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Purpose: We investigated prostate size and its correlation with final pathologic out-
comes and prognosis.

Materials and Methods: From 1993 to 2009, 830 consecutive patients who underwent
radical prostatectomy with follow-up duration of 12 months or more were included in
this study. Patients were categorized according to prostate size as follows: group 1, pros-
tate size <40 g (n=458), and group 2, prostate size >40 g (n=472). Preoperative parame-
ters and postoperative pathologic outcomes were compared between groups.
Multivariate analysis with Cox proportional hazards regression model was used to
identify the pathologic and clinical factors affecting biochemical recurrence.
Results: Patients in group 1 had higher pathologic T stage (pT2a=17.7% vs. 23.9%,
pT2b=1.1% vs. 0%, pT2c=40.4% vs. 39.8%, pT3a=29.5% vs. 21.0%, pT3b=10.7% vs.
13.2%, p=0.003) and higher positive surgical margin (40.3% vs. 33.1%, p=0.033) than
did patients in group 2. Pathologic Gleason score was not significantly different between
the two groups. The 5-year biochemical-recurrence-free survival was 62.3% for patients
in group 1 and 73.2% for patients in group 2 (p=0.005). Multivariate Cox regression
analysis showed that prostate size of 40 g or less (hazard ratio [HR], 1.378; 95% con-
fidence interval [CI], 1.027 to 1.848; p=0.032), extracapsular extension (HR, 1.592; 95%
CI, 1.147 to 2.209; p=0.005), positive surgical margin (HR, 2.348; 95% CI, 1.701 to 3.242;
p<0.001), and pathologic Gleason sum (HR, 1.507; 95% CI, 1.292 to 1.758; p<0.001)
were independent predictors of biochemical recurrence.

Condusions: Smaller prostate size was associated with increased risk of higher pT stage
and positive surgical margin after radical prostatectomy. Also, prostate size less than
40 g was an independent prognostic factor for biochemical recurrence.
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INTRODUCTION

Radical prostatectomy is the most common treatment for
localized prostate cancer. Several factors have been devel-
oped to predict biochemical recurrence (BCR) after radical
prostatectomy, including preoperative prostate-specific
antigen (PSA) and pathologic variables [1,2]. Recently,
many studies have focused on prostate size as a potential
covariate for predicting pathologic features or prognosis af-
ter prostatectomy. However, the particular effects of pros-
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tate size on oncologic outcomes are not completely defined.
Some studies have demonstrated a relationship between
prostate size and either adverse pathologic features or re-
sponse to therapy [3-5], whereas others have found no addi-
tional benefit to the use of this parameter [6,7].

Given the discordant findings in the published liter-
ature, we hypothesized that prostate size would be related
to pathologic outcomes or risk of recurrence after radical
prostatectomy. In an effort to clarify the hypothesis, we
used our database of 830 patients who underwent radical
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prostatectomy and examined the effects of prostate size on
pathologic outcomes and BCR by use of a multivariate
model.

MATERIALS AND METHODS

From 1993 to 2009, 830 consecutive patients who under-
went radical prostatectomy with follow-up duration over
12 months were included in this study. None of the patients
received preoperative radiation, androgen deprivation
therapy, or previous prostatic surgery. After approval by
the Institutional Review Board (H-1102-003-349), clinical
and pathologic data from the eligible patients were re-
trieved from the patients’ medical records and were re-
viewed retrospectively.

Radical prostatectomy specimens were handled and
processed in a standard manner. All specimens were sub-
jected to weighing to determine the exact prostate volume
after the seminal vesicles were excised. The tumors were
graded according to the Gleason grading system [8] and
were staged according to the 2002 American Joint
Committee on Cancer tumor-node-metastasis grading sys-
tem [9]. Patients with lymph node metastasis were ex-
cluded in this study. Tumor volume was reported as the es-
timated percentage of prostate tissue involved by prostate
cancer [10]. Serum PSA levels were measured at 3, 6, and
12 months postoperatively, every 6 months thereafter until
3 years, and then annually. BCR was defined as two consec-
utive rises in PSA level greater than 0.2 ng/ml.

Patients were categorized according to prostate size as
follows: group 1, prostate size <40 g (n=458), and group 2,
prostate size >40 g (n=472). Preoperative parameters
(age, body mass index [BMI], PSA, biopsy Gleason score,
etc) and postoperative pathologic outcomes (pathologic T
stage, pathologic Gleason score, surgical margin status,
prostate size, etc) were compared between the 2 groups.
Differences in demographics and clinical and pathological
factors were examined by using the Student’s t-test and
chi-square test for continuous and categorical variables,
respectively. Survival curves for BCR relative to prostate
size were estimated by use of the Kaplan-Meier method and
were compared by using the log rank test. Significant prog-
nostic factors for BCR were assessed by multivariate analy-
sis by the Cox proportional hazard regression model. All
p-values were 2-sided and p<0.05 (IBM SPSS ver. 19.0
[IBM Co., Armonk, NY, USA]) was considered significant.

