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tivity, providing a rationale to start or change treatment. In the 

past several decades, an array of noninvasive stool or serum 

markers have emerged to monitor disease activity or to pre-

dict relapse of disease. Notably, fecal calprotectin (FC) has 

been intensively investigated in the past decade. Calprotectin 

is a 36 kDa S100 family calcium-binding protein that is re-

leased largely from granulocytes, monocytes, and epithelial 

cells.3,4 The concentration in stool can be used to discriminate 

inflammatory bowel disease (IBD) from irritable bowel syn-

drome,5,6 reflect the degree of inflammation in established 

IBD,7,8 and predict clinical relapse.9-13
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Background/Aims: Fecal S100A12 (FS) and serum S100A12 (SS) have been reported as novel biomarkers that accurately re-
flect intestinal inflammation. We evaluated if FS and SS in comparison to fecal calprotectin (FC) are associated with poor future 
outcomes in clinically quiescent Crohn’s disease (CD) patients. Methods: We prospectively enrolled 49 CD patients in clinical 
remission (Crohn’s Disease Activity Index [CDAI] < 150 for the past 6 months). Patients were followed for a median period of 
4.4 years (interquartile range [IQR], 4.3–4.5). The following outcomes were evaluated: clinical relapse, CD-related hospitaliza-
tion, step-up of medical treatment, and CD-related intestinal resection. Cox proportional-hazard regression model was con-
structed to assess the association of baseline markers with time-to-event outcomes. Results: The median levels of baseline FS, 
FC, and SS were 0.042 mg/kg (IQR, 0.005–0.179), 486.8 mg/kg (IQR, 203.5–886.8) and 1,398.2 ng/mL (IQR, 791.8–2,759.9), re-
spectively. FS correlated with FC (r = 0.689), erythrocyte sedimentation rate (r = 0.524), C-reactive protein (r = 0.499), and albu-
min (r = –0.446), but not with CDAI (r = 0.045). Interestingly, increased FS (top quartile) was associated with a 4.9-fold increased 
rate of future CD-related hospitalization (P = 0.009) and a 2.8-fold increased rate of step-up of medical treatment (P = 0.032), 
whereas increased FC and SS were not. These findings remained significant after adjusting for age, sex, disease duration, cur-
rent smoking, C-reactive protein, serum albumin, CDAI, and FC, individually. Conclusions: In this pilot study, increased FS 
and not FC or SS, was significantly associated with increased rates of future CD-related hospitalization and step-up of medical 
treatment among CD patients in clinical remission. (Intest Res 2022;20:203-212)
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ORIGINAL ARTICLE

INTRODUCTION 

Crohn’s disease (CD) is characterized by unpredictable phas-

es of relapse and remission with a progressive disease course.1,2 

Traditionally, symptom-based clinical indices along with en-

doscopy and imaging have been used to monitor disease ac-
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Recently, S100A12, another S100 family protein, has been 

reported for its potential as a noninvasive marker in IBD. In 

contrast to calprotectin, it binds to a receptor for advanced 

glycation end products and is predominantly released from 

granulocytes.4 Studies have suggested that fecal S100A12 (FS) 

may be a more specific marker for intestinal inflammation 

and can be superior to FC in discriminating IBD from irritable 

bowel syndrome.4,14,15 However, evidence of the predictive role 

of FS for future clinical outcomes in IBD is scarce. Only 1 study 

investigated its association with clinical relapse16 and another 

study reported its association with a response to anti-tumor 

necrosis factor (TNF) agents among patients with CD.17 Im-

portantly, these studies have been limited to CD patients from 

North America and Europe with lack of evidence in other re-

gions.

Therefore, we conducted a real-world prospective pilot study 

to evaluate whether FS and serum S100A12 (SS) levels are as-

sociated with poor future outcomes including clinical relapse, 

CD-related hospitalization, step-up of medical treatment, and 

future intestinal resection in patients with clinically quiescent 

CD. Additionally, we assessed the correlation between FS and 

SS with clinical activity index and other serum inflammatory 

markers. 

