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Abstract

Introduction: Active surveillance (AS) is standard of care in low-risk 
prostate cancer (PCa). This study describes a novel total cancer loca-
tion (TCLo) density metric and aims to determine its performance 
in predicting clinical progression (CP) and grade progression (GP). 
Methods: This was a retrospective study of patients on AS after 
confirmatory biopsy (CBx). We excluded patients with Gleason ≥7 
at CBx and <2 years followup. TCLo was the number of locations 
with positive cores at diagnosis (DBx) and CBx. TCLo density was 
TCLo/prostate volume (PV). CP was progression to any active treat-
ment while GP occurred if Gleason ≥7 was identified on repeat 
biopsy or surgical pathology. Independent predictors of time to CP 
or GP were estimated with Cox regression. Kaplan-Meier analysis 
compared progression-free survival (PFS) curves between TCLo 
density groups. Test characteristics of TCLo density were explored 
with receiver operating characteristic (ROC) curves.
Results: We included 181 patients who had CBx from 2012‒2015 
and met inclusion criteria. The mean age of patients was 62.58 
years (standard deviation [SD] 7.13) and median followup was 60.9 
months (interquartile range [IQR] 23.4). A high TCLo density score 
(>0.05) was independently associated with time to CP (hazard ratio 
[HR] 4.70; 95% confidence interval [CI] 2.62‒8.42; p<0.001) and 
GP (HR 3.85; 95% CI 1.91‒7.73; p<0.001). ROC curves showed 
TCLo density has greater area under the curve than number of 
positive cores at CBx in predicting progression. 
Conclusions: TCLo density is able to stratify patients on AS for 
risk of CP and GP. With further validation, it could be added to 
the decision-making algorithm in AS for low-risk localized PCa. 

Introduction

Active surveillance (AS) is the standard of care for low-risk 
localized prostate cancer (PCa). The major clinical guide-
lines recommend this approach, as it is known that local 
interventions aimed at eradicating cancer from the prostate 
gland are associated with urinary and/or sexual dysfunc-

tion, and alterations to quality of life to varying extents.1-4 
Therefore, the objective of AS is to help patients avoid poten-
tially morbid treatments, which may be unnecessary for low-
risk localized PCa that carries minimal metastatic potential. 

Unfortunately, a fair proportion of patients who initially go 
onto an AS program are destined to progress and require active 
treatment. One of the reasons for grade progression (GP) while 
on AS is that up to 30% of men who actually harbor higher-
grade cancer are misattributed as having low-grade cancer 
at initial biopsy. As it is thought that high-volume Gleason 
pattern 3 portends a greater risk of harboring aggressive can-
cer,5 most contemporary protocols include number of positive 
cores at biopsy and percentage core involvement as criteria for 
enrollment into an AS program. In addition, T-stage, Gleason 
score, prostate-specific antigen (PSA) and PSA density are also 
commonly considered when deciding whether or not a patient 
is suitable for AS.6-12 Despite all these criteria, 27% of the 
Sunnybrook series (median followup 6.4 years),13 33% of the 
Johns Hopkins series (median followup 2.7 years),7 and 21% of 
the PRIAS cohort (median followup 1.6 years) still progressed 
to active intervention.10 Therefore, it remains a challenge to 
accurately identify the right patients for AS.

Recently, cumulative cancer location (CCLO) was 
described as a good predictor of disease progression in 
patients on AS. This metric involves dividing the prostate 
gland into six locations and determining how many locations 
harbored cancer at initial diagnostic biopsy (DBx) and subse-
quent confirmatory biopsy (CBx). The authors demonstrated 
that the risk of progression increased if more locations were 
affected by cancer, and it was found to be a better predictor 
than number of positive cores at CBx.14 We attempted to 
improve on the CCLO metric by accounting for all cancer 
locations instead of limiting it to six areas. We went a step 
further to create a novel metric called total cancer location 
(TCLo) density, by incorporating prostate volume (PV) into 
the equation, as it was noted that men with smaller PV were 
more likely to progress. 
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We hypothesized that because TCLo density accounts for 
all the disease sites as well as PV, it would be a superior pre-
dictor of disease progression. This study aims to determine 
the accuracy of TCLo density in predicting risk for clinical 
progression (CP) to receive active treatment, and/or GP in 
patients on AS for prostate cancer. 

