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DNA ploidy and proliferation have been shown in
several studies to be prognostic markers for pros-
tate cancer. Flow cytometry (FCM) is often used in
the determination of ploidy and proliferation. How-
ever, FCM cannot readily distinguish among benign
epithelium, stromal and inflammatory cells, high
grade prostatic intraepithelial neoplasia (HGPIN),
and cancer cells. In this study, we evaluated H&E
histologic features of 322 radical prostatectomy
formalin-fixed, paraffin-embedded tissue blocks
used for determining DNA ploidy, percent S-phase
(%S), and %S � %G2M by FCM. The microscopic
findings included Gleason score, extent of cancer
and HGPIN in the tissue block, and presence of a
needle track. The amount of cancer in the block was
expressed as a percentage of the total tissue surface
area in quartiles: <25%, 26–50%, 51–75%, and
>76%. The extent of HGPIN was recorded in rough
5% intervals. Needle track effect was defined as a
combination of fibrohistiocytic reaction, fibrin clot,
granuloma formation, and chronic inflammation.
The associations between these histologic features
and DNA ploidy and proliferation (%S and %S �
%G2M) were assessed. In multivariate analyses,
Gleason score, the amount of tumor in the tissue
block, and the extent of HGPIN were significantly
associated with ploidy. Gleason score was the only
parameter significantly associated with the prolifer-
ation measure of %S. If we included %G2M as part
of the proliferative fraction of the histogram, how-
ever, both Gleason score and the amount of tumor
in the block were significantly associated with this

measure of proliferation. The presence of a needle
track was not significantly associated with DNA
ploidy, %S, or %S � %G2M. In summary, prostate
cancer DNA ploidy and proliferation results as-
sessed by FCM in paraffin-embedded tissue blocks
were associated with the Gleason score, amount of
cancer in the tissue block, and extent of HGPIN.
However, the presence of a needle track was not
associated with the FCM results.
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DNA ploidy (1–6) and proliferation (7, 8) have been
shown to provide prognostic information for prostate
cancer. Studies examining the relationship between
ploidy and proliferation and patient outcome are of-
ten based upon flow cytometry (FCM) data using
formalin-fixed, paraffin-embedded tissue from radi-
cal retropubic prostatectomy (RRP) specimens. How-
ever, FCM cannot readily distinguish among benign
epithelial, stromal, and inflammatory cells, high grade
prostatic intraepithelial neoplasia (HGPIN), and can-
cer cells. Furthermore, studies that do not show DNA
ploidy and proliferation as independent prognostic
markers emphasize the strong correlation of cancer
Gleason score with DNA ploidy and proliferation
(9–11).

To the best of our knowledge, there are no pub-
lished reports directly assessing the degree to which
non-invasive tumor components in paraffin-
embedded tissue blocks are associated with pros-
tate cancer ploidy and proliferation results deter-
mined by FCM. In this study, we evaluated
hematoxylin and eosin (H&E) histologic features
from 322 RRP formalin-fixed, paraffin-embedded
tissue specimens used for determining DNA ploidy,
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percent S-phase (%S), and %S � %G2M by FCM.
The histologic features included Gleason score of
the prostate cancer, amount of cancer in the tissue
block, presence of a needle track, and the extent of
HGPIN. These features were then compared to
DNA ploidy and proliferation (%S and %S � %G2M)
as determined by FCM. The 322 cases represented a
consecutive series of Mayo Clinic registered pa-
tients undergoing outpatient needle biopsy and
subsequent RRP between 1995 and 1998.

MATERIALS AND METHODS

Clinical Features and Radical Retropubic
Prostatectomy (RRP) Specimens

Four hundred fifty-four consecutive patients un-
dergoing outpatient needle biopsies were diag-
nosed with cancer between January 1995 and De-
cember 1998. All patients were treated with RRP
without preoperative adjuvant hormonal therapy.
At Mayo Clinic, our urologists routinely request
DNA ploidy as a prognostic marker. The pathologist
then determines which tissue block to process for
ploidy evaluation. Two methods are employed: flow
cytometry (FCM) and digital image analysis (DIA).
DIA is performed when the percent of tumor in the
tissue specimen represents less than 10% of the
overall surface area. Otherwise, FCM is utilized.
With this processing mechanism, 322 of the 454
RRP specimens had ploidy determined by FCM and
slides available for review.

