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BACKGROUND. The clinical value of DNA ploidy analysis in prostate carcinoma has
been an issue for investigation for more than 2 decades. In general, diploid or
pseudodiploid tumors are associated with a favorable prognosis and aneuploid
turnors with an unfavorable prognosis, irrespective of type of treatment. Tumors
with DNA values in the tetraploid region (around 4c) present a diagnostic problem.
Such DNA distributions may clearly represent aneuploid tumors with an unfavor-
able prognosis. However, a 4c distribution may conversely represent a tetraploid
tumor (possibly a polyploid variant of the diploid tumor) with a favorable progno-
sis. Previous data from our laboratory indicate the existence of such a tetraploid
subgroup. The goal of the current study was to investigate the diagnostic problem
of 4¢ tumors in greater detail.

METHODS. Ploidy classification of cytologic smears by image cytometry was per-
formed in a retrospective study of 334 patients with hormonally treated prostate
carcinoma. Follow-up time was 30 years or until death.

RESULTS. Three ploidy types were defined: near-diploid (D type), near-tetraploid
(T type), and highly aneuploid (A type). Tumors with a modal value within the
tetraploid region were found in 27% (92 cases) of the total material. Of these, 9%
were defined as T type and 18% as A type. Overall, 37% of the tumors were classified
as D type, 9% as T type, and 54% as A type. Of the A type tumors, one-third had
modal DNA values in the tetraploid (4c) region. Multivariate analysis showed a
statistically significant difference between A type tumors and D and T type, but
not between D type and T type. Both D and T type tumors progressed slowly and
killed the patients 5 to 30 years after diagnosis, whereas A type tumors progressed
rapidly and killed the patients within 6 years of diagnosis.

CONGLUSIONS. By image cytometry, prostate carcinoma can be divided into three
ploidy types: D, T, and A type. Biologically, however, the tumors fall into only two
groups: low grade malignant, pseudodiploid tumors of D or T type, and high grade
malignant, highly aneuploid tumors of A type. Cancer 1996; 78:1748-55.
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Previous studies have shown that May-Griinwald-Giemsa (MGG)-
stained cytologic slides from fine-needle aspiration (FNA) biopsies of
prostate carcinomas, stored in our files for more than 30 years, can be
destained and subsequently Feulgen stained for quantitative image cyto-
photometric DNA determinations of ploidy level. This procedure allows
retrospective studies in which the cytophotometric DNA data can be
directly related to the known clinical course of the tumor disease.'™*

In our earliest quantitative cytophotometric DNA analyses of hor-
monally treated prostate carcinoma, the frequency of cells with ele-
vated DNA values (above 2.5¢) was used as a gross measure of the
degree of aneuploidy. Diploid (or near-diploid) tumors thereby were



distinguished from the highly aneuploid tumors. We
found that tumors with diploid (or near-diploid) DNA
contents had a considerably less malignant clinical
course than tumors with increased (more than 2.5c),
clearly aneuploid DNA values.>®

However, in subsequent studies of the clinical
course, we found a subgroup of tumors among the
tumors with increased DNA values (> 2.5¢), which had
a much more favorable clinical course than the rest
of the tumors. In these tumors, the majority of the
cells had DNA values within the tetraploid (4c) region
and showed survival times of 15 years or more, similar
to that of the diploid (or near-diploid) tumors.® It
therefore became of interest to identify this “tetra-
ploid” subgroup of prostate carcinoma in more detail.
Limits for the diploid (2c), as well as the tetraploid
{4c) region were determined. By calculating the per-
centage of cells with DNA values outside these regions
and combining this information with the modal value
of the tumor cell population, a ploidy classification
was defined by which prostatic tumors could statisti-
cally be divided into three ploidy types. The tumors
were classified as diploid or near-diploid (D type), tet-
raploid or near-tetraploid (T type), and highly aneu-
ploid (A type). In our nonselected retrospective clini-
cal material of hormonally treated prostate carcinoma,
approximately 50% of the tumors were found to be of
A type, 40% of D type, and 10% of T type, at the time
of diagnosis.*

