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The prognostic significance of percentage of tumour
involvement according to disease risk group in men
treated with radical prostatectomy

Jong Jin Oh1, Sang Cheol Lee1, Chang Wook Jeong1, Cheol Yong Yoon1, Seong Jin Jeong1, Sung Kyu Hong1,
Seok-Soo Byun1, Yoon Kwan Rho1, Gheeyoung Choe2 and Sang Eun Lee1

We investigated the prognostic significance of percentage of tumour involvement (PTI) according to the clinicopathological features of

prostate cancer among patients who underwent radical prostatectomy (RP). A retrospective study of 534 patients who underwent RP

between September 2003 and March 2008 without any neoadjuvant or adjuvant therapy was performed. The associations of PTI with

various clinicopathological features and biochemical recurrence-free survival were examined via uni- and multivariate analyses. The

predictive accuracy of the multivariate model was assessed with a receiver operating characteristics-derived area under the curve. PTI

was demonstrated to be significantly associated with preoperative prostate-specific antigen (PSA) level (P50.001), pathological

Gleason score (P,0.001), extraprostatic tumour extension (P,0.001), seminal vesicle invasion (P,0.001) and positive surgical

margin (P,0.001) in univariate analyses. When patients were stratified into disease risk groups, PTI was an independent predictor of

biochemical recurrence-free survival in multivariate analysis only among the low-risk group (P50.033) but not the intermediate-

(P50.287) or the high-risk groups (P50.828). The addition of the PTI did not significantly increase the accuracy of the multivariate

model devised for the prediction of biochemical recurrence-free survival among both total patients (P50.459) and the low-risk group

(P50.268), respectively. In conclusion, although PTI appeared to be a more significant prognostic factor among patients with low-risk

disease than among those with higher risk diseases, overall, the PTI may not provide additional prognostic information beyond what can

already be obtained via established prognostic factors.
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INTRODUCTION

In oncology, tumour burden or size has traditionally been

regarded as a useful surrogate for prognosis in various types of

malignancies. Previously, some researchers have reported that

tumour volume (TV) in radical prostatectomy (RP) specimens,

which already demonstrates significant correlations with other

established prognostic factors, is independently associated with

the progression of prostate cancer.1–5 However, other reports have

produced contradictory data.6–8 Currently, the controversy con-

tinues in regard to the prognostic value of TV in prostate cancer.

Moreover, an accurate assessment of TV is not a readily per-

formed procedure, as it requires whole-mount sectioning and

specialized equipment, resulting in added costs. In most centres,

TV is not routinely included in the pathological reports on RP

specimens.

Percentage of tumour involvement (PTI) is a pathological para-

meter relatively easy to attain. It requires only the visual estimation

of tumour burden on pathological slides and the averaging of results

without the need for additional equipment or special specimen

handling. As with TV, contradictory data have been reported concern-

ing the prognostic value of PTI in prostate cancer.9–15 In examining

the ongoing controversies surrounding the prognostic values of TV

and PTI in prostate cancer, we hypothesized that the impact of tumour

size might differ according to the tumour aggressiveness Thus, we

investigated the prognostic significance of the PTI, a routinely

reported pathological parameter at our institution, according to the

clinicopathological features of disease among patients who underwent

RP for prostate cancer.

MATERIALS AND METHODS

Patients

After obtaining institutional review board approval, we reviewed the

data of 563 patients who underwent RP for prostate cancer between

September 2003 and March 2008 at our institution and were followed

up for more than 2 years postoperatively. After excluding patients who

underwent neoadjuvant or adjuvant hormone or radiation therapy

and those patients with missing data, a total of 534 patients were

included in the final analysis.
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Pathological evaluation

