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Abstract

Background—Up to 30% of patients with low-risk prostate cancer (PCa) are found to have 

features of aggressive disease at radical prostatectomy (RP). Several predictive nomograms and 

novel genomic markers have been developed to estimate the risk of adverse pathology in men 

eligible for active surveillance (AS). However, oncologic risk associated with these findings 

remains unknown.

Objective—To determine if the presence of adverse pathologic features at RP in patients eligible 

for AS is prognostic of poor oncologic outcome independent of pretreatment risk status.

Design, setting, and participants—A total of 2660 patients underwent immediate RP at our 

institution between 1998 and 2008. Patients were stratified as low, intermediate, or high risk 

according to the D’Amico clinical risk criteria.
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Outcome measurements and statistical analysis—The rates of adverse pathology were 

reported, and the 5-yr risk of biochemical recurrence (BCR) was calculated in the presence of 

aggressive disease.

Results and limitations—The 5-yr risk of BCR in patients with extracapsular extension (n = 

937) was 43% (95% confidence interval [CI], 40–46) overall but only 15% (95% CI, 11–22) for 

those who met the criteria for low risk (n = 181). For the 473 patients with pathologic Gleason 

score 4 + 3, the risk of recurrence at 5 yr was 41% (95% CI, 37–46) overall, 13% (95% CI, 5–27) 

for low-risk men (n = 1102), 41% (95% CI, 35–47) for intermediate-risk men (n = 1086), and 51% 

(95% CI, 43–60) for high-risk men (n = 472). Limitations include use of BCR as the study end 

point and surrogate for oncologic outcome in men who received curative treatment.

Conclusions—The presence of pathologically unfavorable disease in patients eligible for AS is 

not informative as to the safety of this treatment modality. We question the relevance of adverse 

pathology as the end point for predictive tools designed to guide treatment decisions in low-risk 

PCa.

Patient summary—The risk of biochemical recurrence associated with adverse pathologic 

findings at prostatectomy is reduced by approximately 50% in men with clinically low-risk 

prostate cancer.

Keywords

Prostatic neoplasm; Oncologic outcome; Biochemical risk; Prediction; Positive surgical margin

1. Introduction

Widespread use of prostate-specific antigen (PSA) as a primary screening tool for prostate 

cancer (PCa) has led to the increased detection of clinically insignificant tumors. It is 

estimated that up to 60% of men diagnosed by PSA screening have low-risk PCa [1], yet 

most of these men undergo invasive treatment involving surgery or radiotherapy [2, 3]. Such 

interventions carry a non-negligible risk of urinary and sexual dysfunction that can 

adversely affect a man’s quality of life.

As clinicians have grown aware of the hazards associated with overdiagnosis and 

overtreatment of PCa, active surveillance (AS) has emerged as a viable option for the 

conservative management of low-risk organ-confined disease. The D’Amico classification 

[4] is the most commonly used criterion for the definition of clinical risk that includes low-

risk patients with Gleason scores ≤6, clinical stage T2a or lower, and PSA level ≤10 ng/ml. 

Such low-risk patients who are found to have low-volume disease on biopsy are offered AS, 

with close monitoring and the intent of curative treatment at signs of disease progression. 

Preliminary data from several prospective AS series have shown promising results, with 

very low rates of disease-specific mortality and moderate rates of intervention in the first 

few years of surveillance [5, 6]. However, definitive conclusions are premature because of 

the relatively short follow-up times available even in the longest series.

Some investigators have cautioned against overutilizing AS, citing a moderate incidence of 

pathologically unfavorable disease in patients with low-risk PCa who would have been 
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eligible for AS. Reported rates of Gleason sum upgrading range from 20% to 54% and 

pathologic upstaging from 6% to 26%, depending on the stringency of the inclusion criteria 

applied [7–11]. These findings have raised concerns regarding the adequacy of current AS 

eligibility criteria to differentiate appropriately between candidates for conservative 

management and those who require definitive treatment.

