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ABSTRACT
Objectives. To assess the prognostic value of flow cytometry and nuclear morphometry in prostate cancer
after androgen deprivation treatment.
Methods. A total of 127 patients with a prostate cancer diagnosis who had undergone androgen suppres-
sion were retrospectively studied. The DNA content by flow cytometry and nuclear morphometry was
studied from biopsy specimens. In the patients with Stage M0, two multivariate analyses by the Cox
proportional regression model were performed to determine whether the experimental variables (DNA
content and nuclear area) added independent information to the classic prognostic factors (Gleason score
and stage). Using the statistical analysis results, risk groups were created.
Results. T and M categories, Gleason score, DNA ploidy, and mean nuclear area proved to have prognostic
value in the univariate analysis. For the group of patients free of metastasis (M0), it was possible to create
low, intermediate, and high-risk groups using stage and Gleason score with statistically significant differ-
ences in survival. Multivariate analysis, combining the classic and experimental variables, selected Gleason
score and DNA content as prognostic independent factors. Also, risk groups with statistically significant
differences in survival were created. However, the net result of combining both kinds of factors was at least
as valuable as the combination of stage and Gleason score in predicting survival.
Conclusions. The determination of DNA ploidy and mean nuclear area do not add enough independent
information to improve the predictive value to justify their use in this group of patients treated with hormonal
therapy. UROLOGY 59: 715–720, 2002. © 2002, Elsevier Science Inc.

The usefulness of DNA content determined by
flow cytometry and nuclear morphometry to

predict the behavior of a variety of neoplasias has
been reported.1,2 In prostate cancer, DNA ploidy
adds clinically useful prognosis information after
radical prostatectomy, antiandrogen therapy, and
radiation therapy.3,4 With regard to nuclear mor-
phometry, although the first studies reported ap-
peared very promising5 in predicting prostate can-
cer behavior, its usefulness has not been well
defined owing to contradictory results.6–9

The aim of our study was to evaluate the ability of
DNA ploidy content and nuclear morphometry to

predict mortality in patients with prostate cancer
who had undergone androgen deprivation.

MATERIAL AND METHODS

PATIENT CHARACTERISTICS
A total of 127 patients with prostate adenocarcinoma diag-

nosed in our hospital from 1975 to 1988 were selected. All
patients had received androgen deprivation, had more than 10
years of follow-up, and had undergone pretreatment staging.
Stage information was obtained from digital rectal examina-
tion, transrectal and abdominal ultrasonography, chest radi-
ography, abdominopelvic computed tomography, and bone
scanning. The TNM classification of 199710 was used. No dis-
crimination was made between patients with Stage N0 and N1.

PATHOLOGIC EXAMINATION
Needle biopsy specimens were used to for the pathologic

examination. Histologic sections from tumor tissue specimens
of each case were taken from the pathology files and those with
higher tumor content and less differentiation were selected.
Paraffin-embedded blocks were chosen, and five sections were
performed on each block: one of 5 �m, 3 of 50 �m, and finally
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one of 5 �m. The 5-�m sections were stained with hematox-
ylin-eosin, and the presence of tumor cells was assessed. In the
first section, the Gleason score was determined. For statistical
purposes, tumors were classified as Gleason score 2 to 6, 7,
and 8 to 10.

DNA ANALYSIS
The 50-�m sections were used for the DNA ploidy study.

Nuclear suspensions from paraffinized samples were made
following the technique described by Hedley.11 The cells from
deparaffinized samples were obtained using a previously de-
scribed technique.2 The nuclear sediment obtained was pro-
cessed with the commercial kit DNA-Prep (Coulter Reagents
Kit) consisting of two preparations: DNA-Prep LPR and DNA
Prep Stain (propidium iodide). The nuclear suspension was
analyzed using Cytoronabsolute Flow Cytometry (Ortho Di-
agnostic Systems). Only histograms with a variation coeffi-
cient lower than 10 were accepted. Tumors were considered
diploid, aneuploid hyperdiploid, and tetraploid when the
DNA index was equal to 1, 1.05 to 1.89, and 1.9 to 2.1, respec-
tively.2

