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ABSTRACT

Introduction: Prostate cancer is diagnosed in two-thirds of instances in the world's more developed regions. Prostate cancer
was detected in 180,890 new cases in the United States in 2016, according to the American Cancer Society. One out of every
six men is projected to develop prostate cancer at some point in their lives. The study's major purpose was to develop a textural
analysis-based classifier to differentiate between benign and malignant prostate tumors using MRI-T2WI.

Materials and method: The retrospective study was conducted in the department of radiology in KKUH. Total 93 lesions from
prostate cases were performed in KKUH from 2015 to 2017. About 75 lesions of 48 patients were included in this study. Eleven
haralick features from region of intrests (ROIs) were extracted. After matching them with traces done by consultants in Profuse
software, which was utilized for image-guided biopsy, digital rectal examination (DRE), prior biopsy (Prior bx) lesions were
traced using ImageJ (MRI-ultrasound fusion). Weka software used this to create a classifier that distinguishes between
malignant and benign tumors.

Result: The age of total 48 patients was in the interquartile range of 59.0-70.0, with an average of 64.4 years. The PSA was
observed an average of 22.5 with an SD of 50.5 and an interquartile of 10.0. The mean size of the prostrate was 3.2 cm with SD
1.9. Among 48 patients Digital rectal examination (DRE) 8 (16.7%) and 40 (83.3%), Prior biopsy (PRIOR BX) 2 (4.2%) and 46
(95.8%), PI-RADS 22 (45.8%) and 26 (54.2%) were observed positive and negative respectively. In DRE, 88% sensitivity 55%
specificity with PSA 9.75 (p-value 0.008) were observed. 100% of sensitivity, 41% specificity with PSA 8.19 (p-value 0.897)
were found in PRIOR BX, but in MRI, 55% of sensitivity 69% specificity with PSA 10.70 (p-value 0.107) were observed.
Conclusion: T2 texture analysis is good in classifying prostate lesions with acceptable sensitivity and specificity. T2W MRI-
based textural analysis agreed with pathological findings from many institutions and was sensitive to underlying pathological
differences between low- and intermediate/high-grade prostate cancers. Actors in the diagnostic performance, such as
DWI/ADC and perfusion, histogram parameters, and other features with distinct orientations and lengths, could help doctors

discriminate benign and malignant prostate nodules, allowing for more efficient and precise clinical decisions.
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INTRODUCTION
The second most frequent malignancy in men is prostate cancer
(PCa). 1 Prostate gland illnesses cause major morbidity and
mortality in adult males around the world. 2 In the world's most
developed regions, prostate cancer is diagnosed in two-thirds of
cases.? According to the American Cancer Society, 180,890 new
cases of prostate cancer were diagnosed in the United States in
2016.% One out of every six men is projected to develop prostate
cancer at some point in their lives. It is more common in elderly
men, with about 6 out of 10 cases found in men 65 and older. The
average age at the time of diagnosis is roughly 67. Despite the fact
that prostate cancer is a deadly disease, the majority of men who
are diagnosed with it do not die from it. In fact, in the United
States, more than 2.5 million men have had prostate cancer at
some point in their lives and are still alive today.* Prostatic cancer
was Pakistan's sixth most common malignancy, affecting 7.3
percent of men.® Prostate cancer affects a large percentage of
older men (more than 70% of those over the age of 70). Prostate
cancer has a very low death rate, especially for low-grade tumors.
It is a retroperitoneal organ with no defined capsule that
encircles the bladder neck and urethra. In adults, the prostate's
fiboromuscular stroma can be divided into four biological and
anatomical zones: peripheral, central, transitional, and anterior.
Most hyperplasia begins in the intermediate zone, while most
carcinoma begins in the peripheral zone. The most frequent
ilinesses affecting the prostate are prostatitis, benign prostatic
hyperplasia, and prostate cancer.? Prostatitis is a prostate gland
inflammation that produces frequent urination, dysuria, bodily
discomfort, and, in certain cases, fever. There are both infectious
and non-infectious kinds of prostatitis.® Textural analysis is an
image-processing technique for analyzing picture signal
heterogeneity that evaluates the coarseness and regularity of the
spatial distribution of pixel grey level values within normal and
damaged tissue (both at and beyond that noticed by the human
eye). Especially in oncological imaging, which has recently been
demonstrated to be effective in tumor detection/grading, prognosis,
and therapeutic response, macroscopic heterogeneity in medical
pictures could reflect microscopic heterogeneity at the histology
level.”8