The prostate glands were evaluated at the time of
surgery by a standardized, limited sampling proto-
col employing frozen section technique, followed
by re-evaluation the following day with H&E per-
manent sections. The prostate specimen, in a fresh
state, was initially assessed by microscopically ex-
amining 5 surgical margins (right and left apex,
right and left bladder base, and distal urethra). This
was followed by 8 standard sections through the
peripheral zone of the right and left lobes and right
and left seminal vesicles. The average (SD) number
of tissue sections evaluated per RRP specimen was
13.7 (1.9), ranging from 13 to 29. Overall tumor
volume in the RRP specimen was calculated using
the three dimensional measurements of the tumor
made at the time of initial evaluation. Extrapros-
tatic extension (EPE) was defined as seminal vesicle
involvement, malignant cells outside the prostatic
capsule (in adipose or ganglion tissue), or lymph
node metastases. The formalin-fixed, paraffin-
embedded tissue block that contained the most
cancer and highest Gleason score was processed for
flow cytometric assessment of DNA ploidy and pro-
liferation (%S and %S � %G2M).

Microscopic features of the tissue block used for
FCM were retrospectively reviewed with consensus

by the two study pathologists (TJS and JCC) using
H&E slides. Gleason score of the tumor and the
predominant Gleason pattern were recorded. The
amount of cancer in the block was evaluated rela-
tive to the amount of benign tissue and expressed
as a percent, in quartiles, of the total surface area:
�25%, 26%–50%, 51%–75%, and �76%. Histologic
evidence of a needle track was defined as a combi-
nation of fibrohistiocytic cell reaction, fibrin clot,
granuloma formation, and dense chronic inflam-
mation. The extent of HGPIN present was recorded
as the percent surface area in rough 5% intervals.

Flow Cytometry
Flow cytometry was performed as previously de-

scribed (12). The nuclear content of 10,000 nuclei
was measured with a FACScan (Becton Dickinson,
Sunnyvale, CA.) flow cytometer. Cell cycle evalua-
tion of the DNA histograms was performed with a
Modfit 5.2 (Verity Software, Topsham, ME) comput-
erized software program. Tumors with only one
identifiable gap0 -gap1 peak were classified as dip-
loid (2n). Tumor samples that contained a signifi-
cant increase in the 4n peak (more than 9% of
nuclei) and an identifiable 8n population were cat-
egorized as tetraploid. Tumor DNA content was
classified as DNA aneuploid if a separate, identifi-
able gap0 -gap1 peak was present. Tumor samples
that did not fit into one of these categories were
considered unclassifiable. The DNA index was cal-
culated as the ratio of the mean channel number of
the aneuploid gap0 -gap1 peak to the mean channel
number of the diploid 2n peak. DNA diploid tumors
therefore had a DNA index of 1.00. All tissue blocks
and DNA histograms were analyzed and classified
without knowledge of a patient’s clinicopathologic
features.

Statistical Analysis
Univariate and multivariate statistical models

were used to determine the relationships between
the histologic features and both DNA ploidy and
proliferation. Prediction models for DNA ploidy
and proliferation were developed using multivari-
ate logistic and linear regression, respectively. Lo-
gistic models with an ordered response (diploid,
tetraploid, and aneuploid) require the assumption
that the odds of a tetraploid tumor compared to a
diploid tumor are the same as the odds of an ane-
uploid tumor compared to a tetraploid tumor. An
initial analysis indicated that this assumption was
not appropriate for these data; thus, two prediction
models for DNA ploidy were developed. The first
model identified features that distinguished non-
diploid from diploid tumors; the second model
identified features that differentiated between ane-
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uploid and tetraploid tumors. R-squared (R2) val-
ues, or the proportion of variability in the response
explained by the model, were used to assess model
fit. All predication models were built using a back-
ward selection procedure with the P-value for a
feature to leave the model set at .05.

The extent of HGPIN was transformed to the
natural logarithmic scale, after adding 0.1 to all
values before transformation, to provide better
agreement to the modeling assumptions. The
amount of tumor in the block used for FCM was
assessed using indicators for amounts of 26 –50%,
51–75%, and �76%, with �25% as the reference
group. Since the levels of this feature have a natural
ordering, we also assessed the amount of tumor in
the block using linear and quadratic contrasts. Such
contrasts allowed us to determine if DNA ploidy or
proliferation increased or decreased as percent tu-
mor increased from one category to the next, and if
that rate of increase or decrease remained constant
from category to category. Gleason score was eval-
uated using indicators for scores of 7 and scores of
8 or 9, treating scores of 6 or less as the reference
group. Alternatively, this feature was evaluated with
a single indicator for Gleason scores of 8 or 9, with
scores of 7 or less as the reference group. We also
evaluated predominant Gleason pattern. However,
since there were so few patients with predominant
Gleason patterns of 2 or 5, we compared patients
with predominant Gleason patterns of 4 or 5 to
those with predominant Gleason patterns of 3 or
less.

