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As we stand on the threshold of a new era in precision medicine—where treatments are tailored to
individual patients based on their unique molecular profiles—the convergence of spectroscopy and
artificial intelligence (AI) promises to transform the landscape of clinical laboratory testing, drug
development, and biologics manufacturing. At the heart of this transformation are minimally invasive
tests that analyze biomarkers present at very low concentrations in blood or other body fluids, enabling
early detection of diseases like cancer, monitoring of progression, and guidance of personalized
therapies—without relying on more invasive and less specific traditional methods. These technologies
also extend to the production of biologics—complex therapeutic proteins, and cell/gene therapies—
where real-time spectroscopic monitoring ensures consistency and quality, directly supporting the
delivery of tailored treatments central to precision medicine. Once confined to specialized research
domains, these technologies are now poised to deliver unprecedented precision, speed, and

accessibility in next-generation diagnostics and therapeutics.

Spectroscopy techniques such as fluorescence, Raman, and mass spectrometry—has long provided a
molecular fingerprint of biological samples, capturing subtle biochemical changes and global
phenotypic responses that are often invisible to targeted assays. Traditional in vitro diagnostics (IVD)
often require labeled reagents with specific targets and sample preparation, while also risking artifacts
from labeling. The advantages of spectroscopy can compensate for certain limitations of traditional
IVD, including its non-destructive nature, minimal sample preparation, and multiplexed detection of
endogenous biomolecules in complex body fluids—making it ideally suited for revolutionary concepts
like liquid biopsies™ . Spectroscopy in IVD is not yet widely accessible to clinical laboratories, largely
because of limited automation, lack of standardized databases, operational complexity, high capital
cost of the instrumentation, and insufficient clinical-trial evidence. Looking ahead, the integration of
Al with spectroscopy is expected to transform the way we handle complex, overlapping spectra in
which subtle disease signatures are often buried in noise. At the same time, spectral data are highly
sensitive to variations in sample preparation, instrument calibration, environmental conditions (e.g.,
temperature, fluorescence background in Raman), and patient demographics. Without standardized
collection and calibration protocols, Al models risk learning spurious correlations instead of true
biological signals, resulting in bias and poor generalizability. Ensuring high data quality, improving
model interpretability and explainability, and complying with medical device regulations will be

essential to unlock the full potential of this next generation of spectroscopic diagnostic testing.
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Figure 1 Areas in the healthcare journey where HORIBA aims to provide unique solutions.

Equally transformative is the role of these technologies in drug discovery and manufacturing.
Spectroscopy serves as a cornerstone for process analytical technology (PAT)?, enabling real-time
monitoring of chemical reactions, polymorph identification, and quality control in continuous
manufacturing flows. The global biologics market already accounts for more than 30% of total
pharmaceutical sales and is growing faster than small-molecule drugs. At the same time, major regulators
(FDA, EMA, PMDA) explicitly promote PAT and Quality by Design (QbD) ", and their guidance and
inspection reports increasingly highlight the importance of real-time analytics. As the industry moves
from offline HPLC and traditional biochemistry assays toward in-line and on-line monitoring in both
upstream and downstream processes, continuous, model-based control powered by spectroscopy and
multivariate analysis is emerging as one of the most exciting growth areas in modern biomanufacturing.

HORIBA Medical’s story began in the 1980s, when we started incorporating the technologies and
expertise that have allowed us to remain one of the world’s established hematology analyzer companies.
Since 2015, HORIBA has also launched a bio—life science initiative focused on developing solutions that
support the drug development and production processes of new drugs. These two strategic directions
share a common goal: to transform the healthcare journey *—from next-generation diagnostics to
innovative approaches that improve the manufacturing of biopharmaceutical products. By strengthening
synergies across our internal teams, we aim to foster collaborations with leaders in cutting-edge fields
such as liquid biopsy and advanced bio-pharma processes, creating new value for the future of healthcare.

HORIBA is one of the few companies worldwide that is both an active player in the [VD market and
possesses the optical spectroscopy building blocks needed to help transform the future of medicine—
delivering deeper insights into complex biological samples and enabling real-time applications that

will be essential to meet next-generation of treatment manufacturing demands.

Inspired by the vision of our founder, Dr. Masao Horiba who aimed to contribute to the fields of
medicine and healthcare through innovative analysis and measurement technologies, the theme for
2025 Masao Horiba Awards was “Analysis and Measurement Technologies Contributing to Next-
Generation Healthcare.” This award honors researchers outside the company and aims to advance the

field by broadly sharing achievements in analysis and measurement.

This volume of Readout reminds us that the true power of science lies in its ability to translate discovery
into tangible solutions—bringing hope for a better world by advancing one of humanity’s most
important priorities: healthcare.

*1 Liquid Biopsy: Testing blood or other body fluids for tumor-derived components.

*2 Process Analytical Technology (PAT): A method for measuring and analyzing manufacturing processes in real time (or
near real time) to control quality.

*3 Quality by Design (QbD): A systematic approach that designs manufacturing processes on the basis of scientific
evidence and proactively ensures quality at the design stage.

*4 Healthcare Journey: A series of medical experiences and processes, from prevention, testing, diagnosis, and
treatment to prognostic management, viewed from the perspective of patients or users.

* Editorial note: This content is based on HORIBAs investigations in the year of publication, unless otherwise stated.
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