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Abstract

OBJECTIVE—The objective of this study was to determine the characteristics of prostate cancer 

foci missed on 3-T multiparametric MRI performed with an endorectal coil.

MATERIALS AND METHODS—The MRI examinations of 122 patients who underwent 3-T 

multiparametric MRI of the prostate with an endorectal coil were compared with whole-mount 

histopathology obtained after radical prostatectomy. The mean age of the patients was 60.6 years 

(SD, 7.6 years), and the mean prostate-specific antigen value was 7.2 ng/mL (SD, 5.9 ng/mL). The 

clinical, multiparametric MRI (i.e., T2-weighted imaging, diffusion-weighted imaging, and 

dynamic contrast-enhanced imaging), and histopathologic features were obtained. After an 

independent review, two blinded genitourinary radiologists matched each case with a genitourinary 

pathologist. A structured reporting system was used to classify the multiparametric MRI features 

of each MRI-detected lesion. A chi-square analysis was performed for categoric variables, and the 

t test was performed for continuous variables.

RESULTS—On whole-mount histopathology, 285 prostate cancer foci were detected in 122 

patients. Of the 285 cancer foci detected at histopathology, 153 (53.3%) were missed on MRI and 

132 (46.7%) were detected on MRI. Of the missed lesions, 75.2% were low-grade prostate cancer. 

Multiparametric MRI had a significantly higher sensitivity for prostate cancer foci 1 cm or larger 

than for subcentimeter foci (81.1% vs 18.9%, respectively; p < 0.001), for lesions with a Gleason 

score of 7 or greater than for lesions with a Gleason score of 6 (72.7% vs 27.3%; p < 0.01), and for 

index lesions than for satellite lesions (80.3% vs 20.8%; p < 0.01). The 3-T multiparametric MRI 

examinations showed a higher detection rate for lesions in the midgland or base of the gland 

compared with lesions in the apex (52.3% vs 22.0%, respectively; p < 0.01).

CONCLUSION—Compared with the prostate cancer lesions that were detected on 

multiparametric MRI, the prostate cancer lesions that were missed were significantly smaller, were 
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more likely to be low-grade lesions (i.e., Gleason score of 6), were more commonly satellite 

lesions, and were more likely to be located in the prostatic apex.

Keywords

multiparametric prostate MRI; prostate cancer

Systematic 12-core transrectal ultrasound (TRUS) biopsy has been used as the standard of 

reference for the nonsurgical localization of prostate cancer and is endorsed by the American 

Urological Association [1]. However, standard TRUS-guided biopsies are nontargeted and 

have poor sensitivity for prostate cancer detection, ranging from 32% to 41%, and have poor 

sensitivity for the localization and characterization of the extent of disease [2, 3]. Interest in 

in-bore and image fusion MRI-guided biopsy for focal prostate cancer and also in emerging 

focal therapy for prostate cancer (laser, focused ultrasound) has significantly increased in 

response to the need for better detection, characterization, and localization of individualized 

prostate cancer foci [4].

Multiparametric MRI of the prostate—with its high spatial and temporal resolution to image 

and map the entire prostate gland with anatomic and functional information—is the leading 

noninvasive technique to potentially detect and characterize significant prostate cancer foci 

with a higher Gleason grade [4, 5]. On T2-weighted MRI, prostate cancer foci tend to be 

rounded areas of decreased signal intensity in both the high-signal-intensity peripheral zone 

and mixed-signal-intensity transition zone [6, 7]. Higher-grade foci tend to have rapid wash-

in and washout on dynamic contrast-enhanced MRI (DCE-MRI) and restricted water 

movement on DWI [7]. Multiparametric MRI has considerable promise for the integrated 

morphologic and functional assessment of prostate cancer, but there are limited data to 

evaluate the features of prostate cancer foci that were missed on multiparametric MRI. We 

describe the accuracy of 3-T multiparametric MRI for the localization of prostate cancer and 

identify characteristics of prostate cancer missed on multiparametric MRI using 

histopathologic results of whole-mount preparations of specimens obtained at radical 

prostatectomy as the standard of reference.