RESULTS

Features at Radical Retropubic Prostatectomy
The mean (SD) patient age for the 322 cases was

65 years (6.4) with a range of 38 to 78 years. The
average (SD) and median overall estimated tumor
volume was 7.2 (11.7) cubic centimeters (cc) and 3.0
cc, respectively, with a range of 0.004 cc to 131.25
cc. Two hundred fifty-six (80%) of the cancers were
pathologically confined and 66 (20%) were extra-
prostatic. Sixty-nine cases (21%) had �25% tumor
in the tissue block, 121 cases (38%) had 26 –50%, 94
cases (29%) had 51–75%, and 38 cases (12%) had
�76%. The mean (SD) Gleason score was 6.7 (0.8)
with a range of 5 to 9. Most cases (87%) had Gleason
scores of 6 or 7. Seventy-seven (24%) cases had a
predominant Gleason pattern of 4 or 5, while the
remaining 245 (76%) had predominant Gleason
patterns of 3 or less. One hundred eighteen cases
(37%) had histologic evidence of a biopsy needle
track. Most of these (70%) were fibrohistiocytic re-
actions. A few (5 or 1.6%) contained focal granu-
loma formation. The average (SD) extent of HGPIN
was 4.5% (6.7%), ranging from 0% to 50%.

DNA Ploidy by Flow Cytometry
There were 241 diploid (75%), 67 tetraploid

(21%), and 14 aneuploid (4%) tumors out of the 322
total cases. The univariate predictors of non-diploid
versus diploid tumors are summarized in Table 1.
The final joint prediction model is shown in Table
2. The linear contrast for the amount of tumor in
the tissue block was jointly significantly associated
with DNA ploidy (P � .003). After adjusting for the
other predictors, moving from one tumor block cat-
egory to the next (e.g., from �25% to 26 –50% tu-
mor) increased the odds of a non-diploid tumor by
25%. The quadratic contrast for this feature was not
statistically significant (P � .77), indicating that
there was no evidence that the rate of increase in
the odds of a non-diploid tumor varied with the
amount of tumor in the tissue block. Cases with
Gleason scores of 8 or 9 were 2.7 times more likely
to be non-diploid, compared to cases with scores of
7 or less (P � .019). Cases with Gleason score 7 were
more likely to be non-diploid compared to those
with scores of 6 or less. However, this difference did
not reach statistical significance (P � .066). After
adjusting for the amount of tumor in the block and
Gleason score, each one-unit increase in the extent
of HGPIN on the natural logarithmic scale in-
creased the odds of a non-diploid tumor by 21%
(P � .026).

We also evaluated the ability of predominant
Gleason pattern to distinguish between non-diploid
and diploid tumors by FCM. Although predominant
Gleason pattern was significantly associated with
ploidy by FCM univariately, this feature was not
predictive of ploidy after adjusting for the amount
of tumor in the block and the extent of HGPIN
(P � .062).

The univariate predictors of aneuploid versus tet-
raploid tumors are found in Table 1. After adjusting

TABLE 1. Univariate Predictors of DNA Ploidy by FCM

Predictor

Non-Diploid
versus Diploid

Aneuploid
versus

Tetraploid

Odds
Ratio

P-Value
Odds
Ratio

P-Value

Evidence of needle track 0.95 0.856 1.00 0.994
Extent of HGPINa 1.12 0.142 0.88 0.451
Amount of tumor in the block

26–50% 1.54 0.294 0.17 0.165
51–75% 2.77 0.013 0.80 0.810
�76% 4.29 0.002 2.40 0.354

Amount of tumor in the block
Linear contrast 1.29 �0.001 1.23 0.183
Quadratic contrast 1.00 0.991 1.74 0.087

Gleason score at RRP
7 2.19 0.008 3.32 0.282
8 or 9 4.69 �0.001 18.38 0.011

Gleason score at RRP of 8 or 9 3.00 0.004 7.38 0.002

a Predictor was transformed to the natural logarithmic scale.
FCM, flow cytometry; HGPIN, high grade prostatic intraepithelial neo-

plasia; RRP, radical retropubic prostatectomy.
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for Gleason score (P � .002), no other feature was a
significant predictor of ploidy in this subset of cases
with non-diploid tumors, although amount of tu-
mor in the block approached statistical significance
(P � .087). Cases with Gleason scores of 8 or 9 were
7.4 times as likely to be aneuploid than tetraploid
compared to cases with scores of 7 or less. Similarly,
cases with a predominant Gleason pattern of 4 or 5
were more likely to be aneuploid than tetraploid
compared to cases with predominant Gleason pat-
terns of 3 or less (P � .020).

