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A B S T R A C T   

Cancer is the second leading cause of death worldwide, according to the World Health Organization, surpassed 
only by cardiovascular diseases. Early identification and intervention can significantly improve outcomes. 
However, finding a universal, non-invasive, economical, and precise method for early cancer detection remains a 
significant challenge. This study explores the efficacy of an innovative cancer detection test, N-NOSE, leveraging 
a Caenorhabditis elegans olfactory assay on urine samples across a diverse patient group exceeding 1600 in
dividuals diagnosed with various cancers, with samples from the Shikoku Cancer Center (Ehime, Japan) under 
approved ethical standards. Current cancer screening techniques often require invasive procedures, can be 
painful or complex, with poor performance, and might be prohibitively costly, limiting accessibility for many. N- 
NOSE addresses these challenges head-on by offering a test based on urine analysis, eliminating the need for 
invasive methods, and being more affordable with higher performance at early stages than extensive blood tests 
or comprehensive body scans for cancer detection. In this study, N-NOSE demonstrated a capability to accurately 
identify upwards of 20 cancer types, achieving detection sensitivities between 60 and 90 %, including initial- 
stage cancers. The findings robustly advocate for N-NOSE’s potential as a revolutionary, cost-effective, and 
minimally invasive strategy for broad-spectrum early cancer detection. It is also particularly significant in low- 
and middle-income countries with limited access to advanced cancer diagnostic methods, which may contribute 
to the improved outcome of affected individuals.   

1. Introduction 

Cancer is the second leading cause of death worldwide, causing 
nearly 10 million deaths in 2020, and this number is expected to double 
by 2050 (World Health Organization, WHO). The most prevalent new 
cases of cancer in 2020 included breast (2.26 million cases), lung (2.21 
million cases), colon and rectum (1.93 million cases), prostate (1.41 
million cases), skin (non-melanoma) (1.20 million cases), and stomach 
(1.09 million cases). The most common causes of cancer death in 2020 
were lung (1.80 million deaths), colon and rectum (916,000 deaths), 
liver (830,000 deaths), stomach (769,000 deaths), and breast (685,000 
deaths), respectively [1]. Cancer results generally from the interplay 
between genetic factors and various external environmental factors, 
including (i) physical carcinogens (ultraviolet and ionizing radiation), 
(ii) chemical carcinogens like asbestos, components of tobacco smoke, 

alcohol, and other carcinogenic substances, and (iii) biological carcin
ogens such as infections caused by certain viruses, bacteria, or parasites. 
Cancer cases and deaths are also expected to increase significantly due 
to lifestyle behaviors that elevate cancer risk, such as excess body weight 
and physical inactivity. This trend is particularly significant in low- and 
middle-income countries experiencing significant economic and cultural 
transformations [2]. 

Furthermore, due to senescence, cancer incidence gradually rises 
with age, likely influenced by the cumulative impact of less effective 
DNA and cellular repair mechanisms. Early detection and treatment of 
cancer at earlier pathological stages are crucial to reduce cancer mor
tality rates. Therefore, developing an early screening method to identify 
various cancers, including pre-cancerous conditions, is essential, mainly 
before individuals exhibit any associated symptoms. It is crucial to scale 
up cancer screening initiatives that employ innovative technologies with 
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high specificity to detect cancer in asymptomatic individuals. 
In recent years, significant attention has been given to biological 

diagnostics, particularly cancer detection. One notable approach that 
utilizes the olfactory system of animals for cancer detection is the use of 
well-trained sniffer dogs [3–5]. However, this method is impractical due 
to the extensive time, cost, and effort required to train dogs. Caeno
rhabditis elegans (C. elegans) is a multicellular organism whose entire 
genome sequence was first determined in hermaphrodites; it is also easy 
to handle and inexpensive to breed. C. elegans, as one of the nematodes, 
also has an excellent olfactory system, which includes approximately 
1200 olfactory receptor-like genes (compared to around 800 genes in 
dogs), allowing its chemotactic behavior. C. elegans approach favorable 
odors while avoiding unpleasant smells. Hirotsu et al. first reported that 
the wild-type N2 strain of C. elegans displayed attractive chemotaxis 
toward human cancer cell secretions, cancer tissues, and urine from 
patients with colorectal, gastric, and breast cancers, whereas C. elegans 
showed aversive response to urine derived from healthy subjects [6]. 
This phenomenon is likely due to the response of olfactory sensory 
neurons, such as AWC neurons in C. elegans, to specific volatile organic 
compounds (VOCs) associated with cancer. Building upon our findings, 
we developed an innovative, non-invasive cancer detection method 
termed "Nematode-Nose (N-NOSE)" and applied it to screen various 
malignancies [7–11]. Recent studies by other groups have also demon
strated the efficacy of nematode-based screening for prostate cancer 
[12] and breast cancer [13] with high accuracy, indicating that the 
concept of N-NOSE for cancer detection is reproducible worldwide. 