RESULTS

Mean age, BMI, and preoperative PSA were 65.2 years
(range, 41 to 85 years), 24.2 kg/m” (range, 16.2 to 33.3
kg/m?), and 12.3 ng/ml range, 1.2 to 45.7 ng/ml), respec-
tively. Nerve-sparing procedures were performed in 481
patients (58.0%): bilateral in 356 (42.9%) and unilateral in
125 (15.1%). Mean prostate weight was 42.0 g (range, 11.8
to 132.0 g).

Comparisons of demographic characteristics according
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TABLE 1. Demographic characteristics according to prostate
weight

Group 1: Group 2:
Characteristic Prostate Prostate p-value
<40 g (n=458) >40 g (n=472)
Age (yr) 64.3 (+6.7) 66.4 (+6.3) <0.001
ASA score (%) 0.371
1 200 (43.7) 149 (40.2)
2 237 (561.7) 209 (56.3)
3 21 (4.6) 13 (3.5)
BMI (kg/m?) 24.1 (x2.7) 24.3 (#2.7)  0.544
Serum PSA (ng/ml) 9.8 (+8.8) 15.4 (x4.7) <0.001
Clinical stage (%) 0.465
Tla 1(0.2) 0(0)
T1b 2(0.4) 0(0)
Tlc 277 (60.5) 233 (62.8)
T2a 166 (36.2) 121 (32.6)
T2b 1(0.2) 1(0.3)
T2c 6 (1.3) 10 (2.7)
T3a 2(0.4) 4 (1.1
T3b 3(0.7) 2(0.5)
Biopsy Gleason score (%) 0.388
<6 217 (47.7) 191 (51.9)
7 145 (31.9) 102 (27.7)
>8 93 (20.4) 75 (20.4)

Values are presented as mean (xSD) or number (%).
ASA, American Society of Anesthesiologists; BMI, body mass in-
dex; PSA, prostate-specific antigen.

to prostate weight are shown in Table 1. When compared
with their lighter counterparts (group 1), patients with
heavier prostates (group 2) were older (p <0.001) and had
a higher PSA level (p<0.001). No significant differences in
biopsy Gleason score or clinical stage were detected be-
tween the two groups. Patients with a smaller prostate
tended toward a shorter operative time (172.4 minutes vs.
182.1 minutes, p=0.052), but there was no significant asso-
ciation between estimated blood loss and prostate weight
(855.2 ml vs. 907.0 ml, p=0.248).

The pathologic stage was T2 in 508 patients (61.2%), and
in 311 (37.5%) it was T3. Of the total patient population,
307 patients (37.0%) had positive surgical margins, 213
(25.7%) had extraprostatic extension, and 27 (3.3%) had
positive lymph nodes. In addition, 581 patients (70.0%) had
a pathologic Gleason score of 7 or greater. In terms of patho-
logic outcomes, patients with small prostates had higher
pathologic T stage, smaller tumor volume, and more pos-
itive surgical margins than did patients with large pros-
tates (Table 2). No significant difference in pathologic
Gleason score was detected between the groups.

Mean follow-up duration in groups 1 and 2 was 47.6
months (range, 13 to 87 months) and 43.0 months (range,
13 to 76 months), respectively. In the univariate analysis,
the 5-year biochemical-recurrence-free survival was
62.3% for patients with prostates of <40 g and 73.2% for
patients with prostates of >40 g (p=0.005) (Fig. 1). In the
multivariate analysis, small prostates of less than 40 g
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TABLE 2. Pathologic outcomes according to prostate weight

Group 1: Group 2:
Prostate Prostate p-value
<40 g (n=458) >40 g (n=472)
Pathologic stage (%) 0.003
T2a 81(17.7) 89 (23.9)
T2b 5(1.1) 0 (0)
T2¢ 185 (40.4) 148 (39.8)
T3a 135 (29.5) 78 (21.0)
T3b 49 (10.7) 49 (13.2)
T4 3(0.7) 8(2.2)
Pathologic Gleason 0.261
score (%)
<6 126 (27.6) 121 (32.6)
7 271 (59.3) 201 (54.2)
>8 60 (13.1) 49 (13.2)
Tumor volume
(ml) 4.9 (£5.1) 8.9 (x12.3) <0.001
(%) 16.4 (+16.2) 17.3 (x22.9) <0.001
Positive surgical 184 (40.3) 123 (33.1) 0.019
margin (%)
Values are presented as number (%) or mean (+SD).
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FIG. 1. Biochemical recurrence (BCR)-free survival according to
prostate size.

