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Flow cytometry was used to 
measure the DNA content in paraffin-em­
bedded archival specimens of prostatic 
adenocarcinoma. The specimens were 
from 49 patients who were found to have 
adenocarcinoma of the prostate at the 
time of transurethral resection of the pros­
tate for bladder outlet obstruction. At in­
itial presentation, 34 of these patients had 
clinically localized disease and 15 had 
metastatic disease. The authors studied 
the relationship of DNA ploidy to clinical 
stage, histologic grade, disease progres­
sion, and duration of survival. Their re­
sults indicate that regardless of the clini­
cal stage at presentation, the mean time 
to disease progression is longer in a pa­
tient with a DNA diploid tumor when com­
pared with that in a patient with a DNA 
aneuploid tumor (18.1 months vs 6.5 
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months, respectively). Additionally, mean 
time of survival was longer in a patient 
with a diploid tumor than in a patient with 
an aneuploid tumor (31.6 months vs 9.6 
months, respectively). 

(Key words: Flow cytometry, ploidy, 
prostate neoplasm) 

A major problem in managing patients with 
adenocarcinoma of the prostate is predicting 
the tumor's malignant potential in individual 
patients. It is known that some tumors will 
run a long and uncomplicated course, the pa­
tient dying with, rather than of, the cancer. 
In some instances, the tumor is an incidental 
finding at autopsy,l whereas other tumors are 
highly aggressive, running a rapidly fatal 
course. The decision to treat a particular pa­
tient must be aimed at increasing life expec­
tancy without substantially reducing the qual­
ity of the patient's life. 

Historically, clinicians have relied on clini­
cal stage and histologic grade to assess pros­
tate tumor aggressiveness and prognosis. 2 Un­
fortunately, clinical staging by rectal exami­
nation in the absence of definitive palpable 
periprostatic extension is notorious for its pro­
pensity to underestimate tumor burden.3 His­
topathologic grading is another parameter that 
has been examined extensively for its ability 
to predict subsequent disease progression with 
variable effectiveness.4,5 Because the grading 
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Figure 1. Diploid histogram. 

of prostate carcinoma is a subjective evalu­
ation, it may not be consistent and reproduc­
ible. 

Several investigators6-11 have demonstrated 
that the analysis of tumor nuclear deoxyribo­
nucleic acid (DNA) content by flow cytometry 
is useful in predicting the clinical course of 
patients with various urologic malignant le­
sions. In the early studies on prostate carci­
noma, the researchers12-15 used freshly excised 
prostatic tumor samples. In 1983, Hedley and 
colleagues16 reported a method of analyzing 
nuclear DNA content, or ploidy, by flow cy­
tometry using nuclei extracted from formal­
dehyde-fixed, paraffin-embedded archival speci­
mens. This method has permitted retrospec­
tive analysis oflarge numbers of patients with 
adenocarcinoma ofthe prostate in whom long­
term outcome is already known. 

We report here a study investigating the re­
lationship of DNA ploidy (measured on paraf­
fin-embedded prostatic tissue) to clinical stage, 
histologic grade, disease progression, and sur­
vival in 49 patients with adenocarcinoma of 
the prostate. 

Materials and methods 
Patient identification 
Paraffin-embedded archival specimens from 49 
men who had adenocarcinoma of the prostate di­
agnosed at the time of transurethral resection of 
the prostate for bladder outlet obstruction between 
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Figure 2. Aneuploid histogram. 

November 1983 and December 1987 were selected 
for the study. These patients ranged in age from 
57 to 90 years (mean, 72 years). We reviewed their 
clinical records with specific attention to patholo­
gic grade, clinical stage at presentation, and clini­
cal outcome. 

Pathologic staging was based on the size of the 
glandular formations and on nuclear anaplasia.17 

Tumors were classified as well-differentiated, mod­
erately differentiated, or poorly differentiated. Clini­
cal stage was assessed on the basis of findings of 
a digital rectal examination, serum acid phos­
phatase determination, radio nuclide bone scan­
ning, and computed tomography (CT). 

For the purposes of this study, we used the Whit­
more-Jewett system18,19 for clinical staging: 
• A stage A lesion is defined as a tumor that is 

not suspected on digital rectal examination but 
is detected on pathologic examination of the 
prostatectomy specimen. Stage Al is further des­
ignated as focal, well-differentiated disease. Stage 
A2 refers to more diffuse or less differentiated 
but still unsuspected disease. 

