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Prostaglandin E-Major Urinary Metabolite Predicts
Relapse in Patients With Ulcerative Colitis in
Clinical Remission
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INTRODUCTION: Prostaglandin E-major urinary metabolite (PGE-MUM) is a novel biomarker reflecting endoscopic
activity in ulcerative colitis (UC). However, there are no studies investigating the efficacy of PGE-MUM
as a biomarker for predicting relapse. We investigated whether PGE-MUM can predict clinical relapse of
UC.

METHODS: The measurement of PGE-MUM and endoscopic evaluation were performed in 70 patients with UC in

clinical remission. The optimal cutoff values predicting relapse and relapse-free rate were analyzed.

RESULTS: Sixteen patients (22.9%) relapsed during the 12-month follow-up. The median PGE-MUM value of
relapsed patients at entry was significantly higher than that of patients in clinical remission

(P = 0.008). The cutoff value of PGE-MUM predicting future relapse was 25.2 pg/g Cr by receiver-
operating characteristic (ROC) analysis, and the area under the ROC curve was 0.721 (95% confidence
interval: 0.556-0.886). The relapse-free rate of patients with PGE-MUM >25.2 n.g/g Cr was
significantly lower than that in patients with PGE-MUM <25.2 pg/g Cr (log-rank test: P< 0.001). The
ROC analysis of UC patients with disease duration more than 1-8 years showed that duration of more
than 5 years had the largest area under the ROC curve 0.821 (95% confidence interval: 0.583-1.000)

and that the optimal cutoff value was 26.3 pg/g Cr.

DISCUSSION: PGE-MUM is a reliable biomarker for predicting future relapse, particularly in UC patients with long-

disease duration.
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INTRODUCTION

Ulcerative colitis (UC) is an idiopathic chronic inflammatory
bowel disease (IBD) with repeated symptoms of remission and
relapse (1). Although the initial goal of UC treatment was to
achieve clinical remission, advances in methods of assessing UC
activity and treatment have changed the goals of UC. In partic-
ular, recent studies have shown that the goal of IBD treatment is
the achievement of mucosal healing, which reduces the rate of
hospitalization and intestinal resection, leading to improved
prognosis for patients with UC (2). As an evaluation method for
achievement of mucosal healing in patients with UC, measure-
ment of several biomarkers such as fecal calprotectin (FCP), fecal
immunochemical occult blood test (FIT), and serum leucine-rich
alpha-2 glycoprotein have been reported to be useful, instead of

evaluation by endoscopy (3-18). By measuring these biomarkers,
itis possible to avoid frequent endoscopic examination, leading to
reduction in psychological and physical burden on patients, re-
duction of risk, and reduction of costs related to endoscopy.

In recent years, the “treat-to-target” strategy has been adopted
for UC therapy. Prediction of clinical relapse is important for
treatment according to this therapeutic strategy. Among the
biomarkers mentioned above, FCP and FIT not only reflect in-
flammation of the colonic mucosa but also have been reported to
be useful for predicting relapse in the clinical course (19-24). The
usefulness of urinary prostaglandin E-major urinary metabolite
(PGE-MUM) as a biomarker for UC was reported by Arai et al.
(25). We also previously reported that PGE-MUM is useful as a
biomarker that reflects endoscopic activity, comparable with FIT,
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and that it is a highly useful test, especially for UC patients with a
long-disease duration (26). In addition, urinalysis can reduce the
labor of collecting stool specimens and the hesitation of bringing
them to the hospital. We believed that if PGE-MUM, a urine test
that is simpler than the fecal test, could predict the relapse of UC,
it would be even more useful. There has been no report examining
the efficacy of PGE-MUM as a biomarker for predicting relapse.

Therefore, in this study, we investigated the efficacy of PGE-
MUM as a biomarker for predicting relapse of patients with UC.