In studies using flow cytometry, tetraploid tumors
are difficult to define and therefore not easily distin-
guished from the aneuploid tumors, especially those
with a modal value within the tetraploid region. To
define tetraploidy versus aneuploidy by flow cytome-
try, different statistical techniques have been recom-
mended, but it is still a matter of controversy. There-
fore, in most published flow cytometric studies of
prostate carcinoma, a distinction between tetraploid
and aneuploid tumors is not made.”'' The most com-
mon procedure is to define tumors as diploid and non-
diploid. In this way, tetraploid tumors are recorded
as highly malignant aneuploid tumors. However, flow
cytometric studies in which a distinction between tet-
raploid and aneuploid tumors is made indicate that
tetraploid tumors, clinical stage T2, (treated by prosta-
tectomy) are associated with a favorable prognosis™
in line with our previous studies.*™®

The goal of the current study was to elucidate the
methodologic aspects of defining “tetraploid” pros-
tate tumors and to analyze the clinical course of these
tumors in detail. The study was performed using a
large retrospective material of hormonally treated pa-
tients, with a long follow-up time (30 years or until
death). T type tumors, as defined in the current study,
represent approximately 10% of prostate carcinoma
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and show a clinical course as favorable as that of the
diploid, D type tumors. The Cox multivariate analysis
showed that there is a significant difference in the
survival rate between A type tumors and D and T type
tumors, but no difference was found between T type
and D type tumors. Furthermore, T and D type pat-
terns often coexist in the same tumor, indicating that
T and D type represent two ploidy variants of the same
tumor type.

MATERIALS AND METHODS

Clinical Material

The patient material in the current study was from
334 patients with prostate carcinoma. Diagnosis was
performed on cytologic slides obtained by FNA biopsy
at the Karolinska Hospital, and the patients were regis-
tered in the Swedish Cancer Registry during the time
period 1960-1969. Only patients who died of prostate
carcinoma or survived more than 15 years from diag-
nosis, irrespective of cause of death, were included in
the study.

From a total number of 486 patients, 152 were
excluded. In 31 cases the diagnostic slides were not
suitable for DNA analysis, and in 121 the diagnostic
slides and/or the clinical records or autopsy protocols
could not be found, leaving 334 patients for analysis.

The distribution of the 334 patients with respect
to ploidy, grade, and TNM classification is shown in
Table 1. In the total material, 269 patients died of pros-
tate carcinoma, 54 died of intercurrent disease at least
15 years after diagnosis, and 11 were still alive at the
last complete statement of the Cancer Registry on May
1, 1995. The follow-up time was 30 years or until death.
The mean age at the time of diagnosis was 67.2 years.

Each of the 334 patients initially or at sign of tumor
progression received estrogen therapy and/or bilateral
orchiectomy. For 54 patients, radiation therapy was
given as pailiative treatment. None of the patients
were treated surgically with radical prostatectomy.

Cytologic grading was performed in 332 cases. The
smears were graded according to a system described
previously.'* Clinical stage was classified according to
the system of the International Union Against Cancer
with respect to T (size of primary tumor), M (distant
metastases), and N (regional lymph node metastases)
using information from the cytologic and/or clinical
record.'® In 15 cases, tumor size was not reported.
Distant metastases were reported in 19 cases and 4
cases had reported regional lymph node metastases
at the time of diagnosis (Table 1).

Cytochemical Procedures

The original MGG-stained routine cytologic smears,
on which the primary diagnoses of prostate carcinoma
were based, were used for the cytophotometric DNA
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TABLE 1

Composition of 334 Cases Analyzed with Respect to Ploidy and
Grade, Tumor Size (T2, T3, T4), Distant Metastases (M1), and
Regional Lymph Node Metastases (N1) at the Time of Diagnosis and
Status

D type T type A type

(n =123) n=31) (n = 180)
Grade 1 (n = 82) 51 11 20
Grade 2 (n = 165) 62 15 - 88
Grade 3 (n = 85) 10 5 70
Not determined — - 2
T2 107 23 107
T3 11 7 47
T4 1 - 16
Not determined 4 1 10
Mt 1 —_ 18
N1 — — 4
Status
Alive 10 1 —
Dead of cancer 71 18 180
Dead of intercurrent

disease 12 12 —

D type: near diploid; T type: near tetradiploid; A type: highly aneuploid.

analysis. One smear per case was analyzed. The cyto-
logic sampling procedure used was the standard
method for FNA biopsy. To obtain representative tu-
mor material, four to eight passes with the needle were
made in different directions in the tumor area. The
slides were destained in absolute methanol for 1 to 3
weeks, refixed in 10% neutral buffered formalin for 12
to 24 hours, * and restained according to a modified
Feulgen staining procedure (which includes acid hy-
drolysis in 5 N hydrochloric acid for 60 minutes at 22
°C).’*!6 The cytophotometric measurements of Feul-
gen-stained cell nuclei were performed with a photo-
graphic densitometer.'” Tumor cells were selected for
photography on the basis of cytologic malignancy
characteristics.

