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Abstract

Objectives: Prostate cancer (CaP) staging traditionally includes computed tomography (CT) and technetium-99m bone scintigraphy

(BS) for assessment of lymph node (LN) and bone metastases, respectively. In recent years, multiparametric magnetic resonance imaging

(mpMRI) has been used in diagnostic assessment of CaP. We sought to compare the accuracy of mpMRI to CT and BS for pretreatment

staging.

Materials and methods: Using the Michigan Urological Surgery Improvement Collaborative registry, we identified men undergoing

pretreatment mpMRI in addition to CT and/or BS in 2012 to 2018. Imaging reports were classified as positive, negative, or equivocal for

detection of LN and bone metastases. A best value comparator (BVC) was used to adjudicate metastatic status in the absence of pathologic

data. mpMRI accuracy was calculated using pessimistic (equivocal=positive) and optimistic (equivocal = negative) interpretations. We

compared the diagnostic performance of mpMRI, CT, and BS in detecting metastases.

Results: In total, 364 men underwent CT and mpMRI, and 646 underwent BS and mpMRI. Based on the BVC, 52 men (14%) har-

bored LN metastases and 38 (5.9%) harbored bone metastases. Sensitivity of mpMRI for LN metastases was significantly higher than CT

(65−73% vs 38%, P < 0.005), and specificity of mpMRI and CT were 97% to 99% and 99% (P = 0.2−0.4), respectively. For bone metas-

tases, BS sensitivity was 68% as compared to 42% to 71% (P = 0.02−0.83) for mpMRI. Specificity for bone metastases was 95% to 99%

across all modalities.

Conclusions: Using statewide data, mpMRI appears superior to CT and comparable to BS for detection of LN and bone metastases,

respectively. Pretreatment mpMRI may obviate the need for additional staging imaging. � 2020 Published by Elsevier Inc.
Keywords: Prostate cancer; Michigan Urological Surgery Improvement Collaborative; Multiparametric magnetic resonance imaging; Best value comparator
MUSIC is funded by the Blue Cross Blue Shield of Michigan (BCBSM).
1These authors equally contributed to this article.

*Corresponding author at: Betz Family Endowed Chair for Cancer

Research, Clinical Associate Professor, Michigan State University College

of Human Medicine, Urology, Spectrum Health Medical Group, 145 Mich-

igan Street NE, MC 120, Grand Rapids, MI 49503, Tel.: +1-616-267-7333;

fax: +1-616-267-8040.

E-mail address: brian.lane@spectrumhealth.org (B.R. Lane).

https://doi.org/10.1016/j.urolonc.2020.01.011

1078-1439/� 2020 Published by Elsevier Inc.
1. Introduction

Prostate cancer (CaP) is the second most common cause

of cancer-related death in North American men [1]. Local-

ized CaP is curable with definitive intervention such as radi-

cal prostatectomy or radiotherapy, but metastatic CaP

remains incurable with systemic therapy despite recent ther-

apeutic advances [2-4]. Although less than 10% of men
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harbor metastases at the time of diagnosis, management of

metastatic CaP differs substantially from localized CaP

[5,6]. Therefore, accurate staging is essential for optimal

management of men with newly diagnosed CaP [7,8].

Clinical guidelines from the National Comprehensive

Cancer Network (NCCN) recommend abdominopelvic

imaging with computed tomography (CT) or multiparamet-

ric magnetic resonance imaging (mpMRI) in men with

intermediate- and high-risk CaP and increased probability

of lymph node (LN) involvement [5,6]. Imaging with tech-

netium-99m bone scintigraphy (BS) is recommended in

men diagnosed with high-risk CaP and select patients with

intermediate-risk disease [5,6]. In recent years, technologi-

cal advances have led to more widespread use of mpMRI as

part of the diagnostic workup of CaP [9,10]. Limited data

have suggested that mpMRI could have superior diagnostic

sensitivity to CT and BS in the detection of LN and bone

metastases, respectively [11]. Although CT and BS remain

widely used in CaP staging, these findings raise the possi-

bility that use of mpMRI alone could replace the need for

conventional imaging with CT and BS.