In this study, we assessed the broad applicability of the N-NOSE 
method for over 20 types of malignancies. A cohort of more than 1600 
patients with different cancer types was included. N-NOSE method 
successfully detected the most common cancer types globally, such as 
lung, stomach, colorectal, breast, cervical, and prostate cancer, even at 
earlier stages, demonstrating higher sensitivities. These results suggest 
that N-NOSE is a sensitive, non-invasive primary screening method for 
the early detection of multiple cancers. 

2. Materials and methods 

2.1. Study population 

The study design was approved by the Ethics Committee of the Na
tional Hospital Organization Shikoku Cancer Center (Ehime, Japan). 
Urine samples were collected from 1664 patients diagnosed with ma
lignancies at the center between May 2017 and March 2021. The cohort 
included 951 males (mean age 67.5 ± 11.0 years, range 23–95) and 713 
females (mean age 60.8 ± 13.8 years, range 18–93). Clinical examina
tions strictly adhered to the WMA Declaration of Helsinki principles. All 
patients provided written informed consent before registration to this 
study. The authors also guarantee the accuracy and completeness of the 
data and analysis, along with the fidelity of this study regarding tech
nical and bioinformatic protocols. One limitation of this prospective 
clinical study is the lack of a non-cancer control group, which is essential 
for determining specificity. Our previous studies (references [6,10]) 
have demonstrated the specificity of the N-NOSE test in distinguishing 
healthy individuals from cancer patients, with reported specificities of 
90 % and 95 %, respectively. It provides important context for the 
current findings. Notably, this study employed the same cutoff as our 
previous clinical studies [6,10] to separate the healthy control group 
from the cancer-patient group, reinforcing the significance of our find
ings and facilitating comparisons with our previous research. 

This study defined a cancer patient as someone histopathologically 
identified as having cancer. The tumor-node-metastasis (TNM) staging 
was performed according to the TNM Classification of Malignant Tu
mors of the UICC. 

2.2. Culture and maintenance of C. elegans 

C. elegans (wild-type N2) was cultured with standard methods at 
20 ◦C on Nematode Growth Media (NGM) seeded with Escherichia coli 
(E. coli) strain NA22 as a food source [6,14]. C. elegans is a type of 
nematode, about 1 mm long, becomes an adult in 3–4 days, and lays 100 
to 300 eggs. 

