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Introduction: Our goal was to examine to what extent tumour volume (TV) and percentage

of high grade tumour volume (%HGTV) affect the rate of positive surgical margins and the

rate of biochemical recurrence after radical prostatectomy.

Materials and methods: TV and %HGTV were routinely planimetrically quantified in a cohort

of 780 consecutive patients. Mean follow-up was 46.7 months. Multivariable regression

models addressed two separate endpoints: positive surgical margins and biochemical

recurrence. The increase in model predictive accuracy related to the addition of TV and

%HGTV to radical prostatectomy stage and grade was assessed, after 200 bootstrap resam-

ples to reduce overfit bias.

Results: In multivariable logistic regression models addressing positive surgical margins

rate, predictive accuracy increased by 1.9% ðp < 0:001Þ when TV was added to other covar-

iates. No further increment was noted when %HGTV was added ðp ¼ 0:3Þ. In multivariable

Cox regression models addressing biochemical recurrence, accuracy increased by 0.6%

ðp ¼ 0:002Þ when TV was added and an additional increase of 0.7% was recorded when

%HGTV ðp < 0:001Þ was added.

Conclusion: Tumour bulk reflected by TV affects local cancer control rate, which is reflected

in the rate of positive surgical margins. Conversely, high grade cancer determines the rate

of biochemical recurrence. These two variables represent the most powerful predictors of

cancer control in men treated for localised prostate cancer. Moreover, they increase the

ability of established predictors to predict the outcomes of interest. In consequence, they

warrant consideration in future predictive and prognostic tools.
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1. Introduction
Radical prostatectomy (RP) offers the best chances of long-

term survival for men with early stage prostate cancer.1–6

However, approximately 20% of PCa patients experience a bio-

chemical recurrence at 5 years and 30% may relapse at 10

years after RP.7–10 Pathological variables such as extracapsular

extension, seminal vesicle invasion, lymph node invasion and

surgical margins status are able to predict the rate of bio-

chemical recurrence.11 However, their accuracy is not perfect,

which drives the search for novel predictors.12,13

Stamey et al. introduced the importance of pathologic tu-

mour volume (TV) and percentage of high-grade Gleason

and showed that TV is statistically significantly correlated

with prostate specific antigen (PSA), surgical margin status,

extracapsular extension, seminal vesicle invasion and lymph

nodes invasion (all p < 0:001).14 Moreover, TV and percentage

of high-grade Gleason were independently associated with

BCR after RP. His landmark analysis represented TV as the

foremost predictor of biochemical recurrence after radical

prostatectomy. However, the value of measuring TV remains

controversial, as subsequent studies have questioned Sta-

mey’s findings.15,16

We decided to address the effect of TV and percentage of

high grade tumour volume (%HGTV) on two important end-

points, namely positive surgical margins and the rate of bio-

chemical recurrence after radical prostatectomy. Our

hypothesis stated that tumour bulk, defined by tumour vol-

ume, primarily affects the rate of positive surgical margins.

Conversely, we hypothesised that %HGTV drives the rate of

BCR. Besides testing the multivariable independent status of

these two predictors, we quantified their effect by measuring

the increment in predictive accuracy related to the inclusion

of these two variables to established predictors of cancer con-

trol at radical prostatectomy, as important variables should

not only demonstrate independent predictor status but

should also increase the ability to predict the outcome of

interest.
2. Materials and methods

2.1. Patient population

Between January 1996 and October 2003, specimens of 780 pa-

tients, aged from 37 to 75 years (mean and median 62) and

treated with radical prostatectomy at a single institution,

were subjected to meticulous pathologic assessment, which

focused on detailed planimetric, computer-assisted assess-

ment of TV and %HGTV. The 780 specimens approximately

represent a 25% sample of all radical prostatectomies per-

formed during the study period. No specific clinical or patho-

logical criteria were used to select these 780 individuals.

However, the selection was not randomised according to

strict statistical criteria and no official protocol was followed.

