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Semmary Clinical data were reviewed in 325 patients with prostatic adenocarcinoma followed up for a mean
of 13 years. Paraffin-embedded tumour biopsy from the primary tumours were available for flow
cytomery (FCM) i 273 case. niwtomour beerogeneity io DNA index (D) was found in 4% of he
tumours (54 cases were. ). S-phase fnmon (SPF) md DNA ploidy were significantly murrehwd
Ancuploxl and high SPF wer sigificanly raied Lo bth 3 bigh T category and bigh Gleaon

progression in T1-2MO0 tumours was related to Gl re (P =0.009). DNA ploidy (P = ﬂuﬁ) and SPF
(P =0.007). while the Gleason score (P = 0.0013). DNA ploldy (P=0.002) and SPF (P <0.001) had prognos-

lue in univariate survival analy

. In the entire cohort. the T category (P<0001). M category

tic val
(P<0.001). Gleason score IP<0 001). DNA ploidy (P<0.001) and SPF (P<0.001) were significant prognos-

tic factors. In Cox’s anal
age (P=
Gl

s. the M category (P<0.001). Glam . (P<0.001). T category (P = 0.003),
0001 and SPF (P = 0,087 were

ognosis. In the T1-2MO tumours,

independently
icason score (P<0.001). T category (P =0.022) and S (P oosxy ‘were independent predictors. A novel

classification system in which the DNA ploidy or SPF and the Gleasor

n score were combined was found 10 be

of significant prognostic value in all MO tumours (P<0.001). The results suggest that FCM can be used as an
adjunct to conventional histological assessments for determination of the correct prognostic category in

prostatic adenocarcinoma.

Prostatic adenocarcinoma is the most common malignancy
among elderly men. although only a small fraction of the
tumours progress to metastatic disease. tent cancer is
3-8 times more common than the clinical form of the
disease. Accordingly. identification of the malignant subset of
prostatic tumours would be of great help in planning treat-
ment and follow-up strategies for the ever-increasing number
of men sufferiag from this age-related disease (Muir er
1991). Currently. the prognostic evaluation of prostatic
adenocarcinoma is based on tumour staging (UICC. 1978)
and on subjective histological grading. Currently. there are
several different grading systems for prostatic adenocar-
cinoma. and most correlate with prognosis (Mostofi. 1975:
Gleason 1977: Gaeta er al.. 1980). DNA flow cytometry
(FCM) provides more objective prognostic information than
grading in several human tumours (Frierson, 1991; Deitch &
DeVere White 1992; Lipponen et al., 1993) and measurement
of the S-phase fraction (SPF) has given prognostic estimates
superior to DNA ploidy alone (Frierson. 1991; Visakorpi er

1991: Lipponen er al.. 1993). From previous studies we
know that DNA ploidy correlates with the histological grade
in prostatic adenocarcinoma (Badalament er al. 1991:
Eskelinen er al.. 1991: Robertson & Paulson 1991; Visakorpi
et al.. 1991: Di Silvero et al.. 1992). while the independent
prognostic value of DNA flow cytometric data is controver-
sial. Several studies have shown that aneuploidy carries a
greater risk for tumour progression and a more unfavourable
prognosis than diploidy (Stephenson er al.. 1987; Adolfsson
& Tribukait. 1991: Badalament er al.. 1991: Visakorpi et al..
1991: Wirth er al. 1991; Zetterberg & Forsslund. 1991:
Deitch & DeVere White, 1992: Di Silvero er al.. 1992; Peters-
Gee et al. 1992 Song er al. 1992). The behaviour of
moderately differentiated tumours is difficult to predict. Some
of them progress slowly. whereas others have a rapid pro-
gression. It is assumed that the aneuploid cell lines (Nagel &
Al-Abadi. 1991) in the intermediate tumour group are res-
ponsible for the accelerated progression in these tumours. It
is thus important to identify those tumours that are more
aggressive. and studies of ploidy may add useful prognostic
information. In particular. the prognostic value of the flow
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cyometric SPF i incompletcly evaluated at preset n pros