The specimens from RPs were weighed, fixed intact in 20% neutral

buffered formalin and sectioned at 3–4 mm intervals with the apical

and bladder neck portion sectioned radially to allow evaluation of the

margin status parallel to urethra. For each pathological slide, the per-

centage of the slide with tumour involvement was estimated, and PTI

was determined by averaging the estimates from all slides as previously

reported by others12,13

Statistical analysis

The data assessed included patient age, preoperative prostate-specific

antigen (PSA) level, prostate specimen weight, PTI, pathological

Gleason score, pathological stage, surgical margin status, lymph node

involvement and postoperative follow-up PSA data. The association of

PTI with other clinicopathological variables was analysed via Mann–

Whitney U or Kruskal–Wallis tests. For our analysis, the total patient

population was stratified into three disease risk groups according to

preoperative PSA level and pathological Gleason score with consid-

eration of the PTI as a pathological variable. The low-risk group had a

preoperative PSA level ,10 ng ml21 and a pathological Gleason score

f6, the intermediate-risk group had a PSA of 10–20 ng ml21 and a

pathological Gleason score of 7, and the high-risk group had a PSA

.20 ng ml21 and a pathological Gleason score o8.16 Biochemical

recurrence was defined as two consecutive rises in PSA of 0.2 ng

ml21 or higher at least 2 months following RP.17 The probability of

biochemical recurrence-free survival was determined using Kaplan–

Meier curves along with a log-rank test used to assess statistical

significance. The effects of the various variables on biochemical recur-

rence-free survival were assessed using a Cox proportional hazards

model. The predictive accuracy of the multivariate logistic regression

model was assessed with a receiver-operating characteristics-derived

area under the curve. The areas under the curve were compared via a

Mantel–Haenszel test. The SPSS software package version 15.0 (SPSS

Inc., Chicago, IL, USA) was used for all statistical analyses. A two-

tailed P,0.05 was considered significant for all analyses.

RESULTS

The patient characteristics are listed in Table 1. After stratification by

disease risk, 110 (20.6%) patients had low-risk disease, 315 (59.0%)

had intermediate-risk disease and 109 (20.4%) had high-risk disease.

Overall, biochemical recurrence was observed in 105 (19.7%) patients

during the mean follow-up period of 51.2613.5 months. The bio-

chemical recurrence-free survival was higher in patients with low-risk

disease than those with intermediate- or high-risk disease (log-rank

P,0.0001).

Among all patients, PTI was significantly associated with preopera-

tive PSA level (P50.001), pathological Gleason score (P,0.001),

extraprostatic extension of tumour (P,0.001), seminal vesicle inva-

sion (P,0.001) and positive surgical margin (P,0.001) in univariate

analyses. Also, the PTI was associated with biochemical recurrence-

free survival among the total patient population in univariate analysis

(log-rank P,0.001).

A multivariate Cox proportional hazards regression model indi-

cated that PTI was an independent predictor of biochemical recur-

rence-free survival (P50.042) among the total patient population

(Table 2).

When patients were stratified into three groups according to disease

risk assessment, the patients with a PTI o15% demonstrated a lower

rate of biochemical recurrence-free survival than those with a PTI

,15% among both the low- (log-rank P,0.001) and intermediate-risk

groups (log-rank P50.001), but not among high-risk group (log-rank

P50.272) in univariate analyses, respectively (Figure 1). In multivariate

analyses, the PTI was an independent predictor of biochemical recur-

rence-free survival after RP only among the low-risk group (P50.033)

but not among the intermediate- (P50.287) and high-risk groups

(P50.828), respectively (Table 3).

When a multivariate model incorporating age, PSA, prostate

volume, pathological Gleason score, extraprostatic extension of

tumour, seminal vesicle invasion and surgical margin status along with

PTI was devised for the prediction of biochemical recurrence-free

survival after RP, the predictive accuracies of the multivariate model

that included and excluded PTI were 78.1% and 77.4%, respectively,

among the total patient population (P50.459) (Figure 2). Among the

low-risk group, the accuracy of the predictive multivariate model with

PTI included and excluded was 94.2% and 91.0%, respectively

(P50.268).

Table 1 Patient characteristics (n5534)

Value

Age at surgery (mean6s.d), years 64.966.7

Preoperative PSA (mean6s.d.), ng ml21 11.9612.2

Prostate specimen weight (mean6s.d.), g 40.7614.2

Pathological Gleason score (n, %)

f6 136 (25.5)

7 339 (63.5)

o8 59 (11.0)

Extraprostatic tumour extension (n, %)

Absent 366 (68.5)

Present 168 (31.5)

Seminal vesicle invasion (n, %)

Absent 488 (91.4)

Present 46 (8.6)

Surgical margin (n, %)

Negative 334 (62.5)

Positive 200 (37.5)

Biochemical recurrence (n, %)

No 429 (80.3)

Yes 105 (19.7)

Percent of tumour involvement (n, %)

,5 173 (32.4)

5–10 105 (19.7)

11–15 68 (12.7)

16–20 38 (7.1)

.20 150 (28.1)

Abbreviation: PSA, prostate-specific antigen.

Table 2 Multivariate Cox proportional hazards model of the potential

predictors for biochemical recurrence-free survival among the 534

total patients

HR 95% CI P value

Age 1.061 0.720–1.564 0.763

Preoperative PSA level 1.168 0.884–1.544 0.274

Prostate volume 0.994 0.979–1.011 0.498

Pathological Gleason score 2.542 1.299–4.974 0.006

Extraprostatic extension of tumour 1.998 1.045–3.820 0.036

Seminal vesicle invasion 1.785 1.065–2.994 0.028

Surgical margin positivity 1.027 0.640–1.649 0.912

Percentage of tumour involvement 1.323 1.010–1.734 0.042

Abbreviations: CI, confidence interval; HR, hazard ratio; PSA, prostate-specific

antigen.

