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AHHOTALIUA

OpHMM 13 MeTOJO0B NEYEHMS JIOKANM30BaHHOTO paKa NpencTaTenbHON enesbl 6e3 NpU3HaKOB NpopacTaHus Kamncynbl JKe-
Ne3bl U B OTCYTCTBUM NPU3HaKOB MeTacTa3oB (cTapmus cT1-T2NOMO) senseTca bpaxutepanus ¢ UMMIaHTaLMEN MUKPOMCTOY-
HMKOB Ha OCHOBe M30Tona '2’l. MeTofbl CTPYKTYpHOW BU3yanusaumu (ynbTpasByKOBOE WCCNe[0BaHWe; KOMMbITEPHas To-
Morpacdwms, KT; MarHuTHo-pe3oHaHcHas ToMorpagus, MPT) He 0651afaloT BbICOKOI cneunduyHocTbio B anddepeHLmanbHoi
AVArHoCTUKe paka npeacTaTeNbHoi xenesbl. [MbpuaHbIe TEXHONOTWM y4eBoi BU3yanu3aumun (04HOPOTOHHAA IMUCCUOHHAS
KOMMbloTepHas ToMorpadms + KoMnbtoTepHas Tomorpadms, OO3KT/KT; no3uTpoHHo-3M1CCHOHHAs ToMorpadus + KOMMbIo-
TepHas Tomorpadus, M3T-KT; no3uTpoHHO-3MUCCHOHHas ToMorpadus + MarHUTHO-pe3oHaHcHas ToMorpadms, M3T/MPT) co-
YeTaloT B cebe JOCTOMHCTBA BbICOKOM YyBCTBUTESIBHOCTH KPOCC-CEKLMOHHBIX METOZ0B CTPYKTYpHOM Buayanusauum (KT n MPT)
1 BbICOKOM cneuuduyHoCTM MeTOA0B MoneKynsapHoii Busyanusaumm (0O3KT, M3T) ¢ TyMopoTponHbIMM paanodapMaLeBTUYe-
CKWUMM JIEKApCTBEHHBIMM MpenapaTtamu.

B AaHHoI paboTe Ha 7 KNMHMYECKUX HabNOLEHMSX TOKaSM30BaHHOTO paKa npeacTaTenbHoi enesbl (WKana MucoHa 6—7)
MOKa3aHo, YTO MPELM3MOHHOCTb HU3KOA03HOM BpaxuUTEPaniM MUKPOMCTOUYHMKAMM 12| IOKaNM30BaHHbIX KapUMHOM NpeacTa-
TENbHOM JKenesbl, PaBHO KaK M MpULENbHOM bruoncuu, MoxeT BbiTb MOBbILLEHA NpU UCMONb30BaHUW TMOPULHBIX METOAOB
MCMA-peuenTopHoi (npocTtatcneunduyecknii MeMOpaHHbIA aHTUreH) MonekynapHoi Busyanusaumu (OO3KT/KT, NIT/KT).
MeToa O®3KT/KT 6onee goctyneH, yem M3T/KT, u npu Hanuummu xonoaHbix HabopoB (HYNIC-PSMA) no3sonsieT BbIMOHATb
uccnenoBaHue B Noboi nabopaTtopum pasuoM30TONHON AMArHOCTUKM, PacnonaraoLLei COOTBETCTBYIOLMMI CKaHEPaMK.
WNHHoBaumoHHas TexHonorvs NCMA-HaBuraumMoHHol buoncun u bpaxutepanuu NoA KOHTPOAEM rMOpUAHOKA MoNEKYNSApHOM
BM3Yya/in3aLmMu MOXET NPUMEHSATBLCA NPU MEPBUYHBIX M PELMAMBHBIX ClyyasX JIOKaAM30BaHHOTO paKa NpeAcTaTesibHoN Je-
nesbl, YBENUYMBAET TOYHOCTb M CHUMAET TPaBMaTMYHOCTb MpoLiefyp, NOBbILIAET MeAUKO-3KOHOMUYECKYI0 3hdEKTUBHOCTL
HM3KO/I03HOM BpaxuTEPanun MUKPOUCTOUHMKaMN 2],

HeobxoanMbl aanbHemlume UCCNe0BaHUA A1S COBEPLLEHCTBOBAHMUSA TEXHONOMMU U OLLEHKM OTAANEHHBIX Pe3yNbTaToB neye-
HWS Ha MHOTOYMUCNIEHHO FpyNne NaLWEeHTOB.
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ABSTRACT

