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Abstract Paraffin embedded tissue of 49 stage C and 27
stage B prostate adenocarcinomas was investigated by
flow cytometry. All patients were treated by radical pros-
tatectomy with pelvic lymphadenectomy and followed
up for 5-10 years. The tumour was separated from the
benign tissue to increase the proportion of tumour cells.
Ten stage C and seven stage B carcinomas had to be ex-
cluded because of poor fixation. Six of the 39 (15%)
stage C and 1/20 (5%) stage B carcinomas were an-
euploid. Cell cycle analysis was done with correction for
sliced nuclei and background subtraction. The threshold
between carcinomas with low and with increased
(“tetraploid”) G2M-fraction was determined by compar-
ing carcinomas with and without tumour progression.
Sixty-seven percent of the patients with non-euploid
stage C carcinomas and 11% of those with euploid carci-
nomas suffered from tumour progression (P<0.01). The
respective values for the stage B carcinomas were 67%
and 6% (P<0.01). These results demonstrate the strong
prognostic impact of DNA-ploidy and G2M-fractions for
each individual patient.
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Introduction

The prognosis of a patient with prostate carcinoma is
currently best predicted by the pathological tumour
stage. The majority of patients with stage A carcinoma
have a normal life expectancy, but most patient with
stage D tumours will die from their carcinoma. However,
there is a marked heterogeneity in each stage. In stage C
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carcinoma, 10 years survival rates following radical ret-
ropubic prostatectomy and bilateral pelvic lymphadenec-
tomy are reported to reach about 55% [12, 28]. Variables
selecting for the remaining 45% of patients are urgently
needed as these patients will suffer from disease progres-
sion and might benefit from further therapy.

Since the first studies of DNA-ploidy of prostate car-
cinomas using static cytometry [34] a number of flow-
cytometric investigations have documented the signifi-
cant prognostic value of DNA-ploidy. This was con-
firmed by using fresh material for flow cytometry [11,
35] or for static cytometry [2, 10, 30]. The additional de-
termination of the G2M-fraction [17, 27, 29] was report-
ed to increase the sensitivity. In all these studies it was
shown that the rate of aneuploid or “tetraploid” carcino-
mas increased with tumour stage, but there are few stud-
ies with an accurate stage-related evaluation of ploidy,
G2M-fraction and prognosis. Reports from the Mayo
Clinic for stage B, C and D1 carcinomas showed that the
determination of DNA-ploidy and G2M-fraction are es-
pecially useful in predicting individual prognosis {24,
26, 36]. Therefore, we investigated our stage C as well as
stage B cases with known follow-up, using 510 year old
paraffin embedded archival material [37]. The technique
of the separation of the neoplastic tissue from the benign
surroundings tissue and the dissoziation technique of the
tumour tissue was optimized to increase the proportion
of tumour cell nuclei and to reduce the amount of the
euploid non-tumour cells within the final suspension.
The sensitivity and specificity of the flow cytometric pa-
rameters for the “prediction” of a recurrence were calcu-
lated.

Materials and methods

Forty-nine patients with stage C carcinoma and 27 with stage B
carcinoma, operated on between 1 January 1980 and 31 Dezember
1985, were evaluated. Ten cases of stage C and seven stage B had
uninterpretable DNA-histograms because of poor fixation. Tumour
tissue of 59 patients (39 stage C and 20 stage B) with a mean age
of 60.7 years (range 39-73 years) was analysed (Table 1).



648

Table 1 The flow cytometric

results of 38 of the 39 stage C Stage Outcome Number of Euploid G2M>10% Aneuploid
and of the 20 stage B prostate cases (“tetraploid”)
carcinomas in relation to
pathologic tumor stage and C No recurrence 29 27 0 2
outcome as compared to the Recurrence 9 3 3 3
controls. One patient with stage No recurrence 17 17 0 0
C disease was lost to follow up Recurrence 3 1 1 1
Controls 36 36 0 0

and therefore not included in

this table

By serial whole mount sections of the in-toto formalin fixed
prostate specimens the tumour stage was determined using the
TNM system of 1978. Grading was done according to Miiller [25].
Metastases at the time of surgery were ruled out by routine histo-
logical investigation of the pelvic and parailiac lymph nodes and
by a preoperative bone scan and chest X-ray. The area with the tu-
mour was separated from the adhering non-neoplastic tissues; thus
the proportion of the euploid non-tumour cells which could mask
a small aneuploid tumour cell population was kept as low as possi-
ble.

