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A B S T R A C T

Fecal occult blood test (FOBT) and flexible sigmoidoscopy are the currently using screening methods for col-
orectal cancer (CRC). However, these methods still have problems of high false positive rates in FOBT and
increased invasiveness and cost associated with endoscopy. The development of non-invasive biomarkers is thus
important for the diagnosis of CRC. Urine is one of the most commonly used samples for mass screening owing to
its non-invasive and simple process of collection; however, the discovery of urinary diagnostic biomarkers for
malignancies is still challenging and developing. Since urine contains abundant substances reflecting systemic
body condition, urinary biomarker might contribute to detect CRC in a completely non-invasive manner. In this
review, we describe the current utility of urinary diagnostic biomarkers for CRC.

1. Introduction

Colorectal cancer (CRC) is one of the most frequent causes of
cancer-related deaths worldwide with an incidence rate of 31.6 (male)
and 21.2 (female)/100,000 person-years and a death rate of 15.5 (male)
and 10.5 (female)/100,000 person-years [1]. Since patients with early
stage CRC can be cured with minimally invasive therapy including
endoscopic resection, it is very important to identify patients with early
stage CRC by mass screening. Fecal occult blood test (FOBT) and flex-
ible sigmoidoscopy have been established as screening methods and
there is strong evidence that these methods can help reduce disease-
specific morbidity and mortality in CRC [2,3]. The American Cancer
Society recommends either stool-based tests (FOBT or DNA) or struc-
tural tests [colonoscopy or computed tomography colonography (CTC)]
for adults aged 50 years and older [4]. However, FOBT is well known to
have many false positives and is easily affected by non-specific
bleeding, thus initiating unnecessary invasive examinations [5]. In
addition to its invasiveness, colonoscopy is also costly and time con-
suming. These reasons make it difficult to disseminate colonoscopy
globally as a method of medical checkup. Although CTC might be
proposed for patients who refuse colonoscopy, benefits of CTC in terms
of accuracy and comfortability are unclear [6,7].

Research for non-invasive detection of CRC has been conducted
using various materials in serum/plasma, feces, and urine. Serum car-
cinoembryonic antigen (CEA) and carbohydrate antigen 19–9 (CA19–9)
are commonly used as less-invasive biomarkers in clinical practice;
however, their sensitivities are very low, and they cannot accomplish
early stage detection [8]. Despite the less-invasiveness, serum sample
collection still needs special instruments and healthcare professionals to
draw blood. Compared to reports regarding serum and fecal samples,
there are much fewer reports using urine samples as a diagnostic bio-
marker of CRC. However, urine containing various components is
considered to be an ideal sample for medical checkup because it can be
collected completely non-invasively without requiring the patients to
visit the clinic (Fig. 1) [9,10]. In addition, the urinary tract is so clean
biologically that the materials in urine might be less affected by mi-
croorganisms than in feces. The discovery of urinary biomarker is thus
desirable for the diagnoses of several malignancies including CRC. We
have had longstanding interest in the discovery of urinary diagnostic
biomarkers for gastrointestinal cancers including gastric cancer and
CRC [11–14]. In this review, we summarize and discuss urinary bio-
markers that can be used for the detection of CRC.
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2. Protein markers

Since excreted proteins are not abundant in urine, a small amount of
urinary protein may be a disadvantage in the detection of CRC because
it is sometimes difficult to identify these slight differences in the con-
centration of target proteins. On the other hand, this small amount of
target protein is an advantage in the identification of reliable bio-
markers because the urinary target protein that emerges after glo-
merular filtering and tubular resorption in kidney is not contaminated
with large amounts of other non-relevant proteins including albumin.

Table 1 shows urinary protein biomarkers that can be used in the
detection of CRC. Carty et al. have described that the urinary procoa-
gulant activity caused by tissue factor (TF) was higher in the urine
samples of patients with CRC than in those from healthy controls (HCs)
[15].

