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Abstract

DNA cytometry is a powerful tool for grading the malignant potential of pros-
tatic carcinomas, superior to histological or cytological evaluation. Indepen-
dently of the clinical stage, the probability of tumor progression and death
from cancer-specific causes can be assessed for individual patients. The mean
nonprogression rate of ‘DNA near-diploid’ prostatic carcinomas seems to be
85-90% for 5 years. Near-diploid tumors are likely to respond to hormonal
therapy. Changes in the DNA pattern towards the normal state under conser-
vative therapy may serve as an early indicator of regression, whereas increas-
ing DNA aneuploidy indicates tumor progression. The diagnostically relevant
parameter is the degree of DNA aneuploidy. The parameters for prognostic
interpretation of DNA data are not yet sufficiently standardized. DNA cytom-
etry may help the urologist to predict the fate of an individual patient with
prostatic cancer and to decide on a hormonal or adjuvant therapy. DNA
cytometry is so far not useful for the detection of prostatic neoplasia or its
precursors. DNA measurements may be performed by flow or static cytome-
try, the former method being more rapid, the latter more sensitive excluding
the measurement of normal cells. Fine-needle aspirates are most suitable for
performing DNA measurements with both methods.

Diagnostic Problems in Clinical Pathology

So far every cancer of the prostate has to be microscop-
ically verified, classified and graded before any therapy
can be scheduled. Today, core biopsy on which a histolog-
ical diagnosis is made and fine-needle aspiration biopsy
on which a cytological diagnosis is made compete with
each other concerning their sensitivity, specificity and
typing accuracy. The average sensitivity of the histologi-
cal investigation (93.1%) is only slightly better than that
of the cytological investigation (92.7 %), if data from the
literature are compared [1]. The specificity of the cytolog-

ical diagnosisis 97.2% on an average, but that of histology
is not 100%. According to our experience we have to face
about 2% false-positive histological diagnoses on core
biopsies of the prostate in daily practice [1]. Yet, the false-
positive rate of histological tumor diagnosis has never
been thoroughly investigated. Likewise, the typing accu-
racy of the cytological diagnosis of the tumor has never
been analyzed in the prostate, but we suppose that urothe-
lial cancers and squamous cell carcinomas are not always
classified correctly but diagnosed and mistreated as ade-
nocarcinomas. Furthermore, grading of tumor malig-
nancy is not sufficiently reproducible to be reliable for an
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individual patient. Svanholm and Mygind [2] reported a
36% interobserver reproducibility of the histological
grading according to Gleason [3] and 69 % of that accord-
ing to Bocking et al. [4]. The reproducibility of cytological
tumor grading was reported to be only 60.0% [5]. The
prognostic significance of the morphological grading sys-
tems is not precise enough to take it as a basis for thera-
peutic decisions in individual patients. The probability of
tumor progression cannot be ascertained from morpho-
logical criteria alone. Finally, the effect of tumor therapy
cannot be established reliably from microscopic investi-
gations despite several proposals for histological or cyto-
logical grading of tumor regression [6, 7].

Morphometric parameters have failed to contribute
significantly to more precise diagnoses in routine pathol-
ogy [8-10]. Altogether the diagnostic sensitivity, specifici-
ty, typing accuracy and monitoring of therapy performed
on biopsy material from the prostate have to be improved
to achieve more precise and reliable diagnoses as a solid
basis for individual therapy of prostatic cancers.

Since the work of Tavares et al. [11] many attempts
have been made to improve the diagnostic accuracy of
histological and cytological investigations of prostatic tis-
sue using DNA cytometry. Nowadays this method may be
used routinely to assist in grading the malignant potential
of prostatic cancer and in monitoring the effect of conser-
vative therapy. Many scientific publications reflect the
prognostic validity of various DNA parameters. Modern
knowledge acquired from tumor cytogenetics represents
the biological basis on which the diagnostic interpretation
of DNA-cytometric data may be performed. New techni-
cal equipment allows precise and rapid DNA measure-
ments and assistance in data interpretation in daily prac-
tice.

Methodology of DNA Cytometry

Cytogenetic Basis

Nuclei of normal somatic cells contain two sets of 23
chromosomes (=2c). During the G, and M phases of the
cell cycle four sets of chromosomes are present in each
nucleus (=4c). In some tissues a regular multiplicity of
this normal chromosomal set can be observed according
to the integer valued exponents of 2¢ (4c, 8¢, 16¢, 32¢)
called euploid polyploidization. Polyploid cells are regu-
larly encountered, for example in mesothelial, urothelial,
seminal-vesicle epithelial cells, in hepatocytes, thyrocytes
and others. During the S phase of the cell cycle every
nuclear DNA content between 2¢ and 4¢ may be found.

