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Abstract. Background/Aim: Early detection of gastrointestinal
cancer may reduce mortality. Recently, Caenorhabditis
elegans has been reported to be capable of differentiating
patients with cancers from healthy persons by the smell of
urine. This novel technique using C. elegans olfaction has
been named as Nematode-NOSE (N-NOSE). Materials and
Methods: We collected 180 urine samples from patients with
gastrointestinal cancer and 76 samples from healthy
subjects. N-NOSE test was performed using these samples
and N-NOSE index was obtained. Quantification of the
olfactory behavior of C. elegans was performed as
established in past studies. By receiver operating
characteristic (ROC) analysis, we examined the diagnostic
capability of N-NOSE. Results: ROC analysis revealed that
N-NOSE showed an area under the curve value of more
than 0.80, even in early-stage cancers. Conclusion: C.
elegans olfaction enabled the detection of gastrointestinal
cancers from urine with high sensitivity, which can provide
the basis for the of N-NOSE as a
gastrointestinal cancer screening test.
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Gastrointestinal cancer causes various complicating diseases
and has high mortality rates. Gastrointestinal cancers account
for about 18% of new cases of invasive cancers and for
about 26% of cancer-related deaths (1). The survival rate of
patients with cancer depends on the stage of cancer. For
example, in patients with early-stage colorectal cancer, five-
year survival rate is approximately 90%, whereas the
survival rate is decreased to less than 20% in patients with
late-stage colorectal cancer (1).

To decrease cancer-related mortality, screening tests for
early detection of gastrointestinal cancer are essential.
Various types of screening tests are available to detect early-
stage colorectal cancer (2-5). Although previous studies have
demonstrated that conventional screening tests could
decrease incidence and mortality, these tests need to be
improved, in terms of ineffectiveness, invasiveness, and
expensiveness. For example, colonoscopic tests achieve more
than 80% sensitivity though they are relatively expensive and
invasive. Also, fecal DNA and occult blood test are relatively
low-cost, without requiring invasive procedures, though their
sensitivity is less than 65% (2-5). Regarding biochemical
methods, detection of carcinoembryonic antigen (CEA) was
one of the first oncofetal antigens to be used clinically (6),
though its sensitivity is less than 10% at an early-stage
cancer (7). Another biomarker, carbohydrate antigen (CA)
19-9, can help in the diagnosis of gastrointestinal cancer (8,
9). However, detection of early-stage cancers is still difficult.

Novel diagnostic approaches are required to increase
detection of early-stage cancers. For this purpose, some
biological methods that use the olfactory systems of animals
have been invented. Especially, the nematode, Caenorhabditis
elegans (C. elegans), which contains over 1000 candidate G-
protein coupled olfactory receptors has a very sensitive
olfactory system (10-12), and has the innate ability of
sensing odors in the urine of patients with cancer. A previous
study has indicated that C. elegans exerts a urine-specific
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Table 1. The characteristics of study participants.

Colorectal Gastric Pancreatic Esophageal Biliary Healthy Total
cancer cancer cancer cancer gallbladder participants (N=256)
(N=67) (N=58) (N=24) (N=18) cancer (N=76)
(N=13)
Age (years)
Mean+SD 67.9+11.3 69.4+10.0 68.6+£9.5 63.1£8.0 74.4+9.8 54.7£10.5 64.4+12.2
Range 35-88 43-88 51-87 49-79 51-87 38-84 35-88
Gender
Female 27 13 12 4 7 31 94
Male 40 45 12 14 6 45 162
Tumor stage
0-1 19 42 6 14 2 - 83
11 21 7 8 1 4 - 41
1II 17 4 3 2 2 - 28
v 10 5 7 1 5 - 28
SD: Standard deviation.

1.0 g— Table II. Results of ROC analysis.

