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Abstract

Purpose—A paucity of data exists on the insignificant disease potentially suitable for active 

surveillance among men with intermediate-risk prostate cancer. We tried to identify pathologically 

insignificant disease and its preoperative predictors in men who underwent radical prostatectomy 

for intermediate-risk prostate cancer.

Methods—We analyzed data of 1630 men who underwent radical prostatectomy for 

intermediate-risk disease. Total tumor volume data were available in 332 men. We examined 

factors associated with classically-defined pathologically insignificant cancer (organ-confined 

disease with total tumor volume ≤ 0.5 ml with no Gleason pattern 4 or 5) and pathologically 

favorable cancer (organ-confined disease with no Gleason pattern 4 or 5) potentially suitable for 

active surveillance. Decision curve analysis was used to assess clinical utility of a multivariable 

model including preoperative variables for predicting pathologically unfavorable cancer.

Results—In the entire cohort, 221 of 1630 (13.6%) total patients had pathologically favorable 

cancer. Among 332 patients with total tumor volume data available, 26 (7.8%) had classically-

defined pathologically insignificant cancer. Between threshold probabilities of 20% and 40%, 

decision curve analysis demonstrated that using multivariable model to identify active surveillance 

candidates would not provide any benefit over simply treating all men who have intermediate-risk 

disease with radical prostatectomy.

Conclusions—Although a minority of patients with intermediate risk disease may harbor 

pathologically favorable or insignificant cancer, currently available conventional tools are not 

sufficiently able to identify those patients.

*Corresponding author: Sung Kyu Hong, Urology Service, Department of Surgery, Memorial Sloan-Kettering Cancer Center, 1275 
York Ave., New York, NY 10065, USA. Tel. +1 646 422 4338; Fax: +1 212 988 0759; skhong@snubh.org. 

HHS Public Access
Author manuscript
World J Urol. Author manuscript; available in PMC 2015 December 01.

Published in final edited form as:
World J Urol. 2014 December ; 32(6): 1417–1421. doi:10.1007/s00345-014-1413-3.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

prostate; prostatic neoplasms; insignificant; intermediate-risk; prediction

Introduction

Increasingly popular as a management option for localized prostate cancer (PCa), the main 

purpose of active surveillance (AS) is to avoid or delay radical therapy in men with low-risk 

PCa without missing the window of opportunity for cure. Starting on AS, patients are also 

provided with more time for decision-making on treatment approach. Although the rationale 

for AS is well established, no consensus has been reached regarding the optimal candidates 

for AS. Moreover, the application of AS may be influenced by availability of other 

therapeutic options. Eligibility criteria for AS vary considerably amongst different 

institutions, with some allowing the inclusion of men with intermediate-risk PCa [1-4].

In an effort to extend the benefits of AS to more patients, some investigators have suggested 

broadening the inclusion criteria for AS, with one investigator proposing a strategy that 

initially would include as many men with PCa as is reasonable and during follow-up would 

narrow down based on biopsy and/or clinical findings [5,6]. Despite the lack of long-term 

follow-up, recent reports have shown that AS may have a role in the management of 

selected men with intermediate-risk PCa, demonstrating consistency in the proportion of 

men with intermediate-risk PCa who continue on AS and the high rates of overall and 

disease-specific survival [2-4]. The guidelines on PCa management published by the 

National Comprehensive Care Network (NCCN) include AS as an option for men with 

intermediate-risk PCa in patients with a life expectancy of less than 10 years [7].

As appealing as potential advantages of AS may seem, men with intermediate-risk PCa are 

considered to have a significantly higher risk of progression during AS than those with low-

risk disease. Moreover, intermediate-risk PCa has been known to be a heterogeneous disease 

[8]. Although recent findings as aforementioned have led to speculation that a proportion of 

intermediate-risk disease may be indolent enough to undergo AS, a paucity of data exists on 

the identification of indolent or insignificant disease potentially suitable for AS among men 

with intermediate-risk PCa regardless of life expectancy [2-4]. To assess the feasibility and 

safety of AS in intermediate-risk PCa, such data is necessary. Thus, we sought to identify 

pathologically insignificant disease and its preoperative predictors in men who underwent 

immediate radical prostatectomy (RP) for intermediate-risk PCa.