Depending on how long a patient's life would be harmed,
prostate cancer is categorized as clinically inconsequential or
serious. Although there is no universally accepted definition for
clinically relevant prostate cancer, the following is the most often
accepted definition: Gleason score of 7 (containing 3 + 4 with a
significant but not dominant Gleason 4 component), the volume of
0.5 cc, and/or extraprostatic extension (EPE).® Active surveillance,
surgery, and radiotherapy are all possibilities for treating prostate
cancer, depending on the Gleason score and clinical assessment
of the patient's condition.*°

MRI has become the tool of choice for diagnosing and
staging prostate cancer. The European Society of Urogenital
Radiology (ESUR) developed the "Prostate Imaging Reporting and
Data System" (PI-RADS), which is based on breast imaging: PI-
RADSTM version 1 (PI-RADSTM v1) is the first iteration of the PI-
RADSTM system.'? This first guideline was based on a summary
score for each lesion that was investigated utilizing various mpMRI
sequences, such as T2w, DWI, and DCE-MRI, as well as
spectroscopy. The American College of Radiology (ACR), ESUR,
and the AdMeTech Foundation formed a steering committee to
upgrade these guidelines to the PI-RADSTM v2 standard.*®*** The
guidelines aimed to improve prostate cancer diagnosis,
localization, characterization, and risk stratification in treatment-
naive prostates, as well as communication with referring urologists.
The newest PI-RADS version scores each lesion on a 5-point
scale to determine the likelihood of clinically relevant prostate
cancer:

Scale point Description

PI-RADS 1 Very low (clinically significant is highly unlikely)

PI-RADS 2 Low (clinically significant cancer is unlikely)

PI-RADS 3 Intermediate (the presence of clinically significant cancer
equivocal)

PI-RADS 4 High (clinically significant cancer is likely)

PI-RADS 5 very high (clinically significant cancer is highly likely).

Our main goal of this study was to build a classifier based on
textural analysis to classify prostate lesions into benign versus
malignant based on MRI-T2WI.
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MATERIALS AND METHODS

The retrospective investigation was carried out at KKUH's
radiology department. Between 2015 and 2017, KKUH operated a
total of 93 prostate lesions. The ethical permission was granted by
the KKUH ethical committee. The results of the relevant
histopathology were also obtained. Clinical image texture analysis
is commonly used to investigate the relationship between
histological data such as lesion severity and clinical prognosis.>*”

This study included patients who met the following criteria.1.
All cases with T2 sequence 2. Proven pathological prostatic
lesions. 3. Prostatic MRI examination done. 4. Without any history
of other tumors. Patients who had no pathological report, no MRI
examination performed, poor image quality, and an incomplete
imaging protocol was excluded from this study.

Using the PCa grading parameters issued by the 2014
International Urological Pathology Association Consensus, each
patient's age, PSA levels, lesion volumes, Prostate Imaging
Reporting and Data System (PI-RADS, version 2) score, and
Gleason scores were recorded (in the case of lesions was
confirmed to be PCa).*®

All imaging was done on a 3 Tesla MRI system GE 1.5T with
a 32-channel integrated spine coil and an 18-channel phased-array
body coil. The axial T2- weighted turbo spin echo sequence had
the following parameters: TR/TE = 5460/104 ms, FOV = 180180
mm2, matrix = 384384, slices = 24, slice thickness = 4 mm, gap =
0 mm, echo train length = 18, and acquisition time = 3 min 49 sec.
The images were oriented along the longest axis of the prostate,
perpendicular to the urethra, to best approximate standard
histologic sectioning of the prostate.

Eleven haralick features from the region of interest (ROIs)
were extracted. After matching them with traces done by
consultants in Profuse software, which was utilized for image-
guided biopsy, digital rectal examination (DRE), Prior biopsy (Prior
bx) lesions were traced using ImageJ (MRI-ultrasound fusion).
Weka software used this software to create a classifier that
distinguishes between malignant and benign tumors. We used
Weka to create a NaiveBase classifier that was verified using the
10-fold-cross validation method.

Fig. 2: Three-dimensional (3D) regions of interest that were segmented from
T2-weighted magnetic resonance imaging (MRI).

