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Aim

Methods

Results

Conclusions

To evaluate intraprostatic distribution of prostate carcinoma as a function of increasing tumor size and
its potential clinical relevance.

Forty-six prostates with different tumor extent were three dimensionally reconstructed and analyzed
with emphasis on number of separate tumors (multifocality) and its distribution on both sides of the ure-
thral midline (laterality).

Three tumor distribution patterns were identified: multiple bilateral without posterior midline cross-
over, multiple bilateral with crossover, and single bilateral (global) tumors. Unilateral tumors were rare
(2%). The pattern of tumor distribution was associated with total tumor volume, presence and volume
of high grade component, presence of extracapsular extension, and seminal vesicle involvement. Bilat-
eral tumors with crossover were larger than bilateral tumors without crossover (Spearman’s p=0,728,
P<0.001) and were associated with adverse pathological features including capsular penetration,
seminal vesicle invasion, and surgical margin involvement. However, only high-grade volume was in-
dependently and highly associated with seminal vesicle involvement (OR=2.64, 95%, Cl=1.181-
5.340, P<0.001). Total (OR=2.53 [1.23-3.74], P<0.001) and index tumor (OR=2.54 [1.31-4.93],
P<0.001) volumes were independently associated with capsular penetration.

The distribution of bilateral prostatic carcinomas with and without crossover may have clinical rele-
vance because of their relation to total and high-grade volume.

CLINICAL ScIENCE

In the recent years, new strategies for
performance of the prostate biopsies have been
proposed for the purpose of enhanced tumor de-
tection (1-3). This shift from lesion-directed biopsy
toward systematic random sampling of the pros-
tate has emphasized the need and importance of
clinically useful interpretation of topographically
complex findings. Attempts were made to predict
the number of separate tumors when more than

one sextant site showed cancer (4) and to predict
cancer volume in bilateral positive biopsies (5).
The analysis of zonal distribution of the prostate
cancer and, most recently, plane of the greatest
cancer spread and intracompartmental distribu-
tion as a function of cancer volume were de-
scribed (6,7). It is known, however, that the major-
ity of patients with prostate carcinoma, have more
than one tumor; extensively disperse growth and
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multiple histological patterns can be found within
a single tumor (6,8-10). Therefore, little is still
known about how tumor laterality and multi-
focality, as identified on needle biopsy, can help
to generate clinically useful prediction of the
pathologic stage. Complex growth, intraprostatic
distribution of the largest tumor (index tumor), and
simultaneous presence of multiple incidental tu-
mors within a single prostate make it difficult to
understand the tumor extent based on the pre-
treatment biopsy reports. However, patterns of
prostate carcinoma distribution based on the anal-
ysis of laterality and multifocality, rather than ana-
tomic location and zonal distribution have not yet
been described. Epstein et al (4) addressed the
question of multifocality of the prostate cancer on
sextant biopsies and found that when more than
one sextant site showed cancer, there were differ-
ences in terms of whether the tumors sampled
were multifocal or solitary, depending on which
sites were positive. Loch et al (5) showed that
contralateral biopsies did not contribute to predic-
tion nor distinguish bilateral spread from contra-
lateral incidental cancer.

In this study, we performed a systematic
analysis of multifocality and laterality of prostate
adenocarcinomas in 46 three-dimensionally (3-D)
reconstructed prostates from preoperatively un-
treated patients with tumors of variable size. Based
on the combination of multifocality and laterality of
the tumors, we identified volume-related patterns
of prostate carcinoma distribution which could pro-
vide a prediction of capsular perforation and semi-
nal vesicle invasion. Our results suggest that pros-
tate sampling at the posterior midline may provide
clinically useful staging information in the pretreat-
ment evaluation of prostate cancer patients.

Subject and Methods

We morphologically analyzed 194 com-
pletely embedded prostates from previously un-
treated men with prostatic adenocarcinoma, who
underwent radical retropubic prostatectomy be-
tween 1988 and 1996 at the Norwegian Radium
Hospital, Oslo, Norway. None of these patients
had preoperative morphologic evidence of re-
gional lymph node metastases. Patients age varied
from 54 to 73 years (median 63.5). All procedures
in tissue collection were in accordance with re-
gional ethical standards outlined by the hospital
Ethics Committee.

The prostates were submitted for mor-
phological examination in toto. Careful tracing un-
der microscopic examination was done on each
glass slide in all 194 specimens, creating a tumor
outline by a marker pen. Representative cases for
three dimensional reconstruction were selected
from 194 specimens, in order to determine the
number of tumor foci and the tumor distribution in
the prostate. To follow the changes in tumor distri-
bution with tumor growth, the percentage of slides
containing tumor was used to select 46 cases to be
representative of small, medium, and large size tu-
mors. We included 16 cases with 1-33%, 15 cases
with 34-66%, and 15 cases with 67-100% slides
involved by the tumor.