Histogram Interpretation
In each slide, 50 to 100 tumor cells were measured to
establish a conclusive histogram. For 99% of the cases
(i.e., 332 of 334 cases), DNA analysis of 50 tumor cells
was sufficient to unambiguously distinguish T type
tumors from A type tumors with a modal value within
the tetraploid region. In only 2 cases, 1 hundred cells
had to be analyzed to obtain a defined histogram.
The use of an internal staining control is an abso-
lute requirement for accurate ploidy determinations
of tumor cells. We used granulocytes for this purpose.
The median (Ps;) DNA value of the control cells was
calculated to determine the normal diploid (2c¢) con-
tent of DNA. The 2c value was determined from mea-

surements of a minimum of 20 control cells. All mea-
sured DNA values of the tumor cells were expressed
in c units as defined by the DNA content of the corre-
sponding control cells. To distinguish D type and T
type tumor cell populations from A type tumors, the
percentage of tumor cells outside the 2c region (<
2.5¢) and the 4c region (3.5¢ to 4.5c) were determined
for each slide.5'

The modal value was defined as the most frequent
c value, using a class width of 0.5c and an increment
of 0.25¢.

Definitions of Ploidy Types

D type tumors were defined as tumors in which more
than 50% of the tumor cells had DNA values within
the diploid and the tetraploid regions and the modal
value was within the diploid region.

T type tumors were defined as tumors in which
more than 50% of the tumor cells had DNA values
within the diploid and the tetraploid regions and the
modal value was within the tetraploid region.

A type tumors were defined as tumors in which
more than 50% of the tumor cells had DNA values
outside the diploid and the tetraploid regions (Fig. 1).

STATISTICS

The Kaplan-Meier method was used to construct life
tables of cause specific death intensity (hazard rate)."
Cox multivariate regression analysis was applied to
survival data.?® The following parameters were consid-
ered: age, ploidy (D, T, and A type), grade, and stage
(TNM). Student’s ¢ test was used to test differences
between means and the chi-square statistic to test dif-
ferences in distribution between groups. The correla-
tion between variables was estimated with Pearson
product moment correlation coefficients.

RESULTS

Definitions of D, T, and A Type Tumors

DNA distribution patterns obtained from cytophoto-
metric measurements of prostate carcinoma are exem-
plified in Figure 1. D and T type tumors show a DNA
distribution pattern similar to that of benign prostatic
lesions (i.e., the majority [more than 50%j of cells have
DNA values within the diploid [2c] region and/or the
tetraploid [4c] region).® The limits for the diploid (2.5c)
and tetraploid (3.5c-4.5c) regions are illustrated by
the dotted lines in the figure. The tumors are referred
to as D type if the modal value is within the diploid
region and as T type if the modal value is within the
tetraploid region. Conversely, in A type tumors the
majority (more than 50%) of the cells have DNA values
outside the 2c and 4c regions, and the modal values
are highly variable (Fig. 1:3-5). To unambiguously dis-
tinguish T type from A type tumors, especially those
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FIGURE 1. DNA distribution in prostate carcinoma. D type (1:1) and T
type {1:2) denote predominantly diploid or tetraploid DNA distribution,
respectively. A type (1:3-5) denotes a highly aneuploid DNA distribution:
A type with modal value within the 3¢ region (1:3), A type with modal
value within the 4c region (1:4), and A type with modal value within the
7¢ region (1:5). The dotted lines in the histograms denote the upper diploid
limit, 2.5¢, and the limits of the tetraploid region, 3.5¢—4.5c¢.

with a modal value within the tetraploid {4c) region,
it is recommended that at least 100 tumor cells be
measured.

