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Materials and Methods

Two hundred and seventy radical prostatectomies were per-
formed for clinically localized disease at Stanford University Medi-
cal Center between 1/84 and 2/89. All patients who received preoper-
ative radiation or hormonal therapy were excluded from review. as
were any patients who received postoperative mdxauon or I\ormoml
therapy prior to the ion of clinical or biochemical recur-
rence. All patients with cancers <4 cm? in volume were also
excluded as well as any patients who had a positive margin caused by
inadvertent incision into the prostate since these latter patients do
not reflect the natural history of prostate cancer [12. 13]. Included
were only patients with a minimum follow-up of 15 months. With
these exclusions. 85 patients were available for study. Patients were
routinely examined at 3-month intervals for the first year and every
4-6 months thereafter. All follow-up visits consisted of physical
examination including a careful rectal examination. A serum PSA
(Yang) was obtained at each visit beginning in August. 1986. Bone

Table 1. Pathologic of 85 radical p; Y spec-
iments with tumor volumes greater than 4 cm?
Factor Mean Median SD
Volume, em? 103 7.8 6.9
% Gr 4-5 39 30.0 315
Caps. penetr., cm 29 1.5 2.4
Preop. PSA, ng/ml 36.5 238 44.1
SV Inv. 34/85 (40%) =
Pos. LNs 19785 (22%) =
F/U, months 345 31.0 13.8

% Gr 4-3 = Proportion of Gleason grade 4 and/or 5 in the cancer:
caps. penetr. = amount of disease outside the prostatic capsule: SV
Inv. = seminal vesicle invasion; pos. LNs = positive lymph nodes:
preop. PSA = preoperative serum PSA (Yang): F/U = follow-up after
radical prostatectomy.

scans were obtained 6 months following radical y, and
yearly thereafter.

Pathologic Analysis. Immediately after removal. prostates were
inked over the entire surface and fixed overnight in undiluted (37%)
formalm All specimens were processed according to the Stanford
[9, 13, 14] with serial sectioning of the specimen at 3-mm
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Prognosis

Recurrence of prostate cancer following radical prostatectomy is determined
by the extent of local disease. Tumor volume and grade have improved our
ability to predict extraprostatic extension, but tumors of intermediate volume
and grade vary in their biologic behavior. To assess the prognostic significance
of DNA ploidy, we performed flow cytometry in 85 patients with prostate

cancer volumes >4 cm3. Post-radical prostatectomy serum prostate-specific
antigen was used to prove recurrence of cancer. Mean follow-up was 35
months (median 31 months). 26 patients (30%) had diploid histograms, 55
(65%) non-diploid histograms. In 4 cases (5%) the histograms were uninter-
pretable. Tumor volume and percent of Gleason grades 4 or 5 separated the
recurrent from nonrecurrent groups in a highly significant manner (p <
0.001). When tested alone, ploidy had no ability to predict recurrence (p =
0.26). However, in a subset of patients with 4-8 cm? of cancer with <30%
Gleason grade 4 or 5 tumor, ploidy conferred significant additional prognostic
information (p < 0.005).

Introduction

The natural history of prostate cancer, including the
recurrence of disease following radical prostatectomy, has
until recently been highly unpredictable. Previous studies
have been hindered by the long (10-15 years) follow-up
necessary to document clinical recurrence and less than
optimal examination of the prostate specimen. The addi-
tion of prostate specific antigen (PSA) as a marker has
telescoped the time necessary to detect the presence of
malignant cells following radical prostatectomy [1]. Anal-