ic adenocarcinoma (Shankey er al. 1993). The flow
Crometnic assesment of prognostic factors is complicated by
the intra-tumour variation in DNA indices (DI) (Kallioniemi,
1988; Carey er al.. 1990; Lipponen et al.. 1993). including
prostatic adenocarcinoma (Nagel & Al-Abadi. 1991). The
present study was designed to evaluate the prognostic value
of DNA ploidy and SPF in relation to Gleason score and
clinical stage in a cohort of 273 patients followed up for over
13 years at one university hospital. In addition. the impact of
intra-tumour heterogeneity of DI is discussed in relation to
prognosis

Patieats and methods

Patients. treatment and follow-up

The 325 patients with prostatic adenocarcinoma were diag-
nosed. treated and followed up between 1971 and 1992 at
Kuopio University Hospital in Finland. Archival paraffin-
embedded tumour samples from 273 of the patients were
suiable for FCM. and these patients are separtcly analysed
in this study. The age of the patients at diagnosis w
71571 (mean + 5.4 years (range 39-92). and the follow:
up period lasted 130%33 (meantsd) vears (range
75514 Diagnosis. clinical suaging (UICC. 1978, trear
ment and follow-up were carried out mainly by two
urologists according to standard practice. During the first 5
years of follow-up the examinations were done every 3-6
months. and thereafter approximately once per year. This
scheme was modified if necessa use of the activity of
the disease. The tumours were treated as curatively as pos-
sible according to generally accepted principles. Eight
patients underwent radical prostatectomy. four received
ewdical udiaton iherapy, 107 were weated by oentrogen and
four were treated with oestramucine phosphate. Orchiectomy
was performed in 159 paticts and traneurcthral resecion in
85 patents. One hundred und six p-mu were sub;u:lod o
ive follow-up only without
were lOI (114) T1. 64 (77) T2 81 (lDI) T lnd 26 (33) T4
patients. The number in brackets indicates the number of
caes i the rignal cobion. One hundred and cighty-nine of
the patients included in FCM analysis had no detectable
metastases at the time of diagnosis, while 84 had metastatic



310 - S. VESALAINEN eral.

disease. The of tumours was defined as an in-
crease in T or M category during the follow-up period. The
N category was not used because it can be accurately defined
only by pelvic lymph node dissection, which is seldom per-
formed in Scandinavia. The cause of death was verified from
lhepluenlﬂls,dl: certificates and from the Finnish

Flow cytometry
The paraffin-embedded nmpls (273 samples) used for FCM
consisted of Tru-cut needle biopsies,

heterogeneity of DNA indices. Samples were using
ummmmouymu(ummﬂd

1993, In_bre, 100um-thick sections were treated wif
lougml'wommK(Sth«lnlus. MO, USA) for
30min at Afier infiltration, the nucci
were treated. with lﬂnml'
lsugml'ahidnmmm(&pu)rmnwmm
DNA was determined by FCM (FACScan, Becton Dickin-
son, Mountain View, CA, USA) using an cmission at 488 nm
at 200 mW. The total emission above 560 nm was recorded.
Ax!hemmm;mmlyofﬁndnln:hmufmmcm
sample to standard was added. The
Jowes peak was given & DNA index (DI) value of 1.00, and
the DIs of other peaks were using this as a
reference. The histograms were interpreted by one of us
(SN)wuho\nkmvledgeo(mechnnlonwoﬂuTbe SPF
could be calulated cither using the Cellit program of the

FACScan flow cytometer or manually by a modified recti-
linear method (Baisch et al., 1975; Camplejohn et al., |9a9)
|n264/273(97%)oflh= tumours. If the automatic and the
methods gave different results, the lower SPF was
dwtnThemsuxtmemo(Sl’le-sdonTm—cm
in 81 cases (81/264, w'/.) Tumours with a
designated and those with a DI
Tumours with a DI