AUC p-Value 95%CI

28 N-NOSE 0.860 0.000 0.813-0.906

[ CEA 0.729 0.000 0.665-0.793
iF CA19-9 0.674 0.000 0.607-0.741
2 0.6 .
._é The results correspond to those shown in Figure 1. AUC: Area under
E the curve. CI: confidence interval.
7]
N 04-,

0.2 compounds (VOCs) produced specifically in response to
cancers (14-16). We named this novel method of detection
of cancer from urine by C. elegans olfaction as Nematode-
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1-Specificity In this study, Wf: eval'uated the potential gf N-NOSE to be
used as a gastrointestinal cancer screening test, since a
previous study has suggested the possibility that the olfaction
N-NOSE of C. elegans can be utilized to detect cancer from urine
- CEA (13). The present study examined the diagnostic performance
CA19-9

Figure 1. ROC curves indicating the diagnostic ability of N-NOSE. Area
under the ROC curve for N-NOSE (red line), CEA (black dotted line),
and CA19-9 (grey line).

behavior; it is attracted by the urine of cancer patients, even
if cancer is at an early-stage and repelled by the urine of
healthy subjects, and this behavior is due to their olfactory
system (13). This olfactory behavior of C. elegans is
supported by several previous studies, which have indicated
that urine from patients with cancer contains volatile organic
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of N-NOSE using 180 samples from cancer patients and 76
samples from healthy subjects. Using receiver operating
characteristics (ROC) analysis, we compared the diagnostic
ability between N-NOSE and classic tumor markers, CEA
and CA19-9. The present study may provide the basis for
developing N-NOSE as a novel cancer screening test.

Materials and Methods

Study populations and ethics. Patients diagnosed at the Nanpuh
Hospital (Kagoshima, Japan) with colorectal cancer (n=67), gastric
cancer (n=58), pancreatic cancer (n=24), biliary tract cancer (n=9),
gallbladder cancer (n=4), and esophageal cancer (n=18) from June
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Figure 2. ROC curves of N-NOSE by pathological stage. Area under the ROC curve for N-NOSE (red line), CEA (black dotted line), and CA19-9

(grey line) in stage 01, stage 11, stage 1lI, and stage 1V.

2016 to March 2018 were recruited. To identify healthy individuals,
participants were examined using the positron emission tomography
(PET) scanning test, blood tests, and cancer biomarker tests, and
interviewed by a medical doctor. We excluded individuals who had
already undergone treatment for other diseases, had undergone PET
showing some abnormalities, and had a history of cancer. The
remaining individuals were defined as healthy individuals (n=76).
Urine and blood samples from the participants were stored at -80°C.
The PET scanning test was performed using a Discovery ST Elite
PET scanner (GE Healthcare, Chicago, IL, USA). The characteristics
of all participants are summarized in Table 1. Cancer staging was
based on a routine histopathological analysis and clinical assessment,
according to the tumor-node-metastasis (TNM) classification.

The research was planned in accordance with the Declaration of
Helsinki and approved by the hospital ethics committee. Informed
consent was obtained in writing. The first author guarantees the
accuracy and completeness of the data and analysis, and of the
study’s fidelity in regard to technical and biostatistics protocols.

Measurement method of N-NOSE. The behavior of the nematode C.
elegans towards odors has been analyzed by a number of
researchers, and the method to quantify the olfactory behavior has

been established (11, 12, 17-20). In the present study, the culture of
animals and chemotaxis assay were performed according to
previous C. elegans studies.

