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Abstract
Background  Multiparametric magnetic resonance imaging (mpMRI) is increasingly used in detection and surveillance of 
prostate cancer. However, the co-localization of lower grade lesions between mpMRI and histopathologic specimen has not 
been well established.
Objective  We aim to determine the factors on final histopathological exam that correlate to tumor visibility for Grade I and 
II disease on mpMRI.
Methods  Fifty-five patients who underwent radical prostatectomy from July 2014 to June 2016 were analyzed for the study. 
Of the sample of 55 patients, 18 were found to have Gleason score (GS) of 3 + 3 or 3 + 4 disease, and then were re-reviewed 
and annotated by a pathologist. Lesion diameter, area, and distance from the prostate capsule were measured. The annotated 
lesions were co-localized to the MRI report.
Results  Of the 184 lesions identified on the whole mount histopathologic slides, 106 (57.6%), 62 (33.7%), 14 (7.6%), and 2 
(1.1%) of the lesions had a GS of 3 + 3, 3 + 4, 4 + 3, and 4 + 4, respectively. On analysis, 27.3% (24/88) of GS 6 (< 1.5 cm in 
size), and 88.9% (16/18) of GS 6 (> 1.5 cm in size) were identified (p < 0.001). Additionally, when assessing lesion proxim-
ity to the prostatic capsule, 46.1% (41/89) of lesions closer (≤ 0.05 cm), and 30.5% (29/95) of lesions further (> 0.05 cm) 
from the capsule were visualized.
Conclusion  Lesion diameter, area, and capsule proximity correlated with MRI visibility. Further studies are encouraged to 
validate the findings of our study.
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Introduction

Multiparametric magnetic resonance imaging (mpMRI) 
has considerable value in detection of clinically significant 
prostate cancer while minimizing over-detection of indo-
lent disease. Despite advances in MRI over the last several 
years, confirmatory biopsy of insignificant lesions on MRI 
may still reveal intermediate- or high-risk disease. Central 
dogma of MR imaging lies in continuous improvement of 
MRI interpretation, as well as more accurate correlation 
with whole mount histopathology [1].

As previously described in the literature, index lesion size, 
tumor volume, biopsy Gleason grade, glandular architecture, 
and tumor location all correlate with lesion visibility on MRI 
[1–4]. Despite mounting evidence on factors listed previ-
ously, little research has been dedicated to assess the features 
responsible for MRI visibility for Grade I and II disease.
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In the current study, we examine the histopathologic char-
acteristics in Grade I and II disease associated with MRI 
detection. We aim to compare the findings on mpMRI with 
the histopathologic findings from the radical prostatectomy 
(RP) specimen, and to evaluate pathologic factors responsi-
ble for MR visibility in Grade I and II disease.

Methods

Study population and imaging

An IRB-approved retrospective study was conducted for 
patients who had an MRI prior to prostatectomy from July 
2014 to June 2016 at our institution. From a representative 
sample of 55 patients, 18 patients were found to have GS of 
3 + 3 or 3 + 4 disease. Patient encounters, radiologic, and 
histopathologic reports were examined retrospectively from 
the institution’s electronic medical records.

All patients underwent mpMRI using a 3.0-T unit MRI 
(Verio or Skyra, Siemens Healthineers). The MRI scans 
were read and scored by one of five expert radiologists, with 
an average experience of 15 years, utilizing the European 
Society of Urogenital Radiology (ESUR) PI-RADS v1 (prior 
to 2014) or v2 (after 2015) scoring system [5]. PI-Evalua-
tion using RADS v1 and PI-RADS v2 has previously been 
evaluated, with studies showing no difference in diagnostic 
accuracy [4]. PI-RADS 1 and 2 lesions, according to the 
American College of Radiology Guidelines, are unlikely 
to harbor clinically significant cancer [5, 6]. In this study, 
lesions given a PI-RADS of 1 or 2 were defined as not vis-
ible, whereas PI-RADS 3, 4, and 5 were considered visible.