Materials and Methods

Study Design and Population

In this HIPAA-compliant and institutional review board–approved study, we performed a 

single-institution study of 122 consecutive men who underwent 3-T multiparametric MRI 

before radical prostatectomy from October 2010 to January 2013. All patients had prior 

biopsy-proven prostate adenocarcinoma and underwent robot-assisted radical prostatectomy 

after MRI was performed. Exclusion criteria were contraindications to MRI (e.g., cardiac 

devices, prosthetic valves, severe claustrophobia) or significant technical limitations (e.g., 

artifacts from severe hemorrhage).

MRI

Multiparametric MRI was performed using an endorectal coil and an external phased-array 

coil on a 3-T magnet (Trio, Verio, or Skyra, Siemens Healthcare) in 108 of 122 (88.5%) 
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patients; the remaining patients underwent multiparametric MRI using an external phased-

array coil for active surveillance screening without undergoing repeat multiparametric MRI 

examinations using an endorectal coil. The endorectal coil was inserted using a 

semianesthetic gel (benzocaine gel [Hurricaine, Beutlich Pharmaceuticals]) or nonanesthetic 

lubricant (Surgilube, Savage Laboratories) while the patient was in the left lateral decubitus 

position. The balloon was insufflated with 50 mL of perfluorocarbon (3 mol/L [Fluorinert, 

3M]) to reduce susceptibility artifact from air. An anti-peristaltic agent (1 mg of glucagon) 

was administered intramuscularly to reduce bowel peristalsis.

The MRI protocol included T2-weighted turbo spin-echo (TSE), DWI, axial unenhanced T1-

weighted, and axial 3D fast-field echo DCE-MRI sequences. A small-FOV 3D axial TSE 

T2-weighted sequence was performed using spatial and chemical-shift encoded excitation 

(SPACE, Siemens Healthcare) and the following parameters: TR range/TE, 3800–5040/101; 

echo-train length (ETL), 13; FOV, 14 cm; matrix, 256 × 256; and 1.5-mm contiguous slices. 

In addition, 2D axial and coronal TSE T2-weighted sequences were performed (TR 

range/TE, 3800–5040/101; ETL, 13; FOV, 14 × 14 cm; matrix, 256 × 205; slice thickness, 3 

mm; no gap).

For the DWI sequence, echo-planar imaging was used with the following parameters: 

TR/TE, 3900/60; FOV, 21 × 26 cm; matrix, 130 × 160; slice thickness, 3.6 mm; and number 

of signals acquired, 4). The b values were 0, 100, 400, and 800 s/mm2 with a calculated or 

natively acquired b value of 1400 s/mm2.

A dynamic view-sharing time-resolved angiography with stochastic trajectories gradient-

echo T1-weighted sequence was performed over 6 minutes (4.75 seconds per acquisition) 

with a 15-second injection delay (TWIST, Siemens Healthcare) The following parameters 

were used: TR/TE, 3.9/1.4; flip angle, 12°; FOV, 26 × 26 cm; matrix, 160 × 160; and slice 

thickness, 3.6 mm. For this sequence, image analysis was performed using VersaVue 

(iCAD).

A diffusion-tensor imaging sequence was performed using a twice-refocused echo-planar 

acquisition and the following parameters: TR/TE, 5599/137; ETL, 36; FOV, 26 cm; matrix, 

128 × 96; slice spacing, 3.6 mm; and number of signals acquired, 1. For this sequence, 12–

30 noncolinear diffusion-sensitizing directions with b values of 0 and 600 mm/s2 or higher 

were used, or 30 directions with b values of 800, 1500, and 4000 mm/s2 were used. Either 

VersaVue or DynaCAD (version 3, Invivo) was used for 3D volume-of-interest delineation 

and pharmacokinetic analysis. ROIs were drawn separately on the apparent diffusion 

coefficient map and perfusion images to accommodate any image offset and distortion 

between the T2-weighted and functional series.

MRI and Histopathologic Analysis and Correlation

Two fellowship-trained genitourinary radiologists with 8 and 12 years of experience in 

prostate MRI, respectively, identified prostate cancer lesions on preoperative 

multiparametric MRI. Lesions were then characterized for aggressiveness using a 

standardized system [8]. Briefly, the standardized classification system consisted of scoring 

each parameter (T2-weighted imaging, DWI, DCE-MRI) on a Likert scale ranging from 1 to 
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5; the highest possible total score was 15 (5 points for each of the three parameters). More 

than mild clinical suspicion, defined as a total score of 5 or greater by consensus, was 

considered a suspicious lesion. The degree of postbiopsy hemorrhage was also graded on a 

Likert scale ranging from 1 to 5: Severe hemorrhage was defined as a score of 4 or 5, and 1 

was defined as no hemorrhage.