C. elegans was cultured on Nematode Growth Media (NGM)
agar plate seeded with Escherichia coli as a food source, according
to standard methods (11, 12, 17-20). The method for measuring N-
NOSE, a biological cancer test using C. elegans, was according to
previous C. elegans olfaction studies (11, 17-20) and as described
in Hirotsu et al (13). Briefly, 1 pl of diluted urine sample was
spotted at one side of the agar plate (9 cm). Then, approximately 50
worms (N2: wild-type strain) were placed in the center of the agar
plate. After 30 min, the worms that were present on the half surface
of the sample side (A) and on the half surface of the other side (B)
were counted. The value of the chemotaxis index was calculated
using the following equation: Index = (A-B)/(A+B). The value (-
1~0) means repulsion to urine sample; the value (0~1) means
attraction to urine sample. Using this value of chemotaxis index,
past C. elegans studies quantified the olfactory behavior to various
odor samples and concentrations (11, 17-20). The average of
chemotaxis indices of more than 10 assay plates were used for ROC
analysis. Hirotsu et al. have reported that the chemotaxis index is
positive in patients' urine samples diluted by 10-1000-fold by water,
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Table III. Results of ROC analysis by pathological stage of cancer.

Table IV. Results of ROC analysis by type of cancer.

AUC p-Value 95%C1 AUC p-Value 95%C1

N-NOSE N-NOSE

Stage 0-1 0.867 0.000 0.812-0.922 Colorectal cancer 0.837 0.000 0.768-0.906

Stage II 0.807 0.000 0.717-0.897 Gastric cancer 0.874 0.000 0.815-0.933

Stage 111 0.905 0.000 0.833-0.977 Pancreatic cancer 0.862 0.000 0.778-0.946

Stage IV 0.870 0.000 0.784-0.957 Esophageal cancer 0.870 0.000 0.774-0.965
CEA Biliary gallbladder cancer 0.893 0.000 0.767-1.000

Stage 0-1 0.650 0.001 0.565-0.735 CEA

Stage 11 0.744 0.000 0.650-0.838 Colorectal cancer 0.776 0.000 0.698-0.853

Stage III 0.855 0.000 0.770-0.940 Gastric cancer 0.680 0.000 0.589-0.771

Stage IV 0.818 0.000 0.722-0913 Pancreatic cancer 0.782 0.000 0.685-0.878
CA19-9 Biliary gallbladder cancer 0.633 0.128 0.476-0.789

Stage 0-1 0.566 0.152 0.477-0.655 CA19-9

Stage 11 0.689 0.001 0.580-0.797 Colorectal cancer 0.640 0.004 0.548-0.732

Stage 111 0.749 0.000 0.645-0.853 Gastric cancer 0.614 0.023 0.519-0.710

Stage IV 0.898 0.000 0.817-0.979 Pancreatic cancer 0.924 0.000 0.844-1.000

Biliary gallbladder cancer 0.885 0.000 0.769-1.000

The results correspond to those shown in Figure 2. AUC: Area under
the curve. CI: Confidence interval.

which is not observed in urine samples from healthy volunteers
(13). Therefore, the olfactory behavior against 10-1000-fold diluted
urine was investigated.

Collection of urine/blood. Before surgery or chemotherapy, we
collected urine and blood samples from participants. Urine samples
were stored frozen until analysis using N-NOSE. We measured
concentrations of CEA and CA19-9 wusing an electro-
chemiluminescence immunoassay (ECLIA) with LUMIPULSE
G1200® (Fujire bio, Inc., Tokyo, Japan) according to the
manufacturer’s instructions. Concentrations of squamous cell
carcinoma (SCC)-associated antigen in serum was determined by an
ECLIA using Elecsys® (Roche Diagnostics K.K., Tokyo, Japan).

Statistical analysis. The area under the curve (AUC) values were
calculated using Receiver Operating Characteristics (ROC) analysis
with SPSS Version 25 (IBM Co., Armonk, NY, USA). A value of
p<0.05 was considered as significant.