The original method of Hedley [13] was modified: 50 um sec-
tions [32] were deparaffinized (three changes of 3-5 ml xylol) and
rehydrated to phosphate buffered saline. The efficiency of trypsin

Fig. 1a—d a Euploid DNA-histogram (case 21147/80). b Aneu-
ploid DNA-histogram, showing the distinct GOG1- and G2M-
peaks (case 23951/81). ¢ DNA-histogram with an increased G2M-
fraction, amounting 20.9% (case 6156/83). d Selected area of the
histogram shown in ¢, with the computed curves for debris,
GO0G1-, S-phase and G2M-fraction
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digestion (2-3 ml, pH 1.5, 37° C; 3200 units/mg; Sigma) was con-
trolled in selected cases by reembedding and histological investi-
gation of the residual tissue, which was retained after filtration
through a 30 um nylon mesh. Nearly complete removal of the tu-
mour cells from the tissue collagen without increase in nuclear de-
bris was obtained with three-times strong vortex mixing and pipet-
ting during and after a 90 min enzymatic digestion. The resulting
cell suspension was washed twice and then stained with DAPI
(4,6-diamidino-2 phenylnidole; 4 mg/ml; Sigma). The quality of
the preparation of nuclei was controlled by cytological investiga-
tion of the DAPI-stained solutions, showing single laying well
preserved nuclei. It was shown by comparative evaluation with the
original histological sections, that about a half to two-thirds of all
measured nuclei were tumour cell nuclei.

The flow-cytometer (EPICS V, Coulter) was adjusted to a CV
<2% using beads. The laser was run at 150-200 mW and filtered
to excite at 368 nm. Twenty thousand events per case were pro-
cessed. The mean coefficient of variation of the GOG1-peak, mea-
sured at half-maximal hight according to Dean {5], was 7.9% for
the whole collective. For cell cycle analysis, Multicycle software
(version 1.6 A by Rabinovitsch PS) using the polynomal S-phase
algorithm [5] was used on a separate microcomputer. This pro-
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Table 2 The G2M-fraction of all non-aneuploid carcinomas with
recurrence and without recurrence and of all controls evaluable for
cell cycle analysis (N=29)
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vides the opportunity for background subtraction with correction
for sliced nuclei (see Fig. 1d).

Histograms were classified as euploid, with increased G2M-
fraction (“tetraploid”) or aneuploid (see Fig. 1a-d). Because no
absolute DNA quantification is possible in paraffin embedded tis-
sues, we foliowed the convention of considering the first peak of
the histogram to be the euploid peak [13]. DNA aneuploidy was
considered only in cases with at least one additional peak or a
clearly bimodal G2M peak [14, 15]. Only cases with a DNA-index
>1.10 were considered aneuploid.

The determination of the cut-off point for the cases with an in-
creased G2M-fraction (the “tetraploid” cases of the literature) was
done by comparing the G2M-fractions of carcinomas with and
without recurrence. In our collective a G2M-fraction >10% was
considered indicative for those carcinomas with recurrence (Table
2). As a control 36 cases of prostatic tissue without carcinoma
were investigated. Follow up was done by physical examination,
bone scan, chest X-ray and determination of serum levels of pros-
tate phosphatase and prostate specific antigen as reported earlier
[37].

