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Abstract: Prostate cancer is one of the most common types of cancer in men. It usually grows
slowly and may not show obvious symptoms at first. Prostate cancer can be diagnosed by
symptoms or by a doctor performing certain tests during routine health checkups. These tests
include physical examination, PSA (Prostate Specific Antigen) Test, biopsy, imaging techniques,
and Gleason score. In addition, Fourier transform infrared spectroscopy (FT-IR) is an analysis
method used for prostate cancer diagnosis. This study aims to demonstrate FT-IR spectroscopy
as an alternative method to other diagnostic methods in the diagnosis of prostate cancer. The FT-
IR spectroscopy method is used to examine the molecular structure of samples. For prostate
cancer diagnosis, FT-IR spectroscopy can be used to identify molecular changes in prostate
tissue and identify characteristics by which cancerous cells differ from healthy cells. FT-IR
spectroscopy is based on spectral data obtained by exposing samples to infrared radiation. These
spectral data are based on properties associated with the movements of the molecules contained
in the samples, such as vibration, rotation and bending. Molecular changes caused by diseases
such as prostate cancer may be evident in these spectral data. These changes can provide
information about the presence or stage of cancerous cells. Data obtained using FT-IR
spectroscopy is processed with statistical analysis methods. These analyses are used to identify
molecular differences between cancerous and healthy prostate tissues. In this way, FTIR
spectroscopy can help obtain sensitive and accurate results in the diagnosis of prostate cancer.

Prostat Kanseri Tamisinda Alternatif Bir Yontem Olarak Fourier Doniisiimlii Kizilotesi
(FT-IR) Spektroskopisi ve Kemometrik Analiz Yonteminin Incelenmesi
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Oz: Prostat kanseri, erkeklerde en sik goriilen kanser tiirlerinden biridir. Genellikle yavas biiyiir
ve ilk baglarda belirgin belirtiler gdstermeyebilir. Prostat kanseri teshisi, belirtiler veya rutin
saglik kontrolleri sirasinda doktorun belirli testler yapmasiyla konulabilir. Bu testler; Fiziki
muayene, PSA (Prostat Spesifik Antijen) Testi, biyopsi, goriintiileme teknikleri, gleason
skorudur. Bunlarin yanisira, Fourier doniigiimlii kizilotesi spektroskopisi (FT-IR), prostat kanseri
teshisi i¢in kullanilan bir analiz yontemidir. Bu galisma da prostat kanseri teshisinde diger teshis
yontemlerinde alternatif bir yontem olarak FT-IR spektroskopisini gostermektir. FT-IR
spektroskopi yontemi, 6rneklerin molekiiler yapisini incelemek i¢in kullanilir. Prostat kanseri
teshisi i¢in FT-IR spektroskopisi, prostat dokusundaki molekiiler degisiklikleri belirlemek ve
kanserli hiicrelerin saglikli hiicrelerden farkli oldugu 6zellikleri tespit etmek amaciyla
kullanilabilir. FT-IR spektroskopisi, drneklerin infrared radyasyona maruz birakilmasiyla elde
edilen spektral verilere dayanir. Bu spektral veriler, 6rneklerin igerdigi molekiillerin vibrasyon,
rotasyon ve biikiilme gibi hareketleriyle iliskilendirilmis 6zelliklere dayanir. Prostat kanseri gibi
hastaliklarin neden oldugu molekiiler degisiklikler, bu spektral verilerde belirgin olabilir. Bu
degisiklikler, kanserli hiicrelerin varligt veya evresi hakkinda bilgi verebilir. FT-IR
spektroskopisi kullanilarak elde edilen veriler, istatistiksel analiz yontemleriyle islenir. Bu
analizler, kanserli ve saglikli prostat dokular1 arasindaki molekiiler farklari belirlemek igin
kullanilir. Bu sekilde, prostat kanserinin teshisinde FTIR spektroskopisi hassas ve dogru
sonuglar elde etmeye yardimci olabilir.
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1. INTRODUCTION

