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Abstract

Purpose—We evaluated the risk of prostate cancer reclassification by time on active 

surveillance.

Materials and Methods—From 1995 to 2014 we evaluated 557 and 251 men at very low and at 

low risk, respectively, who were on active surveillance and compliant with prostate biopsies. Our 

primary study outcome was reclassification to higher risk disease by grade or extent. Freedom 

from reclassification was estimated using the Kaplan-Meier approach with adjustment for 

covariates using the Cox proportional hazards model.

Results—Within the first 2 years of surveillance patient survival free of reclassification by grade 

(p = 0.20) and by any biopsy criteria (p = 0.25) was similar in men with very low and low risk 

disease. After 2 years men with low risk disease were 2.4 times more likely to be diagnosed with a 

Gleason score of greater than 6 than men with very low risk disease (p = 0.002, HR 2.4, 95% CI 

1.9–3.5). Additionally, beyond 2 years on surveillance the risk of lifetime reclassification by grade 

and by any criteria decreased by 30% and 35% (each p <0.0001, HR 0.70, 95% CI 0.60–0.76 and 

HR 0.65, 95% CI 0.57–0.72, respectively) with each biopsy that showed no reclassification.

Conclusions—The reclassification rate during surveillance is not equally distributed across time 

or risk groups. Due to misclassification at diagnosis the reclassification rate in very low and low 

risk groups is similar in the first 2 years but differs significantly beyond 2 years. The risk of 

reclassification decreases with time for each nonreclassifying biopsy beyond 2 years.
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There is ongoing concern that PSA measurement has led to the diagnosis and treatment of 

cancer that poses no threat to life.1,2 Active surveillance with curative intent is an approach 

to decreasing the harms (overtreatment) of PSA based screening. As an alternative to 
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immediate treatment, active surveillance allows for monitoring of patients at favorable risk 

with selective delayed intervention in those with disease reclassification (ie higher grade 

and/or more extensive disease on biopsy). The primary concerns with active surveillance are 

twofold. 1) Disease may be misclassified at diagnosis so that a patient with aggressive 

cancer is incorrectly assumed to have low grade cancer. By the time that reclassification 

occurs upon followup biopsy, perhaps years later, the window of cure is lost.3,4 2) Favorable 

risk cancer may evolve into a more aggressive phenotype during surveillance, closing the 

window of curability.3

Various prognostic factors have been evaluated to determine the risk of reclassification to 

higher grade cancer in patients on active surveillance, including race, age, biopsy findings, 

PSA kinetics and imaging.5,6 However, to our knowledge the interval without 

reclassification while on active surveillance has not been evaluated as a predictor of future 

reclassification.

We evaluated the risk of reclassification while on active surveillance as a function of repeat 

biopsies without reclassification to determine whether absent reclassification could be used 

to inform patients about the future risk of a higher grade or more extensive prostate cancer 

diagnosis.

METHODS

Study Cohort

Since January 1995, older men who present to our institution with very low or low risk 

prostate cancer have been counseled that active surveillance is an acceptable and often 

preferable alternative to immediate intervention.7,8 With approval from the institutional 

review board and informed patient consent we enrolled eligible patients into The Johns 

Hopkins Active Surveillance Study, an open enrollment, longitudinal study of the natural 

history of screen detected prostate cancer.7 A total of 1,298 men were enrolled in the study 

as of June 2014 and classified as at very low risk (924) or low risk (374) based on the 

Epstein criteria and D’Amico risk groups.9,10 As previously described by Epstein et al,9 the 

criteria to meet very low risk disease include 1) clinical stage T1c disease, 2) PSAD less 

than 0.15 ng/ml/cc, 3) Gleason score 6 or less, 4) 2 or fewer positive biopsy cores and 5) a 

maximum of 50% cancer involvement of any core. Patients who met all 5 Epstein criteria 

were considered at very low risk even if PSA was 10 ng/ml or greater provided that PSAD 

was less than 0.15 ng/ml/cc. Patients who did not meet all Epstein criteria but had a Gleason 

score of 6 or less, PSA less than 10 ng/ml and stage T1c or T2a disease were considered at 

low risk.10

We monitored patients by semiannually measuring PSA with digital rectal examination and 

annually performing 12-core or greater surveillance biopsy. Curative therapy was discussed 

based on disease reclassification, defined in our program as upgrading to Gleason score 7 or 

greater, more than 2 positive cores or greater than 50% cancer involvement of any core. We 

did not use serum PSA or PSA kinetics as indications for reclassification.
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To compare the risk of reclassification among patients at different points in followup we 

considered the total number of repeat biopsies without reclassification after diagnosis as a 

proxy for time on active surveillance. We only included patients who were compliant with 

annual biopsies to ensure the validity of this relationship and that men were at equal risk of 

reclassification with time. Men were considered compliant if the interval between repeat 

biopsies was no more than 18 months. Men with more than an 18-month interval between 

the last biopsy and the last observation date were excluded from study. We identified 557 

and 251 at very low and low risk, respectively, patients who fit these criteria for a total of 