METHODS

1. Study Design and Patients
Patients with CD in clinical remission for the past 6 months 

were prospectively enrolled from June 2012 to March 2013. 

These patients were followed until March 2017. All patients 

were of Korean descent and were recruited at Asan Medical 

Center, a tertiary care center in Seoul, Korea. Diagnosis of CD 

was made based on the clinical, radiological, endoscopic and 

histological criteria.18 Clinical remission was defined as a Crohn’s 

Disease Activity Index (CDAI) score less than 150.19 Exclusion 

criteria were as follows; use of corticosteroids or nonsteroidal 

anti-inflammatory drugs or antibiotics within the past 6 months, 

presence of stoma (previous formation of ileostomy or colos-

tomy), pregnancy, and other severe comorbidities. 

At study enrollment, both fecal and serum samples were 

collected. Patients were followed routinely at the outpatient 

clinic every 1–3 months at the physician’s discretion depend-

ing on the severity of the disease. Patients were followed until 

(1) loss to follow-up; or (2) end of follow-up (March 2017). At 

each clinic visit, patients were monitored by the CDAI score 

and blood laboratory tests including complete blood count, 

chemistry, erythrocyte sedimentation rate (ESR), and C-reac-

tive protein (CRP). To calculate the CDAI score at each visit, 

patients were required to record their bowel frequency, ab-

dominal pain, and general well-being state for 7 days before 

each visit.19 The CDAI score was generated automatically by a 

computerized program and incorporated into the electronic 

medical records system, based on the patient’s daily symptom 

records, height, weight, physician’s examination, and blood 

test at each visit. Written informed consent was obtained from 

all study subjects. The study protocol was approved by the In-

stitutional Review Board (IRB) of Asan Medical Center (IRB 

No. 2010-0774). 

2.  Assessment of Disease Activity and Clinical 
Outcomes

At enrollment, the following clinical data were collected: age 

at enrollment, age at CD diagnosis, sex, smoking status, dis-

ease location and behavior based on Montreal classification,20 

previous use of 5-aminosalicylic acid (5-ASA), thiopurines, 

and biologics. At the time of the study design, only anti-TNF 

agent (infliximab) was approved as a biologic agent for clini-

cal use for patients with CD in Korea.

The following clinical outcomes were investigated: clinical 

relapse, CD-related hospitalization, step-up of medical treat-

ment, and CD-related intestinal resection. Clinical relapse was 

defined as CDAI > 220, or 2 consecutive levels of CDAI 150–

220 with an increase of more than 70 from the index CDAI. In-

dex CDAI refers to the CDAI score on the day of enrollment. 

CD-related intestinal resection was defined as any bowel re-

section surgeries related to CD. Step-up of medical treatment 

was defined as starting thiopurine agents (azathioprine/6 mer-

captopurine) or an anti-TNF agent in thiopurine or anti-TNF-

naïve patients or the use of rescue systemic corticosteroids in 

case of a CD flare. CD-related hospitalization was defined as 

any hospitalization related to CD for at least 48 hours of hospi-

tal stay.

3. Fecal and Serum S100 Proteins
All patients provided a single stool sample and blood sample 

at enrollment which were transported directly to the laborato-

ry. One hundred mg of stool sample was homogenized after 

suspension in the extraction buffer (1:50). The supernatant 

was stored at –70°C. FS, FC and SS were measured using the 

enzyme-linked immunosorbent assay kits (Alpco, Salem, NH, 

USA and Calpro AS, Oslo, Norway, respectively). The assay read-

ers were blinded to the clinical data of study subjects. FS, FC, 
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and SS levels were measured 2 times consecutively and the 

mean level was used for analysis. Notably, the treating physi-

cians were blinded to these levels.