MATERIALS AND METHODS

Patients and study design

We enrolled patients with UC who were treated at the Hama-
matsu University School of Medicine between April 2015 and
June 2020 and had met the following criteria for at least 3 months:
clinical remission (Lichtiger clinical activity index =3) and mu-
cosal healing (Mayo endoscopic subscore [MES] =2) (27). The
diagnosis of UC was made based on typical history and clinical
features and endoscopic and histological evaluation in accor-
dance with recent guidelines. Patients who were not diagnosed
with UG, such as indeterminate colitis or IBD-unclassified, were
excluded. Since smoking and chronic pulmonary fibrosis are
reported to increase PGE-MUM levels, smokers and patients with
chronic fibrosing interstitial pneumonia were excluded (28,29).
In addition, patients who underwent colectomy were excluded
because PGE-MUM has been suggested to reflect inflammation of
the whole colon. We enrolled 70 patients with UC in clinical
remission who met the above conditions. Endoscopic examina-
tion and the measurement of PEG-MUM levels were performed
at entry, and the patients were observed during a 12-month fol-
low-up.

This was a prospective observational study. The primary
endpoint was the relationship between the occurrence of clinical
relapse during follow-up and the PGE-MUM level at enrolment.
The secondary endpoint was the association of clinical relapse
prediction using PGE-MUM with disease duration.

Disease assessment

We evaluated clinical disease activity using the Lichtiger clinical
activity index (CAI). The CAI is based on the following criteria:
diarrhea (number of daily stools), nocturnal diarrhea, visible
blood in stool (percentage of movements), fecal incontinence,
abdominal pain or cramping, general well-being, abdominal
tenderness, and need for antidiarrheal drugs (27). Clinical re-
mission was defined as CAI =3. At entry, the values of C-reactive
protein, albumin, hemoglobin, and erythrocyte sedimentation
rate were measured in our facility.

Endoscopic assessment

Colonoscopy was performed with bowel preparation consisting
of a polyethylene glycol-based electrolyte solution. UC mucosal
status was assessed using the following criteria based on the MES: 0,
normal or inactive disease; 1, mild disease with erythema, de-
creased vascular pattern, mild friability; 2, moderate disease with
marked erythema, absence of vascular patterns, friability, erosions;
and 3, severe disease with spontaneous bleeding, ulceration. Mu-
cosal healing was defined as MES 0 or 1.

PGE-MUM analysis

Urine samples for measurement of PGE-MUM were obtained on the
morning of endoscopic examination. These samples were sent to the
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Table 1. Demographic characteristics of 70 patients with
ulcerative colitis in clinical remission

N=70
47.5(18-83) = 154

41/29 (58.6/41.4)
9.5(0.3-37) = 8.6

Characteristics

Age (yr), mean (range) = SD
Male/female, n (%)

Disease duration (yr), mean (range) = SD

Disease extent, n (%)

Extensive colitis 43 (61.4)
Left-sided colitis 19 (27.1)
Proctitis 8(11.4)

CAl (Lichtiger score), mean (range) *= SD 0.61 (0-3) £ 0.95

MES, n (%)
MES O 44 (62.9)
MES 1 26 (37.1)

PGE-MUM (pg/g Cr), mean (range) = SD
CRP (mg/dL), mean (range) = SD

Alb (g/dL), mean (range) = SD

Hb (g/dL), mean (range) = SD

22.0(7.3-97.3) £ 13.3
0.15(0.01-1.46) = 0.24
4.45(3.7-5.1) + 0.30
13.9(10.7-16.7) = 2.0
ESR (mm), mean (range) + SD 10.6 (0-54.0) = 10.7

Medication at entry, n (%)

Oral 5-ASA 46 (65.7)
Suppository 5-ASA 4(5.7)

Systemic steroids 9(12.9)
Immunomodulators 28 (40.0)
Biologics 14 (20.0)

5-ASA, 5-aminosalicylic acid; Alb, albumin; CAl, clinical activity index; CRP, C-
reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; MES,
Mayo endoscopic subscore; PGE-MUM, prostaglandin E-major urinary
metabolite.

SRL Hachioji Laboratory (Tokyo, Japan). The urinary PGE-MUM
analysis was performed with a ¥-counter (Hitachi, Tokyo, Japan)
using a Bicyclic PGE-MUM RIA Kit (Fuji Rebio, Tokyo, Japan). We
evaluated the PGE-MUM level corrected by urinary creatinine.