After examining the incidence of Gleason score upgrading in a low-risk patient population, 

Kulkarni et al [12] concluded that “caution should be exercised in recommending nonradical 

therapy to individuals with a high probability of undetected high-grade disease.” Similar 

conclusions were drawn by Isariyawongse et al [13], who found that the risk of upgrading 

increased with advanced age and advised that “caution should be exercised when 

recommending active surveillance in older men.” To this end, several nomograms have been 

constructed to predict the probability of pathologic upgrading in patients with low-risk PCa 

[14, 15]. Several novel genomic markers have been developed to predict the risk of disease 

recurrence and progression in patients who have undergone treatment for PCa [16, 17], as 

well as to better estimate the presence of pathologically unfavorable disease in men eligible 

for AS and to recommend immediate treatment for those with increased risk of upgrading or 

upstaging [18]. Such recommendations are based implicitly on the hypothesis that adverse 

pathology is prognostic of poor oncologic outcome in a manner relatively independent of 

pretreatment risk status (Fig. 1). An alternative hypothesis is that oncologic risk associated 

with adverse pathologic features is highly influenced by preoperative risk status (Fig. 2). To 

evaluate the second hypothesis, we analyzed data from patients with adverse pathologic 

features at radical prostatectomy (RP), examined the relationship between upstaging/

upgrading with biochemical recurrence (BCR) (as a surrogate for oncologic outcome), and 

investigated the effect of preoperative risk on this relationship.

2. Patients and methods

Following institutional review board approval, we performed a retrospective review of data 

collected from our PCa database on all patients undergoing immediate RP at Memorial 

Sloan Kettering Cancer Center (MSKCC) from 1998 to 2008 with complete clinical, 

pathologic, and follow-up data available (n = 3469). Patients were excluded if they had 

received neoadjuvant therapy prior to RP (n = 307) or received any adjuvant therapy 

secondary to adverse features at RP (n = 502).

Patients were stratified according to the D’Amico risk criteria for BCR based on clinical 

features: low risk (PSA ≤10 ng/ml, ≤cT2a, and biopsy Gleason ≤6), intermediate risk (PSA 

>10 and ≤20 ng/ml, cT2b, or biopsy Gleason 7), and high risk (PSA >20 ng/ml, lower than 

cT2b, or biopsy Gleason ≥8). We chose to use the D’Amico classification because it is the 

most commonly used criterion for the definition of clinical risk and used at many centers 

(including MSKCC) for inclusion of patients into AS protocols. The National 

Comprehensive Care Network recommends AS as an option for men with low-risk disease. 

We accept that there are a variety of different criteria for AS and many involve 

characteristics in addition to stage, grade, and PSA such as number of positive cores or 

percentage of core involvement. As is, our patient cohort constitutes a more diverse group 

that likely includes men with high-volume disease who at some centers would not be 
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considered for or offered AS. We therefore repeated our analyses using more restrictive 

definitions of eligibility for AS.

The primary end point of the study was the effect of preoperative risk on BCR in men with 

adverse pathologic features at RP, defined as the presence of extracapsular extension (ECE), 

seminal vesicle invasion (SVI), lymph node invasion (LNI), or high-grade disease (Gleason 

sum >3 + 3). BCR was defined as a postoperative PSA elevation ≥0.2 ng/ml with a 

subsequent confirmatory value.

2.1. Statistical considerations

Univariable and multivariable Cox proportional hazards models were built with time to BCR 

as the outcome and preoperative risk as the covariate restricted to men with adverse 

pathologic features. The multivariable model was adjusted for pathologic Gleason scores 

and the presence of other adverse features (ECE, SVI, and LNI). BCR-free survival was 

estimated using the Kaplan-Meier method. The log-rank test was used to test differences 

between groups. All p values were two sided, with p < 0.05 considered a significant 

difference between groups. All statistical analysis was conducted using Stata v.12.0 

(StataCorp, College Station, TX, USA).