There is another report in which the level of CRC specific neoan-
tigen detected using BAC 18.1, a murine monoclonal antibody was
significantly higher not only in colonic effluents, but also in urine from
patients with CRC compared to the urine samples from HCs [16].
However, the number of evidences in favor and credibility of this bio-
marker are quite low owing to the small sample size and lack of ac-
curate data.

El-Masry and colleagues investigated urinary CEA using ELISA and
revealed that it was more detectable in patients with CRC than in HCs
[17]. Since the molecular size of CEA might be much larger (180 kDa)
than the glomerulus pore size, the amount of CEA exuded would be
limited. This study did not refer to the diagnosis of early stage CRC.
Additionally, measurement of serum CEA and its use in clinical practice
is not recommended as a method of screening for CRC owing to its low
sensitivity [8,18,19].

We recently reported that urinary levels of Cyr61 and TFF3 were
significantly higher in patients with CRC than in HCs, and the diag-
nostic panel consisted of Cyr61 and TFF3 in both HC and CRC samples
[area under the curve (AUC)=0.753 in the training cohort and 0.720
in the validation cohort] [13]. This study included around 30% of pa-
tients with stage 0/I CRC in the CRC cohort. Cyr61 is a secreted protein
that is associated with angiogenesis, cell proliferation, differentiation,
apoptosis, and extracellular matrix formation. Serum Cyr61 [20] and
serum TFF3 [21,22] have also been reported as candidates for diag-
nostic biomarkers for CRC. The molecular sizes of both proteins
are< 40 kDa. Therefore, it is possible that the proteins secreted from

CRC tissues to the serum are ultimately discharged into the urine.
There is one report using proteomics for exploring urinary diag-

nostic biomarker for CRC. In that, the logistic regression model using
the significant peaks of m/z ratio showed good efficacy with
AUC=0.88, 78% sensitivity, and 87% specificity calculated by leave-
one-out cross-validation method [23].

Some fecal proteins have also been introduced as candidates for
non-invasive biomarkers [24]; however, fecal proteins would not be
suitable as biomarkers because feces contain protein-rich residues and
intestinal microorganisms that can interfere with the detection of spe-
cific proteins.

3. Genetic markers

DNA methylation regulates transcription and its abnormality could
cause carcinogenesis. Furthermore, DNA methylation is also expected
to be useful as a diagnostic marker and therapeutic target for CRC
[25–27]. It is possible that mutated DNAs that originate from cancer
tissues are excreted into the urine either within enclosed microvesicles
such as exosomes or in the naked form [28,29]. As shown in Table 2,
there are several reports of urinary genetic markers using methylated or
mutated genes identified in serum, fecal, or tissue samples of CRC pa-
tients.

Song et al. investigated urinary methylated vimentin and found that
it was detectable in 15 out of 20 patients with CRC (75%), whereas it
was detectable in only 2 out of the 20 HCs [30]. However, the sig-
nificance of early diagnosis remained unclear because of the limited
number of samples from patients with early stage CRC. Another study
analyzed methylated Wif-1, ALX-4, and vimentin in the urine samples
from patients with CRC and HCs [31]. Although the specificity of me-
thylated Wif-1 was over 90%, its sensitivity was quite low. The third
study comprising of relatively high percentages of patients with stage I
and II CRC identified that urinary methylated NDRG4 is a diagnostic
biomarker for CRC with 72.6% sensitivity and 85.0% specificity [32]. In
the gene mutation biomarker study, KRAS mutation in both urinary and
plasma circulating tumor DNA (ctDNA) showed excellent diagnostic
performance for Stage II-IV CRC with AUC≥0.95. However, for stage I
CRC, AUC was around 0.7 [33].

Kits for the detection of methylated SEPT9 in serum (ColoVantage®)
and methylated vimentin in stool (ColoSure®) are commercially avail-
able. Two studies indicated that serum vimentin methylation has been

Fig. 1. Current screening tools for colorectal cancer.
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detected in 9.1–32.6% of patients with CRC, which was lower than the
detection rate of urinary vimentin methylation in their previous report
[34,35]. Multitarget stool DNA (MT-sDNA) screening test capable of
detecting CRC-related gene changes, including aberrant methylated
BMP3 and NDRG4, KRAS mutation, beta-actin, and fecal hemoglobin,
has been approved by the U.S. Food and Drug Administration (Colo-
guard®). Moreover, this test may aid in the detection of colorectal
neoplasms [36].

