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ABSTRACT
Introduction: The purpose of this study was to evaluate the apparent diffusion coefficient (ADC) values
of different grades of prostate cancer (PC) and determine whether the use of ADC values could predict
the tumor aggressiveness in PC.
Materials and methods: Fourtyseven patients (Gleason score (GS) > 6) who underwent prostate multi-
parametric MRI (1.5 Tesla) between January 2017 and December 2020 for the evaluation of suspicious
findings on clinical or laboratory evaluation were enrolled in this study. The specimens which were
obtained from systematic 12-core trans-rectal ultrasound (TRUS)-guided biopsy were used for
histopathologic diagnoses. The average ADC values within the tumors were calculated. Independent
sample t-test, one-way analysis of variance (ANOVA, Tukey’s post-hoc or Tamhane) and receiver
operating characteristics (ROC) curve analysis were used.
Results: The mean ADC value of high-risk patients which was 585.4+138.7x10% mm?/s, was
significantly lower than other subgroups (p=0.036). The mean ADC value in low-risk group
(798.1£236.5 x10° mm?/s) was significantly higher (p = 0.012) than others. No significant difference
in ADC values was found between low-risk vs intermediate-risk groups (p = 0.149) and intermediaterisk
vs high-risk groups (p = 0.419). No statistically significant difference in ADC values between GS 3+4
and GS 4+3 (p, 0.552) was found. ROC analysis revealed an optimal ADC cut-off of 595x10¢ mm?/s
for differentiating high-risk group from the other subgroups (sensitivity, 71%; specificity 67.6%, p,
0.038). For the determination of low-risk group, an ADC cut-off of 665x10° mm?/s (sensitivity, 80%;
specificity, 65.6%, p, 0.017) was found.
Discussion: While ADC values may differentiate the high-risk and low-risk tumors, the strength of
ADC in the prediction of intermediate-risk tumors was low. The ADC cut-off value of 665x10 mm?/s
showed the high sensitivity and moderate specificity for the detection of low-risk tumors.
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OZET

Giris: Bu calismanin amaci, farkli derecelerdeki prostat kanserinin (PK) goriiniir difiizyon katsayisi
(ADC) degerlerini degerlendirmek ve ADC degeri kullaniminin PK'deki tiimor agresifligini tahmin edip
edemeyecegini degerlendirmekti.

Gerec¢ ve yontemler: Ocak 2017 ile Aralik 2020 arasinda klinik veya laboratuvar bulgularina gore
stipheli olgularm degerlendirilmesi i¢in multi-paramterik prostat MRG (1.5 Tesla) ¢ekimi yapilan 47
hasta (Gleason skoru (GS)>6) calismaya dahil edildi. Histopatolojik tani igin trans-rektal ultrason
(TRUS) kilavuzlugunda 12 kor sistematik biyopsiden elde edilen 6rnekler kullanildi. Tiimoér i¢indeki
ortalama ADC degerleri hesaplandi. Bagimsiz 6rneklem t testi, tek yonlii varyans analizi (ANOVA,
Tukey's post-hoc veya Tamhane) ve “receiver operating characteristics” (ROC) egrisi analizi kullanildi.
Bulgular: Yiiksek riskli hastalarin ortalama ADC’si 585.4+138.7x10¢ mm?/s) lgiilmiis olup diger risk
alt gruplarina gére anlamli olarak daha disiiktii (p = 0.036). Diisiik risk grubundaki hastalarda ortalama
ADC degeri (798,1+236.5x10° mm?/s) diger gruplara gore anlamli olarak daha yiiksekti (p = 0,012).
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Diistik riskli ile orta riskli gruplar (p = 0.149) ve orta riskli ile yiiksek riskli gruplar (p = 0.419) arasinda
ADC degerlerinde anlamli bir fark bulunmadi. GS 3+4 ve GS 4+3 arasinda ADC degerlerinde
istatistiksel olarak anlamli bir fark bulunmad: (p, 0,552). ROC analiziyle, yiiksek risk grubunu diger alt
gruplardan ayirt etmek icin optimal ADC esik degeri 59510 mm?/s olarak hesapland: (duyarhlik,
%71; ozgiillik %67,6, p, 0,038). Diisiik risk grubunun belirlenmesi icin ADC esik degeri 665x10
mm?/s (duyarhlik, %80; 6zgiilliik, %65,6, p, 0,017) olarak bulundu.

