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Background: In spite of significant advances in diagnosis of prostate cancer (PCa), the detection and differential diagnosis of metastatic lymph
node involvement remains an important clinical dilemma in a large number of cases. Contrast-enhanced abdominal computed tomography
and magnetic resonance imaging (MRI), in part when using T1-weighed images (T1-WI and T2-WI), allow evaluating indirectly the presence
of invasion in regional lymph nodes by assessing their diameter and morphology. Nonetheless, these techniques do not appear to be sufficiently
sensitive for direct identification of lymph nodes with metastatic lesions. 4im: To study the significance of the apparent diffusion coefficient
(ADC) of diffusion-weighted MRI in detection of metastatic lymph node involvement in PCa patients. Materials and Methods: The study
involved 35 patients with histologically verified PCa. Based on multiparametric prostatic MRI findings and pathomorphological reports,
we have performed ADC measurements for pelvic lymph nodes either with (n = 15, mean size 1.78 * 0.59 cm) or without metastases (n=20,
mean size: 0.94 £ 0.06 cm) in PCa patients who underwent radical prostatectomy with lymph node dissection. Results: No significant diffe-
rences were observed when comparing mean sizes of N+ and N— pelvic lymph nodes. At the same time, when comparing mean ADC values
for N+ and N— pelvic lymph nodes, we observed a statistically significant difference: 0.74 £ 0.09 - 103 mm?/s in metastatic lymph node
s 1.05 £ 0.23 - 10-* mm?/s in lymph nodes without metastatic involvement (p < 0.001). Conclusion: The use of ADC for diffusion-weighted
MRI may provide valuable information for detection of metastatic lymph node involvement in patients with PCa.
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Prostate cancer (PCa) is the second most frequent
malignancy in males. On average, approximately
1.1 million PCa cases are diagnosed globally every
year, which constitutes 15% of all newly detected can-
cers [1]. In addition to that, PCa is the second most
frequent cause of cancer-related death in males world-
wide [2]. The incidence of PCa in European men aged
30-74 yearsincreases by approximately 10-20% every
5years[3]. Inthe recent years, the incidence of PCaand
the PCa-related mortality in Ukraine has been growing
in a steady and catastrophic fashion by +127.4% and
+74.3% respectively during the last decade, according
to the National Cancer Registry. While the peak of inci-
denceis observed in 65-year-old patients, a substantial
fraction of PCa cases has been documented in men
of productive age, i.e. 45 to 60 years. 44.7% of all PCa
cases detected in Ukraine in 2019 were at the late (1V)
stage of the disease, when radical surgical treatment
is nolonger effective. Inthe meantime, almost everyfifth
patient has not survived 1 year after diagnosis [4-7].
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Successful PCa treatment largely depends
on the accurate diagnosis of the disease. With clinical
implementation of a watchful waiting tactics in selected
patients with very low and low PCa risk (ISPU 1, GS 6),
the precise stratification based on the preoperative
assessmentis extremely important to avoid excessive
treatment [8-13]. However, detection of PCa is still
a serious and unresolved clinical problem [14-16].

The detection and differential diagnosis of meta-
static lymph node involvement remains a critical
clinical issue in many cases, despite significant im-
provements in the PCa diagnosis. Contrast-enhanced
abdominal computed tomography (CT) and magnetic
resonance imaging (MRI) using T1-weighed images
(T1-Wland T2-WI) allow evaluating indirectly the pres-
ence of invasion in regional lymph nodes by assessing
their size and morphology. However, these methods
do not seem to be sensitive enough to identify directly
lymph nodes with metastatic lesions.

Since neither CT nor MRI appear to be sufficiently
sensitive for direct identification of positive (i.e. those
with metastatic lesions) lymph nodes, a number of ap-
proaches to solve this problem have been put forward.
The aim of our study was to examine the appropri-
ateness of the apparent diffusion coefficient (ADC)
of diffusion-weighted imaging (DWI) MRI in detection
of metastatic lymph node involvement in PCa patients.
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MATERIALS AND METHODS

The study involved 35 patients with histologi-
cally verified PCa. The mean age was 65.3 £6.3 years.
The mean PSA level was 11.24 = 5.35 ng/ml. Based
on multiparametric prostatic MRI (mpMRI) findings
and pathomorphological reports, we have performed
ADC measurements for pelvic lymph nodes both
with (n = 15, size from 1.53 to 2.85 cm, mean size
1.78 +£0.59 cm) and without tumor metastases (n = 20,
size from 0.78 to 1.0 cm, mean size: 0.94 = 0.06 cm)
in patients who underwent radical prostatectomy with
lymph node dissection for PCa.