Numerical and structural aberrations of these normal
chromosomal patterns are called chromosomal aneuploi-
dy. Chromosomal aneuploidy distinguishes neoplastic
cells from the normal somatic cells of an individual, since
ancuploidy has so far only been observed in neoplasms
[12,13].

Chromosomal ancuploidy occurs very early in carcino-
genesis and precedes the onset of clinical manifestations.
Most evidence indicates that the tumour-specific primary
chromosomal abnormalities are a conditio sine qua non
in the multistage process of carcinogenesis [13]. Ionizing
radiation and cytostatic agents may produce aneuploidy
in single benign cells, as well.

Two types of chromosomal abnormalities can be dis-
tinguished. Primary, specific, nonrandom, mostly dis-
crete changes occur, preferentially involving specific
chromosomes, often as characteristic numerical or struc-
tural aberrations. The specificity of these aberrations may
allow the diagnosis of certain tumor types. The detection
of cells with aneuploid chromosomal sets is thus equiva-
lent to the detection of neoplastic cells. Chromosomal
abnormalities have so far been reported in fewer than
10 prostatic carcinomas. A deleted chromosome 10,
del(10)q 24 was found in all 5 carcinomas studied by
Atkin and Baker [14] and could represent a specific, pri-
mary rearrangement. Three of the carcinomas in the same
series also had a deleted chromosome 7, del(7)q22. Fur-
ther studies will clarify the significance of these interest-
ing findings.

Secondary, additional, more massive, random or back-
ground abnormalities affecting all chromosomes occur as
epiphenomena. They are observed in addition to the pri-
mary aberrations and frequently dominate the karyotypic
picture in late stages of disease. They are associated with
tumor progression, and their heterogeneity (range) is cor-
related with the malignant potential of the tumor [13].
The severity of a cancer based on such parameters as inva-
sion (stage), pathology (grade), metastasis and response to
therapy may be related to the number of chromosome
changes present. Thus, Oshimura and Sandberg [15] re-
ported on a mode of 70 chromosomes with considerable
scatter in a metastasis to bone marrow of a prostatic can-
cer. This means that the quantitation of chromosomal
anzuploidy in a given tumor may serve for grading its
malignant potential [16].

The only setting in which cytogenetic analysis today
plays a diagnostic role in clinical practice is in the exami-
nation of effusions of unknown cause. Especially in pleu-
ral effusions have numerous studies proven the value of
chromosome analysis in differentiating between neoplas-
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Fig. 1. Flow cytometer FACScan (Becton Dickinson, Mountain View, Calif., USA) for DNA flow cytometry.

tic and other diseases. DNA cytometry and not the disci-
pline of tumor cytogenetics itself has used aneuploidy as a
marker for neoplastic cell transformation and its extent
for assessing the malignant potential of various tumors.
Whereas primary chromosomal aneuploidy was often too
discrete to be detected by DNA single-cell or flow cytome-
try, as occurs with cancers of the prostate, at least the
additional secondary abnormalities lead to quantitative
changes in nuclear DNA, which might be demonstrated
by cytometry. The interpretation mode of DNA-cytomet-
ric data for diagnostic purposes should be consistent with
the cytogenetic findings of each particular tumor entity.

Preparation and Staining

Fine-needle aspirations rcpresent thc most suitablc
specimens for DNA single-cell or flow cytometry. If core
biopsies arc performed, direct smears may be prepared
from the tissue cylinder rolling it between two glass slides
under slight pressure. Material for flow cytometry has to
be subjected to special cell separation techniques [17, 18]
and stained with fluorescent dyes such as propidium
iodide or 4,6-diamidino-2-phenylindole [19]. Smears
should be fixed in buffered 4% formaldehyde solution
before Feulgen staining with parafuchsin [20]. Differently
prestained smears may be cleared from their cover glasses
in xylene, postfixed in formaldehyde and restained ac-
cording to Feulgen, even after many years. Destaining will
automatically be performed during acid hydrolysis with

HCI. Cells may also be released for DNA measurements
from old, formalin-fixed and paraffin-embedded tissue
blocks using cell separation techniques [17, 21]. DNA
measurements on sections are allowed only under certain
conditions: an individual, mathematical correction of
integrated optical density values has to be performed, tak-
ing the thickness of the section and the size of each indi-
vidual nucleus into account. A minimum of about 300
nuclei has to be measured, and the results cannot be com-
pared directly with those from whole nuclear measure-
ments [22]. Epstein et al. [23] demonstrated that in 22%
discordant DNA histograms resulted when comparing
measurements on smears and tissue sections. Thus diag-
nostic DNA measurements on tissue sections are not rec-
ommended.