Tartisma: ADC degerleri yiiksek riskli ve diistik riskli timorleri ayirt edebiliyorken, ADC'nin orta riskli
tiimorleri tahmin etme giicii diisiiktii. ADC esik degeri olan 665x10% mm?/s, diisiik riskli timorlerin
tespiti i¢in yiiksek duyarhlik ve orta diizeyde 6zgiillik gostermektedir.

Anahtar kelimeler: Diflizyon agirlikli gériintiileme, ADC degerleri, Gleason skoru, Prostat kanseri

Introduction

Prostate cancer (PC) is the most frequently
diagnosed disease among men. It is the second
most common cause of deaths due to
malignant tumors. In recent years, multi-
parametric magnetic resonance imaging
(mpMRI) has become a widely used technique
for the diagnosis of PC prior to biopsy.
European Society of Urogenital Radiology
(ESUR) has developed the Prostate Imaging
Reporting and Data Systems version 1 (PI-
RADS v1) to provide a global standardization
of diagnosis of PC in 2012 [1]. In PI-RADS
vl, lesions were scored 1 to 5 in each
individual pulse sequence. Hence, this
categorization caused lower agreement in the
diagnosis of PC among radiologists due to the
lack of assessment of final overall score.
Subsequently, PI-RADS version 2 (v2) was
published in 2015 to improve diagnostic
accuracy [2]. In PI-RADS v2, the dominant
sequence was determined for each zone which
was diffusion-weighted images (DWI) in
peripheral zone (PZ) and T2-weighted images
(T2WI) in transition zone (TZ) [1, 2]. The
most of the previous studies revealed some
limitations and moderate agreement among
radiologists in the diagnosis of PC [3]. To
enhance PI-RADS v2, PI-RADS version 2.1
(PI-RADSv2.1) has been developed in 2019
which is the current form of the PI-RADS [4].

The diffusion-weighted image (DWI) is a
non-invasive and relatively quick method
which analyzes the Brownian motion of water
molecules in tissues. DWI provides
quantitative information by using apparent
diffusion coefficient (ADC) maps which
represents the tumor cellularity. In the
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diagnosis of PC, DWI is the most indicative
sequence in the assessment of PI-RADS
categorization in particular for peripheral
zone lesions. Although, DWI is one of the
main sequence of mpMRI, the impact of DWI
in the diagnosis is based on direct visual
evaluation rather than quantitative methods
such as ADC measurement. In breast MRI,
ADC values have been used for the
differentiation of malignant tumors, deter-
mination of aggressiveness and treatment
response of breast cancer [5, 6]. Gleason score
(GS) is the most common used method for the
identification of tumor aggressiveness in PC
[7]. The determination of aggressiveness of
PC prior to surgery may provide the
establishment of the optimal treatment
management for patients. At this point, ADC
may  provide additional  quantitative
information about the tumor histopathological
nature. The aim of this study was to evaluate
the ADC values of PC and investigate whether
the use of ADC values could provide
information about the GS in PC.