Prostate cancer is the second most common type of
cancer among men in the world and is estimated to be
the sixth most common cause of cancer-related deaths.
Although imaging techniques are advancing today,
digital rectal examination (DRM), prostate-specific
antigen (PSA) and biopsy indication remain the basic
methods for diagnosing prostate cancer [1]. Prostate
cancer usually does not cause symptoms in the early
stages. Still, in later stages, it may cause symptoms such
as frequent urination, pain in the pelvis, difficulty
urinating, and blood in the urine. Imaging methods such
as positron emission tomography (PET), computed
tomography (CT) and magnetic resonance imaging
(MRI) are essential methods used today for the advanced
diagnosis of prostate cancer [2]. With these imaging
methods, it may be difficult to precisely determine the
location and boundaries of prostate cancer due to the
limitations of a single imaging method, such as
insufficient resolution and sensitivity. For this reason,
combining more than one imaging method for accurate
and definitive diagnosis may sometimes be necessary
[3], [4]. FTIR spectroscopy is an essential alternative for
many clinical applications, from cancer screening,
diagnosis and evaluation of response to treatment to
continuous monitoring of disease progression or
regression [5]. As with other types of cancer, it is
essential to diagnose prostate cancer quickly, cheaply
and accurately. Therefore, FT-IR spectroscopy is used as
an auxiliary diagnostic method in the diagnosis of
prostate cancer, showing high specificity and accuracy.
This study aims to show that FT-IR spectroscopy can be
used as an alternative method to existing imaging
methods in the diagnosis of prostate cancer.

2. MATERIAL AND METHOD

2.1. Fourier Transform Infrared

Spectroscopy

(FT-IR)

Accurate classification and staging of cancer is one of
the most essential uses of FTIR spectroscopy [5]. FTIR
spectroscopy is a technique that has been used for many
years to analyze chemical components. This infrared
spectroscopy has significantly increased its capacity to
analyze residual types of biological samples in recent
years. Figure 1 shows the FT-IR spectroscopy device.
The reason for such approaches is the lack of methods
with high sensitivity and specificity for early cancer
diagnosis. FT-IR spectroscopy is a technique that
examines vibrations at the molecular level. Here,
functional groups are associated with characteristic
infrared absorption bands corresponding to the
fundamental vibration bands of these functional groups
[6]. This spectroscopic method allows us to investigate
the vibrational properties of amino acids and cofactors
sensitive to minimal structural changes. The spectrum of
each molecule varies depending on the wavelength and
amount of infrared radiation it absorbs. Therefore, the
studied sample's absorbance peaks for the multiplex
parameters of the lipidome, proteome, metabolome, and
genome produce a signature fingerprint. These

biochemical fingerprints are specific to the molecular
changes of different diseases and contain essential
information in diagnosing each disease. Since biological
materials absorb in the mid-IR region (400-4000 cm-1),
amide | is the spectral fingerprint region measured to
examine these samples (1700-1500 cm-1). The higher
wavelength region (3500-2550 cm—1) is associated with
stretching vibrations, including C-H, O-H, N-H, and S—
H. Low wavelength regions are generally associated with
bending and carbon skeleton fingerprint vibrations [7].
Figure 2 shows typical FT-IR spectra of biomolecules
and relevant functional groups in biofluids at 3000-800
cm—1 wavelengths. In summary, the vibrational
frequencies of a particular chemical group are expected
to be in certain regions depending on the type of atoms
involved and the type of chemical bonds. Tables are
available for amino acid side chains and the main
chemical groups. One of the most essential advantages
of IR spectroscopy is that it offers the opportunity to
study solid, liquid, gas, powder and fiber materials with
appropriate  preparation. With IR spectroscopy,
successful results have been obtained by examining
proteins, peptides, lipids, biomembranes, carbohydrates,
pharmaceuticals, foodstuffs, and plant and animal
tissues. One of the most essential advantages of IR
spectroscopy is that it offers the opportunity to study
solid, liquid, gas, powder and fiber materials with
appropriate  preparation. With IR  spectroscopy,
successful results have been obtained by examining
proteins, peptides, lipids, biomembranes, carbohydrates,
pharmaceuticals, foodstuffs, and plant and animal tissues

[8].