(hazard ratio [HR], 1.378; 95% confidence interval [CI],
1.027 to 1.848; p=0.032), extraprostatic extension (HR.
1.592; 95% CI, 1.147 to 2.209; p=0.005), positive surgical
margin (HR, 2.348; 95% CI. 1.701 to 3.242; p<0.001), and
pathologic Gleason score (7 vs. <6, HR, 1.507, 95% CI,
1.292 to 1.758, p<0.001; =8 vs. <6, HR, 9.728, 95% CI,
2.732 t0 62.320, p<0.001) were identified as predictors of
BCR (Table 3).

DISCUSSION

In our study, men with smaller prostates had more ad-
vanced disease at the time of radical prostatectomy and
were at significantly higher risk of BCR.

Our results support several previous studies of the asso-
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TABLE 3. Multivariate analysis for biochemical-recurrence-free
survival

Variable Hazard ratio 95% CI p-value
Extracapsular extension 1.592 1.147-2.209 0.005
Positive surgical margin 2.348 1.701-3.242 <0.001
pGleason score 1.507 1.292-1.758 <0.001

CI, confidence interval.

ciation between smaller prostate size and more aggressive
pathological features [11,12]. Briganti et al. [11] reported
that small prostates were associated with a higher rate of
high-grade prostate cancer at biopsy and at radical prosta-
tectomy, with higher rates of extracapsular extension and
seminal vesicle invasion and with larger tumor volume af-
ter adjustment for several parameters. Freedland et al.
[12] also identified that prostate size was inversely asso-
ciated with the outcomes of high-grade disease, positive
surgical margins, extracapsular extension, and bio-
chemical progression (comparing prostate weight <20 vs.
>100 g; relative risk, 8.43; 95% CI, 2.9 to 24.0; p<0.001)
[12].

The reasons for these findings remain unknown.
However, several potential explanations exist. First, it has
been suggested that men with smaller prostates may have
lower levels of testosterone, which has been shown to corre-
late with more aggressive prostate cancer. Several studies
have suggested that smaller prostate size may represent
low androgenicity because androgen influences the growth
and differentiation of the prostate [13-15]. Some studies
have also suggested that lower pretreatment total an-
drogen concentrations have been associated with poor re-
sponse to treatment and survival [16-19]. Second, benign
tissue in a large prostate might serve as a barrier to the
growth of malignancy, thus eliminating the chance of ma-
lignant tissue to grow or acting as a physical buffer prevent-
ing local extension of malignant foci [20,21]. Many more
normal cells and a thicker prostate capsule in a large pros-
tate than in a small prostate play an important role in sup-
pressing cancer progression [22]. Third, cancers might be
detected earlier in men with larger prostates, because biop-
sies are taken earlier as a result of high PSA levels derived
from enlarged glands.

There were some limitations to our study. The major lim-
itation was the retrospective nature of the study design,
which was therefore susceptible to all limitations and bias-
es inherent in a retrospective design. However, we tried to
control for many factors that could influence the results in
our analysis; therefore, despite the limitations of our study,
prostate size is certainly an important prognostic factor af-
ter radical prostatectomy in Korean men with prostate
cancer. In addition, our study population was all Korean;
thus, it is difficult to apply our data to the general
population. However, the fact that such an association was
observed among a Korean population should not be over-
looked, considering the potential hormonal differences
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that exist among different races [23].

CONCLUSIONS

The findings of our study suggest that smaller prostate size
was associated with an increased risk of higher pT stage
and positive surgical margin after radical prostatectomy.
Also, with the use of prostate size as a categorical variable,
smaller prostate size less than 40 g was an independent
prognostic factor for BCR. Thus, we could conclude that
small prostates have a constellation of worse prognostic in-
dicators that may have an adverse impact on prognosis af-
ter radical prostatectomy.

CONFLICTS OF INTEREST
The authors have nothing to disclose.

REFERENCES

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

2. Stephenson AJ, Scardino PT, Eastham JA, Bianco FJ Jr, Dotan
ZA, Fearn PA, et al. Preoperative nomogram predicting the
10-year probability of prostate cancer recurrence after radical
prostatectomy. J Natl Cancer Inst 2006;98:715-7.

3. Feneley MR, Landis P, Simon I, Metter EJ, Morrell CH, Carter
HB, et al. Today men with prostate cancer have larger prostates.
Urology 2000;56:839-42.