Brachytherapy with implantation of micro sources based on isotope '?| is a preferred treatment for localized prostate
cancer without signs of germination of the gland capsule and in the absence of signs of metastases (stage cT1-T23aNOMO).
Structural imaging methods (ultrasound, computed tomography, and magnetic resonance imaging) do not have high
specificity in the differential diagnosis of prostate cancer. Hybrid technologies of radiation imaging (single-photon emission
computed tomography/computed tomography, positron emission tomography/computed tomography, and positron emission
tomography/magnetic resonance imaging) combine the advantages of high sensitivity of cross-sectional structural imaging
methods (computed tomography and magnetic resonance imaging) and high specificity of molecular imaging methods
(single-photon emission computed tomography and positron emission tomography) with tumorotropic radiopharmaceuticals.
In this original clinical study, based on seven observations of localized prostate cancer (Gleason 6-7), it was shown that
the precision of low-dose brachytherapy using '?°I micro sources of localized prostate carcinomas, along with targeted
biopsy, can be increased using hybrid methods of PSMA-receptor molecular imaging (single-photon emission computed
tomography/ computed tomography, positron emission tomography/ computed tomography). The single-photon emission
computed tomography/ computed tomography method is more accessible than positron emission tomography/ computed
tomography. Moreover, when coupled with cold kits (HYNIC-PSMA), it allows research within any radioisotope diagnostics
laboratory equipped with single-photon emission computed tomography/ computed tomography. The innovative technology
of PSMA-navigation biopsy and brachytherapy, under the control of hybrid molecular imaging, can be used in primary and
recurrent cases of localized prostate cancer, increases the accuracy and reduces the traumatic nature of procedures, and
increases the medical and economic efficiency of low-dose brachytherapy with '2I micro sources. Further research is
needed to improve the technology and evaluate its long-term results.

Keywords: brachytherapy low-dose rate precision; '°l; prostate-specific membrane antigen; PSMA; single-photon emission
computed tomography / computed tomography; positron emission tomography / computed tomography.
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BACKGROUND

Prostate cancer is the second most common malignant
neoplasm in males and the fifth most common cause of death
in the world [1]. Screening for prostate cancer based on the
level of prostate-specific antigen (PSA) in the blood increases
the number of prostate carcinomas detected at an early stage,
significantly improving the prognosis of patient survival [2].

One method for treating localized prostate cancer without
signs of capsule germination and without metastases (cT1-
T2NOMO) is brachytherapy with implantation of '%|-based
microsources [3-8].

In brachytherapy, the radiation dose is achieved by spatial
distribution of microsources during implantation in the
projection of primary prostate carcinoma guided by computed
tomography (CT) or ultrasound (US). Implanted microsources
are fixed in the tissue, protecting surrounding healthy tissue
from irradiation. Simultaneously, safe irradiation borders
(2-3 mm) along the periphery of microsources do not
lead to side irradiation of risk organs, such as the urethra,
bladder, and rectum, which are inevitably affected during
prostatectomy, external beam radiation therapy, and high-
dose brachytherapy. Some studies of prostate cancer patients
at low and moderate risk of tumor recurrence showed better
tumor ablation than external beam radiotherapy [4, 5]. The
effectiveness of low-dose brachytherapy in patients with
localized prostate cancer (pT1-2NOMO) is at least noninferior
compared with any other current treatment method, whereas
patient tolerability and quality of life are significantly higher
[9]. While in the early 2000s, low-dose brachytherapy was
combined with external beam radiation therapy for boosting
in @ moderate risk group, in recent decades, this method has
been used more frequently [10].

The brachytherapy method has several advantages,
including its low invasiveness (puncture technology), the
ability to control the process of installing microsources using
structural imaging methods (ultrasound and CT), and the low
frequency and low severity of adverse effects [11].

Hybrid radiation imaging technologies, such as single
photon emission CT combined with CT (SPECT/CT), positron
emission tomography combined with CT (PET/CT), and
positron emission tomography combined with magnetic
resonance imaging (PET/MRI), combine the high sensitivity
of cross-sectional structural imaging methods (CT and MRI)
and high specificity of molecular imaging methods (SPECT
and PET) with tumor tropic radiopharmaceuticals (RPs).

Prostate-specific membrane antigen (PSMA) in humans
is encoded by the FOLHT gene, which is involved in folate
metabolism. It is a zinc-containing transmembrane
glycoprotein produced in prostate epithelial cells and known
as N-acetyl-L-aspartyl-L-glutamate peptidase or glutamate
carboxypeptidase Il. Its expression is significantly higher in
malignant cells and closely related to tumor aggressiveness,
particularly in castration-resistant and metastatic prostate
cancer [12].
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PSMA-receptor molecular imaging techniques (SPECT and
PET) provide additional advantages in determining tumor stage
and selecting targets for precision biopsy and brachytherapy
of prostate carcinoma [13]. PET/CT with %8Ga-PSMA-11
and '"®F-PSMA-1007 and SPECT/CT with *™Tc-HYNIC-
PSMA (small-molecule PSMA inhibitors) are accessible in
Russian clinical practice. The latter appears highly promising
because of its greater availability (significantly more SPECT/
CT scanners than PET/CT scanners), easy operation, lower
cost, and technological advantages to ensure high precision
in biopsy and brachytherapy of localized prostate cancer.

