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Abstract

Objective—The apparent diffusion Coefficient (ADC) values for benign central zone (CZ) of the 

prostate were compared with ADC values of benign periphral zone (PZ), benign transition zone 

(TZ), and prostate cancer, using histopathologic findings from radical prostatectomy as the 

reference standard.

Materials and Methods—The study included 27 patients with prostate cancer (mean [± SD] 

age, 60.0 ± 7.6 years) who had 3-T endorectal coil MRI of the prostate performed before 

undergoing prostatectomy with whole-mount histopathologic assessment. Mean ADC values were 

recorded from the ROI within the index tumor and within benign CZ, PZ, and TZ, with the use of 

histopathologic findings as the reference standard. ADC values of the groups were compared 

using paired t tests and ROC curve analysis.

Results—The ADC of benign CZ in the right (1138 ± 123 × 10−6 mm2/s) and left (1166 ± 141 × 

10−6 mm2/s) lobes was not significantly different (p = 0.217). However, the ADC of benign CZ 

(1154 ± 129 × 10−6 mm2/s) was significantly lower (p < 0.001) than the ADCs of benign PZ (1579 

± 197 × 10−6 mm2/s) and benign TZ (1429 ± 180 × 10−6 mm2/s). Although the ADC of index 

tumors (1042 ± 134 × 10−6 mm2/s) was significantly lower (p = 0.002) than the ADC of benign 

CZ there was no significant difference (p = 0.225) between benign CZ and tumors with a Gleason 

score of 6 (1119 ± 87 × 10−6 mm2/s). In 22.2% of patients (6/27), including five patients who had 

tumors with a Gleason score greater than 6, the ADC was lower in benign CZ than in the index 

tumor. The AUC of ADC for the differentiation of benign CZ from index tumors was 72.4% 
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(sensitivity, 70.4%; specificity, 51.9%), and the AUC of ADC for differentiation from tumors with 

a Gleason score greater than 6 was 76.7% (sensitivity, 75.0%; specificity, 65.0%).

Conclusion—The ADC of benign CZ is lower than the ADC of other zones of the prostate and 

overlaps with the ADC of prostate cancer tissue, including high-grade tumors. Awareness of this 

potential diagnostic pitfall is important to avoid misinterpreting the normal CZ as suspicious for 

tumor.
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The original characterization of the zonal anatomy of the prostate described three distinct 

zones [1]: the peripheral zone (PZ), the transition zone (TZ), and the central zone (CZ). The 

PZ and TZ comprise the bulk of the glandular content of the prostate and are the site of the 

overwhelming majority of prostate cancers [2–4]. Accordingly, these zones have received 

the greatest degree of attention in prior reports [5]. The CZ, which has received less 

emphasis, comprises a disk of tissue situated between the PZ and TZ at the posterior base of 

the prostate below the seminal vesicles, encircling the ejaculatory ducts as they course 

toward the verumontanum [6]. This histologically distinct zone is a remnant of the wolffian 

duct [7] and is the site of fewer than 5% of prostate tumors [2, 8]. Partial effacement of the 

CZ by the TZ, which occurs as the TZ enlarges with aging, can lead to difficulty in 

differentiating these zones on imaging; because of this difficulty, historically these two 

zones were often considered a single entity known as the central gland [9, 10].

More recently, improvements in the image quality of prostate MRI and growing clinical 

interest in precise tumor localization using imaging have led to greater attention being given 

to the MRI characteristics of the CZ [11]. For instance, one study reported that the CZ can in 

fact be visualized separately from the TZ in more than 80% of patients [6]. However, 

distinct visualization of the CZ can, in turn, lead to a diagnostic pitfall, particularly for less-

experienced readers. This diagnostic difficulty occurs because the CZ exhibits homogeneous 

decreased T2 signal and, when visualized separately from the TZ, may be misinterpreted as 

a lesion suspicious for tumor on T2-weighted images. Avoidance of this pitfall requires 

awareness of the expected location and morphologic features of the CZ on T2-weighted 

images, in combination with careful review of the zonal anatomy in the prostate base to 

appropriately recognize the CZ as a normal structure [6, 11].