Histopathologic analysis and co‑localization

Whole mount prostatectomy specimens were sliced in 3–5-
mm increments. A pathologist (N.J) blinded to the MRI 
and pathology results re-reviewed all prostatectomy slides. 
Annotated whole mount slides from RP specimens were 
individually digitized and each lesion was measured using 
AdobeAcrobat (supplementary). The lesion diameter (long-
est axis), lesion area, distance to prostatic capsule, and ratio 
of tumor to total area were all measured and documented. 
Cancerous lesions that were of the same Gleason grade and 
were within 1.5 mm of each other were considered part of 
the same lesion. Lesions on each slide were counted non-
contiguously and evaluated separately from other mount 
prostatectomy slides.

Lesion size and location were correlated between the MRI 
and the pathologic specimen. Lesion ratio was defined as the 
area of the lesion in question to whole mount area. Lesions 
listed in the MRI report had to be in the same zone, segment, 
and axis as the whole mount slide for it to be characterized 

as identified. Continuous lesions across multiple whole 
mount slides were characterized as one, and if they corre-
lated with a MRI lesion, then they were documented as a 
single identified lesion. Furthermore, a PI-RADS score of at 
least 3 was needed for the identified lesion to be character-
ized as visible. Lesions re-annotated on the prostatectomy 
whole mount slices were the reference standard and were 
considered false negative if not identified on the MRI.

Index lesions in multifocal specimen were classified 
according to one of the two definitions: (1) lesions with 
extracapsular extension (ECE), highest Gleason score, and 
largest tumor size (standard definition), and (2) tumors with 
the largest diameter.

Statistical analysis

All data were analyzed using RStudio (RStudio, Inc). 
Categorical data were presented as counts and relative 

Table 1   Patient demographics

Continuous variables: mean (IQR), categorical variables: n (%)
PSA prostate-specific antigen
*PSA differences compared via Mann Whitney U test between 
lesions visualized and not visualized on MRI (10 patients experienced 
both)
a Median

Patient characteristics Value

Age 61.4 (57.6–66.1)
PSA* (ng/mL) 5.8a (4.8–9.9)
Prostate weight (g) 43.3 (35.0–51.5)
Prostate volume (cm3) 36.0 (26.2–38.3)
Final histopathology Gleason Score
 3 + 3 4 (22.2%)
 3 + 4 14 (77.8%)

Final histopathology lesion number 184
Gleason Score, number of lesions
 3 + 3 106 (57.6%)
 3 + 4 62 (33.7%)
 4 + 3 14 (7.6%)
 4 + 4 2 (1.1%)

Pathologic stage
 T2a 1
 T2b 0
 T2c 10
 T3a 4
 T3b 3

Not visualized on 
MRI

Visualized on 
MRI

p value

N 5 4
PSA* total (median 

[IQR])
4.80 [4.77, 5.58] 10.95 [9.58, 

13.23]
0.027
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frequencies. Continuous variables were described using 
the mean for normally distributed data and median for non-
normally distributed data, followed by interquartile ranges 
(IQR). Further stratifications for index lesions, lesion 
size and area, distance to capsule, and lesion ratios were 

conducted based on GS (6 vs. > 6) and lesion diameter 
(median = 1.07 cm). Student’s t test and chi-squared analy-
sis were utilized for continuous and categorical variables, 
respectively. A p value less than 0.05 indicated statistical 
significance.

Table 2   Characteristics of prostate lesions and tumor detection (n = 184) by mpMRI

Characteristics Positive MRI findings and positive histo-
pathologic results (n = 70)

Negative MRI findings and positive histo-
pathologic results (n = 114)

p

Index tumor status (grade) < 0.05
 Index tumor 27 (55.1%) 22 (44.9%)
 Non-index tumor 43 (31.9%) 92 (68.1%)

Index tumor status (size) < 0.001
 Index tumor 41 (65.1%) 22 (34.9%)
 Non-index tumor 29 (24.0%) 92 (76%)

Tumor diameter < 0.001
 ≤ 0.5 cm 7 (22.6%) 24 (77.4%)
 0.5–1.0 cm 11 (19.0%) 47 (81.0%)
 1.0–1.5 cm 14 (35.0%) 26 (65.0%)
 1.5–3.0 cm 32 (65.3%) 17 (34.7%)
 > 3 cm 6 (100%) 0 (0%)

Gleason Score 0.98
 3 + 3 40 (37.7%) 66 (62.3%)
 3 + 4 24 (38.7%) 38 (61.3%)
 4 + 3 5 (35.7%) 9 (64.3%)
 4 + 4 1 (50%) 1 (50%)

