NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N

=




=X

Y7
12

SN NN N NN NN NN AN N NN/

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

i el
@ ASUNET

4 '

5
*

* &

U

by edead]
he S

Ll

ds2
ol
.

€
MONA MAGHRABY

BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

oA DEAD DA ADEEADEDEAE AN EADE=

PR AR A A A A A A A A



BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

PORICE

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

A Balal) ¢ alial) 4l
b 9 i 38 daadall ol BY) ol o

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

il §
9
4y

»

okl e
o

<

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

PR AR A A A A A A A A

=




Role of DWI/ADC in the Assessment
of Prostate Cancer Aggressiveness
and its Correlation to Gleason Score

Thesis

Submitted for Partial Fulfillment of
Master Degree in Radiology

Presented by

Rewan Ahmed Mohamed Hassan
M.B.B.CH. - Ain Shams University

Supervised by
Assistant Prof. Yasser Ibrahim Abd El Khalek

Assistant Professor of Radiodiagnosis
Faculty of Medicine, Ain Shams University

Dr. Mohamed Yosry Mohamed
Lecturer of Radiodiagnosis
Faculty of Medicine, Ain Shams University

Faculty of Medicine
Ain Shams University
2021






4 )

Acknowledgments

First and foremost, I feel always indebted to
Allah the Most Beneficent and Merciful.

I wish to express my deepest thanks, gratitude and
appreciation to Assistant Prof. Yasser Ibrahim Abd El
Khalek, Assistant Professor of Radiodiagnosis, Faculty of

Medicine, Ain Shams University, for his meticulous

supervision, kind guidance, valuable instructions and

generous help.

Special thanks are due to Dr. Mohamed Yosry
Mohamed, Lecturer of Radiodiagnosis, Faculty of

Medicine, Ain Shams University, for his sincere efforts,

fruitful encouragement.

I would like to express my hearty thanks to all my
family for their support till this work was completed.

Rewan Ahmed Mohamed Hassan

\




List of Contents

Title Page No.
LIST Of TADIES ...cuieeeceeereereesetseeeeeeres et esses st i
LIST Of FIGUTES ..ooeeeecrcececeeree et sesssessessesse s sses s ssssssesessees ii
LiSt Of ADDIeVIAtIONS. ....ueureereereeeeeeeereesessetseesseenssesses s sse e ssessessesns iv
5 9T0 oo X6 10 (ot (o) o FPE TSP 1
AIM Of the WOTK.... e 4
Review of Literature
= Anatomy Of the ProState ......nsssisesssssssssssssssssessssssenns 5
= Pathology of Prostate CancCer.......eenenesnesseeseeseesessessessessssseesees 23
Patients and Methods......nneeeseissss s sssesssssssesanes 59
RESUILS .ottt 61
[ITUSETAtIVE CASES w.eueueuerrereereeseeseesressessessesseessessessssssssesssessessessssssssssssessessessssssssssanes 72
DL oL B E1 (0] o TP 83
STUAY LimMitationS ..escescrseesesessssssssssesssssssssessssssssssssessesssssssesssssessssssssssssssssssnes 92
Summary and CONCIUSION ... 94
REFEIEICES ...ttt s s 95

Arabic Summary



List of Tables

Table No. Title Page No.

Table 1:  Represents the “make up of the normal prostate
Bland" ... ————— 9
Table 2:  Summarizing the histologic composition and
embryologic origins of the various zones of the
prostate gland........r 11
Table 3: The new contemporary prostate cancer grading
)£ 1) 1 PN 28
Table 4:  Demonstrating the age of the patients .........ccnvueneee 61
Table 5:  Demonstrating the site of the lesion .......ccouveeneennee. 62
Table 6:  Demonstrating the mean ADC values. .....ccoouveeerennee. 69

Table 7:  Demonstrating the mean ADC value and the standard
deviation of each Gleason score. .....ovvnreererereeneen. 69

Table 8:  Demonstrating the difference between the mean ADC
value and the standard deviation of Gleason score
3+4 and Gleason SCOTE 4+3 . eeeeeeeeeeeeeeeeeeessesesaeens 71

Table 9:  Comparison of ADC values with other studies......... 88
Table 10: Published data on Gleason Score and ADC Values..88



List of Figures

Fig. No. Title Page No.