The percent of cases with a needle track was
essentially constant across the three ploidy classi-
fications: 37% of the diploid cases, 36% of the tet-
raploid cases, and 36% of the aneuploid cases.
Therefore, the presence of a needle track was not
significantly associated with DNA ploidy. Further-
more, of the five specimens with focal granuloma
formation, all were DNA diploid.

Percent S Phase by Flow Cytometry
The mean (SD) %S was 3.1% (2.8%), ranging from

0% to 25%, with a median of 2%. There was strong
evidence that %S was not normally distributed.
Transformation to the natural logarithmic scale, af-
ter adding 0.1% to all %S values before transforma-
tion because three cases had measurements of 0%,
provided better agreement to the linear regression
assumptions.

Univariate predictors of %S are summarized in
Table 3. After adjusting for Gleason score at RRP, no
other features were significantly associated with
%S. Cases with Gleason scores of 8 or 9 had in-
creased proliferation, compared to cases with
scores 7 or less (P � .002). Cases with Gleason
scores of 8 or 9 had a mean %S value of 4.8%. Cases
with Gleason scores of 6 or less had a mean %S
value of 2.6% while those with Gleason scores of 7
had a mean %S of 3.2%. Predominant Gleason pat-
tern was also significantly associated with %S (P �
.001). Cases with a predominant Gleason pattern of
4 or 5 had a mean %S value of 4.0%, while patients
with a predominant Gleason pattern of 3 or less had
a mean %S value of 2.8%.

Percent S Phase � Percent G2M by Flow
Cytometry

The mean (SD) %S � %G2M was 10.5% (8.6%),
ranging from 2% to 81%, with a median of 8%. Note
that the 14 aneuploid tumors did not have %S �
%G2M measurements. %S � %G2M was analyzed
on the natural logarithmic scale since there was
evidence that the distribution of this feature was
not normal.

Univariate predictors of %S � %G2M are sum-
marized in Table 3. The final prediction model for
%S � %G2M is found in Table 4. In univariate and
multivariate analyses, both the amount of tumor in
the block and Gleason score were significantly as-
sociated with %S � %G2M. Holding Gleason score
constant, each increase from one tumor block cat-
egory to the next increased %S � %G2M by 4% (P �
.024). The quadratic contrast for this feature was
not statistically significant (P � .84). This indicates
there was no evidence that the rate of increase in
%S � %G2M varied with the amount of tumor in
the tissue block used for FCM. Cases with scores of
7 or scores of 8 or 9 had higher levels of prolifera-
tion compared to cases with scores of 5 or 6 (P �
.003 and P � .034, respectively), after adjusting for
the amount of tumor in the tissue block.

We also evaluated the association between %S �
%G2M by FCM and predominant Gleason pattern
(4 or 5 versus 3 or less). The results were similar to
the analysis of Gleason score. Predominant Gleason
pattern was significantly associated with %S �
%G2M, even after adjusting for the amount of tu-
mor in the block (P � .011).

DISCUSSION

In this study, we evaluated H&E histologic fea-
tures of 322 RRP formalin-fixed, paraffin-embedded
tissue blocks used for determining DNA ploidy, %S
and %S � %G2M by FCM. We found that the

TABLE 2. Jointly Significant Predictors of Non-Diploid

versus Diploid Tumors by FCM

Predictor Odds Ratio (95% C.I.) P-Value

Amount of tumor in the block
Linear contrast 1.25 (1.08, 1.45) 0.003

Gleason score at RRP 8 or 9 2.69 (1.18, 6.15) 0.019
Extent of HGPINa 1.21 (1.02, 1.44) 0.026

a Predictor was transformed to the natural logarithmic scale.
FCM, flow cytometry; RRP, radical retropubic prostatectomy; HGPIN,

high grade prostatic intraepithelial neoplasia.

