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Abstract

Background: Contemporary seminal vesicle invasion (SVI) rates in National Cancer

Comprehensive Network (NCCN) high‐risk prostate cancer (PCa) patients are not

well known but essential for treatment planning. We examined SVI rates according

to individual patient characteristics for purpose of treatment planning.

Materials and Methods: Within Surveillance, Epidemiology, and End Results (SEER)

database (2010–2015), 4975 NCCN high‐risk patients were identified. In the

development cohort (SEER geographic region of residence: South, North‐East,

Mid‐West, n = 2456), we fitted a multivariable logistic regression model predicting

SVI. Its accuracy, calibration, and decision curve analyses (DCAs) were then tested

versus previous models within the external validation cohort (SEER geographic

region of residence: West, n = 2519).
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Results: Out of 4975 patients, 28% had SVI. SVI rate ranged from 8% to 89%

according to clinical T stage, prostate‐specific antigen (PSA), biopsy Gleason Grade

Group and percentage of positive biopsy cores. In the development cohort, these

variables were independent predictors of SVI. In the external validation cohort,

the current model achieved 77.6% accuracy vs 73.7% for Memorial Sloan Kettering

Cancer Centre (MSKCC) vs 68.6% for Gallina et al. Calibration was better than for

the two alternatives: departures from ideal predictions were 6.0% for the current

model vs 9.8% for MSKCC vs 38.5% for Gallina et al. In DCAs, the current model

outperformed both alternatives. Finally, different nomogram cutoffs allowed to

discriminate between low versus high SVI risk patients.

Conclusions: More than a quarter of NCCN high‐risk PCa patients harbored SVI.

Since SVI positivity rate varies from 8% to 89%, the currently developed model

offers a valuable approach to distinguish between low and high SVI risk patients.
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1 | INTRODUCTION

National Comprehensive Cancer Network (NCCN) high‐risk prostate

cancer (PCa) patients account for 25% of most contemporary

nonmetastatic PCa cases in the United States.1 Of those PCa patients,

38% harbor non‐organ confined (NOC) disease.2,3 Unfortunately,

specific seminal vesicle invasion (SVI, pT3b) rates are not known, since

SVI rates have invariably been reported in combination with ECE

(pT3a/pT3b) and/or with higher stage (pT3b/pT4). Nonetheless, in high‐

risk PCa patients, the specific knowledge of SVI is important in

decision making. For example, when radiation therapy is considered for

NCCN high‐risk PCa patients, dose modulation, delineation of clinical

target volumes, as well as other technical refinements are applied to

patients according to the level of SVI suspicion.4,5 Similarly, when

radical prostatectomy (RP) is considered, SVI resection with a wider

margin should be planned preoperatively according to the level of SVI

suspicion.6,7 In consequence, pretreatment estimation of SVI risk is

paramount, as much as is presence of ECE or LNI.8 However, existing

methods for predicting SVI might be suboptimal, since most relied on

low and intermediate‐risk PCa patients and may not properly apply to

contemporary NCCN high‐risk PCa patients, when estimation of SVI

risk is sought. To address this void, we examined contemporary SVI

rates, specifically in NCCN high‐risk PCa patients. Moreover, we

explored the range of SVI rates according to independent patient

characteristics, as well as to the number and type of NCCN high‐risk

criteria. Subsequently, we fitted a multivariable model to predict SVI

and compared it to existing tools within an independent external

validation cohort. We hypothesized that SVI rates may not be in

perfect agreement with historical observations and that contemporary

tabulation and prediction of SVI probability may be better accom-

plished using the most recent population‐based data.

2 | MATERIALS AND METHODS

2.1 | Study population

The Surveillance, Epidemiology, and End Results (SEER) database

samples 26% of the United States and approximates the United

States in terms of geographic and demographic composition, as well

as cancer incidence.9 Within SEER database spanning years

2010–2015, we identified all nonmetastatic RP patients, aged

between 40 and 75 years old, with histologically confirmed

adenocarcinoma of the prostate, diagnosed at biopsy (International

Classification of Disease for Oncology [ICD‐O‐3] code 8140 site

code C61.9), who fulfilled the NCCN high‐risk criteria (≥cT3a and/or

biopsy Gleason Grade Group [GGG] IV/V and/or prostate‐specific

antigen [PSA] > 20 ng/ml10,11).