The result of the cytochemical tumor analyses of
the 334 cases is shown in Figure 2. By combining the
percentage of tumor cells outside the 2c and 4c regions
with the modal value of the tumor cell population, the
tumors were clearly divided into three groups, corre-
sponding to the defined three ploidy types. As seen in
Figure 2, the defined limits for the 2c and 4c regions
manage to separate the D type and T type tumors (Fig.
2, left) from the A type tumors (Fig. 2, right) to such
an extent that a gap of 20%, with respect to cells out-
side the 2c and 4c regions, was obtained. The highest
percentage of cells outside the 2c and 4c regions ob-
tained in D and T type tumors was 30% and the lowest
percentage in A type tumors was 50%. In addition,
Figure 2 shows that some of the A type tumors have
a modal value within the 4c region, similar to that of
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FIGURE 2. Percentage of tumor cells outside the 2c and 4c regions,
related to the modal DNA value in ¢ units of the tumor cell population in
334 cases of prostate carcinoma.

® A-type n=180
o D-type n=123
o T-type n=31

40 +

% cells outside the 2c and 4c regions

do° ° hod °
oo
20 4 ] % 0 © %3 o o ° °
O o ,0 fio oo %o
c:g P2 e _° oand o 9 9% 4
1 PN L N I
0 © B RPo O o
0 5 10 15 20 25 30

Years

FIGURE 3. Relationship between years of survival from date of diagnasis
and percentage of tumor cells outside the 2¢ and 4c regions in 334 cases
of prostate carcinoma.

T type tumors. Difficulties may therefore appear in
distinguishing these two tumor types from each other
on the basis of the modal value alone. However, the
determining factor, as described above, is that A type
tumors have more than 50% of the tumor cells outside
the 2¢ and 4c region, whereas T type tumors have the
majority within the 2c and 4c region. Tumors with a
modal value within the 4c region were found in 92 of
the 334 cases (28%). Of these, 31 tumors (33%) were
classified as T type and 61 (66%) as A type. The overall
observed distribution of ploidy was 54% A type (180
of 334 cases), 37% D type (123 of 334), and 9% T type
(31 of 334).

Ploidy and Survival

The survival times of the 334 patients with respect to
ploidy type are shown in Figure 3. There is a remark-
able difference in the clinical course of the D and T
type tumors and A type tumors. As many as 97% (174
of 180) of the patients with A type tumors died of
cancer during the first 5 years after diagnosis and all
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FIGURE 4. Life table of cause specific death intensity (hazard rate) for
patients with prostate carcinoma of T type and patients who have A type
tumors with a modal value in the tetraploid region (test for heterogenity
chi-square = 52; P < 0.001).

patients (100%) had died within 6 years. In contrast,
only 1 of the patients with a D or T type tumor died
of cancer during the first 5 years after diagnosis, and
many of the patients were still alive 15 to 25 years after
diagnosis. Furthermore, as Figure 3 shows, there is no
obvious difference in the survival time between D type
and T type tumors. This was further analyzed in detail.

Survival of Patients with Tumors with a Tetraploid Modal
Value

The survival rate for T type tumors was compared with
that for the A type tumors with modal values within
the 4c region (Fig. 4). In the construction of Kaplan-
Meier survival curves for cause specific death inten-
sity, only patients who died of prostate carcinoma
were analyzed (i.e., 269 cases). Tumors with a tetra-
ploid modal value were found in 79 of the 269 cases
(29%). Eighteen cases were classified as T type and
61 as A type. A strong, highly significant, prognostic
difference was found showing that the 18 patients with
T type tumors had a much more favorable clinical
course than the 61 patients with A type tumors with
a modal value within the 4c region (chi-square = 52;
P < 0.001) (Fig. 4). All the patients with A type tumors
had died of cancer 6 years after diagnosis, whereas
only 4 of the patients with T type tumors died of cancer
during the same time period. Thus, 78% of the patients
(14 of 18) with T type tumors were still alive 6 years
after diagnosis.