CASE REPORTS

Patients

The study examines treatment outcomes in seven patients
aged 65-84 yr (mean: 73 yr; 95% confidence interval [95%
Cl], 66.8—79.2]) with histologically diagnosed prostate cancer
who underwent brachytherapy using '?I-based microsources
at the Doctor-Plus clinic in Obninsk, Kaluga region, Russia.
All patients had histologically confirmed prostate carcinoma
with no signs of regional and/or distant metastases. Five
patients had primary tumors. Another two patients had
local tumor recurrence in 21 and 28 months after receiving
brachytherapy with '%|-based microsources. The tumor
stage in two patients was TINOMO, whereas the stage in
four patients was T2NOMO. The stage in one patient was
T3aNOMO. In the other case, the patient refused the proposed
surgical treatment, which included combined external beam
radiation and androgen deprivation therapy.

The Gleason score was 6 (3 + 3) in five cases and 7 (3 + 4)
in two cases. Before brachytherapy, blood PSA levels ranged
from 2.8 to 12 ng/mL (mean: 8.2 ng/mL).

Methods

Patients with local tumor recurrence were treated with
interstitial radiation therapy using '%|-based microsources
in the first stage. The time to progression ranged from 12 to
29 months (24.2 [95% Cl, 17.8-30.5]).

Clinical examination included standard measurement of
serum PSA levels. A venous blood sample was collected in the
morning under fasting conditions and prepared in accordance
with study protocols. Serum PSA levels were measured
using a chemiluminescent immunoassay (sensitivity limits:
0.008-30.0 ng/mL).

Transrectal ultrasound diagnostics was performed using
a B/K Medical scanner (USA) to determine the prostate
volume and residual urine. Uroflowmetry was performed to
assess the maximum volumetric urine flow rate.

In the excretory phase, a pelvic CT with intravenous
contrast enhancement (Omnipaque 350 mg/mL, 30 mL)
was performed to better visualize the anatomy of organs
at risk using a Somatom Scope multidetector (32 slices) CT
scanner (Siemens, Germany) with subsequent data transfer
for planning interstitial radiation therapy.
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A radionuclide study with “™Tc-HYNIC-PSMA was performed
using a General Electric Discovery NM/CT 670 hybrid scanner.
The finished RP was administered intravenously with a vent visor
(intranasal control) at a 6.3 MBg/kg b.w rate. A pelvic area was
scanned 2 h after RP administration using a SPECT/CT gamma
camera; 60 projections with 30-s exposures per projection,
matrix 256 x 256. CT data acquisition parameters were as
follows: tube voltage, 120 kV; current (modulated), 80-400 mA;
slice thickness, 3.75 mm with 1.25-mm reconstruction; and
couch increment, 1 mm. The resulting 3D SPECT/CT image was
analyzed using the General Electric Xeleris 4DR data workstation.
The identified prostate lesions of focal RP accumulation were
indicated on a schematic PI-RADS prostate sector map.

Without anesthesia, a US-guided biopsy was performed
transperineally (using SPECT/CT data with #™c-HYNIC-
PSMA) with a Promag 2.0 biopsy needle and gun. If required,
a CT-guided biopsy of the prostate gland and seminal vesicles
was performed under spinal anesthesia through pararectal
access. Histological biopsy specimens were examined in
pathological laboratories with Gleason score determination.

Planning and conducting brachytherapy
with 'l sources

Topometry and dosimetry planning were performed for
pre-implantation planning using a VariSpeed dosimetry
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planning system (Varian, USA). That system allowed
the DICOM format images of different modalities to be
combined.

12%|-based microsources were implanted under a CT
guide using a Siemens Somatom Scope (Germany) using a
3D stereotactic machine with a hole increment of 2.5 mm to
perform targeted brachytherapy. Under spinal anesthesia, the
procedure was performed via pararectal access.

Figure 1 shows an example of pre-implantation
brachytherapy planning using 'l sources. Crosses
indicate virtual holes in the stereotactic array, which fully
corresponds to the array implanted in a patient. Red dots
indicate microsources, whereas colored lines indicate
isodose distribution.

125 microsources in the form of grains (BEBIG LLC, Russia)
were used for interstitial implantation. Each source measured
4.5 mm in length and 0.8 mm in diameter. According to the
comprehensive examination results and dosimetry planning,
the number of sources was ordered individually for each
patient (Table 1).

Brachytherapy requires bowel preparation and antibiotic
therapy. Spinal anesthesia with lidocaine/bupivacaine was
administered to relieve pain.