We excluded patients with clinical stage cT4, PSA > 50 ng/ml,

number of biopsy cores <10 or >14, as well as cases with missing

information (PSA, pathologicT stage, clinical T stage (cT), biopsy GGG,

and number of positive prostate biopsy cores).

2.2 | Statistical analyses

First, we relied on the entire patient population to examine overall

SVI, as well as specific SVI rates, according to baseline characteristics,

such as age, PSA (ng/ml), percentage of positive biopsy cores, biopsy

GGG, and cT.

Second, we divided the overall population according to SEER

geographic region of residence (South, North‐East, Mid‐West, and

West) between development (South, North‐East, Mid‐West, and

West) and external (West) validation cohorts.
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Within the development cohort, we fitted a multivariable logistic

regression model predicting SVI using PSA (logarithmic transformation),

cTs (cT1, cT2a, cT2b, cT2c, cT3a, and cT3b), biopsy GGG (I, II, III, IV, and V)

and percentage of positive biopsy cores, as predictors. The logistic

regression model was graphically displayed in nomogram format.12

Subsequently, the multivariable logistic regression model was applied in

the external validation cohort, and its accuracy, calibration properties,

and decision curve analysis (DCA) were computed.13 Similarly, accuracy,

calibration, and DCA were also computed for the Gallina et al.

nomogram14 and for the updated online version of the Kattan nomogram

(Memorial Sloan Kettering Cancer Center, MSKCC).15

Finally, to allow clinical decision making, we tabulated several

nomogram cutoffs for prediction of SVI, to show their effect on the

numbers and percentages of patients at low risk of SVI (below the

cutoff) versus those at high risk of SVI. All tests were two‐sided with

a level of significance set at p < 0.05 and R software environment for

statistical computing and graphics (version 3.4.3) was used for all

analyses.

TABLE 1 Descriptive characteristics
of 4975 NCCN high‐risk prostate
cancer patients stratified according to
SEER geographic region of residence in
development versus external validation
cohorts

Overall,
N = 4975a

Development cohort,
n = 2456a (49.4%)

Validation cohort,
n = 2519a (50.6%) pb

Age (years) 63 (58, 67) 63 (58, 67) 64 (59, 68) <0.001

PSA (ng/ml) 8 (6, 16) 8 (5, 14) 8 (6, 17) <0.001

Percentage of
biopsy positive
cores (%)

50 (29, 70) 50 (30, 67) 50 (25, 71) >0.9

Biopsy Gleason
Grade Group

0.08

I 168 (3.4%) 76 (3.1%) 92 (3.7%)

II 422 (8.5%) 205 (8.3%) 217 (8.6%)

III 370 (7.4%) 159 (6.5%) 211 (8.4%)

IV 2539 (51%) 1275 (52%) 1264 (50%)

V 1476 (30%) 741 (30%) 735 (29%)

Clinical T stage <0.001

cT1c 3115 (63%) 1613 (66%) 1502 (60%)

cT2a 495 (9.9%) 214 (8.7%) 281 (11%)

cT2b 327 (6.6%) 140 (5.7%) 187 (7.4%)

cT2c 416 (8.4%) 157 (6.4%) 259 (10%)

cT3a 354 (7.1%) 195 (7.9%) 159 (6.3%)

cT3b 268 (5.4%) 137 (5.6%) 131 (5.2%)

Seminal vesicle
invasionc

0.6

Positive 1410 (28%) 705 (29%) 705 (28%)

SEER geographic
region of
residence

Midwest 515 (10%) 515 (21%) 0 (0%)

North‐East 1004 (20%) 1004 (41%) 0 (0%)

South 937 (19%) 937 (38%) 0 (0%)

West 2519 (51%) 0 (0%) 2519 (100%)

Abbreviations: IQR, interquartile range; NCCN, National Cancer Comprehensive Network;
PSA, prostate‐specific antigen; SEER, Surveillance, Epidemiology, and End Results.
aMedian (IQR); n (%).
bWilcoxon rank‐sum test; Pearson's Chi‐squared test.
cSeminal vesicle invasion was evaluated at final pathological examination and staged as

pathologic T stage pT3b.
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3 | RESULTS

3.1 | Study population characteristics

Overall, 4975 NCCN high‐risk PCa patients were identified (Table 1).

