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While the prognostic value of DNA ploidy has been well established for radical prostatectomy,
external beam radiation, brachytherapy and androgen deprivation therapy its role as a survival
outcome predictor for prostate cancer patients treated with cryoablation has not yet been
examined. Anecdotal evidence suggesting that cryoablation may be independent of DNA
ploidy type led to the implementation of the current study. Retrospective analysis of data
including flow digital cytometry was performed on 447 archival specimens taken from patients
who had undergone cryosurgical ablation of primary prostate cancer. Five-year biochemical
disease free survivals (bDFS) (defined as PSA thresholds of 0.5 and 1.0 ng/ml) were deter-
mined with Kaplan-Meier analysis. Patients were grouped according to DNA ploidy types then
stratified by Gleason grade, risk group, pre-surgical PSA level, and disease stage.

Mean and median age of the cohort was 65 and 64.6 years. Mean follow-up was 65.7
months. The DNA ploidy status of the population was found to be 59% diploid, 13%
tetraploid, and 28% aneuploid. Using PSA < 1.0 ng/ml criterion, the bDFS rates for diploid,
tetraploid, and aneuploid were 78%, 75%, and 79% respectively. The bDFS rates using a
PSA < 0.5 ng/ml criterion were 67%, 59%, and 69% for diploid, tetraploid, and aneuploid
groups. No significant outcome differences were found in stratified analysis. This investi-
gation demonstrates that the efficacy of cryoablation is independent of DNA ploidy type.

Introduction

Pretreatment PSA, pathologic stage, and Gleason score are regularly employed as
prognostic measures of prostate cancer progression and survival and are used in the
treatment decision process. These outcome determinants, though, are not meant to
forecast the efficacy of treatment in a given individual patient (1). Within any mul-
tivariate patient group, significant dissimilarities in treatment response, time to pro-
gression, and patient survival are inevitable. Determination of deoxyribonucleic acid
(DNA) DNA ploidy is a laboratory test that can differentiate localized prostate can-
cer with a slow, indolent course from aggressive tumors indicative of a poor progno-
sis and has tremendous utility as an indicator of specific treatment response (2).

Differences in DNA ploidy were first identified as a predictor of treatment out-
come by Tavares and colleagues in 1966, when they observed differences in clin-
ical course following radical surgery that distinguished patients with tetraploid
and hexaploid tumors from patients with diploid tumors (3). There is substantial
evidence in the literature that indicates that differences in DNA ploidy are high-
ly predictive of differential treatment response of individual patients to radical
surgery and radiation therapy (4-20). These studies found that patients with ane-
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uploid tumor suffer from substantially worse outcomes than patients with diploid
tumor on such measures as extracapsular spread, systemic spread, time to pro-
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gression, metastases-free survival and biochemical disease
free status (bDFS) among patients receiving salvage radical
surgery after radiation failure. = The World Health
Organization echoed these findings by declaring that the out-
come of radiotherapy in patients with aneuploid tumor is
extremely poor (21). Song and colleagues at the Mayo
Clinic made substantial contributions to the body of research
that validated DNA ploidy as a predictor of radical surgery
and radiation therapy outcome for localized prostate cancer
during the late 1980’s to the mid 90’s, concluding that DNA
ploidy is perhaps the most reliable prognostic indicator in
prostate cancer for individual patients (15). Conversely,
some research have found that DNA ploidy provides little
additional prognostic information that Gleason grade (22).

Targeted cryoablation of the prostate (TCAP) is an estab-
lished minimally invasive treatment option for localized
prostate cancer (23-25). There are, to our knowledge, no
reports of the link between outcomes following TCAP and
DNA ploidy. We present a retrospective analysis of patients
who underwent TCAP as the primary therapy for their local-
ized prostate cancer and whose DNA ploidy was known
prior to treatment. Five-year bDFS are presented and strati-
fied according to DNA ploidy type.

Materials and Methods
Procedure

The methodology used in cryosurgical ablation of the
prostate has evolved significantly since its reintroduction by
Onik et al. in 1993 (26). The modern procedure incorporates
the following advances: 2 freeze cycles, use of US Food and
Drug Administration (FDA)-approved urethral catheter
warming devices in conjunction with a circulating pump, use
of 6 to 8 cryoprobes rather than 5, and the use of argon-based
cryomachines. As one of the first centers performing TCAP,
the patients we have treated, whom we report on in this arti-
cle, have experienced the evolution of the procedure. It was
not until 1996 that the procedure had matured to its current
state of the art. Although all patients in our series were treat-
ed with 2 complete freeze-thaw cycles using a target tem-
perature of _40° C, the first 350 patients were treated with a
liquid nitrogen cryomachine, which we have shown to yield
inferior results compared with the argon-based cryomachine
we now use. As well, an FDA approved warming catheter
was used during all treatments.