808 compliant patients in our study. Compared to included men those who were excluded 

were older (p = 0.01) and had lower PSAD at diagnosis (p = 0.03) and fewer positive cores 

at diagnosis (p = 0.04). There was also a higher proportion of men at very low risk compared 

to included patients (p = 0.02). Despite this potential bias these men were excluded to ensure 

that study patients had a similar probability of reclassifying biopsy with followup. Because 

preliminary analysis showed that median time to reclassification was about 2 years, the 

compliant cohort was further dichotomized into patients with less than 2 vs 2 or more years 

of followup.

Statistical Analysis

Study group characteristics at diagnosis (age, PSA, PSAD, percent free PSA, number of 

positive biopsy cores, maximum percent involvement of any core with cancer), number of 

repeat biopsies without reclassification after diagnosis, time to the first surveillance biopsy 

and time between subsequent surveillance biopsies were evaluated in the compliant cohort 

and in the entire study cohort. Men reclassified while on active surveillance were further 

separated into 1 of 3 groups based on time of reclassification, including 1) within the first 2 

years of followup, 2) between 2 and 5 years of followup, and 3) after 5 years of followup. 

Two years represented the median time to reclassification. We used 5 years to describe a 

long-term distribution of the data.

To ensure validity a bivariate correlation was calculated between followup and the total 

number of repeat biopsies without reclassification. The annual risk of biopsy reclassification 

based on Gleason score (upgraded to 7 or greater) and any biopsy criteria (upgraded to 

Gleason score 7 or greater, more than 2 positive cores or greater than 50% cancer 

involvement of any core) was calculated as a percent. The 2 reclassification definitions were 

used for analysis because of differences in the application of this term at various institutions.

We used Kaplan-Meier estimates to track and analyze patients without reclassification while 

on active surveillance. Time zero was defined as the time of diagnosis and the event of 

interest was defined as reclassification based on Gleason score or any biopsy criteria. Time 

to event was calculated in years between time zero and time to reclassification. Men who 

were not reclassified at the time of analysis, withdrew from the active surveillance program 

or were lost to followup were censored at the date of the last surveillance visit. Men who 

died while on active surveillance were censored at time of death. Followup is reported in 

years between time zero and the time to patient withdrawal, loss to followup or death.

A multivariate Cox proportional hazards model with time dependent covariates was applied 

to analyze the relationship between patients free of reclassification and age, risk group (very 
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low vs low), total PSA at diagnosis, PSAD at diagnosis and the number of repeat biopsies 

without reclassification. Survival free from reclassification was compared in the compliant 

very low and compliant low risk groups using log likelihood estimates for patients with less 

than 2 years and 2 or more years of followup.

Statistical significance was considered at p <0.05 for all analyses. Statistical analysis was 

done with SAS®, version 9.4 and Stata®, version 13.1.

RESULTS

Table 1 lists group characteristics of the 808 compliant patients and the 490 who were 

excluded from study. Of the 557 men at very low risk 14 (2.5%) died of a cause other than 

prostate cancer and 54 (9.7%) withdrew or were lost to followup. A total of 126 men 

(22.6%) were reclassified by Gleason score and 273 men (49.0%) were reclassified by any 

biopsy criteria. At study end 245 men (44.0%) with very low risk disease were active in the 

program.

Eight of the 251 patients (3.1%) at low risk died of a cause other than prostate cancer and 10 

(4.0%) withdrew or were lost to followup. Reclassification was based on Gleason score and 

on any biopsy criteria in 109 (43.4%) and 136 men (54.1%), respectively. At the end of the 

study 128 men with low risk disease (50.9%) were active in the program.