Median age, median PSA, and median percentage of positive biopsy

cores were respectively 63 years (interquartile range [IQR], 58–67),

8 ng/ml (IQR, 6–16), and 50% (IQR, 29–70). Rates of cT1, cT2a, cT2b,

cT2c, cT3a, and cT3b were 63% versus 10% versus 7% versus 8%

versus 7% versus 5%, respectively. Moreover, rates of biopsy GGG I,

II, III, IV, and V were 3% versus 9% versus 7% versus 51% versus

30%, respectively.

Whitin those, 28% harbored SVI at RP (Table 2). SVI positive patients

exhibited higher median PSA (10 vs. 8 ng/ml, p<0.001), as well as higher

median percentage of positive biopsy cores (67% vs. 42%, p<0.001). SVI

rates ranged from 23% to 37% according to PSA categories (<10, 10–20,

and >20), from 17% to 41% according to biopsy GGG (I, IV, II, III, and V),

and from 13% to 87% according to cTs (cT3a, cT2a, cT1, cT2b, cT2c, and

cT3b) and from 12% to 47% according to percentage of positive biopsy

cores tertiles (<33%, 33%–58%, >58%), respectively.

Subsequently, we analyzed SVI rates according to different

combinations of NCCN high‐risk PCa criteria. SVI rates ranged from

8% to 20% in cT3a patients, from 22% to 45% in cT1c patients, from

27% to 53% in cT2a–2c patients and from 84% to 89% in cT3b

patients (Table 3).

3.2 | Prediction of SVI in NCCN high‐risk PCa
patients

Stratification of the overall cohort according to SEER geographic

region of residence resulted in a development cohort of 2456

patients (49%) and an external validation cohort of 2519 patients

(51%). No meaningful differences were recorded regarding PSA, cT,

biopsy GGG, percentage of positive biopsy cores, and SVI rates

between the two cohorts (Table 1). Within the development cohort,

we fitted a multivariable logistic regression model predicting SVI

(Table 4). All variables (PSA, cT, biopsy GGG, and percentage of

positive biopsy cores) were independent predictors (all p ≤ 0.02), and

the model was graphically depicted in the nomogram format

(Figure 1). Within the external validation cohort (n = 2519), accuracy

was 77.6% for the current model versus 73.7% for the MSKCC model

versus 68.6% for the Gallina et al. model. Calibration plots (Figure 2)

within the external validation cohort exhibited lowest departures

from ideal predictions for the current model (6.0%) versus intermedi-

ate for MSKCC (9.8%) versus highest for Gallina et al. (38.5%). In

DCA, the current model resulted in greater net benefit for virtually all

threshold probabilities, from 0% to 87%, relative to both MSKCC and

Gallina et al. nomograms (Figure 3).

3.3 | Nomogram cutoffs for identification of NCCN
high‐risk PCa patients at low risk of SVI

Several nomogram cutoffs may be applied to discriminate between

low versus high SVI probability (Table 5). For example, a 12% cutoff

would identify 641 out of 2519 individuals (25.5%) at low SVI risk

(below the nomogram cutoff), at the price of missing SVI in 52

patients of these patients (8.1%).

TABLE 2 Descriptive characteristics of 4975 NCCN high‐risk
prostate cancer patients according to seminal vesicle invasion
(SVI) status: SVI negative versus SVI positive

SVI negative,
n = 3565a (72%)

SVI positive,b

n = 1410a (28%) pc

PSA (ng/ml) 8 (5, 14) 10 (6, 21) <0.001

Percentage of
biopsy positive
core (%)

42 (25, 58) 67 (43, 92) <0.001

PSA category <0.001

<10 ng/ml 2312 (77%) 696 (23%)

10–20 ng/ml 598 (64%) 331 (36%)

>20 ng/ml 655 (63%) 383 (37%)

Percentage of
positive
biopsycores
(tertiles)

<0.001

≤33% 1547 (88%) 217 (12%)

33%–58% 1168 (73%) 433 (27%)

>58% 850 (53%) 760 (47%)

Clinical T stage <0.001

cT1c 2336 (75%) 779 (25%)

cT2a 392 (79%) 103 (21%)

cT2b 229 (70%) 98 (30%)

cT2c 266 (64%) 150 (36%)

cT3a 308 (87%) 46 (13%)

cT3b 34 (13%) 234 (87%)