RNAsc and stained with

variation (CV)wu44t|5‘/. (mean +5.d). The CVs of
Trucut biopsy specimens and surgical or transurethral
biopsy specimens were 4.5+ 1.6% and 4.3% 1.5% respec-

Hitlogial grading
logical grading of tumours was done according to

vestigator was ware of the
clinical data. The grading of 116 (ns/ns 3554 tumours
was based on Tru-cut biopsy specimens, and a mean of four
Tru-cut

tati
cases. The Gleason scores were 2— 4\nl2(l8).5v7m127

(149) and 8-10 in 134 (158) tumours. (The numbers in
brackets indicate the number of cases in the original cohort.)

Statistical methods
The basic statistical calculations were done using the SPSS-X

The enter limit was

paticnt age
control their possible confounding effect on the results of

variables. Univariate survival curves for T category
and Gleason score are shown for the entire cohort (325
patients).

Resuits.

The FCM analysis showed that 158 of the 273 tumours
(58%) were diploid and 115 (42%) aneuploid (non-diploid).
Of the latter, 41 were tetraploid, three multiploid and 71
were non-tetraploid aneuploid. There were 297 diploid and
l93:m||p|mdnmnrslmpks(m50nm\|nl 5 samples
). The SPF coukd not be calculated in four of
mmptmmuofm tumours. In the diploid
tumours the SPF ranged from 0.2 to 18.9%, mean 40 + 2.0
(b, and in the sneoploid tumours from 16 to 31.9%,
mean 118 5.7 (s.d.). Thus, the mean SPF was nearly three
times higher in the aneuploid tumours than in the diploid
umowrs. The meao (1) SPF i Tro-cat bopey
(n=381) was 6.7% (0.6%), and in surgical or transurcthral
specimens (n= 182) 7.3% (0.4%) (-test; 1=087,

tionship between T category, M category,

tumours wit
of metastasis. Of these, 119 (72%) were diploid,
whuus of the 108 T3-4MO-1, ie.
m

infiltrating
nnnmmwnhmmthoul only 39 (36%) were
diploid. Eighty-four of the patients had distant metastases,
Ildmnnlylﬁ(Jl'/.joflhﬂp-lxnu tumours diploid.
The Gleason score was significantly related to DNA aneu-
ploidy, as shown in Table L. Diploid tumours were more
common (8/12, 67%) among tumours with a Gleason score

Table I The relationship between clinical stage, Gieason score and

DNA plowdy
Variable Number (%) (%) 7P

T 101 ) 16 503, P<0.0001
™7 64 53 47

h:] 2 % o

™ % 3 65

Mo 7 0 361, P<00001
M1 8 31 L]

Glason2-4 12 67 3 414 P<00001
Gleason 5-7 121 T8 2

Gleason 8-10 134 39 6l
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of 2-4, while aneuploidy was found in the majority of
tumours (82/134, 61%) with Gleason scores of 8-10.
Intra-tumour heterogeneity of DI was found in only 2 of
the 54 tumours (4%). There was also relatively litte variation
in SPF since the variation in 54 tumours from which multiple
samples had been taken was 3.3:+ 34% (mean + 1) which
corresponds to a mean variation of 1.9% within each m

ple sample.
SPF was significantly related to T and M categories so that

SPFs. Tumours with hi
SPF (Table II). DNA ploidy and SPF were independent of
patient age (P>0.5).

