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Background/Aims: We evaluated whether anti-Saccharomyces cerevisiae antibody (ASCA)
titers are associated with diagnostic findings, disease activity, Paris classification phenotypes,
and persistence after infliximab (IFX) treatment in children with Crohn’s disease (CD). We also
investigated the role of ASCA as a predictor of mucosal healing (MH) and clinical remission (CR).

Methods: This study included 61 CD patients aged 19 years or younger who were diagnosed
and treated between September 2010 and January 2019 and followed for at least 1 year. ASCA
was regularly measured at the diagnosis of CD and at least 1 year after IFX therapy.

Results: The average follow-up period was 3.8+3.4 years (range, 1.0 to 7.2 years). Regression
analysis showed that the ASCA titer was the only factor associated with Simple Endoscopic Score
for Crohn's Disease (SES-CD) or CR among all the parameters. In patients who had achieved
MH (SES-CD=0), ASCA immunoglobulin G (IgG) was not associated with MH, but in patients
without MH, ASCA IgG was associated with SES-CD (p=0.005) and CR (p<0.001). The cutoff
value of ASCA IgG in patients with CR was 21.8 units. However, there was no difference in the
relapse rate between the ASCA IgG-positive and -negative groups during the follow-up period.
Conclusions: In patients who have not achieved MH, ASCA IgG is closely related to mucosal
damage and CR. Unlike Western studies, ASCA IgG may be more helpful in predicting prognosis
than immunoglobulin A in Korean patients, but it is not an appropriate indicator to predict the
relapse of CD. (Gut Liver 2021;15:763-770)
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INTRODUCTION

The pathogenesis of Crohn’s disease (CD) is not clearly
defined, but the prevalence of pediatric CD worldwide,
including Korea, is on the rise." Despite the availability of
many serum biomarkers, there is a lack of reliable tools to
predict CD prognosis.”* In 1988, Main et al.” first reported
elevated anti-Saccharomyces cerevisiae antibody (ASCA)
levels in CD. ASCA is a useful tool to distinguish CD from
ulcerative colitis, but its value as a prognostic marker is
emerging gradually.” "’

ASCA is generally common in younger age groups,

those with ileal involvement, fibrostenosis, and more ag-
gressive and complex disease behavior." " Several studies
have investigated whether ASCA titers are altered with
disease activity, and successful treatment has shown that
its titers are stable or decreased.'® However, few studies
have investigated the association between ASCA titers and
disease prognosis, relapse and biological treatment in chil-
dren with CD."”" The introduction of various biological
agents, including monoclonal antibodies that block the in-
flammatory cytokine tumor necrosis factor-o., has altered
the treatment and management options for CD. Serologi-
cal markers can be used to assess the therapeutic response
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of these biological agents in pediatric cases of CD.”*

Our study evaluated whether ASCA titers are associated
with diagnostic value, disease activity, Paris classification
phenotypes, durability over time after infliximab (IFX)
treatment in children with CD. We also investigated the
role of ASCA as a predictor of mucosal healing (MH) and
clinical remission (CR).

MATERIALS AND METHODS

1. Patients and data collection

A comprehensive medical chart review was performed
for all children with CD who were aged below 19 years at
the Samsung Medical Center and had quantitative ASCA
immunoglobulin A (IgA) and immunoglobulin G (IgG)
titers at diagnosis and follow-up. This study was conducted
in patients who were treated with IFX for at least 1 year
between September 2010 and January 2019.

Paris classification was used to determine the disease
phenotype.” The pediatric Crohn’s disease activity index
(PCDAI), serum albumin, hematocrit, erythrocyte sedi-
mentation rate and C-reactive protein values were deter-
mined concurrently with the ASCA titers. The PCDAI
score ranges from zero to 100, with a score >10 indicating
active disease.”” Simple Endoscopic Score for Crohn’s Dis-
ease (SES-CD) was also measured by colonoscopy at diag-
nosis and at least 1 year after IFX treatment, followed by
1 to 2 years intervals. Patients in CR were identified based
on PCDALI scores less than 10. Patients with MH were
identified based on SES-CD less than 0. Patients were also
required to have data on serum IFX trough levels, obtained
from blood samples taken immediately before the IFX in-
fusion.

The data were collected from all the eligible patients in-
cluding those with ASCA and simultaneous SES-CD. Ap-
proval was obtained from the Institutional Review Board
of the Samsung Medical Center Committee on Clinical
Investigation (IRB number: 2019-12-152). The require-
ment for obtaining informed consent from the patients
was waived due to the retrospective nature of the study.