Measuring Devices

Measurements of nuclear DNA for diagnostic pur-
poses are currently performed using either flow cytomet-
ers or televised-image analysis systems. Conventional
microscope photometers are out of use, because measure-
ments for that purpose are too time-consuming, circum-
stantial and often not precise enough [24]. Flow cytome-
ters allow a rapid measurement of huge amounts of cells
within a few minutes (fig. 1). For DNA measurements in
solid tumors, cell suspensions have to be prepared by
mechanical and/or chemical cell separation. Measure-
ments in cytological or histological routine specimens are
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not possible. If the DNA stemline ploidy has to be deter-
mined exactly or if a mere distinction between ‘diploid’
and ‘aneuploid’is desired, the good representativity of the
large cell number under investigation is an advantage.
Another advantage of flow cytometry is the possibility of
simultaneous determination of different parameters, such
as nuclear DNA, nuclear size, cellular protein content and
various cellular antigens, e.g. keratin or Ki 67, in the same
material. Yet, the systems do not allow a morphological
identification and classification of cells under investiga-
tion. This means that the tumor cells cannot be differen-
tiated from nuclear aggregates, connective tissue cells, his-
tiocytes or normal epithelial cells. Further, the lowest
resolution of these instruments is about 1 %, which means
that cells representing less than 1% of the total population
cannot be identified. Dysplastic cells in a smear cannot be
measured selectively, or a few malignant cells cannot be
detected. Few but diagnostically relevant cells in a mixed
population will be overlooked. Finally, a repeat measure-
ment of the same cells for quality control is not possible.

Televised-image analysis systems allow DNA measure-
ments in cytological and histological routine specimens,
which may be many years old (fig. 2, 3). Thus, no addi-
tional material for measurements must be obtained from
the patient. Individual- and tissue-specific reference cells
may be selected which are suitable for every case. Individ-
ual cells of interest can be selected by the user and classi-
fied morphologically; artifacts can be excluded. This offers
the possibility to select and measure rare, dysplastic,
abnormal or special cell types in mixed populations, Thus,
grading of malignancy is also possible in a mixture of neo-
plastic and nonneoplastic cells. Different cell types can be
measured simultaneously. In addition, these systems de-
termine morphometric nuclear features such as size, form
or chromatin pattern. Cells can be relocated and remea-
sured for quality control. Moreover, immunohistochemi-
cal reactions can be quantitatively investigated. A disad-
vantage, as compared with flow cytometry, is the more
time-consuming measurement (about 20 min for 20 refer-
ence and 200 tumor cells) and the restricted number of
cells that can be measured practically (some 100).

Data Interpretation

Strategies for the diagnostic interpretation of DNA-
cytometric data of the given tumor should be consistent
with cytogenetic findings. This implies that apart from
very early stages in carcinogenesis, which mostly reveal
only discrete, primary chromosomal abnormalities, cyto-
genetically based, fixed DNA distribution patterns do not
exist during tumor progression. The reason is that the rel-

i

i

ot

Fig. 2. Televised-image analysis system Cytometer CM1 (Hund,
Wetzlar, FRG) for static DNA cytometry.

evant secondary chromosomal aberrations are random
effects. Objective, algorithmic data interpretation should
be preferred instead of subjective descriptions of histo-
grams [25].