• Stage B lesions are palpable carcinomas confined 
to the prostate on digital rectal examination. 
Stage Bl tumors are smaller than 1.5 cm in di­
ameter and are confined to one lobe, whereas 
stage B2 tumors are larger. 

• Stage C carcinoma extends beyond the capsule 
of the prostate but is confined to the pelvis. 

• Stage D comprises prostatic carcinoma with de­
monstrable metastasis either to pelvic lymph 
nodes (stage Dl) or more widespread disease 
(stage D2). 
All patients were seen for regular follow-up vis-
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its in the postoperative period or until death, a pe­
riod ranging between 1 and 89 months (mean, 30.9 
months). 

Fourteen (29%) of the 49 patients had clinical 
stage A disease; 4 of these patients had tumors 
staged as AI, and 10 patients had clinical stage 
A2 disease. Six of these 10 patients were treated 
with external beam radiation therapy. Seven (14%) 
of the 49 patients had clinical stage B lesions, all 
of which were thought to be stage B2. All seven 
ofthese patients were treated with external beam 
radiation therapy. Thirteen (27%) of the 49 patients 
had clinical stage C prostate cancer on presenta­
tion; they also were treated with external beam 
radiation therapy at the time of diagnosis. On pres­
entation, 15 patients (31%) had stage D disease; 
all were found to have distant metastasis and were 
treated with hormonal manipulation. 

Preparation of paraffin-embedded 
archival specimens 
Nuclear suspensions from paraffin-embedded tis­
sue blocks were prepared by using an adaption of 
the technique described by Hedley and coworkers. ~6 
Five 25-f.1m thick sections were cut with the use 
of a standard microtome. The sections were placed 
in 10-mL glass culture tubes, dewaxed by immer­
sion of the tissue in three changes of 15 mL of xy­
lene for 30 minutes at room temperature (25°C), 
followed by sequential rehydration of 10 mL of 
100%, 95%, 85%, and 50% ethanol solutions for 10 
minutes each at room temperature. The tissue was 
then washed twice in distilled water and resuspen­
ded in 1 mL of 0.5% pepsin (Sigma Chemical Co, 
St Louis, Mo) in 0.9% sodium chloride, adjusted 
to pH 1.5. The specimens were incubated at 37°C 
for 60 minutes and subjected to frequent intermit­
tent vortex mixing. 

The resulting nuclear suspension was centri­
fuged at 2800 rpm for 10 minutes to form a nu­
clear pellet, and the pepsin supernatant was re­
moved. After each sample had been diluted with 
5 mL of Hank's buffered saline solution (HESS) and 
filtered through a 37 -f.1m pore nylon mesh, the cells 
were centrifuged at 1000 rpm for 5 minutes at 25°C, 
and the supernatant was discarded. 

Nuclear ribuonucleic acid (RNA) was rem'oved 
by incubating the cell suspension in 1 mL of 0.05% 
RNase solution (Sigma Chemical Co). After this 
incubation, the suspension was stained with 1 mL 
of 0.05% propidium iodide (Sigma Chemical Co). 
This stain binds specifically to the DNA and in di­
rect proportion to the amount of DNA present. Cel­
lular DNA content was measured using a Coulter 
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Model EPICS V flow cytometer (Coulter Diagnos­
tics, Hialeah, Fla) using a 488 rpm argon laser ex­
citation beam, counting 10,000 to 20,000 cells per 
sample. Human peripheral blood lymphocytes were 
stained in the same manner and measured before 
each sample as a control. 

The data were then displayed as a plot of rela­
tive DNA content versus number of nuclei meas­
ured, and integrated computer analysis ofthe DNA 
histogram was used to calculate the number of cells 
in the GO-Gl , S, and G2-M compartments. 