RESULT

Total 93 lesions from prostate cases were performed in KKUH
from 2015 to 2017. Among 93 lesions 18 lesions were excluded
from this study due to lack of pathological reports. Only 75 lesions
of 48 patients were included in this study.

Table 1: Descriptive statistics of quantitative variables

Variabl N Mean Std'. . Median IQR Min | Max
es Deviation
4 59.0- | 51.
Age 8 64.4 7.9 63.5 70.0 0 85.0
4 6.1- 325.
PSA 8 22,5 50.5 10.0 14.7 2.8 0
Prostat 4 44.8- | 28. 170.
esize |8 | /5 | %71 58.0 976 |0 |0
Targete
d Bx 4 2.0-
cores/P 8 3.2 1.9 3.0 50 0.0 7.0
t

IQR: Interquartile Range

Table 1 shows the age of the total 48 patients interquartile
range 59.0-70.0 with average 64.4 years. The PSA were observe
average of 22.5 with SD of 50.5 and interquartile 10.0. The mean
size of the prostrate were 3.2 cm with SD 1.9.

Boxplot of Age, PSA, Prostatesize, Targeted Bx Cores/Pt
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Figure 3: Box plot of quantitative variables

The box plot explains the different quantitative variables like
Age, PSA, Prostate Size, and targeted biopsies cores/patients.

Table 2: Diagnostic results

Outcome DRE PRIOR BX PI-RADS
Positive 3 (16.7%) 2 (4.2%) 22 (45.8%)
Negative 40 (83.3%) 46 (95.8%) 26 (54.2%)
Total 48 (100.0%) 48 (100.0%) | 48 (100.0%)

Among 48 patients Digital rectal examination (DRE) 8
(16.7%) and 40 (83.3%), Prior biopsy (PRIOR BX) 2 (4.2%) and 46
(95.8%), PI RADS 22 (45.8%) and 26 (54.2%) were observed
positive and negative respectively (table 2).

Table 3: Distribution by number of lesions observed

Number of MRI Lesions Frequency
0 9 (18.8%)

1 20 (41.7%)
2 16 (33.3%)
3 3 (6.3%)
Total 48 (100.0%)

Table 3 shows Out of 48 patients, the most MRI lesion was
found 1 MRI lesion was observed in 20 (41.7%), followed by 2 MRI
lesion were observed in16 (33.3%), 0 MRI lesion were observed in
9 (18.8%) and 3 MR lesion were observed in 3 (6.3%).

The analysis of the MRI comparison to DRE and PRIOR BX
on the basis of sensitivity, specificity is shown in figure 4. In
comparison to MRI 100% sensitivity and NPV were observed in
both, but 65% and 57% specificity, 36%, and 9% PPV were
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recorded in DRE and PRIOR BX, respectively, with the accuracy of
DRE (71%) and PRIOR BX (58%).

120%
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100%
80%
65%
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0% | ]

Sensitivity ~ Specificity PPV

100% 100%

NPV

Figure 4: Sensitivity and specificity analysis of MRI in comparison to DRE
and Prior Bx

1%
58%
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EDRE ®PRIOR BX

The analysis of the MRI comparison to DRE and PRIOR BX
on the basis of sensitivity and specificity is shown in figure 4. In
comparison to MRI 100% sensitivity and NPV were observed in
both, but 65% and 57% specificity, 36%, and 9% PPV were
recorded in DRE and PRIOR BX, respectively with accuracy of
DRE (71%) and PRIOR BX (58%).

Table 5: ROC analysis for predicting malignancy with 3 diagnostic tools

AUC | Sensitivity Specificity cP)?fA - Cut 55_1Iue
DRE 80% | 88% 55% 9.75 0.008
EE'OR 53% | 100% 41% 8.19 0.897
MRI 64% | 55% 69% 10.70 0.107

ROC Curve

1 - Specfieiny

Figure 5: ROC for DRE

ROC Curve

i.

1 - Specificity

Figure 6: ROC for PRIOR BX

88% sensitivity, 55% specificity with PSA 9.75 (p-value
0.008) were observed in DRE. 100% of sensitivity, 41% specificity
with PSA 8.19 (p-value 0.897) were found in PRIOR BX but in MRI

55% of sensitivity, 69% specificity with PSA 10.70 (p-value 0.107)
were observed (Table 5).