Patient follow-up

All enrolled patients visited our hospital every 1-3 months and
were observed for symptoms of UC relapse. The patients were
instructed to keep a daily record of their clinical symptoms based
on the Lichtiger clinical activity index and present these clinical
symptoms to their attending physician at the time of examina-
tion. Clinical relapse was defined as treatment modification or
change due to exacerbation of defecation frequency and/or
bloody stool and the enrolled patients whose CAI worsened to
=4. The value of PEG-MUM at entry was not known by the
attending physician, and correction or change of treatment was
left to the discretion of each attending physician.

Statistical analysis
Statistical analyses of the data were performed using IBM SPSS
Statistics for Windows, version 24 (IBM, Armonk, NY) and SAS
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Figure 1. Differences in the prostaglandin E-major urinary metabolite
(PGE-MUM) values at entry between patients with ulcerative colitis at
relapse and clinical remission.

version 9.4 (SAS Institute, Cary, NC). P < 0.05 was considered
statistically significant. Differences between median values were
compared by the Mann-Whitney U test. The receiver-operating
characteristic (ROC) analysis was conducted to find the optimal
cutoft value of PGE-MUM for predicting clinical relapse in the
future. The accuracy of the predicted relapse value was evaluated
by the area under the ROC curve (AUC). The relapse-free rate was
analyzed using the Kaplan-Meier analysis using the log-rank test
and the Cox proportional hazards model.

Ethical considerations

Written informed consent was obtained from all enrolled patients
after explanation of the purpose of the study and the nature of the
procedures involved. The study protocol was reviewed and ap-
proved by the Ethics Committee of Hamamatsu University
School of Medicine (number 18-228). This study was conducted
in accordance with Good Clinical Practice principles in adher-
ence to the Declaration of Helsinki.

RESULTS

Patient characteristics

The characteristics of 70 patients with UC in clinical remission at
entry are shown in Table 1. The mean patient age was 47.5 years,
and the mean disease duration was 9.5 years (range, 0.3-37).
Based on colonoscopy, 44 (62.9%) and 26 patients had an MES of
0 and 1, respectively. The mean PGE-MUM levels were 22.0 p.g/g
Cr. Regarding the medication at entry, 46 (65.7%) patients were
taking oral 5-aminosalicylic acid, 4 (5.7%) were taking supposi-
tory 5-aminosalicylic acid, 9 (12.9%) were taking systematic
steroids, 28 (40.0%) were taking immunomodulators, and 14
(20.0%) were taking biologics.
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Figure 2. Receiver-operating characteristic analysis for prediction of future
clinical relapse of patients with ulcerative colitis in clinical remission at
entry.

Comparison of relapsed and patients in clinical remission
Sixteen patients (22.9%) with UC relapsed during the 12-month
follow-up. The median PGE-MUM value of relapse patients at
entry (26.5 pg/g Cr) was significantly higher than that of patients in
clinical remission (19.4 pg/g Cr) (P = 0.008) (Figure 1). The ROC
analysis of the subsequent clinical course of relapsed patients and
those in remission showed that the cutoff value of PEG-MUM
predicting clinical relapse was 25.2 ug/g Cr, and the AUC was 0.721
(95% confidence interval [CI]: 0.556-0.886) (Figure 2, Table 2).

Comparison of PGE-MUM and MES for the prediction of
subsequent relapse

Remission-free survival was compared between the group of pa-
tients with PGE-MUM <25.2 pg/g Cr and that with PGE-MUM

Table 2. Receiver-operating characteristic (ROC) analysis of
PGE-MUM for predicting relapse of patients with ulcerative colitis
in clinical remission

PGE-MUM

Cutoff value 25.2 pg/g Cr
AUC 0.721
95% Cl 0.556-0.886
PPV 55.60%
NPV 88.50%
Sensitivity 62.50%
Specificity 85.20%
Accuracy 80.00%

AUC, area under the ROC curve; Cl, confidence interval; NPV, negative
predictive value; PGE-MUM, prostaglandin E-major urinary metabolite; PPV,
positive predictive value.

