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Abstract

Prostate carcinoma is a major health issue affecting mainly
aged males; Gleason Score (GS) obtained through histopath-
ological study gives prediction about the biological behavior
of the tumor as well as the management plan and prognosis
of the patient. The aim of the study to correlate the apparent
diffusion coefficient (ADC) values of prostate cancer with the
Gleason score of tumor foci to assess the predictive capacity
of ADC in discriminating between low grade (GS less than 7)
forms higher grades (GS of 7 or more) tumor foci, aiding in
the non-invasive assessment of prostate cancer aggressive-
ness. In this descriptive study, data of 35 patients with biop-
sy-proven prostate cancer localized to the peripheral zone
<278 obtained from the Urology Department including their biop-
sy and/or radical prostatectomy histopathological records.
Subsequently, the MRI record system saved MRI Information
retrospectively. The signal on the DWI image noted, corre-
sponding ADC maps carefully examined, and ADC values of
tumor foci recorded by two consultant radiologists. ADC val-
ues showed a significant negative correlation with tumor GS.
ADC value of 0.75 x x 10 mm?/s was the greatest limit value
to recognize cancer or prostate with 6 GS, with 93% sensitiv-
ity and specificity. Our results demonstrated that the tumor
Gleason Score, and therefore, the biological aggressiveness
of the tumor is likely to be inferred from the ADC values of the
tumor. The present study suggests that DWI allows the non-
invasive assessment of biological aggressiveness of prostate
cancer, which may contribute to devising initial treatment
planning strategies.
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Resumen

El carcinoma de préstata es un problema de salud importante
que afecta principalmente a varones de edad avanzada; el
puntaje de Gleason (GS) obtenido mediante estudio histo-
patolégico permite predecir el comportamiento biologico del
tumor, asi como el plan de manejo y prondstico del paciente.
El objetivo del estudio fue correlacionar los valores de coefi-
ciente de difusion aparente (CDA) del cancer de préstata con
la puntuacion de Gleason de los focos tumorales para eva-
luar la capacidad predictiva del CDA para discriminar entre
focos tumorales de bajo grado (GS menor que 7) y grados
superiores (GS de 7 0 mas) que ayudan en la evaluacién no
invasiva de la agresividad del cancer de prostata. En este
estudio descriptivo, los datos de 35 pacientes con cancer
de préstata comprobado por biopsia localizado en la zona
periférica obtenidos del Servicio De Urologia incluyendo sus
registros histopatolégicos de biopsia y/o prostatectomia ra-
dical. Posteriormente, el sistema de registro de Imagen de
Resonancia Magnética (IRM) guard6 la informacion de IRM
retrospectivamente. Se anot6 la sefial en la imagen DWI, se
examinaron cuidadosamente los mapas CDA correspondien-
tes y los valores CDA de los focos tumorales registrados por
dos radiologos consultores. Se observé una correlacion ne-
gativa significativa entre los valores de CDA y la GS tumoral.
El valor CDA de 0,75 x 10 x2 mm#2/s fue el mayor valor limite
para reconocer el cancer o la préstata con 6 GS, con una
sensibilidad y especificidad del 93%. Nuestros resultados
mostraron que la puntuacion de Gleason del tumor y, por tan-
to, la agresividad biolégica del tumor se puede inferir de los
valores de CDA del tumor.

Palabras clave: Resonancia magnética ponderada por di-
fusion, valor CDA, puntuaciones de Gleason intermedias y
altas, cancer de prostata de zona.
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Introduction