Moreover, PSA, extracapsular extension, seminal vesicle inva-

sion, lymph node invasion, surgical margin status, radical

prostatectomy primary and secondary Gleason scores, year

of surgery, follow-up time, and the biochemical recurrence

status were available in all men.
2.2. Pathological and clinical evaluation

Prior to the planimetric assessments of TV and %HGTV, all

prostatectomy specimens were inked over their entire surface

and processed according to the Stanford protocol.17 Histolog-

ical tumour grading was performed according to the Gleason

grading system.18 A +SM was defined as cancer cells in con-

tact with the inked specimen surface. Pathological stage

was defined according to the 2002 AJCC staging classifica-

tion.19 TV measurements were performed as previously de-

scribed using a computerised planimetric method.20 In brief,

TV was ascertained by multiplication of the measured areas

with the section thickness. Percentage of Gleason grades 4

or higher of TV were defined as %HGTV. The volume of

high-grade tumour (Gleason score 4 or score 5) was deter-

mined separately with the same procedure, when distinct

areas of low differentiation were present and was estimated

when high-grade tumour was diffusely mixed with lower-

graded tumour parts.

The Abbott Axym PSA assay (Abbott Park, IL, USA) was

used, and pre-treatment PSA was measured prior to digital

rectal examination and transrectal ultrasound guided biopsy.

In all patients, PSA values were measured quarterly in the first

year, followed by biannual measurements in the second and

annual measurements in the third year after radical prosta-

tectomy. Biochemical recurrence was defined as a postopera-

tive PSA of 0.1 ng/ml and rising after an initial undetectable

PSA. The first PSA value above or equal to 0.1 ng/ml was used

to define the time of biochemical recurrence. Patients without

evidence of biochemical recurrence were censored at last fol-

low-up.
2.3. Statistical analyses

Statistical models addressed two different outcomes, namely

positive surgical margins at final pathology and biochemical

recurrence after radical prostatectomy. The main predictors

were TV and %HGTV. Covariates consisted of PSA, extracapsu-

lar extension, seminal vesicle invasion, lymph node invasion,

as well as primary and secondary pathologic Gleason pat-

terns. In models of biochemical recurrence, surgical margin

status was also included among covariates. The ability to pre-

dict positive surgical marigins was tested in logistic regres-

sion models, whereas BCR was addressed in Cox regression

models. The predictive accuracy of the logistic regression

models was quantified with the receiver operator characteris-

tic area under the curve. A modification of this method for

censored data, Harrell’s concordance index, was used in Cox

regression models. Accuracy of predictions was quantified

with and without TV and/or %HGTV. This method was se-

lected with the intent of quantifying the increment in predic-

tive accuracy, associated with the addition of one or both

variables to established predictors. Two hundred bootstrap

resamples were used to reduce overfit bias. The predictive

accuracy means were tested using the independent sample

t-test. All statistical tests were performed using S-PLUS Pro-

fessional, version 1 (MathSoft Inc., Seattle, Washington).

Moreover, all tests were two-sided with a significance level

at 0.05.



Table 1 – Descriptive characteristics of 780 men treated
for radical prostatectomy between January 1996 and
October 2003

Variables Number of
patients

Total number of patients (%) 780 (100.0)

Age (years)

Mean (median) 62.2 (62.0)

Range 37–75

Clinical stage (%)

T1c 413 (52.9)

T2a 295 (37.8)

T2b 47 (6.0)

T3 25 (3.2)

PSA (ng/ml)

Mean (median) 11.5 (7.9)

Range 0.5–125.0

Presence of ECE 324 (41.5%)

Presence of SVI 130 (16.7%)

Presence of LNI 47 (6.0%)

Surgical margin status 173 (22.2%)

Primary RP Gleason pattern

2 10 (1.3%)

3 632 (81.0%)

4 135 (17.3%)

5 3 (0.4%)

Secondary RP Gleason pattern

2 95 (12.2%)

3 334 (42.8%)

4 337 (43.2%)

5 14 (1.8%)

Tumour volume (cc)

Mean (median) 6.6 (4.5)

Range 0.1–63.6

Quartiles

Q1: 0–2.13 196 (25.1%)

Q2: >2.13–4.54 195 (25.0%)

Q3: >4.54–8.52 194 (24.9%)

Q4: >8.52 195 (25.0%)

Percent high grade tumour volume (%)

Mean (median) 20.4 (10.0)

Range 0–100.00

Quartiles

Q1: 0 287 (36.8%)

Q2: >0–10 174 (22.3%)

Q3: >10–30 138 (17.7%)

Q4: >30 181 (23.2%)

Follow-up time (months)

Mean (median) 46.7 (43.4)

Range 1–96

Patients with a follow-up above 24 months 604 (77.4%)

Time to BCR recurrence (months)

Mean (median) 20.4 (16.7)

Range 1–84

No. of patients with BCR recurrence after RP (%) 147 (18.8)

PSA, prostate specific antigen; ECE, extracapsular extension; SVI,

seminal vesicle invasion; LNI, lymph node invasion; BCR, bio-

chemical recurrence defined as PSA >0.1 ng/ml; RP, radical

prostatectomy.
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3. Results

Patient characteristics are shown in Table 1. Median and

mean pre-treatment PSA were 7.9 and 11.5 ng/ml, respec-

tively. Extracapsular extension, seminal vesicle invasion,

lymph node invasion and positive surgical margins were re-

corded in 324 (41.5%), 130 (16.7%), 47 (6.0%) and 173 (22.2%).