Two basic patterns were obtained from the cell 
suspension prepared from the carcinomas on the 
flow cytometer. The first type, diploid tumors, have 
a tumor cell DNA content in the same range as 
benign cells that contain a normal diploid (2C) chro­
mosomal complement. Diploid tumors exhibit a 
prominent single GO-Gl peak (Figure 1). The sec­
ond pattern is produced by tumor cells with high 
values of DNA and are called aneuploid tumors. 
These tumors are characterized by the presence of 
an additional separate, distinct GO-G 1 peak (Fig­
ure 2). Histograms were classified as tetraploid only 
if apparent subpopulations of GO-G 1 cells in the 
4C region had a corresponding visible Sand G2-M 
population of cells. 

Results 
Patient distribution 
A total of 49 paraffin-embedded specimens of 
prostatic adenocarcinoma were evaluable by 
flow cytometry. Thirty-nine (80%) of the tu­
mors showed DNA histograms that were cate­
gorized as diploid. Ten tumors (20%) were clas­
sified as DNA aneuploid. The distribution of 
patients by clinical stage, pathologic grade, 
and nuclear DNA patterns is shown in Tables 
1, 2, and 3. 

Patient outcome 
The overall survival rate of the 49 patients 
during the study period was 74%. The major­
ity of the patients who died with disease had 
clinical stage D adenocarcinoma of the pros­
tate (Table 4), a highly significant finding 
(P = .0002, x2-test) . As Table 5 shows, 95% of 
patients with a well-differentiated tumor and 
73% of patients with a moderately differenti­
ated tumor were alive during the study period 
compared with 47% of patients with a poorly 
differentiated tumor (P = .0002, x2-test). 

Table 6 examines patient survival related 
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Table 1 
Patient Distribution by Clinical Stage 

and DNA Ploidy Pattern 

DNA ploidy pattern 

Clinical Thtal Diploid, Aneuploid, 
stage No. No. (%). No. (%)* 

A 14 13 (93) 1 (7) 

B 7 6 (86) 1 (14) 

C 13 11 (85) 2 (15) 

D 15 9 (60) 6 (40) 

*Numbers in parentheses are % of total No. 

Table 2 
Patient Distribution by Pathologic Grade 

and Clinical Stage 

Clinical stage 

Thtal Stage A, Stage B, Stage C, Stage D, 
Pathologic grade No. No. (%)* No. (%)* No. (%)* No. (%)* 

Well-differentiated 19 14 (73) 2 (11) 2 (11) 1 (5) 

Moderately differentiated 15 0 (0) 4 (27) 6 (40) 5 (33) 

Poorly differentiated 15 0 (0) 1 (7) 5 (33) 9 (60) 

*Nurnbers in parentheses are % of total No. 

Table 3 
Patient Distribution by Pathologic Grade 

and DNA Ploidy Pattern 

DNA ploidy pattern 

Thtal Diploid, Aneuploid, 
Pathologic grade No. No. (%)* No. (%)* 

Well-differentiated 19 18 (95) 1 (5) 

Moderately differentiated 15 11 (73) 4 (27) 

Poorly differentiated 15 10 (67) 5 (33) 

*Numbers in parentheses are % of total No. 
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to pathologic grade and DNA 
ploidy. Of interest, but not sta­
tistically significant (P = .4, X2-

test), the majority (89%) of the 
patients who survived were 
DNA diploid regardless of the 
histologic grade of their tumor. 
Table 7 illustrates the distribu­
tion of DNA ploidy patterns 
and patient outcome. It is sig­
nificant that of the patients 
who died with disease during 
the study, 18% had a diploid 
tumor as compared with 60% 
who had an aneuploid tumor 
((P = .01, Fisher's exact test). 

Table 8 compares the sur­
vival figures by clinical stage 
and indicates that more pa­
tients with a diploid tumor sur­
vived the study period than 
those patients with an aneu­
ploid tumor regardless of the 
clinical stage at presentation. 

Disease progression 
Of the 49 patients studied, 19 
(39%) had progression of dis­
ease as defined by documented 
metastasis or death. Thirty­
four (69%) of the 49 patients 
had localized prostate carci­
noma (clinical stage A, B, and 
C) at presentation; disease pro­
gressed in 9 (26%) of these 34 
patients during the study. 
Seven (78%) of these 9 patients 
were DNA diploid and 2 (22%) 
were DNA aneuploid. The 
mean time from diagnosis to 
documented metastasis was 
1B.1 months for patients with 
a DNA diploid tumor versus 

Table 4 
Patient Outcome by Clinical Stage 

Outcome 

Clinical Total Survived, Died, 
stage No. No. (%)* No. (%)* 

A 14 14 (100) 0 (0) 

B 7 5 (71) 2. (29) 

C 13 12 (92) 1 (8) 

D 15 5 (33) 10 (66) 

' Numbers in parentheses are % of total No. 
P = .0002 (ordered x'-testl. 