In all cases, pelvic MRl was performed prior
to surgical treatment. mpMRI was performed using
the Signa DFxt 1.5T scanner (General Electric, USA)
and an eight-channel coil in Euroclinic medical cen-
ters located in the cities of Lviv, lvano-Frankivsk and
Uzhgorod. Patients abstained from food for 5 h before
the test. The night before the test, a small enema
(Microlax or similar) was used in all cases. mpMRI
was performed using the protocol recommended
by the American College of Radiology and PI-RADS
clinical guidelines (version 2.1), which included the se-
quences with the following scan parameters:

Main sequences

1) Axial T2-weighted fast relaxation fast spin echo
(FRFSE), repeat time (TR) = 5340 ms, echo time (TE)
=108 ms, flip angle = 90°, field of view (FOV) =48 cm
x 48 cm, matrix =200 x 192;

2) Coronal T2-weighed FRFSE, TR=5340 ms, TE=
103 ms, flip angle = 90°, FOV = 48 cm x 48 cm, matrix
=200 x 192;

3) Sagittal T2-weighed FRFSE, TR=5340 ms, TE=
103 ms, flip angle = 90°, FOV =48 cm x 48 cm, matrix
=200 x 192;

4) Axial DWI, TR = 6000 ms, TE = 80 ms, FOV =
48 cm X 48 cm; matrix = 200 x 192; NEX = 3; band-
width = 250 kHz; diffusion direction = slice; slice
thickness = 3.0 mm; slice gap = 0.3 mm with b-values
=0 and 1000 s/mm?; DWIs were obtained prior to ad-
ministration of contrast dyes;

5) Axial T1-WI 3D fat-saturated spoiled gradient
echo, liver acquisition with volume acquisition (LAVA)
with inhibition of fat-derived signal, TR = 4.4 ms, TE =
2.1 ms, flip angle = 15°, FOV = 48 cm X 48 cm, matrix =
320 % 192, temporal resolution < 15 s, before and during
administration of gadoteric acid at the dose of 0.1 mmol/
kg of body weight as bolus injections. In order to reduce
the artifacts due to intestinal motility, the patients were
given hyoscine butylbromide 20 mg IV immediately be-
fore the start of the MRI scan. However, the diagnostic
team refrained from administering the drug in patients
with a history of glaucoma, acute urinary retention,
tachycardia, tachyarrhythmia, heart failure and other
manifestations of cardiovascular disease.

Additional sequences

1) Axial T1-weighed Fast spin echo, TR = 640 ms,
TE=7.3ms, FOV=48cm x 48 cm, matrix=200 x 192;

2) Coronal Short-Tl Inversion Recovery with inhibi-
tion of fat-derived signal, TR = 4500 ms, TE = 61 ms,
FOV =48 cm x 48 cm, matrix = 200 x 192.

The mean duration of an MRI scan was 35 min.

Based on the results of performing DWI sequence,
a qualitative data assessment was performed, detect-
ing the areas of diffusion restriction (that is, of limited
diffusion), which were represented by foci of hyper-
intensive MRI signal and were typical for abnormal
tumorous lesions, and measuring their sizes. After that,
using the maps automatically generated on the work-
station based on DWI, we calculated the quantitative
parameter, i.e. ADC, which was used as a measure
of diffusion of healthy and abnormal tissues.

Statistical analysis was performed using the meth-
ods of descriptive statistics (arithmetic mean, standard
error of arithmetic mean and confidence intervals).
The test for statistical significance of the difference
between the means in several groups was performed
using a one-way analysis of variance using the ANOVA
procedure. The relationships between the parameters
were determined using the method for calculation
of the Pearson’s correlation coefficient. ROC-anal-
ysis was used to assess the diagnostic significance
of the obtained model and to select the optimal cut-off
threshold; the sensitivity and specificity were calcu-
lated at a certain threshold value. The critical level (p)
for the significance of the null hypothesis was taken
as < 0.05. Microsoft Excel 2016 and IBM SPSS Statistics
22 software packages were used for statistical analysis
of the data obtained during the study.

RESULTS

In order to determine ADC, aregion of interest (ROI)
was established on the ADC map above the required
area (prostatic neoplasm, lymph node or normal tis-
sue) with the lowest ADC value identified as the zone
with the largest hypo-intensity of MR signal. Taking
into consideration that DWIs are morpho-functionalim-
ages with limited morphological information, in order
to improve the accuracy of anatomical comparisons
of suspicious areas, we additionally performed mutual
overlap of axial T2-WIs and DWIs using RadiAnt DICOM
Viewer 2020.2.3 software package, obtaining a color
map, where color intensities corresponded to the de-
grees of diffusion restriction, allowing for accurate
spotting of the abnormal lesions detected on DWIs.