Methods  

Approval was obtained from the Research and Ethics Board 
of University Health Network (08-0472). This was a retro-
spective study of patients who were continued on AS after 
CBx for T1c‒T2a, PSA ≤15ng/mL, Gleason 6 (3+3) prostate 
cancer. We excluded patients with Gleason 7 or higher at 
CBx, less than two years followup, and incomplete data. 
TCLo was the sum of the number of locations with posi-
tive cores at DBx and CBx. This was calculated based on 
pathological description of where the positive biopsy cores 
were located. Theoretically, the TCLo model allows for an 
unlimited number of total locations because each core could 
represent a discrete location, so long as the positive cores 
were found in distinct parts of the prostate. However, if two 
or more cores were found in one particular area, for example 
the left lateral base, then it would only be counted as one 
location in the TCLo calculation. If positive cores were found 
in the same location at both DBx and CBx, the TCLo metric 
would consider it as a single location in the final summa-
tion. We then calculated the TCLo density determined by 
the function TCLo/PV. 

We defined CP as progression to any active treatment, 
whereas GP occurred if Gleason 7 or higher was identified 
on repeat biopsy or surgical pathology. Univariate analyses 
with t-test and Mann-Whitney U-tests were used to compare 
characteristics of patients who had CP or GP vs. those who 
did not progress. Independent predictors of time to CP or 
GP were estimated with Cox regression using TCLo, TCLo 
density, number of positive CBx cores, percentage of positive 
cores at CBx, number of positive DBx cores, and percentage 
of positive cores at DBx as predictors. These were adjusted 
for interactions with age and PSA. Kaplan-Meier analysis 
compared progression-free survival (PFS) curves between 
high (>0.05) and low (≤0.05) TCLo density groups. Test 
characteristics of TCLo density were explored with receiver 
operating characteristic (ROC) curves. A p-value of 0.05 or 
less was considered significant. All analyses were performed 
using the IBM® SPSS® Statistics version 25 software.

Results

From 2012‒2015, 421 patients had a CBx while being on 
AS for PCa. We included 181 patients who met inclusion 
criteria. The mean age of patients at CBx was 62.58 years 
(standard deviation [SD] 7.13) and the median PSA at diag-

nosis was 5.16 ng/mL (interquartile range [IQR] 3.44). The 
median PV of this cohort was 41.0 mL (IQR 22.5). They 
were followed up for a median duration of 60.9 months (IQR 
23.4). The median TCLo density was 0.049 (IQR 0.060). The 
other patient characteristics are shown in Table 1. 

Sixty-nine (38.1%) patients progressed to receive active 
treatment during AS. The majority of patients (56.5%) went 
on to have radical prostatectomy as the definitive treatment. 
The other forms of treatment were external beam radiothera-
py, brachytherapy, high-intensity focused ultrasound (HIFU), 
and watchful waiting. The variables that were significantly 
associated with progression to active treatment on univariate 
analysis were younger age, smaller PV, greater TCLo and 
TCLo density, higher percentage of positive cores at DBx 
and CBx, and more positive cores at CBx (Table 2). Forty-
six (25.4%) patients were found to have GP while being 
on AS. Smaller PV, higher TCLo, TCLo density, percentage 
of positive cores at DBx and CBx, and a greater number of 
positive cores at CBx were also significantly related to GP 
in univariate analysis (Table 2). 

Cox regression analysis showed TCLo density was the 
strongest predictor for time to CP and GP among all the 
variables tested. A high TCLo density (>0.05) was indepen-
dently associated with time to CP (hazard ratio [HR] 4.70; 
95% confidence interval [CI] 2.62‒8.42; p<0.001) and GP 
(HR 3.85; 95% CI 1.91‒7.73; p<0.001). The other variables 
that were associated with time to CP and GP were TCLo, 
number of positive cores at CBx, and percentage positive 
cores at CBx and DBx. The number of positive cores at DBx 
was not a predictor for CP or GP (Table 3). The TCLo density 
also demonstrated good predictive characteristics in several 
other analyses. For example, men with high TCLo density 
(>0.05) had significantly lower PFS rates for CP and GP 
(Fig. 1). Additionally, TCLo density outperformed number 
of positive cores at CBx in predicting CP and GP, as shown 
by the ROC curves in Fig. 2. 

Table 1. Patient characteristics

Variable All patients, 
n=181

Age at CBx, year, mean (SD) 62.58 (7.13)

PSA at diagnosis, ng/mL, median (IQR) 5.16 (3.44)

Prostate volume, mL, median (IQR) 41.00 (22.50)

Number of cores taken at confirmatory biopsy, 
median (IQR)

16 (3.0)

Percentage of diagnostic cores at confirmatory 
biopsy, median (IQR)

11.76 (17.42)

TCLo, n, median (IQR) 2 (2.0)

TCLo density, median (IQR) 0.049 (0.060)

Progressed to active treatment while on AS, n (%) 69 (38.1%)

Grade progression while on AS, n (%) 46 (25.4%)
AS: active surveillance; CBx: confirmatory biopsy; IQR: interquartile range; PSA: prostate-
specific antigen; SD: standard deviation; TCLo: total cancer locations.
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Discussion

Most of the major contemporary AS series have slightly 
different entry criteria.6 While they all consider clinical T 
stage, Gleason score, and number of positive biopsy cores 
for enrollment into an AS program, not all protocols place 
particular importance on PSA, PSA density, and percentage 
core involvement when determining patient eligibility for 
AS.7-13 Although some protocols have more stringent entry 
criteria than others, they do not always translate into bet-
ter clinical outcomes. As one study had shown, a stricter 
protocol for AS does not seem to produce better end results 
than a more inclusive protocol.15 Furthermore, having overly 
restrictive criteria would mean denying more patients from 
the benefits of AS. We are certainly in need of better pre-
dictive methods.

