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| t d t 20°C. For measurement, only specimens that showed no traces of blood
ntroauction contamination were employed. To improve the wettability of aqueous samples,
. o _ these substrates were cleaned with ethanol before being used, followed by
One of the numerous diseases with high death rates is cancer. As the jiliipore water. Five litres of frozen pleural fluid were defrosted and applied
world's population ages and adopts unhealthy lifestyles, the prevalence of 5 the substrate. Using a 785 nm laser and a Renishaw InVia Raman upright
cancer is rising, placing a tremendous financial burden on healthcare systems, microscope (Renishaw InVia, Gloucestershire, UK), SERS measurements
particularly in poorer nations. As of 2012, lung cancer in particular was the most of the pleural fluid were made. The Raman system was paired with a Leica
) ) 0
frequenotly diagnosed cancer, accguntmg for 13% of all cancer occurrences microscope, and the laser light was transmitted through an objective lens. (50X,
and 20% of all cancer deaths. With one of the lowest 5-year survival rates 0.75 N.A), which was utiised to stimulate the sample and gather the Raman
of 10-15%, it is stil ?f"“a' ||Ines_s. C“Tcal stage IV lung cancer patients had signal that was scattered. A notch filter was used to block the predominant
a 5-year overall survival rate of just 2% between 1975 and 2009, compared Rayleigh scattering, and the beam point on the sample was around 1 m [2]
to a 5-year overall survival rate of 50% for patients with the lowest stage IA. ' ’

the usual A variety of exams, including physical examinations, imaging tests, Per pleural fluid sample, at least 500 spectra were obtained through
and biopsies—all of which can be invasive and time-consuming—are part of mapping over three separate sites. Each spectrum's integration duration was
the diagnostic process. For a positive patient prognosis, precise, quick, and 10 seconds, and the resulting mapping data were gathered in the 700-1800
non-invasive diagnostic techniques are essential for the early diagnosis of cm-1 wavenumber band. The concept for measuring the pleural fluid using
lung cancer. As it allows for the spectral study of biofluids and tissues in the  |apel-free SERS on a SCSNP substrate. Our earlier work offers a description
body, Raman spectroscopy is developing as a promising practical option for  of how the SCSNP was constructed. To put it briefly, the Si was etched using a
the diagnosis of illnesses, including cancer. blanket inductive coupled plasma (ICP) etching process. E-beam evaporation
This method has been used in several studies to try and pinpoint IS used to deposit pure silver (Ag) after creating a silicon-based nanograss
biomolecular and chemical alterations in biofluids, such as serum, plasma, Structure at random on a wafer. In this pilot investigation, we used benchtop
saliva, cervical fluid, and urine, that are connected to cancer. The method ~ confocal Raman spectroscopy to get the SERS spectra from pleural fluid
of chemical information, or chemometrics, is useful and required to extract ~ samples of people with various illnesses (lung, breast, ovarian cancer, etc.).
meaningful information and conduct systematic study on the gathered spectral ~ The pleural fluid sample's Raman fingerprint, which was obtained between 735
data. In order to produce SERS spectra, we have built a dependable and ~ cm* and 1700 cm*, was also employed in the chemometrics study. Using the
high level of homogeneity throughout the SERS substrate. For each sample associated pleural fluid SERS sample as a mapping reference, several spectra
of pleural fluid, we have utilised mapping to obtain numerous SERS spectra. were obtained for each patient [3].
The SCSNP SERS substrate and chemometric pattern recognition techniques,
such as principal component analysis (PCA), linear correlation analysis (LDA),
partial least squares-discriminant analysis (PLS-DA), and uncorrelated
linear discriminant analysis, were used to distinguish between controls and

When the sample was irradiated with the laser light source in the
confocal Raman spectroscopy system, autofluorescence from the sample
had an impact on the mapping data in terms of numerous SERS spectra. The

cancer patients (ULDA). The potential of the SERS platform combined with ~ SamPle's autofluorescence was overlapping. SERS signal strength and the
the application of a binary classifier algorithm for the quick diagnosis of lung ~ cOresponding molecule concentration were not linearly correlated with the
cancer is confirmed by our proof-of-concept study with a limited sample size SERS spectral signal from the sample under investigation. The SERS spectra
with high sensitivity and specificity using pleural fluid [1]. have to be preprocessed in order to eliminate any autofluorescence baseline
effects. The asymmetric least squares (AsLS) baseline correction approach
T was used to build a spectral baseline correction in order to mathematically
Desc"ptlon eliminate the effect of autofluorescence. In order to reduce cosmic ray spike
contributions and improve the signal-to-noise ratio (SNR), the baseline-
To separate the fluid from the cells, pleural fluid samples were placed  corrected SERS spectra were further processed using the Savitzky-Golay
in 1.5 mL EppendorfTM tubes and centrifuged at 10,090 rpm for 10 min at  gymoothing technique. For each SERS spectrum acquired for each pleural fluid
4°C. A portion of the supematant was taken off, aliquoted, and kept at  gample, the preprocess step was repeated. The subject's SERS spectrum after
baseline correction with increased SNR was divided further into the control and
*Address for Correspondence: Pyng Olivo, Department of Respiratory and  Cancer groups, and then subjected to a binary classification analysis using the
Critical Care Medicine, National University Hospital, Yong Loo Lin School of partial least squares-discriminant analysis (PLS-DA) method [4].
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a supervised PLS-DA based on partial least squares regression (PLSR). In
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be used to evaluate the variable importance in projection (VIP) score, which
estimates the significance of each variable. The weighted VIP score is the
PLS latent variable summation correlation The PLS-DA classification model
can be further optimised by taking into account variables that have a VIP
score value larger than one. The VIP score can be further used to differentiate
between the two subject groups by choosing certain wavenumbers, as it aids in
identifying significant wavenumbers or Raman band regions that are different
in the two groups under inquiry. In this investigation, pleural fluid samples from
three distinct classes—lung cancer, all other cancers, and control subjects—
were examined. With the help of the powerful machine learning algorithms
mentioned above, we investigated how the pleural fluid SERS signature could
help distinguish between various health conditions [5].

Conclusion

The potential of the SERS platform in conjunction with the application of
a binary classifier algorithm for the quick identification of lung cancer using
pleural fluid is confirmed by this proof-of-concept study with a modest sample
size. In order to determine the disease condition in our current work, we used
chemometrics techniques such as principal component analysis followed by
linear discrimination analysis (PCA-LDA) and partial least squares-discriminant
analysis (PLS-DA), among others. By applying the PLS-DA hinary classifier to
differentiate between lung tumours and control individuals, we demonstrate
a classification accuracy of 85%, a sensitivity of 87%, and specificities of
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83% for the identification of lung cancer above control pleural fluid samples.
Furthermore, we assessed the discriminative wavenumber. Using the variable
significance in projection (VIP) score, bands are in charge of differentiating
between the two classes. Our proof-of-concept work shows that it is possible
to quickly detect the existence of lung cancer using only the patients' pleural
effusions by combining the label-free SERS methodology with cutting-edge
chemometrics techniques and the reliable and repeatable SERS substrate
(SCSNP).
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