To obtain the precise ROI position above the area
of the lymph node analyzed on ADC maps, we cop-
ied the ROI from the respective slice of axial T1-Wls
or T2-WiIs, which have served as a precise anatomical
landmark. In addition to that, to ensure more precise
identification of lymph nodes, we proposed a DWI-
based method of pelvic lymph node mapping using
a maximum intensity projection algorithm, which
facilitated spatial identification of lymph nodes and
preoperative preparation (Fig. 1).

No significant differences were observed when
comparing mean sizes of N+ and N- pelvic lymph
nodes (p > 0.05). At the same time, when comparing
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mean ADC values for N+ and N- pelvic lymph nodes,
we did observe a statistically significant difference:
in metastatic lymph node involvement, this value was
0.74 +0.09 x 10-* mm?/s, while in lymph nodes without
metastatic involvement this value was 1.05 £ 0.23 -
103 mm?/s (p < 0.001). Such findings reflect diffusion
restriction of hydrogen molecules in N+ lymph nodes
due to the increased cellular density in their tissues,
whichis the case inthe development of malignant tumors
(Fig. 2). The ROC-analysis using the ADC of DWI MRI for
differentiation of N+ and N- pelvic lymph nodes in PCa
has shown that in a threshold cut-off value of 0.87 -
1073 mm?/s, the sensitivity and specificity were 87% and
75%, respectively, with a high accuracy of the method,
area under the curve = 0.933; 95% confidence interval
(Cl)=0.852-1.0; p < 0.001 (Fig. 3).

DISCUSSION

In spite of the significant advances in PCa diagno-
sis, detection of metastatic lymph node involvement
in most cases remains an important clinical dilemma.
Even though contrast-enhanced abdominal CT and MRI
allows for indirect evaluation of the lymph nodes with
metastatic involvement judging by their size and ap-
pearance, the sizes of non-metastatic lymph nodes are
highly variable and may overlap with the sizes of nodes
with secondary involvement. As a rule, the nodes with
the short-axis length of > 8 mm in the pelvic area and
> 10 mm in the extrapelvic area are considered meta-
statically involved. Reducing these thresholds improves
sensitivity, but reduces specificity. Moreover, non-
metastatic nodes may become enlarged due to reactive
hyperplasia. As aresult, the ideal size threshold remains
ambiguous [17]. As reported by Zarzour et al. [18],
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Fig. 2. Box plot and median ADC for N+ and N- pelvic lymph
nodes in PCa

CT has demonstrated low sensitivity (42%) and speci-
ficity of 82% in detection of metastatic lymph nodes;
when MRIwas used, these indices were equivalent, with
sensitivity of only 39% and specificity of 82%. In a mul-
ticenter database, which included 1091 patients, who
have had a pelvic lymph node dissection during a radical
prostatectomy, the sensitivity and specificity of CT was
8.8 and 98%, respectively [19], which is suboptimal
within the context of accurate diagnosis of metastatic
lymph node involvement.

Since neither CT nor MRI appear to be sufficiently
sensitive for direct identification of the lymph nodes
with metastatic lesions, a number of scientists have
proposed nomograms that conjoin clinical and biopsy
data (for instance, the nomograms developed by Me-
morial Sloan Kettering Cancer Center, Briganti and

Fig. 1. Prostatic mpMRI of patient S., 65 y.o., with a histologically verified PCa, ISUP 5. Along the left external iliac vessels, there
is a group of lymph nodes with diffusion restriction, deposition of contrast dye and sizes 3.7 X 1.9 cm, 1.4 x 0.9 cm, that very likely
suggests metastatic involvement (see arrows). Along the right external iliac vessels, there is a group of lymph nodes with diffusion
restriction; deposition of dye and 2.0 x 0.6 cm in the largest dimension, without convincing signs of their secondary involvement
(see arrows): A — axial T2-WI; B — axial DWI; C — ADC map, lymph nodes of the left iliac area demonstrate ADC values of 0.71 -
10* mm?/s and 0.79 - 10-® mm?/s, the lymph node of the right iliac area has an ADC value of 0.94 x 10-* mm?/s; D — fusion of axial
T2-WI and DWI; E — fusion of axial T1-WI LAVA and dynamic contrast enchancement post-processing map using the positive en-
hancement integral algorithm; F — axial T1-WI; G — DWI-based pelvic lymph node mapping using the MIP algorithm in axial and
coronal projections with designations of the right and the left external iliac areas (black trapezoids)
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Fig. 3. ROC-curve of ADC in differentiation between N+ and
N- pelvic lymph nodes in PCa

Gandaglia), which could be used to identify the patients,
who are at higher risk of node invasion and who should
be viewed as candidates for lymph node dissection [20—
23]. Atthe same time, the aforementioned instruments
are only able to predict the risk of metastatic lymph node
invasion in PCa indirectly, showing the accuracies that
are far from 100%. Thus, during an external validation
of the Briganti nomogram, the area under ROC curves
was 79% given the presence of calibration errors [23].