The implantation was performed in accordance with
2014 recommendations [12]. During control scans and

nnnnnnn

Fig. 1. Stages of dosimetry planning of brachytherapy localized prostate cancer using '’ microsources considering SPECT/CT with *™Tc-
HYNIC-PSMA: (a) topometric marking and (b) topometric marking and dosimetry planning of brachytherapy.
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Table 1. Demographic data and clinical and morphological characteristics of patients

Tumor Prostate Planned number Planned number
Ade® vr : volume/ Localization of 15| of %]
g9e%y Stage, | Primary case | Gleason | prostate tumor | in pancreas® |microsources/length | microsources/length
TNM? or relapse® | score volume, mL of procedure® of proceduref
Patient 1 . Right lobe TZa 60 60
BLyearsold 1ZNOMO  Primary 7 (h+3) - A0/40 (mid) 75 min 75 min
Right lobe
Patient 2 . TZa (apex), 60 20
79 years old T2NOMO Primary 6G+3) 38/15 Left lobe 75 min 25 min
TZp (mid)
Right lobe
, TZa (apex),
Patient 3 TINOMO  Primary  6(3+3)  36/14 Left lobe 0 32
73 years old 87 min 45 min
PZpl (base)
PZpl (mid)
: Right lobe 20
Patient 4 TINOMO  Relapse  7(+3)  38/15 TZp, PZpl 60 25 min
68 years old 75 min
(base)
Patient 5 Right lobe 70 30
70 years old TZNOMO Relapse 6G+3) 30115 PZpl (mid) 87 min 40 min
Patient 6 . Right lobe 90 30
65 years old TINOMO Primary T+3) 6015 TZa (mid) 112 min 40 min
Right lobe
_ TZa (apex),
Patient 7 TINOMO  Primary  6(3+3)  78/78 Left lobe 32 90
69 years old 45 min 112 min
PZpl (base)
PZpl (mid)

Note. PSMA, prostate-specific membrane antigen; PZpl (mid/base), posterior zone (middle/basal part); SPECT/CT, single photon emission computed
tomography combined with computed tomography; TZa (mid/apex), anterior transition zone (middle/apical part); TZp (mid), posterior transition zone

(middle part).
3Age of patients at the time of treatment.

bUICC, 8th ed. (https://oncology.ru/specialist/treatment/thm/thm8_summary.pdf).

‘Method of primary treatment.

‘International standard.

#Without tumor visualization using SPECT/CT.
fUnder PSMA/SPECT/CT guide.

reconstruction of the resulting images, the placement of 12|
microsources was visually monitored.

Patients were discharged 1 day after brachytherapy and
were able to return to normal activities within 3-5 days.
None of the patients required bladder catheterization or
epicystostomy. Mild difficulty urinating was relieved using
alpha-blockers in generally accepted doses. There were no
reports of early or late radiation effects.

The duration of the brachytherapy procedure depended
on the number of implanted '%I microsources and ranged
from 25 to 112 min (mean: 51.7 min), which was 34.8% less
than the average estimated time (79.4 min) using a standard
procedure (without PSMA-SPECT/CT guide).

No severe complications were observed in the early and
long-term post-procedure periods (mean: 24.5 months). Mild
dysuric symptoms were reported in two patients for several
post-procedure days, but they did not require catheterization
or drug therapy and resolved spontaneously.

DOI: https://doiorg/1017816/DD340815

Case report 1

Patient Zh., 84 years old, was admitted with prostate
cancer (PSA of 20 ng/mL; adenocarcinoma, Gleason 7
[4 + 3]). On October 9, 2020, CT-guided interstitial radiation
therapy with 'l microsources and pararectal access was
performed using SPECT/CT data. PSA levels were 0.16 ng/
mL 2 yr later, indicating tumor remission. PSA was 0.1 ng/
mL on January 14, 2023.

Figure 2 shows SPECT/CT data with *™Tc-HYNIC-PSMA.

Case report 2

Patient Z., 79 years old, was admitted with diffuse prostatic
hyperplasia. PSA level was 4.5 ng/mL. No abnormal lesions
were found in the prostate tissue using ultrasound, TRUS, and
contrast-enhanced MRI. SPECT/CT with **™Tc-HYNIC-PSMA
revealed 15-mm? sites of RP accumulation in the prostate
tissue (Figure 3). Because rectal amputation made US-guided
prostate biopsy impossible, a targeted CT-guided biopsy
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2mm 1.375:1 /0.6sp
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Fig. 2. Patient Zh., 8 years old, SPECT/CT with *™Tc-HYNIC-PSMA,
axial projection: Site of radiopharmaceutical accumulation in the
transition zone of the middle part of the right prostate lobe.

was performed pararectally. A morphological diagnosis was
adenocarcinoma, Gleason 6 (3 + 3).

On January 28, 2021, '| sources were implanted
pararectally under a CT guide. In the follow-up examination,
PSA levels were 0.2 ng/mL (September 2022) and 0.1 ng/mL
(January 14, 2023).