NUCLEAR MORPHOMETRY
The cytomorphometry study was performed using 5-�m

sections stained with hematoxylin-eosin. Measurements were
made using a 100� objective with oil immersion in an Nikon
optical microscope, providing 1400� magnification. The mi-
croscope was connected to a video camera that was also con-
nected to a computer. Measurements were performed in an
interactive manner with a planimeter composed of a digital
panel (Synoptics) connected to a personal computer pro-
grammed with the INSIGHT-PC software model. Ninety nu-
clei were measured per biopsy. Only well-defined nuclei were
studied. Morphometric descriptors were calculated automati-
cally. The system provides 16 nuclear morphology descrip-
tors, and up to 17 statistical measurements can be described
for each of them, accounting for 272 morphometric tests per
nucleus.12 However, they are highly correlated and to avoid
redundant information, we selected the following descriptors:
nuclear area, form factor, orientation, X gravity center, and Y

gravity center. Nuclei were selected in a random manner. The
number of nuclei to be studied was calculated by the running
mean procedure. A variation coefficient of less than 5% be-
tween and among investigators demonstrated the accuracy
and reproducibility of the measurements. A total of 70 nuclei
were enough to keep the mean invariable; however, to ensure
reproducibility, 20 more nuclei were counted.

STATISTICAL ANALYSIS
For univariate analyses, the survival of the different groups

of patients was evaluated using the Kaplan-Meier method, cal-
culating the relative risk in each group. The log-rank test was
used to compare two or more groups. The Cox proportional
hazards model was used to test the effect of the explanatory
variables on the time of survival. A 5% level of significance was
used for all statistical testing.

RESULTS

The mean age of the sample was 70 � 7 years.
The survival median of the global sample was 51
months, and the survival likelihood at 5 and 10
years was 47% and 28%, respectively. Table I
shows the distribution of the cases according to
age, stage, and histologic findings (Gleason score).
In the univariate analysis, the T category, presence
of metastasis, and histologic grade were prognostic
factors.

In flow cytometry, 12 samples were not valid for
the study (4 had a variation coefficient greater than
10%, and in 8, the biopsy material was deteriorat-
ed). Of the valid results, 75 tumors were diploid
(65%), 32 hyperdiploid aneuploid (28%), and 8
tetraploid (7%). Data were analyzed by relating the
tetraploidies with the aneuploidies. Survival was
significantly lower in patients with aneuploid tu-

TABLE I. Distribution of patients by age, stage, Gleason score, and
DNA ploidy: results of univariate analysis of survival

Variable Patients (%)

Median
Survival

(mo)
Relative Risk

(Cox Test)
P Value

(Log-Rank Test)

Age (yr)
�65 30 (23.6) 55 1.00 0.37
66–75 63 (49.6) 51 1.35
�75 34 (26.8) 43 1.57

T category
T1–2 28 (22.0) 105 1.00 �0.001
T3 59 (46.5) 53 2.51
T4 40 (31.5) 23 4.81

Metastasis
M0 76 (59.8) 78 1.00 �0.001
M1 51 (41.2) 28 2.57

Gleason score
2–6 48 (37.8) 80 1.00 �0.001
7 43 (33.9) 53 1.62
8–10 36 (28.3) 21 5.00

DNA ploidy
Diploid 75 (65.2) 78 1.00 �0.001
Aneuploid 40 (34.8) 28 3.07
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mors than in those with diploid tumors, showing a
survival median of 28 and 78 months, respectively
(Table I).

The correlation analysis of the different morpho-
metric descriptors showed that most of them con-
tained redundant information and almost all the
information obtained from the morphometric
study was contained in the five descriptors: mean
nuclear area, form factor, cellular orientation, and
X and Y gravity centers. For example, the mean
nuclear volume correlated closely to area (r �
0.93, P �0.01). Thus, only these descriptors were
used to analyze the results. The mean nuclear area
and the mean nuclear form factor for all patients
was 40.5 � 12.8 �m2 and 87% � 3%, respectively.
In the study of univariate survival for the different
morphometric parameters categorized, only the
mean nuclear area was relevant, and thus signifi-
cant differences were found only in those patients
whose tumors had a mean nuclear area of 45 �m2

or larger. In these patients, the median survival was

23 months; it was 77 months in the group of pa-
tients whose mean nuclear area was smaller. The
remaining parameters had no prognostic value in
the survival analysis.