Figure 5 show the survival rate for all 269 patients
who died of prostate carcinoma, with respect to ploidy
type. The A type tumors are divided, with respect to
the modal value obtained, into three groups: A tumors
with modal value below, within, or above the 4c re-
gion. No significant prognostic difference in the sur-
vival rate was found between A type tumors with a
modal value in the 4c region and A type tumors in
general {(with other modal values) (chi-square = 249;
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FIGURE 5. Life table of cause specific death intensity (hazard rate) for
269 patients with prostate carcinoma (lest for heterogenity chi-square =
249, (df = 4); P < 0.001).

degree of freedom (df) = 4, P < 0.001) (Fig. 5). Further-
more, the statistical analysis did not show any signifi-
cant difference in the survival rate between patients
with T type tumors and those with D type.

Relation between Ploidy and Grade

The distribution of the 334 patients with respect to
ploidy, grade, and TNM classification is shown in Ta-
ble 1. All ploidy types were represented among all
grades (test for heterogeneity, chi-square = 57.4; df =
4; P < 0.001). Most Grade 1 tumors (62%; 51 of 82
cases) were of D type, with a favorable prognosis, and
most Grade 3 tumors (82%; 70 of 85 cases) were of A
type, with a poor prognosis. Approximately half of the
tumors were classified as Grade 2. In this group, the
D and T type, both with a favorable prognosis, and the
A type were approximately equally common. However,
the correlation between grade and ploidy was not par-
ticularly strong because 15 of the 85 Grade 3 tumors
{18%) were of D or T type, and 20 of the 82 Grade 1
tumors (24%) were of A type.

Cox Multivariate Regression Analysis

To further analyze which of the prognostic factors
(ploidy, grade, and stage) is the strongest predictor of
survival, Cox multivariate regression analysis of dis-
ease specific survival was performed (Table 2). Age
was included as a control factor. The analysis clearly
shows that ploidy (A type versus D and T type) is the
strongest predictor of survival (chi-square = 114.6, P <
0.001) and the factor of paramount importance. Grade
contributes additional information to that provided by
ploidy only to a small extent (chi-square = 4.6, P =
0.033). Grade alone (univariate analysis) proved to be
an important predictor of survival in the absence of
ploidy (chi-square = 64; P = 0.001). In this study, the
number of patients with distant metastases at the time
of diagnosis, was only 19 (accounting for 6% of the
total material), which makes this parameter of limited



TABLE 2
Cox Multivariate Analysis with Respect to Disease Specific Survival:
Relative Hazard and 95% Confidence Intervals

Factor RH (I Pvalue  Chi-square
Age 1.023  1.009-1.038 0.002 9.9
Ploidy 3 (3 vs. 1,2) 1151 48.3-2744 <0001 1146
Grade 1 (1 vs. 2,3) 0.697 0.502-0.969 0.033 16
Distant metastases 1742 1.058-2.846 0.028 4.8

RH: relative hazard; CI: 95% confidence interval

Competing factors were age (continual), ploidy, grade, tumor size (T), distant metastasis (M), and
regional lymph node metastasis (N).

Cocing; ploidy: D type = 1; T type = 2; A type = 3; Grade: 1, 2, and 3; tumor size: T2 = 1, T3 = 2;
and 74 - 3 M: not present = §; present = 1; N: not present = §; present = 1; status: alive = 0; dead
of cancer = 1; and dead of intercurrent disease = 2,
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FIGURE 6. Diagram of a slide of a T type prostate carcinoma. Two areas
of the tumor as well as their corresponding DNA histograms are shown.

importance. Cox analysis also show that there was a
significant difference with respect to survival between
A type tumors and D and T type but not between D
type and T type tumors.

D and T Type Ploidy Patterns May Coexist in the Same
Tumor

A coexistence of diploid and tetraploid DNA patterns
is observed in T type tumors as well as in D type tu-
mors, both in cytologic smears and in histopathologic
sections of prostate carcinoma. We have found that
approximately 10% of the prostate tumors have a pre-
dominantly tetraploid DNA distribution. Areas with a
diploid DNA distribution can, however, always be
found in such tetraploid tumors. This is illustrated in
Figure 6. Thus, within the same tumor, one area shows
a D type pattern and another area a T type pattern.
In the current study, we did not detect the coexistence
of an A type pattern within D and T type tumors. How-
ever, we cannot exclude the possibility that a patient
can have both a D/T type prostate tumor and another,
separate prostate tumor of A type.
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CONCLUSIONS

In the current study, methodologic and prognostic as-
pects of tetraploid or near tetraploid prostate tumors
were studied. Previous studies have shown that, by
the use of image cytometry, it is possible to perform
accurate DNA analysis and ploidy level determination
of old archival cytologic tumor specimens."®'” This
technique conveniently allows retrospective studies in
which, with the use of a very long follow-up time, DNA
data can be correlated directly to the known clinical
course of the tumor disease."**%!” Retrospective stud-
ies with follow-up times of decades are especially valu-
able in investigations of tumors with a slow tumor
progression rate (i.e., long clinical course).