The Michigan Urological Surgery Improvement Collab-

orative (MUSIC) is a consortium of 44 urologic practices

aiming to improve the quality of CaP and urologic care in

Michigan. Based on this unique statewide collection of

patient-level data, we aimed to assess the performance of

mpMRI, CT, and BS for staging of CaP. We herein evalu-

ated the performance of mpMRI as compared to CT and BS

for the detection of LN and bone metastases.
2. Methods

2.1. Study population

MUSIC is comprised of 44 diverse academic and com-

munity practices throughout Michigan, accounting for

approximately 90% of the practicing urologists in the state

[12]. All patient-level data are entered into a web-based

registry by trained data abstractors. Each MUSIC practice

obtained or was exempted approval for collaborative partic-

ipation from a local ethics review board. In addition, a site

visit is performed at least annually in order to assess for and

assist with any quality improvement opportunities that are

identified. Overall, between January 2012 and September

2018, 32,582 men in the MUSIC registry were diagnosed

with CaP. Of these men, 3,595 underwent mpMRI. The

final study cohort included men who underwent staging

abdominopelvic CT and/or BS within 90 days of mpMRI

and had longitudinal clinical follow-up.
2.2. Imaging

CT assessment of LNs consisted of contrast-enhanced

imaging of the pelvis, abdomen, and/or thorax. LNs were

considered positive on CT and mpMRI when >8 mm in the
short-axis and/or there was specific mention of “suspicious”

morphological features [13]. BS was performed according

to practice parameters established by the American College

of Radiology and the Society for Pediatric Radiology [14].

The most common protocol included intravenous injection

of technetium-99m medronate (methylene diphosphonate)

with dose determined by local practice standards (typically

15−30 mCi). A gamma camera was used to obtain anterior

and posterior delayed whole-body imaging at 2 hours with

additional spot images as needed.

Prostate mpMRI was performed on 3T or 1.5T MRI

scanners according to local protocols. The most common

protocol employed 3.0 GE Discovery MR750 scanners uti-

lizing an 8-channel phased array coil without an endorectal

coil. Recommended series included full field of view T2

axial images from the pelvis up to the aortic bifurcation to

assess for LN involvement; diffusion-weighted imaging

(DWI) utilizing b-values of 800, 1,400, and 2,000; and axial

dynamic-contrast-enhanced images with a temporal resolu-

tion of 14 seconds per phase. Lesions noted as “enlarged”

or “indeterminate” on mpMRI, but not meeting size criteria

(>8 mm in short-axis) were classified as equivocal. Patient

charts were retrospectively reviewed, and imaging interpre-

tations were recorded as positive, negative, or equivocal

based on the attending radiologist.

2.3. Best value comparator

Patients were managed at the discretion of their physicians

and follow-up data were abstracted as previously described

[15]. Because LN and bone biopsies are not routinely per-

formed to confirm positive imaging findings, a best value

BVC was used to determine metastatic status in the absence

of a histologic gold standard [16-18]. As described by Lecou-

vet et al. [18], the BVC consisted of review of all imaging

tests, treatments administered, and clinical outcomes to date,

and; thus, a determination of metastatic status was performed

based on a comprehensive assessment of all available clinical

data. These data were independently reviewed by study

physicians (J.J.T. and B.R.L.) who, based on these data,

determined in consensus a final diagnosis of positive or nega-

tive for LN and bone metastases at time of staging. In cases

of concordance, the BVC was as determined. In cases of dis-

cordance (n = 7), the final determination was made by a third

study physician (J.E.M.).

2.4. Statistical analysis

Demographic and clinical features of the study popula-

tion were compared across imaging modalities. The pri-

mary analysis compared interpretation of imaging findings

(i.e., positive or negative) with LN and bone metastatic sta-

tus as determined by BVC adjudication. Prostate mpMRI

and abdominopelvic CT were compared for detection of

LN metastases; mpMRI and BS were compared for detection



Table 1

Study population.