Materials and method
Patient selection

Our retrospective study was approved by the
Institutional Review Board of ‘Dr.
Abdurrahman Yurtaslan Ankara Oncology
Training and Research Hospital’ (Decision
number and date: 2022-05/1866 and
25.05.2022). This study was conducted in
accordance with the ethical standards stated
by the 1964 declaration of Helsinki. 413
patients who underwent multi-parametric
prostate MRI (1.5 Tesla) between January
2017 and December 2020 for the evaluation of
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suspicious findings on clinical or laboratory
evaluation were enrolled in this study. Out of
413 patients, 366 were excluded due to the
absence of histopathological results in our
institution or having benign pathology. 47
patients with malignancy (GS > 6) were
finally included in this study. Due to the GS,
patients were classified in 3 groups which
were low-risk (GS= 3+3), intermediate-risk
(GS = 3+4, 4+3) and high-risk (4+4, 4+5, 5+4
and 5+5). Histopathologic diagnoses were all
proven by specimens which were obtained
from systematic 12-core transrectal ultra-
sound (TRUS)-guided biopsy. All specimens
were evaluated by the same experienced
pathologist.

MRI Protocol

All MRI examinations were performed using
1.5 T MRI (GE Optima 360, USA®) with 8
channel body/torso array coil. All patients
were examined in supine position. A routine
protocol was performed including T2WI,
DWI with ADC map, T2 fat-sat, TIWI and
dynamic contrast-enhanced (DCE) images
indicates the MRI acquisition parameters and
sequences in this study. The DCE images
were obtained after administration of 0.1
mmol/kg of gadoteric acid. DWI was
performed using b values of 50, 1000, 1400
s/mm?. The ADC maps were created
automatically. Calculations were made based
on mean ADC maps of the circular sampling
region of interest (ROI), with care taken to
perform measurements in solid areas rather
than necrotic/cystic areas and visual artifacts.
The area of ROIs ranged from 2 to 20 mm?due
to the range in size of PCs. We placed three
circular ROIs within the lesion after referring
to T2 weighted sequence for verification of
the lesion boundaries on the ADC map. We
calculated the average of the ADC values for
all three ROIs within the tumor. All MRI
studies were examined by the same
experienced radiologist.

Statistical Analysis

Statistical analyses were performed using the
SPSS (IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp). The
Kolmogorov-Smirnov test was used to
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analyze the normal distribution of data.
Continuous variables were presented as mean
+ standard deviation. The ADC values,
prostate specific antigen (PSA) levels and age
were compared according to the GS (low-
grade, intermediate grade and high-grade)
using the Independent sample t-test and one-
way analysis of variance (ANOVA, Tukey’s
post-hoc or Tamhane). We used a receiver
operating  characteristics (ROC) curve
analysis with corresponding 95% ClIs was
used to estimate area under curve (AUC)
values to evaluate the association between
ADC values and 3 different risk subgroups.
The “p” value less than 0.05 was considered
to show a significant difference.

Results

The mean age of patients was 48.3=11.3
years. The mean age in low-risk, intermediate-
risk and high-risk groups were 65.1, 65.5 and
68.2 years, respectively. There was no
statistically significant difference between the
three groups regarding the mean age
(p=0.582).

The mean PSA values were 6.7+3 ng/ml,
15.6£19.6 ng/ml and 27.5+29.6 ng/ml for
low-risk, intermediate-risk and high-risk
groups, respectively. However, the difference
between groups was not statistically
significant (p>0.05).

The GSs of specimens were 6 (3+3) in 15
(31.9%), 7 (3+4) in 10 (21.2%), 7 (4+3) in 10
(21.2%), 8 (4+4) in 7 (14.8%) and 9 (4+5) in
5 (10.6%) patients, respectively. The 15
(31.9%), 20 (42.5%) and 12 (25.5%) patients
had low-risk, intermediate-risk and high-risk
tumor, respectively.