2.3. Measurement by N-NOSE 

Chemotaxis analysis of nematodes was performed according to 
standard protocols used in previous nematode studies [6,15,16]. 
C. elegans (wild-type N2) was cultured at 20 ◦C under well-fed and un
crowded conditions with the E. coli strain NA22 as a food source. 
Chemotaxis assays were performed on 9 cm plates containing 10 mL of 2 
% agar, 5 mM KPO4, 1 mM CaCl2, and 1 mM MgSO4, as previously 
described. Briefly, 0.5 μL of 1 M sodium azide was spotted on two points 
at both ends of the plates, and then 1 μL of urine sample diluted at 
10-fold and 100-fold with ultra-pure water was added to two points. 
Sodium azide is the anesthetic used to minimize the effects of adaptation 
and is added before adding the nematodes to the plate. Only sodium 
azide is added to the non-urine side of the plate. In summary, sodium 
azide is added to 4 points of the plate (urine side and non-urine side). 
Urine is added on two points (on the urine side and the sodium azide 
location). We confirmed that nematodes showed no chemotaxis 
behavior to 1 μL of water (data not shown). Approximately 100 adult 
nematodes were collected, washed three times with chemotaxis buffer 
(0.05 % gelatin, 5 mM KPO4, 1 mM CaCl2, and 1 mM MgSO4), and placed 
in the center of the plate. After removing the excess buffer, the nema
todes were allowed to roam for 30 min (Fig. 1). The chemotaxis index 
was calculated using the following equation: Chemotaxis index = (A - 
B)/(A + B), where (A) is the number of nematodes near the urine 
samples, and (B) is the number of nematodes in the region without the 
samples. For each sample, the chemotaxis assays were performed at both 
10-fold and 100-fold urine dilution (n = 10 for each dilution). A negative 
index (− 1 to 0) indicates repulsion to the sample, and a positive index 
(0–1) indicates an attraction to the sample; it was considered "positive" if 
the chemotaxis indexes were positive in at least one of two dilutions 
[10]. When estimating sensitivity, "negative" was defined as only when 
both indexes in 10-fold and 100-fold dilution were less than 0. Previous 
studies have demonstrated that the worm consistently shows repulsive 
behavior to urine samples from the non-cancer group [6,10]. This 
threshold was kept unchanged throughout all experiments, which were 
done under the same conditions as before. 

2.4. Statistical analyses 

All statistical analyses, including One-way analysis of variance 
(ANOVA) and Wilcoxon signed-rank tests, were performed using JMP® 
14 (SAS Institute, Cary, NC, USA). A value of p < 0.05 was considered 
significant. 

3. Results 

3.1. Cancer patients 

The N-NOSE chemotaxis assays were performed using two different 
conditions of 10-fold and 100-fold urine dilution. Urine samples were 
obtained from a total of 1664 patients, consisting of 951 males with a 
mean age of 67.5 ± 11.0 years (age range: 23–95) and 713 females with 
a mean age of 60.8 ± 13.8 years (age range: 18–93). Statistical analysis 
indicated no significant correlations between N-NOSE results and age or 
sex. This suggests that N-NOSE may be a generalized screening tool 
applicable to a broad patient population. Overall, 1199 out of 1664 
patients (72.1 %) tested positive for N-NOSE (Fig. 2). 
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3.2. Sensitivity of N-NOSE in detecting several cancer types 

The cancer-type-specific sensitivities and stage-specific sensitivities 
are summarized in Tables 1 and 2, respectively. Table 1 shows that out of 
eleven cancer types with more than 50 patients each, ten exhibited high 
N-NOSE sensitivities (69.0 %–81.0 %). Uterine cancer showed a rela
tively lower sensitivity of 59.0 %. Focus was then placed on the N-NOSE 
results for the most common types of cancer worldwide, such as lung, 
stomach, colorectal, breast, cervical, and prostate cancer. Stage-specific 
sensitivities are listed in Table 3. All six cancer types listed showed a 
high sensitivity for N-NOSE, even at an earlier phase (stage 0 + I): lung 
(67.7 %), stomach (73.1 %), colon, and rectum (80.0 %), breast (67.2 
%), cervix (83.7 %), and prostate (73.6 %). We also found that N-NOSE 
can detect pancreatic cancer (Table 4) and ovarian cancer (Table 5) with 
high sensitivity at all stages, respectively. These findings strongly sug
gest that N-NOSE successfully detects over 20 types of cancer with high 
sensitivity, even at earlier stages. Additionally, only a few patients 
enrolled and showed positive for N-NOSE, including thymic carcinoma, 
pleural mesothelioma, parotid gland cancer, peritoneal cancer, medi
astinal cancer, ureteral cancer, and various types of oral cancer such as 

gum cancer, listed as ‘Others’ in Table 1. 