Total 70 (38%) 114 (62%)

Table 3   Prostate lesion size, area, and tumor detection by MRI, stratified by Gleason Score

Positive MRI find-
ings and positive 
histopathologic 
results

Negative MRI 
findings and posi-
tive histopatho-
logic results

p Positive MRI find-
ings and positive 
histopathologic 
results

Negative MRI 
findings and posi-
tive histopatho-
logic results

p

Lesion size (cm) Lesion area (cm2)
 Gleason Score 3 + 3 < 0.001  Gleason Score 3 + 3 < 0.001
 ≤ 0.5 7 (28%) 18 (72%)  ≤ 0.1 6 (28.6%) 15 (71.4%)
 0.5–1.0 9 (20.9%) 34 (79.1%)  0.1–0.5 13 (22.4%) 45 (77.6%)
 1.0–1.5 8 (40%) 12 (60%)  0.5–1.0 9 (64.3%) 5 (35.7%)
 1.5–3 15 (88.2%) 2 (11.8%)  1.0–1.5 6 (85.7%) 1 (14.3%)
 > 3 1 (100%) 0 (0%)  > 1.5 6 (100%) 0 (0%)

Subtotal 40 (57.1%) 66 (57.9%) Subtotal 40 (57.1%) 66 (57.9%)
 Gleason Score > 3 + 4 < 0.001  Gleason Score > 3 + 4 < 0.001
 ≤ 0.5 0 (0%) 6 (100%)  ≤ 0.1 0 (0%) 7 (100%)
 0.5–1.0 2 (13.3%) 13 (86.7%)  0.1–0.5 4 (20.0%) 16 (80.0%)
 1.0–1.5 6 (30.0%) 14 (70.0%)  0.5–1.0 4 (22.2%) 14 (77.8%)
 1.5–3 17 (53.1%) 15 (46.9%)  1.0–1.5 9 (56.3%) 7 (43.7%)
 > 3 5 (100%) 0 (0%)  > 1.5 13 (76.5%) 4 (23.5%)

Subtotal 30 (42.9%) 48 (42.1%) Subtotal 30 (42.9%) 48 (42.1%)
Total 70 (38%) 114 (62%) Total 70 (38%) 114 (62%)
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Results

Patient characteristics are depicted in Table 1. Overall, 
the mean age of the study group was 61.4 years old (SD 
57.6–66.1) at RP, median PSA of 5.8 ng/ml (IQR 4.8–9.9), 
median prostate and seminal vesicle weight of 43.3 g (IQR 
35.0–51.5 g), and median prostate volume of 36 cm3 (IQR 
26.2–38.3 cm3) on RP (Table 1). Of the 184 lesions identi-
fied on the whole mount slides, 106 (57.6%), 62 (33.7%), 14 
(7.6%), and 2 (1.1%) of the lesions had a GS of 3 + 3, 3 + 4, 
4 + 3, and 4 + 4, respectively.

Out of 184 lesions, 70 (38%) were visualized on MRI 
(Table 2). When definition 1 (ECE, GS, and tumor diameter) 
was used to identify the index, MRI detected 55.1% (27/49) 

of the index lesions and 31.9% (43/135) of the non-index 
lesions (p < 0.05). When definition 2 (largest diameter) was 
used to define the index lesion, 41/63 (65.1%) of the index 
and 22/63 (34.9.0%) of the non-index lesions were detected 
(p < 0.001).

When comparing PSA differences among patients with 
lesions visualized on MRI in both Grade I and II disease, 
as compared to lesions not seen on MRI, differences were 
noted. Median PSA of visualized lesions was 10.95 [IQR 
9.58, 13.23], as compared to 4.80 [IQR 4.77, 5.58], p = 0.027 
(Table 1).

The median lesion size was 1.23 cm (IQR 0.59–1.78). 
Of the 129 lesions less than or equal to 1.5 cm in diameter, 
based on RP final pathology, 24.8% (32/129) were detected 

Fig. 1   Percentage of Lesions 
Detected on MRI stratified by 
Lesion Size and Gleason score
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on prostate MRI. Of the remaining 55 lesions greater than 
1.5 cm, 69.1% (38/55) were identified on MRI (Table 2). 
Of the 106 lesions with a GS 6, 37.7% (40/106) and 38.5% 
(30/78) of GS ≥ 7 of the lesions were identified on MRI 
(p = 0.98).

