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Abstract

Prostate cancer (PCa) is the most commonly diagnosed cancer among men and remains a
second leading cause of deaths in men globally. The risk of developing PCa is related to
advancing age, family history and might be influenced by diet and other factors. Transrectal
ultrasound (TRUS) guided systematic 12-core biopsy is the standard-of-care method for the
diagnosis of PCa. TRUS guided biopsy is recommended in men with raised serum prostate-
specific antigen (PSA) levels and/or abnormal digital rectal examination. However, accurate
diagnosis of PCa remains challenging due to the high false negative rate of TRUS guided biopsy
and low specificity of PSA. In this context, magnetic resonance imaging (MRI) has shown a
promising role in the evaluation of PCa over the last decade. Consequently, clinical applications
of prostate MRI have expanded to include tumor detection, localization, characterization,
assessment of suspected recurrence, image guidance for biopsy and prediction of the location of
the PCa. According to latest guidelines of Prostate Imaging Reporting and Data System version
2 (PI-RADS v2), advances in MRI technology have led to the development of multiparametric
MRI (mpMRI), which combines anatomic T2 weighted imaging (T2WI), diffusion-weighted
imaging (DWI) and its derivative apparent-diffusion coefficient (ADC) maps.

MpMRI can be used for screening at large and might allow to avoid unnecessary biopsies
and improve diagnostic accuracy. These technological advances, combined with a growing
interpreter experience with mpMRI, have substantially improved diagnostic capabilities for
addressing the central challenges in PCa care: 1) improving detection of cancer, which is critical
for reducing mortality, and 2) increasing confidence in the detection of other diseases affecting
prostate such as benign prostatic hyperplasia and/or prostatitis, which are less likely to cause severe

morbidity, in order to reduce unnecessary biopsies and treatment.
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One of the key challenges in PCa treatment selection is predicting which patients do or do
not need treatment. Computer-aided diagnosis (CAD) models may have a role in addressing this
challenge as these models have shown to improve the diagnostic accuracy of PI-RADS scoring
when combining the system score with a radiologist score. The aim of this thesis is to develop a
CAD model for PCa using MRI, which could increase the objectivity in the diagnosis and
assessment of lesion aggressiveness and as a result, reduction of unnecessary biopsies which
could prevent overdiagnosis and overtreatment, all in all leading to an increase in quality of life
for the patient.

The purpose of the first study of this thesis is to develop an automated framework to segment
prostate gland and its zones simultaneously using DWI, which is an essential preprocessing step
for any CAD system for PCa. This study consisted of four main parts, prostate gland segmentation,
atlas construction, prostate zonal segmentation and partial volume correction. The objective of the
second study of this is to explore the role of texture features and machine learning methods for
classification of the PI-RADS v2 scores into low vs. intermediate vs. high score as well as score 4
vs. score 5. Lesion ROl marking, texture feature extraction methods, feature selection and
classifiers were assessed for characterization of prostate lesions. This chapter also examines the
best combination of texture features of DWI, ADC and T2W!I for PCa characterization. The third
work in this thesis attempts to develop a 2D and 3D tumor measurement algorithms. Another goal
of this work was to develop a semi-automated framework for PI-RADS v2 assessment in order to
speed up and simplify the reporting process and analyzes the diagnostic performance of the
proposed framework by classifying PI-RADS scores using machine learning methods. A new
scoring system for the detection of clinically significant cancer was proposed in the final study,

which could help to reduce the number of unnecessary biopsies, or overtreatment.
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RSIR