Since gene alterations are generally much more common in ad-
vanced stages, CRC screening using only genetic biomarkers may be
inefficient in the early detection of CRC. A combination of genetic
biomarkers and other tools may generate synergistic effects.

4. Metabolomics

Since urinary metabolites are derived from glomerular filtration of
serum and secretion in the renal tubule, it is possible that the meta-
bolites secreted into the blood from cancer tissues are detected in urine
of the patients with CRC. The development of metabolomics using
nuclear magnetic resonance (NMR) and mass spectrometry (MS) has
made it possible to analyze a large number of metabolites [37,38].

Table 3 lists the urinary metabolite biomarkers used in the detection
of CRC. Notably, despite its small sample size, Silva et al. analyzed
urinary volatile metabolites (VOMs) using MS and found 16 VOMs that
differed significantly in quantities in patients with CRC and HC [39].
Cheng et al. focused on MS-based metabolomics and made a model that
consisted of 7 metabolites showing great performance with an AUC of
almost 1 [40]. Another recent MS-based metabolomics study reported
the results from a relatively large sized multicenter study that estab-
lished a panel of 17 urinary metabolites that may be detected in pa-
tients with CRC. These metabolites also have an excellent AUC of 0.967
and 0.868 in the training and validation sets, respectively [41].

Another small study revealed higher levels of some porphyrin me-
tabolites, including 5-aminolevulinic acid (5-ALA), uroporphyrinogen I,
and coproporphyrinogen, upon 5-ALA administration, in patients with
CRC compared with that in HCs [42].

Two studies using NMR-based metabolomics have established ur-
inary biomarker panels that consisted of many metabolites with sig-
nificant differences between patients with CRC and HCs. These bio-
markers exhibited an excellent diagnostic performance for CRC with an
AUC > 0.8 [43,44].

There are several reports focusing on modified DNA bases (nu-
cleosides) that are generated by DNA damage and are related to the
development of cancer. All reports used high-performance liquid
chromatography (HPLC) to detect urinary nucleosides. One study
identified 12 nucleosides that were present in higher quantities in pa-
tients with CRC, using the column switching HPLC method [45], and
the other study identified 1-methylguanosine and pseudouridine as a
good predictor with AUC=0.896 and 0.816, using reverse-phase HPLC
[46]. In another comprehensive analysis of urinary nucleosides using
HPLC-tandem MS, it has been found that the levels of 3 nucleotides
were higher in CRC patients than in HCs [47]. Rozalski et al. reported
that the model consisted of 8-oxo-7,8-dihydroguanine, 8-oxo-7,8-di-
hydro-2′-deoxyguanosine, and 5-hydroxymethyluracil distinguished
between CRC patients and HCs with AUC=0.778 [48].

Compared with other type of biomarkers, urinary metabolites seem
to show higher diagnostic performance. Indeed, since metabolites have
very low molecular weight, urine contains plenty of metabolites. This is
a huge advantage of using urinary metabolites as cancer biomarkers
because it can reflect the systemic metabolic condition including cancer
homeostasis. In contrast, complex instruments and processors for me-
tabolomics analysis result in problems of applying mass screening for
large population. Additionally, the reported metabolomics biomarkers
are usually composed of so many parameters that it is difficult to ex-
trapolate the result to clinical use. Biomarkers with fewer factors are
ideal for use in a clinical setting.Ta
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Although several studies have shown different profiles of fecal
metabolites in HCs and patients with CRC [49,50], the reproducibility
of the results was reportedly low for many of the metabolites (within-
subject intraclass correlation coefficient≤ 0.5) [51]. Indeed, cancer-
specific metabolites may be directly excreted from cancer tissue to the
feces; however, since digestive enzymes and enterobacterium are
abundantly contained in feces, these may modulate the fecal metabo-
lites component. Urine sample may have advantage over feces sample
as a metabolomics biomarker. Although many urinary metabolites de-
rived from the gut microbiome were affected by tumor resection in the
previous CRC study, it is unclear whether these alterations reflected the
metabolites originated from cancer itself or the microenvironmental
changes caused by cancer occurrence [52].