3.3. Correlations between N-NOSE results and biochemical parameters in 
cancer patients 

As shown in Table 6, biochemical blood tests revealed no significant 
correlations between N-NOSE results and hepatic ALT and AST, How
ever, a positive correlation was observed between the stage of cancer 
and renal creatinine (p = 0.0094) but not renal BUN (p = 0.9529), 
possibly suggesting renal dysfunction as a side effect caused by 
chemotherapy. Urine general qualitative tests demonstrated significant 
correlations between N-NOSE results and urinary proteins (10-fold: p <
0.0001, 100-fold: p = 0.0045) and urinary ketone bodies (10-fold: p <
0.0001, 100-fold: p < 0.0001), but no correlations with urinary glucose 
(10-fold: p = 0.0695, 100-fold: p = 0.5818) and urinary occult blood 
(10-fold: p = 0.3686, 100-fold: p = 0.9144). Positive correlations were 
also found between the stage of cancer and urinary proteins (p < 0.0001) 
and urinary ketone bodies (p < 0.0001). 

Fig. 1. Illustration of Chemotaxis Assay Procedure, including four steps: (1) Add 0.5 μL of sodium azide, (2) Add 1.0 μL of urine sample, (3) Introduce 50–100 
nematodes into the center of the plate and wait for 30 min; and (4) Capture the image, where (A) represents the number of nematodes near the urine samples, and (B) 
represents the number of nematodes in the region without the samples. 

Fig. 2. The N-NOSE chemotaxis assays for all 1664 patients with over 20 different types of malignancies. The Chemotaxis Index (A–B)/(A + B) measures 
nematode attraction (positive values) or repulsion (negative values) to a urine sample. Assays were performed using two urine dilutions (10-fold and 100-fold, n = 10 
each), and results were averaged for each dilution. A sample was considered "positive" if the chemotaxis index was positive (0–1) in at least one dilution. Closed 
circles indicate "positive" for N-NOSE, and open circles indicate "negative" for N-NOSE. 
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3.4. Influence of co-existing diseases on N-NOSE sensitivity in cancer 
patient 

Additionally, we investigated whether co-existing conditions or co- 
morbidities influenced N-NOSE results. Although we were able to 
obtain clinical information for a subset of cancer patients enrolled in this 
study, the findings indicated no significant impact of co-existing diseases 
or co-morbidities, such as diabetes mellitus, hyperlipidemia, hyperten
sion, and infectious diseases, on N-NOSE sensitivities (Table 7). Among 
cancer patients with specific conditions, including diabetes mellitus only 
(sensitivity: 82.1 % [78/95]), hyperlipidemia only (sensitivity: 83.3 % 
[5/6]), hypertension only (sensitivity: 83.3 % [40/48]), infectious dis
eases only (sensitivity: 84.2 % [32/38]), or any combination of these 
conditions (sensitivity: 85.3 % [197/231]), no significant deviations 
were observed when compared to cancer patients without other diseases 
or aberrant signs (sensitivity: 87.2 % [144/165]). 

4. Discussion 

In this cohort study, N-NOSE demonstrated high sensitivities (60–90 
%) for the detection of over 20 types of cancer, including the most 
common types worldwide, such as lung, stomach, colon and rectum, 
breast, cervix, prostate, even at earlier stages. Although the numbers of 
patients with liver cancer, kidney cancer, thyroid cancer, biliary tract 
cancer, pharyngeal cancer, and malignant lymphoma were relatively 
low (cases: 10–50), N-NOSE also exhibited potential for effectively 
detecting these malignancies. Early diagnosis improves prognosis, 
particularly pancreatic cancer [17–19]. However, early detection is 

Table 1 
Cancer-type-specific sensitivities of N-NOSE.  

Cancer type Number of patients N-NOSE positive Sensitivity (%) 

Lung 353 250 70.8 
Prostate 221 159 71.9 
Colon and rectum 198 158 79.8 
Stomach 155 107 69.0 
Breast 128 94 73.4 
Uterine 78 46 59.0 
Cervix 74 53 71.6 
Pancreas 63 49 77.8 
Ovary 58 47 81.0 
Esophagus 57 39 68.4 
Bladder 54 39 72.2 
Kidney 30 19 63.3 
Thyroid 29 23 79.3 
Lymphoma 28 24 85.7 
Pharynx 15 9 60.0 
Liver 11 7 63.6 
Biliary tract 11 6 54.5 
Tongue 9 8 88.9 
GIST 7 6 85.7 
Testis 6 5 83.3 
Glottis 5 4 80.0 
Melanoma 3 2 66.7 
Others 71 45 63.4 
Total 1664 1199 72.1 

GIST: Gastrointestinal stromal tumor. 