Median followup in the very low and low risk groups was 4.0 (range 0.0 to 18.0) and 3.0 

years (0.0 to 18.0), respectively. There were 242 and 55 compliant patients with more than 5 

and more than 10 years of followup, respectively. The annual risk of Gleason score 

reclassification was 4.8% and 11.3% in patients at very low and low risk, respectively. The 

annual risk of reclassification by any biopsy criterion was 10.3% and 14.1% in very low and 

low risk cases, respectively. The bivariate correlation between followup and the number of 

repeat biopsies without reclassification was highly significant (p <0.0001).

Of patients reclassified based on Gleason score 57.1% at very low and 63.3% at low risk 

were reclassified within the first 2 years (table 2). When reclassification was determined by 

any biopsy criteria in men who were reclassified, 60.0% at very low and 61.0% at low risk 

were reclassified within the first 2 years (table 2). A constant denominator was used in each 

risk group for a given definition of reclassification to determine that the proportions of 

reclassified patients were not equally distributed across time.

During the first 2 years on active surveillance there was no statistically significant difference 

between the very low and low risk groups in the risk of Gleason score reclassification or of 

any biopsy criteria reclassification (p = 0.20 and 0.25, respectively, fig. 1). Figure 1 shows 

Kaplan-Meier curves of the probability of reclassification in compliant patients with less 

than 2 years of followup and not the distribution of reclassified patients with time (table 2). 

Beyond these initial 2 years there was a statistically significantly higher risk of 

reclassification in men with low risk disease compared to those with very low risk disease 

(fig. 2). Based on a Cox proportional hazards model men with low risk disease were 2.4 

times more likely to be reclassified by Gleason score than their very low risk counterparts (p 

= 0.002, HR 2.4, 95% CI 1.9–3.5, fig. 2, A). When reclassification was based on any biopsy 
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criteria, men with low risk disease were 1.8 times more likely to be reclassified than men 

with very low risk disease (p = 0.014, HR 1.8, 95% CI 1.1–2.9, fig. 2, B).

After adjusting for covariates there was a statistically significant relationship between the 

risk of reclassification and the number of repeat biopsies in patients with more than 2 years 

of followup. Beyond the initial 2 years on surveillance men with very low and low risk 

disease who were not reclassified had a 30% decreased risk of Gleason score reclassification 

with each subsequent biopsy (p <0.0001, HR 0.70, 95% CI 0.60–0.76, fig. 3, A). Men with 

very low and low risk disease who had not been reclassified similarly showed a 35% 

decrease in the risk of any biopsy criteria reclassification with each subsequent biopsy after 

the first 2 years (p <0.0001, HR 0.65, 95% CI 0.57–0.72, fig. 3, B).

DISCUSSION

Active surveillance of prostate cancer has become an accepted alternative to immediate 

intervention in patients with favorable risk prostate cancer. However, there is still concern 

about the risk of cancer progression or misclassification due to biopsy sampling error. We 

found that whether at very low or low risk most men on active surveillance were reclassified 

within the first 2 years, most likely due to initial biopsy misclassification. However, after 2 

years of surveillance there was a statistically significantly higher risk of reclassification by 

Gleason score and by any biopsy criteria in men with low risk disease compared to that in 

men with very low risk disease.

These findings are consistent with those of Tosoian et al.11 They observed that men with 

low risk prostate cancer were at twofold greater risk for upgrading and for nonorgan 

confined cancer at radical prostatectomy compared to men with very low risk prostate 

cancer. To our knowledge our finding that the risk of reclassification decreased by 

approximately 30% with each biopsy that did not show reclassification after 2 years on 

surveillance is new and could inform decisions on the need for surveillance biopsies.

Our overall reclassification rate is consistent with the findings of others, which showed a 

reclassification rate of 31.0% to 67.4% depending on reclassification criteria.12–17 Steinberg 

et al reported that prostate cancer misclassification at diagnosis is most likely due to the 

sampling error inherent to biopsy.18 There remains controversy as to how many tissue cores 

are optimal to minimize misclassification.19–21 Because most men in our series underwent 

12 or 14-core biopsies only, misclassification at diagnosis could explain the high 

reclassification rate within the first 2 years.

The current study has clinical implications with respect to informing men who are enrolled 

on active surveillance. The dropout rate from active surveillance in men without evidence of 

disease reclassification is currently 3% to 18% at various institutions.4,7,22–24 One potential 

reason among many may be overriding concern that biopsy does not reflect the seriousness 

of cancer and, thus, the patient may lose the window of opportunity for cure after 

reclassification to higher grade.22,25 Our study shows that men in an active surveillance 

program can be reassured that reclassification to a higher grade decreases with time after 
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each biopsy that fails to reveal reclassification beyond 2 years (fig. 3, A). This could 

motivate men to remain committed to surveillance.