Prostate carcinoma is a major health issue affecting mainly
aged males'2. Cancer of the prostate is considered the third
in cancer occurrence globally and sixth in cancer connected
to high mortality*. Given the ongoing increase in the expected
life span in the population, the relatively benign nature of the
low-grade prostate cancer, and consequently the high 10-
year survival rate of men with prostate cancer, the magnitude
of the problem in the health sector is expected to increase
dramatically®. Much debate is present in consideration of
the prompt management of patients with prostate cancer.
The therapeutic options are dependent on factors such as
the age at diagnosis, stage, the histological grade of the tu-
mor, and patient’'s medical conditions*’. Most patients with
prostate cancer have a disease that is limited to the pros-
tate gland®. A well-known pathological grading system of
Prostate tumors is the Gleason score (GS). Higher Gleason
scores denote aggressive tumors®®. Gleason scores classi-
fied as low score (<6), intermediate score (7), or high score
(>7)+1°. The Gleason score thus gives predictions about the
biological behavior of the tumor as well as the prognosis of
the patient. Samples for Gleason score were provided from
the transrectal biopsy or radical prostatectomy specimen?,
For a low score (GS <6) it is agreed that immediate treatment
is not necessary, and it is reasonably safe to follow up with
the patient. For intermediate-risk (Gleason score =7) the op-
timal line of management is monotherapy. In high-risk pros-
tate cancer (Gleason score >7), the best treatment option,
by agreement, is combination therapy'*2. For accurate local-
ization of prostate cancer, it has been shown that Magnetic
Resonance Imaging (MRI) is far more accurate than digital
rectal examination (DRE) and more accurate than transrectal
ultrasound (TRUS) biopsy*:. Conventional T2-weighted MRI
sequences have a crucial role in local staging of prostate can-
cer as it predicts the extracapsular spread of the tumor and
detects tumor foci within the gland. Although T2-WI is sensi-
tive for detection of tumor foci, it is not at all specific as the
low T2 signal reported in cancer is also observed in many
benign lesions, such as benign prostatic hyperplasia (BPH),
hemorrhage, prostatitis, or treatment-related changes*41s,
For this reason, conventional MRI has limited to local stag-
ing the known prostate cancer rather than primary detection
of a suspected prostatic malignancy**1¢. Recently, with the
advent of multiparametric MRI combining conventional MRI,
dynamic contrast-enhanced MRI (DCE-MRI), magnetic reso-
nance spectroscopic imaging (MRSI), and diffusion-weighted
MRI (DWI), the role of MRI started to extend to involve de-
tection of cancer foci as well as localization and staging>*’.
DWI is established to be useful in the recognition and location
detection of tumor foci'®. To differentiate between prostatic
tumor, benign or malignant, DWI is very useful and plays an
integral role in this differentiation'®2®. Recently DWI was in-
troduced as a potential predictor of tumor aggressiveness??,
possibly, replacing the need for invasive grading by Gleason
score, which is so far the only possible tool to predict the
tumor biological aggressiveness. Through this work, we aim
to correlate the Apparent Diffusion Coefficient (ADC) values
of prostate cancer with the Gleason score of these foci, to

assess the predictive capacity of ADC in the noninvasive as-
sessment of tumor grade.

This descriptive study was conducted at the Radiology and
Uro Surgery Departments of Al Imamain Al Kadhimain Medical
City, Irak, between December 2018 and September 2019.
Data of 35 patients with biopsy-proven peripheral zone (PZ)
prostate cancer were obtained from the Urology Department
including their biopsy and/or radical prostatectomy histopath-
ological records, subsequently, the MRI record system saved
MRI Information retrospectively. Patients were excluded if
they had experienced previous operation, radiotherapy, or
hormonal treatment. The official ethical appraisal commit-
tee decided exception for patient’'s knowledgeable agree-
ment because information retrospectively recovered. Entirely
MRI scans were done with a 1.5 T device (Magnetom, Aera
Siemens) by a pelvic phased-array coil. MRI pelvis proce-
dure involved axial in addition to coronal turbo spin-echo T2-
weighted pictures (TR: 4000-5000, TE 100-120, slice 3 mm,
flip 130-150, FOV 180-230, gap 10%, NEX 2). Diffusion-
weighted axial images ((I-value 0, 500, 1000 s/mm?) (TR:
4000-5000, TE 110, slice 4 mm, flip 130, FOV 200-250, gap
10%,NEX 10), with ADC maps and dynamic T1 flash 3D fat
sat axial 1 pre-contrast and 10 post-contrast images (TR: 4-
5, TE 2, slice 3 mm, flip 12, FOV 180-200). In all studies in
our institution using contrast, patient verbal consent was
obtained. Image Analysis and Reader Procedure: Two senior
radiologists reviewed the images on the diagnostic worksta-
tion. The signal on the DWI image noted and corresponding
ADC maps carefully examined. Circular regions of interest
(ROIs) drawn on the ADC map display to obtain ADC value
of foci of diffusion restriction. Only lesions with a confident
anatomical correlation between the histopathology report of
biopsy/surgical specimen and the MRI imaging localization
were included in this study after the consensus decision of
the two radiologists. Lesions with no confident correlation
of location excluded from this study. The statistical analy-
sis was performed using commercially available software
SPSS (statistical package for social sciences) version 20.0.
Mean of ADC values for each Gleason score calculated inde-
pendently laterally with SD. Range similarly computed. For
pairwise comparisons between ADC values in low Gleason
score®and intermediate and higher scores (7 and more), the
ROC (Receiver Operating Characteristics) curve was em-
ployed for sensitivity, specificity, and cut off value calculation.
The diagnostic presentation was evaluated by computing the
area below the curve and a p<0.05 was considered statisti-
cally significant.