4. Statistical Analysis
Continuous variables were presented as medians and inter-

quartile ranges (IQRs) and categorical variables were ex-

Table 1. Baseline Demographics and Clinical Characteristics of Study Subjects

Variable Value (n=49)

Male sex 38 (77.6)

Age at diagnosis (yr) 25.5 (19.1–31.8)

Age at study enrollment (yr) 30.3 (23.7–37.8)

Disease duration at study enrollment (yr) 4.2 (2.9–5.6)

Follow-up duration (yr) 4.4 (4.3–4.5)

Smoking status at diagnosis of CD

   Never smoker 29 (59.2)

   Former smoker 3 (6.1)

   Current smoker 17 (34.7)

Medication at study enrollment

   Oral 5-ASA 42 (85.7)

   Thiopurines 40 (81.6)

   Anti-TNF agents  8 (16.3)

Disease location of CD at study enrollment

   L1 (ileum) 15 (30.6)

   L2 (colon) 3 (6.1)

   L3 (ileocolon) 31 (63.3)

   L4 (upper GI disease) 14 (28.6)

Disease behavior of CD at study enrollment

   B1 (non-stricturing, non-penetrating) 30 (61.2)

   B2 (stricturing) 8 (16.3)

   B3 (penetrating) 11 (22.5)

   Perianal disease modifier 23 (46.9)

Baseline fecal markers, laboratory findings, and CDAI 

   Fecal S100A12 (mg/kg) 0.042 (0.005–0.179)

   Fecal calprotectin (mg/kg) 486.8 (203.5–886.8)

   Serum S100A12 (ng/mL) 1,398.2 (791.8–2,759.9)

   White blood cell count (×103/μL) 5.6 (4.7–6.8)

   Hemoglobin (×103/μL) 14.2 (12.9–15.1)

   Platelet count (×103/μL) 256 (216–313)

   Hematocrit (%) 42.7 (39.0–48.6)

   Serum albumin (g/dL) 4.3 (4.0–4.5)

   C-reactive protein (mg/L) 0.2 (0.1–0.4)

   Erythrocyte sedimentation rate (mm/hr) 10.0 (5.0–22.0)

   CDAI 42.8 (20.7–74.1)

Values are presented as the number (%) or median (interquartile range).
CD, Crohn’s disease; 5-ASA, 5-aminosalicylic acid; TNF, tumor necrosis factor; GI, gastrointestinal; CDAI, Crohn’s Disease Activity Index.
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pressed as numbers and percentages. Spearman rank-order 

correlation test was used to assess the correlation between 2 

continuous variables. Univariable and multivariable Cox pro-

portional hazards regression was used to assess the associa-

tion between baseline variables and time-to-clinical outcomes. 

Time was right censored for each outcome with the earliest 

time point among the following: (1) time of the event (clinical 

outcomes); (2) time of follow-up loss; (3) time at the end of 

follow-up. Kaplan-Meier curves were generated to compare 2 

groups based on a dichotomized variable. For comparability 

of the effect size between the variables of interest in the time 

to event analyses, the continuous variable was dichotomized as 

the top quartile versus the rest. Concordance index (c-index) 

indicated the predictive ability for prospective outcomes. A P-

value < 0.05 was considered statistically significant. Statistical 

analyses were performed by R version 4.0.3 (R Foundation for 

Statistical Computing, Vienna, Austria).

Notably, this study was an exploratory pilot study for assess-

ing the performance of FS on future clinical outcomes in Ko-

rean CD patients; no previous study had explored FS for vari-

ous clinical outcomes in the Asian population with CD when 

the study was designed. Post-hoc power calculation was per-

formed for future studies based on the results from this study.

RESULTS

1. Baseline Characteristics of Study Patients
A total of 54 patients were screened; 1 patient was not eligible, 

1 patient withdrew the informed consent and 3 patients vio-

lated the study protocol. Therefore, a total of 49 patients were 

finally enrolled in the study, of whom 38 (77.6%) were males 

and the median age was 30.3 years (IQR, 23.7–37.8) (Table 1). 

