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PROSTATE CANCER DIAGNOSTICS MODELING
USING THE INFRARED IMAGING METHOD

Background. Imaging plays an important role in the identification of prostate cancer (PCa). However, a shortcoming
of the current imaging techniques is their inability to detect PCa at an early stage of development when tumor volume
is small. This led us to explore new and improved imaging methods. The phenomenon that infrared (IR) light penetrates
biological tissues caused our efforts to utilize IR rays for PCa visualization. The aim of this study was to conduct model
experiments to demonstrate how IR light could be used in the future to detect PCa in vivo. Materials and Methods.
Experiments were carried out on prostates obtained after radical prostatectomy. The study was approved by the ethical
commission of the Georgia-Israel Joint Clinic “Gidmedi”. We developed a device that uses IR light to illuminate a pros-
tate from the inside. In order to get IR images of the prostate, we developed a device with an IR-sensitive charge-coupled
device (CCD) camera. The model experiments showed that the intensity of IR light passing through noncancerous
and malignant prostate tissues is significantly different allowing their distinguishment. The visualization device can
detect PCa lesions as small as several millimeters. Conclusion. These results suggest that our device could be useful
for the detection of small PCa lesions.
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Prostate cancer (PCa) is the second leading cause of
cancer-related death in males globally, according to
the World Health Organization [1]. PCa often does
not show any symptoms unless quite advanced, and
the treatment or surgery is ineffective at the later
stages. An early detection of PCa allows for the suc-
cessful treatment using a variety of techniques.

A key factor in identifying PCa at an early stage
is screening, which is based on the detection of
prostate-specific antigen (PSA) in the blood that
should be not higher than 4 ng/mL. However, PSA
lacks selectivity and may even rise in the case of

other prostate diseases [2]. If the PSA is elevated,
several techniques, such as digital rectal examina-
tion (DRE), transrectal ultrasound (TRUS), and
magnetic resonance imaging (MRI), are used to
diagnose cancer. In addition, positron emission to-
mography (PET) [3] and computed tomography
can be used [4].

These instrumental methods have some short-
comings. DRE is highly subjective and is based on
the skills and expertise of the doctors [5]. MRI for
PCa detection is of lower specificity with the poten-
tial for false positives, and its cost is high [6—38].
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Fig. 1. Prostate illumination tool. Infrared LEDs are
mounted on a flexible light guide. The length of the light
guide is 50 mm, width 1.8 mm, height 1.68 mm. The light
guide is placed into a catheter (shown in the Figure),
which is subsequently inserted into the prostatic urethral
channel

Fig. 2. The device for the visualization of prostate cancer
for model experiments. The dimensions of the tool are: the
length is 175 mm, and the diameter is 19 mm. The pinhole
diameter is 10.8 mm

Only 60% of PCa hypoechoic on ultrasound,
so TRUS should not be used as a first-line screen-
ing study as it lacks acceptable specificity [9].
CT scans are utilized in PCa cases where a diagno-
sis has been established to assess the spread of the
tumor to nearby tissues and identify metastases
[10]. The shortcomings of PET methods for PCa
detection include their limited sensitivity com-
pared to other screening methods like PSA assess-
ment [11]. The last step in any diagnostic process
involving instruments is usually a biopsy.

Radical prostatectomy is typically performed in
the PCa cases where the cancer spread is limited to
the prostate gland. Men younger than 75 years with
limited PCa spread and a life expectancy of at least
10 more years are often candidates for radical pros-
tatectomy.

The shortcomings of imaging methods for de-
tecting PCa have led to the search for alternative
techniques, such as the IR imaging method. Al-
though near-infrared (NIR) technology has been
used in several works for intraoperative image-
guided prostate surgery [12, 13], it has not been
used for PCa diagnosis.

Our previous research [14, 15] has shown the
potential of NIR technology for the detection of
some tissue inhomogeneity. In this study, we pre-
sent model experiments for the detection and ima-
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Fig. 3. Isolated prostate and the device

ging of PCa using IR, which helps us better detect
real processes.