Our study included 35 males with a mean age of 687 years
old, these patients were under radical prostatectomy and/or
transrectal prostate biopsy with histopathological diagnosis
of prostate carcinoma. In the peripheral zone of the prostate,
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all places of tumor found on histopathology. Figure 1 and 2
shows the T2- weighted MRI, diffusion image, and ADC value
and measurement of two patients with prostate cancer exam-
ined at our institution.

[

Figure 1 (A): T2-weighted MRI of a 63-year-old prostate can-
cer patient and (B) corresponding DWI and (C) ADC map with
cancer demonstrated as a small nodule of low T2 and corre-
sponding high DWI and low ADC signal involving the periph-
eral zones on the left at the apex of the gland.

Figure 2: (A): T2-weighted MRI of a 79-year old prostate can-
cer patient with GS of 8 and (B) corresponding ADC map and
(C) DWI images showing invasion of the bladder base and
extension beyond the prostate capsule on the left base PZ.

The mean ADC values of different Gleason scores of tumors
are given in Table 1.

Table 1. Mean ADC values of different Gleason Scores

Gleason Number of | Mean ADC x 103

. SD Range
score patients mm?/s
6 13 0.998 0.195 0.456-1.3
7 9 0.722 0.1 0.5-0.88
8 9 0.578 0.0875 | 0.45-0.698
9 4 0.479 0.06 0.345-0.5
TOTAL 35 0.691 0.11 0.345-1.3

GS of (6) in 13 patients, ADC value was (0.99+ 0.19) x 103
mm2/s). In 9 patients with GS 7, the (mean + SD) ADC value
was (0.7 £ 0.1) x 103 mm?/s). GS of (8) in 9 patients, ADC
value was (0.58 + 0.088) x 10®° mm?/s), GS of (9) in 4 pa-
tients, ADC value was (0.48 + 0.06) x 10° mm?/s). There was
a negative significant association between ADC values in PZ
cancer and tumor Gleason score (Figure 3).

Figure 3. Demonstrates the inverse relationship between ADC

values and Gleason score.

Mean ADC correlation with Gleason score

0.889

Gleason Score

Since lesions with a Gleason score of (6) are associated with
better prognosis, we tried to assess the difference in lesions
ADC mean with GS (6) form those GS (7) or more, as shown
in table (2)

Table 2. Mean ADC values of low (GS 6) vs Intermediate and High
(GS 7 or more) tumors.

Gleason score | Number of patients Mean ADC x 10° mm?2/s
6 13 0.998
0.593

7 or more 23

However, among the groups, the radiologist has detected
ADC value difference and overlap as seen in Figure 4.

Figure 4. The association between ADC values in carcinoma of
prostate and Gleason scores.
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Figure 5 shows the receiver operating characteristics (ROC)
curve we used for the correlation between low vs intermedi-
ate and high GS and ADC values, the area under the curve
(AUC) of the ROC curve was 0.946 (95% confidence interval
0.897-0.919) indicating excellent correlation. Also, an ADC of
0.75 x 10® mm?/s considered the best cutoff point for deter-
mining prostatic malignancy with a (6) GS, with 93% sensitiv-
ity and specificity, meaning that values of less than 0.75x x
103 mm?/s are strongly associated with GS of 7 or more.