The median duration of disease was 4.2 years (IQR, 2.9–5.6). 

The majority of patients had ileocolonic disease (L3, 31 pa-

tients, 63.3%) and non-stricturing, non-penetrating behavior 

(B1, 30 patients, 61.2%) at enrollment. Eight patients (16.3%) 

were on anti-TNF agents, 34 (69.4%) were on thiopurines with 

oral 5-ASA agents, 6 (12.2%) were on thiopurines alone, 8 

(16.3%) were on oral 5-ASA agents alone. 

 The median FS and FC levels at baseline were 0.042 mg/kg 

(IQR, 0.005–0.179) and 486.8 mg/kg (IQR, 203.5–886.8), re-

spectively. The median SS level was 1,398.2 ng/mL (IQR, 791.8–

2,759.9). Notably, two-thirds (66.7%) had a FC level over 250 

mg/kg, despite a normal CDAI score for the past 6 months. 

The median CDAI was 42.8 (IQR, 20.7–74.1) at enrollment. All 

patients were followed for at least 1 year with a median follow-

up duration of 4.4 years (IQR, 4.3–4.5). Baseline demographics 

and laboratory test results are presented in Table 1. 

2.  Correlation between Baseline S100 Protein Markers, 
CDAI Score and, Serum Inflammatory Markers

FS significantly correlated with FC (r = 0.689, P < 0.001), while 

it did not correlate with SS (r = 0.168, P = 0.248). In addition, FS 

significantly correlated with the following inflammatory mark-

ers: ESR (r = 0.524, P < 0.001), CRP (r = 0.499, P < 0.001) and se-

rum albumin (r = –0.446, P = 0.001). Similarly, FC significantly 

correlated with the following markers: serum albumin (r =  

–0.562, P < 0.001), hemoglobin (r = –0.522, P < 0.001), ESR (r =  

0.465, P = 0.001), and CRP (r = 0.459, P = 0.001). Of note, both FS 

and FC lacked correlation with the CDAI score (r=0.045, P = 0.757; 

r = 0.259, P = 0.072). Results of correlation analyses are repre-

sented in Fig. 1. 

Based on a subgroup analysis in our study, the correlation 

between FS and FC was numerically stronger in patients with 

colonic/ileocolonic disease (L2/L3) (r = 0.736, P < 0.001) com-

pared to those with an isolated ileal disease (L1) (r = 0.390, 

P = 0.151).

3.  Association of Baseline S100 Protein Levels with 
Time to Clinical Outcomes

Fourteen patients (28.6%) developed clinical relapse during 

Fig. 1. Spearman correlation between baseline fecal markers, se-
rum markers, and disease activity score. FS, fecal S100A12; FC, fe-
cal calprotectin; SS, serum S100A12; WBC, white blood cell count; 
Hb, hemoglobin; Hct, hematocrit; Plt, platelet count; Alb, albumin; 
ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

1.0

-1.0
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follow-up, of whom 3 (6.1%), 5 (10.2%), and 8 (16.3%) patients 

had an event within 6, 12, and 18 months, respectively. Among 

11 patients (20.4%) who developed CD-related hospitaliza-

tion during the study period, 1 (2.0%), 4 (6.1%), and 6 (10.2%) 

had an event within 6, 12, and 18 months, respectively. Among 

18 patients (36.7%) who required a step-up of medical treat-

ment, 2 (4.1%), 6 (12.2%), and 10 (20.4%) had an event at 6, 12, 

and 18 months, respectively. Finally, only 3 patients (6.1%) had 

a CD-related intestinal resection, of whom 1 (2.0%) occurred 

within 6 months and 2 (4.1%) occurred within 12 months.