Benign CZ prostate tissue has also been described as appearing hypointense on the apparent 

diffusion Coefficient (ADC) map derived from DWI [6, 12]. Thus, the CZ may pose a 

diagnostic challenge not just on T2-weighted images but also for the ADC map. In fact, this 

challenge may be more problematic on the ADC map because of the anatomic distortion and 

warping of DWI related to both the echo-planar imaging acquisition [13] and subsequent 

decreased anatomic clarity of this sequence. Although visually decreased ADC in the CZ 

has been described subjectively in previous studies [6, 12], quantitative ADC values of 

benign CZ tissue have not been previously investigated, to our knowledge. Such information 

is important if quantitative ADC measurements and ADC thresholds are applied during 

clinical assessment of the prostate by MRI, to help avoid misinterpretation of the CZ as a 
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possible tumor given its decreased ADC. Therefore, the purpose of this study is to compare 

the ADC values of benign CZ tissue with the ADC values of prostate cancer and of benign 

tissue in the PZ and TZ, with use of histopathologic findings from whole-mount radical 

prostatectomy assessment as the reference standard.

Materials and Methods

Patients

In this HIPAA-compliant study, patients with biopsy-proven prostate cancer who were 

considered candidates for radical prostatectomy provided signed informed consent to be 

included in an institutional review board–approved prospective database before undergoing 

3-T MRI of the prostate performed using an endorectal coil. Additional institutional review 

board approval was subsequently received for retrospective database query and analysis. 

The database was initially searched for all patients who had undergone radical 

prostatectomy and MRI of the prostate performed at Duke University Medical Center 

between January 2011 and June 2012, and 41 patients were identified. Patients were then 

excluded from the study for the following reasons: marked susceptibility artifact related to 

hip arthroplasty noted on DWI (n = 1); no index lesion identified on histopathologic 

assessment of the prostatectomy specimen (n = 4), as described later; and lack of availability 

of whole-mount histopathologic findings (n = 9). After these exclusions, the final cohort 

included 27 patients (mean [± SD] age, 60.0 ± 7.6 years; range, 47–71 years). The mean 

interval between MRI and surgery was 29.0 ± 39.2 days (range, 1–153 days).

Multiparametric MRI Technique

All imaging was performed using a 3-T MRI scanner (Signa HDxt 3.0T, GE Healthcare) 

with a single-channel endorectal coil (eCoil, Medrad) used in combination with 

multichannel phased-array body surface coils. Examinations included multiplanar fast spin-

echo T2-weighted imaging (TR/TE, 3950/102; FOV, 160 × 160 mm; axial matrix, 448 × 

360; coronal matrix, 384 × 230; slice thickness, 3 mm; three averages; parallel imaging 

factor, 3) and single-shot echo-planar imaging fat-suppressed DWI (TR/TE, 3500/69.5; 

FOV, 160 × 160 mm; matrix, 80 × 128; slice thickness, 3 mm; six averages; parallel 

imaging factor, 3; b values, 0 and 800 s/mm2). The ADC maps were generated by the 

scanner console using a standard monoexponential fit. Dynamic contrast-enhanced MRI was 

also performed, but it was not formally assessed as part of this study.

Whole-Mount Histopathologic Assessment

All prostatectomies were performed by a single fellowship-trained urologic surgeon with 

more than 20 years of experience in urologic oncology surgery. The prostate specimens 

were weighed, inked using different colors for the left and right sides, fixed in 

formaldehyde, and placed overnight in a refrigerator at 4°C. After shaving of the apex and 

bladder neck margin, the remaining prostate tissue was sectioned in 3- to 4-mm cuts made 

perpendicular to the surface plane of the rectum and used to prepare whole-mount slices for 

microscopic assessment [14]. Tissue was marked using H and E stain. A fellowship-trained 

genitourinary pathologist with more than 20 years of experience reviewed the slides and 

outlined in ink all the tumor foci, also providing for each tumor the Gleason score and 

Gupta et al. Page 3

AJR Am J Roentgenol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



primary zonal location (which was defined as the zone comprising the greatest fraction of 

the tumor's area). The pathologist also designated the index tumor for each case [15–17]; the 

index tumor was considered to be the tumor focus with the highest grade or, when multiple 

tumor foci with the same grade were present, the largest such tumor focus. Patients with 

only scattered foci of a Gleason 3 + 3 tumor, with all foci having a diameter of up to 3 mm, 

were designated as having no index tumor.