Histopathologic examinations of the whole-mount thin-section preparations of the 

specimens obtained at radical prostatectomy were performed by a dedicated genitourinary 

pathologist. On each section, individual prostate cancer lesion size, location, and Gleason 

pattern were given. In a series of sessions, both multiparametric MRI and histopathologic 

examinations were rereviewed individually by both genitourinary radiologists and by two 

genitourinary pathologists (Fig. 1). Individual prostate cancer lesions were detected and 

characterized on both histopathologic and MRI examinations as discussed earlier. The index 

lesion was defined as the largest and highest-grade prostate cancer lesion. A satellite lesion 

was defined as a nonindex lesion (i.e., multifocal lesions that had lower grade or were 

smaller than the index lesion). Based on these analyses, the sensitivity, positive predictive 

value (PPV), and false-negative rates of multiparametric MRI were calculated.

Statistical Analysis

Chi-square analysis was performed for categoric variables, and the t test was performed for 

continuous variables. All statistical analyses were performed using statistics software (Stata, 

version 11.2, StataCorp). All p values correspond to a two-sided test, and a p value < 0.05 

was considered statistically significant.

Results

Histologic Findings

The study cohort included 285 prostate cancer foci detected on whole-mount histopathologic 

examinations in 122 patients. The mean age of the study cohort was 60.6 years (SD, 7.6 

years), and the mean prostate-specific antigen (PSA) value was 7.2 ng/mL (SD, 5.9 ng/mL). 

On 3-T multiparametric MRI, 152 (53.3%) prostate cancer foci were missed and 132 

(46.7%) prostate cancer foci were detected. Of the missed lesions, there were 115 lesions 

(75.2%) with a Gleason score of 3 + 3, 23 (15.0%) with a Gleason score of 3 + 4, nine 

(5.9%) with a Gleason score of 4 + 3, and six (3.9%) with a Gleason score of 8–10 (Table 1). 

The majority of patients had multiple prostate cancer foci on histopathologic examination: 

30 patients (24%) had two foci and 49 (39.8%) had three or more foci, whereas 44 (36.1%) 

had a solitary tumor and the remainder had multifocal tumors (Table 1). Of the 279 prostate 

cancer foci, 220 (78.9%) prostate cancer foci were at the midgland or base and the 

remaining 59 (21.1%) were apical. Most patients had pT2 tumors (87 patients [71.3%]), and 

the remaining patients had pT3 lesions (pT3a, 30 [24.6%]; pT3b, 5 [4.1%]). There was no 

difference in the preoperative PSA values of tumors detected and those not detected on 3-T 

multiparametric MRI. When the study group was stratified by index lesions, 98 of 122 

(80.3%) index lesions were detected. Of the 44 solitary tumors, 39 (88.6%) were identified 

on multiparametric MRI.
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On univariate analysis, of 154 (54.0%) prostate cancer foci that were 1 cm or larger at 

pathology, 107 (69.5%) were detected on 3-T multiparametric MRI and 47 (30.5%) were 

missed (p < 0.01). Ninety-six of 132 (72.7%) prostate cancer lesions with a Gleason score of 

3 + 4 or greater were detected on multiparametric MRI and 36 of 151 (23.8%) low-grade 

lesions were detected on multiparametric MRI; in other words, 115 (75.2%) prostate cancer 

lesions with a Gleason score of 3 + 3 were missed on multiparametric MRI (p < 0.01) (Fig. 

2). Our results showed that a significantly greater proportion of intermediate- to high-grade 

lesions were detected on 3-T multiparametric MRI (Fig. 3) for both index and satellite 

prostate cancer foci compared with low-grade lesions. The location of the tumor also 

impacted detection on MRI. More prostate cancer lesions located in the midgland or base of 

the gland were detected on 3-T multiparametric MRI than apical lesions (52.3% vs 22.0%, 

respectively; p < 0.01) (Table 2 and Fig. 4).