The following features were also re-
corded for each case: 1) all Gleason grades (9) in
all tumor foci on each slide; 2) tumor extension be-
yond the limits of the prostate (capsular penetra-
tion); 3) resection margin involvement; 4) seminal
vesicle involvement; 5) percentage of slides con-
taining tumor (as a measure of tumor dispersion
within the prostate); 6) laterality of the tumor; and
7) zonal distribution.

Three-dimensional Reconstruction

Three-dimensional  prostate  models
were created from transparent copies made from
all tissue glass slides with previously outlined can-
cer areas. First, copies of the tissue slides belong-
ing to the same transverse level were matched and
pasted together. Subsequently, serial levels were
pasted sequentially into a real prostate model. The
distance between individual transparent levels
corresponding to the thickness of a single tissue
slice was left empty. The left and right halves of the
gland were then aligned one toward the other by
matching tissue contours (Fig. 1).

Number of Tumors

The number of tumors in each prostate
was determined after three dimensional recon-
struction. In the absence of overlap, the carcinoma
area was considered part of the same tumor if the
distance to the nearest adjacent focus was within 3
mm in any of the three dimensions of the model.
All tumors within the same prostate were recorded
in numerical order, based on the calculated per-
cent involvement with a number 1 (T1) designat-
ing the index tumor.
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Tumor Percentage and Tumor Volume

Each distinct prostate tumor and its
high-grade component (Gleason grades 4 and 5)
were evaluated (9). Calculation of the percent of
prostate tumor involvement was based on mea-
surements performed as previously described, us-
ing the grid method (11-13). Tumor volume was

calculated from tumor mass and the density of the
prostate tissue.

Laterality of the Tumor

For all reconstructed prostates, the exact
anatomic location of each tumor was recorded. The
total tumor volume was measured with the grid-
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Figure 1. Three steps in three-dimensional reconstruction of the prostate from routine sections, using plastic transparent
slides. The end result is a plastic transparent model, which can be held in hand and provides easy and reproducible assess-
ment of tumor distribution. The presence of the tumor in the histology section is outlined by dots (for total tumor) and full
lines (for high-grade tumor).

Table 1. Association among the pattern of prostate tumor distribution and total tumor volume, high-grade volume, and prostate tu-
mor (pT) category

Pattern of Total tumor volume No. (%) of High-grade volume No. of tumors with pT category*
tumor distribution No. (%) (mL; median, range)* high-gradet (mL; median, range)* pT1-2 pT3as pT3bs
Multiple unilateral 1 0.37 1 0.27 1 0 0
Multiple bilateral without crossover 17 2.66 (0.06-4.52) 6 0.47 (0.24-2.07) 9 8 1
Multiple bilateral with crossover 12 3.06 (1.35-8.30) 11 1.78 (0.22-3.93) 3 9 2
Single bilateral (global) 16 10.85 (3.27-38.73) 16 3.75(0.07-31.84) 1 15 8
Total 46 4.63 (0.06-38.73) 33 1.85 (0.07-31.84) 13 32 11

*P<0.001 (Spearman correlation, p=0.74 for total tumor volume and p=0.68 for high-grade volume).

TAccording to Gleason (9).

}pT1-2 - confined, pT3a - extracapsular extension, unilateral of bilateral, pT3b - seminal vesicle involvement (21).

§P=0.006 for extracapsular extension and P=0.004 for seminal vesicle involvement (Spearman correlation p=0.34 for extracapsular extension and p=0.42 for seminal vesi-
cle involvement).
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method for each side separately. For our study, the
“midline” of the peripheral zone was defined by in-
spection of 3D-reconstructed specimens, using the
urethra as a primary anatomic reference point. Tu-
mors with continuous growth across posterior ure-
thral midline (crossover) were recorded. The exact
extent of the tumor with continuous growth over
the midline on each side of the specimen (left and
right) was measured with the grid method. The tu-
mors were designated as “midline tumors” if fulfill-
ing previously published criteria (ie less than 10%
difference between the 2 lobes) (5).