5. Prostaglandin/reactive oxygen species

It has been reported that prostaglandin E2 (PGE2) plays crucial roles
in promoting angiogenesis and carcinogenesis under the regulation of
cyclooxygenase-2 (COX-2), consequently resulting in proliferation and
metastasis [53,54]. Meanwhile, reactive oxygen species (ROS) gener-
ated by oxidative stress such as inflammation can induce nucleic acid
damage and ROS are associated with carcinogenesis [55–57]. Based on
these reports, some studies identified the diagnostic biomarkers related
to PGE2 and ROS (Table 4). Two studies quantified the urinary meta-
bolites of PGE2 (PGE-M) using liquid chromatography (LC)-MS [58,59].
Urinary PGE-M could distinguish patients with CRC from the patients
with benign polyps and HCs effectively in women, but not in men [58].
Another study showed that the urinary level of PGE-M was significantly
higher in CRC compared with HC and the relative risk of CRC incidence
increased with increase in the level of urinary PGE-M [59]. Chan-
dramathi et al. analyzed 4 urinary factors involved in oxidative reac-
tion, namely, advanced oxidative protein product, hydrogen peroxide,
malondialdehyde, and ferric-reducing antioxidant power. The levels of
these showed aberrant differences between patients with CRC and HCs
[60].

From these results, PGE-M and ROS-related metabolites might help
in distinguishing between patients with CRC and HCs; however, the real
significance of these as diagnostic biomarkers remains obscure because
of the limited number of reports and limited data of diagnostic power.

6. Other markers

Other specific biomarkers are summarized in Table 5. Hirotsu et al.
reported a very unique method that used Caenorhabditis elegans (C.
elegans) having chemotaxis to the urine from patients with CRC. Albeit
a small sample size of CRC, C. elegans showed an excellent diagnostic
performance with 100% sensitivity and 95% specificity [61]. There is
another unique method that uses canine scent in the detection of CRC
from breath and fecal samples with over 90% sensitivity and specificity
[62]. Although the causal substances are unclear, excrements from
patients with CRC might contain some odorants that are attractive for
specific animals such as C. elegans and canines.

In terms of enzyme activity, despite the small sample size, one study
described that the urinary activities of N-acetyl-β-D-hexosaminidase
and its isoenzyme A and B are higher in patients with CRC than in HCs
[63]. Another study measured arylsulfatase (ARS) activity using urine
samples from CRC patients and HCs. Urinary ARS activity distinguished
between patients with CRC and HCs efficiently with over 0.8 AUC [64].
As for other samples, fecal tumor M2 pyruvate kinase showed good
performance in distinguishing patients with CRC from HCs with
AUC=0.762–0.925, 73.0–85.0% sensitivity, and 71.1–75.0% specifi-
city [65–68].

Polyamines including spermine play an important role in cell pro-
liferation and differentiation by binding to DNA [69,70]. There are 2
reports that introduced urinary spermine as a diagnostic biomarker for
CRC. In these studies, the urinary level of N1, N12-diacetylspermine
(DiAcSpm) was higher in patients with CRC than that in HCs. These
biomarkers had 69.6–75.8% sensitivity for CRC diagnosis [71,72],
which was higher than the sensitivities of both serum CEA (39.5%) and
CA19–9 (14.1%) [71].

In terms of other samples, DiAcSpm level was higher in CRC tissues
than in adjacent normal tissues [73]. Additionally, spermidine/sper-
mine N1-acetyltransferase, which catalyzes the acetylation of spermi-
dine and spermine, is also expressed in CRC tissues [74] and inhibits
CRC cell growth [75]. Taken together, it is possible that spermine
generated aberrantly in CRC tissue flows into body fluids and thus may
be used as a diagnostic biomarker. However, its diagnostic power seems
to be limited.