MRI Findings

Multiparametric MRI had significantly higher sensitivity for prostate cancer foci 1 cm or 

larger than for subcentimeter prostate cancer foci (107/154 [69.5%] vs 25/131 [19.1%], 

respectively; p < 0.001), lesions with a Gleason score of 7 or greater than for lesions with a 

Gleason score of 6 (96/132 [72.7%] vs 36/132 [27.3%]; p < 0.01), and index lesions than for 

satellite lesions (98/122 [80.3%] vs 34/163 [20.8%]; p < 0.01). Sensitivity of 3-T 

multiparametric MRI for detection of all prostate cancer foci was 46.3%, of lesions 1 cm or 

larger was 69.5%, of lesions with a Gleason score of 7 or greater was 72.7%, and of index 

lesions was 80.3% (Table 3). On a per-patient analysis, the false-negative rate of 

multiparametric MRI was 19.7% (24/122 patients) (Table 2). A subanalysis of this group 

with false-negative MRI findings showed that there was a significant difference in the 

proportion of patients who had severe hemorrhage between the group with false-negative 

MRI findings (13/24 [54.2%]) and the group with true-positive MRI findings (34/98 

[34.7%]) (p = 0.02). Moreover, the positive predictive value (PPV) of multiparametric MRI 

was 74.6% (132/177). In other words, of the 177 lesions that were detected on MRI, 45 

(25.4%) were overcalled (i.e., false-positive findings).

Discussion

In this study, we performed a careful review of 3-T multiparametric MRI and whole-mount 

histopathologic examinations (Fig. 5) to determine the characteristics of the prostate cancer 

foci that were missed on 3-T multiparametric MRI. Using the histopathologic examinations 

of whole-mount preparations of specimens obtained at radical prostatectomy as the ground 

truth compared with the lesions identified on multiparametric MRI provides the highest 

degree of rigor excluding a mold-based inherently coregistered whole-mount histopathologic 

technique [9]. The results of our study show that the prostate cancer lesions that were missed 

on multiparametric MRI were smaller, were more likely to be low-grade prostate cancer 

(Gleason score 3 + 3), were satellite lesions more often, and were more commonly located at 

the prostatic apex. These results corroborate the results of prior work suggesting that 

prostate multiparametric MRI is effective at detecting index and solitary lesions, lesions 

located in the midgland and base of the prostate, lesions with intermediate- or high-grade 
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prostate cancer, and lesions that are solitary or dominant. These findings support the concept 

that multiparametric MRI may be useful for localizing index solitary lesions [10].

The prostate apex is a common location of tumor involvement: 35–80% of tumors extend 

into the prostate apex [11, 12]. Consistent with results reported by other investigators [13], 

we also found that the sensitivity of multiparametric MRI for prostate cancer in the prostate 

apex is significantly less than in the midgland or base. The specificity of multiparametric 

MRI for prostate cancer in the apex is a recognized limitation of T2-weighted imaging. Low 

signal intensity on T2-weighted imaging in the peripheral zone is the primary indicator of 

prostate tumor but can also be caused by inflammation, postbiopsy hemorrhage, and 

postradiation changes. It appears that both the detection and resection of apical lesions are 

challenging. The apical capsule is less conspicuous both on imaging and at resection, and 

periprostatic fat is usually sparse or completely absent in the apex, which may make the 

tumor less visible. Positive surgical margins in the apical region are found in 7–62% of 

prostatectomies [11, 14, 15]. However, although positive margins at the apex are common, 

studies in the literature suggest that a single positive apical margin may be clinically 

insignificant [12, 16]. A multivariate analysis of 2334 cases of organ-confined cancer 

showed that only positive margins at the prostate base were significantly associated with an 

increased risk of biochemical failure [16]. Apical, anterior midgland, and posterior midgland 

prostate margins do not impart a worse prognosis on multivariate analysis [16]. These 

findings suggest that the limited detection of apical lesions may not have a significant 

clinical impact for biochemical recurrence after surgery compared with lesions in the 

midgland or in the base of the gland. However, if local regional thermal ablation options are 

considered, our study suggests that we need to be mindful of the apex, where clinically 

significant lesions may be missed. The results of our study suggest that additional attention 

to this region is needed in these cases.