3. Results

The final cohort comprised 2660 patients of which 1102 (41%) were classified as having 

low-risk disease, 1086 (41%) had intermediate-risk disease, and 472 (18%) had high-risk 

disease by D’Amico risk criteria. Median age for the entire cohort was 68 yr (interquartile 

range [IQR]: 63–73), and median PSA level was 5.3 ng/ml (IQR: 4–7.5). The median 

number of biopsy cores taken was eight (IQR: 4–12) with a median of two positive cores 

(IQR: 1–4). Median follow-up time for patients without BCR was 5.2 yr. Table 1 lists the 

clinicopathologic characteristics of our study population by risk category.

Overall, 760 patients (29%) were upgraded at RP with 670 upgrades (88%) from Gleason 

sum ≤6 to Gleason sum 7. Of the patients whose tumors were upgraded to Gleason sum 7, 

605 (90%) had primary pattern 3 (Gleason grades 3 + 4); 65 (10%) had primary pattern 4 

(Gleason grades 4 + 3). Twelve patients were upgraded from Gleason sum ≤6 to Gleason 

sum ≥8; 78 were upgraded from Gleason sum 7 to ≥8. In the low-risk category, a total of 

546 patients (50%) were upgraded at RP, with 99% of upgrades from Gleason sum 6 to 7 (n 

= 538). The rates of ECE, SVI, LNI, and positive surgical margins among low-risk patients 

were 16%, 1.1%, 0.7%, and 11%, respectively.

The 5-yr BCR risk in patients with ECE was 43% (95% confidence interval [CI], 40–46). 

However, risk of BCR varied dramatically depending on preoperative risk category: 15% 

(95% CI, 11–22) for low-risk patients, 39% (95% CI, 35–44) for intermediate-risk patients, 

and 65% (95% CI, 59–70) for high-risk patients with ECE. Similarly, although the overall 5-

yr BCR risk for patients with pathologically high-grade disease was 21% (95% CI, 19–23), 

this risk was only 8% (95% CI, 6–11) for low-risk patients compared with 22% (95% CI, 

20–25) for intermediate-risk and 40% (95% CI, 35–47) for high-risk men (Fig. 3; p < 0.005). 

More specifically, in the presence of pathologic Gleason 4 + 3 disease, the risk of BCR at 5 
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yr was 41% (95% CI, 37–46) overall, 12% (95% CI, 5–27) for preoperatively low-risk men, 

41% (95% CI, 35–47) for intermediate-risk men, and 51% (95% CI, 43–60) for D’Amico 

high-risk men (Fig. 4; p < 0.005). By way of comparison, 5-yr BCR probability was close to 

6% for patients who were preoperatively low risk and who did not have advanced stage or 

grade on pathology. Hence upgrading on surgical pathology raises 5-yr BCR probability for 

low-risk patients from 6% to 8%; upstaging increases risk from 6% to 15%.

Table 2 shows the results of our univariable and multivariable analysis of the association 

between BCR and preoperative risk in men with adverse pathology. The hazard ratio (HR) 

for low preoperative risk in predicting BCR for patients who have ECE on univariable 

analysis (HR: 0.29; 95% CI, 0.21–0.4; p < 0.0001), as well as multivariable analysis 

adjusted for pathologic Gleason scores and presence of other adverse features (HR: 0.51; 

95% CI, 0.36–0.72; p = 0.0001), clearly illustrate that preoperative risk is highly prognostic. 

Similar findings were observed for men with high-grade disease at RP (univariate analysis: 

HR: 0.26; 95% CI, 0.20–0.34; p <0.0001; multivariable analysis: HR: 0.45; 95% CI, 0.35–

0.60; p < 0.0001). The HRs for low-risk disease in patients who have SVI or LNI are <1 but 

did not reach statistical significance perhaps due to the low prevalence of SVI and LNI in 

low-risk men (1.1% and 0.7%, respectively). Low-risk patients with positive surgical 

margins were less likely to experience BCR than those with intermediate- or high-risk 

disease (HR: 0.38; 95% CI, 0.26–0.54; p < 0.0001); however, this association was not 

significant when adjusted for the effects of pathologic Gleason scores and adverse 

pathologic features (p = 0.2).