Statistical Analysis

Associations between categorical vari-
ables were analyzed by the y*-test. Spearman cor-
relation was used where appropriate. The simulta-
neous effect of several (explanatory) variables was
analyzed by multivariable regression models.
When the dependent variable was continuous or
ordinal, multiple linear regression was applied.
For binary dependent variables, logistic regression
was used. P-values below 0.05 were considered
statistically significant. The regression models
were reduced by backward elimination to include
the significant variable only. SPSS 12.0 (SPSS Inc,
Chicago, IL, USA) software was used for statistical
analysis.

Results

The weight of the prostates varied from
13 to 76 g (median 45). Pathological stage is in-
cluded in the Table 1. A total of 110 tumors were
identified in 46 prostatectomy specimens. The
smallest total tumor volume was 0.06 mL and the
largest 38.73 mL (median 4.63 mL). The volume of
the total tumor (Spearman’s p=-0.629, p=-0.616,
P=0.001), and percentage of prostate involve-
ment (Spearman’s. p=-0.723, P<0.001) all
showed an inverse relation with the number of tu-
mors. All prostates with tumor involvement of
more than 20% or with tumor volume larger than
8.5 mL had only one bilateral/global tumor. The
smallest global tumor was 3.27 mL.

Tumor distribution patterns changed
with the increasing total tumor volume. The small-
est tumors were multiple, with bilateral prostate
involvement. With increasing volume, the follow-
ing changes in the distribution pattern were seen:
from multiple bilateral without crossover to multi-
ple bilateral with crossover, and finally to an ex-

tensive single bilateral tumor (global tumor). There
was only a single prostate with 0.37 mL multifocal,
unilateral tumor (Table 1).

The presence of index tumor (T1) cross-
over (Fig. 2) was associated with increasing tumor
volume (Spearman’s p=0.728, P<0.001), per-
centage of prostate involved by the tumor
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Figure 2. Prostate carcinomas with posterior crossover are
much larger than those without crossover. Box-and-whis-
kers plots for: (A) differences for total tumor volume, (B) vol-
ume of a high-grade component, and (C) percentage of the
prostate involved by the tumor.
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(Spearman’s p=0.733, P<0.001) and T1 volume
(Spearman’s p=0.768, P<0.001), as well as per-
cent of prostate involved by T1 (Spearman’s
p=0.748, P<0.001). Only one index tumor was
classified as “midline tumor” (equally distributed
between left and right lobe) with volume of 5.3
mL. No incidental “midline tumors” were found.

The occurrence of high-grade tumor
component appeared to increase exponentially
and was present in all prostates with total tumor
volume larger than 2 mL. The volume of the high-
grade tumor component was proportional to the
volume of the total tumor (Spearman’s p=0.619,
P<0.001) and volume of the index tumor (T1)
(Spearman’s p=0.643, P<0.001).

A significant correlation was found be-
tween the Gleason sum and total tumor volume
(Spearman’s p=0.299, P=0.043) and also with
the index tumor (T1) volume (Spearman’s p=0.306,
P=0.039), but not with the percentage of prostate
involved by the tumor.

Only the largest (index tumor, T1)
showed capsular penetration. The capsular pene-
tration was significantly associated with several
parameters of tumor extent when these were ana-
lyzed individually (total tumorvolume, P<0.001,
OR=2.53 95% Cl=1.23-3.74), T1_volume
(P<0.001, OR=2.54 [1.31-4.93]), percentage of
prostate involved by« the tumor (P=0.003,
OR=3.57[1.52-8.34]), and percentage of prostate
involved by T1 (P=0.004, OR=3.61 [1.50-8.74]).
However, regression analysis showed that it was
only the total tumor volume and T1 volume,
which were independently associated with capsu-
lar penetration. Also, half of the tumors penetrated
the capsule before they crossed the posterior ure-
thral midline.

Only the index tumor (T1) involved the
seminal vesicles. The analysis showed that the
seminal vesicle involvement was significantly as-
sociated with the Gleason sum (P=0.003,
OR=3.85 [1.60-9.27]), total tumor volume
(P=0.023, OR=5.91[1.64-21.33]), high grade tu-
mor volume (P<0.001, OR=2.64 [1.18-5.34]),
percentage of prostate with tumor involvement
(P=0.003, OR=2.43 [1.35-4.38]), T1 volume
(P=0.014, OR=3.39[1.29-8.98]), and percentage
of prostate involved by T1 (P=0.003, OR=1.07
[1.02-1.12]) when these were analyzed individu-
ally. However, regression analysis of all of these
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parameters revealed that it was only the high-
grade tumor volume (P=0.04, OR=2.06 [1.11-
5.55]) that was significantly associated with the
seminal vesicle involvement. Of 11 prostates with-
out high-grade component, none had seminal vesi-
cle invasion. In patients with total tumor volume
<4.5 mL, only 4% had seminal vesicle involve-
ment, but as many as 50% had seminal vesicle in-
volvement when total tumor volume was >4.5 mL.