Figure 1. FTIR Spectroscopy Device
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Figure 2. Typical FT-IR spectra of biomolecules and relevant
functional groups in biofluids at wavelengths of 3000-800 cm—1 [7]

2.2. Chemometric Analysis

As in many fields, multivariate statistical clustering and
classification methods are used to analyze spectroscopic
data. Multivariate statistical methods try to optimize the
use of studies involving more than one measured
variable [9]. Since large-scale data generated by
spectroscopy-based methods sometimes make it
challenging to perform practical analysis with known
spectral analysis methods, multivariate chemometric
analyses are needed, especially in distinguishing
between groups and determining specific spectral
biomarkers. One chemometric analysis technique is
Principal  Component  Analysis  (PCA).  This
transformation technique reduces the dimensions of a
data set containing many interrelated variables to fewer
dimensions while preserving the variance in the data as
much as possible. This technique has been combined
with portable FT-IR spectroscopy for cancer diagnosis
[10] and many cancers as its yield [11] has been noted.
PCA can also be wused for clustering. Another
chemometric analysis technique is hierarchical cluster
analysis (HCA). When deciding which clusters should be
combined in studies, there must be a similarity measure
between data sets. PCA can distinguish these similar
variables, but it may not always make a good distinction.
This analysis technique mainly aims to group groups
based on their characteristic features [11], [12]. This
critical analysis technique, developed to improve the
noninvasive diagnosis of brain tumors, can provide
information from which the relative position and
distribution in feature space of selected tumor classes
can be calculated from magnetic resonance imaging and
spectroscopy data. For example, Figure 3 displays the
information obtained with the help of chemometric
analysis using magnetic resonance images and
spectroscopy in brain tumor classification [12]. In
another study where chemometric analysis methods were
applied, serum samples taken from nearly 100 prostate
cancer patients were examined. The infrared spectrum of
serum from these samples, as seen in Figure 4, provided
valuable information about biomolecules such as
structure, functional groups, bond types and their
interactions. Prostate volume, density, etc. Another

method used to diagnose prostate cancer early using
features is the Support Vector Machine (SVM) algorithm
[13]. SVM is used in pre-processing the Prostate cancer
dataset to reduce inhomogeneous distributions in the
dataset [14]. Rustam et al. In a study conducted by SVM,
it was concluded that SVM was better at classifying
prostate cancer data, especially in terms of accuracy. It
has also been stated that this method shows promise in
allowing healthcare personnel to classify diseases or
other medical conditions easily [15].

spectral information
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Figure 3. Data processing and data analysis on magnetic resonance
images [16].
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Figure 4. Bond structures corresponding to infrared (FTIR) bands and
spectral regions obtained from blood sera from prostate cancer patients
[17]

3. RESULTS

In cancer diagnosis, the sensitivity and specificity of
biomarkers currently used to detect the disease are
generally low. For example, the prostate-specific antigen
(PSA) test detects prostate cancer. Although the
specificity of this test is as high as approximately 87-
95%, its sensitivity is much lower, ranging from 33-59%
[14]. FT-IR spectroscopy can distinguish cancer samples
from non-cancers with high sensitivity, specificity, and
accuracy. Therefore, it can be used as a prospective new
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diagnostic method for many different types of cancer. In
his study on ten prostate cancer tissues and ten healthy
tissues, Albayrak used orthogonal partial minimum
analysis, an advanced form of principal component
analysis (PCA), to determine the behavior of these 20
samples against infrared light between 50-4000 cm-1
applied squares analysis (Orthogonal Partial Least
Square, O-PLS) algorithm. He performed O-PLS
analysis to distinguish cancerous and healthy cells. The
sensitivity and specificity of the proposed method were
found to be very high with the help of the Orthogonal
Signal Correction (OSC) pre-processing way, thus
showing that the FT-IR method could be an alternative
method for prostate cancer diagnosis from paraffin
blocks [15]. Baker et al. They used 40 prostate cancer
tissue biopsy samples obtained as paraffin-embedded
blocks from 39 male patient [16]. Serial sections of 10-
micron thickness were collected from each sample.
Infrared rays were applied to malignant samples of
hematoxylin and eosin (H&E) sections. As a result,
overall sensitivity and specificity rates of 92.3% and
98.9%, respectively, were recorded [18]. Their results
also show that, for the first time, a system based on two-
band criteria identifies features that distinguish tumors
that are clinically confined to the prostate from those that
are clinically invasive. These findings are essential in
developing better prostate cancer diagnosis, prognosis,
and treatment planning techniques [19]. For example,
when defining the tumor volume in patients receiving
radiotherapy treatment, determining the border of the
clinical target volume (CTV) in the tissue is also crucial
regarding possible reactions [20]. FTIR spectroscopy
appears promising as an alternative clinical tool to other
diagnostic tools in cancer diagnosis. It is a label-free,
non-invasive, non-destructive, fast and objective
technology for prostate cancer diagnosis and beyond.
FTIR spectroscopy provides essential information about
the origin and progression of the disease based on
biochemical changes in the preliminary diagnosis of the
disease. FTIR analysis of urine samples combined with a
multivariate (PCA) model (Figure 5) of a simple, rapid,
accurate, inexpensive, noninvasive method may be a
potential noninvasive alternative for cases where the
results of PSA testing are unstable.
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Figure 5. Propose workflow for FTIR analysis and derivation of
diagnostic classifier for prostate cancer detection using PCA score plot
[21].