2. ASCA IgA and IgG measurements

ASCA IgA and IgG were quantified using commercially
available standard calibrated enzyme-linked immunosor-
bent assay kits, and the tests were performed according to
the manufacturer’s protocol (ASCA IgG and ASCA IgA;
QUANTA Lite™, INOVA Diagnostics, San Diego, CA,
USA). Results of ASCA IgA and IgG testing were classi-
fied as negative (0.0 to 20.0 units), equivocal (20.1 to 24.9
units), or positive (25 units).
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3. Primary outcome

The primary outcome of this study was the role of
ASCA according to disease severity before and after IFX
treatment, such as Paris classification phenotypes, labora-
tory findings, and SES-CD, especially in pediatric CD pa-
tients. ASCA titers at diagnosis were compared with those
after at least 1 year of IFX treatment, and their correlation
with CR and endoscopic MH were evaluated.

4. Statistical analysis

Data were expressed as the mean and standard devia-
tion (continuous variables) and as frequencies and per-
centages (categorical variables). The chi-square test and
Mann-Whitney test were used to compare categorical and
quantitative variables. When comparing measurements
at baseline and after IFX treatment, the Wilcoxon signed-
rank test was used. A receiver operating characteristic
analysis was performed to calculate the cutoff value of
ASCA 1IgG for CR. Kaplan-Meier analysis was used to es-
timate the increase in free survival rate during long-term
follow-up.

Simple and multiple linear regression analyses were
used to identify the factors associated with MH and CR. A
multivariate linear regression analysis was then conducted
using a stepwise selection procedure with a 5% significance
level for a covariate to enter or remain in the model. Linear
correlation was estimated using the Pearson correlation
and represented as correlation coefficients (r) on a scatter
plot. The results were also expressed as probabilities. All

Table 1. Clinical Characteristics of Patients with Crohn’s Disease

Characteristics Value (n=61)

Male sex 41(67.2)
Age at diagnosis, yr 14.6£2.3
Paris location

L1 (distal 1/3 of ileum+caecum) 3(4.9)

L2 (colon) 2(3.3)

L3 (ileocolonic) 56 (91.8)

L4 (upper Gl tract involvement) 29 (47.5)
Paris behavior

B1 (non-stricturing, non-penetrating) 48 (78.7)

B2 (stricturing) 12(19.7)

B3 (penetrating) 1(1.6)

Perianal disease 32(52.5)
Dose intensification during IFX treatment 7(11.5)
Concomitant AZA treatment 55(90.2)
Corticosteroid usage 3(4.9)
Any lifelong CD-related Gl surgery 2(3.3)
Growth impairment 61(9.8)
Family history of IBD 5(8.2)

Data are presented as number (%) or meanzSD.
Gl, gastrointestinal; IFX, infliximab; AZA, azathioprine; CD, Crohn’s
disease; IBD, inflammatory bowel disease.
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tests were two-sided, and p-values <0.05 are considered
statistically significant. All analyses were performed using
SPSS, statistical software SPSS version 25 (IBM Corp., Ar-
monk, NY, USA).

RESULTS

1. Baseline characteristics
Serial 167 measurements of ASCA IgA and IgG titers

1 1gA
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44.39
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%]
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©
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Fig. 1. ASCA-positive cases at diagnosis and follow-up. ASCA IgA-
positive results were found in five cases, and ASCA IgG-positive re-
sults were found in 27 cases at diagnosis. During follow-up, two ASCA
IgA-positive and 24 ASCA IgG-positive patients were detected.

were documented in 61 children with CD. The mean age
at diagnosis was 14.6+2.3 years, with age ranging from 8.8
to 18.9 years, and included 41 boys. The patients’ charac-
teristics are summarized in Table 1. Disease phenotype was
determined according to the Paris classification.

The mean duration between initial diagnosis and the
follow-up was 3.8+3.4 years. There were 32 out of 61
(52.5%) ASCA-positive (either IgA or IgG) CD patients at
diagnosis and 26 out of 57 (45.6%) patients at follow-up
after IFX treatment. Five (8.2%) ASCA IgA-positive and 27
(44.3%) ASCA IgG-positive CD patients were documented
at diagnosis. At the time of follow-up, two (3.5%) ASCA

60

50 A p>0.05

ASCA IgG (units)

04 1 1

Diagnosis Follow up

Fig. 2. Durability of the ASCA titer over time. The ASCA titer at diagno-
sis was 14.3+14.4 units and the titer at follow-up was 10.5£10.0 units.
The mean duration of follow-up was 3.8+3.4 and ranged from 1.0 to 7.2
years. There was no significant difference in the titer of ASCA before

and after infliximab treatment.
ASCA, anti-Saccharomyces cerevisiae antibody; IgG, immunoglobulin G.

