optimizing markers for mucosal healing in CD, we
analyzed ROC curves. The area under the curve (AUC) values
with a 95% confidence interval (95% CI) for each biomarker for
assessing mucosal healing in the entire patient cohort are
presented in Table 5. The AUC of CRP/ALB for predicting
mucosal healing was 0.87 (95% CI, 0.81-0.93), which was
higher as compared to those of NLR, PLR, PLT/ALB (0.68, 0.72,
and 0.81, respectively). Above results are further illustrated in
Figure 2. On the basis of ROC analysis, the optimal cut-off value
for each marker to show mucosal healing along with its
sensitivity, specificity, negative predictive value, positive predic-
tive value, and accuracy was determined, as summarized in
Table 6. The optimal cut-off value of CRP/ALB in predicting
mucosal healing was 0.195, and the sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy
were 91.1%, 76.5%, 72.9%, 92.5%, and 82.5% respectively.
These values for CRP/ALB to predict mucosal healing were
higher as compared to those of serological optimizing markers.

4. Discussion

CD is a chronic and recurrent inflammatory disease of the
digestive system with yet unknown pathogenesis. Over the last
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Clinical baseline characteristics of CD patients and healthy controls.

CD patients Healthy controls

Number of patients 62 50
Total number of endoscopy procedures 137 -
Sex (Female/male) 46 (33.58%)/91 (66.42%) 22 (44.00%)/28 (56.00%)
Age, yr median (IQR) 30.50 (22.00-36.00) 28.00 (26.00-29.00)
Disease duration, mo, median (IQR) 26.00 (7.00-90.00) -
Smoking status (No/Yes) 129 (94.16%)/8 (5.84%) 6 (12.00%)/44 (88.00%)
Symptoms -

Diarrhea (No/Yes) 96 (70.07%)/41 (29.93%)

Abdominal pain (No/Yes) 81 (59.12%)/56 (40.88%)
Parenteral performance (No/Yes) 83 (60.58%)/54 (39.42%) -
CD-related surgical history (No/Yes) 90 (65.69%)/47 (34.31%)
Gastroscopy (No/Yes) 123 (89.78%)/14 (10.22%)
Clinical disease activity -

Remission (CDAI < 150) 72 (52.55%)

Active (CDAI>150) 65 (47.45%)
Age at diagnosis, yr -

Al (<16) 17 (12.41%)

A2 (17-40) 104 (75.91%)

A3 (>40) 16 (11.68%)
Disease location -

L1 30 (21.90%)

L2 38 (27.74%)

L3 69 (50.36%)
Disease phenotype -

B1 65 (47.45%)

B2 57 (41.61%)

B3 5 (10.94%)

p 54 (39.42%)
Medication” -

No medication 11 (8.03%)

Herbal medicine 1(0.73%)

5-ASA 54 (39.42%)

Corticosteroids 13 (9.49%)

Immunosuppressant 77 (56.20%)

TNF-a inhibitor 57 (41.61%)

|QR = interquartile range, L1 =ileal, L2 = colonic, L3 = leocolonic, B1 =nonstricturing, nonpenetrating, B2 = structuring, B3 = penetrating, p= perianal disease, ASA =aminosalicylic acid, TNF =tumor necrosis

factor.

couple of years, studies demonstrated that mucosal healing in CD
was associated with lower cumulative surgery rate and better
prognosis.”*®*°! To monitor mucosal healing, repetitive endo-
scopic examinations need to be performed. Due to the limitations
of repetitive endoscopic examinations, which are costly, invasive,
and sometimes unpleasant for patients, considerable researches
have been carried out to evaluate different markers in blood or
feces regarding their correlations with mucosal healing in CD.

Fecal calprotectin has been shown to correlate better with
mucosal healing in CD compared with clinical activity or
CRP.'"''However, some patients may be reluctant to handle fecal
material.""®3% In a recent review, Chen et al'®'! summarized the
applications of serum biomarkers such as CRP, serum micro-
RNAs, and novel serum indicators such as serum free thiols,
serum cathelicidin, and serum fibrinogen in monitoring the
disease activity in CD. In addition, blood-based biomarkers are

Biochemical characteristics in CD group and control group.