Slight chromosomal aneuploidies in single cells cannot
be detected cytometrically because of the limited resolu-
tion of the method. Yet, such small increases as 2% of the
total DNA can be identified by measuring hundreds of
cells, statistically comparing their DNA values with those
of tissue- and individual-specific reference cells. If a sta-
tistically significant difference can be detected between
both populations, DNA aneuploidy can be assumed. This
procedure is known as ‘stemline interpretation’ of DNA
aneuploidy [26, 27]. Using that interpretation mode the
quantitative effect on nuclear DNA resulting from small
numerical chromosomal aberrations can be detected cy-
tometrically. Yet, this mode is rather insensitive, as many
cells containing the relevant aneuploidies must be avail-
able for measurement. Rare cells revealing chromosomal
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aneuploidy characteristic of neoplasia may be missed by
this strategy of interpretation. Single cells from tissues
without polyploidization may be identified as aneuploid,
if their DNA content amounts to more than 4c¢ plus the
error of the method. In practice, a DNA content > 5¢ has
been proven empirically as diagnostically relevant [ 1, 28].
Not the percentage of cells with a DNA content > 5c
which can be subjectively influenced, but their absolute
occurrence is of diagnostic relevance (5c-exceeding
events). We call this procedure ‘single-cell interpretation’
of DNA aneuploidy. With this mode, quantitatively
greater chromosomal aneuploidies can be detected in a
few cells by DNA cytometry. This procedure is a very sen-
sitive one for the detection of neoplastic cells, as most
malignant tumors reveal single cells with an abnormally
high DNA content [29]. Both modes of diagnostic DNA
data interpretation for the detection of aneuploidy are
correct and should be used in combination as they supple-
ment each other.

Some authors use an increased percentage of cells in
the G»/M phase, e.g. 7%, as a marker for neoplastic trans-
formation [30, 31].

For prognostic interpretation of DNA data the simple
differentiation into ‘diploid’ and ‘aneuploid’ tumors has
to be abandoned, as it lacks a cytogenetic basis [25].
Nearly all tumors are cytogenetically aneuploid [12], but
this may not be detectable by DNA cytometry. Instead,
DNA aneuploidy should be quantified either by defining
the DNA content of the tumor stemline, especially the
modal value, or by parameters reflecting the prognosti-
cally relevant DNA distribution, such as mean ploidy
[32]. Sc-exceeding rate [29], DNA grade of malignancy
[33], coefficient of variation of DNA ploidy [34], stan-
dard deviation of ploidy or entropy [35].

Diagnostic Results

Diagnosis of Malignancy

On average, the sensitivity of DNA cytometry to detect
cancer in specimens from the prostate amounts to only
67.9%, using DNA aneuploidy as a marker for neoplasia
(table 1). The sensitivity becomes even worse when only
low-grade carcinomas are taken into account. Whereas
90 % of poorly differentiated carcinomas (n=13) revealed
DNA aneuploidy, this was found in only 42 % of the well-
differentiated tumors (n = 199) [48]. The sensitivity using
single-cell cytometry seems to be higher (80.7%) as com-
pared with flow cytometry (62.5%; table 1). The reason
may be that in single-cell cytometry the relevant popula-

tion can be measured selectively, whereas in flow cytome-
try a small population of grade 1 prostatic carcinoma cells
may not be differentiated from benign hyperplastic cells.

It is a well-known fact that aneuploidy tends to in-
crease during tumor progresssion [49]. As a result higher
aneuploidy rates are found more often in advanced clini-
cal stages. Adolfsson and Tribukait [49] reported on 20%
inT; (n=27),66% in T, (n=51)and 88% in T5 (n = 33).
The fact that the aneuploidy rate in prostatic cancer is on
average significantly lower than in squamous cell carci-
noma of the uterine cervix for example, where it is near
100% [29], corresponds to the lower malignant potential
of the former tumor as compared with the latter. The rea-
son for the reported low DNA aneuploidy rate may be on
a cytogenetic basis in that the primary chromosomal aber-
rations in prostatic cancer are rather slight (see above) or
that secondary changes might occur late during tumor
progression. '

The average specificity of DNA cytometry to detect
normal, nonmalignant cells in prostatic specimens is
93.7% (table 1). The specificity using single-cell cytome-
try is slightly higher (97.8%) as compared with flow
cytometry (92.6%). The reason may be that artifacts can
more easily be excluded using interactive as compared
with automatic measurements.

The reason for the high rate of ‘false-positive’ DNA
aneuploidies in benign prostatic tissue is unknown. Possi-
ble explanations are that a correct internal standard with
tissue- and individual-specific reference cells has not
always been used or that a partial or complete euploid
polyploidization may occur in benign prostate cells.

In summary, the reported sensitivities and specificities
are too low to recommend DNA cytometry as a diagnostic
acid in the detection of prostate cancer or its precursors.

