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UTILIZING INFRARED IMAGING TO EVALUATE
THE AGGRESSIVENESS OF PROSTATE CANCER

Background. Prostate cancer (PCa) remains a leading cause of cancer-related deaths among men. While PSA screening
has reduced mortality, the lack of its specificity and limitations of biopsy necessitate alternative diagnostic approaches.
Aim. To evaluate the aggressiveness of PCa using an infrared (IR) imaging technique to improve PCa detection and
treatment planning. Materials and Methods. We conducted a study using IR imaging on formalin-fixed paraffin-em-
bedded prostate tissue samples from 60 patients who underwent radical prostatectomy. An IR-sensitive CCD camera, a
holder for the sample, and an IR irradiation source (LED 850 nm) are parts of the experimental setup. Custom software
was used to analyze tissue samples. For each aggressiveness group (low, intermediate, high; n = 20 per group), the ratio
of average illumination (RAI) between malignant and healthy regions was calculated. Results. RAIs between malignant
area and healthy areas for different aggressiveness levels (mean + 95% CI) were low-aggressiveness [6.8—7.2], inter-
mediate [5.2—6.1], and high-aggressiveness [4.4—5.0]. These intervals did not overlap. The control (benign) tissues
showed RATI > 7.5. The method demonstrated a sensitivity of 88% and specificity of 91% in distinguishing highly aggres-
sive tumors. Conclusion. IR imaging reliably differentiates PCa aggressiveness, with non-overlapping RAI intervals for
each group. This technique may enhance early detection and guide personalized treatment strategies.
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Prostate cancer (PCa) is the second most common
cause of cancer-related death among men world-
wide, following lung cancer, and represents a sig-
nificant public health challenge [1, 2]. Over the
past decades, the introduction of prostate-specific
antigen (PSA) screening has contributed to the re-
duction in PCa mortality by approximately
20% [3—5]. However, despite these advances, PCa
remains a leading cause of cancer-related death,

in part due to the limitations of the current diag-
nostic methods.

PSA testing, while sensitive, lacks specificity;
elevated PSA levels can result from benign pros-
tatic hyperplasia, prostatitis, or other non-malig-
nant conditions [6—9]. Consequently, many men
undergo unnecessary biopsies, which are invasive
and may still miss early-stage cancer due to the
small size or focal nature of malignant lesions.
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Fig. 1. Schematic of the experimental setup showing a CCD
camera over and IR LEDs under the prostate tissue sample

Fig. 2. FFPE prostate sample and the corresponding stained
histology section, illustrating shape concordance

These diagnostic gaps underscore the need for im-
proved, non-invasive, and reliable methods to de-
tect and characterize PCa, especially in its early
stages. A critical aspect of PCa management is
distinguishing between aggressive and indolent
tumors [10, 11].

An accurate assessment of the tumor aggressive-
ness is essential for guiding treatment decisions,
minimizing overtreatment, and improving patient
outcomes. The current imaging modalities, such as
multiparametric MRI and molecular markers, have
enhanced diagnostic accuracy but remain limited
by cost, accessibility, and the need for specialized
expertise [12—16].

Infrared (IR) imaging has emerged as a promis-
ing, instrument-based alternative diagnostic meth-
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od. Our previous studies have demonstrated the
feasibility of using IR imaging to detect PCa by ex-
ploiting the differences in the optical properties of
malignant and healthy tissues [17—20]. However,
the earlier versions of our IR imaging device were
unable to differentiate between varying degrees of
tumor aggressiveness, limiting their clinical utility.

The present study aims to address this gap by
evaluating the potential of IR imaging not only to
detect PCa but also to assess its aggressiveness. By
quantifying the ratio of the average illumination
(RAI) between malignant and healthy tissue re-
gions in formalin-fixed paraffin-embedded (FFPE)
prostate samples, we seek to establish objective,
non-overlapping RAI intervals corresponding to
different grades of PCa aggressiveness. This ap-
proach may offer a rapid, non-destructive adjunct
to conventional histopathology, facilitating more
precise risk stratification and individualized treat-
ment planning for patients with PCa.