Results

Six of the 39 stage C carcinomas were aneuploid (15%).
One of these 6 was lost for follow up (Table 1). All 3 pa-
tients with stage C carcinoma, who died of tumour pro-
gression (3 years, 5.5 years and 6 years after prostac-
tomy), had aneuploid carcinomas. Two further patients
with aneuploid stage C carcinomas had no recurrence,
being well now 8 years following prostatectomy.
Comparing the G2M-fraction of carcinomas with and
without recurrence resulted in a cut-off level of 10% (Ta-
ble 2). The 3 stage C patients with an increased G2M-
fraction suffered from tumour progression 3, 4 and 4
years after prostatectomy. Of the 9 patients with stage C
carcinoma who suffered from tumour progression, 3 had
aneuploid carcinomas, 3 had an increased G2M-fraction
and 3 had an euploid carcinoma. These last 3 carcinomas
had flow cytograms insufficient for cell cycle analysis.
Among the 20 stage B carcinoms, there was 1 an-
euploid carcinoma. This patient died from recurrence 3
years following prostatectomy. The one patient with an
increased G2M-fraction died 8 years following operation
with generalized metastases. One further patient with
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stage B carcinoma suffered from tumour progression 9
years after prostatectomy, having had an euploid carcino-
ma with a G2M-fraction of 4.4%.

Among the 36 controls, there were no aneuploid cells
and no cases with an increased G2M-fraction. The mean
G2M-fraction of the controls (3.512.1%) was signifi-
cantly lower than that of all carcinomas (6.310.2%,
P<0.05 in the Student 7-test). The mean G2M-fraction of
stage C carcinomas (7.410.4) was higher, but not signifi-
cantly different from that of the stage B carcinomas
(4.710.3). Non-aneuploid carcinomas with recurrence
had a significantly higher G2M-fraction (12.7%£1.3%) as
compared to carcinomas without recurrence (6.110.2;
P<0.01 in the U-test of Mann and Whitney; Table 2). All
12 well differentiated carcinomas were euploid. Among
the 32 moderately differentiated carcinomas 1 had an in-
creased G2M-fraction and 3 were aneuploid, and among
the 15 poorly differentiated tumours 3 had an increased
G2M-fraction and 5 were aneuploid.

Discussion

A strong correlation between ploidy and prognosis was
found. Seventy-five percent (8/12) of the patients with a
non-euploid, but only 8% (4/48) of those with euploid
carcinomas suffered from recurrence (£<0.01). These re-
sults confirm data reporting a strong correlation between
ploidy and prognosis in prostate carcinomas [7, 9, 18,
20, 22, 27, 33, 35]. For example Lee reported that 15%
of their euploid but 91% of their non-euploid tumours
lead to a recurrence within 60 months (P<0.001). This
correlation may in part be due to a strong correlation be-
tween the pathological tumour stage and ploidy, with
most of the stage B carcinomas (96% in the Montgom-
ery’s series [24]), but only 87% [36]-68% [33] of stage
D1 and only 45% of stage D2 [23] carcinomas being
euploid. Frankfurt using native materials described 100%
of his stage B carcinomas to be euploid, but in the stage
C there were only 53% and in stage D only 32% euploid.
This correlation was also found in our material with 90%
(18/20) of stage B and 79% (30/38) of stage C carcino-
mas being euploid. This makes a stage-related evaluation
of the prognostic impact of flow cytometry necessary.
The crucial point for each patient is the strong corre-
lation between ploidy and prognosis within the different
tumour stages. In our stage C carcinomas 67% (6/9) of
all aneuploid or “tetraploid”, but only 11% (3/27) of the
patients with euploid carcinomas (P<0.01) had a recur-
rence. In our stage B carcinomas 2/3 (67%) of the non-
euploid and 1/18 (6%) of the euploid carcinomas re-
curred (P<0.01). This is in agreement with other studies
with a stage-related evaluation. Stephenson [33] reported
a significantly worse prognosis for non-euploid stage D1
carcinomas (5-year survival 49.5% compared to 87.9%
in those with euploid metastases, P<0.0109). From the
Mayo clinic, three reports concerning stage D1 [36],
stage C [26] and stage B carcinomas [24] have further
confirmed these results. This demonstrates that DNA
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flow cytometry offers strong prognostic parameters even
within the prognostic groups defined by the pathological
tumour stages. Sixty-seven percent of the patients with
stage C carcinomas suffering from tumour progression
were detected either by aneuploidy or by an increased
G2M-fraction, and the three patients not detected had
DNA-histograms inadequate for cell cycle analy-
sis.Therefore, by using well fixed material the sensitivity
may be increased further. In stage B carcinomas, there
were 3 patients with recurrence, 1 of them being detected
by aneuploidy, and the other 2 by an increased G2ZM-
fraction (sensitivity 100%). The ratio of “false positive”
cases (aneuploidy or increased G2M-fraction but no re-
currence) was 2 out of 38% (5%) in stage C and O in
stage B. One of these 2 patients was lost for follow up 2
years after prostatectomy. Similar values may be calcu-
lated from the data of Nativ [26], with a sensitivity for
predicting the recurrence of 75% (41 of their 54 patients
suffering from a recurrence had “tetra-” or aneuploid
carcinomas), and a specificity of 52% (41 of their 79 pa-
tients with “tetra-” or aneuploid carcinomas suffered
from a recurrence). Most of the “false positives” in these
studies were “tetraploid” cases.