The TCAP procedure, previously described in detail by Lee
et al., uses 3.4-mm diameter cryoprobes (Endocare, Inc.,
Irvine, CA) inserted transperineally into the prostate under
guidance of transrectal ultrasound (27). Temperature probes
are also guided transperineally to strategic locations within
and around the prostate to evaluate the extent of the freezing
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injury. Temperature probes are placed in the right and left
neurovascular bundles and the apex of the gland to ensure
that the margins of the gland reach temperatures sufficient for
efficacious treatment. Temperature probes are also placed in
the Denonvilliers fascia and the external sphincter and are
used to minimize complications by ensuring that the sensitive
anatomy adjacent to the prostate is not frozen. A urethral
warming catheter is used during the procedure to maintain the
integrity of the urethra by not allowing it to be frozen.
Androgen ablation therapy was given to 91.5% of the sample
before treatment to downsize the gland and consisted of
luteinizing hormone-releasing hormone, combined with an
antiandrogen agent 3 months to 1 year before cryoablation.
Hormonal therapy was not continued on any patient after
cryoablation unless disease progression was observed.

Digital Flow Cytometry

Biopsy samples were sent for analysis to University
Laboratories, Detroit Medical Center. Scrapes of biopsies of
prostatic carcinomas received in saline were centrifuged and
resuspended in ICC of 50% fetal calf serum/bpmi. The cells
were then fixed by the slow, dropwise addition of 3cc of cold
70% ethanol while vortexing. Samples were tightly sealed
and stored at refrigerator temperature until staining.

Fixed cells were pelleted and washed twice with wash media
(PBS/1%FCS). The cell pellets were incubated (room temper-
ature in the dark) 20 minutes with 20_1 of monoclonal FITC
conjugated CAM 5.2 (Becton-Dickenson). Cells were washed
twice and treated with RNASE (Sigma — 1_g/mL saline) for 20
minutes at 37 degrees. 500_1 of propidium iodide (Sigma —
100_g/mL saline) was added to each tube and held in the cold,
a minimum of 15 minutes, until analysis. Samples were fil-
tered through a 41_ nylon mush prior to running.

Samples were run on the Becton-Dickenson FacScan digital
flow cytometer. Optimal performance was documented
daily using B-D’s Calibrite beads and DNA QC particles,
and also fixed human thymocytes that were treated with PI
and RNASE each run. For each CAM stained sample,
15,000 events were acquired using a low flow rate. 15,000
CAM-positive events from the same tube were then acquired
using a live gate. Accrued list-file data was then analyzed
using B-D’s Cellfit software for cell cycle analysis. The
DNA index, synthesis phase fraction, and CV were reported.

Statistical Analysis

Kaplan Meier analysis was used to determine the five year
survival rates for the three different DNA ploidy types using
both definitions bDFS namely, PSA thresholds of 0.5 and
1.0 ng/ml. The populations were then sub stratified accord-
ing to Gleason (< 7,7,>7), PSA (<4, 4-10,>10), stage (T1-
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Tablel
Clinical characteristics of the study population.
Demographic Total Patients N (%) Diploid (%) Aneuploid (%) Tetraploid (%)
Gleason (mean 6.59, median 7)
<7 155 (35) 72 20 8
=7 273 (61) 54 31 15
>7 19 (4) 28 44 28
Risk Group
Low 50 (11) 76 18 6
Medium 136 (30) 68 23 9
High 261 (59) 51 33 16
PSA (mean 7.62, median 6.5)
<4 69 (15) 58 33 9
41010 268 (60) 64 24 13
>10 110 (25) 48 35 16
Stage
T1-T2 350 (78) 62 26 13
T3-T4 96 (22) 49 36 15
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Figure 1: bDFS using a definition of PSA < 1.0 ng/ml for aneuploid,

diploid and tetraploid tumor types.
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Figure 2: bDFS using a definition of PSA < 0.5 ng/ml for aneuploid,
diploid and tetroploid tumor types.

2, T3-4) and risk group. Risk groups were defined using
three risk factors: PSA > 10, Gleason > 6 and Stage T2b or
higher. If a patient had no risk factors their disease was
considered low risk, if one risk factor moderate risk and if
two or three risk factors the were classified as having high
risk disease. In each sub-stratification the survivals were
compared for statistical significance.

Results

A consecutive series of 447 patients with known DNA ploidy
type received TCAP with curative intent as a primary treat-
ment for clinically localized prostate cancer. Patient accrual
spanned from 3/1993 to 11/2001, and all analyses were per-
formed retrospectively. The mean age of the sample was 65,
with the median being 64.6. Mean follow-up time was 65.68
months, and the median follow-up time was 68.82 months.
Clinical characteristics are summarized in Table I.

Digital cytometry revealed a patient population consisting of
28% aneuploids, 59% diploids, and 13% tetraploids.
Kaplan-Meier analysis, using a PSA cutoff of 1.0 ng/mL,
revealed rates of freedom from biochemical relapse for
diploid, tetraploid, and aneuploid stratifications as 78%,
75%, and 79% respectively with a p-value of 0.9148 (Figure
1). A PSA cutoff of 0.5 ng/mL produced survival rates of
67%, 59%, and 69% for the diploid, tetraploid, and aneu-
ploid groups with p-value 0.1492 (Figure 2).