On further analysis, 27.3% (24/88) of GS 6 (< 1.5 cm in 
size), and 88.9% (16/18) of GS 6 (> 1.5 cm in size) were 
identified (p < 0.001) (Table 3). Eight of forty-one lesions 
with Gleason ≥ 7 (19.5%) measuring less than 1.5 cm in 
diameter were detected on the MRI, whereas 67.6% (22/37) 

of lesions measuring greater than 1.5 cm were visualized 
(p < 0.001). As evidenced in Table 3, Gleason 6 with area of 
less than 0.5 cm2 were missed 60/79 (75.9%) on MRI imag-
ing, whereas 21/27 (77.8%) of those greater than 0.5 cm2 
were detected (p < 0.001) (Fig. 1).

When assessing MRI lesion visibility according to prox-
imity of the lesion to the prostatic capsule, 46.1% (41/89) of 
lesions closer (≤ 0.05 cm) to the prostatic capsule were visu-
alized, and 30.5% (29/95) of lesions further from the capsule 
(> 0.05 cm) were visualized (Table 4). Additional subgroup 

Table 4   Distance of lesions 
to prostatic capsule and tumor 
detection (n = 184) by mpMRI, 
stratified by Gleason score and 
lesion size

Positive MRI findings and posi-
tive histopathologic results

Negative MRI findings and 
positive histopathologic results

p

All lesions
 Distance to capsule (cm) < 0.05
  ≤ 0.05 41 (46.1%) 48 (53.9%)
  0.05–0.10 6 (30.0%) 14 (70.0%)
  0.1–0.2 8 (29.6%) 19 (70.4%)
  0.2–0.5 12 (36.4%) 21 (63.6%)
  0.5+ 3 (16.7%) 12 (83.3%)

Total 70 (38%) 114 (62%)
Lesion size ≤ 1.07 (cm) 0.724
 Distance to capsule (cm)
  ≤ 0.05 5 (17.9%) 23 (82.1%)
  0.05–0.10 2 (18.2%) 9 (81.8%)
  0.1–0.2 1 (7.14%) 13 (92.9%)
  0.2–0.5 8 (32.0%) 17 (68.0%)
  0.5+ 3 (23.1%) 10 (76.9%)

Lesion size > 1.07 (cm) 0.101
 Distance to capsule (cm)
  ≤ 0.05 36 (59.0%) 25 (61%)
  0.05–0.10 4 (44.4%) 5 (55.6%)
  0.1–0.2 7 (53.8%) 6 (46.2%)
  0.2–0.5 4 (50%) 4 (100%)
  0.5+ 0 (0.0%) 2 (100%)

Total 70 (38%) 114 (62%)
Gleason 3 + 3
 Distance to capsule (cm) 0.296
  ≤ 0.05 19 (41.3%) 27 (58.7%)
  0.05–0.10 4 (30.8%) 9 (69.2%)
  0.1–0.2 6 (35.3%) 11 (64.7%)
  0.2–0.5 8 (42.1%) 11 (57.9%)
  0.5+ 3 (27.3%) 8 (72.7%)

Gleason > 3 + 4 < 0.001
 Distance to capsule (cm)
  ≤ 0.05 22 (53.5%) 21 (46.5%)
  0.05–0.10 2 (28.6%) 5 (71.4%)
  0.1–0.2 2 (20%) 8 (80%)
  0.2–0.5 4 (28.6%) 10 (71.4%)
  0.5+ 0 (0.0%) 4 (100%)

Total 70 (38%) 114 (62%)
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analysis using lesion Gleason grade (GS 6 or GS > 6) with 
distance to capsule displayed no statistical difference of 
lesions from prostatic capsule for GS 6 lesions (p = 0.296). 
For lesions with a GS > 6, 51.2% (22/43) of the lesions less 
than 0.05 cm from the capsule were visualized, whereas 
8/35 (22.9%) of the lesions were seen for those greater than 
0.05 cm (p < 0.001) (Fig. 2).

Twenty-nine percent (41/140) of lesion ratios less than 
10% were visualized, whereas 65.9% (29/44) of lesion ratios 
greater than 10% were visualized (p < 0.001) (Table 5).