Quantitative Analysis

A single fellowship-trained radiologist with 3 years of experience in MRI of the prostate 

reviewed the MR images in conjunction with scanned high-resolution digital representations 

of the whole-mount histopathologic slides indicating the location of the index tumor for each 

patient. ROIs were placed on the ADC map within the index tumor as well as within benign 

CZ, PZ, and TZ for each patient. ROIs within the index tumor and benign prostate tissue 

were placed according to the whole-mount histopathologic data and using the T2-weighted 

image for anatomic reference (Fig. 1). Mean ADC values were recorded for each ROI. For 

each patient, the ROI within the index lesion was placed on a single axial slice on the ADC 

map, with the slice in which the tumor appeared to be the largest and most conspicuous 

selected for this purpose. For the zonal ROIs within benign prostate tissue, one ROI was 

placed in each lobe in an area free of tumor on histopathologic assessment, with the results 

between the two lobes averaged. The ROI for benign CZ was placed just below the insertion 

of the seminal vesicles at the prostatic base, at the location where the CZ has the greatest 

cross-sectional diameter on axial images and generally is most conspicuous. For three 

patients in whom tumor was present within or in close proximity to the CZ on a given side, 

only the contralateral benign CZ was measured. Mean ROI sizes were as follows: for index 

tumors, 79.5 ± 54.3 mm2 (range, 27–234 mm2); for benign CZ, 99.0 ± 54.9 mm2 (range, 

33–248 mm2); for benign PZ, 48.6 ± 26.1 mm2 (range, 13–103 mm2); and for benign TZ, 

45.5 ± 45.7 m m 2 (range, 10– 218 mm2).

Statistics

For patients for whom ADC values for benign CZ in both the right and left lobes were 

measured, these two values were compared using paired t tests, and the mean absolute 

difference and relative difference (defined as the absolute difference divided by the average) 

in the ADC values of for benign CZ between the two lobes was computed. The mean ADC 

value of the benign CZ was compared with the mean ADC values of the index tumors and 

both benign PZ and TZ, by use of paired t tests. Additional comparisons between the ADC 

values of normal CZ and index tumors with a Gleason score of 6 and those with a Gleason 

score greater than 6 were performed using paired t tests. Overlap between the ADC values 

of normal CZ and the index tumor was assessed on a patient-by-patient basis. Finally, ROC 

curve analysis was performed to assess differentiation of benign CZ and index tumors using 

ADC values. The p values were two sided and considered statistically significant at p < 0.05. 

Statistical assessment was performed with software (MedCalc version 12.7 for Windows, 

MedCalc Software).
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Results

The Gleason scores of the index tumors were as follows: 3 + 3 for 22.2% of patients (6/27), 

3 + 4 for 48.1% of patients (13/27), 4 + 3 for 22.2% of patients (6/27), and 4 + 4 for 3.7% of 

patients (1/27). The zonal locations were as follows: PZ in 81.4% of patients (22/27), TZ in 

11.1% of patients (3/27), both PZ and TZ in 3.7% of patients (1/27), and both PZ and CZ in 

3.7% of patients (1/27).

Figure 2 summarizes the results of the ROI assessments of the ADC maps, and Figure 3 

shows a representative case. The mean ADC for benign CZ was not significantly different 

between the two lobes (1138 ± 123 × 10−6 mm2/s for the right lobe vs 1166 ± 141 × 10−6 

mm2/s for the left lobe; p = 0.217). The mean difference in ADC values for benign CZ in the 

right and left lobes was 85 ± 74 × 10−6 mm2/s (relative difference, 7.4% ± 6.5%). However, 

the mean ADC value of benign CZ (1154 ± 129 × 10−6 mm2/s) was significantly lower than 

that of benign tissue in both the PZ (1579 ± 197 × 10−6 mm2/s; p <0.001) and the TZ (1429 

± 180 × 10−6 mm2/s; p < 0.001).