4. Schroeck FR, Sun L, Freedland SJ, Jayachandran J, Robertson
CN, Moul JW. Race and prostate weight as independent pre-
dictors for biochemical recurrence after radical prostatectomy.
Prostate Cancer Prostatic Dis 2008;11:371-6.

5. Uhlman MA, Sun L, Stackhouse DA, Caire AA, Polascik TJ,
Robertson CN, et al. Tumor volume, tumor percentage involve-
ment, or prostate volume: which is predictive of prostate-specific
antigen recurrence? Urology 2010;75:460-6.

6. Foley CL, Bott SR, Thomas K, Parkinson MC, Kirby RS. A large
prostate at radical retropubic prostatectomy does not adversely
affect cancer control, continence or potency rates. BJU Int
2003;92:370-4.

7. Davidson DD, Koch MO, Lin H, Jones TD, Biermann K, Cheng
L. Does the size matter? Prostate weight does not predict PSA re-
currence after radical prostatectomy. Am J Clin Pathol 2010;133:
662-8.

8. Gleason DF. Histologic grade, clinical stage, and patient age in
prostate cancer. NCI Monogr 1988;(7):15-8.

9. Greene FL, Page DL, Fleming ID, Fritz AG, Balch CM, Haller DG,
et al. AJCC cancer staging manual. 6th ed. New York: Sprin-

Korean J Urol 2012;53:463-466

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

Min et al

ger-Verlag; 2002.

Chen ME, Johnston D, Reyes AO, Soto CP, Babaian RJ, Troncoso
P. A streamlined three-dimensional volume estimation method
accurately classifies prostate tumors by volume. Am J Surg
Pathol 2003;27:1291-301.

Briganti A, Chun FK, Suardi N, Gallina A, Walz J, Graefen M,
et al. Prostate volume and adverse prostate cancer features: fact
not artifact. Eur J Cancer 2007;43:2669-77.

Freedland SJ, Isaacs WB, Platz EA, Terris MK, Aronson WJ,
Amling CL, et al. Prostate size and risk of high-grade, advanced
prostate cancer and biochemical progression after radical prosta-
tectomy: a search database study. J Clin Oncol 2005;23:7546-54.
Walsh PC, Madden JD, Harrod MdJ, Goldstein JL, MacDonald PC,
Wilson JD. Familial incomplete male pseudohermaphroditism,
type 2. Decreased dihydrotestosterone formation in pseudovagi-
nal perineoscrotal hypospadias. N Engl J Med 1974;291:944-9.
Coffey DS, Walsh PC. Clinical and experimental studies of benign
prostatic hyperplasia. Urol Clin North Am 1990;17:461-75.
Thompson IM, Goodman PJ, Tangen CM, Lucia MS, Miller GJ,
Ford LG, et al. The influence of finasteride on the development
of prostate cancer. N Engl J Med 2003;349:215-24.

. Chodak GW, Vogelzang NJ, Caplan RJ, Soloway M, Smith JA.

Independent prognostic factors in patients with metastatic (stage
D2) prostate cancer. The Zoladex Study Group. JAMA 1991;265:
618-21.

Ribeiro M, Ruff P, Falkson G. Low serum testosterone and a
younger age predict for a poor outcome in metastatic prostate
cancer. Am J Clin Oncol 1997;20:605-8.

Chen SS, Chen KK, Lin AT, Chang YH, Wu HH, Chang LS. The
correlation between pretreatment serum hormone levels and
treatment outcome for patients with prostatic cancer and bony
metastasis. BJU Int 2002;89:710-3.

Iversen P, Rasmussen F, Christensen IJ. Serum testosterone as
a prognostic factor in patients with advanced prostatic
carcinoma. Scand J Urol Nephrol Suppl 1994;157:41-7.

Luo J, Duggan DJ, Chen Y, Sauvageot J, Ewing CM, Bittner ML,
et al. Human prostate cancer and benign prostatic hyperplasia:
molecular dissection by gene expression profiling. Cancer Res
2001;61:4683-8.

Stamey TA, Warrington JA, Caldwell MC, Chen Z, Fan Z,
Mahadevappa M, et al. Molecular genetic profiling of Gleason
grade 4/5 prostate cancers compared to benign prostatic
hyperplasia. J Urol 2001;166:2171-7.

Msezane LP, Gofrit ON, Lin S, Shalhav AL, Zagaja GP, Zorn KC.
Prostate weight: an independent predictor for positive surgical
margins during robotic-assisted laparoscopic radical prostatec-
tomy. Can J Urol 2007;14:3697-701.

Hong SK, Yu JH, Han BK, Chang IH, Jeong SJ, Byun SS, et al.
Association of prostate size and tumor grade in Korean men with
clinically localized prostate cancer. Urology 2007;70:91-5.