Table 2 
Stage-specific sensitivities of N-NOSE.  

Stage Number of patients N-NOSE positive Sensitivity (%) 

Stage 0 28 22 78.6 
Stage I 626 447 71.4 
Stage II 308 231 75.0 
Stage III 228 159 69.7 
Stage IV 384 283 73.7 
Undefined 90 57 63.3 
Total 1664 1199 72.1  

Table 3 
Stage-specific sensitivities of N-NOSE for the most common six types of cancer 
worldwide.  

Cancer type Number of patients N-NOSE positive Sensitivity (%) 

Lung 353 250 70.8 
Stage 0 1 1 100.0 
Stage I 154 104 67.5 
Stage II 36 27 75.0 
Stage III 55 37 67.3 
Stage IV 103 78 75.7 

Undefined 4 3 75.0 
Stomach 155 107 69.0 

Stage 0 1 1 100.0 
Stage I 66 48 72.7 
Stage II 25 18 72.0 
Stage III 19 8 42.1 
Stage IV 41 30 73.2 

Undefined 3 2 66.7 
Colon and rectum 198 158 79.8 

Stage 0 1 1 100.0 
Stage I 54 43 79.6 
Stage II 49 41 83.7 
Stage III 43 32 74.4 
Stage IV 50 41 82.0 

Undefined 1 0 0.0 
Breast 128 94 73.4 

Stage 0 7 4 57.1 
Stage I 57 39 68.4 
Stage II 36 28 77.8 
Stage III 13 11 84.6 
Stage IV 15 12 80.0 

Undefined 0 0 0.0 
Cervix 74 53 71.6 

Stage 0 7 6 85.7 
Stage I 36 30 83.3 
Stage II 14 8 57.1 
Stage III 7 5 71.4 
Stage IV 8 4 50.0 

Undefined 2 0 0.0 
Prostate 221 159 71.9 

Stage 0 5 5 100.0 
Stage I 86 62 72.1 
Stage II 59 44 74.6 
Stage III 20 15 75.0 
Stage IV 19 14 73.7 

Undefined 32 19 59.4  

Table 4 
Stage-specific sensitivities of N-NOSE for pancreatic cancer.  

Stage Number of patients N-NOSE positive Sensitivity (%) 

Stage 0 – – – 
Stage I 4 3 75.0 
Stage II 22 17 77.3 
Stage III 5 5 100.0 
Stage IV 31 23 74.2 
Undefined 1 1 100.0 
Total 63 49 77.8  

Table 5 
Stage-specific sensitivities of N-NOSE for ovarian cancer.  

Stage Number of patients N-NOSE positive Sensitivity (%) 

Stage 0 – – – 
Stage I 27 23 85.2 
Stage II 4 3 75.0 
Stage III 7 7 100.0 
Stage IV 16 11 68.8 
Undefined 4 3 75.0 
Total 58 47 81.0  
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challenging, and most pancreatic cancer cases (80 %) are diagnosed at 
an advanced stage [20–22]. In this study, in combination with our 
previous reports [9,11], we achieved high sensitivity for early detection 
of pancreatic cancer using N-NOSE across three different institutions. 
Successful detection and treatment of most cancers are more likely at 
earlier stages, underscoring the importance of "primary cancer 
screening" methods that can detect various types of cancer before the 
manifestation of cancer-related symptoms. Therefore, this study sug
gests that N-NOSE, a C. elegans scent test using urine, holds promise as a 
sensitive tool for multi-cancer early detection. 