Patients and methods

After obtaining institutional review board approval, we reviewed the database of 5350 men 

who underwent RP for PCa from January 2000 to December 2009 at Memorial Sloan-

Kettering Cancer Center. When the patients were stratified into NCCN recurrence risk 

groups, 2205 were observed to have intermediate-risk disease (clinical stage T2b–T2c, 

biopsy Gleason score 7, or PSA level 10–20 ng/ml) preoperatively [9]. Patients with missing 

data (n = 387) and/or history of preoperative treatment (transurethral resection of the 

prostate [n = 17], radiation therapy [n= 33], 5α-reductase inhibitor [n = 60], chemotherapy 
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[n = 6], or hormone therapy [n = 87]) were excluded, A total of 1630 patients were included 

in our study, of which 332 were found to have total tumor volume (TTV) data available.

Clinical data were obtained from the review of our database and medical records. Prostate 

volume was measured preoperatively by transrectal ultrasound (TRUS) or magnetic 

resonance imaging (MRI) using the widely recognized prolate ellipsoid formula [10]. In all 

patients, RP specimens were entirely submitted and whole-mounted for the pathologic 

analyses. As previously reported, RP specimens were uniformly processed, and TTV was 

measured by planimetry using Image-Pro Plus software, version 5.0.0.39 (Media 

Cybernetics, Inc., Rockville, MD, USA) in some patients [11].

Pathologically insignificant PCa was defined as organ-confined disease with TTV of ≤ 0.5 

ml with no Gleason pattern 4 or 5 tumor foci [12]. Pathologically favorable PCa was defined 

as organ-confined disease with no Gleason pattern 4 or 5 tumor foci. Pathologically 

unfavorable PCa was defined as tumors that were non-organ-confined or having Gleason 

pattern 4 or 5 tumor foci.

We compared clinicopathologic features between patients who had TTV data available and 

those who did not via t-tests and chi-squared tests. The associations of preoperative 

variables (prostate volume, PSA at diagnosis, clinical stage, and biopsy Gleason score) with 

presence of pathologically insignificant cancer and pathologically favorable cancer were 

examined, respectively, via univariate and multivariate logistic regression models. Due to 

the limited number of patients with pathologically insignificant cancers among our subjects, 

only univariate logistic regression was used to assess the association between preoperative 

characteristics and the presence of pathologically insignificant cancer. The only exception 

was PSA, which was tested non-linearly using cubic splines. Kaplan-Meier method and log-

rank test were used to assess postoperative biochemical recurrence (BCR)-free survival. 

Decision curve analysis was used to assess the clinical utility of the multivariable model for 

predicting pathologically unfavorable cancers and therefore identifying patients with 

intermediate-risk PCa who may be eligible for AS. Ten-fold cross-validation was used to 

correct for optimism. All analyses were performed using Stata 12.0 (StataCorp LP, College 

Station, TX, USA).

Results

Patient characteristics are listed in Table 1. Of the 1630 patients with intermediate-risk PCa 

included in our study, 221 (13.6%) were found to have pathologically favorable cancer. 

Among the 332 patients with TTV data, 26 (7.8%) had pathologically insignificant cancer. 

When comparing patients with and without TTV data, the proportion of patients with 

pathologically favorable cancer was significantly higher in patients with TTV data (18% vs 

12%, p = 0.007). Postoperative 5-year BCR-free survivals of patients with pathologically 

favorable cancer and those with pathologically insignificant cancer were 98.2% and 100%, 

respectively (p = 0.330). For patients with pathologically unfavorable PCa, 5-year BCR-free 

survival was 84.0%, significantly lower than the two groups (p < 0.0001).
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Analyzing only the patients with TTV data (n = 332), PSA (modeled with non-linear terms, 

p = 0.006), biopsy Gleason score (odds ratio [OR]: 0.16; 95% CI, 0.07, 0.36; p < 0.0001), 

and prostate volume (OR: 1.27 per 10-ml prostate volume; 95% CI, 1.12, 1.45; p = 0.0003) 

were observed to be significantly associated with pathologically insignificant cancer on 

univariate analyses. For example, for a man with a prostate volume of 35 ml, clinical stage 

T1 and biopsy Gleason 6, an increase in PSA from 4 ng/ml to 10 ng/ml corresponds to a 

25% increase in the odds of having a pathologically unfavorable cancer. With only a 

minimal number of patients (7.8%) found to have pathologically insignificant cancer, 

multivariate analysis was not performed.