ysis of deoxyribonucleic acid (DNA) content of malignant
cells by flow cytometry has been proposed as a useful
additional prognostic measure which has been the subject
of several recent investigations [2-9]. We have shown that
tumor volume and Gleason grade are reliable predictors
of capsular penetration, seminal vesicle invasion, lymph
node metastasis and recurrence [10, 11]. The present
study was undertaken to assess the value of tumor ploidy
to predict prognosis both alone and in conjunction with
the tumor volume and Gleason grade.
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intervals in transverse planes perpendicular to the rectal surface. A
single coronal cut was prepared from each seminal vesicle. A 5-um
slide was cut from each tissue block and stained with hematoxylin
and cosin. The outlines of carcinoma, prostate capsule. and anatomic
landmarks were marked in ink on each slide and transferred by trac-
ing to serial maps. Areas of complete capsule penetration by the can-
cer were precisely marked by an ink line drawn along the capsular
surface in the area of capsule penetration. In this way. each prostate
was completely reconstructed, allowing the calculation of cancer vol-
ume by computer planimetry, the estimation of proportion of poorly
differentiated elements in the cancer (tabulated as percent of Glea-
son grade 4 and/or 5) and the estimation of seminal vesicle invasion.
Capuslar penetration into the periprostatic fat was quantified as the
sum of measured line lengths on the slides. 1l

Flow Cytometric Analysis. For flow cytometry, 30- pm sections
were cut from tissue blocks where the presence of cancer was verified
by inspection of the adjacent transverse sections. One to three blocks
were analyzed per case (mean 1.9). Formalin-fixed. paraffin-embed-
ded benign prostatic tissue taken from cystoprostatectomy speci-
mens were utilized as an external control. These sections were exten-
sivley reviewed to exclude the presence of occult cancer. Additional-
ly, the vast majority of sections submitted for flow cytometry
included microscopically normal tissue to serve as an internal dip-
loid control. Sample preparation was performed using a modifica-
tion of the technique described by Hedley et al. [15]. Samples were
dewaxed in two changes of Histoclear and then rehydrated in sequen-
tial rinses of 100 (times 2), 95, 70 and 50% cthanol. Distilled water
was then added until the sample was covered and remained in water
overnight. The water was aspirated and | ml of pepsin solution add-
ed. The resulting nuclear suspension was filtered through a 40-um
mesh and centrifuged. The supernatant was discarded and | mi of
staining solution (containing propidium iodide) and 100 ul of
RNAse added to the pellet. After incubation the samples were vor-
texed and centrifuged and the pellet was resuspended in 750 ul of
staining solution and filtered through a 35-um mesh. Samples were
placed on ice and run within I h.

Samples were run on a FACSCAN (Becton Dickinson) flow
cytometer equipped with a doublet discrimination module (pulse
processor). Excitation wavelength was 488 nm. Instrument perfor-
mance (linearity and coefficient of variation) was confirmed using a
DNA Quality Control Kit (Becton Dickinson) which included
chicken erythrocyte nuclei, calf thymoceyte nuclei, and 2-um beads.
Data analysis was performed using the CELLFIT program (Becton
Dickinson). DNA aneuploidy was defined as a sample with a DNA
index not equal to 1.0. Asa mean 1.9 samples were run per patient, in
cases where the ploidy of the samples was discordant. the more
abnormal ploidy was assigned for further analysis. This occurred in
15 cases (17%).

Results

The morphometric data from our analysis of these 83
radical prostatectomy specimens are presented in table 1.
Tumors varied in volume from 4.15 to 45.5 cm® (mean
10.3 cm3). The mean percentage of cancer with Gleason
grade 4 or 5 was 39% and ranged from 0 to 100%. Seven-
teen patients (20%) had tumors confined within the cap-
sule, 49 (58%) had cancer involving the seminal vesicle
and/or the periprostatic fat, and 19 patients (22%) were
classified as stage D1 when final pathology revealed
occult micrometastases to the pelvic lymph nodes. Mini-
mum follow-up was 15 months and mean follow-up was
34.5 months (median 31 months).