Figure 5,6, and 7 shows the receiver operating characteristic
(ROC) analysis curve graph according to texture analysis—based
logistic regression model and other parameters. PI-RADSv2 =
Prostate Imaging Reporting and Data System version 2. 88%
sensitivity and 55% specificity, 100% sensitivity and 41%
specificity, 55% sensitivity, and 69% specificity were observed in
DRE, PRIOR BX, and MR, respectively.

ROC Curve

i.

1 - Speeificity

Figure 7: ROC for MRI

DISCUSSION

T2W MRI has superior spatial resolution and tissue-specific
contrast than DW and DCE imaging however, it is largely utilized
for qualitative radiological evaluation of the prostate. In a pilot
study using single-center data, we discovered that statistically
calculated T2W image textural features have the potential to serve
as non-invasive indicators for measuring aggressiveness.®®
Between 2015 and 2017, KKUH operated a total of 93 prostate
lesions. Due to a lack of pathology data, 18 of the 93 lesions were
omitted from the study. This study only included 75 lesions from 48
patients. A Vignati et al. looked at a similar number of patients.?°

T2-weighted imaging offers a high spatial resolution and can
separate the peripheral zone from the transition zone, allowing for
the definition of zonal architecture.?* Furthermore, in T2-weighted
images, the peripheral zone has a high signal intensity, whereas
prostate cancer (PCa) has a low signal intensity. Low T2 signal in
the peripheral zone, on the other hand, can occur in benign
conditions such as prostatitis, fibrosis, scar tissue, post-biopsy
hemorrhage, and after irradiation. Although individual sequences
are effective, T2-weighted imaging in combination with two
functional sequences has been found to provide a superior
characterization of PCa.??2*

Aggressive prostate cancers have poor differentiation,
glandular structural deformation, and a loss of cellular integrity in
the prostate gland. Correlations between textural features,
prognostic factors, and clinical outcomes have also been
reported.?%?5 |If these quantitatively generated T2W image features
are verified, they might be combined with other MRI data and used
as evidence-based indicators for prostate cancer. This study's
findings could be especially useful in active surveillance situations
to track low-risk cancer patients and eliminate the need for
recurring biopsies. In terms of patient tolerance and resilience to
scanner oscillations and gradient mistakes, T2W imaging is widely
regarded as the most stable sequence. Despite these
characteristics, T2W imaging is not currently used for the
guantitative assessment of prostate cancer aggressiveness due to
the non-quantitative nature of its signal intensities.

MRI has been associated with significant advantages in PCa
diagnosis, especially in cases of clinically severe and high-grade
PCa. ?® The sensitivity and specificity of PI-RADSv2 for the
diagnosis of clinically significant cancer were reported to be 0.77
and 0.73, respectively.?” Our findings imply that PI-RADSv2 has a
sensitivity and specificity for detecting PCa with GS 7 that is
comparable to previous results. T2WI has been the standard
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approach for prostatic MRI since it was originally described in the
early 1980s, and it has been used to demonstrate prostatic
zonation anatomies and locate lesions.?® Tan et al. found that
T2WI detection of PCa had overall sensitivity and specificity of
0.57-0.62 and 0.74-0.78, respectively.? In our research, we found
comparable outcomes.

Texture features offer a lot of potential in terms of predicting
lesion aggressiveness and clinical outcome. Those, on the other
hand, are more likely to be affected by minor differences in
imaging data, such as artifacts. As a result, reliability studies
should be thoroughly validated before being used in clinical
practice, not just for observers but also for imaging data.

This research has certain drawbacks. We started with
patients who had radical prostatectomy because of the clear
correlation between histology and mpMRI, but this strategy would
have reduced the number of cases and lesions included in the
analysis. Other sequences, like DWI/ADC and perfusion, would be
integrated for a deeper understanding. Other elements with varying
lengths and directions could be included.

CONCLUSION

T2 texture analysis has high sensitivity and specificity for
diagnosing prostate lesions. T2W MRI-based textural analysis
agreed with pathological findings from many institutions and was
sensitive to underlying pathological differences between low- and
intermediate/high-grade  prostate cancers. Other diagnostic
markers, including DWI/ADC and perfusion, histogram parameters,
and other features with distinct orientations and lengths, could aid
clinicians in distinguishing between benign and cancerous prostate
nodules, allowing for more efficient and precise treatment
judgments.

Acknowledgment: The author would like to thanks Dr Metaab
alkubair for helping me in providing the data and the participants of
the study.
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