CD group (n=137) Control group (n=50) t/x2 P
N, "1079/L 4.24 (2.94-5.56) 3.10 (2.53-3.76) 3.65 <.001
L, 1019/ 1.28 (0.87-1.73) 2.05 (1.65-2.22) 6.66 < .001
PLT, “1079/L 243.00 (198.00-328.50) 232.00 (202.75-256.75) 1.70 .089
CRP, mg/L 7.81 (2.38-38.71) 1.53 (1.30-2.27) 7.57 < .001
ALB, g/L 40.31+6.31 47.40+2.58 10.90 < .001
NLR 3.40 (2.09-5.29) 1.60 (1.37-1.88) 6.92 < .001
PLR 205.66 (138.28-309.52) 116.29 (95.31-141.54) 6.73 < .001
PLT/ALB 6.17 (4.47-8.88) 4.78 (4.21-5.55) 3.90 < .001
CRP/ALB 0.18 (0.54-1.06) 0.03 (0.03-0.05) 7.78 < .001
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The difference between mucosal healing and mucosal activity.

Mucosal healing (n=>56) Nonmucosal healing (n=81) t/x2 P
Age, yr 30. 50 (23.00-36.50) 31. 00 (23.00-35.00) 0.46 .64
Sex (female/male) 6 (28.57%)/40 (71.43%) 30 (37.04%)/51 (62.96%) 1.03 .30
Disease duration (months) 41. OO (20.50-116.50) 24.00 (10.00-95.00) 2.29 .02
BMI, kg/m? 19.37 (17.50-21.92) 18.67 (17.30-20.23) 1.35 18
Hospital stay 2.00 (2.00-7.00) 7.00 (3.00-12.00) 3.96 < .001
Smoking status (no/yes) 5 (8.93%)/51 (91.07%) 3 (3.70%)/78 (96.30%) 1.28 .20
CDAI 65.33 (42.82-109.84) 220.34 (145.85-350.13) 715 < .001
N “10M9/L 3.48 (2.56-4.73) 4.84 (3.20-6.08) 3.78 < .001
L, 10191 1.41 (0.94-1.76) 1.24 (0.80-1.72) 1.75 .08
CRP, mg/L 2.38 (1.80-4.09) 22.10 (8.13-74.60) 7.22 < .001
ALB, g/L 44.59+4.42 37.35+5.71 7.98 < .001
PLT, "10M9/L 212.50 (166.25-281.50) 262.00 (220.00-383.00) 4.48 < .001
NLR 2.83 (1.49-3.83) 3.89 (2.74-6.43) 3.62 < .001
PLR 167.68 (111.02-210.65) 252.08 (163.23-363.42) 4.47 < .001
PLT/ALB 4.67 (3.77-6.12) 7.42 (5.57-10.46) 6.01 < .001
CRP/ALB 0.05 (0.04-0.10) 0.62 (0.21-2.09) 7.44 < .001

noninvasive, readily available, not easily contaminated, and are
the most widely used. Thus, this study aimed to find another
reliable marker by evaluating the correlations between mucosal
healing and CRP/ALB, PLT/ALB, NLR, and PLR of CD patients.

In the current study, we found that CRP/ALB, PLT/ALB, NLR,
PLR decreased in subjects with mucosal healing versus non-
mucosal healing CD. CRP/ALB had a higher correlation with
mucosal healing (r=-0.64, P<.01) than PLR (r=-0.384,
P<.01), NLR (r=-0.310, P<.01), PLT/ALB (r=-0.515, P
<.01). ROC analysis indicated that the AUC of CRP/ALB (0.87)
was higher than the AUCs of NLR (0.69), of PLR (0.72), and of
PLT/ALB (0.81). The AUC of CRP/ALB was the largest, which
indicated that the ability of diagnosing mucosal healing was the
optimum. CRP/ALB with a cut-off of < 0.195 had the best overall
accuracy (82.5%), sensitivity (91.1%), and specificity (76.5%)
for the detection of mucosal healing in CD. In summary, this
study showed that decreased CRP/ALB was more indicative of
mucosal healing in CD than other serological optimizing
markers.

The CRP/ALB was originally used to identify serious patients
in the emergency ward.’?! Recently, the CRP/ALB had been

Spearman correlations between biomarkers and mucosal healing.