Recurrent versus Nonrecurrent Cases. Of the 85 pa-
tients, 43 (51%) have developed biochemical and some-
times clinical evidence of residual or recurrent disease
during follow-up. The difference in pathologic parameters
between the recurrent and nonrecurrent groups are pre-
sented in table 2. Differences in tumor voluine, percent of




Table 2. Comparison of pathologic data in recurrent versus non-
recurrent cases of carcinoma of the prostate (mean = SD)

Factor Recurrent Nonrecurrent  p value
n 43 42 -
Volume, cm? 13.7£82 6.9x22 <0.0001
% Gr 4-5 50.5+29.2 26.9+29.7 0.0004
Caps. penetr., cm 4.7+43 FLELS <0.0001
Preop. PSA, ng/ml 48.2+57.6 24.4£18.7 0.018
SV Inv. 25/43 9/42 <0.005
Pos. LNs 17/43 2/42 <0.005
Ploidy' 11D/3IND 15D/24ND  >0.05
F/U, months 37.0x14.0 31.1£13.0 0.05

Recurrent tumors had larger volumes and more high grade cancer
than nonrecurrent tumors, but no difference in tumor ploidy was
seen. D = Diploid hi ND = diploid hi: . For
other abbreviations see table 1.

! 81 DNA histograms evaluable.

Table 3. Comparison of pathologic data in diploid versus non-
diploid cases (mean = SD)

Factor Diploid Non-diploid p value
n' 26/(30%) 55(65%) -
Volume, cm? 11.0£6.2 10.3£74 0.65

% Gr. 4-5 40.8+33.3 38.7£314 0.78
Caps. penetr, cm 3.7+48 2.6+3.1 0.31
Preop. PSA, ng/ml 32.9£525 37.2x41.1 0.73
SVInv. 11/26 21/55 >0.05
Pos. LNs 5126 14/54 >0.05
Recurrence 11/26 (42%) 31/55(56%) >0.05

There were no significant differences between the groups. See
table 1 for abbreviations.
I 5% were not interpretable, despite multiple runs.

Table 4. Recurrence rates when combining tumor volume plus
ploidy (81 cases with evaluable histograms)

Factor ‘Tumor ploidy Total
diploid non-diploid
n % n % n %
Any 1126 42% 31/55  56* 42/81 52
4-8 cm? 0/10  0** 13/31 4% 13/41 32
=8cm? 11716 69* 18/24  75* 29/40 73

A statistically significant difference in recurrence rate is noted in
tumors <8 cm?, but not in tumors =8 cm?’.
*p > 0.05 (not significant); ** p < 0.025 (significant).

Gleason grade 4 or 5, degree of capsular penetration, sem-
inal vesicle invasion and lymph node metastases were all
highly significant. In the 43 recurrent cases, total tumor
volume and percent of tumor involved with Gleason
grades 4 or 5 were nearly twice the mean values obtained
for the 42 nonrecurrent cases; the amount of capsular pen-
etration in the recurrent group was over 4 times that of the
nonrecurrent group.

Comparison of Diploid versus Non-diploid Groups.
Flow cytometric ploidy analysis was performed in all 85
cases. Despite multiple runs from several different blocks,
4 patients (5%) had uninterpretable histograms, leaving
81 patients for ploidy analysis. Samples in 26 patients
(30%) were found to be diploid, while 55 patients (65%)
were found to have non-diploid tumors. There was no sta-
tistical difference in total volume, percent Gleason grade
4 or 5, capsular penetration, or rates of seminal vesicle or
pelvic lymph node involvement between diploid and non-
diploid groups (table 3). While there was a slight trend
towards greater incidence of tumor recurrence in the non-
diploid group, this was not statistically significant (1> =
1.4 with 1 degree of freedom). Kaplan-Meier analysis of
patients divided by ploidy alone is presented in figure 1.
Overall, no significant differences between the diploid
and non-diploid groups were recognized either clinically
or pathologically.

Comparative Ability to Predict Recurrence. An effort
was made to determine the single parameter most likely to
separate recurrent from nonrecurrent patients. As noted
above, ploidy alone showed no ability to accurately pre-
dict biochemical or clinical recurrence. However, when
patients were divided into two groups by total cancer vol-
ume, a significant trend was noted. Of 45 patients with
tumor volumes of 4-8 cm3, 14 (31%) have experienced
recurrence of disease. Of the remaining 40 patients with
greater than 8 cm? of tumor volume, 29 (72.5%) have evi-
dence of disease recurrence (p < 0.005). Time to disease
recurrence in relation to cancer volume in a Kaplan-
Meier analysis is shown in figure 2. Of 44 patients with
30% or less of Gleason grade 4 or 5 cancer, 14 (32%) have
recurred. Of the remaining 41 patients with more than
30% Gleason grade 4 or 5 cancer, 29 (71%) have recurred
(p < 0.005).