In the time-to-event analyses, increased baseline FS (top 

quartile) was significantly associated with 4.87-fold increased 

Table 2. Association of Baseline S100 Proteins with Time to Future Outcomes (Univariable Analysis) 

Outcomes Baseline S100 proteins
Top quartile vs. othersa

HR 95% CI P-value c-index

Clinical relapse Fecal S100A12 2.20 0.73–6.58 0.159 0.591

Fecal calprotectin 2.58 0.89–7.45 0.079 0.607

Serum S100A12 1.54 0.51–4.58 0.443 0.541

CD-related hospitalization Fecal S100A12 4.87 1.48–16.00 0.009 0.687

Fecal calprotectin 1.64 0.48–5.59 0.432 0.555

Serum S100A12 0.55 0.12–2.54 0.442 0.560

Step-up of medication Fecal S100A12 2.83 1.09–7.33 0.032 0.612

Fecal calprotectin 1.12 0.40–3.15 0.826 0.512

Serum S100A12 1.45 0.54–3.86 0.460 0.541

CD-related intestinal resection Fecal S100A12 6.94 0.63–76.74 0.114 0.734

Fecal calprotectin 5.70 0.52–62.86 0.156 0.701

Serum S100A12 1.37 0.12–15.09 0.798 0.536

aEach continuous variable was dichotomized into the top quartile versus the others. Top quartile: fecal S100A12 ≥0.179 mg/kg, fecal calprotectin 
≥886.8 mg/kg, serum S100A12 ≥2,759.9 ng/mL. 
HR, hazard ratio; CI, confidence interval; c-index, concordance index; CD, Crohn’s disease.

Fig. 2. Association of baseline fecal S100A12 (FS) with time to future outcomes after adjusting for co-variables. The effect size of FS 
(odds ratio and 95% confidence interval) on clinical outcomes are plotted. Each continuous variable was dichotomized into the top quar-
tile versus the others. CD, Crohn’s disease; CRP, C-reactive protein; CDAI, Crohn’s Disease Activity Index.
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Table 3. Optimal Cutoff Value of Baseline Fecal S100A12 for Time to Future Outcomes (Univariable Analysis)

Outcomes (dichotomized variable based on  
   optimal cutoff value) HR 95% CI P-value c-index

Clinical relapse (FS ≥0.0136 mg/kg) 1.35 0.42–4.32 0.610 0.537

CD-related hospitalization (FS ≥0.1994 mg/kg) 6.86 2.08–22.60 0.002 0.711

Step-up of medication (FS ≥0.1994 mg/kg) 4.26 1.63–11.10 0.003 0.638

CD-related intestinal resection (FS ≥0.1596 mg/kg)a 21.64 2.09–2,912.40 0.008 0.885

The optimal cutoff value is derived by the value that maximizes the c-index for each outcome.
aCox regression with Firth’s penalized likelihood was used for nonconvergence of the likelihood function.
HR, hazard ratio; CI, confidence interval; c-index, concordance index; FS, fecal S100A12; CD, Crohn’s disease.

Fig. 3. Comparison of top quartile (red line) versus bottom 3 quartiles (blue line) of fecal S100A12 for its association with the cumulative 
event-free survival of the following outcomes: (A) time to clinical relapse; (B) time to Crohn’s disease (CD)-related hospitalization; (C) time 
to step-up of medical treatment; (D) time to CD-related intestinal resection. Top quartile: fecal S100A12 ≥0.179 mg/kg. HR, hazard ratio; 
CI, confidence interval.
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risk of future CD-related hospitalization (P = 0.009; c-index =  