Table 5 
Patient Outcome by Pathologic Grade 

Outcome 

Thtal Survived, Died, 
Pathologic grade No. No. (%)* No. (%)* 

Well-differentiated 19 18 (95) 1 (5) 

Moderately differentiated 15 11 (73) 4 (27) 

Poorly differentiated 15 7 (47) 8 (53) 

*Numbers in parentheses are % of total No. 
P = .002 (ordered x2-testl . 

Table 6 
Survival Related to Pathologic Grade and DNA Ploidy Pattern 

Thtal 
DNA ploidy pattern 

No. of Diploid, Aneuploid, 
Pathologic grade survivors No. (%)* No. (%)* 

Well-differentiated 18 17 (94) 1 (6) 

Moderately differentiated 11 9 (82) 2 (8) 

Poorly differentiated 7 6 (86) 1 (14) 

'Numbers in parentheses are % of total No. of survivors. 
P = .4 (ordered x'-testl. 

6.5 months for patients with a DNA aneuploid 
tumor (Table 9). All patients received hormo­
nal manipulation treatment at the time me­
tastasis was diagnosed. 

ease progression and died of disease during the 
study. Five (50%) of these 10 patients had 
DNA diploid tumors and 5 (50%) had DNA 
aneuploid tumors. 

At presentation, 15 (31 %) ofthe 49 patients 
had metastatic prostate carcinoma (clinical 
stage D); 10 (67%) of these 15 patients had dis-

Original contribution • Blatstein et al 

The mean time from diagnosis to death for 
the 13 patients who died of disease during the 
study was 27.4 months for patients with a 
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Table 7 
Patient Outcome by DNA Ploidy Pattern 

Outcome 
DNA 
ploidy Total Survived, Died, 

pattern No. No. (%)* No. (%)* 

Diploid 39 32 (82) 7 (18) 

Aneuploid 10 4 (40) 4 (60) 

*Numbers in parentheses are % oftota\ No. 
P = .01 (Fisher's exact test). 

DNA diploid tumor and 12 months for patients 
with a DNA aneuploid tumor. Table 10 com­
pares the mean time from diagnosis to death 
related to histologic grade and DNA ploidy and 
shows that regardless of histologic grade at the 
time of diagnosis, patients with a DNA dip­
loid tumor had a longer time of survival from 
diagnosis to death than did patients whose tu­
mors were DNA aneuploid. 

~iscussion 

Carcinoma ofthe prostate is the most common 
malignancy in American men and is the third 
leading cause of cancer deaths in the United 
States.20 Currently, carcinoma of the prostate 
is diagnosed in approximately 103,000 patients 
each year and accounts for 29,500 deaths an­
nually.2o Effective methods for early detection 
and prevention and proper treatment would 
undoubtedly contribute to lowering these dis­
mal statistics. Despite the wide range of treat­
ment modalities used, survival statistics have 
not improved significantly in the past 20 years. 

Flow cytometry has emerged as an impor­
tant tool in the diagnosis and prognosis of 
many neoplasms. It is a technique that allows 
measurements of specific nuclear and cellular 
properties from individual cells in fluid sus­
pension after staining with a specific metachro­
matic fluorescent dye and excitation with an 
argon laser. The amount of fluorescence is ob- . 
jectively quantified and used to determine rela­
tive DNA content. The proportion of cells in 
each cell cycle compartment is calculated to 
enable determination of the presence of dip­
loid versus aneuploid neoplasms. 