Materials and Methods

Patient samples and ethical approval. This study
was conducted on prostate tissue samples obtained
from 60 patients (mean age 67 + 8 years; range
52—78 years) who underwent radical prostatecto-
my at the Georgia-Israel Joint Clinic “Gidmedi” be-
tween 2022 and 2024. All participants provided
written informed consent before inclusion in the
study. The protocol was approved by the Indepen-
dent Local Ethical Commission of the Georgia-Is-
rael Joint Clinic “Gidmedi” (ILEC ID NO: 35). For
control purposes, 10 benign prostate tissue samples
from patients undergoing surgery for non-malig-
nant conditions were also included.

Tissue preparation and histopathology. After
surgery, prostate samples were fixed in 10% neutral
buffered formalin and embedded in paraffin. Sec-
tions of 5—6 pm thickness were cut and mounted
on glass slides (SMG — slide mounted on glass) for
the histopathological analysis. All slides were re-
viewed independently by two board-certified pa-
thologists, blinded to the imaging results, and gra-
ded using the Gleason scoring system according to
the current guidelines. The most prevalent and se-
condary patterns were recorded for each case.

IR imaging system. The experimental setup
consisted of an IR-sensitive CCD camera, an IR
source, and a custom-designed tissue holder. The
IR source was positioned under the sample, while
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Fig. 3. IR image of prostate tissue; the cancerous region is outlined with a software-generated yellow line

Fig. 4. IR image of a lowly aggressive PCa sample. Dark areas (black arrows) indicate a tumor; the bright area (white

arrow) indicates healthy tissue

the camera was mounted over it. The camera out-
put was digitized and transferred to a computer
for analysis (Fig. 1).

The equipment specification was as follows:

e Camera: IR 1000, DAGE-MTI Co.; pixel size
6.45 um; spectral sensitivity 400—1000 nm. Image
acquisition: 16-bit grayscale, 2048 x 2048 pixels

e IR source: LED array, 850 nm, LED 850 nm,
irradiating angle 130, radiant intensity 1 mW/sr at
20 mA, invisible to humans

e Software: Custom Python 3.9 application with
OpenCV and NumPy libraries.

Image analysis and software algorithms. The
custom software automatically segmented malig-
nant and healthy regions in each IR image using
adaptive thresholding and region-growing al-
gorithms. Regions of interest (ROIs) were de-
fined based on coordinates mapped from the cor-
responding histopathology slides. The software
calculated the mean pixel intensity for malignant
and healthy ROIs. All measurements were per-
formed in triplicate for each sample to assess re-
producibility.

Experimental design and blinding. For each PCa
aggressiveness (low, intermediate, high) group
(n = 20 per group), at least 20 independent experi-
ments were performed. Control (benign) samples
were analyzed similarly. All image analyses were
conducted by operators blinded to the histopatho-
logical classification.

ISSN 1812-9269. Experimental Oncology 47 (3). 2025

Statistical analysis. Statistical analysis was per-
formed using SPSS version 27 (IBM Corp., USA).
RAI values were summarized as means with 95%
confidence intervals (CI). Group comparisons
were made using Student’s ¢-test. P-values < 0.05
were considered statistically significant. The re-
producibility of RAI measurements was assessed
using the intra-class correlation coefficient (ICC).

Experiments. The distribution pattern of cancer
structures and their aggressiveness is consistent in
both FFPE and SMG samples. Fig. 2 illustrates one
of the FFPE samples alongside its corresponding
SMG. PCa cells are graded on a scale based on their
microscopic appearance, following the guidelines
established in [21].

The Gleason score is calculated using two pri-
mary grades assigned to the cancerous tissue: the
primary grade represents the most common pat-
tern of cancer cells identified in the sample, and the
secondary grade indicates the next most prevalent
pattern observed. The Gleason score combines
these two grades to provide a comprehensive as-
sessment of the cancer’s aggressiveness.