Among the 1630 total patients, PSA, prostate volume, clinical stage, and biopsy Gleason 

score were all found to be significantly associated with pathologically favorable cancer on 

multivariable analysis (Table 2). To assess the clinical utility of this multivariable model for 

the preoperative prediction of pathologically unfavorable cancer among our intermediate-

risk PCa cohort, a decision curve was created (Fig. 1). We used threshold probabilities of 

20% to 40%, considering that it would be difficult to justify performing RP on more than 

four men with insignificant disease for every one man appropriately treated for 

pathologically unfavorable disease. Between the threshold probabilities of 20% and 40%, we 

found that the multivariable model did not lead to greater clinical benefit than simply 

treating all patients, with none being offered AS. This finding is at least partly due to the 

relatively high rate (86%) of pathologically unfavorable cancer. A model would have to be 

nearly perfect to shift a substantial number of men from a mean risk of 86% to a risk lower 

than 20% to 40%. Meanwhile when we replaced the two variables of PSA and prostate 

volume with PSA density in multivariable model, no significant difference was observed in 

the clinical utility of the model.

Discussion

In this study, we observed that although only a very small number of patients who 

underwent RP for intermediate-risk PCa had pathologically insignificant cancer as 

classically defined, a non-negligible proportion of patients harbored pathologically favorable 

cancer potentially suitable for AS [12]. A multivariate model encompassing preoperative 

variables of PSA, prostate volume, clinical stage, and biopsy Gleason score was not 

observed to be clinically useful in the prediction of pathologically unfavorable cancers 

amongst patients with intermediate-risk PCa. As the interest in expanding the inclusion 

criteria for AS has been increasing, we believe that our findings may be considered 

clinically important because they lay the foundations for assessing the feasibility and safety 

of AS in intermediate-risk PCa.

As some have suggested that the classical definition of pathologically insignificant PCa is 

too stringent, Wolters et al. [13] has proposed an updated definition of pathologically 

insignificant PCa (organ-confined cancer with no Gleason 4 or 5 pattern and having a 

volume threshold < 1.3 cm3 for the index tumor and < 2.5 cm3 for the TTV) based on 

lifetime risk estimates of PCa diagnosis in screened and non-screened participants in a 

randomized screening trial and pathologic profiles of PCa found in corresponding RP 

specimens. In the same RP cohort, of which 57.5%, 22.5%, and 20.0% were low-risk, 
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intermediate-risk, and high-risk PCa, respectively, authors found that nearly all (about 98%) 

of the organ-confined Gleason 6 PCa would be classified as insignificant cancer according 

to their updated definition of pathologically insignificant PCa [13]. A study comparing the 

eligibility criteria for AS of different institutions via a selected cohort of patients with 

biopsy Gleason 6 PCa showed that applying the updated definition of pathologically 

insignificant cancer rather than the classical Epstein definition increased the rate of 

insignificant cancer from 37% to 61% [1]. Only a minimal difference was observed between 

the updated definition of insignificant PCa (61%) and organ-confined Gleason ≤ 6 PCa 

without TTV restrictions (66%), consistent with the finding by Wolters et al. [1,13]. We 

hypothesize that in our cohort the proportion of men with organ-confined PCa without 

Gleason pattern 4 or 5, defined as pathologically favorable cancer, would be similar to that 

of patients meeting Wolters et al.’s updated definition of pathologically insignificant PCa.

A published review of the literature found that the incidence rates of insignificant PCa in RP 

specimens ranged from 2.3% to 25%, with higher rates reported in series that included only 

T1c and/or Gleason 6 PCa [14]. The authors suggest that differences in the selection of 

patients or the impact of screening practices may have contributed to the variations in the 

incidences of insignificant PCa. Meanwhile, a paucity of data exists on the incidence rate of 

pathologically insignificant disease in a cohort consisting only of intermediate-risk PCa. 

Compared with rates among low-risk patients or patients deemed eligible for AS according 

to the inclusion criteria of various institutions, the proportion of men in our intermediate-risk 

PCa cohort with insignificant PCa as defined classically was minimal. However, the rate of 

pathologically favorable cancer in our study, which we believe to be similar to that of 

pathologically insignificant cancer according to the updated definition, suggested that as 

many as 1 of 7 men with intermediate-risk disease undergoing RP may harbor insignificant 

disease, which would be difficult to consider negligible [13].

In our study, the model consisting of conventional variables PSA, prostate volume, clinical 

stage, and biopsy Gleason score was observed to offer no clinical benefit in the prediction of 

pathologically unfavorable cancer in men with intermediate-risk PCa. Since many patients 

had their diagnostic biopsy at other institutions before being referred to our institution, 

detailed biopsy findings, such as tumor length in biopsy cores, were often not available. 

