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To the Editor,

Vibrational spectroscopy, namely infrared and Raman
spectroscopy, has the potential to be a powerful diagnostic
tool in clinical laboratory medicine due to its unique ability
to perform a reagent-free multicomponent analysis on
almost any sample type in a fast, simple, and non-destructive
manner. The technique is based on the interaction of light
with matter, which results in the absorption or scattering of
light. This interaction is dependent on the molecular vibra-
tions and energy levels, which are specific to the molecular
sample composition [1]. The resulting spectral information
can be used to identify the biochemical composition of
samples, thereby providing valuable diagnostic and prog-
nostic information [1, 2]. Nevertheless, most clinical labora-
tory analyses still rely on spectroscopicmeasurements in the
visible and ultraviolet (UV) range [1]. While this method is
well-established and rapidly expanding in the research field,
its application in routine clinical laboratory medicine is
currently far beneath its potential. This letter aims to high-
light the reasons for this translational gap and the potential
solutions for overcoming these barriers.

First, it is necessary to weigh the drive for technological
development from the research environment to the medical
community’s specific needs. To date, most vibrational spec-
troscopy studies have been performed on general-purpose

instruments designed for applications in a broad range of
fields such as academic research, the pharmaceutical in-
dustry, the food industry, and forensic science [3, 4]. Like-
wise, the spectroscopic instruments are often optimized for
the analysis of chemically pure materials and are not
necessarily compatible with existing clinical workflows [5].
There is a need for easy-to-use and robust commercial
products, that can be adapted to specific clinical applica-
tions. To achieve this objective, innovative hardware and
artificial intelligence algorithms for data analysis and
interpretation should operate in perfect symbiosis [6]. The
software should be designed to provide easy-to-understand
and transparent results that can be readily interpreted by
non-experts in the field.

Moreover, more extensive validation studies with suf-
ficient sample numbers are needed to assess the accuracy,
precision, and reproducibility of vibrational spectroscopy in
clinical laboratory settings. As reviewers of clinical vibra-
tional spectroscopy papers, we can state that current studies
are often hampered by small sample sizes or the absence of
adequate (symptomatic) control groups, presumably
reflecting the lack of sufficient interaction between clini-
cians and experts in the field. In addition to extensive vali-
dation studies, large-scale clinical trials with clinically
relevant statistics are indispensable for assessing the value
of spectral applications in the clinical community. It is
essential to report the results accurately and standardize the
requirements for reporting [5]. A valuable initial step to-
wards achieving this goal is to examine and incorporate the
criteria outlined in the Standard for Reporting of Diagnostic
Accuracy Studies (STARD) statement [5, 7]. Unfortunately,
such trials are often associated with high costs and impor-
tant medical diagnostic companies need to be on board and
engaged in the drive towards targeted and strategic tech-
nological development [4]. For example, Dxcover Limited, a
clinical stage liquid biopsy company that recently raised
$11.9 million, is developing spectroscopic liquid biopsy
technology for the early detection of multiple cancers (e.g.,
brain and colorectal cancers) by employing infrared spec-
troscopy of circulating pan-omic biomarkers. The company
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has produced compelling clinical evidence demonstrating
high accuracy in the detection of stage I and II cancers.

Furthermore, because for each application, the outcome
can be influenced by multiple factors, such as the analytical
instrument, sample preparation, measurement protocol,
and used data (pre-)processing techniques, efforts should be
made to reach a consensus on Standard Operating Proced-
ures (SOPs) [4]. In addition, it is critical to document inter-
instrument and inter-laboratory accuracy and precision
before constructing a large database of reference spectra.
Moreover, since a lack of knowledge feeds the level of
skepticism, there is a strong need to raise awareness of
vibrational spectroscopy in the clinical laboratory commu-
nity. Therefore, vibrational spectroscopy researchers should
also be encouraged to submit their valuable work to clinical
laboratory journals instead of purely analytical or special-
ized vibrational spectroscopy journals, which often suffer
from low visibility among clinical lab professionals. How-
ever, an important aspect therein is to employ understand-
able clinical language, for example, by using commonly
employed statistical terms (e.g., sensitivity, specificity, and
area under the receiver operating characteristic curve) [4].

Once the fundamental scientific and technological chal-
lenges described above are addressed, diagnostic and prog-
nostic tools based on vibrational spectroscopy could have the
potential to revolutionize our clinical and laboratory systems
leading to more efficient public services, significant economic
savings and improved patient outcomes [3]. The unique char-
acteristics of vibrational spectroscopy are especially promising
for point-of-care applications because integration of this tech-
nology into portable battery-powered devices could offer a
platform to monitor multiple health parameters, thereby facil-
itating the creation of bedside technologies for diagnostic and
treatment monitoring purposes [1]. While laboratory-grade in-
struments are often employed in traditional analytical labora-
tories, portable instruments are commonly used in more
demanding environments. For example, out-of-lab analyzers
must have the robustness required by ambient conditions, be
resistant to vibrations, and have a stable performance in all
physical orientations. Therefore, it is necessary to design and
engineer spectroscopic systems for specific applications in
more diverse environments than lab-only instruments. Despite
these potential challenges, portable and handheld spectrome-
ters have been successfully used in awide range of applications
such as quality assurance and quality control of food in-
gredients, biodiesel analysis, and historical object conservation.
Furthermore, based on available data in the literature, it can
generally be concluded that out-of-lab analyzers have the po-
tential to provide similar performance compared to their lab
equivalents [8, 9]. In addition, it is not unlikely thatminiaturized

spectrometers, which are specifically developed and adapted
for certain medical applications, have the potential to outper-
form general-purpose benchtop instruments.

In conclusion, vibrational spectroscopy has the potential
to be a powerful diagnostic tool for clinical laboratory
medicine. However, translation into clinical practice has
been limited because of several barriers that require
collaborative efforts between researchers, clinical labora-
tory professionals, and industry partners. The development
of medically adapted instrumentation, standardized sample
collection and preparation protocols, user-friendly software
for data analysis, extensive validation studies and large-
scale clinical trials are critical to overcome these barriers
and unlock the technique’s full potential.
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