The mean ADC value of the index tumors (1042 ± 134 × 10−6 mm2/s) was significantly 

lower than that of benign CZ (p = 0.002). After stratification by tumor grade, although the 

ADC value of index tumors with a Gleason score greater than 6 (1014 ± 139 × 10−6 mm2/s) 

was significantly lower than the ADC value of benign CZ (p = 0.004), there was no 

significant difference (p = 0.225) between the ADC values of tumors with a Gleason score 

of 6 (1120 ± 87 × 10−6 mm2/s) and benign CZ.

Substantial overlap existed between the ADC value of benign CZ and the ADC value of 

index tumors, including tumors with a Gleason score greater than 6. In 22.2% of patients 

(6/27), the ADC of benign CZ was lower than that of index tumors; these tumors exhibited 

Gleason scores as follows: 3 + 3 (n = 1), 3 + 4 (n = 3), and 4 + 3 (n = 2) (Fig. 4). In an 

additional 37.0% of patients (10/27), the ADC of benign CZ was less than 10% higher than 

the ADC of the index tumors; these tumors exhibited Gleason scores were as follows: 3 + 3 

(n = 4), 3 + 4 (n = 3), and 4 + 3 (n = 3). Furthermore, the AUC for differentiating benign CZ 

and index tumors was 72.4%, with a threshold value of 1126 × 10−6 mm2/s providing a 

sensitivity of 70.4% (19/27) and specificity of 51.9% (14/27). If only index tumors with a 

Gleason score greater than 6 are considered, then the AUC was 76.7%, with a threshold 

value of 1123 × 10−6 mm2/s providing a sensitivity of 75.0% (15/20) and a specificity of 

65.0% (13/20).

Discussion

Previous authors have described a potential challenge in interpretation of prostate MRI 

resulting from the benign CZ given its decreased T2 signal that potentially mimics tumor [6, 

11]. In this article, we also describe significantly lower ADC values in the CZ than in both 

the PZ and TZ. These decreased ADC values were comparable with those of tumors with a 

Gleason score of 6. Although tumors with a Gleason score greater than 6 had lower ADC 

values on average than did benign CZ tissue, substantial overlap existed with this group as 
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well. The presence of decreased ADC in benign CZ has been attributed to its relatively 

compact stroma and decreased luminal fluid content [12].

Although past studies describe a lower ADC in the CZ during subjective visual assessment, 

this study is, to our knowledge, the first to quantify such ADC values and perform separate 

comparisons with histologically proven low- and high-grade tumors. Such quantitative 

comparisons are important given increasing interest in clinical application of specific ADC 

thresholds to guide interpretation of prostate MRI [18]. To apply a particular threshold, 

ROIs must be placed to measure the ADC within suspicious regions, with the obtained 

values affecting the level of suspicion that is ultimately raised for tumor. This approach will 

generate false-positive interpretations for tumor if the CZ is not recognized as a normal 

anatomic structure and its ADC value is evaluated in such a fashion.

To address this challenge, the interpreting radiologist may assess for a symmetric reduction 

of ADC at the posterior base of the prostate to support benign CZ tissue as the explanation 

of the imaging finding, as is borne out by the similar mean values between the two CZ lobes 

in our study. Nonetheless, enlargement of the TZ at the base of the prostate as a result of 

benign prostatic hyperplasia may result in displacement of one of the lobes of the CZ, 

leading to asymmetry [19]. An additional consideration is that benign CZ typically exhibits 

a type 1 or type 2 kinetic curve using dynamic contrast-enhanced MRI, such that the 

presence of a type 3 curve may be used to more reliably suggest the presence of tumor [12]. 

Ultimately, findings in this region of the prostate on the ADC map and dynamic contrast-

enhanced MRI must be carefully evaluated in combination with anatomic details apparent 

on T2-weighted images to mitigate the likelihood of a misinterpretation. We acknowledge 

that, in a fraction of examinations, it may remain difficult to reliably differentiate asymmetry 

of benign CZ from tumor by imaging and that targeted biopsy of the area may be needed to 

establish the diagnosis.

Our study has limitations. First, this was a retrospective study with a relatively small sample 

size. However, we applied stringent inclusion criteria that required all patients' 

prostatectomy specimens to undergo whole-mount histopathologic assessment with 

identification of an index lesion to improve the reliability of the radiologicpathologic 

correlations. In addition, we were not able to compare ADC values between benign tissue 

and tumors in the CZ given the lack of tumors located primarily in the CZ in our cohort. 