When stratified by the median lesion size (1.07 cm), 
lesion ratios for lesion sizes less than 1.07 cm displayed 
no statistically significant relationship with prostate MRI 
visibility (p = 0.52). However, for lesion sizes greater than 
1.07 cm, 44% (22/50) of lesion ratios less than 10% were 

visualized when compared to 29/43 (67.4%) of lesion ratios 
greater than 10% (p < 0.01) (Fig. 3).

Discussion

Studies evaluating index tumors have shown correlation 
between the index lesion and progression of prostatic malig-
nancy. Thus, identification of index lesion on mpMRI can 
aid in planning surgical and radiation treatments [7, 8]. In 
our study, MRI detected 55.1% of index lesions when using 
the “standard definition” of index lesion [1]. When using 
lesion size as the definition for determining index lesions, 
the visibility rate rises up to 65.1%. While this is still sig-
nificantly lower than past studies examining index lesions, 

Fig. 2   Percentage of Lesions 
Detected on MRI stratified by 
distance of the lesion to the 
prostatic capsule
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whose sensitivities usually ranged above 90% [8–10], the 
low visibility rate could be attributed to the low final GS 
in our cohort. In our study, we found the visibility on the 
MRI to be dominated primarily by the larger size of the 
lesion rather than by the highest Gleason score within the 
lesion. As index lesions are considered the leading factor in 
disease progression [2], the goal of MRI/US fusion biopsy 
is to identify these lesions so as to guide clinical decisions.

Despite overwhelming consensus that higher GS lesions 
lead to increased MRI sensitivity in the prospective data, 
retrospective review of our data did support this finding 
(p = 0.98) [1, 3]. When stratifying lesions by GS, we found 
no statistically significant difference between the visibility 
of GS6 and GS7+ lesions. Delongchamps et al. described all 
their invisible GS7 lesions on MRI as constituting a makeup 
of less than 20% of grade 4, especially if they were small 
lesions [11]. Likewise, our cohort of primarily GS 3 + 3 
and GS 3 + 4 lesions demonstrated that individual Gleason 
scores in an overall low-grade final GS RP did not signifi-
cantly impact the visibility of lesions on MRI; rather, it was 
the lesion size and lesion area driving the visibility.

In our study, histopathologic review revealed that lesions 
closer to the prostatic capsule had a higher rate of visualiza-
tion on MRI. However, when we further stratified by Glea-
son score, only GS7+ showed statistical significance. Once 
we stratified the cohort by the median lesion size (1.07 cm), 
the relationship between distance to prostatic capsule for 

small lesions was no longer statistically significant for 
lesions < 1.07 cm. For larger lesions (> 1.07 cm), the asso-
ciation between visibility and distance to capsule approaches 
significance. Thus, the relationship between visibility on the 
mpMRI and distance of lesion to prostatic capsule may be 
a function of tumor size, as larger PZ tumors have often 
been noted to be located subcapsularly, whereas smaller PZ 
tumors are interspersed throughout the zone [12]. This rela-
tionship was also noted in our cohort.

Rosenkratz et al. and Panebianco et al. also noted that the 
periprostatic vein and neurovascular bundle can often mimic 
PZ lesions adjacent to the capsule—which when combined 
with lesions already near the capsule could make them more 
evident on MRI [13, 14]. This is the first study that we know 
of that compared the lesion visibility on mpMRI and his-
topathologically determined lesion distance from prostatic 
capsule; a larger cohort analyzing the relationship between 
lesion’s distance to prostatic capsule to mpMRI visibility 
is needed.

Our study similarly examined the lesion area ratio of all 
lesions. As expected, increased lesion area ratio correlated 
with a higher MRI visibility. Once again, we stratified the 
lesions by the median lesion size to hold lesion size stable; 
nevertheless, the lesion area ratio was still positively cor-
related with mpMRI visibility for lesion sizes greater than 
1.07 cm. This demonstrates that after accounting for lesion 
size, varying lesion area ratio correlated with the visibility 

Table 5   mpMRI visibility vs lesion ratio stratified by histopathologic results

Lesion ratio Positive MRI find-
ings and positive 
histopathologic 
results

Negative MRI 
findings and posi-
tive histopatho-
logic results

p Lesion ratio Positive MRI find-
ings and positive 
histopathologic 
results

Negative MRI 
findings and posi-
tive histopatho-
logic results

p

All lesions < 0.001
 < 1% 5 (20.8%) 19 (79.2%)
 1–5% 18 (22.5%) 62 (77.5%)
 5–10% 18 (50%) 18 (50%)
 > 10% 29 (65.9%) 15 (34.1%)