Biopsy Gleason
Grade Group

<0.001

I 139 (83%) 29 (17%)

II 294 (70%) 128 (30%)

III 223 (60%) 147 (40%)

IV 2036 (80%) 503 (20%)

V 873 (59%) 603 (41%)

Abbreviations: IQR, interquartile range; NCCN, National Cancer
Comprehensive Network; PSA, prostate‐specific antigen; SEER,

Surveillance, Epidemiology, and End Results.
aMedian (IQR); n (%).
bSeminal vesicle invasion was evaluated at final pathological examination
and staged as pathologic T stage pT3b.
cWilcoxon rank‐sum test; Pearson's Chi‐squared test.
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Alternatively, a lower cutoff (10%) would identify 466 out of

2519 (18.5%) at the price of missing SVI in 32 of these patients

(6.9%). If a higher rate of missed SVI within the low‐risk individuals

could be accepted, a potential cutoff could be 17%, which would

identify 1010 out of 2519 (40.1%) at the price of missing SVI in 108

of these patients (10.7%).

4 | DISCUSSION

In the current study, we hypothesized that SVI rates may not be in

perfect agreement with historical observations and that contempo-

rary tabulation and prediction of SVI probability may be better

accomplished using the most recent population‐based data. Our

study led to several noteworthy observations.

First, more than one in four contemporary NCCN high‐risk PCa

patients harbored SVI (28%). This result is in agreement with

previous North American and European institutional studies

investigating SVI rates in D'Amico high‐risk patients.16‐18 However,

in two institutional NCCN high‐risk PCa cohorts this rate was

higher (35% and 36%).19,20 In consequence, we are the first to

specifically validate SVI rates in a contemporary large‐scale,

population‐based cohort of NCCN high‐risk PCa patients. Interest-

ingly, we reported unexpected low rates of SVI in cT3a NCCN high‐

risk patients (13%). This finding is in agreement with an European

institutional study reporting 16% rate of SVI among cT3a patients

treated with RP.21 Moreover, Joniau et al.22 published pretreat-

ment tables predicting probability of pathologic outcomes (ECE,

SVI, etc.) in cT3a patients, while accounting for GGG at biopsy and

PSA. The authors observed that the association between cT3a and

TABLE 3 Seminal vesicle invasion rates in 4975 NCCN high‐risk prostate cancer (PCa) patients according to different combinations of
NCCN high‐risk criteria (PSA > 20 ng/ml, biopsy GGG IV–V and cT3a or cT3b)

Abbreviations: GGG, Gleason Grade Group; NCCN, National Cancer Comprehensive Network; PSA, prostate‐specific antigen.

TABLE 4 Multivariable logistic regression model predicting
seminal vesicle invasion (SVI) at radical prostatectomy in NCCN
high‐risk prostate cancer patients in the development cohort

Multivariable logistic regression model predicting SVIa

Variables OR 95% CI p

PSAb 1.50 1.26–1.80 0.001

Clinical T stage

cT2a 0.78 1.54–1.11 0.2

cT2b 1.02 0.67–1.52 0.9

cT2c 0.83 0.55–1.23 0.4

cT3a 0.34 0.20–0.55 0.001

cT3b 32.7 12.2–63.05 0.001

Biopsy GGG

GGG II 2.07 0.88–5.38 0.11

GGG III 2.32 0.98–6.12 0.07

GGG IV 2.57 1.16–6.44 0.03

GGG V 6.32 2.84–15.93 0.001

Percentage of biopsy
positive cores (%)

1.03 1.02–1.03 0.001

C‐indexc 77.6 75.5–79.5

Abbreviations: CI, confidence interval; GGG, Gleason Grade Group;
NCCN, National Cancer Comprehensive Network; OR, odds ratio;
PSA, prostate‐specific antigen.
aSeminal vesicle invasion was evaluated at final pathological
examination and staged as pathologic T stage pT3b.
bPSA was subjected to logarithmic transformation.
cC‐index is calculated in the validation cohort with a bootstrapped
95% Confidence interval.
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SVI is potentially influenced by the presence of other high‐risk