The concept of evaluating the cumulative number of can-
cer locations at DBx and CBx (CCLO), rather than just the 
absolute number of positive cores at CBx in relation to the 
risk of progression is interesting. It gives us an idea of how 
extensively distributed the cancer is within the prostate gland, 
and the hypothetical implication being patients with greater 
number of locations involved with cancers are at higher risk 
of progression while on AS. Erickson et al were able to dem-
onstrate in their study that a greater CCLO was associated 
with higher risk of progression and it outperformed number 
of positive cores at CBx in predicting the event.14 

We initially attempted to apply and reproduce the CCLO 
metric on our study population. However, the CCLO has a 
rigid method of calculation, as it divides the prostate into 
only six locations. This limits its potential to truly reflect the 
extent and distribution of cancer within the prostate gland. 

Table 2. Univariate analyses comparing variables of patients who progressed to receive active treatment, and patients with 
grade progression vs. patients who did not progress 

Variable Progressed to active treatment p Grade progression p

Yes  
n=69

No  
n=112

Yes  
n=46

No  
n=135

Age at CBx, year, mean (SD) 60.97 (6.15) 63.57 (7.53) 0.017 62.26 (5.76) 62.69 (7.56) 0.690

PSA at diagnosis, ng/mL, median (IQR) 5.04 (2.48) 5.24 (3.71) 0.390 5.45 (2.36) 5.08 (3.64) 0.609

Prostate volume, mL, median (IQR) 36.00 (18.00) 44.00 (22.73) <0.001 36.50 (21.25) 43.00 (22.00) 0.024
No. of cores taken at confirmatory biopsy, n, median (IQR) 17.0 (3.5) 16.0 (2.0) 0.929 16.5 (3.0) 16.0 (2.0) 0.718

TCLo, median (IQR) 3 (2) 2 (2) <0.001 3 (2) 2 (2) 0.004
TCLo density, median (IQR) 0.078 (0.067) 0.038 (0.035) <0.001 0.071 (0.066) 0.045 (0.053) <0.001
Number of positive cores at CBx, n, median (IQR) 3 (4) 1 (2) <0.001 3 (3) 1 (2) 0.020
Percentage of positive cores at CBx, % median (IQR) 17.65 (19.15) 7.69 (9.91) <0.001 16.67 (21.42) 10.53 (12.87) 0.026
Number of positive cores at DBx, n, median (IQR) 2 (1) 1 (1) 0.141 2 (1) 1 (1) 0.074

Percentage of positive cores at DBx, % median (IQR) 14.29 (11.48) 10.00 (8.97) 0.001 15.38 (11.67) 10.00 (8.81) 0.002
CBx: confirmatory biopsy; DBx: diagnostic biopsy; IQR: interquartile range; PSA: prostate-specific antigen; SD: standard deviation; TCLo: total cancer locations.
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Fig. 1. Kaplan-Meier curves comparing progression-free survival (PFS) in patients with high (>0.05) or low (≤0.05) total cancer location (TCLo) density. The curves for 
(A) progression to active treatment and (B) grade progression demonstrate poorer PFS in patients with high TCLo density. CI: confidence interval; HR: hazard ratio.
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Additionally, our institution has been labeling the source of 
the biopsy cores more precisely in recent years. For example, 
instead of labeling just apex, mid-gland, and base in each 
prostate lobe, it is now refined into apex, mid-gland, and 
base of the medial and lateral aspect in each lobe. This 
means the prostate is divided into 12 distinct locations. 
Furthermore, some patients are subjected to additional tar-
geted cores based on information from multiparametric mag-
netic resonance imaging (mpMRI) of their prostate glands. 
Our TCLo model considers these as distinct locations in the 
final summation of TCLo if they were not within the area 
of systematic samples. Therefore, we took an approach of 
including an unlimited number of locations for calculation 
of TCLo, and essentially sum up the number of locations 
based on where the positive biopsy cores were taken (Fig. 
3). Next, we made an observation that men with smaller 
PV tended to progress more often than those with larger PV 
despite having the same TCLo. Univariate analysis showed 
the median PV of men who progressed was indeed smaller 

(Table 2). This brought about the idea of combining PV 
with TCLo to produce a novel density metric, similar to the 
concept of PSA density.