The mean, minimum and maximum ADC
values due to the GSs of patients were
demonstrated in Table 1. The ADC values
according to the risk classification of patients
were shown in Table 2 and Figure 1. The
mean ADC value of high-risk patients which
was  585.4+138.7x10°  mm?s,  was
significantly lower than intermediate- and
high-risk groups (p=0.036). Representative
mpMRI of a 76-year old patient with prostate
cancer was demonstrated in figure 2. In this
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Table 1. The ADC values of patients due to the Gleason scores of patients

Gleason score N ADC minimum ADC maximum ADC Mean+SD
(% 106 m?/s) (x 10 mm?/s) (% 106 mm?/s)
3+3 (Low-risk) 15 335 1121 798.1+236.5
3+4 (Intermediate-risk) 10 338 937 707.8+187.9
4+3 (Intermediate-risk) 10 429 967 640.1£171.9
4+4 (High-risk) 7 345 859 573.8£177.4
4+5 (High-risk) 5 526 693 601.6+£71.7

*ADC, apparent diffusion coefficient; SD, standard deviation

Table 2. The ADC values of patients due to the risk groups

N ADC minimum ADC maximum ADC MeantSD
(x 106 m¥/s) (x 106 mm2/s) (% 106 mm2/s)
Low-risk 15 335 1121 798.1+236.5
Intermediate-risk 20 338 967 673.9+178.7
High-risk 12 345 859 585.4+138.7
*ADC, apparent diffusion coefficient; SD, standard deviation
Table 3. One-way ANOVA results between three risk groups.
ADC values (MeanzSD) P value
(x 106 m2/s)
Low-risk vs Intermediate-risk 798.1+236.5 vs 673.9+178.7 0.149
Intermediate-risk vs High-risk 673.9+178.7 vs 585.4+138.7 0.419
Low-risk vs High-risk 798.1+236.5 vs 585.4+138.7 0.017

*ADC, apparent diffusion coefficient; SD, standard deviation

MRI figure, the lesion in the left apex of the
peripheral zone showed hypointens signal on
T2 image and diffusion restriction on DWI
(The mean ADC value of 408x10° mm?/s was
calculated). The highest mean ADC was
observed in the low-risk group which was
significantly higher than the other subgroups
(Table 2, Table 3). One-way ANOVA showed
no significant difference between low-risk
versus (vs) intermediate-risk groups and
intermediate-risk vs high-risk groups (Table
3). The mean ADC of high-risk group was
significantly lower than low-risk group (Table
2, Table 3). We found higher ADC values in
GS 3+4 tumors (ADC, 707.8+187.9x10°
mm?/s) than GS 4+3 (ADC, 640.1£171.9x10
mm?/s), however, this difference was not
statistically significant (p, 0.552).
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ROC analysis revealed an ADC cut-off of
595x10 mm?/s for differentiating high-risk
group from the other subgroups with having a
sensitivity of 71% and a specificity of 67.6%
(AUC, 0.702; p, 0.038, Figure 3). ROC
analysis also showed an ADC cut-off of 665 x
10"° mm?/s with having a sensitivity of 80%, a
specificity of 65.6% for the determination of
low-risk group (AUC, 0.719; p, 0.017, Figure
3).

Discussion

In PC, mpMRI has been widely used imaging
modality in recent years. The DWI sequence
is one of the major components of mpMRI
especially in peripheral zone lesions.
Although the direct visual evaluation of DWI
is generally sufficient in the assessment of PI-
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Figure 1. Boxplot showed ADC values in low-risk, intermediate-risk and high-risk groups.

Figure 2. 76-year-old man, A: axial T2, B: axial diffusion weighted imaging, C: axial ADC (apparent
diffusion coefficient) map. The lesion in the left apex of the peripheral zone was hyperintense on DWI,
hypointense on ADC and T2 images. The mean ADC value of 408 x 10-6 mm2/s was calculated. The