Of all patients, 147 (18.8%) demonstrated biochemical recur-

rence during follow-up, which ranged from 1 to 96 months

(mean 46.7; median 43.4 months). Time to biochemical recur-

rence ranged from 1 to 84 months (mean 20.4; median 16.7

months). Median and mean TV were 4.5 and 6.6 cc, respec-

tively (range 0.1–63.6). Median and mean %HGTV were 10.0%

and 20.4%, respectively (range 0–100).

Table 2 shows a comparison of mean TV and mean %HGTV

stratified according to Partin stages. In the lower panel, a

comparison of rates of biochemical recurrence stratified

according to quartiles of TV and %HGTV is shown. For each

Partin stage (all p < 0:001) and for biochemical recurrence

rates stratified according to quartiles, TV and %HGTV (all

p < 0:001), comparisons were statistically significant, demon-

strating higher TV and %HGTV with increasing Partin stage as

well as higher rates of biochemical recurrence with either

increasing TV or %HGTV quartile. Fig. 1 shows the Kaplan–

Meier plots of overall biochemical recurrence (Fig. 1a) and

stratified according to TV quartiles (Fig. 1b), as well as %HGTV

quartiles (Fig. 1c).

Table 3 shows the uni- and multivariable logistic and Cox

regression models predicting positive surgical margins and

biochemical recurrence, respectively. In both univariable

analyses, all variables were highly significantly associated

with either positive surgical margins at final pathology

ðp 6 0:002Þ or biochemical recurrence ðp < 0:001Þ. In univari-

able analyses predicting positive surgical margins, TV

(67.1%) achieved the highest predictive accuracy. In univari-

able models predicting biochemical recurrence, %HGTV

(79.9%) represented the most informative predictor and was

closely followed by TV (75.8%). In both analyses, TV and

%HGTV predicted more accurately than Gleason patterns.

In multivariable models addressing positive surgical mar-

gins where TV and %HGTV were included, extracapsular

extension ðp < 0:001Þ and TV ðp < 0:001Þ represented the only

independent predictors. Neither primary ðp ¼ 0:6Þ nor second-

ary ðp ¼ 0:07Þ Gleason patterns achieved independent predic-

tor status. The addition of TV to base predictors of positive

surgical margins enhanced accuracy by 1.9% ðp < 0:001Þ. Sub-

sequent inclusion of %HGTV failed to exert any additional ef-

fect on predictive accuracy.

In the multivariable models predicting biochemical recur-

rence, where TV and %HGTV were included, only TV

ðp ¼ 0:005Þ, %HGTV ðp < 0:001Þ, extracapsular extension

ðp < 0:001Þ, and PSA ðp ¼ 0:013Þ represented statistically sig-

nificant predictors. Again, neither primary ðp ¼ 0:6Þ nor sec-

ondary ðp ¼ 0:7Þ Gleason patterns achieved independent

predictor status. In multivariable BCR models, addition of

TV to base predictors increased accuracy by 0.6% ðp < 0:001Þ.
When %HGTV was added, accuracy further increased by

0.7% ðp < 0:001Þ leading to a cumulative increase in predictive

accuracy of 1.3% ðp < 0:001Þ.



Table 2 – Comparison of the effect of tumour volume and percent high grade tumour volume on Partin stages and
biochemical recurrence rates

Type of analyses TV (cc) p-Value (independent sample t-test) % HGTV (%) p-Value (v2 test)

Effect on Partin stages

OC versus non-OC 3.8 versus 10.4 <0.001 9.5 versus 35.2 <0.001

ECE versus non-ECE 10.5 versus 3.8 <0.001 35.4 versus 9.7 <0.001

SVI versus non-SVI 13.4 versus 5.2 <0.001 44.4 versus 15.6 <0.001

LNI versus non-LNI 13.5 versus 6.1 <0.001 43.4 versus 18.9 <0.001

Rates of BCR TV p-Value (log rank test) % HGTV (%) p-Value (log rank test)

Total (%) 147 (100) <0.001 147 (100) <0.001

Q1 8 (5.4) 10 (6.8)

Q2 18 (12.2) 22 (15.0)

Q3 41 (28.0) 35 (23.8)

Q4 80 (54.4) 80 (54.4)

TV, tumour volume; %HGTV, percent high grade tumour volume; OC, organ confinement; ECE, extracapsular extension; SVI, seminal vesicle

invasion; LNI, lymph node invasion; BCR, biochemical recurrence.