TABLE 3. Univariate Predictors of Proliferation by FCM

Predictor
%S %S � %G2M

R2 (%) P-Value R2 (%) P-Value

Evidence of needle track 0.2 0.421 0.2 0.484
Extent of HGPINa 0.0 0.714 0.5 0.221
Amount of tumor in the block

26–50% 2.4 0.269 4.6 0.092
51–75% 0.226 0.014
�76% 0.146 �0.001

Amount of tumor in the block
Linear contrast 2.2 0.220 4.4 �0.001
Quadratic contrast 0.010 0.733

Gleason score at RRP
7 3.7 0.156 6.0 �0.001
8 or 9 �0.001 0.004

Gleason score at RRP of 8 or 9 3.1 0.002 1.1 0.072

a Predictor was transformed to the natural logarithmic scale.
FCM, flow cytometry; HGPIN, high grade prostatic intraepithelial neo-

plasia; RRP, radical retropubic prostatectomy.

Factors Influencing DNA Ploidy and Proliferation Results by Flow Cytometry (M. So et al.) 909



amount of tumor in the tissue block, Gleason score
of the cancer, and the extent of HGPIN were signif-
icantly associated with DNA ploidy in a multivariate
model. The amount of tumor in the block and Glea-
son score were significantly associated with %S �
%G2M. The presence of a needle track was not
associated with ploidy or proliferation by FCM.

Standard prognostic markers in prostate cancer
include serum PSA (13–17), Gleason score (2, 18 –
24), and pathologic stage (25–28). DNA ploidy is
generally accepted by many as an independent
prognostic marker, particularly if the cancer is ex-
traprostatic at the time of RRP (1–3, 5, 9, 29). At
Mayo Clinic, for example, our urologists request
DNA ploidy determination of all patients undergo-
ing RRP. However, most of the data are derived
from flow cytometric analysis of paraffin-
embedded tissue sections, and FCM cannot distin-
guish among benign epithelium, stromal and in-
flammatory cells, HGPIN, and cancer cells. DNA
non-diploid rates using methodologies that quan-
titate cells by direct visualization are higher than
those from FCM (30, 31). This raises the possibility
that the ploidy results by FCM may be influenced
by factors other than the DNA content of the tumor
cells in the tissue block (31).

In our analysis, the amount of tumor in the tissue
block, expressed as a percentage of the total surface
area, was predictive of the ploidy result by FCM.
Admittedly, the percent of non-diploid cases was
somewhat low (25% with only 4% aneuploid). How-
ever, this is clearly contingent upon the amount of
cancer in the paraffin tissue block used for FCM.
Specifically, the more tumor present in the block,
the greater the likelihood of a non-diploid result. In
pairwise univariate analyses comparing the ability
of the amount of tumor in the block to distinguish
diploid from non-diploid tumors, the only compar-
isons that were not statistically significant were
�25% versus 26 –50% (P � .29) and 51–75% versus
�76% (P � .27). These data suggest that there are
significant differences in the non-diploid rates be-
tween tumors that constitute less than 50% versus
greater than 50% of the tissue block.

The studies that fail to recognize ploidy as an
independent marker of prostate cancer highlight
the strong association between Gleason score and
DNA ploidy (9, 15, 32). In our study, tumors that

had Gleason scores of 8 or 9 had a greater than
two-fold increased likelihood of being either DNA
aneuploid or tetraploid by FCM compared to tu-
mors with Gleason scores of 7 or less. Conse-
quently, this study was designed to assess the im-
pact of the amount of tumor in the block on FCM
results after adjusting for Gleason score. Even after
adjusting for Gleason score, tumor burden in the
tissue block was still significantly associated with
DNA ploidy by FCM.

HGPIN in tissue sections has cytologic features
identical to cancer. In our series of cases, the
smaller the tumor volume in the block used for
FCM, the greater the amount of HGPIN. Tumor
volumes at RRP are shrinking (33–35). The speci-
mens analyzed in this study represent a subset of
454 cases in which 22% had tumor volumes less
than 0.5 cc. Furthermore, of the 322 specimens
evaluated for DNA ploidy by FCM, 21% had tumor
volumes less than 25% of the overall tissue surface
area in the paraffin block. Consequently, we wanted
to investigate whether the extent of HGPIN in tissue
sections was associated with higher non-diploid
rates by FCM. In our institution, those RRP speci-
mens in which tumor volume represents less than
10% of the overall surface area are processed for
digital image analysis (DIA) in order to assess for
cancer ploidy (36). Therefore, it is possible that the
impact of tumor volume in this study has been
underestimated since, in general, those specimens
with very small cancer foci are usually processed for
DIA. Despite that, the extent of HGPIN in our study
was still significantly associated with DNA ploidy in
multivariate analyses, even after adjusting for the
amount of tumor in the block and Gleason score.