Percentage of tumour involvement according to disease risk group
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DISCUSSION

In our study, PTI was an independent predictor of biochemical

recurrence-free survival following RP among the total subject

population. On the other hand, when patients were stratified

according to disease risk groups as determined by preoperative

PSA level and pathological Gleason score, PTI remained as an

independent predictor of biochemical recurrence-free survival only

among the low-risk group. In addition, the accuracy of the multi-

variate model devised for predicting biochemical progression by

incorporating established prognostic variables was not significantly

increased via the addition of PTI into the model among both the

total patients and the low-risk group only. These findings indicate

that PTI may not enhance the performance of an already optimized

model for the prediction of biochemical progression after RP.

Other studies have previously examined the association between

PTI assessed in an RP specimen and the outcome measures of patho-

logical parameters and biochemical recurrence. Using grid morpho-

metric technique, Humphrey et al.9,10 reported that the intraglandular

tumour extent measured as carcinoma percentage correlated with

disease progression following RP among patients with clinically loca-

lized prostate cancer. In addition, Carvalhal et al.11 and Ramos et al.12

observed that PTI was an independent predictor of the biochemical

recurrence among patients who underwent RP for pathologically

organ-confined disease. Furthermore, Rampersaud et al.13 reported

that PTI remained significantly associated with disease progression

following RP even after adjustment for multiple clinical and patho-

logical characteristics for men with margin positive or extraprostatic

tumour extension as well as those with pathologically organ-confined

disease. Their observations suggested that PTI would be especially

useful in the selection of candidates for adjuvant therapy among

men with unfavourable pathological features of margin positivity or

extraprostatic tumour extension. However, Epstein et al.14 in their

study of clinically localized prostate cancer patients treated with RP,

reported that both TV and PTI did not provide independent informa-

tion beyond what was offered by other variables such as Gleason score.

In addition, Uhlman et al.15 recently reported that PTI was a signifi-

cant predictor of biochemical progression only among patients with a

prostate less than 35 ml in volume. Overall, the previous reports can be

considered reflective of the ongoing controversy surrounding the

actual value of PTI as a potential prognostic indicator in RP patients.

Unlike the previously reported studies, we stratified patients

according to disease risk groups and observed that PTI was an inde-

pendent predictor of biochemical progression only among patients

with relatively less aggressive diseases of low risk. Notably, although

PTI was associated with respective adverse pathological features of

extraprostatic tumour extension, high (o7) Gleason score, seminal

vesicle involvement and margin positivity along with preoperative

PSA level, it was not an independent predictor of biochemical pro-

gression for the intermediate- and high-risk groups when adjusted for

established prognostic parameters. Previously, Ramos et al.12 reported

that the prognostic significance of TV or PTI would be obscured by a

high probability of recurrence due to the tumour extending to the

surgical margins or beyond prostate in patients with such disease.

Such a report can be considered as being at least partially supportive

of our results on disease risk groups. However, other studies have

reported that PTI correlates with outcome following RP in patients

with margin positivity or extraprostatic extension of tumour.13,18

Complicating the issue further, some groups have recently reported

that the prognostic significance of PTI is only evident among patients

with relatively smaller prostate15 The results of the present study sug-

gest that the prognostic impact of PTI may vary according to overall

disease aggressiveness. According to our results, the prognostic impact

of PTI would be overwhelmed by the influence of other established

prognostic factors in patients with diseases of intermediate or higher

risk, as can be seen from the results of multivariate analyses. In our

study, prostate size was controlled for in the various multivariate

Figure 1 Kaplan–Meier curve demonstrating the estimates of biochemical recur-

rence-free survival according to percent of tumour involvement among (PTI) (a)

low-risk group, (b) intermediate-risk group and (c) high-risk group.

Percentage of tumour involvement according to disease risk group
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analyses performed, and we could not confirm the effect of prostate

size on PTI as previously reported.15

When a potential predictive or prognostic marker is analysed for

efficacy, it should be judged on its capacity to improve a pre-exist-

ing optimized predictive model rather than simply on its status as

an independent variable.19 In our study, despite its status as an

independent predictor, the inclusion of PTI in the multivariable

models devised for predicting biochemical recurrence among the

total patient and the low-risk groups, respectively, failed to enhance

the predictive performances of the model. Therefore, our results

suggest that PTI may not be a necessary component of routine

pathological reports, as it did not offer additional prognostic

information beyond the information provided by established clas-

sical prognostic factors, such as PSA, pathological Gleason score,

pathological stage and surgical margin status.