Figure 1: Diagrammatic representation of the pelvic
ANALOMY oo 6

Figure 2: Diagrammatic representation of the lobar
anatomy of the prostate ........oneneneeseessessenens 7

Figure 3: Schematic shown in sagittal view of prostate
illustrates normal zonal description of prostatic

P2 Yo B U0 04| 8
Figure 4: (a) Arterial supply to the prostate. (b) Prostate
VENOUS AraiNage....ccreererreeeeeensessessessesseesessessessessesseens 15
Figure 5: Diagrammatic representation showing
distribution of nerve branches to the prostate.17
Figure 6: Normal MRI prostate zonal anatomy in a 60-year-
old man depicted with T2-weighted axial MR
IMAZES e 19
Figure 7: A. Normal prostate DWI. B. ADC map. ...cccouereuneen. 22

Figure 8: Diagram illustrating the TNM staging of prostatic
CATCINOIMA ceuvrrererrererreessesessesessssesssessssessssessssessssessssssssssseas 37

Figure 9: T2 WI image showing four different prostate
cancer cases with extra-capsular extension of the
1000 00 T0) (4 1) PR 40

Figure 10: Biopsy-proved adenocarcinoma in a 61-year-old

Figure 11: = A— Restricted diffusion: cellularity and intact cell
membranes. B—Diffusion of water molecules.
Free diffusion.....renenneneneseseeeeeesesseeseseenes 45

Figure 12: T2 shine-through effect with DWI........ccccocueencce. 49

Figure 13: Diagram showing DWI and ADC of prostate
(07213 1ol 54



Fig. No.

Figure 14:
Figure 15:

Figure 16:

Figure 17:

Figure 18:

Figure 19:

Figure 20:

Figure 21:

Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:

List of Figures cont..

Title

MR imaging-guided prostate biopsy......cccuuereenees 57

(a,b,c): Charts demonstrating the site of the
ProState CANCET ... 64

Pie chart demonstrating percentage of positive
neurovascular bundle invasion among patients.

.............................................................................................. 65
Pie chart demonstrating the percentage of
positive enhancement among cases. .......coeeen: 66

Pie chart demonstrating percentage of different
T2 signal intensity in localization of prostate
(6721 0 6] <) o 67

Chart demonstrating percentage of every GS
amoNg PaAtients..... s ———— 68

Demonstrating the relationship between the
mean ADC value and the Gleason score............... 70

Showing the negative correlation between the

mean ADC values and GS......ccvreneeneenrererreenerseees 70
[lustrative Case L......oeoeneeneeseeneesessessessesseesnes 73
[USErative Case 2......eneeremesneenssneesesessesssssssssenes 75
[llustrative Case 3......oeerrerrermeeresseeseesessessessesseesees 76
[TUStrative Case 4.......oeneeerererneesesseeneesessessssssssennes 77
[Tustrative Case 5.....cveeerneemereessesssessssssssssesssesens 79
[UStrative Case B.....covwerceeererrerreeresseeeessessessesseseenes 81



List of Abbreviations

Abb. Full term

AAH .o Atypical adenomatous hyperplasia

ADCirriririrs Apparent diffusion coefficient

12720 5 Benign prostatic hyperplasia

O Computed tomography

CZ o Central zone

DCE-MR......ocovevririrriaenns Dynamic contrast enhanced magnetic resonance
imaging

10 Denonvilliers’ fascia

DRE ... Digital rectal examination

DWI.oviirirsirinirirrirns Diffusion weighted imaging

ECE o Extra capsular extension

ECSiveersisvsvirrssrsssssinsnns Extracellular space

24 2 (OO Endo rectal coil

D2 U N External urethral sphincter

GS ot Gleason score

ICS o Intracellular space

TUS covesesrvvsrssrsirssinsnns Internal urethral sphincter

LN o, Lymph node

1) o Lateral pelvic fascia



List of Abbreviations cont..