Results

To evaluate the performance of N-NOSE in the detection of
several gastrointestinal cancers, we performed ROC
analysis. The baseline clinical characteristics of the 180
subjects are shown in Table I. The mean age was 64.4+12.2
years, with 162 (63.3%) men and 94 (36.7%) women. N-
NOSE had a higher AUC value than that of CEA and CA19-
9 (Figure 1 and Table II). The diagnostic ability of N-NOSE
was examined for the various pathological stages. In stage
0-I cancer, the AUC value of N-NOSE was higher than that
of CEA and CA19-9 (Figure 2 and Table III). AUC values
were also compared with regard to cancer types. N-NOSE
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The results correspond to those shown in Figure 3. AUC: Area under
the curve. CI: Confidence interval.

scored higher than tumor markers in detecting colorectal
cancer, gastric cancer, pancreatic cancer, esophageal cancer,
and biliary gallbladder cancer (Figure 3 and Table IV). In
stage O-II cancer, we examined the diagnostic ability of N-
NOSE in colorectal cancer, gastric cancer, pancreatic cancer,
esophageal cancer, and biliary gallbladder cancer (Figure 4
and Table V). These results suggested that N-NOSE
performed better in detecting early stage cancers of
gastrointestinal organs.

Discussion

We investigated the potential of N-NOSE to be a screening
test for digestive cancer. N-NOSE had higher AUC value
than CEA and CA19-9. The comparison of the AUC values
with regard to pathological stages indicated that N-NOSE
had higher AUC value than CEA and CA19-9. Regarding
cancer types, the AUC values of N-NOSE were
approximately 0.85 in all cancer types, higher than CEA and
CA19-9. These results indicated that N-NOSE is a useful
surrogate marker for detecting gastrointestinal cancers.

Our results indicated the possibility that N-NOSE could
be used as a gastrointestinal cancer screening test. We
found that N-NOSE has the diagnostic ability to detect
gastrointestinal cancers from urine samples. Consistent
with a previous study (13), our study found N-NOSE to
have higher AUC values, regardless of stage and type of
cancer (Figures 2 and 3, Tables III and IV). Especially, the
value of AUC for early-stage cancer remained more than
0.85 in N-NOSE, whereas the value fell below 0.70 in the
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Figure 3. ROC curves of N-NOSE by types of cancer. Area under the ROC curve for N-NOSE (red line), CEA (black dotted line), and CA19-9 (grey
line) in colorectal, gastric, pancreatic, esophageal, and biliary gallbladder cancer.

classic tumor markers in early-stage cancer (Figure 2 and
Table III). To examine the performance of N-NOSE in
early-stage cancers in more detail, we performed ROC
analysis and compared the AUC values in early-stage
cancer (i.e. samples from patients in stages 0-II of cancer)
by the types of cancer. Even in early-stage colorectal,
gastric, pancreatic, esophageal, and biliary gallbladder
cancers, the AUC values remained above 0.790 in N-
NOSE, whereas the AUC values of CEA were below 0.760
(Figure 4 and Table V). Regarding CA19-9, the AUC
values were higher than 0.85 in pancreatic and biliary
gallbladder cancers. This may suggest that the combined
use of N-NOSE and CA19-9 could lead to a more effective
and early detection. The follow-up ROC analysis in early-
stage cancer based on types showed the possibility that the
sole use of N-NOSE can lead to early detection of cancers
occurring in the gastrointestinal system; this ability of N-
NOSE would be essential to cancer screening. Early
detection of cancer helps to diminish cancer-related

mortality, since the five-year survival rates are largely
different between early- and late-stage cancers (1). Due to
the high diagnostic performance of early-stage and of
several types of digestive cancer, N-NOSE would be
suitable as a screening test. Furthermore, N-NOSE is less
costly and non-invasive. The method used in N-NOSE is
based on the C. elegans chemotaxis assay, which has been
established in previous C. elegans studies (11, 17-20); the
assay can be performed using basic laboratory instruments
and requires less than 100 pl of urine samples. In addition,
it is non-invasive compared to the sampling of blood serum
and endoscopic examination.