Clinical and Translational Gastroenterology



4

Ishida et al.

oY)

1.0 7 PGE-MUM < 25.2 ug/g*Cr

08 7  PGE-MUM = 25.2 ug/g-Cr

S
>
1

Fraction of patients in remission
°
N
1

=3
o

T T T T T 1
0 2 4 6 8 10 12
Patients at risk Time (months)

— 52 50 48 47 46 46 46
— 18 17 16 15 15 12 8

07— = MEso
a2 MES 1
06
04 7
02
0.0
T T T T T 1
0 2 4 . 6 8 10 12
Patients at risk Time (months)
— 44 44 42 41 41 40 38
— 26 23 22 21 20 18 16

Figure 3. Kaplan-Meier time-to-relapse curve of patients with ulcerative colitis in relation to the prostaglandin E-major urinary metabolite (PGE-MUM) value

(a) and endoscopic score (b). MES, Mayo endoscopic subscore.

=25.2 ng/g Cr using Kaplan-Meier analysis (Figure 3a). There were
52 and 38 cases of PGE-MUM <252 pg/g Cr and PGE-MUM
=252 pg/g Cr, respectively, and 6 cases (11.5%) and 10 cases
(26.3%) of relapse, respectively. The relapse rate of the PGE-MUM
=25.2 ng/g Cr group was significantly higher than that of the PGE-
MUM <25.2 pg/g Cr group (log-rank test: P << 0.001) at 12 months
of follow-up.

A Kaplan-Meier curve analysis using the endoscopic score at
entry was also performed and compared. We analyzed relapse
prediction by comparing the MES 0 group with the MES 1 group
(Figure 3b). At entry, there were 44 and 26 patients in the MES
0 and MES 1 groups, respectively. The clinical symptoms of 6
(13.6%) and 10 (38.5%) patients in the MES 0 and MES 1 groups,
respectively, showed relapse during the 12-month follow-up. The
MES 1 group had a significantly higher clinical relapse rate in the
Kaplan-Meier analysis than the MES 0 group (log-rank test:
P = 0.013). However, the difference in relapse rate was greater in
the PGE-MUM cutoff value comparison (PGE-MUM =25.2 pg/g

Cr vs PGE-MUM <252 pg/g Cr) than in the endoscopic score
comparison (MES 0 vs MES 1) (Figure 3a,b). Furthermore,
multivariate Cox proportional hazards regression analysis was
performed using PGE-MUM with UC relapse and a cutoff value
of 25.2 ng/g Cr. In the univariate analysis, age was an in-
dependent predictive variable, and in the multivariate analysis,
age was not an independent predictive factor (P = 0.015 and
P = 0.052, respectively). Interestingly, it was shown that PGE-
MUM was an independent predictive factor (hazard ratio 5.556;
95% CI 1.849-16.70; P = 0.002) (Table 3).

ROC analysis of PGE-MUM for predicting relapse in long-disease
duration group

We then examined the relationship between UC disease duration
and the accuracy of clinical relapse prediction. We analyzed the
clinical relapse by dividing it into various disease periods
(Table 4). The ROC analysis for predicting future clinical relapse
during 12 months of follow-up in cases with a disease duration of

Table 3. Univariate and multivariate analysis for predicting clinical recurrence in patients with remission of ulcerative colitis at admission

Univariate analysis

Multivariate analysis

Variable Hazard ratio 95% ClI
PGE-MUM =25.2 ug/g Cr 5.64 1.981-15.07
Sex male 0.4571 0.1699-1.230
Age 0.9564 0.9225-0.915
Disease extent

Extensive colitis 1.418 0.4925-4.081

Left-sided colitis 0.8876 0.2862-2.752

Proctitis 0.4941 0.06524-3.742
Medication at entry

Systemic steroids 1.672 0.4758-5.872

Immunomodulators 1.213 0.4516-3.259

Biologics 1.955 0.6782-5.634

P? Hazard ratio 95% Cl P2
0.001 5.556 1.849-16.70 0.002
0.121 0.45 0.150-1.353 0.155
0.015 0.963 0.926-1.000 0.052
0.518 1.436 0.157-13.11 0.749
0.836 1.888 0.191-18.63 0.587
0.495 NA NA NA
0.423 1.231 0.314-4.827 0.766
0.701 0.679 0.198-2.322 0.537
0.215 1.647 0.473-5.741 0.433

Cl, confidence interval; NA, not available; PGE-MUM, prostaglandin E-major urinary metabolite.