7. Conclusions

The present review provided the candidates for urinary diagnostic

Table 2
Genetic markers.

Urinary
biomarkers

Molecular size Examination
modality

N AUC Sensitivity (%) Specificity (%) Ref.No.

CRC (Stage 0/I) HC Training Validation Training Validation Training Validation

mVim 1.401kbp qPCR (MethyLight
assay)

20 (4) 20 NA NA 75.0 NA 90.0 NA 30

mWif-1 1.140kbp qPCR (MethyLight
assay)

Total 90b (NA) Total 157d NA NA 52.0 0.27 93.0 99.0 31
mALX-4 1.236kbp Training 48 Training 14 NA NA 15.0 NA 100 NA
mVim 1.401kbp Validation 90e Validation 157e NA NA 8.0 NA 100 NA
mNDRG4 1.059kbp n-MSP 84 (48a) 16c NA NA 72.6 NA 85.0 NA 32
mtKRAS 0.570kbp ddPCR 150 (30) 40 Stage I 0.691 NA NA NA NA NA 33

StageII 0.960
StageIII 0.989
StageIV 0.994

CRC, colorectal cancer; HC, healthy control; AUC, area under the curve; Ref No, reference number; mVim, methylated Vimentin; mWif-1, methylated Wif-1; mALX-4,
methylated ALX-4; mNDRG4, methylated NDRG4; mtKRAS, mutated KRAS; n-MSP, nested methylation-specific polymerase chain reaction; ddPCR, droplet digital
polymerase chain reaction.

a Indicating the number of the patients with Stage I and II.
b Indicating the number of the patients with advanced neoplasms (CRC or advanced adenoma [measuring > 10mm and/or with high-grade dysplasia]).
c
Age-matched.

d Indicating the number of the participants with normal colon or small adenomas measuring≤ 10mm.
e Including training cohort.
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Table 3
Markers using metabolomics.

Urinary biomarkers Molecular size Examination
modality

N AUC Sensitivity (%) Specificity (%) Ref.No

CRC (Stage 0/I) HC Training Validation Training Validation Training Validation

Volatile organic metabolites NA SPME
GC‐–MS

12 (NA) 21 NA NA NA NA NA NA 39

MS-metabolomics NA GC-TOFMS
UPLC-
QTOFMS

Total 101 (24) Total 103d 0.993i 0.998i 97.5 97.6 97.5 100 40
Training 61 Training 62
Validation 40 Validation 41

17 metabolitesa NA LC-MS 171 171f 0.967 0.868 99.2 74.0 80 80 41
4 metabolitesc 0.903 0.873 82.6 72.0 80 80
2 metabolitesb 0.864 0.851 80.0 74.0 80 80
5-ALA 0.131 kDa HPLC 33 (12) 24e 0.67 NA NA NA NA NA 42
UP I 0.837 kDa 0.84
CP III 0.661 kDa 0.65
NMR-metabolomics NA NMR 55 (23g) 40d 0.933j NA 87.5 NA 91.3 NA 43
NMR-metabolomics NA NMR 92h (24/8) 156 0.842k NA 100 NA 96.2 NA 44
Nucleosides NA HPLC 52 (NA) 60 NA NA NA NA NA NA 45
m1G NA RP-HPLC 56 (NA) 62 0.896 NA 71.2l NA 93.3l NA 46
Pseu 0.816
Nucleosides NA HPLC/MS 26 (NA) 45 NA NA 69.0m NA 98.0m NA 47
8-oxoGua 0.151 kDa HPLC 56 (NA) 72 0.694 NA 78.6n NA 75.0n NA 48
8-oxodGuo 0.283 kDa 0.635
5-hmUra 0.112 kDa 0.669
8-oxoGua+8-oxodGuo+5-hmUra 0.778n