Total 70 114 184
Gleason Score 3 + 3 < 0.001 Gleason Score > 3 + 4 < 0.001
 < 1% 5 (27.8%) 13 (72.2%)  < 1% 0 (0%) 6 (100%)
 1–5% 15 (25.9%) 43 (74.1%)  1–5% 3 (13.6%) 19 (86.4%)
 5–10% 10 (58.8%) 7 (41.2%)  5–10% 8 (42.1%) 11 (57.9%)
 > 10% 10 (76.9%) 3 (23.1%)  > 10% 19 (61.3%) 12 (38.7%)

Total 40 66 30 48 184
Lesion size < 1.07 cm 0.52 Lesion size > 1.07 cm < 0.01
 < 1% 5 (20.8%) 19 (79.2%)  < 1% 0 0
 1–5% 12 (19.0%) 51 (81%)  1–5% 6 (35.3%) 11 (64.7%)
 5–10% 2 (66.7%) 1 (33.3%)  5–10% 16 (48.5%) 17 (51.2%)
 > 10% 0 (0%) 1 (100%)  > 10% 29 (67.4%) 14 (32.6%)

Total 19 72 51 42 184



432	 International Urology and Nephrology (2019) 51:425–434

1 3

Fig. 3   a Lesion visualization by 
mpMRI vs Lesion Ratio (lesion 
size/whole mount) b Percentage 
of Lesions Detected vs Lesion 
Ratio, Stratified by Lesion Size
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on the MRI. This trend has been described in past stud-
ies, where the utilization of mpMRI-US fusion biopsy on 
smaller prostate sizes yielded higher detection rates of clini-
cally significant cancer when compared to larger glands [15, 
16]. While mpMRI-US fusion biopsy was implemented to 
decrease the false-negative rate associated with a large pros-
tate for systematic TRUS biopsy [17], it is still not clear as 
to why there is such a discrepancy in the cancer detection 
rate between varying prostate volume sizes when utilizing 
mpMRI-US fusion biopsy. Some studies have suggested that 
smaller prostates naturally harbor larger and more aggressive 
PCa [18–20]. Other studies attribute that phenomenon to a 
higher proportion of low volume cancer in large prostate 
leading to low detection rates upon biopsy, possibly due to 
lead time bias [21]. Yet, these studies do not explain the 
decreased visibility of lesions in large prostates on mpMRI. 
Patients harboring large lesions in large prostates can have 
intermediate-risk lesions upon biopsy but can still be missed 
on MRI due to low lesion area ratio—a relationship that 
warrants further investigation.

There are several limitations in this study, including 
the single-center design, MRI inter-observer variability, 
and accuracy of co-localization of the histopathology to 
the MRI. Studies have shown that with experienced read-
ers, the reproducibility of PI-RADS scoring were similar, 
especially when reading the PZ [22]. In addition, we iden-
tified the lesions on histopathologic evaluation as indi-
vidual, and not in contiguous manner. This provides an 
opportunity to perform a superior lesion analysis, although 
not as clinically significant.

In this analysis, we found index tumor, lesion size, 
lesion area, lesion area ratio, and lesion’s distance to pro-
static capsule to be correlated to MRI lesion visibility in 
prostates with Gleason score of 3 + 3 or 3 + 4. A higher 
GS was not predictive of MRI visibility in this cohort. 
Lesion area ratio was also predictive of MRI visibility 
when controlling for lesion size. These findings are first to 
be reported in the literature, and provide further insight to 
physicians in guiding prostate cancer treatment.

Conclusions

The role of mpMRI is rapidly evolving. A combined 
approach with histopathologic evaluation can help phy-
sicians accurately tailor individual therapy. Our study 
identified “risk factors” for MRI visibility of low- and 
intermediate-grade lesions. Further prospective research 
is necessary to identify factors responsible for MRI vis-
ibility of not only high- and intermediate-risk disease, 
but low-risk cancers as well. Moreover, research on per-
sonalized MRI fingerprinting, and risk maps, which can 

help identify patients at risk for clinically significant, is 
strongly encouraged.
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