Variability from patient to patient, tissue to tissue, and
even cell to cell must also be taken into account.
Therefore, it isn't easy to access relevant information.

This situation has been implemented and adapted in
many techniques.

4. DISCUSSION AND CONCLUSION

The importance of spectral analysis is becoming more
important day by day. Especially considering the impact
of the results obtained in medical diagnoses, the
combination of spectral analysis and data processing
must give the "right answer". However, sometimes it can
be impossible to find the right answer in real life.
Therefore, complex simulated data sets containing
measurement artifacts, sample-to-sample variability, and
instrumental variability can be critical in validating and
optimizing data analysis techniques. Optimized
spectroscopic technologies and analysis techniques are
essential for disease diagnosis and beyond.

REFERENCES

[1] M. Bilal, A. Javaid, F. Amjad, T. A. Youssif, and S.
Afzal, “An overview of prostate cancer (PCa)
diagnosis: Potential role of miRNAs,” Transl.
Oncol., vol. 26, p. 101542, Dec. 2022, doi:
10.1016/j.tranon.2022.101542.

[2] T.T.Wheeler, P. Cao, M. D. Ghouri, T. Ji, G. Nie,
and Y. Zhao, “Nanotechnological strategies for
prostate cancer imaging and diagnosis,” Sci. China
Chem., vol. 65, no. 8, pp. 1498-1514, Aug. 2022,
doi: 10.1007/s11426-022-1271-0.

[3] W. Hou et al., “Nanoparticles for multi-modality
cancer diagnosis: Simple protocol for self-assembly
of gold nanoclusters mediated by gadolinium ions,”
Biomaterials, vol. 120, pp. 103-114, Mar. 2017,
doi: 10.1016/j.biomaterials.2016.12.027.

[4] B. Shi et al., “Multifunctional gap-enhanced Raman
tags for preoperative and intraoperative cancer
imaging,” Acta Biomater., vol. 104, pp. 210-220,
Mar. 2020, doi: 10.1016/j.actbio.2020.01.006.

[5] K.-Y. Su and W.-L. Lee, “Fourier Transform
Infrared Spectroscopy as a Cancer Screening and
Diagnostic Tool: A Review and Prospects,”
Cancers (Basel)., vol. 12, no. 1, p. 115, Jan. 2020,
doi: 10.3390/cancers12010115.

[6] K. M. G. Lima, K. B. Gajjar, P. L. Martin-Hirsch,
and F. L. Martin, “Segregation of ovarian cancer
stage exploiting spectral biomarkers derived from
blood plasma or serum analysis: ATR-FTIR
spectroscopy coupled with variable selection
methods,” Biotechnol. Prog., vol. 31, no. 3, pp.
832-839, May 2015, doi: 10.1002/btpr.2084.

[71 M. J. Walsh et al,, “FTIR Microspectroscopy
Coupled with Two-Class Discrimination Segregates
Markers Responsible for Inter- and Intra-Category
Variance in Exfoliative Cervical Cytology,”
Biomark. Insights, vol. 3, p. BMI.S592, Jan. 2008,
doi: 10.4137/BMI.S592.

[8] Cirak Olgun, “Yildiz Teknik Universitesi Fen
Bilimleri Enstitiisii Fourier Transform Infrared
Spektroskopisi (FT-IR) 1ile Siitte Tiir Tayini
Yapilmasi,” 2017. Accessed: Dec. 26, 2023.
[Online]. Available: chrome-

38




Tr. J. Nature Sci. Volume 13, Issue 1, Page 35-39, 2024

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

extension://efaidnbmnnnibpcajpcglclefindmkaj/http
s:/ffood.yildiz.edu.tr/media/files/25(4).pdf

M. J. Baker et al., “Using Fourier transform IR
spectroscopy to analyze biological materials,” Nat.
Protoc., vol. 9, no. 8, pp. 1771-1791, Aug. 2014,
doi: 10.1038/nprot.2014.110.