Grading of Malignancy

Whereas the diagnosis of malignancy is routinely per-
formed with an acceptable sensitivity and specificity us-
ing cytological or histological material, the prognostic
significance of cytological or histological grading of tu-
mor malignancy is neither sufficiently reproducible nor
prognostically valid enough. As early as 1966 Tavares et
al. [11] reported on quite different survival times of
patients with prostatic cancer which revealed DNA
stemlines around 2¢ or 4¢ as compared with 3¢ or 6¢.
Even the response to estrogen therapy was better in the
2c¢/4c group. About 20 years later these results were con-
firmed by several independent investigators (table 2). It
could be demonstrated that there exists a statistically sig-
nificant correlation of the DNA distribution pattern with
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Fig. 3. Interactive monitor of the Cytometer CM 1. Measured nuclei are marked by their individual DNA content
in numbers of sets of chromosomes (¢). Right above: on-line DNA histogram.

the survival time of the patients [44, 48, 54, 55, 58-62]
(fig. 4).

It has furthermore been demonstrated that DNA aneu-
ploidy correlates significantly with death from cancer [44,
48, 60, 62] and with nonprogression of the tumor [59, 60,
62] (fig. 5)

The follow-up of these studies was between 5 and 20
years. The DNA parameter used was mostly the differen-
tiation between ‘diploid’ and ‘aneuploid’ distribution pat-
terns, although this is not precisely defined in the litera-
ture. It seems obvious that a second distinct group with a
rather good prognosis, slightly worse than that of patients
with ‘diploid’ tumors, is represented by those with stem-
lines around 4c¢ [44, 50, 60]. A third prognostically sepa-
rate group seems to have a nontetraploid aneuploid distri-
bution with one stemline, while in a fourth, aneuploid dis-

tributions with several stemlines seem to represent the
prognostically worst category [56]. Bocking et al. [57]
used the variance of the tumor cell DNA values around
the normal 2¢ value (2¢ deviation index) as a prognostic
parameter which also revealed a significant correlation
with the survival time. Bibbo et al. [59] used the percent-
age of cells > 5c as a prognostic marker. Auer and Zetter-
berg [52] showed that the percentage of cells >2.5¢
(> 60%) correlated well with the occurrence of death
from cancer with 1-3 years.

Single-cell cytometry seems to have an advantage over
flow cytometry for DNA grading of prostatic carcinomas
because preexisting routine smears on which the cytologi-
cal diagnosis has been made can be used for measure-
ments and even a few tumor cells can be specifically mea-
sured separating them from coexisting benign cells.




Table 1. Diagnostic significance of DNA-cytometry in prostatic cancer: data from the literature

Authors Benign/ Type of Static (S) Semsitivity- Specificity. ~Made of
malignant material orflow (F) % % discrimination
cases cytometry
Sprenger et al. [36] 105/52 Fine-needle aspiration F 421 96.2 Discriminant analysis
Zetterberg and 3/24 Fine-needle aspiration 95.8 - 5c-exceeding events
Esposti [37]
Frederiksen et al. [38] 29/30 Fine-needle aspiration 60.0 100 Second significant peak
Zimmermann and 17/81 Fine-needle aspiration 76.5 93.8 Second peak outside
Truss [39] 4,8, 16¢; 2¢c peak > 7%
Ronstrom et al. [30] 301/166 Fine-needle aspiration F 73.0 92.0 Cells in G, + M phase or
second aneuploid peak
Lammel et al. [40] 24/32 Core biopsy 75.0 96.0 G; fraction
Zimmermann et al. [41] 102/73 Fine-needle aspiration 57.5 85.3 Second aneuploid peak or
hypertetraploid cells
Tribukait et al. [31] /300 Fine-needle aspiration F 69.0 - G»/M phase cells > 7%
Bocking et al. [29] 18/29 Fine-needle aspiration S 69.0 100 Sc-exceeding events
Seppelt et al. [42] 20/85 Fine-needle aspiration S 89.4 95.7 Combination of
8 parameters
Willumsen et al. [43] /67 Cell suspension from F 437 - Distinctive second peak
paraffinized tissue blocks
Winkler et al. [44] -/91 Cell suspension from F 58.0 - Distinctive second peak
paraffinized tissue blocks or > 13% in G»/M phase
de Vere White and 87/77 Fine-needle aspiration F 55.0 87.2 > 20% hyperdiploid cells
Deitch [45] or additional peaks
Amberson and Koss [46] -/47 Fine-needle aspiration F 78.7 - DNA index = 1.00
and surgically
removed tissue
Amberson and Koss [46] -/68 Fine-needle aspiration 75.0 - DNA index = 1.00
Tribukait [47] 531/866 Fine-needle aspiration F 62.5 91.0 G| peak deviates more than
10% from internal diploid
standard
Stenkvist and 135 Fine-needle aspiration S 74.3 - More than 2% cells > 4.32¢
Olding-Stenkvist [35]
Table 2. Prognostic significance of DNA cytometry in prostate cancer: data from the literature
Authors Number Type of Static (S) Follew-up Prognostic Correlation Level of
of cancers material or flow- peried DNA parameter with significance
cytometric (F) years
measurements
Tavares 35 Paraffin sections S 11 Stemline around Survival time, response  Descriptive
etal. [11] 2c¢/4c¢ vs. 3c/6¢ to estrogen therapy
Tavares 76 Paraffin sections S 12 Stemline around Survival time, response  Descriptive
etal. [50] 2¢/4c¢ vs. 3c/6¢ to estrogen therapy
96 Bocking DNA Cytometry of the Prostate