In this case, two problems were revealed: an unknown
cause of increased PSA over time and the inability to perform
a targeted prostate carcinoma biopsy under US guide. Both
problems were successfully resolved using hybrid SPECT/
CT with ”™Tc-HYNIC-PSMA followed by CT-guided RP
accumulation site biopsy, and precision brachytherapy was
performed with a smaller number of '?| microsources due
to the SPECT/CT pattern.

Case report 3

Patient K., 73 years old, was admitted with diffuse
prostatic hyperplasia, urinary retention, an epicystostomy,
and a 12.7-ng/mL PSA. A multisite biopsy performed under

1.:"‘5:! 1.0sp
SFOVOUN cm
_17 &R
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2mm 1.375:1 /0.6sp
iFOV 50.0 cm
135.25

Fig. 3. Patient Z., 7 years old, SPECT/CT with **Tc-HYNIC-PSMA:
Sites of radiopharmaceutical accumulation in transitory zones of
both lobes at the border of the middle third and the apex of the
prostate gland.

US guide revealed no evidence of malignant development.
SPECT/CT data with ?Tc-HYNIC-PSMA are shown in Figure 4.
SPECT/CT revealed a 14-mm? site of RP accumulation in the
prostate tissue. A CT-guided targeted biopsy was performed
using pararectal access. A morphological diagnosis was
adenocarcinoma, Gleason 6 (3 + 3).

On November 28, 2020, CT-guided focal implantation
of 12| sources was performed pararectally. Transurethral
resection of the intravesical component was performed, and
the epicystostomy was removed. The follow-up examination
(November 28, 2022) showed a PSA level of 0.13 ng/mL,
spontaneous urination, and 15-cm? residual urine.

In this case, problems were as follows: inability to
identify the cause of elevated PSA, a “large” volume of the
prostate gland, and epicystostomy. Considering data on RP
accumulation patterns and biopsy results, we were unable
to successfully solve these problems and perform successful
focal brachytherapy using a hybrid diagnostic use of RP CT-
guided biopsy.

Fig. 4. Patient K., 73 years old, SPECT /CT with #™Tc-HYNIC-PSMA, (a) frontal and (b) axial sections: Sites of radiopharmaceutical
accumulation in the anterior part of the transition zone in the apex of the right lobe, posterolateral part of the peripheral zone at the level
of the base of the left lobe, and posterolateral part of the peripheral zones at the level of the base and middle third of the left lobe of the
prostate gland; physiological accumulation of radiopharmaceuticals in the bladder.
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Im: 280
DFOV 40.5 cm
STND

1.2mm 1.375:1 /0.6sp
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Fig. 5. Patient F., 68 years old, SPECT/CT with #™Tc-HYNIC-PSMA:
Sites of radiopharmaceutical accumulation at the border of the
central zone and the posterolateral part of the peripheral zone on
the right side at the level of the base of the right prostate lobe.
The scan visualizes multiple rods in the prostate gland, implanted
during previous brachytherapy.

Case report 4

Patient F., 68 years old, was admitted with prostate
cancer, T3a, which had spread to the prostate gland capsule.
In 2013, %I sources were implanted into the prostate tissue
and the extracapsular area. PSA has increased since the end
of 2020. SPECT/CT was performed using *"Tc-HYNIC-PSMA
due to an increased PSA level of 0.95-2.8 ng/mL after the
previous treatment (Figure 5). SPECT/CT revealed a 15-mm?
site of tumor tropic RP accumulation, which was biopsied
under the CT guide. A histological diagnosis was prostate
adenocarcinoma, Gleason 6 (3 + 3). Dosimetry planning
for low-dose brachytherapy was performed using SPECT/
CT. On November 03, 2021, ' microsources were re-
implanted according to topometric markings to implement
the dosimetry plan. The PSA level was 0.05 ng/mL during the
follow-up examination (January 23, 2023).

1.2mm 1.375:1 /0.6sp

SFOV 50.0 cm
7

Fig. 6. Patient G., 70 years old, SPECT/CT with **™Tc-HYNIC-PSMA:
Site of radiopharmaceutical accumulation in the posterolateral part
of the peripheral zone of the middle part of the right prostate lobe.
Multiple rods in the prostate gland were implanted during previous
brachytherapy.
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In this case, SPECT/CT with *"™Tc-HYNIC-PSMA allowed
for a precision biopsy, which confirmed the local recurrence
of prostate cancer and subsequently enabled brachytherapy
to be repeated (salvage) under the CT guide.

