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The objective of this technology is to enable intraoperative fluorescent labeling of pancreatic juice - which is normally
colorless and transparent—based on pancreatic enzyme activity. This would allow for the identification and closure of
pancreatic leakage sites and facilitate appropriate selection of closure techniques and postoperative drain management
according to the risk of clinically relevant postoperative pancreatic fistula. The researchers discovered that the novel probe
glutaryl-phenylalanine hydroxymethyl rhodamine green (gPhe-HMRG), when activated by trypsin, can visualize leakage sites
on filter paper impressions of pancreatic transection margins during surgery, thus predicting the risk of leakage (Br J Surg
2013;100:1220-8). Furthermore, the probe enabled real-time visualization of leakage in a porcine intraperitoneal model
(Gastroenterology 2015;149:1334-6). Since there was virtually no precedent for diagnostic agents sprayed intraperitoneally
in small volumes (<2 mL), extensive consultation with regulatory authorities was conducted. Ultimately, the agent was
deemed a pharmaceutical requiring standard non-clinical safety evaluations, which were completed. In 2020, the team
received advice from the PMDA confirming the adequacy of the safety data and the design of a Phase I trial involving six
patients undergoing distal pancreatectomy.

With support from this project starting in FY2021, the development plan was initiated. While the initial goal was to
complete the Phase I trial by FY2023, regulatory review of trypsin (used as an additive) concluded that it must be
manufactured and quality-controlled as an active pharmaceutical ingredient (API) if the product is to be approved. As a result,
trypsin was also formulated under GMP, and the start of the Phase I trial was postponed to FY2024. Preparations included the
establishment of gPhe-HMRG synthesis and analysis protocols, GMP production of the HMRG active ingredient, and
feasibility studies for trypsin. The design and specifications of the endoscopic imaging system for visualizing the probe were
finalized in FY2021 in collaboration with the industry partner, and a prototype was completed in FY2022. A formulation was
also developed to allow separate application of gPhe-HMRG and trypsin without mixing in the syringe. In parallel with

preparations for the safety trial, a clinical study was conducted to estimate the probe’s diagnostic efficacy. In 52 patients
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undergoing pancreaticoduodenectomy, fluorescence values in postoperative pancreatic juice samples reacted with the probe
were more accurate than traditional amylase-based methods in predicting CR-POPF (35% incidence) (Pancreatology
2024;24:169-77). As a backup strategy, a screening of 411 enzyme-targeted probes using clinical pancreatic juice and ascitic
fluid identified a candidate compound hydrolyzed by ENPP1 (HPB 2025;27:150-8; patent pending).

To mitigate delays caused by GMP production of trypsin, an alternative fluorescent probe "X" (originally developed
for ophthalmologic diagnostics) was explored. It was found to have equivalent or superior pancreatic juice labeling ability in
the presence of trypsin. "X" had already passed safety testing and had established GMP production. This prompted a shift in
the clinical development focus from gPhe-HMRG to "X", as reported to AMED in August 2023 and proposed at the PSPO
meeting in November 2023. The revised project goal was set as completing preparations for a Phase I trial using trypsin-
activated "X". In FY2024, a PMDA consultation was held on October 30 to confirm the sufficiency of preclinical safety data
for intraperitoneal administration of trypsin-activated "X" in a Phase I trial. Based on their feedback, eight safety studies and
formulation development were nearly completed by the project’s final phase. Additionally, in resected specimens from 10
distal pancreatectomy cases, the application of trypsin-activated "X" to the transection margin enabled real-time visualization
of pancreatic juice leakage using the previously developed excitation and camera system.

As a result of this project, only one non-clinical study - repeat-dose toxicity testing - remains to be completed for
regulatory clearance of the Phase I clinical trial using the investigational agent (trypsin-activated "X"). The remaining study
is scheduled for completion in the first half of FY2026 under industry sponsorship. No safety concerns have been identified
in previous genotoxicity or general toxicity studies. The manufacturing process for the investigational drug has progressed,
with prototype production of “X” already underway, aiming for completion within FY2025. The availability of GMP-grade
trypsin has been confirmed, and formulation development is currently ongoing at a contracted facility. Based on these

preparations, the domestic Phase I trial is scheduled to begin in the second half of FY2026.
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