2P value <0.05 is considered statistically significant.
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Table 4. Receiver-operating characteristic analysis of PGE-MUM
for predicting relapse in the long-disease duration group

Disease duration Cutoff value AUC 95% Cl

=1yr(n = 65) 25.2 0.764 0.619-0.909
=2yr(n = 61) 252 0.788 0.641-0.935
=3 yr (n = 51) 20.6 0.819 0.655-0.984
=4 yr (n = 46) 26.3 0.806 0.575-1.000
=5yr(n =43) 26.3 0.821 0.582-1.000
=6yr (n = 39) 23.0 0.799 0.529-1.000
=7yr(n=37) 23.0 0.800 0.529-1.000
=8yr(n = 33) 23.0 0.757 0.381-1.000

Cl, confidence interval; AUC, area under the ROC curve; PGE-MUM,
prostaglandin E-major urinary metabolite.

more than 1-8 years showed the highest AUC in the group with a
disease duration of more than 5 years (AUC 0.821, 95% CI:
0.583-1.000) (Figure 4a). The cutoff value of PGE-MUM that
predicts relapse in this ROC analysis of the cases with disease
duration more than 5 years was 26.3 pg/g Cr. Kaplan-Meier
analysis for 12 months was performed in the groups with PGE-
MUM of more and less than 26.3 pg/g Cr in the cases with a
disease duration of 5 years or more. There were 35 and 8 patients
in the groups with PGE-MUM <26.3 pg/g Cr and PGE-MUM
=26.3 pg/g Cr at the time of entry, respectively. Clinical relapse
occurred in 2 (5.7%) and 6 (7.5%) patients, respectively, during
the 12-month follow-up. In this analysis, the group of patients
with PGE-MUM =26.3 pg/g Cr had a significantly higher relapse
rate than those with PGE-MUM <26.3 pg/g Cr (log-rank test:
P < 0.001) (Figure 4b).

DISCUSSION

This is a study investigating whether PGE-MUM predicts clinical
relapse of patients with UC in clinical remission. An important
reason for using biomarkers in IBD is to reflect intestinal in-
flammatory and histological findings and to predict future clinical

Prostaglandin E-Major Urinary Metabolite

relapse. FCP and FIT in UC have been reported to correlate with
endoscopic and histological scores and to predict future relapse.
Urinary PEG-MUM is a stable product of urinary metabolism of
prostaglandin E2 produced by inflammation in the colon, and its
association with endoscopic scores and histological findings in
UC was reported by Arai et al. (25). In addition, PGE-MUM was
also reported to reflect endoscopic scores in pediatric UC (30).
PGE-MUM is a minimally invasive marker that is measured using
a urine sample. Although the association between such endo-
scopic scores of UC and histological findings has been demon-
strated in PGE-MUM, to the best of our knowledge, the
prediction of clinical relapse by PGE-MUM in patients with UC
was not investigated previously. Therefore, we examined the as-
sociation between PGE-MUM values and predictive clinical re-
lapse during a 12-month follow-up in UC. In this study, the cutoff
value of PGE-MUM was 25.2 pg/g Cr, which was predicted to
represent clinical relapse by ROC analysis during the 12-month
follow-up. Furthermore, the AUC was 0.721 (95% CIL
0.556-0.886). Although there are differences in conditions such
as definition of clinical remission, definition of relapse, and
follow-up period, the AUC of FIT and FCP that predict relapse
was previously reported to be 0.69-0.72 and 0.65-0.81, re-
spectively (19-23). The AUC of clinical relapse using PGE-MUM
in this study was almost comparable with these previous reports
(19-23).