In our study, a majority of the satellite tumors were missed on MRI. Noguchi et al. [17] 

evaluated the impact of satellite tumors on PSA recurrence after prostatectomy. They 

stratified their patients into three groups according to tumor focality (single vs multiple) and 

secondary cancer volume, including a single tumor, an index (largest) tumor with secondary 

tumors less than 0.5 mL, and an index tumor with secondary tumors greater than 0.5 mL. 

Comparison of PSA failure rates among the three groups, the multifocal group with smaller 

secondary cancers showed a better prognosis than the group with a single tumor (p = 0.019). 

Their findings suggested that secondary cancers in multifocal prostate tumors did not 

adversely influence the performance of preoperative clinical parameters, including PSA and 

needle biopsy. In fact, the percentages of Gleason patterns 4 and 5 cancers in the biopsies 

and prostatectomy specimens were the most powerful predictors of biochemical failure in 

men with stage Ic prostate cancer after prostatectomy. These results suggest that the lower 

detection rate of secondary tumors compared with solitary and index tumors in our 

population may not have a significant impact in oncologic outcomes. Instead, identification 

of the solitary or the index lesion may be the most important predictor of PSA recurrence.

In the background of multifocal and multiclonal primary prostate cancer, metastatic prostate 

cancers have monoclonal origins [18]. This characteristic of prostate cancers suggests that 

detection of a solitary tumor or an index tumor is the most clinically important purpose of 
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prostate multiparametric MRI. In our population, of the clinically significant tumors, 71.6% 

of tumors with a Gleason score of 7 or greater and 69.5% of lesions that were 1 cm or larger 

were detected. Similarly, Rosenkrantz et al. [19] reported an average sensitivity of 75.9% in 

an approximate match analysis for index lesions in a multireader setting. Their findings 

combined with the findings from this study suggest that if multiparametric MRI is to be used 

to identify patients who may be candidates for local tumor ablation of index lesions, 

multiparametric MRI may be effective for identifying the majority of the cases. However, 

index lesions were missed in 19.7% of patients in our patient population, which underscores 

the need for follow-up of men with clinical findings suggestive of prostate cancer but 

without definitive imaging evidence of worrisome lesions on multiparametric MRI.

There are limitations to this study. First, this study was retrospective and thus has intrinsic 

selection bias based on the study design. Second, this study was a single-institution 

experience, and these results may not be widely applicable. Third, we evaluated men who 

underwent radical prostatectomy and excluded men who underwent active surveillance or 

radiation therapy. Therefore, our findings may not reflect the population of men with 

prostate cancer who did not undergo surgery. Fourth, the intra- and interobserver variabilities 

cannot be measured because the study was based on consensus of two radiologists. Fifth, the 

test-retest reproducibility of the MRI examinations is unknown because no repeat MRI 

examinations were performed. Sixth, we did not routinely image the ex vivo prostate after 

prostatectomy and we did not use a prostate mold; therefore, the MRI scans and the whole-

mount histopathologic slices were not directly superimposed.

Despite these limitations, this study is the first, to our knowledge, to evaluate the 

characteristics of tumors missed by state-of-the-art 3-T multiparametric prostate MRI on a 

per-lesion analysis in a high-volume institution using whole-mount histopathologic results as 

the reference standard. Moreover, to our knowledge, this study is the first to include and 

elucidate in-depth the relationship between tumor detection as a function of grade stratified 

by size, multifocality, and location using a per-lesion analysis. Although multiparametric 

prostate MRI has made significant advances, our findings show that multiparametric MRI 

has certain limitations about which we should be aware: Prostate cancer in the prostatic 

apex, low-grade tumors, and subcentimeter tumors are commonly missed on multiparametric 

MRI.
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Fig. 1. 
Graphic shows sequence of tasks for radiologic-pathologic review process used for this 

study.
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Fig. 2. 
Bar graph shows percentage of prostate tumors detected on MRI stratified by tumor size and 

by sum of Gleason scores (p < 0.01).
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Fig. 3. 
Bar graph shows percentage of prostate tumors detected on MRI stratified by index tumors 

(vs secondary tumors) and by Gleason score (p < 0.01).
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Fig. 4. 
Bar graph shows percentage of prostate tumors detected on MRI stratified by location and 

by Gleason score (p < 0.01).
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Fig. 5. 
67-year-old man with elevated prostate-specific antigen value.