To account for changes in grading introduced by the 2005 International Society of Urologic 

Pathology modified Gleason scoring system [19], we repeated our analysis to include only 

patients diagnosed and treated after 2005. The overall rate of upgrading and of ECE, SVI, 

and LNI were virtually unchanged. The results of our univariable and multivariable Cox 

model did not change when applied to the patients operated on after 2005 (data not shown).

We also repeated our analyses using alternative definitions of low risk: either D’Amico 

criteria plus three or fewer positive cores or D’Amico plus three or fewer positive cores plus 

no more than 50% cancer in any core. Due to missing data on the number of cores, the 

analyses included 2221 and 1544 patients, respectively. The results were very similar to the 

main analysis. For D’Amico plus three or fewer positive cores, low preoperative risk was 

statistically associated with BCR on univariate analysis for all pathologic features (ECE, 

SVI, LNI, Gleason ≥7, and positive margins) with HRs ranging from 0.42 to 0.50. When 

low risk was additionally defined in terms of percentage of core affected, results were 

broadly similar, although CIs were wider due to a small cohort. Preoperative risk just missed 

statistical significance for LNI (HR: 0.36; 95% CI, 0.13–1.02; p = 0.054) and was 

nonsignificant for SVI (HR: 0.65; 95% CI, 0.26–1.62; p = 0.4). Hence our finding that 

preoperative low-risk status dramatically attenuates the negative prognostic impact of 

advanced pathology is robust to the definition of low risk used.
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4. Discussion

Our findings confirm an association between the risk of BCR and adverse pathologic 

features; however, preoperative risk also plays an important role in this relationship. The 

absolute difference in 5-yr risk of BCR between low-risk patients with ECE and 

intermediate- and high-risk patients with ECE was 24% and 50%, respectively. A similar 

observation was made for patients with findings of high-grade disease in the low-risk 

category versus those in the intermediate- and high-risk groups, with an absolute difference 

of 14% and 32%, respectively. Among patients with pathologic Gleason sum 7 disease, with 

the predominant pattern 4 disease (Gleason grades 4 + 3), preoperatively low-risk patients 

had a third the risk of BCR at 5 yr compared with intermediate-risk patients (12% vs 41%) 

and a fourth the risk of high-risk patients (12% vs 51%). Based on these results, we suggest 

using a model in which high-grade or locally advanced disease confers a different 

probability of adverse oncologic outcome depending on pretreatment risk status (Fig. 2), 

rather than a model in which oncologic risk is determined by pathologic features 

independent of preoperative risk (Fig. 1).

Several investigators have extensively examined the rates of upgrading and upstaging at RC. 

For example, Kulkarni et al [12] found that 34% of patients thought to have low-risk disease 

were upgraded at RP and concluded that noninvasive treatment may not be suitable for those 

with risk of upgrading. Similarly, Ploussard et al [10] found that even with the use of the 

most stringent inclusion criteria on a 21-core biopsy protocol, the rates of upgrading were as 

high as 48%, and the rate of ECE was up to 11%. These findings are similar to our study. 

Although Ploussard et al did not address the prognostic value of these findings, they warned 

against the risk of finding pathologically unfavorable disease in patients eligible for AS and 

missing the opportunity for cure.