ASCA, anti-Saccharomyces cerevisiae antibody; IgA, immunoglobulin
A; 1gG, immunoglobulin G.

Table 2. Simple and Multiple Linear Regression Analyses of Factors Associated with SES-CD

Simple linear regression analysis Multiple linear regression analysis

Variable

B+SE 95% CI Partial R> p-value B+SE 95% CI Partial R p-value
Sex (male vs female) -3.500+2.224  -8.080 to 1.080 0.090 0.128
Age at diagnosis, yr 0.107+0.411  -0.739 to 0.953 0.003 0.797
Upper Gl tract involvement (yesvs no) ~ 0.767+2.050  -3.456 to 4.989 0.006 0.712
B1 disease behavior (yes vs no) -1.645+¢2.213  -6.203t02.913 0.022 0.464
Perianal modifiers (yes vs no) 2.267£2.005  -1.864t0 6.397 0.049 0.269
Linear growth failure (yes vs no) -0.989+2.869  -6.898 t0 4.920 0.005 0.733
WBC, /uL 0.000+0.000  -0.001 to 0.000 0.022 0.463
Hct, % 0.006+0.017  -0.030 to 0.041 0.004 0.744
Platelet count, /uL 0.001+0.010  -0.020 to 0.022 0.000 0.920
Albumin, g/dL -1.601+1.789  -5.286 to 2.084 0.031 0.379
ESR, mm/hr 0.004+0.033  -0.063 to 0.071 0.001 0.899
CRP, mg/dL 0.089+0.295  -0.519to 0.697 0.004 0.766
IFX trough level, pg/mL 0.130+0.205  -0.294 to 0.553 0.017 0.533
ASCA IgA, units 0.310+0.310 0.084 to 0.535 0.243 0.009*
ASCA IgG, units 0.196+0.064 0.064 to0 0.328 0.273 0.005* 0.219+£0.057 0.103t00.336  0.465  0.001*

SES-CD, Simple Endoscopic Score for Crohn's Disease; SE, standard error; Cl, confidence interval; Gl, gastrointestinal; WBC, white blood cell; Hct,
hematocrit; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; IFX, infliximab; ASCA, anti-Saccharomyces cerevisiae antibody; IgA, im-
munoglobulin A; IgG, immunoglobulin G.

*p<0.05.
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IgA-positive and 24 (42.1%) ASCA IgG-positive patients
were identified (Fig. 1).

2. Durability of ASCA titer

There was no statistically significant difference in the
titer of ASCA before and after IFX treatment. The mean
duration of follow-up was 3.8+3.4 years, ranging from 1.0
to 7.2 years. The ASCA titer at diagnosis was 14.3£14.4
units and the titer at follow-up was 10.5£10.0 units (p>0.05)

(Fig. 2).

3. Factors associated with MH and CR

The linear regression analysis was used to determine
factors associated with MH and CR in 61 CD patients.
Factors included sex, age at diagnosis, Paris classification
phenotypes, linear growth failure, various laboratory tests,
IFX trough levels and ASCA IgA and IgG. In simple and
multiple linear regression analyses, ASCA IgA and IgG was
the only factor associated with SES-CD (Table 2). Analyses
of factors associated with PCDALI also showed similar re-
sults (Table 3).

Table 3. Simple and Multiple Linear Regression Analyses of Factors Associated with PCDAI