MRI alone MRI with additional

imaging (CT or BS)

P MRI, CT, and BS MRI and BS MRI and CT P

No. patients 2913 681 329 317 35

Age, median (IQR) 64.9 (59.5-69.7) 66.7 (61.3-71.3) <.001 66.2 (61.1-70.5) 67.2 (61.7-72.0) 67.0 (59.1-70.3) 0.07

PSA, median (IQR) 5.9 (4.5-8.1) 8.6 (5.7-16.2) <.001 8.6 (5.8-18.7) 8.6 (5.4-16.0) 7.9 (5.5-12.9) 0.34

Initial PSA

<10 2422 (85%) 383 (58%) <.001 177 (55%) 182 (59%) 24 (69%) 0.11

10−20 355 (13%) 152 (23%) 68 (21%) 76 (25%) 8 (23%)

>20 66 (2.3%) 130 (20%) 75 (23%) 52 (17%) 3 (8.6%)

Clinical T-stage

T1 2480 (85%) 381 (56%) <.001 175 (53%) 181 (57%) 25 (71%) 0.28

T2 364 (13%) 247 (36%) 125 (38%) 113 (36%) 9 (26%)

T3/T4 14 (0.5%) 39 (5.7%) 20 (6.1%) 19 (6.0%) 0 (0%)

Unknown 55 (1.9%) 14 (2.1%) 9 (2.7%) 4 (1.3%) 1 (2.9%)

Biopsy GS (Grade Group)

6 (GG1) 1531 (59%) 64 (10%) <.001 22 (7.2%) 32 (11%) 10 (31%) <.001
3 + 4 = 7 (GG2) 741 (29%) 104 (17%) 47 (15%) 48 (17%) 9 (28%)

4 + 3 = 7 (GG3) 226 (8.8%) 117 (19%) 53 (17%) 60 (21%) 4 (13%)

8 (GG4) 54 (2.1%) 159 (26%) 77 (25%) 81 (29%) 1 (3.1%)

9−10 (GG5) 30 (1.2%) 175 (28%) 105 (35%) 62 (22%) 8 (25%)

NCCN risk group

Low 1307 (49.8%) 43 (6.6%) <.001 18 (5.6%) 19 (6.3%) 6 (17%) <.001
Intermediate 1129 (43.0%) 179 (27%) 72 (23%) 90 (30%) 17 (49%)

High 188 (7.2%) 432 (66%) 228 (72%) 192 (64%) 12 (34%)

BS = bone scintigraphy; CT = computed tomography; MRI = magnetic resonance imaging; IQR = interquartile range.
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of bone metastases. Given a proportion of mpMRI findings

were equivocal, the accuracy of mpMRI was calculated using

both an optimistic (equivocal = nonmetastatic) and pessimis-

tic (equivocal = metastatic) reading [18]. The sensitivity,

specificity, positive predictive value (PPV), and negative pre-

dictive value (NPV) of each imaging modality was deter-

mined. Sensitivity and specificity were compared between

different imaging modalities using McNemar test. Statistical

analyses were performed using with SAS 9.4 and statistical

significance was considered at P < 0.05.
Table 2

Correlation of MRI findings with (A) CT scan for lymph node metastases

and (B) bone scan for bone metastases.

Multiparametric MRI

Positive Equivocal Negative Total

(A)

CT Scan Positive 16 1 7 24

Negative 20 10 310 340

Total 36 11 317 364

(B)

Bone scan Positive 13 4 24 41

Negative 11 30 564 605

Total 24 34 588 646
3. Results

3.1. Study population

Overall, 3,595 patients with newly diagnosed CaP

underwent prostate mpMRI as part of a diagnostic or stag-

ing workup. Of these, 329 (9.2%) also underwent CT and

BS, 317 (8.8%) underwent BS only, and 35 (1.0%) under-

went CT only, yielding the overall study cohort of 681

men who received mpMRI and at least one additional

imaging study. As compared to men who underwent

mpMRI alone, men who had additional imaging with CT

and/or BS had higher serum prostate-specific antigen

(PSA) (median 8.6 ng/ml vs. 5.9 ng/ml, P < 0.001), higher

biopsy Gleason score (P < 0.001), and were of higher

NCCN risk classification (P < 0.001; Table 1). Similarly,

men who underwent mpMRI with both CT and BS tended

to harbor higher-risk disease than those who underwent

mpMRI with either CT or BS (P < 0.001).
3.2. CT vs. mpMRI

There were 364 men (329 + 35) who underwent CT in

addition to mpMRI. CT assessment of LNs was positive in

24 patients (6.6%) and negative in 340 patients (93%), and

mpMRI assessment of LNs was positive in 36 patients

(10%), equivocal in 11 (3.0%), and negative in 317 (87%;

