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Abstract: Human mass balance study is a pivotal research in the field of clinical pharmacology, aiming at
elucidating the metabolic and excretion pathways of drugs in humans. Currently, human mass balance studies
predominantly employ radiolabeling techniques. Recently, both the U.S. Food and Drug Administration (FDA) and
the Center for Drug Evaluation (CDE) of the China National Medical Products Administration (NMPA) issued
related research drafts and guidelines to encourage and guide the pharmaceutical industry to conduct research in
compliance with established standards. The selection of radiolabeling sites is crucial for obtaining critical
information on drug metabolism. However, in vivo biotransformation may lead to partial disintegration of the
molecular structure, thereby resulting in the loss of metabolic product information of the unlabeled moiety.
Administering drugs with different radiolabeling sites separately or in combination, or labeling multiple radioactive
isotopes within one molecule, can effectively solve this problem. This article reviews relevant technological
progress, analyzes radiolabeling strategies, and discusses the application of drugs with multiple radiolabeling sites
in human mass balance studies.
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* CDE issued the Technical Guidelines for Radiolabeled
Human Mass Balance Study.

¢ FDA Releases Clinical Pharmacology Considerations for Human
Radiolabeled Material Balancing Studies (Draft).

* FDA, EMA, and ICH have successively issued a series of
guidelines and clearly put forward the concept of human

mass balance study.

¢ The International Commission on Radiological

Protection (ICPR) has issued the Regulations on

Radiation Protection in Biomedical Research.

* Radiopharmaceutical
Research Council
Program (RDRC)
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« Flow Scintillation Analyzer
* Solid Scintillation Counter

¢ Liquid Chromatography-Tandem Mass Spectrometry
(LC-MS/MS)

¢ Inductively Coupled Plasma-Mass Spectrometry (ICP-
MS)
* Accelerator Mass Spectrometry (AMS)

» 19F-Nuclear Magnetic Resonance ('°F-NMR)

* Radioisotope labeling techniques ('“C, *H)

* Liquid scintillation counter (LSC)

Figure 1 Time table describing the progression of guidelines and methodologies in human mass balance study: above the timeline arrow

on the left are significant guidance and regulatory milestones, while below the timeline arrow on the right are the emergence of various tech-

niques
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Figure 2 Chemical structures of ['“C]pomotrelvir and amide hydrolysis pathway (A), and chemical structures of [*C]firugligel and amide

hydrolysis and reduction pathways (B). *: "*C radiolabeled position
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Figure 3 Chemical structures of ['*C]lorlatinib in study 1 and study 2, and intramolecular cleavage metabolic pathway (A) and chemical

structures of ["*Claclidinium bromide and ester bond hydrolysis pathway (B). *: "“C radiolabeled position
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