Simple linear regression analysis

Multiple linear regression analysis

Variable
B+SE 95% ClI Partial R p-value B+SE 95% ClI Partial R®> p-value
Sex (male vs female) 0.268+3.639  -7.226107.762 0.000 0.942
Age at diagnosis, yr -0.051+0.642  -1.373to0 1.271 0.000 0.938
Upper Gl tract involvement [yesvs no]  2.375+3.174  -4.162t08.912 0.022 0.461
B1 disease behavior (yes vs no) -1.23423.484  -8.408 10 5.941 0.005 0.726
Perianal modifiers (yes vs no) 5.750£2.996  -0.421t011.921  0.128 0.066
Linear growth failure (yes vs no) -3.016+4.448 -12.178 t0 6.145 0.018 0.504
WBC, /uL -0.001+£0.001  -0.002 to 0.000 0.055 0.240
Hct, % -0.014£0.027  -0.069 to 0.042 0.010 0.617
Platelet count, /uL -0.020£0.015  -0.051t00.012 0.061 0.213
Albumin, g/dL -4.71242.676  -10.224 10 0.799 0.110 0.090
ESR, mm/hr 0.001+0.051  -0.104 to 0.106 0.000 0.985
CRP, mg/dL 0.212+0.460  -0.735to0 1.159 0.008 0.649
IFX trough level, pg/mL -0.113£0.328  -0.791to 0.565 0.005 0.734
ASCA IgA, units 0.492+0.170 0.142 to 0.842 0.252 0.008*
ASCA IgG, units 0.377+0.090 0.192 to 0.562 0.414  <0.001* 0.377:0.090 0.192t00.562  0.414  <0.001*

PCDAI, pediatric Crohn’s disease activity index; SE, standard error; Cl, confidence interval; Gl, gastrointestinal; WBC, white blood cell; Hct, hema-
tocrit; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; IFX, infliximab; ASCA, anti-Saccharomyces cerevisiae antibody; IgA, immuno-

globulin A; IgG, immunoglobulin G.
*p<0.05.
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Fig. 3. Correlation between the ASCA titer and SES-CD after IFX treatment. There was no statistically significant difference in the correlation be-
tween MH based on SES-CD and the ASCA titer after IFX treatment (A). A significant correlation was observed after eliminating ASCA titers in pa-

tients with an SES-CD score of 0 (B).

ASCA, anti-Saccharomyces cerevisiae antibody; SES-CD, Simple Endoscopic Score for Crohn Disease; IFX, infliximab; MH, mucosal healing; IgG,

immunoglobulin G.
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4. Correlation between ASCA titer and SES-CD score

or CR after IFX treatment

There was no statistically significant difference in cor-
relation between MH based on SES-CD and ASCA titer
after IFX treatment (Fig. 3A). However, when ASCA
titers of patients with SES-CD score of 0 were removed,
a significant correlation was found between the two pa-
rameters (p=0.005) (Fig. 3B). The correlation between CR
through PCDAI and ASCA IgG after IFX treatment was
also observed between the two indicators (p<0.001) (Fig. 4).
There was no statistically significant difference in the rate
of bowel surgery depending on whether ASCA IgG was
positive or not.

60 -

R°=0.414, p<0.001

0 10 20 30 40
PCDAI after IFX treatment

Fig. 4. Correlation between the ASCA titer and clinical remission (CR)
after infliximab (IFX) treatment. The correlation between CR through
PCDAI and the ASCA titer after IFX treatment was observed between
the two indicators.

ASCA, anti-Saccharomyces cerevisiae antibody; PCDAI, pediatric
Crohn’s disease activity index; IgG, immunoglobulin G.
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Fig. 5. Receiver operating characteristic curve for estimating the
diagnostic accuracy of the ASCA titer for the presumptive clinical
remission of Crohn’s disease. The cutoff value of ASCA IgG for clinical
remission was 21.8 units.

ASCA, anti-Saccharomyces cerevisiae antibody; IgG, immunoglobulin
G; AUC, area under the curve; Cl, confidence interval.

5. Receiver operating curve for estimation of the
diagnostic accuracy of ASCA titer for presumptive
CR
The area under the receiver operating characteristic

curve for ASCA IgG was associated with CR of CD pa-

tients: 0.756 (95% confidence interval, 0.541 to 0.972) (Fig.

5). The cutoff of ASCA IgG associated with CR with the

maximum sensitivity and specificity was 21.8 units (sensi-

tivity, 75.0%; specificity, 77.6%).

6. Survival plots for disease relapse during follow-up

After a median follow-up of 3.8 years (range, 1 to 7.2
years), 57.4% (35/61) of patients who were ASCA IgG
positive had experienced clinical relapse. According to
the Kaplan-Meier survival analysis of ASCA IgG-positive
patients, the estimated cumulative relapse rates at 1, 2, 4,
and 6 years were 17.3%, 31.2%, 58.8%, and 71.3%, respec-
tively. Among ASCA IgG-negative patients, 45.9% (28/61)
had experienced clinical relapse. According to the Kaplan-
Meier survival analysis of ASCA IgG-negative patients, the
cumulative relapse rates at 1, 2, 4, and 6 years were 16.5%,
29.9%, 27.6%, and 48.5%, respectively. No statistically sig-
nificant differences were found between ASCA IgG posi-
tivity and recurrence rate during the follow-up period (Fig.
6).