Case report 5

Patient G., 70 years old, was admitted with prostate cancer
(diagnosed in 2005), T2a, adenocarcinoma, Gleason 6 (3 + 3).
CT-guided brachytherapy was successfully performed in 2005.
The PSA level has increased (1.94-2.31 ng/mL) since 2017.
Because of this growth, ultrasound, TRUS, CT, and contrast-
enhanced MRI were performed; no data for a local recurrence
or another cause of PSA growth were obtained. When the
PSA level reached 2.63 ng/mL, SPECT/CT with *™Tc-HYNI-
PSMA was performed (Figure 6). Results showed a 15-mm?
site of RP accumulation, and a targeted biopsy of a recurrent
prostate carcinoma lesion was performed based on its SPECT/
CT location. Adenocarcinoma was confirmed histologically,
Gleason 6 (3 + 3). On March 10, 2020, a brachytherapy with
reimplantation of '?°| microsources was performed. The
follow-up examination (December 2022) showed a PSA level
of 0.21 ng/mL.

In this case, SPECT/CT with ""™Tc-HYNIC-PSMA
enabled prostate carcinoma—targeted biopsy and precision
brachytherapy.

Case report 6

Patient M., 65 years old, was diagnosed with benign
prostatic hyperplasia. Due to an increased PSA level of
4.5 ng/mL, a US-guided multifocal biopsy was performed
with no histological evidence of cancer. A repeat biopsy
was performed 3 months later and revealed no malignant
tumor. SPECT/CT with #™Tc-HYNIC-PSMA revealed a site
of RP accumulation in the prostate tissue (Figure 7). A CT-
guided targeted biopsy was performed, and the following
diagnosis was morphologically confirmed: adenocarcinoma,

1.2mm 1.375:1 /0.6sp
SFOV 50.0 cm
-102.50

Fig. 7. Patient M., 65 years old, SPECT/CT with #™Tc-HYNIC-
PSMA: Site of radiopharmaceutical accumulation in the transition
zone (at the border of the middle third and the base) of the left
prostate lobe.
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Fig. 8. Patient M., 69 years old, PET/CT with 68Ga-PSMA-11:
Sites of radiopharmaceutical accumulation in the prostate gland,
multifocal tumor.

Gleason 7 (4 + 3). When planning low-dose brachytherapy
using '?I microsources, SPECT/CT data were entered into
the dosimetry planning system. On October 4, 2020, the
focal implantation of 'l microsources was performed
under a CT guide using pararectal access based on data
on local isotope accumulation in the prostate tissue. The
follow-up examination (January 2023) showed a 0.11-ng/
mL PSA level.

Case report 7

Patient M., 6 years old, had an increased PSA level of
6.8 ng/mL and underwent a multifocal prostate biopsy at a
local clinic. The diagnosis was confirmed morphologically as
adenocarcinoma, Gleason 6 (3 + 3), based on data from the
transitory zone of the right prostate lobe. Adenocarcinoma
elements were not found in other prostate biopsy specimens.
Considering MRI evidence of changes in the same zone,
implantation with 30 '2| sources with a 32-cm® volume was
proposed.
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SPECT/CT with #™Tc-HYNIC-PSMA revealed diffuse focal
RP accumulation under the base of the bladder. PET/CT with
68Ga-PSMA-11 was additionally performed to more accurately
visualize prostate lesions. PET/CT revealed multiple sites of
RP accumulation in the prostate gland, indicating that the
tumor was multifocal (Figure 8). Implantation planning was
adjusted to include the total volume of the prostate gland
(78 cm?) using 90 "I microsources (instead of preliminary
30 microsources).

On February 25, 2022, implantation was performed for
the total volume of the prostate gland. The initial prostate
volume for brachytherapy was 32 cm®. PET/CT revealed a
volume of 72 cm?® for implantation. The PSA level decreased
to 0.31 ng/mL within a year after brachytherapy.

Changes in PSA levels in all patients included are shown
in Figure 9.

All patients are under clinical supervision and have
regular follow-up examinations.

DISCUSSION

A biopsy of prostate lesions is required to confirm the
diagnosis and select a management strategy. This procedure
is often performed under a US or MRI guide [14-15]. Because
radiological structural diagnostics methods (ultrasound, CT,
and MRI) do not always visualize lesions of the primary
tumor, traumatic multifocal biopsies are often required [15].
False-negative biopsy results are reported in up to 49% of
cases. If blood PSA levels increase, a biopsy is repeated [16].
A repeat biopsy is typically performed within 3 months after
the initial [16]. Conventional diagnostic methods (ultrasound,
CT, and MRI), particularly multiparametric MRI, visualize
structural abnormalities but do not differentiate between
benign and malignant tumors or assess the borders of a
malignant tumor and its multifocal nature [15-17].
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Fig. 9. Changes in prostate-specific antigen levels in individual patients.
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The morbidity and false-negative results of conventional
prostate biopsy can be reduced with PSMA-receptor imaging
guidance using SPECT/CT and/or PET/CT [18-21].