In our previous retrospective studies, the prostate
tumors were cytophotometrically classified into only
two tumor types. As a gross parameter of aneuploidy,
the percentage of tumor cells exceeding the upper
limit of the diploid region (2.5¢) was used.**'" Tu-
mors with a diploid or near-diploid DNA content
thereby were defined and distinguished from tumors
with an increased (more than 2.5¢) DNA content.
However, the prognostic analysis of these two tumor
types showed that diploid tumors had a favorable
prognosis but not all of the tumors with increased
DNA values had an unfavorable prognosis. Thus,
among the tumors with increased DNA values was a
group of tumors with a much more favorable clinical
course."?® In common for these tumors, with in-
creased DNA values and a favorable prognosis, was a
predominantly tetraploid or near tetraploid DNA dis-
tribution. Therefore, in addition to the limit for the
diploid region (2c), limits for the tetraploid region (4c)
had to be determined to classify ploidy of prostate
carcinoma accurately.

This study confirms that among the aneuploid,
nondiploid, tumors is a group of tumors that have a
much more favorable clinical course than the rest of
the highly aneuploid, A type tumors. Using the method
described here, these tumors are defined as T type. Of
the patients who died of prostate carcinoma, tumors
with a tetraploid DNA distribution were found in 29%
(79 of 269). Of these tumors, the majority (61; 22%)
were A type and 18 (7%) T type. Kaplan-Meier curves
of cause specific death intensity showed that A type
tumors with a modal value within the tetraploid region
progressed rapidly and killed 97% of all patients within
5 years and all of the patients within 6 years. This
progression rate did not differ statistically from the
rest of the A type tumors, irrespective of modal value.
Conversely, the T type tumors had a progression rate
similar to that of the D type. Only 1 patient with a T
type tumor died of cancer within the first 5 years after
diagnosis and many of the D type patients were still
alive after 15 to 25 years. This difference in the survival
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rate between the highly malignant A type tumors (irre-
spective of modal values) and the low malignant D
and T type was statistically highly significant.

This result was confirmed by the Cox multivariate
analysis of survival, which showed a strong statistically
significant difference between A type tumors and D
and T type tumors, but not between D type and T type
tumors. Thus, the analyses clearly indicate that D and
T type tumors should be regarded as one tumor type,
DT type. Whether the difference in the clinical course
between A type and the D and T type is an effect of
the endocrine therapy or a result of the inherently low
degree of biologic malignancy among the D and T type
tumors remains to be investigated.

Further evidence for the existence of a DT type is
the coexistence of D and T type areas within the same
tumor. Thus, in T type tumors areas of D type pattern
were found and vice versa. However, we have not de-
tected the coexistence of A type patterns and D and T
type patterns within the same tumor. We do not con-
sider the coexistence of D and T type as being an
expression of genetic heterogeneity. Rather, it indi-
cates that the D type and the T type patterns represent
two different states of the tumor and should be re-
garded as an expression of polyploidization, or alter-
nately that the T type pattern represents a part of the
tumor in which many cells are arrested in the G, phase.

Cox multivariate regression analysis also showed
that ploidy, defined as A type versus D and T type, is
the paramount single predictor (chi-square = 114.6)
of survival in comparison with grade and stage, and
that grade contributes only a small amount of addi-
tional information (chi-square = 4.6). However, in the
absence of ploidy, grade alone is an important pre-
dictor of survival (univariate chi-square = 64).

In most studies using flow cytometry, no distinc-
tion between aneuploidy and tetraploidy is made,
mainly due to difficulties in establishing a correct
definition of tetraploidy.”*' The most common proce-
dure is to define tumors as diploid and nondiploid.
Tetraploid tumors thereby are recorded as highly ma-
lignant aneuploid tumors. The published literature on
different methodologic aspects of ploidy determina-
tions has recently been critically evaluated.”!