Similarly, we wanted to address whether reactive
and inflammatory changes in the RRP specimen
were associated with DNA ploidy by FCM. One
consistent marker of inflammatory changes is the
presence of a needle track status-post biopsy. In
our study, 37% of the blocks used for FCM had
histologic evidence of a needle track. This was typ-
ically recognized as either a fibrin clot or a fibro-
histiocytic reaction. Five cases (1.6%) had focal
granuloma formation. However, the presence of a
needle track was not significantly associated with
DNA ploidy in either a univariate or multivariate
setting.

When repeating these analyses in the subset of
non-diploid tumors, only Gleason score signifi-
cantly distinguished between aneuploid and tet-
raploid tumors. Again, this highlights the strong
association between Gleason score and DNA ploidy
by FCM in prostate cancer. However, there were
only 14 aneuploid tumors in our study of 322 RRP
specimens evaluated for DNA ploidy by FCM.
Therefore, our statistical power to detect a signifi-
cant association between the amount of tumor in

TABLE 4. Jointly Significant Predictors %S � %G2M by

FCM

Predictor P-Value

Amount of tumor in the block
Linear contrast 0.024

Gleason score at RRP
7 0.003
8 or 9 0.034

FCM, flow cytometry; RRP, radical retropubic prostatectomy.
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the block and DNA ploidy in the subset of tetraploid
and aneuploid cases was limited.

Proliferation as a prognostic marker in prostate
cancer, although less well defined, has also been
shown to be a marker for outcome (22, 37–39). We
wanted to investigate what, if any, impact the
above-noted histologic features had on the prolif-
eration indices (%S and %S � %G2M) quantified by
FCM. For %S alone, the only parameter predictive
of %S was Gleason score. The average %S value was
almost twice as high (4.8% versus 2.6%) for tumors
with Gleason scores of 8 or 9 as compared to tu-
mors with Gleason scores of 6 or less.

Conversely, if one includes the percent G2M frac-
tion in the proliferation index, both Gleason score
and amount of cancer in the tissue block were
associated with proliferation. Averaging over Glea-
son score, the average %S � %G2M value ranged
from a low of 8.2% using tissue blocks with �25%
cancer to 16.4% using blocks with �76% cancer.
This represents a doubling of the proliferation
index.

We also assessed the association of predominant
Gleason pattern with ploidy and proliferation. This
alteration to the routine Gleason scoring process
has recently been touted as a superior way of as-
sessing prostate cancer biologic potential (40). In
our study, we found similar results when we re-
placed Gleason score with predominant Gleason
pattern. Specifically, incorporating predominant
Gleason pattern into the model showed that pre-
dominant Gleason pattern, amount of tumor in the
block, and extent of HGPIN were all significantly
associated with ploidy. Similar univariate and mul-
tivariate associations were seen with predominant
Gleason pattern in predicting proliferation levels.

In summary, DNA ploidy by FCM was signifi-
cantly associated with the amount of cancer in the
paraffin tissue block, Gleason score, and the extent
of HGPIN. Proliferation by FCM was significantly
associated with the amount of tumor in the block
and Gleason score. Non-diploid rates, after ac-
counting for Gleason score and the extent of HG-
PIN, were highest when the amount of tumor in the
block exceeded 50% of benign tissue. Percent S �
%G2M proliferation measurements doubled as the
amount of tumor increased from �25% to �76%.
Only Gleason score was significantly associated
with the more commonly used index of prolifera-
tion, %S. Furthermore, the presence of a needle
track was not associated with DNA ploidy and pro-
liferation by FCM. While our results may not be
applicable to all scenarios of prostate cancer prog-
nostication, our study emphasizes the strong asso-
ciation between Gleason score and ploidy and high-
lights the requirement of selecting a paraffin block
containing an appropriate amount of tumor for
flow cytometric analysis. Furthermore, with tumor

volumes at RRP shrinking, it is important to recog-
nize the effect that the extent of HGPIN and cancer
in the tissue block have on ploidy assessments by
FCM.
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