Mostly analyzed among men with very low-risk PCa or low-risk PCa, to date the literature 

fails to offer a single superior predictive tool or model as a gold standard in the prediction of 

insignificant PCa [14]. The preoperative Epstein criteria have been reported to misclassify 

16% to 42% of men who would have unfavorable pathologic features in RP specimens 

[12,14,15]. Several groups have put forward alternative predictive models or nomograms to 

enhance predictive accuracy, but most have been reported to be similar or only slightly 

superior to the Epstein criteria [16,17].

In the current study, we applied the endpoint of indolent pathology, defined classically or 

via updated definition, rather than metastasis-free or disease-specific survival. Since our 

endpoint can only be considered as a surrogate for long-term outcome, we admit that 

inherent limitations would exist regarding the interpretations of our findings. Recently, 

models combining clinical and biopsy data with MRI and MR spectroscopic imaging 

(MRSI) findings were found to be better than the clinical models for the prediction of 
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insignificant PCa [18]. Also, efforts have been made to integrate state-of-the-art approach of 

analyzing genomic mutations in the prostate biopsy specimens to identify appropriate 

candidates for AS [19].

There are several potential limitations to our study. Not all patients with intermediate-risk 

PCa had TTV data. However, since the rate of pathologically favorable cancer was higher in 

men with TTV data than those without TTV data, it is reasonable to expect that the actual 

proportion of patients with pathologically insignificant cancer may not be higher than the 

observed rate among the patients with TTV data. Although we hypothesized that the rate of 

pathologically insignificant PCa according to the updated definition would be similar to the 

rate of pathologically favorable cancer we observed, pathologic analyses to calculate index 

tumor volume needs to be performed before we can apply the updated definition accurately 

to our intermediate-risk PCa cohort.

Conclusion

Although a minority of patients with intermediate risk disease may harbor pathologically 

favorable or insignificant cancer, currently available conventional tools are not sufficiently 

able to identify those patients. More efforts should be made to improve our ability to 

identify appropriate candidates for AS among men with intermediate risk PCa. Patients with 

intermediate-risk PCa should also be considered when planning prospective trials and 

investigations on the feasibility and safety of AS.
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Fig. 1. 
Decision curve for predicting pathologically unfavorable cancer. The black line at 0 

represents treating no patients (active surveillance), while the gray line represents treating all 

patients. The dotted line represents treating patients based on the multivariable model.
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Table 1

Patient Characteristics (n=1,630)

Median age at RP, yr (IQR) 60 (55, 65)

Median BMI, kg/m2 (IQR) 28.1 (25.9, 30.8)

Median prostate volume, ml (IQR) 30.5 (23.3, 41.2)

Median PSA level, ng/ml (IQR) 5.2 (4.1, 7.6)

Biopsy Gleason score (%)

  ≤ 6 300 (18)

  7 1330 (82)

Clinical T Stage (%)

  T1 867 (53)

  T2 763 (47)

Pathologic Gleason score (%)

  6 259 (16%)

  7 (3 + 4) 938 (58%)

  7 (4 + 3) 378 (23%)

  8-10 55 (3%)

Pathologic stage (%)

  pT2 1011 (62%)

  pT3a 511 (31%)

  pT3b 93 (6%)

  pT3c 2 (<1%)

  pT4 13 (1%)

Pathologically favorable cancer (%) 221 (13.6%)

Median tumor volume, ml (n=332 with TTV) (IQR) 1.3 (0.7, 2.9)

Pathologically insignificant cancer (n=332 with TTV) (%) 26 (7.8%)

RP = radical prostatectomy; IQR= interquartile range; BMI = body mass index; PSA = prostate-specific antigen; TTV = total tumor volume
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Table 2

Multivariate analysis of potential predictors for pathologically favorable cancers in intermediate-risk prostate 

cancer (n=1630)

Predictors OR 95% CI p-value

Clinical stage 0.42 0.28, 0.63 < 0.0001

Biopsy Gleason score 0.08 0.05, 0.11 < 0.0001

Prostate volume 1.21 1.12, 1.30 < 0.0001

PSA N/A* N/A* 0.003

OR = odds ratio; CI = confidence interval; PSA = prostate-specific antigen

*
Modeled with non-linear terms.
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