Peripheral zone tumors extending into
the ‘transition zone were significantly larger
(x’,=5.477, P=0.009) than those with capsular
penetration alone.

Discussion

The results of our study provide a link
between the patterns of multifocality and laterality
of the tumor with the tumor volume, intraprostatic
distribution, capsular penetration, and seminal
vesicle invasion. Based on the current needle bi-
opsy strategies, it is not possible to distinguish bi-
lateral spread from contralateral incidental can-
cers of the prostate or predict pathologic stage
(5,14). The volume of the tumor, including high-
grade volume, is not known preoperatively and
only exceptionally, in rare centers, it is available
postoperatively. Few studies of the relationship
between volume and intraprostatic zonal and ana-
tomical distribution of carcinoma of the prostate
are available (6-8). In our approach to the analysis
of tumor distribution, we did not focus on the ana-
tomic or zonal spread of the adenocarcinoma, but
rather on the significance of the multifocality,
laterality, and index tumor crossover as a function
of an increasing total tumor volume.

Our study showed that prostate carci-
noma is already a multifocal and bilateral disease
at very low volume (< 0.5 mL), which is in agree-
ment with several previous studies (8-10,15,16).
Remarkably, the tumors were already global when
the percentage of prostate involvement reached
between 15% and 20%. This probably reflects the
fact that prostate tumors have a tendency for dis-
perse growth and that their growth is limited to a
certain point by a transition zone boundary
(17,18). Transition zone boundary was also con-
firmed in our study by showing that the tumors that
penetrated the capsule were significantly smaller
than those that penetrated the transition zone
boundary. Also, about half of the tumors in our
study penetrated the capsule before they crossed
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the posterior urethral midline. In our study, all
penetrating tumors were index tumors, whereas
Ruiter et al (9) reported that about 25% of the tu-
mors with capsular penetration in multifocal dis-
ease were not index tumors. Our findings concur
with the recent conclusion by McNeal and Haillot
(7) that patterns of spread of adenocarcinoma of
the prostate are not entirely random and unpre-
dictable, but are guided in part by the complex
stromal organization of the gland.

The laterality of the tumor (unilateral vs
bilateral) was considered to be a potential prog-
nostic factor of prostate carcinoma (19). Byar and
Mostofi (8) reported that as much as 80% of the
prostates with adenocarcinoma had bilateral in-
volvement. In our study, 98% of the prostates had
bilateral involvement by carcinoma, in both the
smaller 3-D reconstructed sample of 46 prostates
and the large sample of 194 prostates (results not
shown). Loch et al (20) found that 48% of index tu-
mors were bilateral, which is similar to 59% in our
study. The most important finding of our study was
that 92% of tumors with crossover had high-grade
component, whereas high-grade component was
found in only 35% of the tumors without cross-
over. These findings suggest, similar to the find-
ings of Chan et al (2,10), that finding of a tumor in
a posterior midline biopsy could give additional
clinical information. In their study, this additional
information refers to an increased chance of de-
tecting a prostate cancer after negative sextant bi-
opsies. In our study, this additional information re-
fers to an ability to demonstrate higher probability
of a larger tumor volume and higher probability of
capsular penetration, as well as seminal vesicle in-
vasion. An important previous work by Chan et al
(2), who created detailed maps of tumor foci,
showed that the posterior midline peripheral zone
is generally not involved in tumors <0.5 mL,
rarely in tumors between 0.5 mL and 2.0 mL, and
often in tumors >2.0 mL, which is in agreement
with our findings. Hence, study by Chan et al (2)
and our study indicate that the presence of a tumor
in the posterior midline on the needle biopsy may
be suggestive of a large bilateral index tumor.

Since our study and the study by Loch et
al (20) showed that the presence of tumor
bilaterality alone without reference to the index tu-
mor crossover has no relevance for staging, we
suggest that the presence of posterior crossover

should be further studied as a potential prognostic
factor in prostate cancer.

In conclusion, with increasing total tu-
mor volume, there is a sequential change in the
pattern of tumor distribution from multifocal, bilat-
eral disease without crossover, through multifocal
bilateral disease with index tumor crossover, to a
single bilateral tumor (global tumor). The presence
of the largest tumor crossover was positively asso-
ciated with pT category. Finding of the index tu-
mor crossover in the posterior midline needle bi-
opsy should be considered as potentially informa-
tive for pretreatment staging as for now.
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