histopathologic result was consistent with prostatic cancer.
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Figure 3. Relative operating characteristic curves (ROC). A. ROC curve in which high-risk group were
compared with low- and intermediate-risk groups (AUC, 0.702; p, 0.038). B. ROC curve in which low-
risk groups was compared with high- and intermediate-risk groups (AUC, 0.719; p, 0.017).
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RADS categorization for the decision of
biopsy, the quantitative method such as ADC
measurement may improve the diagnostic
potential of MRI in both differentiation of
malignancy and determination of aggressi-
veness. As mentioned in literature, the
diffusion restriction occurs when cellularity
increases in tissues. Some studies showed an
inverse relationship between ADC values and
GS in PC [8, 9]. Those studies revealed that
the dedifferentiation of the tumor with loss of
glandular structures and higher cellularity
may be a reason of lower ADC in PC [8, 9].
However, the use of ADC is still controversial
issue in the determination of aggressiveness.
Additionally, a recent meta-analysis revealed
a moderate correlation between ADC and GS,
in particular with peripheral zone lesions [9].

In our study, the lower mean ADC values
(585.4x10° mm?/s) were found in high risk
patients. And also, in low-risk group, the ADC
values (798.1x10° mm?/s) were higher than
other subgroups. Previous studies showed
higher ADC values (ranged from 750-1300 x
10® mm?/s) for low-risk tumor than high-risk
tumor with having ADC values between 485
x10°® mm?%/s and 940x10° mm?/s which were
similar to our study [7, 8, 10, 11]. Although,
ADC values were significantly different in
high- and low-risk groups, the difference of
ADC in intermediate group from other
subgroups was not statistically significant in
this study. In the intermediate-risk group (GS,
7), GS 4+3 has showed more aggressive
pattern and higher mortality as compared to
GS 3+4 following radical prostatectomy (12).
Alessandrino et al. demonstrated that ADC
metrics including tumor ADC and
tumor/normal tissue ADC can predict the
differentiation between GS of 3+4 and 4+3,
with acceptable accuracy and low sensitivity
rates [12]. Even though, the higher ADC
values were found in GS 3+4 than GS 4+3, the
difference was not statistically significant in
our study.
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The quantitative potential of ADC may help
urologists to classify patients due to the tumor
grading for the management of treatment. At
this point, ADC cut-off values come into
prominence to determine the aggressiveness.
However, variable cut-off values with
different accuracy results make confusion in
the practical use of ADC in PC. The ADC cut-
off value in the discrimination of low-risk
tumors ranged from 820x10° mm?/s to 960 x
10 mm?/s in the most of the previous studies
[7, 13, 14]. While, Woo et al. revealed the
ADC cut-off value of 960x10° mm?/s with
the sensitivity of 77 % and specificity of 76 %,
Pepe et al. showed the ADC cut-off value of
747x10° mm?/s with the sensitivity of 93%
and specificity of 61% for differentiating low
grade tumor [7, 11]. In our study, the ADC
cut-off value of 665x10° mm?/s showed the
high sensitivity (80%) and moderate
specificity (65%) with AUC of 0.719 for the
detection of low-risk tumors. When
differentiating high-risk tumors from other
subgroups including low- and intermediate-
risk groups, an optimal ADC cut-off value of
595x10° mm?/s was found with having a
sensitivity of 71% and a specificity of 67% in
this study. The ADC cut-off values of 665 x
10 mm?/s showed a better accuracy result in
differentiating of low-risk tumor than the
ADC cut-off values of 595x10°® mm?/s which
was calculated for the differentiation of high-
risk tumors in our study. The variable results
of ADC cut-off values between literature and
our study may be due to the technical factors,
selected study population and variable sample
size. Although, quantitative potential of ADC
increases the attention of DWI in PC, the
variable cut-off values limit its usage in the
determination of aggressiveness of PV prior to
surgery.

Our study had some limitations. The study
design was retrospective. The study sample
size was small. The pathological results were
obtained from TRUS-guided systematic

Copyright©Ankara Hematoloji Onkoloji Dernegi



prostate biopsy whereas the use of GS
following radical prostatectomy may increase
the accuracy of results.

Conclusion

The ADC values may differentiate the high-
risk and low-risk tumors prior to radical
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