Materials and Methods

For the experiments, prostates obtained after radi-
cal prostatectomy in patients aged 65—75 were
used. All patients were informed and gave their
written consent. The study protocol was approved
by the Independent Local Ethical Commission of
the Georgia-Israel Joint Clinic “Gidmedi” (ILEC ID
NO: 35). We conducted 30 experiments.

We have developed an IR light tool for illuminat-
ing the prostate from within (Fig. 1). The tool is
a flexible IR light strip that could be placed in
a catheter. The dimensions of the light strip and
catheter allow for easy location inside the urethral
channel of the prostate and provide illumination of
the whole prostate tissue. The light-emitting diodes
(LEDs) (QT Brightek Company, USA) emitting IR
light in the 850—900 nm range were mounted on
the strip. The consumption power of LEDs is low,
in the range of 0.08—0.14 W, and therefore, they do
not cause any heating or damage to the prostate tis-
sues. The light strip can be turned 360 degrees in
the catheter and illuminate any desired zone of the
investigated prostate gland.

It should be noted that since IR rays are invisible
to the human eye, they need to be converted into
visible ones to be used for visualization. To obtain
IR images of the prostate, we created and assem-
bled an original device. The device (shown in
Fig. 2) consists of a charge-coupled device (CCD)
camera sensitive to NIR light. The device is
equipped with a lens system and allows an observa-
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Fig. 4. Infrared image of cancerous prostate. The tumor lesions, which have dimensions of several mm, are shown with

arrows. The image below contains a 1 cm scale

Fig. 5. A model of IR imaging of the prostate. It shows the prostate and other male organs. Black arrows indicate the de-
vice used to obtain the prostate IR image and the IR illumination strip. The dimensions correspond to an average-sized
man. This figure represents a scenario where the device is inserted into the rectum, and a catheter with a light guide
inside the urethral channel is used to illuminate the prostate internally

tion of the prostate. Fig. 3 shows the device with
an isolated prostate.

IR light emitted from LEDs passes through the
tissue providing data on the prostate tissue hetero-
geneity after its conversion into the electrical sig-
nals by the CCD camera. The device output is con-
nected to a laptop. Here, the signals from the CCD
camera are processed to create a visible image. This
is a two-dimensional (2D) IR image of the prostate.
We developed the software that produces the image
[14]. The essence of the program is that it compares
the illumination intensities of the areas corre-
sponding to malignant tissue to the illumination
intensities of areas corresponding to noncancerous
tissue on the IR image and calculates their ratio.
Based on the calculated meaning of this ratio, the
malignancy of the prostate tissue is determined
with a probability of 95%.

The following method is used by the software to
calculate the ratio of illumination intensities at the
areas on the IR image that correspond to malignant
and healthy tissues: The software assigns a number
between 0 and 255 to each dot of the IR image de-
pending on the illumination (brightness) of that
point. Number 0 is assigned to a completely black
dot, while number 255 is assigned to a point with
the highest brightness. The program measures the
light intensities at each point on the IR image cor-
responding to tumorous as well as noncancerous
tissues. The program then calculates the mean il-
lumination intensity of the areas corresponding to
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both noncancerous and malignant tissues. The
mean illumination intensity of the malignant area
was designated as X, and the mean illumination in-
tensity of the noncancerous area — as Y on the IR
image. After that, the program calculates a ratio of
XtoY.

After the IR examination, the prostate was al-
ways investigated by the standard histomorpho-
logical method. This study, in all cases, revealed
PCa lesions and precisely indicated their locations.
As a result, we were aware of the existence of the
tumor sites determined by histomorphological
analyses as well as the areas determined to be ma-
lignant based on IR imaging.

Results and Discussion

The investigation has revealed that the IR illumina-
tion intensity corresponding to cancerous tissue
was significantly lower than that of areas identified
as noncancerous tissue. Consequently, the areas
corresponding to malignant tissue appeared much
darker on the IR image compared to the areas cor-
responding to noncancerous tissue (Fig. 4). This
new IR imaging method enables the detection of
cancerous areas as small as a few millimeters (Fig. 4).

The 95% confidence interval calculated for 30 X
to Y ratios was 0.46—0.57. Thus, the IR signal in-
tensity of cancerous tissue was approximately twice
lower than that for noncancerous tissue due to the
higher optical density of the former.
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We can use the program to examine any prostate
gland, and if the computed aforementioned falls
within the range of 0.46—0.57, one can conclude
the presence of PCa with a 95% probability.

