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Abstract

Background: Prostate cancer is the second most common cancer among men in the world. Due to the slow growth of this cancer,
its early detection can lead to definitive treatment and mortality reduction. Based on the lower diagnostic ability of conventional
methods, imaging methods have been paid attention in recent years.

Objectives: The aim of this study was to evaluate the value and accuracy of diffusion MRI in the prostate cancer as a diagnostic
method.

Methods: This was a descriptive cross-sectional study conducted in a 15-month period in patients with prostate cancer who had
lower urinary tract symptoms, high PSA (higher than 4 ng/mL), or an abnormal finding in the digital rectum examination. The
patients were evaluated by MRI of the whole prostate gland with T2 weighted and diffusion images. Patients’ conditions were deter-
mined by a urologist with standard 12-fold transrectal sonography-guided biopsy of the prostate. Then, by a histologic examination,
healthy or cancerous tissues, Gleason score, and the positive blind numbers were determined by a pathologist. In the end, the results
were compared.

Results: We observed 80 patients among whom, 25 cases (31.2%) had malignancies in DW-MR], including 22 cases that had a malig-
nancy in biopsy and three cases whose biopsy indicated the benign pathology. MRI findings in 55 cases (68.7%) were benign (BPH,
prostatitis) that in four cases, malignancy was seen in the biopsy. The sensitivity of DW-MRI was 84% and specificity was 94%, indi-
cating a high diagnostic capability for DW-MRI. The positive and negative predictive values of DW-MRI for prostate cancer were 88%
and 92%, respectively. We also observed that older age leads to the lower sensitivity of the MRI. Gleason score, PSA level, and tumor
burden had a direct relationship with the accuracy of DW-MRI. However, prostate volume did not have a significant relationship
with the detection of cancer in MRI.

Conclusions: DW-MRI can be used for better diagnosis and staging of prostate cancer in patients with prostate lesions. Accordingly,
it can upgrade cancer diagnosis in patients with negative biopsies and high suspicion of cancer.
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1. Background

Prostate cancer is the second most common cancer
among men in the world. This cancer is also the second
leading cause of all deaths from cancer. Due to the slow
growth of this cancer, early detection can lead to defini-
tive treatment and mortality reduction. Considering the
low diagnostic potential of conventional screening meth-
ods for prostate cancer, including prostatic specific anti-
gen (PSA), digital rectal examination (DRE), and transrec-
tal ultrasound-guided biopsy (TRUS-Bx) in the diagnosis
and localization of tumors, the use of imaging methods
recently has been paid attention (1-3). However, the can-
cer detection is still not satisfactory. Although PSA has a
high sensitivity, its specificity decreases when the PSA level

is low (4 - 10 ng/mL); that is, false positive PSA reduces as
the rise in the PSA may occur in some non-cancerous con-
ditions, such as benign hyperplasia and chronic inflamma-
tion of the prostate (4, 5).

Because tissue sampling is random, it is possible that
clinically important lesions outside of the sampling area
are not well detected. In addition, a biopsy is commonly
made of the peripheral areas of the prostate; thus, lesions
in the transient or anterior prostate may not be well de-
tected. Among the methods of MR, using endorectal coil
is known as the bestimaging method for the diagnosis and
staging of prostate cancer (6, 7).

Conventional magnetic resonance imaging (T2-
weighted MRI) provides excellent anatomical information
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about the prostate. However, despite a high sensitivity in
detecting prostate cancer, other lesions including chronic
prostate inflammation and benign prostatic hyperplasia
appear to be similar to malignant prostate cancer; so, its
specificity is low (8, 9). Functional MRI techniques can pro-
vide a better distinction between benign and malignant
tumors. One of these techniques promising for prostate
cancer diagnosis is the diffusion weighted MRI (DW-MRI),
which measures intracellular and extracellular Brown-
ing motions and the distribution of water molecules in
biological tissues. By using this imaging technique, we
can obtain information about the cellular structure of
the tissue that helps differentiate the cancerous tissue
from normal and inflammatory tissues (6, 10). Accord-
ingly, since other diagnostic methods can diagnose this
condition, MR diffusion has been suggested for better
evaluation of patients as a low invasive method.

2. Objectives

In our study, we applied the MR diffusion as an ap-
proach to evaluate patients with prostate lesions to find a
better diagnostic approach for prostate cancer.

3. Methods

3.1. Study Setting

It was a hospital-based study conducted on patients
with prostate cancers.

3.2. Study Population

The study population included all patients with a
prostate lesion diagnosis. Accordingly, in a 15-month pe-
riod, 80 patients who were suspicious of prostate cancer
were considered to form the study group. This case group
was made of patients with lower urinary tract symptoms,
PSA of more than 4 ng/mL, or abnormality in the digital rec-
tal examination.

3.3. Measurements

The patients were evaluated by MRI of seminal vesi-
cle, prostate gland, and bladder in sagittal, coronal, and
axial sections by a radiologist. In addition, the patients
were evaluated by a transrectal sonography and 12 prostate
biopsies were taken and based on the Gleason index, the
malignancy status of the prostate was determined. The
standard 12-fold transrectal sonography-guided biopsies
of the prostate were done by a urologist. In addition, his-
tologic examination, healthy or cancerous tissues, Gleason
scores, and the positive blind numbers were determined
by a pathologist. Then, the results were compared.

3.4. Ethical Considerations

Ethical issues were completely observed by the re-
searchers. The study group adhered to the principles of
medical ethics introduced by the Health Ministry, the Dec-
laration of Helsinki, and enactments of the medical ethics
committee of Ahvaz University of Medical Sciences. In ad-
dition, the ethics committee of Ahvaz University of Medi-
cal Sciences approved the protocol of the study. Imaging
was not supposed to have an effect on the patient’s treat-
ment process and the results of the assessment were only
reported to the patient.