Additionally, we observed correlations of the N-NOSE results with 
urinary protein and urinary ketone bodies. Both urinary components 
also exhibited simultaneous correlations with cancer stages. Matsui et al. 
recently demonstrated that elevated levels of urinary proteins, ranging 
from mild to heavy (more than 2+) and trace (±), were significantly 
associated with increased mortality risk from cancer in a general pop
ulation [23]. Although the exact relationship between specific urinary 
proteins and chemotactic behavior in nematodes remains unclear, this 
association suggests a possible link between elevated urinary protein 
levels as cancer biomarkers and cancer progression. Regarding urinary 
ketone bodies, it is hypothesized that such ketogenic status in cancer 
patients is caused by insufficient uptake or starvation of nutrition 
(glucose) at later stages. As cancer progresses, the ketogenic rate in in
dividuals seems to be triggered by sequential alteration of energy 
metabolic pathway: (i) glucose depletion, (ii) fatty-acid production, and 
upregulated β-oxidation in the liver, followed by (iii) ketone body 
overproduction. A similar phenomenon is confirmed by a 
low-carbohydrate diet for reducing body weight. Another possibility is 
the influence of a ketogenic diet as a cancer therapeutic option [24–29]. 
Dmitrieva-Posocco et al. reported a potent tumor-inhibitory effect of 
ketogenic diets, recapitulated by administering the ketone body 
β-hydroxybutyrate [30]. Elevated levels of urinary ketone bodies 
(acetone, acetoacetic acid, and β-hydroxybutyrate), some of which are 
preferable odors for nematodes [31], may also affect the N-NOSE index, 
further attracting the nematode to urine derived from cancer patients. 
Although the N-NOSE indexes were drastically low at 100-fold urine 
dilution due to the decreased contents of urinary ketone bodies, further 
investigation is required to determine how urinary ketone bodies may 

impact nematode chemotaxis. 
While N-NOSE demonstrated high sensitivity for detecting various 

malignancies, this study has some limitations, particularly in estimating 
specificity due to the lack of a control group comprising healthy subjects 
and non-cancerous individuals. Previous studies have shown that N- 
NOSE effectively distinguishes healthy individuals from cancer patients, 
with reported specificities of 95.0 % (207/218) [6] and 90.2 % 
(129/143, using a combined method with two different urine dilutions) 
[10]. However, a previous study conducted at the Saitama Medical 
University International Medical Center in Japan [11] used a control 
disease group rather than healthy subjects. This study focused on 
pancreatic cancer and demonstrated N-NOSE’s ability to differentiate 
cancer from other diseases. It is important to note that using a control 
disease group instead of healthy subjects affects the evaluation of 
specificity. Particularly, N-NOSE showed a relatively lower specificity of 
60 % (57/95) against the non-cancerous disease control group, which 
included conditions such as autoimmune pancreatitis, pancreatic pseu
docyst, and common bile duct stone [11]. Therefore, while the speci
ficity data from different studies provide important context, the 
variability, considering the reference groups, should be carefully 
considered when evaluating performance and correlation with this 
present study. 

High specificity is crucial for practical application in cancer 
screening tests. It is important to note the variability in results across 
different studies, even when the same cancer types are investigated 
independently. Table 1 shows that twelve cancer types exhibited rela
tively lower sensitivities (less than 72.1 % overall in this study), 
including lung, stomach, cervix, liver, esophagus, and prostate cancers. 
However, compared with our previous reports, there were no marked 
differences in sensitivity for specific cancer types [8,11]. This consis
tency in sensitivity across studies reinforces the reliability of N-NOSE, 
although specificity data may vary due to differences in control groups. 

N-NOSE is a behavioral test based on the chemotaxis of C. elegans, 
where the worms are attracted to cancer urine samples (positive 
chemotaxis index) and repelled by healthy urine samples (negative 
chemotaxis index). The consistent cutoff value (0) used in this study is 
the same as our previous N-NOSE clinical studies, reinforcing the rele
vance of this study. N-NOSE correlates with the presence or absence of 
cancer, as it is a behavioral test leveraging on C. elegans’s olfaction [8, 
11]. Even without a control group, tracking the N-NOSE index is suffi
cient for cancer screening [8,11]. 

Like other novel cancer screening technologies, N-NOSE is designed 
for global implementation to benefit a wide range of people. Considering 
scaling-up operations, several procedural and environmental factors 
need to be considered when implementing N-NOSE cancer screening 
worldwide. First, careful attention must be given to the large-scale 
culture and maintenance of nematodes, as this critically affects their 
olfactory performance. Second, well-controlled ambient conditions, 
such as room temperature and humidity, can improve the results of N- 
NOSE chemotaxis assays. Third, an appropriate method for urine 
collection and storage is crucial. Therefore, sophisticated manipulation 
of nematodes and careful preparation of diluted urine samples to 
minimize the loss of VOCs are essential to successfully deploying N- 
NOSE worldwide. 