In Table II, the variables selected by the analysis
that supply independent prognostic information
with respect to survival time are shown. As can be
seen, patients with poorly differentiated tumors
(Gleason score 8 to 10), with metastasis at the time
of diagnosis, with aneuploid tumors, or with a
mean nuclear area of 45 �m2 or greater had a death
risk multiplied by 3.1, 2.2, 2.3, and 1.93, respec-
tively.

For the group of patients free of metastasis (M0),
two multivariate analysis by the Cox proportional
regression model were performed (Table III). First,
a model was constructed in which as explanatory
variables were included the classic prognostic fac-
tors readily available at diagnosis (age, stage, and
Gleason score). Second, to determine whether the
experimental variables (DNA content and nuclear

TABLE II. Multivariate analysis: regression model obtained using
the parameters age, T category, presence of metastasis, histologic

grade (Gleason), DNA ploidy, and nuclear area
Variable B Coefficient Relative Risk (95% CI) P Value

Nuclear area 0.65 1.93 (1.09–3.41) 0.024
DNA ploidy 0.83 2.31 (1.32–4.03) 0.031
Presence of metastasis 0.81 2.25 (1.33–3.79) 0.002
Gleason score �0.001

7 0.13 1.14 (0.61–2.11) 0.672
8–10 1.13 3.11 (1.63–5.94) 0.006

KEY: CI � confidence interval.

TABLE III. Cox regression proportional model analysis, for M0
patients, including as explanatory variables classic (age, T stage,
and Gleason score) and a combination of classic and experimental

prognostic factors (DNA content and nuclear area)
Variable B Coefficient Relative Risk (95% CI) P Value

Classic prognostic factors
T stage 0.052

T3 0.77 2.16 (0.97–4.79) 0.058
T4 1.13 3.10 (1.21–7.90) 0.017

Gleason score �0.001
7 0.44 1.55 (0.73–3.30) 0.253
8–10 1.58 4.85 (2.16–10.87) �0.001

Combination of classic and
experimental prognostic
factors

DNA aneuploid 0.91 2.49 (1.26–4.91) 0.008
Gleason score 0.002

7 0.45 1.56 (0.71–3.42) 0.264
8–10 1.56 4.79 (1.98–11.57) �0.001

KEY: CI � confidence interval.
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area) added prognostic information independent
of the classic factors, a model was constructed that
included all variables together.

According to the results of the first analysis,
three distinct risk groups were created (Table IV).
The net result of combining stage and Gleason
score was the generation of low, intermediate, and
high-risk groups that were all statistically different
(Fig. 1A). Also, the results of the second analysis
using both classic and experimental variables dem-
onstrated that the created risk group based on
Gleason score and DNA content were statistically

different (Fig. 1B). However, when comparing Fig-
ure 1A and B, one can conclude that the combina-
tion of risk factors based on DNA and Gleason
score is at least as valuable as the combination of
stage and Gleason score in predicting which pa-
tient will die.

COMMENT

In the present study, the patients selected were
diagnosed before the prostate-specific antigen era.
Therefore, local clinical stages were advanced, and

TABLE IV. Risk groups created based on Cox regression proportional model, for M0 patients,
including as explanatory variables classic (age, T stage, and Gleason score) and a combination

of classic with experimental prognostic factors (DNA content and nuclear area)
Risk Group Variable Patients (n) Median Survival (mo) 95% CI

Classic prognostic factors
Low T1–2 and G2–6, G7 24 Not reached
Intermediate T3, T4 and G2–6, G7 36 78 49–106
High T1–2, T3, T4 and G8–10 16 29 23–36