IR investigations were conducted on the FFPE
samples. The sequence of the experimental steps
was as follows: first, the SMG was examined un-
der a microscope to identify the predominant
pattern of cancer cells. This particular SMG was
used only once, specifically to analyze its preva-
lent pattern, which allowed us to determine the
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Fig. 5. Left: Histology of the tumor area from Fig. 4 (black arrow). Right: Histology of the healthy area (white arrow).

x400. Caliber 100 pm

Fig. 6. IR image of a sample with intermediate aggres-
siveness. Dark area (black arrow) is a tumor; bright area
(white arrow) is healthy tissue

Fig. 7. Left: Histology of the intermediately aggressive tumor (black arrow, Fig. 6). Right: Healthy tissue (white arrow).
x400. Caliber 100 um

grade of cancer aggressiveness. We identified the
areas (coordinates) with this prevalent pattern of
malignancy on the SMG. Understanding the
complementary nature of SMG and FFPE sam-
ples, we were able to determine the coordinates
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for both the malignant and healthy tissue on the
FFPE with ease. We investigated FFPE using our
setup, shown in Fig. 1. We were able to identify
darker regions that correspond to malignant tis-
sue, since we knew from our previous work that

ISSN 1812-9269. Experimental Oncology 47 (3). 2025
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in IR images, malignant tissue appears darker
than noncancerous tissue.

Our software also highlighted the areas corre-
sponding to healthy tissues in IR images. It mea-
sured the average brightness for both areas searately
and calculated RAI using. An example of our soft-
ware’s discrimination of the area in the IR image that
corresponds to malignant tissue is shown in Fig. 3.

Fig. 8. IR image of highly aggressive PCa. The central dark
area (light arrow) is a tumor; the peripheral area (black
arrow) is healthy tissue
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In total, we conducted at least 20 experiments for
each grade of aggressiveness separately. Then, the
software calculated the RAT ranges for each aggres-
siveness separately with a 95% probability (95% CI).

Results

Fig. 4 presents the IR images derived from one of
the FFPE samples. The histopathological analysis
of this prostate tissue reveals the presence of low-
aggressive adenocarcinoma, classified under ICD
code 8140/3, which accounts for 15% of the pros-
tate volume. PCa is apparent by dark spots. The
healthy tissue is represented by light patches sur-
rounding the observed dark portions.

We examined the SMG associated with this
FFPE sample under a microscope. We observed the
sites that corresponded to the dark spots in the IR
image. Besides, we observed the areas related to the
healthy tissue. The corresponding morphological
images are given in Fig. 5.

The IR image of another FFPE sample is shown
in Fig. 6. This sample exhibited cancer with inter-
mediate aggressiveness. The dark area with the
black arrow in the center corresponds to cancer-
ous tissue, while the area indicated by the light

RAI values in the groups with different PCa aggressiveness

Group n RAI (Mean [95% CI]) p-value (adjacent group)
Low PCa aggressiveness 20 [6.8—7.2] <0.001
Intermediate PCa aggressiveness 20 [5.2—6.1] <0.001
High PCa aggressiveness 20 (4.4—5.0] <0.001
Benign (control) 10 [7.5—8.1]

ISSN 1812-9269. Experimental Oncology 47 (3). 2025
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arrow corresponds to healthy tissue. In this case,
atypical polymorphic cells with vesicular nuclei
were found in 30% of the prostate volume, and
these cells were closely packed together. Fig. 7
presents examples of histomorphological images
of both malignant and healthy tissues taken from
the SMG corresponding to this FFPE. The micro-
scopic examination of the SMG associated with
this FFPE was performed standardly.

As the aggressiveness of the cancer increases, the
corresponding area on the IR image becomes darker.

Fig. 8 shows the IR image of the FFPE sample
with high PCa aggressiveness.

Histomorphological images of a highly aggres-
sive PCa tissue sample, alongside the histomor-
phological image of a healthy tissue, are demon-
strated in Fig. 9.

After every 20 experiments, the software cal-
culated the RAI intervals separately for each of
the three aggressiveness grades.