Moreover, in this study, the clinical relapse rate evaluated by
Kaplan-Meier analysis in the MES 0 group vs the MES 1 group
showed that the MES 1 group had a significantly higher relapse
rate than the MES 0 group. This result indicates that complete
mucosal healing suppresses clinical relapse of UC as previously
reported (31). A multicenter study investigating UC biomarkers
conducted with the largest sample size to date was recently
reported (24). In this study, cutoff values of FCP and FIT showing
complete mucosal healing (MES 0 only) were calculated. The rate
of patients who maintained clinical remission was then evaluated
using Kaplan-Meier analysis by dividing them into 2 groups
according to the level of the cutoff values. The results showed that
the maintenance of the remission rate was significantly lower in
the group with higher FCP or FIT than the cutoff value. This
indicated that maintenance of mucosal healing was important for
preventing clinical relapse.
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Figure 4. Receiver-operating characteristic analysis for predicting the future relapse (a) and Kaplan-Meier curve of ulcerative colitis patients with disease
duration of more than 5 years (b). PGE-MUM, prostaglandin E-major urinary metabolite.
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Furthermore, in this study, it was shown that the relapse rate
predicted using the PEG-MUM value was more accurate than the
endoscopic score (MES 0 vs MES 1). Similar to this study, Yama-
moto et al. (22) analyzed the clinical relapse prediction with en-
doscopic scores (MES 0 vs MES 1) and the relapse prediction using
FCP, FIT, and lactoferrin. The cumulative relapse-free rate ana-
lyzed by the endoscopic score (MES 0 vs 1) did not show a sig-
nificant difference between the MES 0 and MES 1 groups. However,
in the analysis of clinical relapse prediction using the 3 biomarkers
(FCP, FIT, and lactoferrin), the cumulative relapse-free rate using
any of the biomarkers showed a significant difference between the
groups with higher and lower values than the cutoff values, which
proved their usefulness as biomarkers for predicting clinical re-
lapse. Since biomarkers are only tests that predict the state of in-
testinal inflammation, it is necessary to regularly evaluate the
intestinal mucosa evaluated by endoscopy. However, it is consid-
ered important to use biomarkers in combination with endoscopy
in clinical practice from the perspective of relapse prediction.

We have previously reported that PEG-MUM is useful as a
biomarker for reflecting endoscopic activity in UC patients with
long-term disease (26). In this study as well, analysis of relapse
prediction was conducted only for patients with long-term disease
duration. The ROC analysis was performed to predict clinical relapse
in patients with a disease duration of more than 1-8 years,and AUC
of 0.821 (95% CI: 0.582-1.000) was the largest. The cutoff value of
PGE-MUM calculated from this analysis was 26.3 ng/g Cr, and the
relapse rate of the group with PGE-MUM =26.3 pg/g Cr was sig-
nificantly higher than that of the group with PGE-MUM <26.3 p.g/g
Cr in the cases with disease duration of 5 years or more. Regarding
the accuracy of biomarkers in the difference in disease duration, we
have previously reported that the correlation between FIT and en-
doscopic score in patients with UC weakened when the disease
duration was more than 5 years, but the correlation was strong when
disease duration was within 4 years (32). It was reported that the
usefulness of FCP in Crohn’s disease was analyzed for long-term and
short-term disease durations, showing that disease duration did not
affect the reliability of FCP (33). Since this study did not include
analysis of FIT, the relationship between disease duration and FIT as
abiomarker for predicting UC relapse compared with PGE-MUM is
not known at present and should be evaluated in a further study.

There are some limitations to this study. First, this is a single-
center study with a few enrolled patients. Second, PGE-MUM has
not been compared with other biomarkers. Although some
analyses of relapse prediction with biomarkers in patients with
UC have been reported, comparison with other reports, even with
the same biomarker, is difficult owing to differences in observa-
tion periods and definitions of relapse. Third, there is no com-
parison with histological findings. Apart from biomarkers,
endoscopic and histological findings are the key to predicting
relapse of UC. In this study, a comparison of the MES 0 and MES 1
groups demonstrated that the MES 1 group had a higher relapse
rate. However, the histological findings have not been in-
vestigated and warrant future studies.

In conclusion, urinary PEG-MUM was shown to be a reliable
biomarker for predicting clinical relapse in patients with UC in
clinical remission, even in long-term UC.
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Study Highlights
WHAT IS KNOWN

\/ Prostaglandin E-major urinary metabolite is a novel biomarker
reflecting endoscopic activity in ulcerative colitis.

WHAT IS NEW HERE

\/ Prostaglandin E-major urinary metabolite reliably predicts
ulcerative colitis relapse, particularly in patients with longer
disease durations.

TRANSLATIONAL IMPACT

/ Prostaglandin E-major urinary metabolite measurement
could be useful for preventing clinical relapse of ulcerative
colitis.
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