0.687) and 2.83-fold increased risk of future step-up of medi-

cal treatment (P = 0.032; c-index = 0.612) (Table 2); the effect 

size was consistently significant even after adjusting for age, 

sex, disease duration, current smoking, CRP, serum albumin, 

CDAI, and increased FC, individually (Fig. 2). Although not 
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Fig. 4. Comparison of fecal S100A12 ≥optimal cutoff (red line) versus fecal S100A12 optimal cutoff (blue line) for its association with 
the cumulative event-free survival of the following outcomes: (A) time to clinical relapse; (B) time to Crohn’s disease (CD)-related hospi-
talization; (C) time to step-up of medical treatment; (D) time to CD-related intestinal resection. Optimal cutoff value: 0.0136 mg/kg for 
time to clinical relapse; 0.1994 mg/kg for time to CD-related hospitalization and step-up of medication; 0.1596 mg/kg for time to CD-re-
lated intestinal resection. HR, hazard ratio; CI, confidence interval.
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statistically significant, increased baseline FC (top quartile) 

showed a trend of association with time-to-clinical relapse 

(hazard ratio [HR] 2.58, P = 0.079, c-index = 0.607). No signifi-

cant association was found between SS and time-to-clinical 

outcomes. Kaplan-Meier curves based on baseline FS for clini-

cal outcomes are shown in Fig. 3. 

4.  Optimal Cutoff Values of FS for Its Association with 
Time-to-Clinical Outcomes

As an exploratory analysis, we derived optimal cutoff values of 

FS based on the value that maximizes the c-index for each of 

the time-to-clinical outcomes. Using these cutoff values, FS 

was significantly associated with CD-related hospitalization, 

step-up of medication, and CD-related intestinal resection; 

also, the c-index was increased for these 3 outcomes when us-

ing the optimal cutoff values compared to using the top quar-

tiles (Table 3, Fig. 4).

DISCUSSION

In this pilot study, we investigated FS, FC, and SS for their as-

sociation with time-to-clinical outcomes of CD patients who 

had been in clinical remission for the past 6 months. In this re-

al-world prospective study, we have included various clinically 

relevant outcomes including clinical relapse, CD-related hos-

pitalization, step-up of medical treatment and CD-related in-

testinal resection among CD patients in clinical remission. To 

date, this is the first study that investigated FS as a noninvasive 
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marker for predicting clinical outcomes in Asian adult patients 

with CD.

We replicated several findings from previous studies. FS cor-

related well with FC (r = 0.689), consistent with 2 previous stud-

ies.4,16 Interestingly, Kaiser et al.14 showed that this correlation 

between FS and FC was weaker among CD patients (r = 0.324) 