Abb. Full term

170 2 S Magnetic resonance

MRI .o, Magnetic resonance imaging
PCa . Prostate cancer

PCA. oo, Prostatic adenocarcinoma
PIN.ovvirrierrirsirsernirnens Prostatic intraepithelial neoplasia
PSA o Prostatic specific antigen

PZ e Peripheral zone

ROI ... Region of interest

SVL o Seminal vesicle invasion
TRUS ..o, Trans rectal ultrasound
A Transitional zone

UGS oo Urogenital sinus

US oot Ultrasound
WHO......oomrereeerreerirnn, World Health Organization



Introduction &

INTRODUCTION

Prostate cancer (PCa) is considered one of the most common

cancers among male population. Its incidence increases with
age, ranging from 34% in the fifth decade, to 70% over the 80
years (Manetta et al., 2019).

Magnetic resonance (MR) imaging is a useful imaging
modality that can be used in the detection of cancer prostate
noninvasively. In addition to conventional T2-weighted images,
multiparametric MR techniques add biologic and pathological
information by the means of diffusion-weighted (DW) MR
images, dynamic contrast material-enhanced (DCE) MR
images, and spectroscopic images. These innovated recent
functional imaging techniques can be used to increase the
diagnostic accuracy of prostate cancer and predicting Gleason
score (GS) that is the histological grading system used to
determine prostate cancer aggressiveness and behaviour this
grading system can be used to choose the appropriate treatment
plan (Peng et al., 2014).

Diffusion weighted imaging (DWI) is a powerful MRI
sequence which gives information about cellular function and
micro-architecture of the human body.

Tumor tissue in general show less diffusibility than
normal tissue in the case of prostate cancer, there is alteration in
the glandular, epithelial and stromal components where the
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healthy glandular tissue in the peripheral zone is replaced by
tumor cells which are more cellular hence are less diffusible than
normal tissue Therefore, they show high-intensity signal zone on
DWI images which indicates the presence of malignancy
(Manetta et al., 2019; Tamada et al., 2017).

DWI derived ADC maps can differentiate between
malignant and benign prostatic tissue. The reported ADC values
of prostate cancer in the peripheral zone range between 0.93 and
1.38 x 10-3 mm2/s. This variability in ADC values may be
related, at least in part, to the heterogeneous tissue composition
of prostate cancer (Woodfield et al., 2010).

Gleason score which is can be obtained from Transrectal
Ultrasound guided biopsy is the standardized Grading system
used to determine prostate cancer aggressiveness. Gleason score
includes 5 grades depending on how much the cancerous cells
look likes normal cells aggressive cancerous tissue have a high
score. Gleason scores are also used to describe tumors as low
grade (Gleason score, < 6), intermediate grade (Gleason score,
7), or high grade (Gleason score, > 7) with respect to tumor
aggressiveness (Woodfield et al., 2010).

The gathered data about prostate cancer staging from
multiparametric MRI technique and histological data obtained
from pathological analysis via Gleason score can be compared
and correlated to each other to differentiation the aggressive
cases of prostate cancer from the indolent ones. which greatly
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help to formulate the treatment plans. For men who suffer from
aggressive PCa variants, such as PCa with a GS >7, whole gland
treatment approaches such as radical prostatectomy or
irradiation of the prostate gland are indicated. However, patients
suffering from a less aggressive or “low-risk” cancer can be
offered less aggressive treatment options including active
surveillance or focal therapy. Therefore, if the aggressiveness of
tumor can be predicted before invasive surgery, it can not only
help plan these treatments to ensure all of the tumors treated
sparing as much normal tissue as possible, but can also identify
potentially discordant findings, such has undetected high-risk
disease (Li et al., 2014).