In the upper panel, tumour volume and percent high grade tumour volume are stratified according to Partin stages. In the lower panel, rates of

biochemical recurrence after radical prostatectomy are stratified according to tumour volume quartiles and percent high grade tumour volume

quartiles.
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4. Discussion

Our hypothesis stated that tumour bulk, defined by TV, pri-

marily affects the rate of positive surgical margins. We also

hypothesised that the quantity of high grade tumour, defined

as %HGTV, drives the rate of biochemical recurrence. Our first

hypothesis was based on the fact that tumour volume might

be superior to current estimators of positive surgical margins.

Our second hypothesis was based on the observation that the

biological aggressiveness of prostate cancer may not be most

accurately defined with Gleason patterns, as the most domi-

nant cancer patterns may not necessarily reflect the progno-

sis. A non-dominant Gleason pattern 5 may outweigh the

effect of dominant Gleason patterns 4 and 3, but might go

unnoticed if Gleason scoring is enforced.

Our analyses demonstrated that TV is indeed the most

accurate univariable indicator (67.1%) of positive surgical mar-

gins (Table 3). Its contribution exceeded that of either primary

(55.2%) or secondary (57.9%) Gleason patterns. Interestingly,

TV was more accurate in predicting positive surgical margins

than extracapsular extension (66.1%). In multivariable +SM

analyses, TV remained an independent predictor ðp < 0:001Þ
of +SM at final pathology, whereas primary ðp ¼ 0:4Þ and sec-

ondary (0.1) Gleason patterns failed to demonstrate multivar-

iable statistical significance. These observations confirm our

hypothesis that TV represents a key determinant of positive

surgical margins. Moreover, in the multivariable models, the

predictive accuracy of positive surgical margins predictions

increased by 1.9% ðp < 0:001Þ, when TV was added to all other

predictors. Interestingly, no further accuracy gain was re-

corded when %HGTV ðp ¼ 0:15Þwas added. These findings fur-

ther corroborate the importance of TV and indicate that TV

represents a statistically significant predictor. More impor-

tantly, this variable improves the ability of all other predictors

to discriminate between those with and those without posi-

tive surgical margins. Taken together, our analyses indicate

that tumour bulk, but not its grade represents the determinant

of the presence of positive surgical margins.
In biochemical recurrence analyses, %HGVT (79.9%) and

TV (75.8%) represented the most accurate univariable vari-

ables and exceeded the accuracy of primary (68.1%) and sec-

ondary (57.4%) Gleason patterns, as well as that of all other

predictors. In multivariable Cox regression models, %HGVT

ðp < 0:001Þ and TV ðp ¼ 0:005Þ demonstrated independent pre-

dictor status. Conversely, primary ðp ¼ 0:6Þ and secondary

ðp ¼ 0:7Þ Gleason patterns failed to do so. These findings con-

firm our hypothesis and indicate that %HGTV represents the

most informative and a highly significant predictor of bio-

chemical recurrence. %HGTV demonstrates better univariable

and multivariable ability to predict biochemical recurrence

than either primary or secondary Gleason pattern. These

characteristics are shared with TV and when both variables

are combined, they increase the ability to predict biochemical

recurrence by 1.3% ðp < 0:001Þ.
Our findings have important clinical implications. Our lo-

gistic regression analysis indicates that tumour bulk, ex-

pressed as TV, is the foremost determinant of positive

surgical margins. Its effect exceeds that of extracapsular

extension and Gleason patterns and, contrary to %HGTV, TV

adds to the combined ability of all other variables. Thus, our

findings suggest that tumour bulk represents the most impor-

tant variable, which may compromise local cancer control by

virtue of a positive surgical margin at radical prostatectomy.