compared to those of ulcerative colitis (r = 0.534) patients, both 

of which appeared lower than the correlation coefficient ob-

served in our study. Both FS and FC correlated well with other 

serum inflammatory makers, consistent with studies men-

tioned above. With regards to the CDAI score, there was a lack 

of correlation against both FS (r = 0.045) and FC (r = 0.259), 

which was consistent with a previously reported weak correla-

tion between FS and CDAI (r = 0.296) from the study by Kaiser 

et al.14 Notably, although all study subjects were in clinical re-

mission (CDAI < 150) at baseline, about two-thirds of the pa-

tients had a baseline FC level greater than 250 mg/kg, repre-

senting active inflammation.21 This suggests that the CDAI 

score is unreliable for capturing evidence of subclinical inflam-

mation in otherwise clinically stable CD patients. Finally, SS 

did not correlate with fecal markers nor other blood inflam-

matory markers, consistent with previous studies.16,17

In our study, FS and FC showed potentials of a marker of 

poor future outcomes among CD patients in clinical remis-

sion. Both FS and FC levels were numerically higher at base-

line in patients who developed future clinical relapse, CD-re-

lated hospitalization, step-up of medication, or CD-related in-

testinal resection compared to those who did not. Further-

more, in the time-to-clinical outcome analyses, only increased 

FS was significantly associated with time-to-CD-related hos-

pitalization and step-up of medication even after adjusting for 

other inflammatory markers (i.e., CRP and serum albumin), 

respectively, whereas, increased FC was not associated with 

any of the time-to-clinical outcomes. In the exploratory analy-

sis using optimal cutoff levels of FS, high FS was also associat-

ed with increased CD-related intestinal resection. Indeed, 

previous studies suggested that FS may be a more specific 

marker of active inflammation compared to FC;4,14 S100A12 is 

known to be predominately derived from neutrophils, where-

as calprotectin is derived approximately 60% from neutro-

phils and can come from other cells i.e., macrophages and ep-

ithelial cells.15,22 Recently, in the CALM study, a biomarker-

based (CRP and FC) treatment algorithm showed improved 

clinical outcomes at 1 year compared to a symptom-based al-

gorithm in patients with CD on adalimumab treatment, 

whereby FC was a major driver of escalating treatment in the 

biomarker-based algorithm group.21,23 Our data suggests that 

FS may be a better marker for predicting future clinical out-

comes given the higher predictability of FS (vs. FC) to predict 

time-to-hospitalization and time-to-step-up of medical thera-

py. However, it is still unknown if FS could be a part of an effi-

cient biomarker-based algorithm as in the CALM study; fur-

ther studies would need to investigate the dynamic change of 

FS over time and how it relates to clinical outcomes. Also, a 

head-to-head trial with adequate power comparing the pre-

dictive ability of FS and FC is warranted.

We acknowledge several limitations. First, because this study 

was a pilot study, it was limited in terms of sample size affect-

ing every aspect of the study. Additionally, we had small num-

bers of clinical outcomes. Due to concerns of model overfit-

ting, we could not include many variables simultaneously to 

adjust for potential confounding effects. Nevertheless, we have 

provided the effect size of FS for its association with future clin-

ical outcomes and have performed a post-hoc power calcula-

tion for future studies (Supplementary Table 1). Also, we have 

derived optimal cutoff values of FS for each of the clinical out-

comes as an exploratory analysis; however, future studies with 

a sufficient sample size would need to validate the performance 

of these optimal cutoff values. Secondly, we did not have serial 

samples to assess the dynamic change of the markers of inter-

est. Thirdly, endoscopic activity and imaging were not avail-

able as clinical outcomes. However, as main clinical outcomes, 

we included step-up of medication and CD-related intestinal 

resection, which have been widely used as relatively objective 

outcome measures for evaluating prognosis of patients with 

CD. Finally, our study was based on a single-center cohort in 

Korea, limiting its generalizability. Nevertheless, we point out 

that this is the first study to assess the performance of FS in 

CD patients outside North America and Europe. This supports 

the potential of FS as a noninvasive biomarker in CD patients 

from other regions or ethnicities.

In conclusion, in this pilot study, FS and not FC was signifi-

cantly associated with time-to-hospitalization and step-up of 

medical treatment among patients with CD in clinical remis-

sion. FS may be a useful marker of subclinical inflammation 

that can predict poor future clinical outcomes among CD pa-

tients in clinical remission.
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Supplementary Table 1. Post-Hoc Sample Size Calculation of Fecal S100A12 for Time-to-Clinical Outcomes1

Hazard ratio No. of eventsa No. of samplea Cumulative event 
ratea

Baseline event 
rate of bottom 3 
quartiles group

Time to clinical relapse 2.20 27/40/67 107/320/427 0.254/0.125/0.157 B0: 0.068

Time to CD-related hospitalization 4.87 10/7/17 36/109/145 0.277/0.064/0.118 B0: 0.034

Time to step-up of medication 2.83 18/21/39 53/158/211 0.336/0.135/0.185 B0: 0.074

Time to CD-related intestinal resection 6.94 3/8/11 84/250/334 0.091/0.014/0.033 B0: 0.007

Two-sided α 0.05, 1-β 0.8, planned average follow-up 2 years, censoring rate 0.02.
aValues are presented as the top quartile/bottom 3 quartiles/total.
CD, Crohn’s disease.
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