W. J. Zheng Y, Xiao M, Jiang S, Ding F, “Coating
fabrics with gold nanorods for colouring, UV-
protection, and antibacterial functions,” Nanoscale,
vol. 5:788, p. 95, 1951.

L. Wang and B. Mizaikoff, “Application of
multivariate data-analysis techniques to biomedical
diagnostics based on mid-infrared spectroscopy,”
Anal. Bioanal. Chem., vol. 391, no. 5, pp. 1641-
1654, Jul. 2008, doi: 10.1007/s00216-008-1989-9.
M. ALBAYRAK, “Fourier Doniisiimlii Kizilotesi
Spektroskopisinin  Prostat Kanseri Teshisinde
Kullanilabilirliginin Aragtirilmasi,” Igdir
Universitesi Fen Bilim. Enstitiisii Derg. , vol. §, no.
4, pp. 223-227, Jun. 2018.

M. Cmar, M. Engin, E. Z. Engin, and Y. Ziya
Atesci, “Early prostate cancer diagnosis by using
artificial neural networks and support vector
machines,” Expert Syst. Appl., vol. 36, no. 3, pp.
6357-6361, Apr. 20009, doi:
10.1016/j.eswa.2008.08.010.

B. A. Akinnuwesi et al., “Application of support
vector machine algorithm for early differential
diagnosis of prostate cancer,” Data Sci. Manag.,
vol. 6, no. 1, pp. 1-12, Mar. 2023, doi:
10.1016/j.dsm.2022.10.001.

Z. Rustam and N. Angie, “Prostate Cancer
Classification Using Random Forest and Support
Vector Machines,” J. Phys. Conf. Ser., vol. 1752,
no. 1, p. 012043, Feb. 2021, doi: 10.1088/1742-
6596/1752/1/012043.

A. W. Simonetti, W. J. Melssen, M. van der Graaf,
G. J. Postma, A. Heerschap, and L. M. C. Buydens,
“A  Chemometric Approach for Brain Tumor
Classification Using Magnetic Resonance Imaging
and Spectroscopy,” Anal. Chem., vol. 75, no. 20,
pp. 5352-5361, Oct. 2003, doi: 10.1021/ac034541t.
“Prostate Cancer Serum Spectra as Indicators of
Early Diagnosis Using FTIR-ATR Fourier
Transform Infrared Spectroscopy,” J. Pharm.
Negat. Results, vol. 13, no. SO3, Jan. 2022, doi:
10.47750/pnr.2022.13.503.126.

B. Holmstrom, M. Johansson, A. Bergh, U.-H.
Stenman, G. Hallmans, and P. Stattin, ‘“Prostate
specific antigen for early detection of prostate
cancer: longitudinal study,” BMJ, vol. 339, no.
sep24 1, pp. b3537-b3537, Sep. 2009, doi:
10.1136/bmj.h3537.

M. J. Baker, E. Gazi, M. D. Brown, J. H. Shanks, P.
Gardner, and N. W. Clarke, “FTIR-based
spectroscopic analysis in the identification of
clinically aggressive prostate cancer,” Br. J.
Cancer, vol. 99, no. 11, pp. 1859-1866, Dec. 2008,
doi: 10.1038/sj.bjc.6604753.

O. V. Gul and M. Duzova, “Effect of different CTV
shrinkage and skin flash margins on skin dose for
left chest wall IMRT: A dosimetric study,” Radiat.

Phys. Chem., vol. 216, p. 111445, Mar. 2024, doi:
10.1016/j.radphyschem.2023.111445.

[21] X.-L. Yap, B. Wood, T.-A. Ong, J. Lim, B.-H. Goh,

and W.-L. Lee, “Detection of Prostate Cancer via
IR Spectroscopic Analysis of Urinary Extracellular
Vesicles: A Pilot Study,” Membranes (Basel)., vol.
11, no. 8, p. 591, Jul. 2021, doi:
10.3390/membranes11080591.

39