Moreover, our results indicate that %HGTV does not have

the same characteristics. Extrapolation of our findings to nee-

dle biopsies suggests that the risk of positive surgical margins

might not be affected by the presence of high grade tumour

within biopsy specimens. Instead, it is crucial to consider

the cumulative amount of cancer within biopsy cores. These

findings are in direct agreement with our previous work,

where we found that the cumulative percentage of cancer in

all biopsy cores represented the most informative predictor

of extracapsular extension (74%) and surpassed that of biopsy

Gleason sum (71%).21 Moreover, our nomogram based on the

cumulative percentage of cancer in all cores was substantially

more accurate (84%) than our previous tree regression model



Fig. 1 – Kaplan Meier plots displaying the effect of tumor

volume and percent high grade tumor volume stratified

according to quartiles on estimates of biochemical

recurrence (BCR)-free probability. (a) Overall Kaplan-Meier

estimates of biochemical recurrence (BCR), (b) Kaplan-Meier

estimates of biochemical recurrence (BCR)-free probability

stratified by tumor volume quartiles, (c) Kaplan-Meier

estimates of biochemical recurrence (BCR)-free probability

stratified by percent high grade tumor quartiles.
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(70%), where the presence of high grade prostate cancer was

thought to represent the key determinant.22 Taken together,

these findings confirm that tumour bulk is the most impor-

tant determinant of local prostate cancer extension and that
the presence or absence of high grade components has little

impact on either surgical margins or extracapsular extension.

Our observations regarding the rate of biochemical recur-

rence are different. Here %HGTV represents the most

important variable. It is closely followed by TV, as evi-

denced by univariable predictive accuracy estimates, respec-

tively, 79.9% for HGTV and 75.8% for TV. These values

exceed the accuracy of radical prostatectomy primary

(68.1%) and secondary (57.4%) Gleason patterns, as well as

of all other predictors. The importance of %HGTV

ðp < 0:001Þ and of TV ðp ¼ 0:005Þ is highlighted in the multi-

variable analyses, where %HGTV and TV represent highly

statistically significant independent predictors of biochemi-

cal recurrence. In the same model, except for PSA and

extracapsular extension, Gleason patterns as well as all

other predictors failed to demonstrate statistical signifi-

cance. Thus, once the percentage of HGTV and TV is

known, the knowledge of all other variables except for

PSA and extracapsular extension becomes secondary.

Although %HGTV and TV virtually eclipsed the significance

of all other variables, their contribution to predictive accu-

racy was not stellar. Only a 1.3% increase was noted

(p< 0:001). This relatively small increase to predictive accu-

racy needs to be interpreted in the light of simultaneous

inclusion of seven other powerful and established predic-

tors of biochemical recurrence, such as Gleason patterns,

extracapsular extension, seminal vesicle invasion, lymph

node invasion, surgical margins and PSA. When this fact

is considered, an increase of 1.3% might be interpreted as

non-negligible.

From a clinical perspective, the implications of our find-

ings suggest that the prediction of the rate of biochemical

recurrence can be resumed within one variable, namely

%HGTV. This variable alone is 80% accurate versus 82.5% (Ta-

ble 3) for the combined accuracy of Gleason patterns, extra-

capsular extension, seminal vesicle invasion, lymph node

invasion, surgical margins and PSA. This finding might be

interpreted as a suggestion to revise the grading of radical

prostatectomy specimens. However, our intent is not to sug-

gest an instant change in the post-operative prediction of

Gleason patterns, extracapsular extension, seminal vesicle

invasion, lymph node invasion, surgical margins and PSA. In-

stead, our objective is to indicate that prostate cancer biology

is virtually exclusively driven by %HGTV, as suggested by

McNeal, Stamey, Palisaar and Cheng.14,23–25

McNeal et al. assessed 209 radical prostatectomy speci-

mens and demonstrated that %HGTV was predictive of lymph

node invasion.24 Stamey et al. assessed 379 radical prostatec-

tomy specimens and found that %HGTV represented the fore-

most predictor of Gleason patterns, extracapsular extension,

seminal vesicle invasion, lymph node invasion, surgical mar-

gins and PSA, beyond that of Gleason score.14 Palisaar et al. as-

sessed 331 stage pT2 specimens and found that %HGTV

represents the most accurate predictor of Gleason patterns,

extracapsular extension, seminal vesicle invasion, lymph

node invasion, surgical margins and PSA (90%) versus Gleason

sum (83%).25 Finally, Cheng et al. assessed 364 radical prosta-

tectomy specimens and identified %HGTV as an independent

multivariable predictor of Gleason patterns, extracapsular

extension, seminal vesicle invasion, lymph node invasion,



Table 3 – Logistic and Cox regression models predicting positive surgical margins at final pathology and rates of
biochemical recurrence after radical prostatectomy

Type of analyses Logistic regression models predicting positive surgical margins

Univariate analyses Multivariate analyses

Variables OR; p value Predictive
accuracy (%)