SPME, solid-phase microextraction; GC, gas chromatography; MS, mass spectrometry; TOFMS, time-of-flight mass spectrometry; UPLC, ultra performance liquid
chromatography; QTOFMS, quadrupole TOFMS; HPLC, high-performance liquid chromatography; NMR, nuclear magnetic resonance; RP-HPLC, reverse-phase HPLC;
5-ALA, 5-aminolevulinic acid; UP I, uroporphyrinogen I; CP III, coproporphyrinogen III; m1G, 1-methylganosine; Pseu, pseudouridine; 8-oxoGua, 8-oxo-7,8-dihy-
droguanine; 8-oxodGuo, 8-oxo-7,8-dihydro-2′-deoxyguanosine; 5-hmUra, 5-hydroxymethyluracil;

a Including Proline, Diacetylspermine, C14.1, Kynurenine, Glutamate, Beta-Hydroxybutyric acid, HPHPA, DOPA, c4-OH.Proline, Putrescine, Indole acetic acid,
Citric acid, Hippuric acid, Sarcosine, and Butyric acid.

b Including Proline, Diacetylspermine, Kynurenine, and Glucose.
c
Including Diacetylspermine and Kynurenine.

d Age, sex-matched.
e Including 8 healthy adults and 16 preoperative benign disease surgery patients.
f
Sex-matched.

g Indicating the number of the patients with CRC Stage I/II.
h Including 56 patients with CRC and 36 patients with advanced adenomas (measuring≥1 cm).
i
Indicating the value gained from the model consisted of citrate, hippurate, p-cresol, 2-aminobutyrate, myristate, putrescine, and kynurenate.

j Indicating the value gained from the model consisted of analine, glutamine, asparagic acid, and acetoacetate.
k Indicating the value gained from ROC curve with 3-Aminoisobutyrate for detecting the patients with CRC stage 0 or advanced adenomas (measuring≥ 1 cm).
l Calculated by Jackknife method using the model consisted of m1G and Pseu.
m
Calculated using the model consisted of cytidine, 3-methylcytidine, 1-methyladenosine, 2-deoxyguanosine, adenosine, and inosine.

n Indicating the value gained from the model consisted of 8-oxoGua, 8-oxodGuo, and 5-hmUra.

Table 4
Markers using prostaglandin and reactive oxygen species.

Urinary
biomarkers

Molecular size Examination
modality

N AUC Sensitivity (%) Specificity (%) Ref.No

CRC (Stage 0/I) HC Training Validation Training Validation Training Validation

PGE-M 0.352 kDa LC-qMS 58 (NA) 72 Total 0.64a NA Total 90 a NA Total 45a NA 58
Male 88a Male 35aMale 0.54a

Female 0.84a Female 92a Female 78a

PGE-M 0.352 kDa LC/tandem MS 150 (NA) 150b NA NA NA NA NA NA 59
AOPP NA Spectro-photometry 49 (0) 95 NA NA NA NA NA NA 60
H2O2 0.034 kDa
MDA 0.072 kDa
FRAP NA

PGE-M, Prostaglandin E2; AOPP, Advanced oxidative protein product; H2O2, hydrogen peroxide; MDA, malondialdehyde; FRAP, ferric-reducing antioxidant power;
LC-qMS, liquid chromatography-quadrupole mass spectrometry.

a
CRC vs. patients with benign polyps and healthy controls.

b Incidence density method.
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biomarkers for the diagnosis of CRC. Although none of them have been
clinically applied because of the lack of validation, accumulating evi-
dence indicates the potency of urinary test as a screening tool for CRC.
Although the fecal assays including FOBT and MT-sDNA are more ad-
vanced for CRC diagnosis, urine samples still have some advantages
compared to faces and blood samples. First, as urine contains very few
protein and microorganisms, the degradation of specific materials by
various enzymes can be avoided. Second, it can be collected in high
volumes and non-invasively, despite urine samples reflecting the sys-
temic metabolic status and a part of gene expression. Recently, tech-
nological and analytic advances have boosted scientific biomarker re-
search. In the near future, we expect the advent of novel urinary assays
with high efficacy that would reduce CRC mortality.
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