A, T2-weighted image shows hypointense lesion (arrow) in left peripheral zone.

B, Diffusion-weighted image shows diffusion restriction (arrow) in area corresponding to 

hypointense lesion on T2-weighted image (A).

C, Dynamic contrast-enhanced MR image shows perfusion abnormality (arrow) in area 

corresponding to hypointense lesion on T2-weighted image (A).

D and E, Patient underwent robot-assisted laparoscopic prostatectomy. Photomicrographs of 

thin sections from whole-mount preparation of specimen obtained at radical prostatectomy 

show index lesion (arrow, D) with Gleason score of 3 + 4 that corresponds to lesion shown 

by multiparametric MRI. However, multiple subcentimeter lesions with Gleason score of 3 

+ 3 (arrowheads) in right midgland and apex were missed on multiparametric MRI.
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TABLE 1

Clinical and Pathologic Characteristics of Study Cohort

Characteristics Value

Patients, no. 122

PSA (ng/mL), mean (SD) 7.2 (5.9)

All tumors, no. 285

Index tumors, no. 122

Tumor diameter (cm), mean (SD) 1.3 (0.99)

No. of tumors per patient, no. (%)
  of patients

  1 44 (36.1)

  2 29 (23.8)

  3 24 (19.7)

  ≥ 4 25 (20.5)

Gleason score, no. (%) of tumors

  6 151 (53.0)

  3 + 4 77 (27.0)

  4 + 3 38 (13.3)

  8–10 19 (6.7)

T stage, no. (%) of patients

  T2 87 (71.3)

  T3a 30 (24.6)

  T3b 5 (4.1)

Note—PSA = prostate-specific antigen.
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TABLE 2

Differences in Characteristics Between Prostate Tumors Detected and Those Missed on Multiparametric MRI

Characteristics

Positive MRI Findings and
Positive Histopathologic 

Results

Negative MRI Findings and
Positive Histopathologic 

Results Total p

Detection of tumors, no. (%) of tumors < 0.01

  Index lesions 98 (80.3) 24 (19.7) 122 (100.0)

  Satellite tumors 34 (20.8) 129 (79.1) 163 (100.0)

Total 132 (46.7) 153 (53.3) 285 (100.0)

PSA (ng/mL), mean (SD) 7.7 (7.2) 7.1 (5.4) 7.2 (5.9) 0.44

Tumor diameter, no. (%) of tumors < 0.001

  < 1 cm 25 (19.1) 106 (80.9) 131 (100.0)

  ≥ 1 cm 107 (69.5) 47 (30.5) 154 (100.0)

Total 132 (53.7) 153 (46.3) 285 (100.0)

Gleason score, no. (%) of tumors (n = 285) < 0.01

  6 36 (27.3) 115 (75.2) 151 (53.0)

  3 + 4 54 (40.9) 23 (15.0) 77 (27.0)

  4 + 3 29 (22.0) 9 (5.9) 38 (13.3)

  8–10 13 (9.8) 6 (3.9) 19 (6.7)

Total 132 (100.0) 153 (100.0) 285 (100.0)

Location of tumors, no. (%) of tumors (n = 279) < 0.01

  Apex 13 (22.0) 46 (78.0) 59 (100.0)

  Midgland or base 115 (52.3) 105 (47.7) 220 (100.0)

Total 128 (45.9) 151 (54.1) 279 (100.0)

Note—PSA = prostate-specific antigen.
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TABLE 3

Sensitivities and Positive Predictive Values (PPVs) of MRI Detection of All Tumors, Tumors ≥ 1 cm, Tumors 

With a Gleason Score of ≥ 7, Index Lesions, and Satellite Lesions

MRI Detection of Sensitivity PPV

All tumors 132/285 (46.3) 132/177 (74.6)

Tumors ≥ l cm 107/154 (69.5) 107/152 (70.4)

Tumors with a Gleason score ≥ 3 + 4 96/132 (72.7) 96/141 (68.1)

Index lesions 98/122 (80.3) 98/98 (100.0)

Satellite lesions 34/163 (20.8) 34/79 (43.0)

Note—Data are presented as no. of tumors detected on MRI/total no. of tumors (%).
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