Base model+

OR; p value
Base model +
TV OR; p value

Base model + TV,
%HGTV OR; p value

PSA 1.03; <0.001 58.4 1.02; 0.026 1.01; 0.484 1.01; 0.418

Presence of ECE 3.41; <0.001 66.1 2.70; <0.001 2.21; < 0.001 2.19; <0.001

Presence of SVI 3.08; <0.001 59.6 1.48; 0.111 1.22; 0.428 1.23; 0.414

Presence of LNI 2.53; 0.002 53.1 1.26; 0.487 1.06; 0.877 1.08; 0.833

Primary RP Gleason

(4 or 5 versus 2 or 3)

1.80; <0.001 55.2 0.83; 0.569 0.74; 0.366 1.39; 0.589

Secondary RP Gleason –; <0.001 –; 0.205 –; 0.114 –; 0.069

3 versus 2 1.74; 0.029 57.9 1.57; 0.242 1.89; 0.105 1.85; 0.120

4 versus 2 2.67; <0.001 1.58; 0.212 1.91; 0.083 0.26; 0.040

5 versus 2 9.25; <0.001 4.31; 0.038 5.19; 0.022 5.68; 0.017

Tumour volume 1.10; <0.001 67.1 – 1.06; <0.001 1.06; <0.001

Percent high grade

tumour volume

1.01; <0.001 60.4 – – 0.99; 0.273

Predictive accuracy (%) 68.1 70.0 70.0

Increment in predictive

accuracy (%)

+1.9 ±0

Type of analyses Cox regression models predicting biochemical recurrence

Univariate analyses Multivariate analyses

Variables RR; p value Predictive
accuracy (%)

Base model* RR;
p value

Base model + TV RR;
p value

Base model + TV,
%HGTV RR; p value

PSA 1.04; <0.001 71.5 1.02; <0.001 1.01; 0.023 1.01; 0.013

Presence of ECE 7.61; <0.001 73.3 2.50; <0.001 2.24; <0.001 2.43; <0.001

Presence of SVI 5.87; <0.001 64.4 1.20; 0.353 1.04; 0.851 0.97; 0.872

Presence of LNI 5.10; <0.001 57.8 1.81; 0.007 1.58; 0.042 1.49; 0.074

Positive surgical

margin status

2.71; <0.001 59.6 1.40; 0.107 1.26; 0.199 1.25; 0.225

Primary RP Gleason

(4 or 5 versus 2 or 3)

7.69; <0.001 68.1 6.36; <0.001 6.16; <0.001 0.74; 0.592

Secondary RP Gleason –; <0.001 –; 0.002 –; <0.001 –; 0.747

3 versus 2 2.43; 0.008 57.4 0.70; 0.463 0.79; 0.619 0.87; 0.773

4 versus 2 2.69; 0.003 1.88; 0.122 2.25; 0.049 1.23; 0.634

5 versus 2 27.30; 6 0:001 1.40; 0.558 1.61; 0.407 1.09; 0.882

Tumour volume 1.09; <0.001 75.8 – 1.03; 0.002 1.03; 0.005

Percent high grade

tumour volume

1.04; <0.001 79.9 – – 1.03; <0.001

Predictive accuracy (%) 82.5 83.1 83.8

Increment in predictive

accuracy (%)

+ 0.6 + 0.7

+Logistic regression base model, PSA, ECE, SVI, LNI, primary and secondary RP Gleason score. *Cox regression base model PSA, ECE, SVI, LNI,

surgical margin status, primary and secondary RP Gleason score. OR, odds ratio; SVI, seminal vesicle invasion; RR, rate ratio; LNI, lymph node

invasion; PSA, prostate specific antigen; RP, radical prostatectomy; ECE, extracapsular extension.
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surgical margins and PSA, whereas ðp ¼ 0:04Þ, Gleason sum

failed to reach significance ðp ¼ 0:4Þ.23

Kikuchi et al. also assessed the effect of TV on biochemical

recurrence, without considering %HGTV.15 The study in-

cluded 1302 men with a median follow-up of 46 months and

concluded that TV was not an independent, multivariable

predictor ðp ¼ 0:2Þ. Interestingly, despite lower TV than in

our population (4.54 cc versus 1.6 cc, p < 0:05), lower rate of

seminal vesicle invasion than in our population (10.9 versus
16.7%, p < 0:001) and virtually the same rate of extracapsular