Previous investigators12,13,21,22 have shown 
that flow cytometry can differentiate between 
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benign and malignant lesions of the prostate. 
Several studies23,24 have reported a positive cor­
relation between tumor DNA ploidy pattern 
and histologic grading; well-differentiated tu­
mors tended to show normal ploidy patterns, 
and poorly differentiated lesions exhibited ab­
normal ploidy patterns. Other investiga­
tors25,26 have shown that the frequency of 
aneuploidy increases significantly with advanc­
ing clinical stage of tumor. Additionally, ret­
rospective studies using flow cytometry have 
reported a significant relationship between 
DNA ploidy pattern and disease progres­
sion27,28 as well as patient survival,24,29,3o 

We studied the flow cytometry pattern of 
49 paraffin-embedded transurethral prostatec­
tomy specimens of men with newly diagnosed 
prostate carcinoma. The survival rate during 
the study was 74% with the majority (77%) 
of cancer deaths occurring in patients who had 
advanced clinical stage disease when first seen 
(Table 4 ). With regard to pathologic grade, 
62% of patients who died with disease had a 
poorly differentiated tumor. Table 7 illustrates 
that patients with DNA diploid tumor had a 
favorable survival; with 82% of them surviv­
ing during the study as compared with 40% 
of the patients with DNA aneuploid tumor. 

We also examined disease progression in re­
lation to ploidy. A total of 19 patients (39%) 
had progression of disease during the study. 
Nine of these patients had progression from 
localized disease at presentation to docu­
mented metastatic disease during the study. 
The remaining 10 patients had metastatic dis­
ease at presentation and died during the study 
period. It is interesting to note that although 
7 of the 9 patients who had localized disease 
at presentation and had disease progression 
during the study period had DNA diploid tu­
mors; the mean time to progression of disease 
was 18.1 months for a DNA diploid tumor ver­
sus 6.5 months for a DNA aneuploid tumor. 
Likewise, DNA ploidy pattern is a significant 
prognostic indicator for patients who were in­
itially seen with metastatic disease and died 
during the study period. Five of the 10 patients 
who had metastatic disease at initial diagno­
sis and who died during the study had DNA 
diploid tumor; however, the mean time from 

(continlfed on page 471) 
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Table 8 
Survival Related to Clinical Stage and DNA Ploidy Pattern 

Total 
DNA ploidy pattern 

Clinical No. of Diploid, Aneuploid, 
stage survivors No. (%)* No. (%)* 

A 14 13 (93) 1 (7) 

B 5 5 (100) 0 (0) 

C 12 10 (83) 2 (17) 

D 5 4 (80) 1 (20) 

' Numhers in parenthp.ses are % of total No. of survivors. 
P = .3 {ordered x2-testl. 

Table 9 
Progression Time* Related to Clinical Stage and DNA Ploidy Pattern 

Diploid Aneuploid 

Total No. of Mean Mean 
Clinical patients with progression No. of progression No. of 

stage progression time, mo patients time, mo patients 

A .. . .. - .. . .. . ... 

B 4 6.0 3 12.0 1 

C 5 27.1 4 1.0 1 

D 10 31.6 5 9.6 5 

' Defined as progression from local to metastatic disease, or from metastatic disease to death. 
P = .1 (ranking test). 

Table 10 
Time From Diagnosis to Death Related to Pathologic Grade and 

DNA Ploidy Pattern 

Total 
Diploid Aneuploid 

No. of Mean Mean 
cancer time to No. of time to No. of 

Pathologic grade deaths death, mo patients death, mo patients 

Well-differentiated 1 5.0 1 " . . .. 

Moderately differentiated 4 45.0 2 14.5 2 

Poorly differentiated 8 24.3 4 10.8 4 

P = .02 (ranking test). 
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diagnosis to death for these patients was 31.6 
months versus 9.6 months for those with a 
DNA aneuploid tumor (Table 9). Also signifi­
cant is the fact that of the 13 cancer deaths 
occurring during the study, the mean time 
from diagnosis to death was 27.4 months for 
patients with a DNA diploid tumor and 12 
months for patients with a DNA aneuploid 
tumor. 

Conclusion 
Our data show that DNA ploidy as determined 
by flow cytometric analysis of deparaffinized 
specimens of prostatic adenocarcinoma corre­
lates well with clinical stage, pathologic grade, 
and clinical outcome. Although our study is 
limited by being retrospective rather than pro­
spective and comprises a small patient popu­
lation over a short study period, it appears that 
flow cytometry may be a useful adjunct to rou­
tine pathologic grading and clinical staging. 
The addition of DNA ploidy may improve the 
prognostic evaluation of prostatic tumors and, 
as such, help to determine which patients 
should have earlier and more aggressive treat­
ment. 
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