Certainly, TV, as measured by a computerized morphometric

analyser, would be a more accurate estimate of actual tumour bur-

den in RP specimens than PTI. Recently, Sherwin et al. 20 reported

that TV measured as a percentage of prostate volume determined

objectively via image analysis software, which can be considered

computer-assessed PTI, correlated with the pathological features

of extraprostatic tumour extension, positive surgical margin and

seminal vesicle invasion. Still, to the best of our knowledge, the

superiority of computer-assessed parameters, as relevant to tumour

size as a prognostic parameter for prostate cancer, over those

assessed visually by pathologists, has yet to be validated via pro-

spective study. Moreover, due to medical insurance issues in vari-

ous countries along with other factors, the reporting of computer-

assisted TV measurement is not likely to become a standard prac-

tice in the near future. In the interim, additional studies are needed

to investigate the prognostic impact of computer-assessed TV in

prostate cancer.

The potential limitations of our study include the retrospective

nature of study design. In addition, we could not control for intra-

or interobserver variability in assessing PTI. Also, lymph node status

was not included as a variable in multivariate analyses due to large

number of patients with unknown lymph node status. In addition, we

could not analyse the extent of surgical margin. In Korea, PSA screen-

ing is not as widely applied as in Western countries. Accordingly,

prostate cancers arising in Korean men tend exhibit poorer differenti-

ation and more aggressive features compared with those observed in

Western patients.21 We believe that such factors may well have con-

tributed to the higher rate of positive surgical margin in our series

compared with Western RP series. In addition, body mass index was

not included in our analysis. Previously, we have reported that body

mass index did not significantly enhance the ability to preoperatively

predict pathological outcome and was not significantly associated

with PSA outcome or with other objective pathological outcomes in

Korean men undergoing RP, who are generally leaner than Western

counterparts.22 Due to lack of a long-term follow-up, the time to

biochemical recurrence rather than cancer-specific survival was desig-

nated as primary endpoint in our study. Biochemical recurrence

would currently be the most commonly applied parameter in analys-

ing outcomes following RP. The results of our study may have been

different with a larger number of subjects and a longer follow-up

period.

CONCLUSIONS

Although PTI was observed to be a more significant prognostic factor

among patients with low-risk disease than among those with higher

risk diseases, the addition of PTI failed to enhance the predictive

accuracy of the multivariate model, which incorporated various estab-

lished prognostic factors, devised for the prediction of biochemical

progression following RP. Such findings suggest that PTI may not be a

useful prognostic indicator in RP patients. Further investigation with a

larger cohort is needed to confirm our results and also to determine

whether our results apply to other methods of measuring tumour size,

such as TV assessed via computerized system.

Table 3 Multivariate Cox proportional hazards model of the potential predictors for biochemical recurrence-free survival among each disease

risk group

Low risk group (n5110) Intermediate risk group (n5315) High risk group (n5109)

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Age 1.021 0.963–1.079 0.058 1.352 0.979–1.722 0.386 1.530 0.972–2.088 0.230

Preoperative PSA level 1.762 0.946–3.282 0.074 2.000 1.047–3.819 0.033 1.028 0.771–1.369 0.852

Prostate volume 0.978 0.860–1.111 0.723 0.971 0.945–0.997 0.034 0.988 0.933–1.043 0.100

Pathological Gleason score — — — 3.191 1.086–9.203 0.025 2.298 1.065–4.958 0.034

Extraprostatic extension 1.836 1.006–3.353 0.048 1.421 0.991–2.786 0.054 2.346 1.260–3.433 0.012

Seminal vesicle invasion — — — 1.451 0.904–3.244 0.451 2.298 1.074–3.522 0.034

Surgical margin positivity 1.540 0.938–2.142 0.654 1.075 0.523–2.279 0.826 1.091 0.523–2.279 0.816

Percentage of tumour involvement 2.000 1.057–3.785 0.033 1.421 0.818–2.934 0.287 1.091 0.498–2.406 0.828

Abbreviations: CI, confidence interval; HR, hazard ratio; PSA, prostate-specific antigen.

Figure 2 Receiver-operating characteristics curves of multivariate logistic

regression model devised for the prediction of biochemical recurrence after rad-

ical prostatectomy (RP) with and without percentage of tumour involvement (PTI)

among the total patients.

Percentage of tumour involvement according to disease risk group
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