Combination of classic
and experimental
prognostic factors

Low G2–6 and Diploid 28 105 52–159
Intermediate G7 and Diploid

28
60

17–103
G2–6, G7 and Aneuploid

High G8–10 and Diploid 14 29 23–35
G8–10 and Aneuploid

FIGURE 1. (A) Risk groups created according to results of Cox regression proportional model, including as
explanatory variables stage and Gleason score for patients without metastases. Survival plotted as a function of
time after the diagnosis for each of three groups: low risk (pT1-2 and Gleason score 2 to 7), intermediate risk (pT3-4
and Gleason score 2 to 7), and high risk (pTany and Gleason score 8 or greater). Statistically significant differences
between specific curves are indicated. (B) Risk groups created according to results of Cox regression proportional
model, including as explanatory variables Gleason score and DNA content for patients without metastases. Survival
plotted as function of time after diagnosis for each of three groups: low risk (Gleason 6 or less and diploid content),
intermediate risk (Gleason score 7 or less, and diploid or aneuploid content), and high risk (Gleason score 8 or
greater and diploid or aneuploid content). Statistically significant differences between specific curves are indicated.
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nearly 40% with presented bone metastasis. Our
results confirm that the histologic grade is a good
predictor of tumor aggressiveness. Nevertheless,
tumors of the same grade and stage may behave in
a different manner, and, furthermore, other factors
such as subjectivity in its identification, variability
between and among observers, and tumor hetero-
geneity must also be taken into account.

The prognostic value of DNA ploidy was deter-
mined by means of univariate and multivariate sur-
vival analyses. Both analyses revealed that DNA
content provided prognostic information about tu-
mor behavior in patients who had undergone pal-
liative therapies, so that those with aneuploid tu-
mors had poorer survival than did those with
diploids. Not all studies reported have evaluated
the influence of ploidy on survival, but most of the
ones that have done this type of analysis report the
negative effect of aneuploid population on progno-
sis.13

In general terms and consistent with our results,
diploid tumors showed a good and prolonged clin-
ical response to androgen blockade. Tribukait,14 by
means of flow cytometry, reported that ploidy in-
fluenced the prognosis of those patients who un-
derwent endocrine therapy, and significant differ-
ences were found between diploid, aneuploid, and
tetraploid tumors. In the study of local T2 and T3
tumors, Forsslund et al.,15 by static image cytom-
etry, found that aneuploid tumors progress more
rapidly, with a mortality rate of 96% at 5 years.
Miller et al.,16 in a series of patients with Stage D2
tumors who underwent androgen blockade, re-
ported that DNA content shows a predictive value
in terms of survival. Borre et al.17 described the
influence of aneuploidy on survival for tumors
clinically localized who were followed up, al-
though in the multivariate analysis only the histo-
logic grade was significant and ploidy only had
influence in low-grade tumors. The ploidy also had
influence on the response to adjuvant androgen
blockade after radical prostatectomy in patients
with Stage D1 disease.18

The prognostic improvement of DNA ploidy
could be achieved by image cytometry using Feul-
gen stain. Also, with this method, it is possible to
measure nuclear descriptors at the same time.19

Although morphometric analysis changes a sub-
jective and qualitative assessment such as nuclear
grade into an objective and quantitative assess-
ment, the prognostic value of nuclear descriptors is
still controversial. Among the nuclear descriptors
proposed to have prognostic value are ellipticity
quartile analysis,20 variation coefficient of the ar-
ea,21 mean nuclear area,9,21 nuclear roundness
variance,12 or mean nuclear volume.17,22,23 In our
study, mean nuclear area was the only descriptor
with prognostic value providing independent pre-

dictive information about survival. However, in
patients with Stage M0, nuclear area failed as an
independent prognostic factor. Some investiga-
tors7,12 have found that the use of nuclear descrip-
tors increases the prognostic value of the histologic
grade. Others8,9 have reported that morphometric
descriptors strongly correlate with histologic grade
and lose their independent information when ana-
lyzed multivariately.

Attempts have been made to improve the predic-
tive value of Gleason score and stage. Veltri et al.24

developed a method based on nuclear shape, size,
and DNA content descriptors and markovian chro-
matin texture features analyzed by logistic regres-
sion analysis to predict treatment outcome. Also,
the same researchers demonstrated that using arti-
ficial neural networks made it possible to improve
predictive value.25 Chiusa et al.26 reported that nu-
clear and nucleolar area improve the predictive
value of histologic grade in those patients treated
with hormonal deprivation.

CONCLUSIONS

The results of the statistical analysis revealed that
the combination of risk factor based on DNA con-
tent and Gleason score is at least as valuable as the
combination of stage and Gleason score in predict-
ing survival. However, the determination of DNA
ploidy and mean nuclear area did not add enough
independent information to improve the predictive
value to justify their use.
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