Furthermore, these findings may inform the followup of men on active surveillance 

protocols. Currently there are no universal parameters to monitor men on active 

surveillance. Based on our results compliant patients who have been in the program for an 

extended period without reclassification may be safely monitored with an increased interval 

between biopsies. Our findings together with improvements in imaging such as multi-

parametric magnetic resonance imaging may lead to increased acceptance of active 

surveillance as a management strategy for prostate cancer.

Our study has inherent limitations that should be considered. Our study cohort represents a 

select group of patients who were compliant with annual biopsies while on active 

surveillance. Thus, our results may not be generalizable to other active surveillance 

populations with less stringent followup criteria. In addition, as a single institution study our 

sample size was limited.

CONCLUSIONS

We evaluated the risk of reclassification in patients on active surveillance for prostate cancer 

as a function of the number of repeat surveillance biopsies. The risk of reclassification was 

not equally distributed across time or risk groups. The reclassification rate was highest in the 

initial 2 years of surveillance and beyond 2 years it was higher in men with low risk disease 

than in those with very low risk disease. Furthermore, after 2 years the reclassification risk 

decreased substantially with each prostate biopsy that did not result in reclassification. Men 

on active surveillance who are compliant with surveillance biopsies can be reassured that the 

reclassification risk decreases with each nonreclassifying biopsy beyond 2 years.

Abbreviations and Acronyms

PSA prostate specific antigen

PSAD PSA density
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Figure 1. 
Kaplan-Meier curves of reclassification in compliant patients (not all patients on active 

surveillance) with less than 2-year followup. A, Gleason score. B, any biopsy criteria.
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Figure 2. 
Kaplan-Meier curves of reclassification in compliant patients (not all patients on active 

surveillance) not reclassified within first 2 years. A, Gleason score. B, any biopsy criteria.
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Figure 3. 
Estimated risk of reclassification in compliant patients after 2 years of active surveillance. 

Number of biopsies at end of 2 years varied even in compliant patients based on interval 

between biopsies. A, Gleason score. B, any biopsy criteria.
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Table 1

Demographics of 808 study and 490 excluded patients

Mean ± SD Study Group/Median (range) Mean ± SD Excluded Group/Median (range) p Value

At diagnosis:

 Age 65.4 ± 5.7/66 (41–83) 65.7 ± 6.1/66 (41–92) 0.01

 PSA (ng/ml) 5.2 ± 2.6/4.8 (0.18–24) 5.2 ± 2.8/4.8 (0.18–24) 0.40

 PSAD (ng/ml/cc) 0.16± 0.06/0.10 (0.02–0.69) 0.11± 0.06/0.10 (0.004–0.69) 0.03

 % Free PSA* 19.3 ± 7.2/18.0 (5–44) 18.2 ± 7.3/17.2 (4–50) 0.30

 No. pos cores 1.4 ± 0.7/1.0 (1–7) 1.3 ± 0.7/1.0 (1–7) 0.04

Max % any pos core involvement 10.6 ± 14.7/5.0 (1–100) 10.0 ± 14.7/5.0 (1–100) 0.20

Time to 1st surveillance biopsy 
(mos)

11.0 ± 3.7/12.0 (1–18) 12.4 ± 8.2/12.0 (1–91) <0.0001

Time between subsequent 
surveillance biopsies (mos)

12.6 ± 2.0/12.0 (2–18) 14.5 ± 6.8/12.0 (0–131) <0.0001

No. repeat biopsies after diagnosis 
until reclassification

3 ± 2.3/2 (0–11) 3 ± 2.0/2 (0–12) 0.60

*
Not measured in all patients.
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Table 2

Distribution of reclassified patients on active surveillance with time

Yrs to Reclassification No. Compliant Very Low Risk Pts (%) No. Compliant Low Risk Pts (%)

Gleason score: 126 109

 Less than 2 72 (57.1) 69 (63.3)

 2–5 37 (29.4) 31 (28.4)

 Greater than 5 17 (13.5) 9 (8.3)

Any biopsy criteria: 273 136

 Less than 2 164 (60.0) 83 (61.0)

 2–5 83 (30.4) 44 (32.3)

 Greater than 5 26 (9.6) 9 (6.6)
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