features. Notably, more than half of cT3a patients in the current

NCCN high‐risk cohort are considered high‐risk exclusively

because of the clinical stage (196/354) with only 8% exhibiting

PSA > 20 ng/ml and 40% harboring GGG IV–V. Conversely, cT1–2

patients exhibited PSA > 20 ng/ml in 22% and biopsy GGG IV–V in

86% of cases. To further support the importance of other high‐risk

features beyond clinical stage, Hoeh et al.23 reported an

unexpected high rate of non‐organ confined disease (51%) in

exclusive PSA high‐risk PCa patients. Consequently, lower rate of

SVI in cT3a compared to cT2 patients might be due to the fact that

these patients harbored less aggressive features (PSA and GGG)

than cT2 counterparts when NCCN high‐risk only PCa patients are

considered. Moreover, it should be noted that clinical stage

was determined by DRE alone, as advocated by guidelines, and

this assessment may vary from one physician to another. None-

theless, lack of data on preoperative imaging in our database

prevented us from addressing the impact of imaging techniques

such as CT and MRI on the assessment of clinical stage.

Second, SVI rates varied according to baseline patient character-

istics. They ranged from 8% to 89% and increased with number and

type of PCa high‐risk criteria. These observations illustrate the

heterogeneity of SVI rates according to clinical patient characteristics

and established NCCN high‐risk PCa criteria. To the best of our

knowledge, we are first to record this relationship. As consequence

within NCCN high‐risk PCa patients, it is possible to risk‐stratify SVI

rates according to available clinical characteristics. Based on the

above variability, it may be postulated that treatment delivery in

NCCN high‐risk PCa patients may require adjustments according to

SVI risk. For example, ESTRO ACROP consensus guideline recom-

mends specific delineation of the clinical target volume of the seminal

vesicle according to SVI risk.4 Moreover, NCCN guidelines suggest

avoiding rectal space implantation before radiotherapy, when the SVI

risk is elevated.24 Additionally, Goupy et al.25 also reported on the

F IGURE 1 Nomogram predicting the individual probability of seminal vesicle invasion (SVI) in NCCN high‐risk prostate cancer patients.
PSA, prostate‐specific antigen. NCCN, National Cancer Comprehensive Network.

F IGURE 2 External validation of calibration properties of different models predicting seminal vesical invasion in prostate cancer patients:
in the current model (A) relative to previous alternative by MSKCC (B) or by Gallina et al. (C). Accuracy (C‐index) and departures from ideal
predictions (Emax) were reported for each separate model. MSKCC, Memorial Sloan Kettering Cancer Center.
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importance of SVI risk in radiotherapy planning, where intensity‐

modulated radiotherapy represents a valuable option according to

elevated SVI risk. Similar, considerations are required for robotic RP

planning to maximize functional outcomes without affecting onco-

logic safety.6,7,26 Unfortunately, current SVI risk estimation may only

be accomplished with methods that predominantly relied on low and

intermediate‐risk PCa patients. Such approach does not lend itself to

use in high‐risk PCa patients, since SVI rate radically differs between

those patient groups.8 To address this limitation, we developed

and tested a contemporary model predicting SVI in an exclusive

population of NCCN high‐risk PCa patients.

To achieve this objective, we fitted a multivariable logistic

regression model within the development cohort. Subsequently, we

performed head‐to‐head comparisons of its accuracy, calibration, and

DCA outcomes, relative to two existing models (MSKCC15 and

Gallina et al.14). The current model outperformed the two alternatives

in accuracy (77.6% vs. 73.7% vs. 68.6%), calibration properties

(6.0% vs. 9.8% vs. 38.5%) and DCA. Taken together, the current

multivariable model is better capable of identifying patients at either

low or high SVI risk than previously reported alternatives.14,15

Finally, we explored the use of several nomogram cutoffs for

discriminating between SVI negative versus positive patients. For

example, a 12% cutoff would identify 641 low SVI risk individuals

within the cohort of 2519 (25.5%), at the price of missing 52 SVI

positive patients within those 641 below the nomogram cutoff

(8.1%). Alternatively, a lower cutoff (10%) would identify 466 low SVI

risk individuals within the cohort of 2519 (18.5%), at the price of

missing 32 SVI positive patients within those 466 below the

nomogram cutoff (6.9%). If a higher rate of missed SVI within low‐

risk individuals could be accepted, a potential cutoff of 17% might be

proposed. The latter would identify 1010 out of 2519 (40.1%), at the

price of missing 108 SVI‐positive patients within those 1010 below

the nomogram cutoff (10.7%). Implementation of the above nomo-

gram cut‐offs may help identifying low SVI risk patients, in whom

high‐intensity RT or wider resection at RP might be obviated.