Combination of Ploidy and Pathological Parameters.
Though we were unable to differentiate between the
recurrent and nonrecurrent groups using ploidy status
alone, total cancer volume and percent Gleason grade 4 or
5 differed significantly between the recurrent and nonre-
current patients. However, there were several exceptions
where recurrence developed in tumors with volumes of

134 Voges/Eigner/Ross/Sussman/Stockle/
Freiha/Stamey

Pathologic Parameters

No recurrence, %
o o o o
a8 & 8
2 5 ¢ @

Diploid (n = 26)

p = 0.265 (not significant)
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Fig. 1. Kaplan-Meier analysis of time to

first recurrence comparing diploid to non- 0.1
diploid cases. While a trend towards carlier 00
recurrence in non-diploid is noted. this is not 0
statistically significant (p = 0.265. log-rank
statistics).
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p<0.001
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Fig. 2. Kaplan-Meier analysis of time to o
first recurrence comparing smaller volume 0.0
tumors (4-8 cm’) to larger tumors (=8 cm?). 0

The difference is highly significant (p <
0.001, log-rank statistics).

4-8 cm3 which had less than 30% Gleason grade 4 or 3
cancer. In an attempt to resolve these exceptions we com-
bined ploidy with volume in a separate analysis of disease
recurrence (table 4). Of 43 patients with total tumor vol-
ume of 4-8 cm3, 14 (31%) have recurred. An interpretable
histogram was available in 41 of the 45 total patients and
in 13 of 14 with disease recurrence. All 13 patients with
recurrence had non-diploid tumors (p < 0.025). In the 31
patients with no recurrence out of the group of 45 who
had cancer volumes of 4-8 cm3, samples were non-dip-

T T T
20 30 40 . 50 60 70
Time, months

loid in 18 (58%), diploid in 10 (32%), and indeterminate
in 3 (10%). This is not significantly different from the
study population as a whole. Twenty-nine of 40 patients
(72.5%) with tumors larger than 8 cm? suffered recur-
rences. Of these, 11 were diploid and 18 were non-diploid
(p > 0.05). Of the 11 nonrecurrent cases in this group, 6
were non-diploid and 5 diploid. When ploidy was com-
bined with Gleason grade, the results were nearly identi-
cal to those seen with the combination of ploidy and
tumor volume. Of 44 patients with 30% or less Gleason
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Fig. 3. Kaplan-Meier analysis of time to
recurrence dividing patient groups by tumor 024
volume and ploidy. Of 10 patients with tu- i

mor volumes <8cm?® and diploid histo-
grams, none have recurred. Of 31 patients

Diploid, 4-8 cm’ volume (n = 10)

p=0.035

Nondiploid, 4-8 cm’ volume (n = 31)

Diploid, > 8 cm’ volume (n = 16)

Nondiploid, > 8 cm’ volume (n = 24)

with tumor volumes <8 cm? and non-dip- 0
loid histograms, 13 have recurred (p = 0.035,
log-rank statistics).
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4-8 cm” volume, Gr < 30% 4-5 (n = 26)
p=0.036

4-8 cm’ volume, Gr > 30% 4-5 (n = 19)
s

28 cm’ volume, Gr < 30% 4-5 (n = 18)

p=0012

>8cm® volume, Gr > 30% 4-5 (n = 22)

Fig. 4. Kaplan-Meier analysis comparing 0
time to recurrence when combining tumor
volume and Gleason grade.

grade 4 or 5 in their cancer, 14 (32%) experienced recur-
rence. Excluding | patient in whom ploidy could not be
assigned, the tumors of 12 patients contained non-diploid
elements while only 1 patient had a diploid tumor (p <
0.025). In the remaining 41 patients with greater than
30% grade 4 or 5, 29 (71%) recurred. Of these, 10 were
diploid and 19 non-diploid (p < 0.05). Figure 3 illustrates
time to recurrence in patients separated by tumor volume
plus ploidy status.