Nonetheless, this is an important avenue for future research. Also, observations were 

performed by a single radiologist who was experienced in prostate MRI. However, the 

observations were quantitative in nature and were directly guided by knowledge of the 

histopathologic findings, thereby reducing the subjectivity of the measurements. In addition, 

only mean ADC values were evaluated, consistent with our intent to reveal an important 

diagnostic pitfall when using a standard clinical interpretation scheme. Although not widely 

used in clinical practice, histogram-based whole-lesion ADC metrics have shown added 

value in comparison with the mean ADC in some investigations [20–22], and these metrics 

warrant attention for evaluation of benign and malignant CZ as well. Finally, DWI was 

performed using a maximal b value of 800 s/mm2, whereas recent literature supports the use 

of greater b values [23, 24]. The b value used in our study reflects the protocol in use at 

Duke University at the time that the patients who were included in the study underwent 
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imaging. Future studies could assess for potential improved differentiation of benign CZ 

from that of prostate cancer when using larger b values.

In conclusion, the benign CZ of the prostate exhibits significantly lower ADC values than 

does both benign PZ and TZ and substantially overlaps with ADC values of prostate cancer. 

Although high-grade tumors tended to exhibit lower ADC values than benign CZ, overlap 

between benign CZ and tumor existed as well. Such overlap can contribute to a false-

positive interpretation for tumor at the prostate base. ADC values in the CZ were similar 

between the two lobes in a given patient, which may be useful in correctly identifying this 

structure. Ultimately, thorough familiarity with the normal anatomy of the prostate and with 

the characteristic appearance of the CZ on multiparametric MRI is required to recognize this 

pitfall and avoid a misinterpretation.
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Fig. 1. 
Depiction of ROI placement for calculation of mean apparent diffusion Coefficient (ADC) 

value.

A, Axial T2-weighted image used for anatomic delineation of histologically confirmed 

benign transition zone (TZ), central zone (CZ), and peripheral zone (PZ).

B, Corresponding axial ADC map with representative ROI placements in each of these 

zones used for calculation of mean ADC value for benign in TZ (solid white circles), CZ 

(dashed white circles), and PZ (dotted black circles).
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Fig. 2. 
Box plots of apparent diffusion Coefficient (ADC) values. Statistically significant 

differences between ADC values of peripheral zone, transition zone, and index tumor 

categories versus ADC value of benign central zone (CZ) are shown, with p < 0.05 denoting 

statistical significance. Mean (circles), median (line in box), second and third quartiles (top 

and bottom of boxes), and maximum values (whiskers outside of boxes) are shown.
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Fig. 3. 
52-year-old man with prostate cancer and Gleason score of 4 + 3 at radical prostatectomy.

A, A xial T 2-weighted image shows normal appearance of the central zone (CZ) (arrows) at 

prostate base, situated between peripheral and transition zones and encircling ejaculatory 

ducts (circle).

B, Axial T2-weighted image shows histologically confirmed index tumor (arrow) located at 

left posterior prostate midgland.

C and D, Axial apparent diffusion Coefficient (ADC) maps show visually similar extent of 

decreased ADC (arrows) in both CZ (C) and index tumor (D). Measured ADC values were 

minimally lower in benign CZ (1036 × 10−6 mm2/s) than in index tumor (1072 × 10−6 

mm2/s).

E and F, Whole-mount histopathologic slides (H and E stain, ×1.05) show benign CZ at 

base of prostate (arrows, E) and index tumor in left posterior midgland (arrow, F). 

Ejaculatory ducts (circle, E) are shown. Purple markings (F) denote that majority of tumor 

has components of Gleason pattern 4, with minority of components of Gleason pattern 3 

denoted by dark green markings.
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Fig. 4. 
Graph of difference in apparent diffusion Coefficient (ADC) values between benign central 

zone (CZ) and index tumors in 27 patients. For patients 1–11, CZ ADC is > 10% higher than 

tumor ADC, for patients 12–21, CZ ADC is < 10% higher than tumor ADC; and for patients 

22–27, CZ ADC is less than tumor ADC.
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