Our study is not devoid of limitations. First, grading in SEER data may

not be as accurate as in institutional studies with dedicated GU

pathologists. Indeed, two previous studies reported a significant risk of

undergrading Gleason pattern 5.27,28 In consequence, a more accurate

grading could affect the nomogram by making GG5 potentially even more

powerful. To test this hypothesis a further validation of the current model

within an institutional database, reviewed by GU pathologists, will be

required. Second, SEER database does not provide information on total

length of biopsy cores, percentage of positive length, and biopsy schemes

(i.e., SV target‐biopsy). To date, only Koh et al.29 published a nomogram

predicting SVI which included percentage of positive core at prostate

base. However, this model was developed in a cohort of men diagnosed

with the use of sextant biopsies. In consequence, cancer characteristics of

these men may no longer be reflective of contemporary patients, who are

subjected to extended biopsy schemes. Third, imaging data are

unavailable in the SEER database. Two previous investigators (Gandaglia

et al.30 and Martini et al.31) integrated MRI findings within a nomogram

predicting SVI. However, neither investigator relied exclusively on high‐

risk PCa patients nor have they provided information on absolute number

or specific proportions of high‐risk PCa patients, within their study

cohorts.30,31 Moreover, both studies relied on institutional cohorts with

relatively small sample sizes (n = 50431 and n = 61430). Additionally,

Gandaglia et al. developed their nomogram based on European

patients, which are known not to be comparable to their North

American counterparts.32 In consequence, despite the novelty and

high value of their contributions, a direct comparison with our study

cannot be drawn. Finally, only the Gandaglia nomogram relied on an

external validation cohort to test its accuracy and net benefit, relative

to MSKCC nomogram.33 Unfortunately, their newly developed model

failed to exhibit higher accuracy (69% vs 70%) and greater net benefit

was shown only for a narrow range of probability threshold between

0% and 7.5%, but not for higher probability threshold (7.5%–00%)

F IGURE 3 Decision curve analysis depicting the net benefit of
the current model (red) relative to Gallina et al. (blue), as well as
MSKCC (green) in the external validation cohort. MSKCC, Memorial
Sloan Kettering Cancer Center. [Color figure can be viewed at
wileyonlinelibrary.com].

TABLE 5 Analyses of seminal vesicle invasion (SVI) nomogram
cutoffs in the validation cohort of 2519 NCCN high‐risk PCa patients
focusing on patients at low SVI risk

Nomogram
cutoff

Number of patients with
lower risk of SVI
according to probability
threshold (below the
nomogram cutoff)

Number of patients
below the probability
threshold harboring
SVI (missing SVI
patients)

0.05 66/2519 (2.6%) 3/66 (4.6%)

0.07 176/2519 (7.0%) 12/176 (6.8%)

0.10 466/2519 (18.5%) 32/466 (6.9%)

0.12 641/2519 (25.5%) 52/641 (8.1%)

0.15 877/2519 (34.8%) 88/877 (10.03%)

0.17 1010/2519 (40.1%) 108/1010 (10.7%)

0.20 1177/2519 (46.7%) 142/1177 (12%)

Abbreviations: NCCN, National Cancer Comprehensive Network;
PCa, prostate cancer.
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where both models virtually overlapped one another.33 Interestingly,

other investigators also failed to show added benefit in SVI prediction,

when MRI findings were included to established clinical predictors

within the MSKCC nomogram.34,35 In consequence, it is debatable

whether MRI findings may improve the accuracy of a nomogram

predicting SVI based on clinical characteristics, such as cT stage, PSA,

biopsy GGG and percentage of positive biopsy cores. This concept

remains to be tested in contemporary cohorts of NCCN high‐risk PCa

patients with universally available MRI findings.

5 | CONCLUSION

More than a quarter of NCCN high‐risk PCa patients harbored SVI.

Since SVI positivity rate varies from 8% to 89%, the currently

developed model offers a valuable approach to distinguish between

low and high SVI risk patients.
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