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Development of responder markers through metabolomic analysis of Yokukansan, which prevents the
onset of delirium in cancer patients, and Hankashashinto, which contributes to early healing of oral
mucositis, as well as visualization of pathophysiological status, so called "Sho", and its clinical

application
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Purpose and significance of research and development

In Japan, the number of patients with postoperative delirium continues to increase due to the super-aging population. Since
delirium also causes a decline in cognitive function, prevention of delirium contributes to the continuation of a healthy super-
aging society by preventing impaired cognitive function.

In the AMED study to identify predictive biomarkers for postoperative delirium, the applicants developed a biomarker
that can predict hyperactive delirium with a 96% probability and filed a patent application. Project “Development of a
biomarker to predict the onset of severe delirium refractory to dexmedetomidine sedation after surgical cancer resection”
2018-2020, patent application 2021-008936). Furthermore, stratified analysis revealed that a kampo medicine yokukansan
reduced the incidence of severe delirium in the elderly (Sadahiro R, et al. Jpn J Clin Oncol. 2022, 52 (11): 1276-1281). We
therefore attempted to use blood metabolome analysis technology to identify responder markers for yokukansan that
contribute to the prevention of delirium, and develop the optimal prescription methods for yokukansan for patients. Utilizing
biomarkers that are effective for use of yokukansan as visualization of the individual status of pathophysiology, so-called
"Sho", yokukansan will lead to the development of optimal methods to prevent delirium.

Additionally, cancer patients have a high probability (40-60%) of developing oral mucositis. Although hangeshashinto
has been shown to be effective against oral mucositis caused by anticancer drugs, the effectiveness of radiation therapy has
not been established. We therefore conducted a clinical trial in "Clinical research to clarify the usefulness of hangeshashinto
in cancer oral supportive care", along with metabolome analysis of blood samples to show the effectiveness of hangeshashinto
to visualize "Sho". Metabolome analysis will be performed to identify responder markers with retrospective and prospective
studies. Furthermore, we planned an experiment to verify the biological significance of the identified responder markers using

animal experiments.

Results obtained through this research and development

1) Research on yokukansan
* Secondary analysis of clinical data using yokukansan and metabolome analysis using blood samples

Yokukansan prevented delirium with hyperactive symptoms in elderly people aged 75 years and older (Figure 1)
(Sadahiro R, et al. Jpn J Clin Oncol. 2022, 52 (11): 1276-1281).

We also performed metabolome analysis using blood samples and detected 199 metabolites, and 20 yokukansan-derived
components/metabolites. We further conducted a search for metabolites in plasma that fluctuate with the use of yokukansan,
that is, a search for responder markers. As a result, we were able to identify 13 metabolites with significant differences
(p<0.05) between the yokukansan group and the placebo group.

We next conducted a group comparison using the presence or absence of postoperative delirium as an index for people
aged 75 years or older and those taking yokukansan. We searched for plasma metabolites (responder markers) that are
involved in the effectiveness of yokukansan. As a result, we found 9 metabolites (p<0.05) that are thought to show the
effectiveness of yokukansan. In addition, we discovered that some of these metabolites are produced by intestinal bacteria
and transferred to the blood, and in an environment where yokukansan can be effective.

+ Animal experiments regarding yokukansan

Since the effectiveness of yokukansan was demonstrated in elderly patient populations, we conducted an experiment

using aged mice as a model. Yokukansan extract (2g/kg) was orally administered to aged mice for 5 days, and then, plasma

and whole brain samples were applied for metabolome analyses. We found several numbers of metabolites that showed



significant differences both in blood and brain samples. Changes in brain metabolites in mice were expected to provide
useful clues for estimating central effects in patients. In similar experiments using young mice, no significant differences

in metabolites were obtained between the presence and absence of yokukansan administration.

2) Research on hangeshashinto

* Clinical data analysis of patients proscribing hangeshashinto and metabolome analysis using the Biobank blood
Radiation therapy for nasopharynx, oropharynx, and oral cavity cancer was performed at the National Cancer Center
Hospital, and blood samples stored in the Biobank before the start of radiation therapy were used. Of the patients' samples
saved at the Biobank, we were able to extract 19 patients from the control group who were not prescribed hangeshashinto
and 50 patients who were prescribed hangeshashinto. In these two groups, oral mucositis was evaluated using the Common
Terminology Criteria for Adverse Events CTCAE v3.0 (Gr. 0-4; 4 worst). In the control group, Gr. 2 was reached about 3
weeks after the start of treatment, whereas in the hangeshashinto group, Gr. 2 was reached about 5 weeks after the start of
treatment, indicating that hangeshashinto was found to prolong the onset of symptoms.
When we measured 88 types of water-soluble amino acids using blood samples (control group: 19, hangeshashinto group:
50), we identified some amino acids were high levels in hangeshashinto group.
Next, in the group taking hangeshashinto in the responder group and the non-responder group to hangeshashinto, we
found clear differences in metabolites.
* Metabolome analysis using samples associated with a prospective clinical trial
We have started a prospective, double-blind, randomized, comparative phase II clinical trial to evaluate the effectiveness
of hangeshashinto for oral mucositis developed by combined radiation therapy/chemotherapy in head and neck cancer
patients. Currently, 30 cases have been registered and further registration is continuing (70 cases planned). After the
completion of the clinical trial, we plan to conduct plasma metabolome analysis.
*+ Animal experiments
An oral mucositis model was established. Using the model, administration of hangeshashinto promoted healing of oral
mucositis.
We next compared metabolites between high responder and non-responder group after administration of hangeshashinto,
and found that the expression of inflammatory markers increased in the non-responder group. It was also found that
although the levels of certain amino acids were low in non-responder group, no decrease was observed in the responder

group as in the control group.

Summary of research and development results

In the yokukansan trial, yokukansan prevented delirium accompanied by hyperactive symptoms in elderly people aged
75 years or older. In addition, nine types of patient responder markers were found for which yokukansan was effective.

In the hangeshashinto trial, retrospective clinical data analysis showed that the onset of oral mucositis was prolonged by
hangeshashinto. With blood samples in the Biobank with hangeshashinto prescription group, we found some of amino acids
changed only in the high-responder group. Further, in animal experiments, we discovered that several amino acids were
also specifically changed in cases where hangeshashinto was effective. In the future, we aim to complete the double-blind
clinical trial of hangeshashinto, and also complete metabolome analysis from blood samples in the prospective clinical
study. We will proceed the comparative analysis with the biomarkers currently obtained from the Biobank samples and

animal experiments. We aim to visualize "Sho" in hangeshashinto as well as yokukansan.



