
Article

Not peer-reviewed version

Clinical Possibility of

Caenorhabditis elegans as a

Novel Evaluation Tool for

Esophageal Cancer Patients

Receiving Chemotherapy: A

Prospective Study

Yuta Sato , Manabu Futamura 

*

 , Yoshihiro Tanaka , Hiroshi Tsuchiya , Masahiro Fukada , Toshiya Higashi ,

Itaru Yasufuku , Ryuichi Asai , Jesse Yu Tajima , Shigeru Kiyama , Hideyuki Hatakeyama , Masayo Morishita ,

Takaaki Hirotsu , Eric di Luccio , Takuma Ishihara , Nobuhisa Matsuhashi , Kazuhiro Yoshida

Posted Date: 3 July 2023

doi: 10.20944/preprints202307.0004.v1

Keywords: Esophageal cancer; Caenorhabditis elegans; N-NOSE; Preoperative chemotherapy

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/1767765
https://sciprofiles.com/profile/1142836
https://sciprofiles.com/profile/2013178
https://sciprofiles.com/profile/1986498
https://sciprofiles.com/profile/2333676


 

Article 
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Simple Summary: We investigated the predictability of Nematode Nose screening for the clinical effects of 

preoperative chemotherapy for esophageal cancer patients. We focused on changes in the chemotaxis index of 

Caenorhabditis elegans before and after preoperative chemotherapy. When the target of the treatment effect was 

complete response only, the prediction accuracies calculated by area under the curve was 0.85 (95% Confidence 

interval: 0.62-1), and the sensitivity and specificity were 1 and 0.63, respectively. This result indicates that 

Nematode Nose can accurately determine the response of the therapeutic effect of preoperative chemotherapy. 

Abstract: Background: The nematode Caenorhabditis elegans (C. elegans) possesses a sophisticated sense of smell 

and is used for a novel cancer screening test that utilizes the chemotaxis index. We designed a single-institution, 

prospective study to confirm the ability of Nematode Nose (N-NOSE) to determine preoperative 

chemotherapy's efficacy for esophageal cancer patients. Patients and Methods: We investigated the 

predictability of N-NOSE screening for the clinical effects of preoperative chemotherapy for esophageal cancer 

patients receiving radical surgery. The index reduction score (IRS) was calculated by chemotaxis of C. elegans 

at three points: before treatment, before surgery, and after surgery, and its clinical relevance was examined. 

Result: Thirty-nine patients with esophageal cancer were enrolled from August 2020 to December 2021 and 30 

patients receiving radical surgery were examined. Complete response or partial response was achieved in 23 

cases (76.7%). When the target of the treatment effect was complete response only, the prediction accuracies of 

the IRS calculated by area under the curve was 0.85 (95% Confidence interval: 0.62-1) in clinically achieving 

complete response group, and the sensitivity and specificity were 1 and 0.63, respectively. Conclusion: Index 

reduction score using N-NOSE screening may reflect the efficacy of chemotherapy for esophageal cancer 

patients. A large-scale prospective study at multiple centers is desired in the future. 
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1. Introduction 

Worldwide, esophageal cancer is the fifth most common cause of cancer-related death for men 

and the eighth for women [1]. Esophageal cancer is relatively rare but still a significant global health 

concern. According to the World Health Organization, in 2020, there were an estimated 604,000 new 

cases of esophageal cancer worldwide and 544,000 deaths from the disease. Squamous cell carcinoma 

of the esophagus is also more common in eastern Asia and parts of Africa. Preoperative 

chemotherapy for locally advanced esophageal cancer is Japan's current standard of care [2,3]. After 

controlling local and systemic micrometastases with preoperative chemotherapy, surgery has 

improved radicality and prolonged prognosis [4]. Still, esophageal cancer surgery is a highly invasive 

procedure, and depending on the underlying disease and physical status, there are populations in 

which surgery should be avoided. The complete histopathological response can have been obtained 

in several cases by recent chemotherapy regimen [5]. Pathological response and prognosis may 

correlate, so determining preoperative chemotherapy's efficacy is important [6]. 

The nematode Caenorhabditis elegans (C. elegans) possesses a sophisticated sense of smell that 

enables it to detect even slight changes in the concentration of odorants in its natural habitat and 

exhibit chemotaxis in the direction of bacteria, which serves as its food source. With approximately 

1,200 olfactory receptor-like genes (compared to around 800 in dogs), C. elegans approaches desirable 

odors while avoiding unpleasant ones [7]. Hirotsu et al. have shown that C. elegans is attracted to 

urine from cancer patients but tends to avoid urine from healthy individuals [8]. Nematode Nose (N-

NOSE) is a novel cancer screening test that utilizes the chemotaxis index of C. elegans. Although 

previous studies have compared nematode chemotaxis before and after surgery, no studies have 

examined whether N-NOSE can be used to determine the efficacy of preoperative or induction 

chemotherapy in the esophageal cancer patient. Thus, we designed a single-institution, prospective 

study to confirm the ability of N-NOSE as a tool to determine the efficacy of preoperative or induction 

chemotherapy for esophageal cancer patients. 