Table 2 (continued)

Authors Number Type of Static (S) Follow-up Prognostic Correlation Level of
of ecancers material or flow- period DNA parameter with significance
cytometric (F) years
measurements
Tribukait 300 Fine-needle S - Diploid vs. aneuploid  Cytological grading Descriptive
etal. [31] aspiration
Seppelt and 80 Fine-needle S 2.5 DNA maximum 30 months survival Descriptive
Sprenger [51] aspiration < 3.3c;
3.3-5.9¢; > 5.9¢
Auer and 143 Fine-needle S 10 Percentage of cells Death from cancer Descriptive
Zetterberg [52] aspiration >2.5¢ (> 60%) within 1-3 years
Frankfurt 45 Cell suspension F - Diploid vs. aneuploid ~ Staging, metastases, Descriptive
etal. [53] from fresh tissue histological grading
Fordham 72 Cell suspension F 14 Diploid vs. aneuploid  Histological grading, n.s.,
ctal. [48] from fixed tissue survival time, p < 0.001
death from cancer
within 3 years
Lundberg 50 Cell suspension F >5 Diploid vs. tetraploid  Histological grading, n.s.,
etal. [54] from fixed tissue vs. aneuploid survival time p=0.043
Stephenson 82 Cell suspension  F >5 Diploid vs. aneuploid ~ Survival time p=0.0109
etal. [55] from fixed lymph (only stage D, patients)
node tissue
Tribukait 125 Fine-needle F 6 Diploid vs. tetraploid  Survival time, p < 0.05
[56] aspiration vs. aneuploid with distant metastases
1 cell line vs. aneuploid
with several cell lines
Bocking 52 Fine-needle S 12 DNA malignancy Survival time p =0.009
etal. [57] aspiration grade
Winkler 91 Cell suspension  F >5Sup Diploid vs. tetraploid ~ Survival time, p=0.001
et al. [44] from fixed tissue to17 vs. aneuploid nonprogression,
death from cancer
(only stage D, patients)
Mclntire 39 Cell suspension  F 18-20 Diploid vs. aneuploid ~ Survival time p=0.001
et al. [58] from fixed tissue (only stage A patients)
Bibbo 30 Sections S 12 Sc-exceeding rate, Survival time p < 0.001
et al. [59] mean ploidy
Nativ 146 Cell suspension F 7.9 Diploid vs. tetraploid ~ Tumor progression, p < 0.001
et al. [60] from fixed tissue vs. aneuploid survival time, p < 0.06
death from cancer p < 0.01
(only stage C patients)
Peters 44 Fine-needle S 5.8 89% with aneuploid,  Tumor progression
etal [61] aspiration 11 % with normal- from stages A and B
range DNA pattern
progressed to stage D
Montgomery 283 Cell suspension F > 10 Diploid vs. tetraploid  Tumor progression, p < 0.001
et al. [62] from fixed tissue vs. aneuploid survival time, p < 0.001
death from cancer p < 0.001

{only stage B patients)
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Fig. 4. Cause-specific survival after radical retropubic prostatec-
tomy and lymphadenectomy for patients with stage D, prostatic ade-
nocarcinoma for normal versus abnormal DNA patterns. From
Winkler et al. [44].