TRee HIR (UIT) ot & Jad 3ifie uram S arer R § iR fay TR IR gt H Jog &1 guRT
T BRI 1 g3 2| UL i 811 &1 S sed 39, TiRkae Sfigd & geifdd 8 3R 78 3R
3R 3T HRBT Y THIIT 81 Tl ¢ | TGS TGS (TRUS) FERId oafRid 12-%R st diiie
¥ M & fore are Ty faf 81 TRUS FHERa sraedt o Riwmiver 39 goui # ot o1 8, % k|
TRy TS (PsA) TR SIR/aT s f3fred Yaee udten 81t 81 graifes, TRUS faRrd sraedt
DI I YS! THRIED X 3R PSA Bt HH AT & HROT GRIT HT Gl e gl 51 gafT g1
39 e H, b1y Sfgre SARHT (THIRAE) 7 B d U &= # Ui & Hedich H Teh SHT=ITSTTeh
Yi¥yepT fars §| Tfioia, UIReT THAMRSNTE & al=id uanil § &R &1 Udl a7, RIFIGHRUT, &0l
quie, T TR &7 Sieva, S & o Bfa Ariesi ok dfit & =M &t yiasgar wnfaa g1
TR SARAT ROIfET 3R ST Red TXBRT 2 (PI-RADS v2) & TdHH MR & SR, THIIRSMTS
qeHIs B W A RIS THIRSTE (THUTHIRS) &1 fawr a1 §, S Tareifie 12 acs
AT (T2w1), FEwIEH-a¢S SHfSHT &1 st & | (DWI) 3R 38 SJds TF-THR 0N (ADC) 7N |

TAUITHSIR3NE T ITANT §9 FHM W BhifA & e fopar o Tovar § SiR e sl §
I 3R TS FEIDHa1 H GUR XA B STAN & Thdl & | THHTHSARSTS & I Sgd gHIAT g4
& Y 37 db1ep! At 3 Ui T@ure § $elg gAfaar B JHIUH B & e Fere e &
HTh! YR 5T §: 1) HIR BT U T H YR, S TG & B! HH HRA & (oY Ageayuf §, 3R 2) URee
1 YHTTAT B aTet 3 T oY b T TR BTSRRI (BPH) SfR/4T URETT3ed o udl evmH
SMAIY M1, ST M I 3R IUIR B HH B & ot THR ST 814 Pt IHET HH
g 81

YRi IUER T # Wi Il § ¥ U I8 HIasIaro e g fs i O AR &1 SUER &t
TITIHT § A1 -Tel | 31 I D! FSId 3 A IR TS S SANRA [@Iush) Arsd ot YfHesT g) qabd!
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2 if% 3 Afsal A aiaiRe WR & T R TR 31 Ardes eir- SRt @i #t Aes
T Torar & GUR foaran 71 5 R o7 S22 THIIRSNE BT IUANT axd gu Ui & fo ue fiust aisa
fAHRd HRAT 8, SN U1d BT IMHHEA & FAgH SR Teaidd & e & 961 9ol § 3R S9d
GROTRGR=Y AR SR &1 BT g1 Tabel o, Sl 3ifd e 3R Hfd-STaR & A Tl g ST
Mt & Sita Bt Tora H g 8 Goball B

g MR F Ugd TTT BT I DWI BT ITUNT B URee U 3R ITH &3 ! T 1Y
Gf$d B & foQ Uep =ierd i e el &, St Uiy & forg fobit +ft Hiust Reed & o to
3T YRR ded g1 39 3109+ § IR T | i ¥, URee I faurem, Teew e, iee
S faUTe SR SHifRIh AT GUR | $Ud AR 3T &1 6= PI-RADS v2 TR &I T §-19 Teaad|
T I R & WY-TIY TR 4 §H WHR 5§ aifigd o= & e s1ae glagrsit i 7= dew &
TEB! B YfHBT BT UaT AT 81 Ao SR3MNSHTS URSe °1dt & &f01 quid & forg 3fepH, sHTae gfaen
T fafirl, wier Tae iR FRTRIBRR &1 Hedidh- haT T UT| I8 Sieard UIRAT defor 9uF & forg
DWI, ADC 3R T2wWI &t §1ae Jfaersif & Tarad o &1 off Sifa dvar g1 39 SRk & fiewr 1w 23t
3R 3SR AU T NREH f4e Rid 6 &1 T SRl § | 59 B &1 Ud 3T A& PI-RADS v2 Teidh
& fore U Sref-waanferd efan Ao Rid o= ut afes Raife uforan &1 o SiR TRt ST S op 3R H=fA
WRa & TPB] BT ITANT HISP PI-RADS ThR Pl FiIehd PR UK G & A1 TeiH BT fazawo
forar o1 o | sifoy srerm § Rifrda U § Ae@yul $OR &1 Udl @ H & il Te T3 WhITT orat
TRATAd Bt 1T 2, S STaRd e ST, T 3fd-SUaR & G Bl HH I J HaG HR 9 g
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