The signal-to-noise ratio is typically lower in asymptomatic in
dividuals compared to symptomatic ones. In a screening context, 
detecting the disease in individuals without symptoms is inherently 
more challenging due to less pronounced indicators of the disease, 
leading to a potential overestimation of a cancer test’s sensitivity in a 
prospective analysis where cases have already been identified. The 
assumption of universal and perfect diagnostic testing does not hold in 
real-world screening programs. The variability in the receipt and accu
racy of diagnostic tests can further degrade the performance of a 
screening test in a prospective setting. This degradation occurs because, 
in a prospective analysis, the selection of cases and controls may inad
vertently favor scenarios where the diagnostic testing performed 

Table 6 
Statistical analyses for the involvement of the subjects’ background character
istics in N-NOSE results and cancer progression.  

Biochemical parameters N-NOSE results Stage of cancer 

10-fold 100-fold 

Hepatic ALT p＝0.9347 p＝0.9550 N/A 
Hepatic AST p＝0.1796 p＝0.7181 N/A 
Renal BUN p＝0.0032 p＝0.0607 p＝0.9529 
Renal creatinine p＝0.0002 p＝0.0052 p＝0.0094 
Urinary glucose p＝0.0695 p＝0.5818 p＝0.2650 
Urinary proteins p＜0.0001 p＝0.0045 p＜0.0001 
Urinary ketone bodies p＜0.0001 p＜0.0001 p＜0.0001 
Urinary occult blood p＝0.3686 p＝0.9144 p＝0.7656 

N/A: Not Applicable. 

Table 7 
Influence of co-existing diseases or co-morbidities of cancer patients on N-NOSE 
sensitivities.  

Co-existing diseases or co- 
morbidities 

Number of 
patients 

N-NOSE 
positive 

Sensitivity 
(%) 

Diabetes mellitus 95 78 82.1 
Hyperlipidemia 6 5 83.3 
Hypertension 48 40 83.3 
Infectious diseases 38 32 84.2 
Any combination of these 231 197 85.3 
Without other diseases 165 144 87.2  
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exceptionally well, not reflecting the variability and imperfections 
encountered in routine screening. Therefore, while our study provides 
solid insight into the efficacy of N-NOSE cancer screening tests, the data 
presented may not fully capture the complexities and challenges of 
implementing these tests in a real-world, prospective screening pro
gram. The differences in population characteristics, such as the presence 
or absence of symptoms and the inherent limitations of diagnostic 
testing methodologies, may affect the performance metrics of screening 
tests when applied prospectively. 

Moreover, upon receiving a positive N-NOSE result, initiating follow- 
up procedures to determine the specific cancer type is crucial. This 
typically involves further clinical investigations such as positron emis
sion tomography (PET), computed tomography (CT), or magnetic 
resonance imaging (MRI) to obtain a more definitive diagnosis. While 
early detection offers the potential for improved treatment outcomes, 
it’s important to acknowledge that any screening tool carries a risk of 
overdiagnosis. Careful consideration of the potential harms of over
diagnosis, like unnecessary treatment or psychological distress, is 
necessary when implementing any screening program [32]. N-NOSE 
offers significant value as a primary cancer screening tool despite the 
need for subsequent diagnostic steps. Its high sensitivity, non-invasive 
nature, low cost, and ease of use ideally position it for detecting a 
wide spectrum of cancers (over 20 types as reported in this study) in 
their early stages. Such early detection facilitates timely intervention 
and improves treatment outcomes. 