T T T
20 30 40 50 60 70
Time, months

Logistic Regression Analysis. Because of the interde-
pendency of pathologic parameters, which we have pre-
viously demonstrated [11], a logistic regression was per-
formed to identify the most accurate predictors of lymph
node metastasis and recurrence of disease. The parame-
ters tested included tumor volume, percent of tumor
involved with Gleason grade 4 or 5, and tumor ploidy.
Tumor grade was the single most accurate predictor of
lymph node metastasis. The next most accurate predictor
was tumor volume, followed by ploidy. When both vol-
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ume and grade were combined, a highly significant im-
provement in predictive value was achieved (p < 0.025).
The addition of ploidy as a third variable did not add
additional information or improve the ability to predict
lymph node invasion. The ability to predict recurrence
was studied in a similar logistic regression. Tumor vol-
ume was the variable most predictive of recurrence by a
large margin. The log volume was an even better single
predictor of recurrence. The next best single predictor of
recurrence was grade, followed by ploidy. The addition of
grade to volume again conferred a highly significant
improvement in ability to predict recurrence (p < 0.005:
fig. 4). The further addition of ploidy also added signifi-
cantly to the ability to predict prognosis (p < 0.005).

Discussion

The complex natural history of prostate cancer has
long confounded efforts to predict prognosis. The impor-
tance of tumor volume and Gleason grade has greatly
improved our ability to predict risk of recurrence follow-
ing radical prostatectomy [10, 11]. Even so. tumors of
intermediate volume and grade still vary widely in their
biologic behavior. The analysis of DNA content (ploidy)
by flow cytometry has been a valuable addition to the
management of leukemias and transitional cell carcinoma
of the urothelium. The shorter natural history and ease of
specimen collection (already in single cell suspension) has
lent itself well to this technology. The long natural history
of prostate cancer has made its study more difficult. How-
ever, the use of PSA as a marker indicating pessistent or
recurrent disease following radical prostatectomy has
shortened the time necessary to detect recurrence [1]. The
usefulness of ploidy to study solid tumors was greatly
enhanced by Hedley’s method of deparaffinizing pre-
viously fixed specimens [15], which allowed the use of
archival material, in which the outcome was already
known. Several investigations have studied the role of
aneuploidy in prostate cancer with varying results. Frank-
furt et al. [3] noted that only 7% of diploid tumors with
intermediate Gleason scores formed metastases, while
80% of aneuploid tumors with high Gleason scores were
noted to metastasize. Fordham et al. [4] combined ploidy
and Gleason score in a survival analysis and noted an
increased incidence of death in the aneuploid groups.
However, no statistical significance was demonstrated in
these reports. Lee et al. [5] in the Duke experience, found
that aneuploidy, Gleason grade and seminal vesicle in-
volvement correlated with disease recurrence, but were

not independent of each other. The combination of ploidy
plus seminal vesicle status further separated the recur-
rence from nonrecurrent groups. Finally a series of studies
from the Mayo Clinic [6-8] found that markedly higher
rates of progression occurred in non-diploid tumors as
compared to diploid tumors. However, in a few other
series. ploidy was no or only a weak predictor of tumor
progression [16-18].

In the present study we have limited our review in sev-
eral ways. Only patients at significant risk for recurrence,
those with 4 cm? or more of cancer volume, were selected.
Patients who received preoperative therapy (which might
impact on recurrence or time to recurrence) have been
excluded. Similarly, patients treated postoperatively with
adjuvant therapy before documentation of biochemical
or clinical recurrence have also been excluded. Of more
importance, we have excluded all cases of positive surgi-
cal margins where the margin was caused by inadvertent
incision (by the surgeon) into cancer within the prostate
capsule [12, 13]. This has allowed us to study the natural
biologic potential of each tumor to recur in relation to
pathologic parameters and ploidy analysis of the excised
prostate.