Hybrid modalities, such as positron emission to-
mography (PET)-CT or PET-MRI may provide valuable
information concerning the presence of metastatic
involvement of regional lymph nodes and remote meta-
static lesions in PCa [24-27]. At the same time, due
to limited resolution of PET imaging, this method has
low sensitivity in detection of metastatic lymph nodes
with the size upto 5 mm [28]. Ina study byWu et al. [29],
the sensitivity and the specificity of PET-CT with 68 Ga-
PSMA in detection of secondary lymph node involve-
ment in PCa were 65% (95% CI: 49-79%) and 94%
(95% CI: 88-97%), respectively; while with MRI these
parameters were 41% (95% CI: 26—-57%) and 92% (95%
Cl: 86-95%), respectively. However, PET-CT entails
exposing the patient to a substantial amount of radia-
tion due to combined effects of X- and y-rays, which
may trigger the development of radiation-induced
cancer [30-32]. Thus, Schumann et al. [33] observed
DNA damage in circulating white blood cells in pa-
tients with PCa, who have had a PET-CT assessment
with 68 Ga-PSMA. As reported in a large-scale study
by Mathews et al. [34] (assessing 10.9 million people),
performing only one CT test with an average effective
radiation dose of 4.5 mSv increased the risk for devel-
opment of radiation-induced cancer in various organs
by 24% compared to the individuals who have never
had this test, while the average effective dose when
performing PET-CT with 68 Ga-PSMA is 3.54 mSv per
patient [35]. Additional limitations for use of PET-CT in-
clude the lack of possibility to perform scanning with this

radiopharmaceutical in Ukraine at the time of writing,
as well as the low availability of the required equipment
in healthcare institutions across the country. A partial
solution within the context of balanced diagnostic cost/
patient radiation exposure could be provided by hybrid
PET-MRI systems [36]; however, such diagnostic sys-
tems are currently still unavailable in our country.

Earlier, we have demonstrated a prominent role
of MRI and its DWI sequence as a predictive marker
of urologic cancers, in particular in renal cell carci-
noma [37-39]. There is growing evidence that MRI
may play an important role in detection of metastati-
cally involved lymph nodes in patients with PCa. Kiss
et al. [17] used a multimodal lymph node mapping
by means of single-photon emission CT and intraoper-
ative gamma probe following injection of a radioactive
isotope (**™Tc nanocolloid) via a flexible cystoscope
for detection of metastatic lymph nodes in PCa. They
demonstrated that lymphoscintigraphy and the senti-
nel lymph node concept has limited value for the de-
tection of regional metastases in PCa. In contrast,
DWI-MRI allowed for a detection of small lymph node
metastases with sensitivity and specificity ranging from
64to 79% and 79 to 85%, respectively [17]. According
to Zarzour et al. [18], application of MRI for detection
of malignant lymph nodes with short axis diameter
of 5-10 mm in patients with PCa demonstrated a sen-
sitivity of 28.5% for MRl alone and 96.4% for MRl plus
ferumoxtran-10. In a study by Draulans et al. [22],
the model based on multiparametric MRl and detailed
biopsy information allowed achieving the predictive
accuracy for lymph node invasion of 79.7% after five-
fold internal cross validation and 72.5% after external
validation. In our study, using the ADC of DWI MRI for
differentiation of metastatically involved pelvic lymph
nodes in PCa has shown the sensitivity and specific-
ity of 87 and 75%, respectively, with a high accuracy,
which corresponds to up to date scientific data.