Table 2A). Based on BVC adjudication, 52 men (14%) who

underwent CT and mpMRI were determined to be positive

for LN metastases (Table 3A). In this population, LN

metastases were detected by CT in 20 men (38%). Consid-

ering equivocal mpMRI findings as positive (pessimistic

reading), mpMRI was positive for LN metastases in 38

men, demonstrating significantly higher sensitivity than CT

(73% vs. 38%, P < 0.001). When equivocal mpMRI



Table 3

Imaging findings and BVC assessment of (A) LN metastases and (B) bone metastases.

(A)

BVC for LN metastasesa,b

Positive (n = 52) Negative (n = 312) Total (n = 364)

CT Positive 20 4 24

Negative 32 308 340

mpMRI (pessimistic) Positive 38 9 47

Negative 14 303 317

mpMRI (optimistic) Positive 34 2 36

Negative 18 310 328

(B)

BVC for bone metastasesb,c

Positive (n = 38) Negative (n = 608) Total (n = 646)

CT Positive 26 15 41

Negative 12 593 605

mpMRI (pessimistic) Positive 27 31 58

Negative 11 577 588

mpMRI (optimistic) Positive 16 8 24

Negative 22 600 622

BVC = best value comparator; CT = computed tomography; LN = lymph node; mpMRI =multiparametric magnetic resonance imaging.
a Pessimistic: equivocal lesions classified as positive/metastatic.
b Optimistic: equivocal readings classified as negative/nonmetastatic.
c Pessimistic: equivocal readings classified as positive/metastatic.
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findings were considered negative (optimistic reading),

mpMRI sensitivity for LN metastases remained signifi-

cantly higher than CT (65% vs. 38%, P = 0.003). Among

the 312 patients negative for LN metastasis, CT was nega-

tive in 308 (98.7%), pessimistic mpMRI reading was nega-

tive in 303 (specificity 97.1% vs. 98.7%, P = 0.13), and

optimistic mpMRI reading was negative in 310 (specificity

99.4% vs. 98.7%, P = 0.41). The sensitivity, specificity,

PPV, and NPV of CT and mpMRI for detection of LN

metastases are listed in Table 4.
Table 4

Sensitivity, specificity, PPV, and NPV of imaging modalities.

LN metastases

CT mpMRI (pessimistic) mpMRI (optimi

Sensitivity (%) 38 73* 65*

Specificity (%) 98.7 97.1 99.4

PPV (%) 83 81 94

NPV (%) 91 95.6 95

BS = bone scintigraphy; CT = computed tomography; LN = lymph node; mpMR

predictive value; PPV = positive predictive value.

Pessimistic: equivocal readings classified as positive/metastatic.

Optimistic: equivocal readings classified as negative/nonmetastatic.

*P < 0.05 for comparison to CT.

**P < 0.05 for comparison to BS.
3.3. BS vs. mpMRI

There were 646 men (329 + 317) who underwent BS and

mpMRI. Overall, BS imaging was positive for metastases

in 41 patients (6.3%) and negative in 605 patients (94%;

Table 2B). Assessment of bone metastases on mpMRI was

positive in 24 patients (3.7%), equivocal in 34 patients

(5.3%), and negative in 588 (91%). After BVC adjudica-

tion, 38 patients (5.9%) were determined to be positive for

bone metastasis (Table 3B). Among them, BS was
Bone metastases

stic) BS mpMRI (pessimistic) mpMRI (optimistic)

68 71 42**

97.5 95** 98.7

63 47 67

98.0 98.1 96.5

I = multiparametric magnetic resonance imaging; NPV = negative
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classified as positive in 26 men (68%), and mpMRI was

classified as positive in 27 (71%) and 16 men (42%) based

on pessimistic and optimistic mpMRI readings, respec-

tively. Thus, the sensitivity of pessimistic mpMRI was

comparable to BS (71% vs. 68%, P = 0.83), and optimistic

mpMRI was significantly inferior to BS (42% vs. 68%,

P = 0.018). As compared to 97.5% using BS, the specificity

of pessimistic and optimistic mpMRI was 95% (P = 0.014)

and 98.7% (P = 0.13), respectively. The sensitivity, speci-

ficity, PPV, and NPV of BS and mpMRI for bone metasta-

ses are listed in Table 4.