There were some false positive responses, where C.
elegans was attracted to the urine samples from healthy
subjects or repelled to the samples from cancer patients. The
attraction to a healthy false response may be related with
the age of participants. In a previous study, the mean of age
in healthy subjects was 47 and 207 out of 218 samples
showed the negative chemotaxis index (i.e., the specificity
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Figure 4. ROC curves of N-NOSE by types of cancer in stage 0-II. Area under the ROC curve for N-NOSE (red line), CEA (black dotted line), and
CA19-9 (grey line) in colorectal, gastric, pancreatic, esophageal, and biliary gallbladder cancer.

was 95.0%) (13), whereas in the present study the mean of
age was 55 and 67 out of 76 samples showed negative
chemotaxis index (i.e., the specificity was 88.2%, if the cut-
off of chemotaxis index is 0). Although the previous study
indicated a non-significant correlation between age and the
result of N-NOSE (13), our follow-up analysis suggested a
correlation between age and detection of healthy subjects by
comparing the different populations (i.e., comparison of the
specificity between 218 healthy subjects of the previous
study and 76 subjects of the present study). The repulsion
to cancer, which is a false response, may be related to the
dose-dependent olfactory behavior of C. elegans. Previous
studies have revealed that C. elegans shows aversive
behavior to high-concentration odors, even if the odor is
attractive at a low-concentration (17, 20). Similarly, the
olfactory behavior of C. elegans to urine samples could
depend on the concentration (13). Thus, we could suggest
the possibility that the ratio of the cancer-specific odorants
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was relatively high in the urine from cancer patients,
resulted in the aversive olfactory behavior.

This study has some limitations. First, to rigorously
establish N-NOSE as a cancer screening test, several
additional studies are needed. For example, Pepe et al. have
suggested guidelines to develop a biomarker-based
screening tool, in which five consecutive phases are used
to evaluate and examine the screening tool (21). Otherwise,
comprehensive research, using an enormous number of
samples, might be needed to evaluate and examine the
outcome. For instance, fecal occult blood test has been
recommended in Europe and the USA, and a large number
of samples have been tested (2, 3). Such comprehensive
research would enable the evaluation of outcomes and
provide an appropriate cut-off value for N-NOSE. Second,
in esophageal cancer, the diagnostic ability of N-NOSE was
not compared with that of classic tumor markers. All
subjects of this study were Japanese; the Japanese
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Table V. Results of ROC analysis in early-stage cancer by types of cancer.

AUC p-Value 95%CI1
N-NOSE
Colorectal cancer 0.794 0.000 0.702-0.886
Gastric cancer 0.875 0.000 0.811-0.939
Pancreatic cancer 0.851 0.000 0.747-0.954
Esophageal cancer 0.846 0.000 0.736-0.956
Biliary gallbladder cancer 0.966 0.000 0.925-1.000
CEA
Colorectal cancer 0.679 0.002 0.573-0.785
Gastric cancer 0.660 0.003 0.563-0.758
Pancreatic cancer 0.760 0.002 0.642-0.879
Biliary gallbladder cancer 0.609 0.378 0.364-0.853
CA19-9
Colorectal cancer 0.542 0.462 0.427-0.657
Gastric cancer 0.566 0.216 0.464-0.667
Pancreatic cancer 0.968 0.000 0.908-1.000
Biliary gallbladder cancer 0.864 0.003 0.669-1.000

The results correspond to those shown in Figure 4. AUC: Area under
the curve. CI: confidence interval.

population has a high prevalence of esophageal squamous
cell carcinoma (22, 23). Thus, another tumor marker, such
as squamous cell carcinoma (SCC)-associated antigen,
should be measured and compared with N-NOSE, rather
than CEA and CA19-9, though no measurement of the
SCC-associated antigen was performed in this study. To
evaluate the performance of N-NOSE in esophageal cancer
in more detail, such comparison between N-NOSE and
SCC-associated antigen is needed.

In conclusion, the present study evaluated the potential of
N-NOSE as a gastrointestinal cancer screening test. We
demonstrated that the olfactory system of C. elegans can
detect gastrointestinal cancers, regardless of the type and
stage. Establishment and practical realization of this novel
technique in cancer screening may help in early detection of
various cancer types, and eventually a reduction in cancer-
related mortality.
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