A total of 60 cancerous and 10 benign FFPE
prostate tissue samples were analyzed. For each ag-
gressiveness group, 20 independent experiments
were performed. The mean RAI values and 95% CI
for each group are presented in Table.

The IR images revealed that malignant regions
appeared darker than the healthy tissue. As the
aggressiveness increased, the malignant regions
became progressively darker. These findings were
confirmed by the histopathological analysis, with
mapped coordinates matching between the IR im-
ages and microscopic slides.

Triplicate measurements for each sample yielded
an ICC of 0.92, indicating excellent reproducibility.
All analyses were performed blinded to the histo-
pathological grade.

Discussion

This study demonstrates that IR imaging can reliably
differentiate between the varying degrees of PCa ag-
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gressiveness in FFPE tissue samples. The RAI values
for low, intermediate, and high aggressiveness were
non-overlapping, supporting the method’s potential
for objective and quantitative risk stratification.

Compared to the established diagnostic mo-
dalities such as multiparametric MRI and molec-
ular markers, IR imaging offers several advantag-
es: it is rapid, cost-effective, and can be per-
formed on routine FFPE samples without
specialized reagents or extensive operator train-
ing. The quantitative nature of the RAI metric en-
ables providing clear discrimination between the
aggressiveness categories, which could be partic-
ularly valuable for surgical planning and person-
alized treatment strategies.

However, several limitations must be acknow-
ledged. The study sample size, while sufficient for
proof-of-concept, limits generalizability. Some
technical factors, such as tissue fixation, section
thickness, and alignment accuracy, may affect the
IR measurements. Additionally, while the ICC
demonstrated high reproducibility, external vali-
dation in independent laboratories is required.

In summary, our findings indicate that IR imag-
ing is a promising adjunct to conventional histopa-
thology for assessing PCa aggressiveness. Future
studies should focus on larger, multicenter cohorts
and direct comparison with MRI and molecular di-
agnostics to further establish clinical utility.
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3ACTOCYBAHHS IHOPAYEPBOHOT BI3YAJII3AIIIT
JIIS OLITHIOBAHHSA ATPECUBHOCTI PAKY IIEPEJIMIXYPOBOT 3A7103U

Cran nuTaHHA. Pak nepeqmixypoBoi 3a/1031 € IIPOBiTHOI MIPUYMHOIO CMEPTI Bifl OHKO/IOTiYHIX 3aXBOPIOBAHb y 4O-
noBikiB. Xoua ckpuHinr Ha [ICA 3HM3MB IOKA3HMKM CMEPTHOCTI, HM3bKA CHEIMPIYHICTD Ta 0OMEXeHHs 1070 6io-
TCil BUMaralmTh IOLIYKY a/bTepHaTHBHMX METO/IB fiarHocTuky. MeTa. 3actocyBary Bisyasisauiio B iHppatepBoHOMY
ceiti (IY) 151 OLiHIOBaHHS arpeCMBHOCTI paKy HepefMiXypoBoil 3a/1031 /1A IOKPALlaHHS AIarHOCTMKY Ta ITaHYBaH-
HA JiKyBaHHA. Marepiamu ta Metopu. IY Bisyaisanito mpoBogiy Ha 3paskax (ikcoBaHOI Ta 3akmo4eHol y napadin
TKaHJHU [IepeIMiXypoBoi 321031 y 3pa3Kax, OTPUMaHMX IIpK IpocTaTtekToMil 60 XBopux (cepenHiit Bik 67 + 8 pokis).
3acrocoByBamu [9-uyTmBy 133 xamepy Ta mxepeno I (850 HM). AHaTi3 IPOBOAIIN 32 JOIIOMOTOI0 KOMIT IOTePHIX
nporpam. /g rpyn 3paskiB pisHOI arpecMBHOCTI paKy BMPaXOBYBa/IM CEPEHE CIiBBiJHOIIEHHA MK IIOKa3HUKaAMIU,
OTPUMAHUMMU TIPYU FOCTI/PKEHH] HIISTHOK 3 3/I05IKICHO TpaHC()OPMOBAHMMU KIITMHAMU Ta JiIHOK 3 HOPMaJIbHUMMU
kritnHaMu. PesynbraTn. CriBBifHOIIEHHA MiXK ITOKa3HMKAMU, OTPMMaHUMIU IIPY TOCIiIKeHH] Ti/IAHOK i3 37T0AKiCHN-
MI KIiTMHAMU Ta Ji/IAHOK 3 HOPMa/IbHMMY K/IiTVHAMU B IPYIIaX 3pasKiB paKy pisHOI arpecMBHOCTI cK1afano: 6,8—7,2
IUIs HU3BKOI arpecuBHOCTI, 5,2—6,1 /11 IPOMDKHOIO CTYIIeHsA arpecMBHOCTI 11 4,4—5,0 /I BUCOKOI arpecuBHOCTI,
IIPUYOMY i [lialla30HM He NepeKpUBanNCh. B KOHTPOIbHNUX 3pasKax TKaHMHM 1ie CIIiBBiIHOIIEHHA NTepeBUIyBao 7,5.
BucnosBok. Bizyanizanis B I4 HagiiiHo gudepeHIitoe 3pasky MyXIMHHOI TKAHUHY 3 Pi3SHUM CTyIIeHeM arpecUBHOCT] 3
gy TMBicTIO 88% Ta crienngivnicTio 91%. Lleit MeTox MOXKe CIPUATH paHHIN AiarHOCTUII Ta BUOOPY IepCcoHaIi30Ba-
HUX CTpPATEriil IiKyBaHHA.