Flow studies in which a distinction between differ-
ent types of nondiploid tumors is made indicate that
tetraploid tumors, clinical stage T2 (treated by prosta-
tectomy), in line with our results, have a favorable
prognosis similar to that of diploid tumors.'> However,
in more advanced clinical stage D1 diseases (treated
by prostatectomy) the tetraploid tumors have a much
more malignant clinical course than the diploid tu-
mors, similar to that of aneuploid tumors.”? In both
these studies (clinical stage B and D1 tumors), the
DNA ploidy determinations are performed by flow cy-

tometry, but the analyzed tumor cell nuclei are from
a suspension of nuclei extracted from thick cut sec-
tions of formalin fixed, paraffin embedded tissue
blocks.”® However, this method has been shown to
entail several artefacts produced for example by selec-
tive destruction of large, fragile aneuploid nuclei, un-
controllable admixture of normal cells, and a variable
stainability within the same preparation.?® This can
explain why in such a progressive tumor disease as
D1, as many as 46% of the tumors were classified as
tetraploid and only 17% as aneuploid.” Thus, the ma-
jority of the tumors classified by flow cytometry as
tetraploid might in fact be aneuploid tumors. Con-
versely, in clinical stage B tumors one does not expect
to find a high percentage of aneuploid tumors and the
content of damaged aneuploid cell nuclei should thus
be low. In the study of clinical stage B tumors,'” as
expected, only 4% of the tumors were classified as
aneuploid, 28% as tetraploid, and 68% as diploid.
Thus, the contradictory prognostic results in these two
studies of clinical stage B and D1 tumors illustrate
the difficulties of using a cytometric method in which
unidentified cells are measured, rather than indicating
that tetraploid tumors have an unfavorable prognosis
in high stage tumor diseases.

Ploidy analysis by image cytometry can also be
determined with an acceptable degree of accuracy us-
ing histopathologic sections from prostatic tumor ma-
terial.»'” D type tumors thereby are easily distin-
guished from A type tumors. However, some problems
can occur using histopathologic sections in distin-
guishing T type tumors from A type tumors with a
modal value within the 4c region. However, cytologic
material is ideal for DNA ploidy determinations by
image cytometry because whole and intact nuclei are
analyzed, which is not the case with sections. It would
therefore be very beneficial if cytologic material was
routinely obtained, even in clinics that use core needle
biopsy or surgery for diagnosis. Analysis of this mate-
rial by image cytometry would provide valuable sup-
plementary prognostic information.

In conclusion, in prostate carcinoma, approxi-
mately 30% of the tumors have a tetraploid DNA distri-
bution. Using the method described here, however,
one-third of these were defined as T type and the rest
as A type. In the hormonally treated patients examined
in this study, T type tumors have a clinical course as
favorable as D type tumors. Thus, prognostically there
is no need to distinguish T type tumors from D type
tumors. T and D type patterns coexist within the same
tumor area, which furthermore demonstrates that the
D and T type ought to be regarded as one tumor type,
DT type. A type tumors, irrespective of DNA distribu-
tion and location of modal value, are a highly malig-
nant form of prostate carcinoma, in contrast to the



low malignant DT tumors. A type tumors progress rap-
idly and kill the patients within 3 to 5 years. Progres-
sion also takes place in DT type tumors with develop-
ment of metastases and eventually death from cancer
in some of the patients (i.e., those who do not die
from intercurrent diseases). This process takes 10 to
25 years; it is 3—5 times slower in the DT type tumors
than in the A type. The genetic background to the
difference in the progression rate between D and T
type tumors and A type is unclear. It might reflect
a higher degree of genomic instability, leading to an
increased mutational frequency, in the A type tumors
than in the D and T type. In breast carcinoma, for
example, gene amplification, as one marker of genetic
instability, is significantly more common among A
type than DT type tumors.” A similar situation may
well prevail in prostate carcinoma. We have also ob-
served that most patients who are diagnosed as having
DT type tumors and who eventually die from cancer
after several decades still have DT type tumors at the
time of death (unpublished data); conversion from DT
type to A type appears to be a rare event in hormonally
treated patients with prostate carcinoma.
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