As was mentioned, most AS protocols take into account 
the number of positive biopsy cores when enrolling patients 
for AS.6 It is also a clinical parameter that is considered for 
patients to remain on AS. For example, the PRIAS, Johns 
Hopkins, and University of Miami protocols would only 
enroll patients with no more than two positive cores for 
AS,7,10-12 whereas the Memorial Sloan Kettering Cancer 
Center protocol allows for up to three positive cores.8 
Although there are slight variations, it is generally accepted 
that the number positive biopsy cores does influence our 
clinical decision. 

With this in mind, we set out to compare the performance 
of TCLo density against number of positive cores at CBx in 
predicting CP and GP. This study demonstrated that TCLo 
density outperformed number of positive cores at CBx in 
predicting CP and GP, and men with high TCLo density 

Table 3. Cox regression analysis of variables associated with progression to treatment and grade progression adjusted for 
interactions with age and PSA 

Variable Progressed to treatment Grade progression

HR (95% CI) p HR (95% CI) p
TCLo 1.64 (1.38–1.96) <0.001 1.32 (1.08–1.62) 0.007
TCLo density (>0.05) 4.70 (2.62–8.42) <0.001 3.85 (1.91–7.73) <0.001
Number of positive cores at CBx 1.48 (1.31–1.67) <0.001 1.20 (1.04–1.39) 0.012
Percentage of positive cores at CBx 1.06 (1.04–1.08) <0.001 1.03 (1.01–1.05) 0.007
Number of positive cores at DBx 1.18 (0.86–1.61) 0.301 1.31 (0.89–1.92) 0.169

Percentage of positive cores at DBx 1.02 (1.00–1.04) 0.026 1.03 (1.01–1.05) 0.002
CBx: confirmatory biopsy; CI: confidence interval; DBx:  diagnostic biopsy; HR: hazard ratio; PSA: prostate-specific antigen; TCLo:  total cancer locations.
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defined as >0.05 had poorer PFS (Figs. 1, 2). It is also the 
strongest independent predictor for CP and GP among the 
variables we tested (Table 3). 

Numerous research efforts are underway to improve our 
ability to select the most suitable patients for AS. The two 
areas that are intensely being studied are development of 
predictive biomarkers and utility of mpMRI. Biomarkers 
that have been studied for predicting progression of dis-
ease in AS include Prostate Health Metric (PHI), prostate 
cancer antigen 3 (PCA3), TMPRSS2:ERG, and the Decipher 
Test.16-21 While they have mostly shown positive associa-
tion with progression and higher-grade cancer, there have 
also been negative results, such as in one study on PCA3.22 
To date, these biomarkers have yet to find their place in 
AS for prostate cancer. The use of mpMRI in the context of 
AS is being widely investigated as well. Bloom et al dem-
onstrated that a negative CBx with MRI-ultrasound fusion 
biopsy is associated with reduced risk of grade group pro-
gression (HR 0.41; 95% CI 0.22–0.77; p<0.01).23 Others 
have used mpMRI as a followup tool and they found that 
performing serial scans add incremental value to just can-
cer core length at baseline biopsy and PSA density for 
predicting upgrading in patients on AS.24 Another study 
created a nomogram combining MRI information with 
clinical parameters and that has been shown to predict 
progression more accurately.25 Again, as with biomarkers, 
the exact role of mpMRI is still undefined in AS.

While the results of studies on such novel predictive tests 
are impressive and promising, they are not always avail-
able for general use and could even potentially be very 
costly. We have shown TCLo density to be more robust 
than number of positive biopsy cores at CBx in predicting 

progression. Furthermore, it does not incur any extra cost, as 
it uses information that is readily available at DBx and CBx. 
Therefore, adding TCLo density to our current algorithm in 
the management of AS seems practical and economical. 

We accept that there are limitations to our study. The 
retrospective nature of this study exposes it to inherent selec-
tion bias. A fair proportion of patients had to be excluded, 
as they did not have adequate information in our hospital 
records. Every effort was made to be as accurate as pos-
sible in the data collection process. We recognize that TCLo 
density needs further validation and must be replicable in 
other AS populations. Nonetheless, the results of this study 
are very encouraging and we might now have a new metric 
that could help us in the management of PCa patients on AS.  

Conclusions

The TCLo density is able to stratify patients on AS for PCa into 
low- or high-risk for CP and GP. It is a stronger predictor of 
progression than number of positive cores at CBx, which is 
a common entry criteria into an AS program. While it needs 
further validation, it has the potential to be a part of the 
decision-making algorithm in AS for low-risk localized PCa.  
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