2. Patients and methods 

Eligibility criteria: 

This study was conducted with patients who underwent preoperative or induction 

chemotherapy and elective esophagectomy for thoracic esophageal cancer in the Department of 

Gastroenterological Surgery and Pediatric Surgery of the Gifu University, Japan. Patients who were 

>20 years of age at the time of registration and who had histologically confirmed Stage II-IVb 

esophageal squamous cell carcinoma were included in the present study. The other inclusion criteria 

were an Eastern Cooperative Oncology Group performance status of 0-1; a life expectancy of >12 

weeks; and adequate liver, bone marrow, renal, and cardiovascular functions (serum bilirubin ≤1.5 

mg/dl; neutrophil count ≥1,500/mm3; serum aspartate aminotransferase and alanine aminotransferase 

levels ≤ twice the upper limit of normal range; platelet count ≥10×104/mm3; hemoglobin ≥8.0 g/dl; 

creatinine ≤1.2 mg/dl [or creatinine clearance ≥30 ml/min] and platelet count >10×104 /l. The exclusion 

criteria were serious concomitant illness, symptomatic infectious disease, severe allergy, peripheral 

neuropathy, and uncontrolled diabetes mellitus. Patients satisfying the inclusion criteria were 

registered among consecutive esophageal cancer cases during the period from August 2020 to 

December 2021.  

Treatment strategy and evaluation of chemotherapy:  

Patients received TXT diluted in 250 mL of normal saline at a dose of 35 mg/m2. Then, CDDP 

was prepared in normal saline at a dose of 40 mg/m2 and administered intravenously (iv) over 2 hours 

on day 1. 5-FU was prepared in normal saline at a dose of 400 mg/m2 and administered iv 

continuously on days 1–5. TXT and CDDP were given on days 1 and 15, and 5-FU was given on days 

1–5 and 15–19 of every 28-day cycle (one cycle). All included patients were scheduled to receive two 

cycles [5,9,10] (Figure 1). Disease staging was defined according to the International Union Against 

Cancer TNM classification system, 8th edition [11]. Measurable lesions were evaluated with 

computed tomography or magnetic resonance imaging, except for the primary tumor. They were 
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assessed in accordance with the Response Evaluation Criteria in Solid Tumors Criteria (RECIST) 

version 1.1 [12]. 

 

Figure 1. Preoperative or induction chemotherapy regimens and timing of urine sampling 

collection. 

Study endpoints: 

We investigated the predictability of N-NOSE screening for the clinical effects of preoperative 

chemotherapy for esophageal cancer patients receiving radical surgery. 

Measurement method of N-NOSE and index reduction scores: 

Urine samples were collected from enrolled esophageal cancer patients at three-time points: 

before the start of chemotherapy, after the end of chemotherapy, and after surgery at each. The first 

was taken within a week before the start of chemotherapy. The second collection was taken the day 

before or the morning of surgery to lessen the effect of anticancer drugs on the chemotaxis index. The 

third was taken 3 to 5 weeks after surgery (Figure 1). All urine samples were collected from mid-

fasting urine. Collected urine samples were frozen at or below -20°C within 2 hours of collection and 

stored frozen until examined by N-NOSE. C. elegans (wild-type N2) were cultured with standard 

methods at 20°C on Nematode Growth Media (NGM) seeded with Escherichia coli strain NA22 as a 

food source [8,13]. 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 [7,8,14]. The nematode 

chemotaxis analysis was conducted using standard protocols established in previous nematode 

studies [8,15]. To begin, 0.5 μl of 1 M sodium azide was added to two points at both ends of the plates, 

and then 1 μl of urine sample diluted at 100-fold with ultra-pure water was added to two points. 