For prostate carcinomas with a low and moderate risk
of recurrence (Gleason <7), no growth beyond the organ
capsule, and evidence of metastases, brachytherapy with
125 microsources is the least traumatic of all recommended
treatment options, demonstrating not only high effectivity but
also high quality of life [22].

Molecular imaging methods (SPECT and PET) combined
with cross-sectional imaging (CT and MRI) differentiates
between lesions of malignant prostate tumors with high
expression of PSMA receptors and benign structural
lesions. As a result, it is possible to perform a US-guided
targeted biopsy of positive lesions (considering molecular
imaging data) and accurately plan and provide CT-guided
brachytherapy.

The paper presents original clinical experience proving the
feasibility of precision biopsy and brachytherapy of localized
nonmetastatic prostate cancer (pT1-3NOMO) guided by PSMA-
receptor molecular imaging (SPECT/CT with #™Tc-HYNIC-
PSMA and PET/CT with Ga-PSMA-11). Topometric marking
and dosimetry planning of brachytherapy of tumor lesions
using 2| microsources was also based on the above hybrid
molecular imaging data. As a result, topometric imaging of
prostate carcinoma lesions enabled us to accurately plan and
perform brachytherapy while reducing radiation exposure to
healthy tissue and surrounding adjacent organs at risk, hence
improving the patient’s quality of life after treatment.

Due to the selective overexpression in prostate cancer
tumor cells, PSMA-receptor molecular imaging using positron
emission tomography (PET) has been used effectively in
clinical practice. If PET/CT with ®®Ga-PSMA-11, '8F-DCFPyL
(piflufolastat F-18), and '8F-PSMA-1007 is not achievable,
SPECT/CT with #™Tc-HYNIC-PSMA may be performed. There
are no significant differences in the specificity of PSMA-
receptor imaging using PET/CT and SPECT/CT, but the
sensitivity of PET/CT is significantly higher; therefore, this
method is recommended when results of PSMA-receptor
SPECT/CT are negative or questionable [23-25]. However,
a valuable advantage of SPECT/CT with *"™Tc-HYNIC-PSMA
is the ability to improve molecular imaging of tumor lesions
in the second phase (delayed, =15 h after RP administration)
[26].

At the current stage of personalized and precision
oncology development, molecular imaging (SPECT and PET),
particularly when combined with structural cross-sectional
pictures (CT and MRI), enables the detection of tumor lesions
based on receptor characteristics or intracellular metabolism.
This is especially true for increased precision of external
beam radiation therapy, which includes brachytherapy [27].

In our patients, the average implantation time was
reduced by one-third (34.8%), proportionally to decreased
implanted microsources. Approximately 15-20 min was
spent positioning the patient on the tomograph table
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after spinal anesthesia and installing and positioning the
stereotactic attachment to the CT scanner. The length of this
process is determined by the patient’'s weight and general
condition rather than the number of implanted sources. On
average, it takes about one and a half minutes to install
one needle, position it under CT control, remove styles,
load sources, and remove the needles with a control scan.
Decreased implantation time is also associated with greater
preparedness of the implantation plan due to more accurate
visualization of the affected area and its configuration.
Therefore, in most cases, there was a significant decrease
in the number of microsources, procedure time, personnel
radiation exposure, CT scanner occupancy, and rate of injury
and subsequent prostate gland swelling (six out of seven).
In another case, there were indications for increasing the
number of implanted microsources based on PET/CT data
using ®®Ga-PSMA-11, which was considered when planning
and performing the procedure.

Brachytherapy can provide high doses of radiation at
tumor sites (average: 160 Gray) and is associated with
minimal irradiation of surrounding healthy prostate tissue,
including the urethra. It does not irradiate adjacent organs at
risk (bladder and rectum).

When SPECT/CT with *™Tc-HYNIC-PSMA and PET/CT with
%8Ga-PSMA-11 were used in a clinical population of seven
patients with primary (n = 5) and recurrent (n = 2) prostate
carcinomas of low and moderate risk, a total number '2|
microsources implanted were less (by 36%; 404/282) than
the potential number of microsources implanted using
standard technique without PSMA-receptor hybrid molecular
imaging methods. Simultaneously, as previously reported,
molecular imaging reduced the number of sources in six
cases while increasing the number of microsources in one
case (multifocal tumor). We are not discussing the willingness
to “save” microsources; instead, we are talking about the
priority of precise diagnostic and treatment processes and
personalized increases in the effectiveness and safety of
treatment.

A positive biochemical response was achieved in all
clinical cases, with PSA levels decreasing to low values and
a tendency to decrease further.