DISCUSSION

Several studies have confirmed the association between
ASCA antibodies and CD. ASCA antibodies have been
known to facilitate the diagnosis and prediction of disease
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Fig. 6. Survival plots showing disease relapse during follow-up. There
was no statistically significant difference between ASCA positivity and
the recurrence rate during the follow-up period.

ASCA, anti-Saccharomyces cerevisiae antibody; IgG, immunoglobulin
C.
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. . . 12,14,15 3
progression in CD patients. However, the associa-

tion between ASCA titer and MH based on endoscopy is
unclear. This study was conducted in patients who were
treated with IFX for at least 1 year. The potential of IFX,
not only to induce but also to maintain remission, has
been well known in adult and pediatric CD patients. It
is no longer unfamiliar to set the therapeutic goal of CD
based on MH as well as CR. In addition to endoscopy used
to identify MH, the development of noninvasive and reli-
able tools is an ongoing challenge. This study is the first to
explore the utility of ASCA as a noninvasive tool in MH
screening. Although the association between ASCA IgG
and MH was not completely correlated in this study, it was
shown that there was an association between ASCA IgG
and SES-CD, which was a factor predicting MH. Further, it
is not clear whether serum ASCA titers change according
to CD activity following treatment and long-term follow-
up. Our study showed that the measurement of ASCA titer
facilitates the assessment of CR and MH in CD patients.
We also demonstrated the persistence of ASCA after treat-
ment.

Ruemmele et al.'* and Canani et al.** suggest that CD
behavior is not associated with ASCA titers in pediatric
patients.'*** However, several studies have reported high
ASCA titers among more severe CD patients.”* In our
study, ASCA is closely related to disease activity and muco-
sal damage status. Pediatric CD patients who carried high
ASCA IgG titers manifested a more clinically severe dis-
ease and a higher risk of developing extensive endoscopic
luminal disease. Therefore, careful monitoring is required
when the titer is high during initial ASCA measurements.
The one difference from Western studies is that ASCA
IgG, rather than IgA, is a useful predictor of complicated
disease behavior in Korea."""’

Previous studies have suggested a link between ASCA
titers and Paris classification phenotypes, that is, positive
ASCA titers may be associated with ileocecal disease or
correlate with both L3 and L4."”” However, we found no
significant association between Paris classification pheno-
types and positive ASCA status. Considering that most of
the previous studies investigating ASCA have focused on
Westerners, our results may be attributed to ethnic differ-
ences.

Rieder et al.”® found that ASCA titer decreased after
corticosteroid therapy. However, Teml et al."’ analyzed
ASCA levels in CD patients before and after treatment
with either steroids or mesalamine, and reported that the
ASCA levels did not change over a period of 2 to 9 months.
Other investigators also showed that several antibodies in
CD remained stable after 4 months of IFX therapy.” Our
data showed that ASCA titers remained stable even during

768 www.gutnliver.org

the follow-up period up to 7 years and it was more reliable
than those of other short-term studies. Repeated measure-
ments of ASCA titers after diagnosis are unlikely to be use-
tul.

Chandrakumar et al."” showed that CD patients who
were positive for ASCA IgA and IgG did not show a greater
relapse rate than patients with negative titers. These results
are similar to our study. There was no significant difference
in relapse rate between ASCA IgG-positive and -negative
patients, suggesting that ASCA is not an appropriate indi-
cator to predict CD relapse.

The study is limited by a relatively small sample size
and retrospective study design. Fecal calprotectin is a use-
ful noninvasive marker of MH and has already been used
to monitor therapeutic success in many studies. Unfortu-
nately, in this study, fecal calprotectin was not used as a
variable because it was not available during some periods.
However, it is significant that ASCA has been proposed as
a marker of MH after IFX treatment of children with CD.

In conclusion, the results of this study reveal the impor-
tance of ASCA as a noninvasive tool for monitoring disease
activity and mucosal damage status in Korean children
with CD. In patients who have not achieved MH, ASCA
IgG is closely related to mucosal damage status and CR.
Therefore, careful monitoring is required when the titer
is high during initial ASCA measurements. Unlike West-
ern studies, ASCA IgG may be more helpful in predicting
prognosis than IgA in Korean patients, but it is not an ap-
propriate indicator to predict the relapse of CD. Further
prospective studies involving a large number of patients
are needed to better define the value of ASCA in children
with CD.
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