Klein et al [18] reported recently on the utility of novel genomic markers in the pretreatment 

setting of low-risk PCa. The authors validated a PCa risk score known as the Genomic 

Prostate Score (GPS) by testing biopsy specimens of PCa patients eligible for AS. GPS is 

calculated based on the expression of certain genes known to be independently predictive of 

disease recurrence and to have a high association with adverse pathology. According to the 

authors, “the biopsy-based 17-gene GPS improves prediction of the presence or absence of 

adverse pathology and may help men with PCa make more informed decisions between AS 

and immediate treatment.” Alternatively, of course, patients otherwise eligible for AS who 

are found to have GPS scores predictive of higher grade/stage disease should consider 

immediate intervention. Several studies have addressed how adverse pathologic feature 

influence the risk of BCR including randomized trials demonstrating the benefit of adjuvant 

radiotherapy in improving locoregional control and BCR-free survival in men with adverse 

pathologic features at RP [20, 21]. However, these trials included a heterogeneous cohort of 

patients without clear delineation of risk groups, and it is difficult to conclude which patients 

had the highest threat of recurrence and thus stood to gain the most from adjuvant 

intervention. Several retrospective reviews have attempted to answer this question. Swanson 

et al [22], for example, concluded that the risk of BCR in men with locally advanced disease 

varies widely depending on preoperative PSA value (<10 vs ≥10 ng/ml) and pathologic 

Gleason scores (<7 vs ≥7). Unlike our study, however, the authors did not analyze the effect 
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of pretreatment risk on BCR; nor did they address the implications of Gleason sum 

upgrading at RP.

One key aspect of our study is that we used relatively liberal criteria for AS eligibility, 

analyzing patients defined at low risk by stage, grade, and PSA criteria, and omitting biopsy 

tumor characteristics such as number of positive cores or percentage of core involvement. 

Our patient population is therefore not representative of AS patients at many centers. 

However, we chose liberal inclusion criteria on the grounds that this would be a bias against 

our hypothesis that patients with low preoperative risk have low recurrence rates even if 

they are found to have locally advanced cancer on surgical pathology. If it is indeed the case 

that low-risk men with locally advanced cancer on final pathology have a low risk of BCR, 

then we would expect that very low-risk men who meet strict AS inclusion criteria and are 

found to have adverse pathologic features would be at even a lower risk of BCR.

Our study has important clinical implications. Although we demonstrated that adverse 

pathologic features at RP are associated with an increased risk of BCR, this risk is 

influenced substantially by pretreatment factors, and pathologic features in isolation cannot 

dictate treatment. In addition to counseling a patient who is considering AS about his 

chances of having pathologically unfavorable disease, we must also provide meaningful 

information regarding the oncologic risk associated with such findings in the specific 

context of preoperative risk. Furthermore, pretreatment risk status may also be used to guide 

a clinician in the selection of patients for post-RC adjuvant therapy, given the alarmingly 

increased rate of BCR in intermediate- and high-risk patients with locally advanced disease. 

Our findings may also be seen as providing general support for the notion that preoperative 

risk needs to be considered in addition to pathologic findings in predicting oncologic 

outcomes.

Some main limitations of our study warrant discussion. We acknowledge that BCR is not a 

perfect surrogate for oncologic outcome and that an estimation of disease-specific mortality 

is a more appropriate end point. With a relatively short follow-up time of 5.2 yr and a well-

known protracted course of PCa biology, this end point could not be achieved in our study. 

However, the association between BCR and progression to metastatic disease and death is 

well documented in the literature, and in this respect, BCR as an end point fits our purpose 

sufficiently [23, 24]. Furthermore, all men in our series underwent RP, and it is far from 

certain how these men would have fared if they had not had definitive treatment. In addition, 

we report on a single institutional experience, and external validation of our findings is 

warranted to corroborate our results.

