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In 1989, prostate adenocarcinoma has beccme the most

€ominon noncutaneous malignant disease diagnosed in
Americar. men. The increasing incidence of prostate careino.
ma s due in part to the increasing longevity of the American
male population and al use of lzboratory tests such
S serum prostate specific antigen assay and transrectal ul-
rasound imaging, which now permit earlier detection of pros-
ate malignancy. The optimal treatment of men with loealized
frostate cancer remains highly controversial. Indeed, a re-

Accepted for publication November 10, 1985,
the

From the Departments of Urology (Drs Montgomery, Nativ, Blute, Myers,
focke. Therneau, and Lieber), Pathology (Dr Furrow), and Onesons i
Therneau), Mayo Clinic, Rochester, Minn.

Read before the annual [meeting of the Society of Surgical Oncology, San
Francisco, Calif, May 25, 1989,

Reprint requests to Department of Urology, Mayo Clinie, Rochester, MN
905 (Dr Lieber).

Arch Surg—Vol 125, March 1990

nondiploid tumors. ™ Our research ,
Rochester, Minn, has intensively analyzed a group of patients
Wwith apparently regionally localized prostate cancor who

by radi during the period 1966
t0 1981. Relatively large-sized archival tissue samples were
available for flow cytometric DNA ploidy analysis using the
techrique of Hedley et al.' We have previously reported
results from studying those patients with regionally localized
disease with metastatic deposits in the pelvic lymph nodes
(pathologic stage DI tumors)* and those patients who o
pathologic examination had tumors that extended through
the prostate capsule but had uninvolved pelvie lymph nodes
(pathologic stage C)." The current report completes the de.

MATERIALS AND METHODS
Over a 16-year period (1966 to 1981), 349 Mayo Clinic patients
underwent radi i bil
Phadenectomy for pathologic stage B adenocarcinoma of the pros-
tate. Two hundred eighty-three patients in this group had sufficiont

analysis. Nuclear DNA content of tumor cells was measured by flon
cytometric analysis of nuclei extracted and stained with propidium
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Fig 1.—Nuclear DNA histogram pattens: left, DNA diploid; center,
DNA tetraploid; and right, DNA aneuploid.
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Fig 2.—Distribution of nuclear DNA ploidy patterns for 261 cases of
pathologic stage B prostate adenocarcinoma.

Stage B2 (n = 146)

iodide using techniques described by Hedley et al*and Vindelov et al,”
Detailed methods used in the current study are presented else-

ter Electronics Inc, Hialeah, Fla). Histograms were generated by
analysis o greater than 20 000 nuclei per sample. “Cell eycle” analysi
rd 5 2

by Dean and Jett.*

Criteria for classi be

y

both lobes without evidence of capsular penetration. A complex
it i d ‘performe
using the proportional hazards regression and Cox regression mod-
els. Tumor progression and survival data curves were generated
utilizing the Kaplan-Meier method. Certain statistical analyses in-
cluded the groups of patients for whom tissue was inappropriately

i i i . Comparison
of the various nuclear DNA ploidy subgroups with respect to patho-
logic stage, Mayo Clinic grade, Gleason score, and local or systemi
progression, as well as crude and disease-specific survival, were
included in the multivariate analyses. These data also were statist

sia.*Th had

(G2) peak of 7.87% = 1.53%. Normal or DNA | diploid histograms were
classified as those with less than 13% (mean =3 SDs of the percent
nuclei found in the 4C or G2 peak). Histograms with greater than or
equal to 13% nucle in the 4C peak were classified as DNA tetraploid.
A DNA aneuploid designation was assigned to those tumors with

distinet third peak separate from the 2C or 4C peaks (Fig 1).
Hematoxylin-eosin-stained histologic sections were reviewed by
the study pathologist (G.M.F.). Uniform grading was carried out
ing to the Mayo Clinic* and Gleason” grading systems. Patho-

¥ the x'test.
RESULTS

Among the 349 patients undergoing radical retropubi¢
prostatectomy for pathologic stage B prostate cancer during
the study period, 283 patients had specimens analyzed fof
nuclear DNA content by flow cytometry. Sixty patients Were
excluded from study because either a very small focus or ™
residual tumor was found in the paraffin block specime?
examined. A it m analy-

logicstage Lage Mayo Clinic
pathologic report and clinical record. This included a normal bone
scan and chest roentgenogram, a serum acid phosphatase level
within the normal range, and prostate cancer confined within the
prostatic capsule s reported on the original pathologic report. For
this study, stage B1 denotes a primary tumor less than 2 em in