ALGORITHM FOR PSMA-PRECISION
BRACHYTHERAPY FOR LOCALIZED
PROSTATE CANCER

In our cases, the use of hybrid molecular PSMA-receptor

imaging (SPECT/CT and PET/CT) methods enabled us to:

« personalize and increase the precision of diagnostic
(biopsy) and therapeutic (brachytherapy) procedures
in patients with prostate cancer;

« reduce time, increase accuracy, and reduce injury
rate associated with morphological verification of
the primary tumor: in three of seven cases, a biopsy
(previously unsuccessful and traumatic multifocal one)
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of the tumor was performed using SPECT/CT from the
site of accumulation of *""Tc-HYNIC-PSMA, and in all
three cases, the presence the tumor was confirmed by
histological examination;

« determine the stage of the tumor and exclude regional
and distant metastases;

» increase precision of dosimetry and topometric
location of "I microsources to reduce the risk of
radiation reactions and improve patient quality of life;

+ increase accuracy of microsource implantation due
to tumor-targeted planning of interstitial radiation
therapy of the tumor lesions with morphological
confirmation;

« distribute radioactive sources using a hybrid molecular
imaging guide (SPECT/CT, PET/CT, and PET/MRI) and
approve the dosimetry plan;

« reduce the waiting time by targeted biopsy of the tumor
lesion, considering PSMA-receptor hybrid scintigraphy
(SPECT/CT and PET/CT) data on its location; and

+ increase the number and topometric plan of placement
of '2| microsources during brachytherapy (in this
series of cases, the number of microsources was 36%
lower, and the procedure time was 34.8% less than
the standard treatment plan).

Based on the data given, an algorithm for PSMA-precision
brachytherapy for localized prostate cancer was developed
and used in the clinical practice of our clinic (Figure 10).

The strength of the study is the use of the original,
innovative technology of precision brachytherapy under
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molecular PSMA-receptor imaging guide using SPECT/CT
with #™Tc-HYNIC-PSMA. The half-life of *™Tc is 6 h, allowing
for delayed (next day) SPECT/CT of areas of interest and more
clearly visualize sites of accumulation of #™Tcwith virtually
no background half-lives of '8F and *®Ga are 110 and 68 min,
respectively)The limitations of our study are a small clinical
sample (seven patients), a short period of follow-up (up to
2 yr), and a lack of MRI disk revision (only conclusions were
analyzed, which in all cases were negative regarding tumor
lesion localization), as well as the inability to evaluate and
compare the diagnostic value of methods. All these aspects
should be considered while designing further studies.

We found no reports on the use of such technology in
the Russian or foreign literature; therefore, on January 25,
2023, invention patent No. 2788859, “Method of targeted
brachytherapy for prostate cancer under hybrid PSMA-
receptor scintigraphy guide” was obtained [28].

CONCLUSION

The study suggests that the precision of targeted biopsy
and low-dose brachytherapy with 'l microsources for
localized prostate carcinomas can be improved using hybrid
methods of PSMA-receptor molecular imaging (SPECT/CT
and PET/CT). The methods are complementary in terms of
diagnostic and therapeutic guides; however, SPECT/CT is
more accessible than PET/CT. The availability of cold kits
(HYNIC-PSMA) enables one to examine any radioisotope
diagnostic laboratory with appropriate equipment.

Possible algorithm for PSMA-precision brachytherapy
of prostate cancer using '°l microsources

Screening of blood PSA
Passive appealability for TRUS, MRI, and CT

Prostate cancer suspected |
1
PET/CT with ®®Ga-PSMA-11
SPECT/CT with **™Tc-HYNIC-PSMA
+ pelvic MRI
Y
Targeted biopsy under ultrasound/MRI guide,
considering PSMA-molecular imaging data on
its location
v
Histologic verification, Gleason score, tumor
staging (pTNM), risk group

v
High-risk group
pT3-4N0-1MO0-1 stage
\/

LDR brachytherapy is not indicated or performed
in combination with other treatments

Low/moderate risk group
Stage pT1-2NOMO

\/
Brachytherapy LDR
as a method of choice

Topometry and dosimetry
planning considering
SPECT/CTs **"Tc-HYNIC-PSNIA
or PET/CTS 8Ga-PSMA-11
or PET/CTS "’f-PSMA-W(ﬂ

PSMA-precision
brachytherapy LDR

Monitor blood PSA level every 3—6 months

v

When the PSA level increases >0.2 ng/mL
PET/CT with ®®Ga-PSMA-11
For early topical diagnosis of tumor recurrence

Fig. 10. Algorithm for selecting patients for low-dose brachytherapy, emphasizing increasing precision under PSMA-receptor molecular
imaging guide. ku, contrast enhancement; LDR, low-dose rate; PSMA, prostate-specific membrane antigen.
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The innovative technology of PSMA-precision biopsy
brachytherapy guided by hybrid molecular imaging can be
used for primary and recurrent localized prostate cancer,
improving accuracy, reducing invasiveness of procedures,
and increasing the medical and economic efficiency of low-
dose brachytherapy with 2| microsources.

Further research is required to develop the technology
and evaluate long-term treatment outcomes in a larger group
of patients.
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