To sum up, the use of ADC for DWI MRI may provide
valuable information for detection of metastatic lymph
node involvement in PCa patients.
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Y BUABJIEHHI METACTATU4YHOIO
YPAXKEHHS JTIM®OBY3J11B Y XBOPUX HA PAK
NEPEAMIXYPOBOI 3AJI03U
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CraHn nutaHHsa: Pak nepenmixypoBoi 3anosu (PMN3) e gpy-
rMM 32 4aCTOTOO 3/I0SKICHMM HOBOYTBOPEHHSM Y YOJOBIKIB.
HesBaxalouyn Ha 3HaYHi JOCArHeHHs B aiarHocTuui PM3, Bu-
ABJIEHHA Ta NpoBeAeHHS andepeHLIiHOl AiarHOCTUKM MeTa-
CTaTUYHOIO YypaxeHHsa NimdaTuyHMX BY3NiB 3aNNLLAETbCSH
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BaXJINBOIO KSiHIYHOO AMNEMOI0 Y BENUKIN KiNbKOCTIi BUNAAKIB.
Komn’toTepHa Tomorpadis Ta MarHiTHO-pe30HaHCHa TOMO-
rpadis (MPT) yepeBHOiI MOPOXHUHN 3 KOHTPACTHUM Miacu-
JIEHHSIM, 30KpEMa 3 BUKOPUCTaHHSM 300paxeHb, 3BaXEHNX
T1(T1-WIi T2-WI), LO3BONSAOTb HENPSAMO OLLIHUTU HASIBHICTb
iHBa3ii B perioHapHi nimdaTnyHi By3nm LWASXOM OLLHKM ix gia-
MeTpy Ta mopdornorii. Mera: BuB4MTN ponb BUMIPIOBAHOIO
KoediuieHTa andysii onpysHo-3saxeHoi MPT y BUSBNEHHI
MeTacTaTUYHOIr0 ypaxXeHHs NimdaTnyHMX BY3MiB y MNaLi€eH-
TiB 3 PM3. Martepiann ta mertogmn: Y OOCNIOXEHHI B3snun
yyacTb 35 nauieHTiB 3 rictonorivyHo BepudikoBaHum Pr13.
CepepHin Bik xBopux ctaHoBuB 65,3 + 6,3 poky. CepenHin
piBeHb npocTaT-cneundiyHoro aHtureHa — 11,24 £ 5,35 Hr/
M. Ha ocHOBI pedynbTartiB MmynbTunapameTpuyHoi MPT Ta
naToMopdONOriYHNX AOCAIAXKEHb MU BU3HAYUAM BUMIPIO-
BaHUN KoediuieHT andysii Ang Ta3oBux niMpaTU4HNX BY3-
niB Ak 3 (n = 15, poamip 1,53-2,85 cm, cepenHiii po3mip
1,78 £ 0,59 cm), Tak i 6e3 meTacTasis nyxamHu (n = 20, po3-
mip 0,78-1,0 cm, cepepHin poamip 0,94 + 0,06 cm) y naui-
€HTIB, 9Ki NnepeHecnn paankanbHy NPOCTaTEKTOMIIO 3 NiMdpO-
aucekuielo 3 npusody Pl3. Pe3ynbtatu: pn NOPiBHAHHI
cepegHix po3mipis N+ i N- TazoBux nimdatnyHux By3nis go-
CTOBIpHUX BiAMiHHOCTeN He BusiBneHo (p > 0,05). BogHouac,
NMOPIBHIOKYM CepeaHi 3HA4YEHHS BUMIpPIOBaAHOro koediuieHTa
ondysii gna N+ i N- TazoBux nim@paTtnyHux By3nis, Mun cro-
cTepiranu cTaTMCTUYHO 3HAYYLLY Pi3HULLIO: MPU MeTacTaTuy-
HOMY YpaxeHHi NimpaTnyHnX BY3iB LLe 3HAYEHHSI CTAHOBU-
no 0,74 = 0,09 - 10 mm?/c, Toai Sk y niMdaTUYHNX By3nax
6e3 MeTacTaTU4HOr0 YPaXeHHs Le 3HAYeHHs CTaHOBWIIO
1,05 £ 0,23 - 10°* mm?/c (p < 0,001). BucHoBoOKk: Bukopuc-
TaHHA BMMIpIOBaHOro koediuieHTa andysii ana andysHo-
3BaxeHoi MPT moxe Hapatwu UiHHY iHdopMauilo Ans BuU-
ABMIEHHA METACTaTUYHOro ypaxeHHs niMdaTuyHuX By3NiB
y nauieHTis 3 PM3. HeobxigHi noganbLui gocnigxkeHHs 3 6inb-
LLUOIO KiNbKIiCTIO NaLEHTIB.

Knioyosi cnoBa: pak nepeaMixypoBoi 3a51031, MeTactatuyHe
ypaxeHHs nimdaTnyHUx By3NiB, paHHE BUSIBIEHHS, MArHiTHO-
pes3oHaHcHa ToMmorpadis, BUMiptoBaHUn KoedilieHT andyasii.