KirouoBi cnoBa: pak mepenMixypoBoi 3a103u, iHdpadepBoHa Bidyanisaliis, JiarHOCTHKA.
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OBSERVATION OF SUCCESSFUL TREATMENT
OF MALIGNANT METASTATIC PARAGANGLIOMA
OF THE MEDIASTINAL AORTOPULMONARY WINDOW

A unique observation of the successful complex treatment of a rare and clinically complex metastatic mediastinal para-
ganglioma is presented. It has been shown that neoadjuvant intra-arterial regional chemotherapy with the subsequent
surgical removal of the tumor can be an effective method of choosing treatment for malignant metastatic mediastinal
paraganglioma.

Keywords: mediastinum, metastases of malignant non-chromaffin paraganglioma, surgical, complex treatment, intra-

arterial regional chemotherapy.

The World Health Organization defines a para-
ganglioma (PGL) as a tumor that synthesizes, stores,
and secretes catecholamines outside the adrenal
glands and can occur anywhere in the body [1]. Me-
diastinal PGL originates from the chromaffin cells
of extra-adrenal sympathetic ganglia, which are lo-
cated around large vessels [1—3]. These rare tumors
account for only 0.3% of mediastinal tumors and
1%—2% of all PGLs [4, 5]. The choice of the treat-
ment tactics for a non-chromaffin PGL of the medi-
astinum is determined by specific objective data.
The radical removal remains the standard of treat-
ment due to the threat of progressive tumor growth
and, according to some authors [4, 6—9], low sensi-
tivity to chemotherapy or radiation therapy.

The aim of the work was to present a unique
case of successful treatment of a patient with ma-

lignant metastatic PGL of the aortopulmonary
mediastinum.

Case report. The patient, a 31-year-old woman,
was admitted to the Department of Tumors of the
Chest Cavity of the National Cancer Institute, Kyiv,
Ukraine, with a diagnosis of tumor of the anterior
mediastinum (thymoma?). At the time of admis-
sion, she complained of a dry cough, shortness of
breath during physical exertion, pain in the left half
of the chest, subfebrile body temperature in the
evenings, and itchy skin. A neoplasm in the upper
part of the anterior mediastinum, which is adjacent
to the arch of the aorta and the left pulmonary ar-
tery, was determined on the radiograph and CT
scan of the chest cavity (Fig. 1, a, b).

To verify the diagnosis, a transthoracic puncture
biopsy of the mediastinal tumor was performed
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