Our technique of measuring flow cytometric ploidy
also deserves comment. Consistent, reproducible results
require an experienced operator and rigorous standard-
ization of technique [19]. Despite this, there is evidence
that even among experienced centers there is measure-
ment variability both among laboratories and within the
same laboratory on different days; this had occurred even
using standardized replicate samples [20]. Additionally.
the interpretation of the DNA histograms obtained from
flow cytometry is far from standardized. As in this study,
it must be performed without knowledge of patient out-
come. The identification of an abnormal peak clearly sep-
arate from the GO/G1 and G2/M peaks was easily catego-
rized as aneuploid. More difficult were the numerous
cases where abnormal populations were very close to the
2C or 4C peaks. In some cases, only a wide coefficient of
variation of the GO/G1 peak was noted. Despite evidence
that in many cases this represents ‘near diploid aneuploi-
dy’ [21], we have categorized these cases as uninterpret-
able. Similarly, only those cases with a sharp 4C peak con-
taining 20% or more of cells and with an identifiable 8C
peak were categorized as tetraploid. These cases were so
infrequent that they have been combined with the aneu-
ploid cases and commonly referred to as ‘non-diploid’
throughout this review.

In the present study, 83 patients were subjected to
analysis: 26 (30%) had diploid and 55 (65%) had non-
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diploid tumors. Four patients (5%) had uninterpretable
histograms. Previous studies have identified aneuploidy
in 44-66% of patients [2-8]. Forty-three patients (51%) in
our study have biochemical and sometimes clinical evi-
dence of recurrent cancer; in this recurrent population,
74% were non-diploid, which is not statistically different
from the 65% non-diploid samples in the overall study
population of 85 patients. Of 42 patients (49%) who have
not recurred 61% were non-diploid, again not statistically
different from the study population as a whole. It is clear
that when taken alone, ploidy had no value in making a
prognosis as defined by biochemical or clinical recur-
rence. Time to first documented recurrence, as judged by
Kaplan-Meier analysis, was also unaffected by DNA con-
tent when tested alone (fig. 1).

While ploidy, taken alone, had no predictive value in
identifying those destined to recur, the pathologic param-
eters of total cancer volume and percent of tumor in-
volved with Gleason grades 4 or 5 separated the recurrent
from nonrecurrent groups. However, some exceptions
were noted, decreasing the clinical utility of these mea-
sures. When we combined ploidy with tumor volume we
obtained a better separation, with nonrecurrence in 10
prostates with 4-8 cm? of cancer which had diploid DNA;
of 31 non-diploid cases of the same volume, 13 have re-
curred (42%). This is highly statistically significant. Inter-
estingly, however, this relationship did not hold in larger
volume tumors of greater than 8 cm?. One possible expla-
nation is that above a certain size, the sheer volume of the
tumor makes local spread so likely that it overwhelms the
contribution of ploidy to malignant potential.

Regression analysis also indicated that tumor volume
and grade are the most important parameters in predict-

ing recurrence. Using both factors together was far more
accurate in predicting recurrence than use of a single fac-
tor alone. The addition of ploidy to these parameters
added significant information, although to a smaller de-
gree than volume and grade.

In conclusion we have tested the contribution of ploidy
to the development of recurrent disease. When taken
alone, ploidy analysis added nothing to the prognosis.
However in intermediate volumes (4-8 cm?) and inter-
mediate grades (less than or equal to 30% Gleason grade 4
or 5) the addition of ploidy analysis allowed further sepa-
ration of recurrent from nonrecurrent patients. When
combined with careful assessment of total cancer volume
and percent of tumor of Gleason grades 4 or 5, ploidy
analysis may identify a subgroup of patients with volumes
between 4 and 8 cm3 which are at a high risk for disease
progression and allow institution of appropriate adjuvant
protocols. Since cancers under 4 cm? are usually cured by
radical prostatectomy, and since ploidy in this study
could not discriminate progression from nonprogression
in cancers over 8 cm3, the use of flow cytometry as a prog-
nostic index appears limited. Indeed, even its usefulness
in the subset of patients with cancer volumes between 4
and 8 cm? depends upon the development of technique to
accurately estimate preoperatively cancer volume and
Gleason’s grade.
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