3.5. Statistical Analysis

The data were analyzed by SPSS program and P < 0.05
was considered significant. We used t-test for quantitative
variables and 2 test for qualitative variables.

4. Results

We evaluated 80 patients as the study group in which,
28 cases (35%) suffered from malignancies and 52 (65%)
cases had benign masses. Of the benign cases, 44 cases
(55%) had BPH and eight (10%) cases had prostatitis (Table 1).
The main aim of our study was to investigate the accuracy
of magnetic resonance imaging (diffusion MRI) in the di-
agnosis of prostate cancer. On this basis, we found that the
sensitivity of this test was 84%, specificity was 94%, the pos-
itive predictive value was 88%, and the negative predictive
value was 92% in the detection of prostate cancer (Table 2).

In addition, we observed that older age was associated
with the lower sensitivity of the MR, the sensitivity of the
test in the age range of fewer than 65 years was 90%, in the
age range of 65 to 85 years was 82%, and in more than 85
years of age was 78%, which showed a statistically signifi-
cant difference (P < 0.05). In addition, we evaluated the
sensitivity of this diagnostic test after comparing the sensi-
tivity of this test with PSA levels. Based on this, we observed

Table 1. Diagnosis of Evaluated Patients in the Study

Diagnosis Patients, No. (%)
Malignancy 28(35)
BPH 44/(55)
Prostatitis 8(10)

Table 2. The Accuracy of DW MRI in the Diagnosis of Prostate Cancer

Variables Percentage
Sensitivity 84
Specificity 94
Positive predictive value 88
Negative predictive value 92
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Table 3. The Sensitivity of DW MRI in the Detection of Prostate Cancer Based on Pa-
tients Variables

Variables Sensitivity (%) PValue
Age (y) < 0.05
Lower than 65 90
66-85 82
More than 86 78
PSA < 0.05
4-10 or Lower 80
More than10.1 92
Gleason score < 0.05
6 or lower 79
7 85
8 or higher 100
Number of biopsies < 0.05
1 80
2 84
3 or more 91

that if this antigen was at the level of 4 to 10, the sensitiv-
ity would be less than 80% while a PSA level of greater than
10 was associated with the sensitivity of greater than 92%,
and this showed a statistically significant difference in pa-
tients (P < 0.05). In addition, we observed that the Glea-
son score (GS) had a direct relationship with the sensitivity
of this test as increases in the GS could increase the sensi-
tivity of this test. Accordingly, if the GS was less than six,
the sensitivity of the test would be 79%, in the GS of seven,
the sensitivity would be 85%, and in the GS of more than or
equal to eight, the sensitivity would be 100%; this showed a
statistically significant difference in patients (P < 0.05). In
addition, based on the number of biopsies, we found that
in one biopsy, the sensitivity was 80%, in two biopsies, it
was 84%, and in more than two biopsies, it was 91%, and this
showed a significant difference between the sensitivity val-
ues of DWMRI (P < 0.05) (Table 3).

5. Discussion

We found that the diffusion MRI could be used where
multi-parametric MRI is not possible to perform. In the
following, other studies conducted on this diagnostic
method are discussed. In a study, Wu et al. found that the
sensitivity and specificity of DWIimages associated with T2
weight in detecting the prostate cancer were 72% and 81%,
and the sensitivity and specificity of T2-weighted images
alone in detecting the prostate cancer were 62% and 77%,
respectively. This result is consistent with the results of our
study and shows the effectiveness of this test in assessing
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patients (10). Tan et al. also stated in their assessment that
the sensitivity and specificity of DWI images alone (69%
and 89%, respectively) and DWI + T2-weighted images (70%
and 83%, respectively) were higher than the sensitivity and
specificity of T2-weighted images alone (60% and 76%, re-
spectively), which is consistent with the observed results
in our assessment (8). Aydin et al. compared the accuracy
of five types of MRI (diffusion, T1, T2, contrast dynamics,
and spectroscopy) with transrectal biopsy and concluded
that using a combination of these sequences instead of us-
ing any of these methods alone increases the diagnostic ac-
curacy and its efficacy in the staging of the prostate can-
cer (1). Haider et al. also stated in a study that the accu-
racy of DWI + T2-weighted images was significantly more
than that of T2-weighted images (81% vs. 54%)and generally
stated that the DWI + T2-weighted images in detecting ad-
vanced cancer (a Gleason score of above 6 and a diameter
of more than 4 mm)in the peripheral area is more effective
than T2-weighted images (11).

Hricak et al. in their assessment of various modalities
of prostate cancer stated that the accuracy of MRI in the
staging of prostate cancer is between 54% and 93% (12).
Chen et al. compared the accuracy of three types of MRI
(diffusion, T2, and spectroscopy) with transrectal biopsy in
the diagnosis of prostate cancer and observed that the ac-
curacy of prostate cancer detection increased with a com-
bination of all three methods (13). Shimofusa et al. in a
study in 2005 stated that the accuracy of MRI for diagnos-
ing prostate cancer was 87% and 93% with DWI. According
to the study, using DWI in MRI images increased the accu-
racy of the cancer diagnosis (14). Therefore, most studies in
this area are consistent with the results of our assessment,
which indicates the effectiveness of this test in evaluating
patients with prostate lesions.

5.1. Conclusions

Since diffusion MRI is a non-aggressive test, multi-
parametric MRI is not available at most centers and cities,
and the cost of this imaging is too high, the diffusion MRI
due to its acceptable accuracy can be used where multi-
parametric MRI is not possible to perform. Thus, this di-
agnostic test can be used to better understand the pa-
tients’ conditions and accordingly, to upgrade the diag-
nostic methods to be used for patients with prostate le-
sions.
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