Sodium azide was used to minimize the effects of adaptation and was added before adding the 

worms to the plate. Only sodium azide was added to the non-urine side of the plate. Therefore, 

sodium azide was added to four points of the plate (urine side and non-urine side). The worms that 

showed no chemotaxis behavior to 1 μl of water, which was used as a control. Roughly 100 

synchronized young adult worms were collected and washed three times with chemotaxis buffer 

(0.05% gelatin, 5 mM KPO4, 1 mM CaCl2, and 1 mM MgSO4) placed in the center of the plate. After 

excess buffer removal, the worms were allowed to roam for 30 minutes. The chemotaxis index was 

calculated by dividing the number of worms near the urine sample and the number of worms in the 

region without the sample by the total number of worms [14,15]. The chemotaxis index was 

determined for each urine sample at 100-fold dilution for chemotaxis assay. A positive index (0 to 1) 

indicates an attraction to the sample, while a negative index (-1 to 0) indicates repulsion to the sample 
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(Figure 2A). In this study, we focused on the difference in the chemotaxis index. The difference in the 

chemotaxis index obtained from each therapeutic point was defined as the index reduction score 

(IRS). In other words, the difference before treatment (1st sample) and before surgery (2nd sample) was 

defined as IRS1, and the difference before surgery (2nd sample) and after surgery (3rd sample) was 

defined as IRS2. The difference before treatment (1st sample) and after surgery (3rd sample) was 

defined as IRS3 and its clinical relevance was examined (Figure 2B). The Chemotaxis index was 

judged by several judges who were not informed of any antitumor effect. 

 

Figure 2. (A) Measurement method of Caenorhabditis elegans chemotaxis index. (B) The difference in 

chemotaxis index obtained from each therapeutic point was defined as the index reduction score. 

Statistical analyses 

Statistical analyses, including the Wilcoxon rank-sum test (Mann-Whitney test), One-way 

ANOVA, and Receiver Operating Characteristic (ROC) analysis to calculate the area under the curve 

(AUC) values, were conducted using JMP® 14 (SAS Institute, Cary, NC, USA). Statistical significance 

was defined as a p-value of less than 0.05. 

Ethics approval 

This study was conducted in accordance with the World Medical Association Declaration of 

Helsinki. This study protocol was approved by ethics committees of Gifu University School of 

Medicine (ID: 2022-0107), and written informed consent was obtained from all of the patients before 

all study-related procedures. 

Results 

Thirty-nine patients with esophageal cancer were enrolled from August 2020 to December 2021. 

Preoperative or induction chemotherapy was introduced for all patients on the assumption of radical 

resection. Nine patients could not undergo surgery due to side effects of chemotherapy, exacerbation 

of comorbidities, or refusal of treatment. Of the nine patients, two received chemoradiotherapy, three 

received another chemotherapy, and four were discontinued (Figure 3). Finally, we analyzed 30 

patients. The age, sex, TNM classification, and clinical response are summarized in Table 1. The 

median age was 72 years old. Complete response (CR) or partial response (PR) was achieved in 23 
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cases (76.7%).  Figure 4 shows the IRS1, IRS2, and IRS3 values and efficacy for each of the 30 cases 

analyzed. 

 

Figure 3. Study exclusion criteria. 

Table 1. Baseline characteristics of the patients. 
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Figure 4. Index reduction score (IRS)1, IRS2, and IRS3 values for the 30 cases analyzed. Complete 

response: yellow, Partial response: pink, Stable disease: gray, Progression disease: red. 

When comparing the response group (CR or PR) and the non-response group (SD or PD), IRS1s 

were 0.003 [-0.055, 0.091]: median [interquartile range], and -0.088 [-0.101, -0.061], respectively, with 

a p-value of 0.288. IRS2s were -0.003 [-0.044, 0.071] and -0.039 [-0.158, 0.107], respectively, with a p-

value of 0.598. IRS3s were 0.033 [-0.026, 0.088] and -0.027 [-0.114, -0.020], respectively, with a p-value 

of 0.107 (Table 2). For the treatment effect for CR, IRS1 was 0.135 [0.003, 0.240], IRS2 was 0.094 [-0.003, 

0.167], and IRS3 was 0.103 [0.033, 0.197]. 

Table 2. Comparison of response group (CR or PR) and non-response group (SD or PD). 
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The prediction accuracies of the three IRSs obtained from 30 patients are summarized in Table 

3. For the treatment effect of CR or PR, the three IRSs were IRS1:AUC=0.64 (95% confidence interval 

(CI): 0.36-0.91), IRS2:AUC=0.57 (95% CI: 0.28-0.86), and IRS3:AUC=0.7 (95% CI: 0.49-0.92), 

respectively. On the other hand, when the target of the treatment effect was CR only, the three IRSs 

were IRS1:AUC=0.78 (95% CI: 0.46-1), IRS2:AUC=0.51 (95%CI: 0.06-0.96), and IRS3:AUC=0.85 (95% 

CI: 0.62-1), respectively (Figure 5). 

 

Figure 5. Area under the curve of index reduction score when the target of treatment effect is a 

complete response. 

Table 3. Predictive accuracy of three IRSs for 30 patients. 