The method of determining the cutoff-point of the
G2M-fraction discriminating carcinomas with high and
with low risk of future tumour progression is crucial to
increase the specificity of the method. Most investigators
have made a comparison with carcinoma-free prostatic
tissue [26, 29, 36]. There was also a statistically signifi-
cant lower level of the G2M-fractions in controls than in
carcinomas in our study. However comparison with the
controls seems inappropriate. Not the differences be-
tween benign and malignant are under investigation. To
discriminate malignancies with low and with high risk
for metastases a direct comparison of the G2M-fractions
with the patient outcome was done. In this retrospective
study the best sensitivity and specificity for selecting pa-
tients with low and high risk of future tumour progres-
sion was at the 10% G2M-fraction (Table 2). Because of
the low patient number and the non-significant differ-
ence in the mean G2M-fractions of the stage B and the
stage C carcinomas, for stage B and stage C carcinomas
the same cut off-point was used. To avoid an overestima-
tion of the S or G2M phase fractions in the paraffin ma-
terial a correction for sliced nuclei and a background
subtraction is important (Fig. 1d) [5, 16]. Tetraploidy
means a tumour cell population with 4n chromosomes in
the GO and G1 phase and 8n chromosomes in the G2M
phase [11]. This is a rare finding in prostate carcinoma
(24, 26, 36]. Most of the “tetraploid” carcinomas of the
literature are those with an “increased” G2M-fraction, so
that we prefer the terminus “increased G2M-fraction” to
designate these carcinomas.

In the optical evaluation of the flow cytograms, arte-
facts due to the preparation of the nuclei or due to insuf-
ficient fixation have to be considered [4, 8, 15, 33]. In
our material 27 consecutive cases had to be excluded be-
cause of poor fixation (prolonged storage in an insuffi-
cient amount of formalin). No aneuploid peaks were ob-

served in our tumour-free control specimens [1, 6, 21,
22].

Comparative flow cytometric and cytogenetic investi-
gations, reported to show higher rates of aneuploidy by
cytogenetic means in various carcinomas [31] are not
available for prostate carcinomas [3, 19]. One investiga-
tion, using multiple punch biopsies taken from the paraf-
fin embedded material, demonstrated cases with heterog-
enous ploidy pattern. This method enhances the sen-
sitivity of detection of aneuploidy by increasing the pro-
portion of the aneuploid tumour cell population within
the sample [20]. The relatively high rate of aneuploid
carcinomas in our study may therefore be due to the se-
lection of tumour tissue out of its non-neoplastic sur-
roundings.

In conclusion, the determination of ploidy and G2M-
fraction are important prognostic factors for a patient
with prostate carcinoma. In combination with the patho-
logical tumour stage, their sensitivity and specificity for
predicting a postoperative tumour recurrence seems suf-
ficiently high to indicate a prospective study. This will
require well fixed specimens and a separation of tumour
cell nuclei to increase the proportion of tumour cells in
the final analysis. A careful optical and mathematical
evaluation of the flow cytograms is needed. Without
background subtraction the G2M-fraction would be un-
der large bias by the varying amounts of debris. In future
standardization of these flow cytometric techniques will
be necessary to permit a valid selection of those prostate
carcinoma patients who require further therapy following
prostatectomy.
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