extension (38.9 versus 41.5%, p > 0:05) and lymph node inva-

sion (5.6 versus 6.0%, p > 0:05), Kikuchi’s reported relative risk

of biochemical recurrence associated with each 1 cc TV incre-

ment was even higher than in our present analyses (relative

risk ½RR� ¼ 1:28 versus current RR ¼ 1:03). Despite a higher

RR, TV failed to reach statistical significance in the analysis

of Kikuchi. Notably, statistical significance and relative risk

for seminal vesicle invasion and nodal metastasis were also
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substantially different between our and Kikuchi’s study,

which may suggest that the two populations exhibit biologi-

cal differences. This hypothesis was corroborated by Cheng’s

data, where TV was not significant in multivariable analyses

ðp ¼ 0:147Þ, despite highly significant status of %HGTV

ðp ¼ 0:04Þ.23 Thus, TV may be more important in European

men than in their counterparts from the United States. How-

ever, this hypothesis is still speculative at best and requires

further consideration in future studies. Our findings are also

in disagreement with Salomon et al., who showed in a cohort

of 200 men that TV did not represent an independent predic-

tor of biochemical recurrence ðp ¼ 0:35Þ.16 The absence of po-

sitive findings might be related to power considerations.

Unfortunately, power was not reported in all of the studies,

where TV was deemed non-significant.15,16,23

Several differences may distinguish our study from others

and several limitations may apply to our findings. First, the

findings of our study are limited in their practical applicabil-

ity, as TV cannot be known pre-operatively to identify pa-

tients at high risk of +SM. Thus, positive surgical margins

analyses were meant to represent an assessment of tumour

biology and not to represent a clinical predictive model.26 Sec-

ond, our median follow-up was relatively short (median 43.4

months). Therefore, the rates of observed biochemical recur-

rence might be lower than in a longer follow-up cohort. None-

theless, our follow-up was similar to the follow-up of Kikuchi

et al. 15 and to Cheng et al.23 but not as long as that reported by

Salomon et al.16 Third, biochemical recurrence rate represents

a surrogate marker and the definitive assessment of the effect

of any predictor will require analyses of survival or of meta-

static progression rates.1 This limitation was shared with all

other previous analyses.14–16,23–25 However, D’Amico et al.

showed that patients with evidence of biochemical recur-

rence are at increased risk to die of PCa.27 Finally, whole-

mounting of radical prostatectomy specimens may not be

universally available and/or may not be feasible because of

cost considerations.1

Despite these limitations, our study is based on the second

largest cohort, which was only exceeded in size by this of

Kikuchi et al.15 Our findings corroborate smaller scale studies,

as suggested by Cheng et al.23 Moreover, we demonstrate that

%HGTV represents an independent predictor of biochemical

recurrence, not only in North American patients, but also in

European patients. Thus, the effect of %HGTV is generalisable

across two different continents.

5. Conclusion

TV determines the rate of positive surgical margins and

%HGTV determines the rate of biochemical recurrence, be-

yond that of any other standard variable. From the perspec-

tive of prostate cancer biology, these findings suggest that

tumour bulk is the determinant of local tumour extension

and that percentage of high grade cancer is a key determinant

of biochemical recurrence after radical prostatectomy.
Conflict of interest statement

None.
R E F E R E N C E S
1. Aus G, Abbou CC, Bolla M, et al. EAU guidelines on prostate
cancer. Eur Urol 2005;48:546–51.

2. Bill-Axelson A, Holmberg L, Ruutu M, et al. Radical
prostatectomy versus watchful waiting in early prostate
cancer. N Engl J Med 2005;352:1977–84.

3. Goluboff ET, Benson MC. External beam radiation therapy
does not offer long-term control of prostate cancer. Urol Clin
North Am 1996;23:617–21.

4. Huland H. Radical prostatectomy: options and issues. Eur Urol
2001;39(Suppl. 1):3–9.

5. Meraney AM, Haese A, Palisaar J, et al. Surgical management
of prostate cancer: advances based on a rational approach to
the data. Eur J Cancer 2005;41:888–907.

6. Van Poppel H, Vekemans K, Da Pozzo L, et al. Radical
prostatectomy for locally advanced prostate cancer: results
of a feasibility study (EORTC 30001). Eur J Cancer 2006;42:
1062–7.

7. Chun FK, Graefen M, Zacharias M, et al. Anatomic radical
retropubic prostatectomy-long-term recurrence-free survival
rates for localized prostate cancer. World J Urol 2006;24:273–80.