The question arises whether DNA cytometry is able to
predict nonprogression in different stages of prostatic car-
cinoma. This could have a significant impact on adjuvant
treatment in addition to androgen ablation. Older pa-
tients with low-stage and DNA low-grade tumors with a
low risk of tumor progression could, besides androgen
ablation, be submitted to a ‘wait and see’ strategy [51, 63].
Winkler et al. [44] could demonstrate that nonprogression
for 91 patients with stage D, prostatic cancer who had
undergone bilateral pelvic lymphadenectomy and radical
retropubic prostatectomy correlated significantly with
DNA “diploidy” of the tumors. At 5 years the actual non-
progression rate was 92%, and 94% at 10 years. Patients
with a tetraploid and aneuploid DNA pattern had a 5- and
10-year nonprogression rate of <15 and 10%, respec-
tively (fig. 5). Remarkably, no patients with a ‘DNA-dip-
loid” tumor treated as mentioned above died of prostatic
cancer, but 44% of those D patients with an abnormal
DNA pattern were dead of disease at 10 years (p <
0.001). The nonprogression rates within 5 years of identi-
cally treated patients with stage C prostatic cancer were
85% with a ‘diploid’, 64 % with a tetraploid and 45 % with
an aneuploid DNA pattern [60]. In patients with stage B
prostatic cancer also treated by prostatectomy and lym-

100

80 Diploid (r = 38)
=R
5 60 I
a
[
>
I
a 40 |-
=t
2 Aneuploid
(n=12) 5
20 |-
Tetraploid (n = 41)
p < 0.0001 j
0 i b ]
0 5 10 15 20

Fig.5. Postoperative probability of nonprogression of patients
with stage D prostatic adenocarcinoma treated with radical retro-
pubic prostatectomy and lymphadenectomy. Normal versus abnor-
mal DNA patterns. From Winkler et al. [44].

phadenectomy, only 15% with a ‘diploid’ tumor as com-
pared to 31 % with a nondiploid tumor had progressive
disease [62]. A similar correlation was also reported by
Stephenson et al. [55]. A significant impact of DNA aneu-
ploidy on the survival time for patients with stage A> pros-
tatic cancer was demonstrated by MclIntire et al. [58]. For
those patients, having ‘diploid’ lesions, the nonprogres-
sion rate was 85%, while for those whose disease was
ancuploid it was 32 %. Adolfson and Tribukait [49] could
demonstrate that 90% of ‘diploid’ tumors in stage A; did
not progress, whereas 78 % of the progressive tumors were
aneuploid. No morphological parameter is able so far to
predict nonprogression with a similar specificity.

Several authors have noted that DNA low-grade or
‘diploid’ prostatic cancers responded well to hormonal
and cytostatic therapy, whereas DNA high-grade or aneu-
ploid tumors did not respond [11, 44, 50, 64—66]. Patients
with ‘diploid’ or DNA low-grade tumors benefit most
from adjuvant treatment such as androgen ablation.

Early orchiectomy in patients with a DNA-diploid
tumor was not associated with progression at all, whereas
a significant increase in progression occurred in patients
with the same ploidy pattern but no adjuvant treatment
[44].
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Table 3. Therapy monitoring of prostatic carcinoma using DNA cytometry: data from the literature

Authors Number of Static (S) Typeof Clinical-cytometric correlation
observed or flow- material
cases cytometric (F)
measurgments
Leistenschneider 16 S Fine-needle  Tumors {n = 6) with DNA values up to 8¢ clinically did not respond
and Nagel [67] aspiration to cytostatic therapy (Estracyt or Endoxan or 5-fluorouracil)

Colins et al. [65] 35 rats with F Cell culture

Percent aneuploid cells > 2¢ reflected responsiveness and unrespon-

Significant decline from aneuploid to diploid within the first 12
weeks of conservative treatment of high-grade carcinomas marks
response to therapy and a better prognosis; lack of DNA content
alteration or a histogram change to ‘the right’ under therapy indicates

Increase in diploid and hypodiploid DNA values and disappearance
of secondary peaks are characteristic of remission; increasing scatter-
ing of DNA values and appearance of secondary peaks are character-

R 3327 prostate siveness under hormone therapy
carcinoma
Leistenschneider 20 S Fine-needle
and Nagel [64] aspiration
rapid clinical progression
Seppelt and 80 S Fine-needle
Sprenger [51] aspiration
istic of progression under endocrine therapy
Bocking et al. [66] 19 S Fine-needle

aspiration

The prospective tumor response to hormone therapy could be pre-
dicted from the DNA grade of malignancy; high DNA grades > 1,5
did not respond; DNA regression index provided independent addi-
tional prognostic information to the DNA grade of malignancy con-
cerning tumor regression and survival under conservative therapy

In conclusion, DNA ‘diploidy’ seems to be a valuable
marker for tumor nonprogression in all stages of prostatic
cancer. Furthermore, DNA ‘diploidy’ seems to be an indi-
cator for the sensitivity of prostatic cancer for hormonal
therapy.