Kaplan Meier analysis was also performed on the different
DNA ploidy groups sub stratified according to Gleason,
PSA, stage and risk group. These results are summarized in
Table II. There were no significant differences (p < 0.05)
between any of the sub-stratified groups.
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Tablell
Stratified 5-year disease-free rates by DNA ploidy group.
bDFS Diploid (%) Aneuploid (%) Tetraploid (%)
<4 PSA <0.5 915 44.4 73.0
PSA <10 97.4 66.7 82.2
PSA 4-10 PSA <0.5 66.0 59.6 76.6
PSA <10 7.7 76.2 85.0
>10 PSA <0.5 54.7 63.4 55.9
PSA <10 67.1 75.1 66.7
4-6 PSA <0.5 70.1 83.3 40.0
PSA < 1.0 83.2 917 90.1
Gleason 2 PSA <0.5 66.0 62.1 66.9
PSA <10 75.7 67.2 75.5
8-10 PSA <0.5 50.0 80.0 41.7
PSA < 1.0 50.0 80.0 75.0
T1—2 PSA <0.5 68.6 62.9 77.3
Stage PSA < 1.0 80.1 811 85.1
Ta-4 PSA <0.5 61.1 49.0 50.1
PSA <1.0 69.7 56.3 63.7
Low PSA <0.5 60.7 0.0 100
PSA < 1.0 83.7 100 100
. PSA <0.5 76.9 50.0 74.1
Riscgroup  Moderatle ooy 84.8 66.7 823
High PSA <0.5 62.8 67.0 65.1
PSA <10 725 74.5 75.6

*PSA <0.5 and PSA < 1.0 definitions of bDFS.

Discussion

Tavares et al. (1966) was the first to report a relationship
between DNA ploidy and prognosis in prostate carcinoma
(3). Three important findings were noted; that survival of
patients with diploid and tetraploid tumor was identical to
survival of an age-matched control population of healthy
adults, that these diploid and tetraploid tumors exhibited a
favorable response to hormonal therapy, and that patients
with aneuploid tumor exhibited poor prognosis and were
resistant to hormonal therapy (21). Additionally, in cases
where there is a discrepancy between tumor grade and DNA
ploidy, DNA ploidy is considered to be the more valid prog-
nostic indicator; a high grade tumor with a diploid DNA con-
figuration will exhibit the behavior of a diploid tumor,
whereas a well or moderately differentiated tumor with an
aneuploid DNA configuration is likely to result is a worse
prognosis than a similar diploid tumor. For tumors of iden-
tical staging and grading, the difference between diploid and
aneuploid tumors varies approximately three-fold (21).

The majority of studies published on DNA ploidy analysis
of prostate cancer treatment outcomes have involved radi-
cal surgery, because of the ease in ability to obtain suffi-
cient material for analysis. Studies examining the rela-
tionship between DNA ploidy and radiation therapy out-
come are fewer in number because the needle biopsy tech-

nique of assessment often yields insufficient archival tis-
sue for analysis (15, 16).

Targeted cryoablation of the prostate appears to deliver the
same efficacious treatment to those with tetraploid and ane-
uploid DNA ploidy type as patients with diploid tumor. The
present series of 447 patients allowed a sufficient number of
patients to be evaluated across most DNA ploidy by outcome
parameter cells. Analysis revealed that there was no statisti-
cally significant relationship between DNA ploidy type and
biochemical outcomes in patients stratified by Gleason
score, PSA, stage and risk group.

There is no consensus on how to best treat localized prostate
cancer. The clinical management of the disease is compli-
cated by difficulty in predicting the malignant potential of
the tumor in individual patients. Numerous studies indicate
that patients with non-diploid tumor exhibit a poor response
and prognosis to radical surgery, external beam radiation,
interstitial I-125 brachytherapy, and hormonal therapy.

However, DNA ploidy is not usually one of the diagnostic fac-
tors considered during the treatment decision process. This is
because patients with non-diploid tumors do not respond well,
in comparison to those with diploid tumors, to either radiation
therapy or radical prostatectomy which are the most common
therapies used to treat localized prostate cancer.
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This study demonstrates that the efficacy of prostate cryoab-
lation is independent of tumor DNA ploidy. A possible expla-
nation is the fundamental nature of the injury a tissue experi-
ences when it is exposed to temperatures below the freezing
point. The mechanisms of tissue damage during cryoablation
result not only in the destruction of individual cells through
membrane disruption but also the destruction of the
microvasculature (29). Complete vascular stasis is well doc-
umented in tissues that have been subjected to a sufficient
freezing injury. This damages the tissue as a whole and all
cells within this volume will die of ischemia regardless of
their individual characteristics including DNA ploidy type.

Our observation that TCAP treats non-diploid tumors as well
as it does diploid tumors has led us to preferentially recom-
mend TCAP to our patients with non-diploid tumors.

Conclusion

Targeted cryosurgical ablation treats all prostate cancer
DNA ploidy types with equal efficacy, suggesting a broader
indication for this therapy. Patients with non-diploid DNA
tumor configurations undergoing cryoablation may expect
the same favorable treatment response and prognosis as
patients with diploid DNA configurations.
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