 

Discussion 

The chemotaxis response of C. elegans to urine samples depends on the concentration of odorant 

[14] [8]. These findings are the basis for the N-NOSE multi-cancer primary screening test, which is 

highly sensitive in detecting cancer at its early stages (85% average sensitivity stage 0-I) [8,16-22]. 

Thus, N-NOSE, commercially available in Japan since late 2020, serves as a primary screening test for 

cancer. It is characterized by a minimally invasive and simple test using the patient's urine, yet it has 

a very high sensitivity and specificity, screening even early-stage cancers. Very few clinical references 

report the relationship between the N-NOSE chemotaxis index and esophageal cancer. Only one 

patient in the Hirotsu et al. study [8], one patient in the Inaba et al. study [20], and 18 esophageal 

cancer patients in the Kusumoto et al. study [22] were included. So, evaluations on N-NOSE, to date, 

focused solely on esophageal cancer patients are scarce. Moreover, only a few studies have focused 

on changes in N-NOSE before and after surgery, i.e., before and after tumor resection. Kusumoto et 

al. performed a clinical study to investigate the usefulness of the N-NOSE as a postoperative tool for 

monitoring the presence of cancer for both gastric and colorectal cancers. In that study, ROC analysis 

showed that N-NOSE was more accurate than CEA or CA19-9 in correlating with the removal of 

cancerous tumors [22]. The result suggested that the olfactory behaviors of C. elegans reflected the 

change in urinary cancer-specific odor caused by surgical removal. Asai et al. also compared the 

chemotaxis index in 83 patients with pancreatic cancer before and after surgery [18]. Preoperative 
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urine samples had a significantly higher chemotaxis index than postoperative samples in patients 

with pancreatic cancer, with an AUC=0.845 (10-1 dilution of urine) and AUC=0.820 (10-2 dilution). 

Moreover, using the changes in preoperative and postoperative chemotaxis index, this method had 

a higher sensitivity for detecting early pancreatic cancer than existing diagnostic markers such as 

CEA and CA19-9 [18]. Ferarri et al. reported that the pattern of urinary chemical components, 

including volatile organic compounds in patients with cancer, changed by surgical therapy, and it is 

considered that such changes are detected by C. elegans [23]. 

We focused on changes in the chemotaxis index before and after preoperative chemotherapy for 

esophageal cancer. The novelty of this study lies in its focus on the relationship between the shrinking 

effect of anticancer drugs and changes in the olfactory behaviors of C. elegans. We used the IRS, which 

might reflect chemotherapy's biological effect on cancer cells in vivo in the patients after 

chemotherapy. The results did not show significant AUC for all three IRSs for CR or PR treatment 

effect. On the other hand, when the treatment effect was limited to CR only, the AUC values were 

higher in IRS1 and IRS3 (AUC=0.78 and IRS3: AUC=0.85, respectively). The low AUC in the study, 

including CR and PR cases, may reflect that the nematodes reacted to the residual esophageal cancer 

in the PR cases. The result may support the screening ability of N-NOSE, which can detect even early-

stage cancers. In the group in which CR was obtained, the presence of cancer disappeared on the 

image, and the AUC of IRS2 was relatively low. Besides, the AUC of IRS1 and IRS3 were relatively 

high. This result indicates that N-NOSE can accurately determine the response of the therapeutic 

effect of preoperative chemotherapy, which is confirmed by the fact that the cases achieved CR with 

preoperative treatment had a low change in C. elegans chemotaxis after surgery (Online Resource 1). 

Recently, new methods for determining the presence of biological cancer cells have been 

developed [24,25]. For example, liquid biopsy in rectal cancer has been reported to monitor response 

to chemoradiation therapy and assess the risk of disease recurrence [26]. On the other hand, there is 

also a report that squamous cell carcinoma related antigen, which is a classical tumor marker, does 

not reflect the disease activity of the esophageal cancer [27]. Our prospective study using C. elegans 

suggested that the non-invasiveness of N-NOSE may be comparable to the usefulness of biological 

cancer diagnosis, such as liquid biopsy. 

This study has several limitations. First, the number of patients enrolled remains insufficient. 

Second, it is unclear whether the factor that affected the chemotaxis index of the nematodes was 

simply tumor shrinkage alone. The possibility that the drugs used for chemotherapy or the patient's 

general condition affected the nematode's movement cannot be ruled out. In addition, since N-NOSE 

is a tool for predicting the presence of cancer, setting a cut-off value and focusing on the changes in 

the chemotaxis index requires further investigation. 

Conclusion 

Index reduction score using N-NOSE screening may reflect the efficacy of chemotherapy for 

esophageal cancer patients. A large-scale prospective study at multiple centers is desired in the 

future. 
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