. Stage B2isa
tumor greater than 2 cm in greatest dimension and/or one involving
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‘DNA aneuploid (Fig 2).

sis due to prior treatment of the paraffin block specimen vﬂd‘ﬁ
either cupric sulfate or trinitrophenol, which made ploid?
analysis technically impossible with the methods used. Of' ot
specimens analyzed, 261 929%) had high-quality interpreab
DNA histograms. The ploidy distribution observed was M
(68%) DNA diploid, 74 (28%) DNA tetraploid, and 10 (4
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Ploldy and Stage

There were 115 patients (44%) with tumors designated as
stage B1 and 146 (56%) with tumors designated stage B2. The
distribution of DNA ploidy for each stage is presented in Fig
3. Approximately 75% of patients with stage B tumors had
DNA diploid patterns. In contrast, 80%of patients with DNA
aneuploid tumors were found within the group of patients
with stage B2 disease.

Ploidy and Tumor Grade

Histologic low-grade tumors were found in 183 patients
(70%). Among the low-grade tumors, 75% were DNA diploid.
This compares with 50% DNA diploidy in Mayo Clinic high-
grade tumors. The DNA ploidy distributions for both high-
and low-grade tumors are presented in Fig 4. Seventy per-
cent of DNA aneuploid tumors are found within the Mayo
Clinichigh Analysis of tumor grade by Gleason”

(610 10) group. All DNA aneuploid tumors were found within

the high Gleason score group. The distribution of nuclear

DNA ploidy patterns according to low and high Gleason
scores is shown in Fig 5.

Ploldy and Tumor Progression

At the time of most recent follow-up, 53 patients (20% of

i d developed a local or system-

ic recurrence. Eight patients developed both. For the group

of patients with recurrent disease, 27 tumors (51%) were

DNA diploid, 16 tumors (30%) were DNA tetraploid, and 10

tumors (19%) were DNA aneuploid. Overall, only 15% of
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Not Progressed, %
8
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Fig 6.—Postoperative probability of nonprogression of pathologic
DNA

patients with DNA diploid tumors developed tumor progres-
sion. Tumor progression oceurred for 22% of DNA tetraploid
tumors and 100% for DNA aneuploid tumors. Progression
rates for DNA diploid and DNA tetraploid tumors are not
significantly different. The progression rate for DNA aneu-
ploid tumors was significantly higher (P<.0001, log rank)
Nonprogression curves are presented in Fig 6. No significant
difference in progression was noted for patients with tumors
with inadequate tissue blocks or low-quality histograms
¢ 09, log rank).




@ m

—— Diploid (n=177)
401~ — Tatraploid (n = 74)
— Aneuploid (n = 10)

— Diploid (n=177)
— Tetraploid (n = 74)
~— Aneuploid (n = 10)

Survival, %

Cause-Specific Survival, %
5
8

P6o P=.0001

0 5 10 15 20

10

Years After Diagnosis Years After Diagnosis
Fig 7.—Probabilty of survival after radical prostatectomy for patients with pathologic stage B prostatic carcinoma: left,
crude survival; fight, cause-specific survival.
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Ploidy and Survival In contrast, for patients with pathologic stages C and D1

- ) disease, only 42% to 45% are DNA diploid, For all stages of

aﬁi&ﬁi‘fm"“‘mﬁ“m:"f;;‘;‘,‘i’;‘{;%‘“’éx;z prostate carcinoma studied, patients with DNA diploid 1

survival curves failed to demonstrate any statistically signifi-
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bad Proguostic indicator (P=.0001). Moreover, al patients %€ pathologic stage B disease trezted by radics] rsmeprbe

prostate L

: ; fed, di found in this stud
ith DNA aneuploid tumors who died, died of Patients with tumors with DNA aneuploidy characterized
A by the unequivocal presence of a third stem cell line with
Multivariate Analysis neither 2C nor 4C ploidy were found to have the worst prog-