Figure 5. Evaluation of cutoff (ADC) value to calculate Gleason 6

disease. The area below the curve=0.946

Cut off value |Specificity| Sensitivity | Area under curve |P-value

0.75 93% 93% 0.946 <0.0001




Discussion

The appearance of prostate cancer on DWI as foci of diffu-
sion limit in with matching low signal on ADC recording is fit
recognized by numerous studies*1®202124  The basis for this
appearance on DWI and ADC is increased water proton in
the fast-dividing tumor cells, dense tumor cellularity giving re-
stricted movements of water in the space outside the cells,
therefore, decrease ADC values in comparison to the healthy
prostatic tissue®®. Likewise, it is possible that decreased ADC
values in the higher GS group were the result of restricted
motion of water molecules due to increased tumor cellularity.
However, for possible correlation between tumor aggressive-
ness and ADC value of tumor foci, few prior studies were con-
ducted to prove such association and to our knowledge, no
similar study was done in our community. Our study showed
that there is a strong negative association between the pe-
ripheral zone prostate cancer ADC value of and GS of the
cancer foci, this result was reliable with previous studies stat-
ed that ADC values may be useful in differentiating patients
with high, intermediate from patients with a low risk of pros-
tatic carcinomat®6262°, Other studies, reveal the results like
to current study, the ADC values: patients with high GS (4+3)
ADC lower than patients with high GS (3+3 and 3+4), but no
future cut off point to distinguish low from high or intermediate
Gleason scores®. Doo et al., and Yasushi et al.®, also agreed
with our study and reported that ADC values could provide a
mean of differentiating lesions with a GS of 6 with mean ADC
values of (0.875 x 10-3 mm2/s) from those with a GS of at
least 7 with mean ADC of (0.779 x 10-3 mmz2/s)?. Our results
showed that lesions with a Gleason score of 6 had mean ADC
of (0.998x 10-3 mm2/s) and those with GS at least 7 had
mean ADC of (0.593x 10-3 mm2/s) which is different from
those obtained in the Doo et al. in their study, possibly due to
the difference in the studied population, study design as our
study is retrospective, while Doo et al. is a prospective study.
Hambrock et al. evaluated prostate cancer aggressiveness
using a 3.0-T MRI with DWI, concluding that ADC values can
be very effective in the differentiation of low- vs intermedi-
ate and high-grade prostate cancer foci. The median ADC
values are given in their results for low, intermediate, and
high-grade tumors were 1.30x10(-3) mm (2)/sec, 1.07x10(-3)
mm (2)/sec, and 0.94x10(-3) mm (2)/sec respectively. Their
ROC curve established a strong correlation between lowering
ADC and higher Gleason Scores, but they measured median
rather than mean ADC, and they used 3T MRI as opposed
to 1.5 T MRI scanner used in our study?. Kim et al., also
concluded the presence of a negative correlation between
ADC values and the GS in prostatic carcinoma, that it was
probable to distinguish GS¢illness (meaning low grade with
good prognosis) form intermediate and high GS (7 and more)
according to ADC values, in their study, however, they have
proposed cut off value of differentiation between Gleason
score of 6 and higher scores was (0.830x10-3 mmz2/s) were
lower ADC values were mentioned to be significantly associ-
ated with intermediate and high-risk prostate cancer (GS 7
or higher disease)?. The absolute measured ADC values are
noted to vary among different centers, possibly attributed to
causes such as the project and form of MRI scanner, its field

strength, the adapted imaging sequence, use of endorectal
as opposed to pelvic array coils, and the diffusion b-values
adapted in the diffusion protocol.

Conclusion

Based on our study, the tumor Gleason Score, and thus
the biological aggressiveness of the tumor may be inferred
from the ADC values of the tumor. A probable cut off ADC
value of 0.75x10° mmz3/s may discriminate between GS of
6 representing low-grade good prognosis tumor (demand-
ing only watchful waiting) vs higher grade tumors with GS of
7 or more (requiring active management plan). Thus, these
result may assist in guiding treatment and giving insight into
patient’s prognosis.
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