8. Kupelian PA, Katcher J, Levin HS, Klein EA. Stage T1-2 prostate
cancer: a multivariate analysis of factors affecting
biochemical and clinical failures after radical prostatectomy.
Int J Radiat Oncol Biol Phys 1997;37:1043–52.

9. Walsh PC, Partin AW, Epstein JI. Cancer control and quality of
life following anatomical radical retropubic prostatectomy:
results at 10 years. J Urol 1994;152:1831–6.

10. Zincke H, Bergstralh EJ, Blute ML, et al. Radical prostatectomy
for clinically localized prostate cancer: long-term results of
1,143 patients from a single institution. J Clin Oncol
1994;12:2254–63.

11. Kattan MW, Wheeler TM, Scardino PT. Postoperative
nomogram for disease recurrence after radical prostatectomy
for prostate cancer. J Clin Oncol 1999;17:1499–507.

12. van Gils MP, Stenman UH, Schalken JA, et al. Innovations in
serum and urine markers in prostate cancer current
European research in the P-Mark project. Eur Urol
2005;48:1031–41.

13. Quinn DI, Henshall SM, Sutherland RL. Molecular markers of
prostate cancer outcome. Eur J Cancer 2005;41:858–87.

14. Stamey TA, McNeal JE, Yemoto CM, Sigal BM, Johnstone IM.
Biological determinants of cancer progression in men with
prostate cancer. Jama 1999;281:1395–400.

15. Kikuchi E, Scardino PT, Wheeler TM, Slawin KM, Ohori M. Is
tumor volume an independent prognostic factor in clinically
localized prostate cancer? J Urol 2004;172:508–11.

16. Salomon L, Levrel O, Anastasiadis AG, et al. Prognostic
significance of tumor volume after radical prostatectomy: a
multivariate analysis of pathological prognostic factors. Eur
Urol 2003;43:39–44.

17. McNeal JE, Redwine EA, Freiha FS, Stamey TA. Zonal
distribution of prostatic adenocarcinoma. Correlation with
histologic pattern and direction of spread. Am J Surg Pathol
1988;12:897–906.

18. Gleason DF. Histologic grading and clinical staging of prostate
carcinoma. Philadelphia: Lea and Febiger; 1977.

19. Greene F, Page D, Fleming I, et al. American Joint Committee on
cancer staging manual. 6th ed. New York: Springer; 2002.

20. Henke RP, Kruger E, Ayhan N, Hubner D, Hammerer P, Huland
H. Immunohistochemical detection of p53 protein in human
prostatic cancer. J Urol 1994;152:1297–301.

21. Steuber T, Graefen M, Haese A, et al. Validation of a
nomogram for prediction of side specific extracapsular
extension at radical prostatectomy. J Urol 2006;175:939–44
[discussion 944].



E U R O P E A N J O U R N A L O F C A N C E R 4 3 ( 2 0 0 7 ) 5 3 6 – 5 4 3 543
22. Graefen M, Haese A, Pichlmeier U, et al. A validated strategy
for side specific prediction of organ confined prostate cancer:
a tool to select for nerve sparing radical prostatectomy. J Urol
2001;165:857–63.

23. Cheng L, Koch MO, Juliar BE, et al. The combined percentage
of Gleason patterns 4 and 5 is the best predictor of cancer
progression after radical prostatectomy. J Clin Oncol
2005;23:2911–7.

24. McNeal JE, Villers AA, Redwine EA, Freiha FS, Stamey TA.
Histologic differentiation, cancer volume, and pelvic lymph
node metastasis in adenocarcinoma of the prostate. Cancer
1990;66:1225–33.
25. Palisaar RJ, Graefen M, Karakiewicz PI, et al. Assessment of
clinical and pathologic characteristics predisposing to disease
recurrence following radical prostatectomy in men with
pathologically organ-confined prostate cancer. Eur Urol
2002;41:155–61.

26. Vis AN, Schroder FH, van der Kwast TH. The actual value of
the surgical margin status as a predictor of disease
progression in men with early prostate cancer. Eur Urol
2006;50:258–65.

27. D’Amico AV, Cote K, Loffredo M, Renshaw AA, Chen MH.
Pretreatment predictors of time to cancer specific death after
prostate specific antigen failure. J Urol 2003;169:1320–4.


	Tumour volume and high grade tumour volume are the best predictors of pathologic stage and biochemical recurrence after radical prostatectomy
	Introduction
	Materials and methods
	Patient population
	Pathological and clinical evaluation
	Statistical analyses

	Results
	Discussion
	Conclusion
	Conflict of interest statement
	References