5. Conclusions

Our results indicate that the risk of BCR in men with adverse pathologic features is 

dramatically attenuated by low preoperative risk status that reduces the risk associated with 

findings such as ECE or high Gleason grade disease >50%. This suggests that preoperative 

risk is an important factor to consider when evaluating post-RP risk of BCR in the setting of 

adverse pathology. Our findings can be extrapolated to patients with low-risk PCa 

considering conservative management. For these patients who are otherwise eligible for AS, 
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risk predictions of Gleason upgrading or locally advanced disease do not constitute a valid 

end point on which to base decisions for definitive treatment.
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Take-home message

We found that the risk of biochemical recurrence associated with adverse pathologic 

features at radical prostatectomy is reduced by approximately 50% in men with clinically 

low-risk prostate cancer.
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Fig. 1. 
Hypothesis 1 implies that the presence of adverse pathologic features is prognostic of poor 

oncologic outcome relatively independent of pretreatment risk status.
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Fig. 2. 
Hypothesis 2 assumes oncologic risk associated with the presence of adverse pathologic 

features is influenced by pretreatment risk status.
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Fig. 3. 
Biochemical recurrence–free probability for all patients with pathologic Gleason sum 7 

disease and low preoperative risk (red line) or intermediate or high risk (green line); p < 

0.005 by log-rank test.

Int = intermediate.
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Fig. 4. 
Biochemical recurrence–free probability for all patients with pathologic Gleason 7, with 

predominant pattern 4 disease (Gleason grades 4 + 3) and low preoperative risk (red line) or 

intermediate or high risk (green line); p < 0.005 by log-rank test.

Int = intermediate.
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Table 1

Clinicopathologic characteristics by risk group

Low risk
(n = 1102)

Intermediate risk
(n = 1086)

High risk
(n = 472)

Age at surgery, yr 67 (63–72) 68 (62–74) 70 (65–75)

PSA level, ng/ml 4.7 (3.5–6.3) 5.6 (4.2–8.3) 6.6 (4.8–11.9)

No. of total biopsy cores 7.0 (3.0–12.0) 8.0 (5.0–12.0) 8.5 (6.0–12.0)

No. of positive cores 2.0 (1.0–3.0) 3.0 (2.0–5.0) 4.0 (2.0–6.0)

Biopsy Gleason sum (%)

≤6 1102 (100) 165 (15) 65 (14)

7 NA 921 (85) 144 (31)

≥8 NA NA 263 (56)

Pathologic Gleason sum (%)

≤6 556 (50) 127 (12) 36 (7.6)

7 538 (49) 905 (83) 254 (54)

≥8 8 (0.7) 54 (5.0) 182 (39)

ECE (%) 181 (16) 444 (41) 312 (66)

SVI (%) 12 (1.1) 90 (8.3) 106 (22)

LNI (%) 7 (0.7) 73 (6.9) 106 (23)

PSM (%) 116 (11) 184 (17) 127 (27)

ECE = extracapsular extension; LNI = lymph node invasion; NA, not applicable; PSA = prostate-specific antigen; PSM = positive surgical 
margins; SVI = seminal vesicle invasion.

All numbers are median (interquartile range) or frequencies (proportions).
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Table 2

Univariable and multivariable analysis of the association between preoperative risk biochemical recurrence in 

patients with adverse pathology*

Adverse feature
(low-risk vs intermediate-
and high-risk patients)

Univariable Multivariable

HR (95% CI) p value HR (95% CI) p value

ECE 0.29 (0.21–0.40) <0.0001 0.51 (0.36–0.72) 0.0001

SVI 0.70 (0.37–1.32) 0.3 0.68 (0.35–1.31) 0.2

Pathologic Gleason ≥7 0.26(0.20–0.34) <0.0001 0.45 (0.35–0.60) <0.0001

LNI 0.53 (0.22–1.29) 0.2 0.44 (0.18–1.08) 0.073

Positive surgical margins 0.38 (0.26–0.54) <0.0001 0.76 (0.50–1.14) 0.2

CI = confidence interval; ECE = extracapsular extension; HR = hazard ratio; LNI = lymph node invasion; SVI = seminal vesical invasion.

*
For example, the HR of 0.29 for ECE means that, among men with ECE, the risk of recurrence was about two-thirds lower in men who had 

preoperative low-risk features in comparison with men with preoperative intermediate- or high-risk disease.
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