4. Discussion

Appropriate staging of newly diagnosed CaP is critical to

guiding patient management. Among intermediate- and

high-risk patients at risk for metastases, staging has tradi-

tionally included abdominopelvic CT and BS [5,6]. The

diagnostic approach to CaP has evolved; however, and a

substantial number of men undergo mpMRI during the ini-

tial diagnostic evaluation [9,10]. While several studies have

evaluated the use of mpMRI for detection of localized CaP

[18-22], the accuracy of mpMRI in detecting LN and bone

metastases remains poorly characterized. In particular, it is

unclear whether CT and/or BS remain necessary for staging

in men who previously underwent mpMRI.

Using prospective data from the statewide MUSIC regis-

try, we found that the performance characteristics of

mpMRI varied based on the interpretation of a minority of

equivocal cases. For detection of LN metastases, when

equivocal cases were classified as positive (pessimistic

reading), mpMRI had greater sensitivity than CT (73% vs.

39%, P < 0.001) and maintained comparable specificity

(97.1% vs. 98.7%, P = 0.17). When equivocal LN lesions

were classified as negative (optimistic reading), mpMRI

again demonstrated improved sensitivity (65% vs. 39%,

P = 0.003) to CT, with similar specificity (99.4% vs. 98.7%,

P = 0.41). For bone metastases, the pessimistic mpMRI

reading had comparable sensitivity to BS (71% vs. 68%,

P = 0.83). Although specificity was slightly reduced with

this approach (95% vs. 97.5%, P = 0.014), the absolute dif-

ference of 2.5% is likely to be of limited clinical signifi-

cance. The optimistic mpMRI reading demonstrated

decreased sensitivity (42% vs. 68%, P = 0.018) and compa-

rable specificity (98.7% vs. 97.5%, P = 0.13) to BS. Ulti-

mately, these data suggest that mpMRI may be superior to

CT for detection of LN metastases, and, when considered

using a pessimistic approach where equivocal cases are

classified as metastatic [18], mpMRI appears to be at least

comparable to BS for detection of bone metastases.

Previous studies have directly compared CT and mpMRI

for LN metastases in a limited number of patients [18,23].

Heck et al. assessed patient- and field-based performance of

CT and diffusion-weighted MRI (DWI) for LN staging in

33 men who underwent radical prostatectomy and extended

pelvic LN dissection [23]. On patient-level analysis, they
found that DWI had equivalent sensitivity (57.1% vs.

57.1%) and improved specificity (78.9% vs. 68.4%) com-

pared to CT. Similarly, Lecouvet et al. prospectively com-

pared CT and whole-body MRI (wbMRI) findings to the

BVC in 100 men with CaP [18]. Interestingly, they

observed similar sensitivities of CT and wbMRI (ranging

from 77% to 82% for both modalities), while we observed

greater sensitivity with mpMRI. Such findings may be sec-

ondary to the era of their study (2007−2010), and it is likely
that advances in MRI in the last decade have improved

detection of LN metastases relative to CT. It is also notable

that the sensitivities of 77% to 82% the authors observed

for CT and wbMRI are higher than those observed in our

experience. This is likely due to differences in study popu-

lations, as their cohort included only high-risk CaP, while

ours included low- and intermediate-risk disease.

Previous studies have suggested that wbMRI may mod-

estly improve upon BS for the detection of bone metastases.