As the DNA ploidy pattern has been identified as the
prognostically most valuable parameter for patients with
prostatic cancer, clinical trials should be controlled for the
tumors’ DNA content in future if the results are to be
interpreted correctly [45].

Monitoring of Therapy

The ploidy status may be used to monitor tumor pro-
gression by investigating fine-needle aspiration samples
repeatedly (table 3). With tumor progression the amount
of peridiploid cells decreases and that of tetraploid and
clearly aneuploid cells increases, including the appear-
ance of new aneuploid stemlines. Accordingly, the disap-
pearance of aneuploid stemlines and reappearance of
peridiploid cells which only occurs under conservative
therapy represents a decreasing malignant potential or a
down-grading of the tumor. This ‘improvement’ of the
DNA histogram under conservative therapy is generally

associated with clinical signs of tumor regression and was
therefore proposed to be a useful marker for monitoring
of therapy [45, 51, 64]. The loss of ancuploidy certainly
coincides with response to therapy. When patients fail to
respond to hormonal therapy, aneuploidy reappears. As
this loss appears ecarly enough before tumor regression can
be clinically detected, it seems to be of potential clinical
usefulness. Bocking et al. [66] described a DNA regression
index. This index is defined as the change of the DNA
grade of malignancy [33] in the course of time (1)
expressed in months. Increasing DNA grade of malig-
nancy values are signed negative (-), decreasing values
positive (+):

ADNA grade of malignancy
At (months) '

DNA regression index =

The dimension of the DNA regression index is in
months-!. We could prove statistically that indepen-
dently from the DNA malignancy grade, the DNA regres-
sion index provided additional prognostic information
concerning tumor regression and survival of patients with
prostatic cancer under conservative therapy. Therapy-
resistant tumors of patients who died within a few years
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Fig. 6. Change in DNA grade of malig-
nancy with time in patients with prostatic
cancer under hormonal therapy. Each curve
represents one patient. From Bocking et al.
[66].

Fig. 7. DNA histograms of a 64-ycar-old
patient with prostatic adenocarcinoma,
stage T, grade 3, before (a) and after 6 weeks
of estrogen therapy (b) without clinical re-
sponse. Increasing amount of cells with high
and variable DNA contents > 8c. a DNA
grade of malignancy = 2.07. b DNA grade of
malignancy = 2.56; DNA regression index =
-0.33. Survival time 54 months.

Fig. 8. DNA-histograms of a 62-year-old
patient with prostatic adenocarcinoma stage
T,, grade 2, before (a) and after 6 weeks of
estrogen therapy (b ) with clinically obvious
tumor regression decreasing the rate of aneu-
ploid cells around 5¢. a DNA grade of malig-
nancy = 1.58. b DNA grade of malignancy =
0.98; DNA regression index = +0.4. Survival
time 129 months.
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following commencement of hormonal therapy showed a
continuous increase in their DNA grade of malignancy
(fig. 6, 7). On the contrary, patients with a long survival
under hormonal therapy revealed a decrease in their
DNA grade of malignancy (fig. 8). Thus we assume that
the decrease in the DNA grade of malignancy during a
certain period of time can be taken as an early indicator of
the success or failure of conservative therapy.

The clinical application of these observations makes it
necessary to have a pretreatment DNA histogram if we
plan to monitor the response of the prostatic cancer to
therapy. Judging response in terms of an improving histo-

gram may not be possible unless the patient’s initial
tumor is clearly aneuploid, but a ‘diploid” histogram
which does not reveal a newly developing aneuploid stem-
line under conservative therapy may be taken as evidence
for nonprogression of the tumor. Serial aspiration biop-
sies at about 6-month intervals are necessary for monitor-
ing of therapy.

In conclusion, objective evidence for response and/or
failure of conservative treatment of patients with pros-
tatic cancer may be obtained from DNA cytometry by
serially performed aspiration biopsies.
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