The purpose of conducting model experiments
was to simulate real-life scenarios using an isolated
prostate. Fig. 5 illustrates such a scenario for the
generation of an IR image of the prostate of a pa-
tient undergoing examination.

Model experiments on resected prostate glands
have demonstrated that our device may be effective
in detecting and visualizing PCa lesions in patients.
The evident benefit of the NIR method is its ability
to detect small cancerous areas. The absence of
photodamage, deep tissue penetration, and sim-

plicity of the NIR LED-based technique provide
distinct advantages for PCa diagnostics. However,
it is important to emphasize that additional re-
search is necessary to distinguish and identify IR
images of PCa with different aggressiveness.
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MOJIEJTIOBAHHS NIATHOCTVIKN PAKY TTEPEIIMIXYPOBOI 3AJI0O3U
3A TOITOMOTO10 BI3YAJII3ALIT B IHOPAYEPBOHOMY CBITJII

CraH mutaHHa. Meroay Bisyaimisanii BifirpaloTb Bay<IMBY poib B ifeHTM(ikanil paky IepegMixypoBoi 3amo3n
(PII3). OpHak. HegomikoM icHyIOUMX MeTOAIB Bidyamisauii € HesmaTHicTb ByaABUTK PII3 Ha paHHIX crafifx, Komm
poamipu myxnnHu HeBenuki. ToMy HocTae 3aBAaHHs po3pOOMUTH HOBI Ta BIOCKOHA/INTH ICHYIOUM METOMM Bisyarmizarii.
Ockinbkn iHdpadepBOHe BUIIPOMiHIOBAHH IPOHMKAE KPi3b 610/I0TiUHI TKAHMHIL, 11€ A€ 3MOTY 3aCTOCYBATM 10TO J/Is
Bizyanisauii PI13. MeTa focnimKkeHHsI MOATaa y IpoBedeHHI MOJebHIX eKCIIePUMEHTIB, 5Ki 6 TpogeMOHCTpyBanu
MO>X/IMBICTb 3aCTOCYBaHH: iH(padepBOHOrO BUIIPOMiHIOBaHHSA B Mailb6yTHbOMY i BusAsneHHsa PII3. Matepianu
Ta MeTOAM. [l eKCIepMMEeHTiB BMKOPMCTOBYBAIM 3pasKy IepefMiXypoBoOi 3a/osu, ofeprKaHi Ipu pafMKamb-
Hill mpocrareKkToMil. My po3poOumin IpucTpiil, AKMiT HO3BOJAB Bi3yaisyBaTy TKaHVHM IlepefMixXypoBoi 3amo3n
3a JJOIOMOTOK0 iH(pPauepBOHOTO BUIPOMIHIOBAHHSA. [[/Is Offep>KaHHsI 300paKeHb TKAHVH IepeAMiXypoBOi 3a/1031
BUKOPUCTOBYBA/IN KaMepy Ha 6asi mpucTporo i3 3apsagosuM 38’ s13koM. PesynbraTit. Y Moe1bHOMY eKCIlepuMeHTi Oy1o
IOBEJIEHO, 1[0 IHTEHCUBHICTh iH(PauepBOHOrO BUIIPOMIHIOBAHHS, 110 IIPOXOANUTH KPi3b 3/I0SIKICHY Ta HEYLUIKOKEHY
TKaHVMHU [IepeIMiXypoBOI 3271031, CYTTEBO PI3HUTDCS, 1110 JO3BOJIIE iX AnudepeniitoBaTu. Hamr mpuctpiit fo3Bosie
BusiBuTH ocepenku PII3 posmipom y Kinbka MimiMeTpiB. BucHOBOK. Po3pobmennit mpucTpiit Moxxe 6yTH KOPUCHUM
I BUABNeHHA ocepenkiB PII3 manux posmipib.

Knrouosi cmoBa: pak nepeMixypoBoi 3a/1031, HeiHBa3/MBHa JIiaTHOCTMKA, MOJI€/IIOBaHHA.
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