Correlation coefficient P
Sex -0.09 31
Age -0.04 65
Disease duration 0.20 .02
BMI, kg/m? 0.12 18
Smoking status -0.11 .20
CDAI -0.61 < .001
N, 1079/ -0.32 < .001
L, 1019/L -0.15 .08
PLT, "10M9/L -0.38 < .001
CRP, mg/L -0.62 < .001
ALB, g/L 0.58 < .001
NLR -0.31 < .001
PLR -0.38 < .001
PLT/ALB -0.52 < .001
CRP/ALB -0.64 < .001

confirmed to show out-standing prognostic value in cancers.!?!

In clinical practice, we also observed that CD with a high level of
CRP and low level of ALB is usually active. CRP is an important
acute-phase marker, produced mainly in the liver, and can
evaluate the activity and severity of CD.?%3* In a prospective
study, Weinstein-Nakar et al’®*! found that the AUC of CRP in
mucosal healing in CD was 0.81 (95% CI, 0.71-0.9), similar to
the results of this study. A low ALB level is usually linked with
chronic disease, frequently correlated with nutritional status. In
addition, ALB can also be used to assess the severity of CD.*®! In
our study, the specificity of ALB in predicting the mucosal healing
of Cl[)1 A:;vas 67.9%, similar to the research results of Kawashima
et al.

The CRP/ALB, integrating the effects of both inflammation
and malnutrition, may be more capable of reflecting the real
situation of mucosal inflammation. As a consequence of
inflammation, macrophage and T-cell activation by interleukin
(IL)-1 and tumor necrosis factor-a increases secretion of IL-6
with subsequent downstream stimulation of CRP synthesis.[>”3#!
Therefore, the CRP/ALB may be more accurate to reflect mucosal
healing in CD than CRP or ALB alone, which is confirmed by our
research results.

This study had some potential limitations. Firstly, the sample
size included was small, which may not represent the general
situation comprehensively and accurately. Secondly, ileocolono-
scopy could not completely detect mucosal inflammation in the

Discriminatory power of each biomarker for mucosal healing (SES-
CD 0-2) by receiver operating characteristic (ROC) curves.

Variable AUC 95% ClI P

CRP/ALB 0.87 0.81-0.93 < .001
NLR 0.68 0.59-0.77 < .001
PLR 0.72 0.64-0.81 < .001
PLT/ALB 0.81 0.74-0.88 < .001
CRP, mg/L 0.86 0.80-0.93 < .001
ALB, g/L 0.84 0.78-0.91 < .001
N, 1079/ 0.69 0.60-0.78 < .001
L, “10M9/L 0.58 0.49-0.68 .096
PLT, 1079/ 0.73 0.65-0.82 < .001
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Figure 2. Receiver operator curves (ROCs) for serological optimizing markers
to assess mucosal healing. CRP/ALB [area under the curve (AUC)=0.87]
achieved a better test performance than PLT/ALB (AUC=0.81), NLR (AUC =
0.68), PLR (AUC=0.72).

Sensitivity (SENS), specificity (SPEC), positive predictive value
(PPV), and negative predictive value (NPV), as well as overall
accuracy for detecting CD mucosal healing.

Cut-off SENS SPEC PPV NPV Accuracy
CRP, mg/L 7.82 0893 0765 0725 0912 0.818
ALB, g/L 39.65 0.893 0.679 0.658 0.902 0.766
CRP/ALB 0.195 0.911 0.765 0729  0.925 0.825
NLR 44494 0839 0469 0522  0.809 0.620
PLR 206.2684 0732 0642 0586  0.776 0.679
PLTALB 56019 0732 0753  0.672  0.803 0.745

ileum 10 cm or more proximal to ileocecal valve. Considering the
imbalance between diagnostic expenses on one hand and
expected yield on the other hand, we did not carry out a
systematic search for CD involvement of the upper gastrointesti-
nal tract and small bowel without symptoms. Moreover, this
study was a single-center retrospective study, and individual
patients had probably received treatment before admission,
which might interfere with the research results. Therefore, a
multicenter prospective study is needed to assess correlations
between serological optimizing markers and mucosal healing in
CD in the future. Despite these limitations, of the serological
optimizing markers, CRP/ALB is most appropriate and promis-
ing in evaluating mucosal healing in CD.

Despite the aforementioned limitations, our study confirms
that CRP/ALB is the most appropriate biomarker to assesso
predict CD mucosal healing among the serological optimizing
markers. Therefore, CRP/ALB has the potential to replace
ileocolonoscopy in the disease monitoring of CD.
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