For example, Lecouvet et al. observed sensitivity/specificity

of 98% to 100%/98% to 100% for wbMRI as compared to

86%/98% for BS [18]. Similarly, in a cohort of 30 consecu-

tive patients with newly diagnosed high-risk CaP, Pasoglou

et al. observed sensitivity/specificity of 100%/100% for

wbMRI as compared to 89%/100% for BS [24]. It is notable

that the sensitivities observed in these studies for wbMRI

and BS were higher than we determined. Again, this is

likely due to the fact that these cohorts were exclusively

composed of high-risk patients. Nonetheless, we observed a

similar relationship between modalities, as the mpMRI-pes-

simistic approach demonstrated a slightly higher but ulti-

mately similar sensitivity to BS (71% vs. 68%, P = 0.83).

Notably, diagnostic mpMRI in our cohort was generally

limited to the pelvis, as compared to wbMRI in these stud-

ies. Thus, lower sensitivity of mpMRI we observed is likely

secondary to bone metastases located outside the imaging

field of view. Nonetheless, mpMRI appears to be at least

comparable to BS for detecting bone metastases and poten-

tially superior in the higher-risk population most frequently

indicated for staging.

Our findings draw attention to several points. First, the

classification of equivocal or “borderline” cases appears to

impact the performance of mpMRI considerably. The pessi-

mistic interpretation, in which mpMRI-indeterminate

lesions were considered positive, demonstrated superior

sensitivity and comparable specificity to optimistic read-

ings. Thus, consistent with previous analyses [18,25], the

optimal approach to such cases may depend on specific

clinical settings. As such, subsequent studies should clearly

define “equivocal” readings and provide performance char-

acteristics based on differing approaches. At the same time,

irrespective of the use of mpMRI, it appears that some men

diagnosed with CaP undergo unnecessary imaging studies.

For example, among the 329 men who underwent all 3

imaging modalities, 55% had a PSA <10 ng/ml, 53% were

clinical stage T1, and 17% harbored primary Gleason pat-

tern 3 cancer. While our study approach cannot assess the
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unique context of each clinical decision, it is likely that

most patients not meeting guideline-based criteria lacked a

specific clinical indication for staging. Similar observations

from previous authors have led to resource-conscious initia-

tives such as the Choosing Wisely campaign [26,27], which

recommends against CT or BS for newly diagnosed low-

grade CaP. Although only 6.6% of our cohort harbored

NCCN low-risk CaP, it is likely that increased awareness

can help to further reduce this phenomenon, limiting the

cost and morbidity associated with unnecessary testing.

There are notable limitations of our study. First, although

use of the BVC adjudication method has been supported in

several previous studies [17,18,28], it is important to

acknowledge that this approach includes subjective assess-

ment of clinical data and is not equivalent to histologic verifi-

cation of metastatic status. Second, as described, a proportion

of lesions were reported as equivocal on mpMRI. We, there-

fore, measured the performance of mpMRI when classifying

these lesions as positive (pessimistic) or negative (optimis-

tic), providing the range of performance metrics. Third, pros-

tate mpMRI at most centers includes focused imaging of the

pelvis and, thus did not capture metastases outside of this

template (that would be captured in a standard skeletal sur-

vey). Furthermore, our data did not capture the location of

metastases that were detected by BS, but not mpMRI. Thus,

it is unclear how often false-negative mpMRI readings were

secondary to lesion location outside the imaging field of

view. Therefore, in the absence of expanding the template

from pelvic mpMRI to MRI of the whole skeleton, it is

unlikely that mpMRI can replace full skeletal BS in patients

at high risk of metastasis. Finally, this multi-center study did

not have centralized radiologic review, and imaging reads

are subject to intrareader variability. Still, such limitations

represent the reality of urologic practice and may be more

representative of real-world findings.

5. Conclusions

These data suggest that mpMRI offers superior perfor-

mance to CT and comparable performance to BS for detec-

tion of LN and bone metastases, respectively. Importantly,

the overall accuracy of mpMRI is dependent on the classifi-

cation of equivocal lesions, and a pessimistic reading

appeared to yield a more optimal balance of sensitivity and

specificity. Further studies should aim to better characterize

the optimal approach to equivocal cases. Nonetheless, more

widespread use of mpMRI could obviate the need for addi-

tional staging imaging in men who undergo mpMRI as part

of their diagnostic evaluation.
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