Clinical guidelines and benchmarks for acceptable specificity levels 
are crucial in cancer screening to minimize false positives and over
diagnosis, which can lead to unnecessary stress and treatment for pa
tients. High specificity ensures that non-cancer cases are correctly 
identified, reducing the likelihood of false positives. For instance, 
specificity levels for breast cancer screening using mammography 
typically range from 85 % to 95 %, as these tests aim to balance sensi
tivity and specificity to ensure effective screening while minimizing 
harm from false positives. However, in a real-world situation, sensitiv
ities for routine breast (33.5 %), cervical (2.5 %), colorectal (24 %), 
stomach (37.5 % by endoscopy), lung (5.7 %) are low, as reported by the 
Japanese National Cancer Center Cancer Information Service “Cancer 
Registration/Statistics”. This contrasts with the significantly higher 
sensitivity of N-NOSE observed across multiple cancers (Table 3). 
Similarly, stool-based tests for colorectal cancer, such as the fecal 
immunochemical test (FIT), exhibit specificity levels of around 90 %–98 
%, ensuring that most non-cancer cases are correctly identified. In the 
context of different cancer screening methods, the specificity of N-NOSE, 
PET-CT, and serum CEA levels varies significantly, with N-NOSE 
showing higher sensitivities at the early cancer stage (Table 3). 

The sensitivities reported in our previous clinical studies slightly 
differ from those reported in this study. Clinical studies evaluating 
cancer tests often exhibit variability in sensitivity and specificity across 
different research settings. Generally speaking, for any type of clinical 
study, this inconsistency can be attributed to several factors, including 
variations in patient populations and procedural nuances. Patient de
mographics like age, ethnicity, and lifestyle factors may influence the 
presence of cancer biomarkers and impact test results. Procedural var
iations can further contribute to inconsistencies generally seen in clin
ical study variability. Geographical or demographic factors may also 
play a role, as the prevalence of certain cancer types and associated 
biomarkers can vary across populations. However, in this N-NOSE study, 
the cutoff value (0) is identical to that used in all previous N-NOSE 
clinical studies, reinforcing the significance and consistency of our 
findings and facilitating comparisons with our previous research. As 
mentioned above, the variability of performance across N-NOSE studies 
depends largely on the type of control group rather than other factors. 

The required specificity for cancer screening in a clinical setting is 
not a fixed value and depends on factors like cancer type, screening 
population, and consequences of false positives. While no universal 
threshold exists, organizations like the USPSTF and NCI emphasize a 

balance between sensitivity and specificity. Studies evaluating new 
screening methods often report specificity values, serving as bench
marks for comparison. It’s important to note that sensitivity and speci
ficity are trade-offs and that positive predictive value (PPV), the 
probability of a positive test truly indicating cancer, is crucial, 
depending on sensitivity, specificity, and disease prevalence. When 
selecting and interpreting cancer screening tests, healthcare providers 
must carefully consider these factors. 

Utilizing a cancer screening test with less than optimal specificity 
and sensitivity for mass screening in asymptomatic populations can 
significantly contribute to reducing cancer mortality despite its limita
tions. Such tests enable early detection, leading to earlier and potentially 
more effective treatment options, which can improve survival rates. In 
contrast, acknowledging that aggressive cancers and factors beyond 
diagnosis impact mortality, early detection generally enhances treat
ment options and lowers mortality for many cancers, albeit not uni
versally. Reducing late-stage diagnoses offers considerable benefits for 
patients and healthcare systems alike. Instead of dismissing screening 
due to imperfections, efforts should focus on personalizing screening 
intervals, developing better tests, and integrating screening with 
comprehensive prevention and treatment strategies. Even moderate 
performance tests can improve public health by making screening more 
accessible and cost-effective and encouraging broader participation. 
Their use drives technological and methodological advancements and 
boosts health awareness and preventive behaviors. Therefore, while 
imperfect, deploying the best available screening options provides a 
valuable opportunity to detect and treat some cancers earlier than 
otherwise, thereby offering improved treatment outcomes and reducing 
cancer deaths over time, underscoring such initiatives’ broad public 
health benefits. 

5. Conclusion 

N-NOSE successfully detects over 20 types of cancer with high sen
sitivities, making it a promising tool for early multi-cancer detection. It 
offers affordable, non-invasive primary screening, significantly 
enhancing early cancer detection opportunities. This is particularly 
significant in low- and middle-income countries with limited access to 
advanced diagnostic methods. Early detection through N-NOSE allows 
for timely treatment initiation, which can substantially improve patient 
outcomes. The widespread adoption of N-NOSE in Japan, which has 
already facilitated the screening of over 600,000 individuals, attests to 
its practicality and effectiveness as a commercially accessible tool. 
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