Because of the association of ploidy with stage and grade, it ~ nosis among all patients with pathologic stages C and D!
is necessary to examine the strength of the association of  prostate cancer."
ploidy with ion and survival dj for  Fo eB
stage and grade in particular, and for other patient variables.  but all of these patients subsequently developed tumor pro-
A proportional hazards model was fit using diploidy vs not, gression and many of these patients died of prostate cancer
aneupleudy vs not, grade 1 to 2 vs grade 3 to 4, Gleason score during the period of observation. All of the tumors with DNA
of2t0 5 vs 6 to 10, and stage for each of Pprogression, overall  aneuploidy were high Gleason score (6 to 10) tumors. There-
survival, and cause-specific survival. No variable or combina- fore, a search for patients with Pathologic stage B tumor who
tion of variables was found to be significant for predicting  have an unfavorable Prognosis in the future may be most
overall mortality. However, for both progression and cause effictently confined to those with high-Gleason score tumors.
specific survival, DNA aneuploidy was found to be the most  Patients with DNA aneuploid tumors appear to have very
significant predictor, with no significant difference between early. metastatic dissemination of their tumors. In this series.
diploid and tetraploid patterns seen. Significance is retained  Only patients with tumors confined within the prostate cap-
after adjustment for any one of the other variables, After sule and who had no evidence of metastatic deposits in the
adjustment of the other variables for aneuploidy, however,  pelvic lymph nodes were included. Nevertheless, all of these
only & high Gleason score (6 to 10) adds significant further patients with DNA aneuploid tumors subsequently devel
prediction. oped prostate cancer progression. Such data suggest that
COMMENT those patients with DNA aneuploid pathologic stage B pros-

‘This report completes presentation of nuclear DNA ploidy  bic prostatectomy alone. Some form of active systemic adju
analysis for the group of patients with elinically localized 'y to improve prognosis for this
‘adenocarcinoma of the prostate treated at the Mayo Clinic  group of patients.
between 1966 and 1981 by radical retropubic prostatectomy In the previous Mayo Clinic studies of patients with patho-
end bilateral pelvic lymphadenectomy. This cohort o patients logic stage C and D Prostate carcinoma, those patients with
and tumors numbers nearly 500 with pathologic stages B, C,  DNA totoplos hadani iately poor prognos
and D1 tumors. These coordinated studies demonstrate that,  compared i patients with either DNA diploid or DNA
using the technique of Hedley et al' and propidium iodine  aneuplord tumbrs o the current study of patients with
staining, nuclear DNA ploidy information can be obtained hologic stage B p , the prognes-
from archival formalin-fixed paraffin-embedded tissue of b assonationt DA tetraploidy was not found. While there
prostate carcinoma in a very high percentage of tumors  was some small increased probability of tumor progressio?
studied. for patients with DNA tetraploid compared with the DNA

Patients with pathologic stage B tumors overall have a diploid tumors, this difference in prognosis did nnmmevzﬂ';

ifferent distribution of ploidy Ppatterns from those patients level of statistical signi . Thus, DNA foun
with pathologic stages C and D1 disease. Sixty-eight percent  in 98% of patients with stage B prostate carcinoma, does 1%
of patients with pathologic stage B tumors are DNA diploid.  appear to pe an mtounme o8 ‘Pprognostic factor in this cohort-
]
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For all stages of surgically treated prostate cancer studied
at the Mayo Clinic, nuclear DNA ploidy pattern is a highly
significant and independent Prognostic variable for progres-

n. This result was found herein for the group of patients
with pathologic stage B prostate cancer even though the vast
majority of these patients were well treated by ther surgery,
In the multivariate statistical analysis, DNA. aneuploidy was

able. Based on results obtained so far, we suggest that withiy
a given pathologic stage, histologic studies assessed by both
nuclear grading or Gleason score and the nuclear DNA ploidy

research group,
DNA ploidy pattern and histologic grade/Gleason score sue
‘more important than tumor pathologic stage in forecasting
tumor progression over clinically important time intervals.
Finally, for patients with prostate carcinoma clinically lo-
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Invited Commentary
e "

ed meth,

prognostic information that cannot be determined by routine
histologie or other clinical variables. We believe this new test,
which is objective, should be profitably used to stratify pa-
tients in future clinical re: i
routinely performed now and is relatively simple and econom.
feal. It is no longer a research laboratory curiosity: In ouy
opinion, of progn d i linic e
of localized prostate carcinoma without taking into acequnt
the nuclear DNA ploidy patterns of patients with prostate
adenocarcinoma would be neglecting objective information of
important biological significance.

We thank Mary Adams for her technical assistance.
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