In univariate survival analysis, T category (Figure 1), M

category (¢ = 107.6, P<0.0001), Gleason score (Figure 2),
DNA ploidy (Figure 3) and SPF (Figure 4) were significant
indicators of long-term prognosis. There was no significant
difference (= 0.2, P=0.) in the 10 year survival between

and

(£ =134, P=00013), DNA plmdy (Figure 5) 2nd SPF
(Figure 6) were significantly related to prognosis. In paticats
wlthd:ploldTlMommm(n=84)lhelDyﬂrwvwalm
85%, in contrast to 65% in patients with aneuploid tumours
(n=14) ({ 48, P=0026). The SPF showed a non-
significant trend (7' =2.3, P=0.12).

Table 1 The S-phase fraction in various subgroups of prostatic
‘adenocarcinoma

Variable Number SPF (se.)% Fii*, P
T 97 532 (042) 69, P <0000l
n 6 626 (0.70)
he] ™ 918 (0.69)
T4 kL) 9.14 (145)
Mo 184 625(040) 383, P =00005
Ml 0 913 (069
Gleason 2-4 11 749 (193) 26, P <0000l
Gleason 5-7 123 497 036)
Gleason 8-10 130 9.17 (0.55)
Diploid 156 394 017 542, P<00001
Noo-tetraploid 66 11.94 (0.81)
aneuploid
 Tetraploid B 116 078)
Multiploid 31230 @45)

“Three groups, analysis of variance; two groups, (-est.

Survival (%)

T\nmurswilha(}lﬂmnmeofs 7 could be scparated

into two prognostic groups on the basis of DNA
(£=40, P=00439) and median SPF (5%) (7 =115,
P=0.0007). In patients with T1-2M0 tumours with Gleason
score 5-7, the 10 year survival was 90% in those with
iploi =84), and 45% in those with ancuploid
tumours (n=18, =149, P=0.0001). The survival of
patients with an SPF below the median value of 5% (= 72)
was 90%, and of those with an SPF above the median
(n=28) was only 50% (=144, P =0.0001).

We defined a two-category system for prostatic adenocar-
cinoma in which Gleason score 2-4 and Gleason score 5-7
tumours with a diploid DNA histogram or SPF lower than
5% were combined mwumyA(l) Gleason score 8- 10
tumours and the rest of Gleason score 5-7 tumours with
aneuploid DI or an SPF above the median were combined
into category A(2). The results of a survival analysis using
this system (Table IV) indicate that this pew classification is a
malysmﬁammomcfmr

The results of multivariate survi in the entire
cobort, in T1-4MO, in T1-2MO and in TIMO tumours are
showanlble

Survival (%)
£

0 w120 16 200
Follow-up time (months)

r.-u Swwvdofpnmmhﬁvddmdm]lo(}hwu

difference significant (7 = 50.1,
r<oowu Curve A, Gleason score 2-4, n=18; curve B,
Gleason score 5-7, m=149; curve C, Gleason score 8-10,
n=158.

0
Follow-up time (months)
runls-nmlolp-muwwmmr
difference  between

the curves s sigaifiant
e P00 cune AT curve B, T2,
T e G T, w100 curve B, Th e

©w ™ 2™ e w
Follow-up time (months)

Figwe 3 Sundival of patens subdivided scoring

cwvun-pnﬁ:m(x“ )m

ploidy. The difference
PO000). Curve A, diploid, =155, curve
=115,
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progaostic information in addition to T and M categories

and orchiectomy indepen-
dent prodictors were M category (<0001, Gleason score
patient age (P=0063) and T category

(Table VII).
In patients treated by oestrogens

(P=0.002).

Survival (%)

© R
Folkwr«p nme (momm)

/ Figwed Sumvlloflhtpnmlwad:wkdmdm‘loSPF
is_significant

The difference
=353, r<ouw|> CurveA,s!F <39-/. = 89: curve B,
SPF 39-66% n=86; curve C, SPF >6.6%, n=

100
® A
)
2
L ®
»
w0 w1

Follow-up time (months)
—/ Figwe s Suvival of patens with 3 T1-2M0 cumour sub-

divided according to DNA ploidy. The in survival is
Sgnibcant (7 = 5.5, P<000%), Curve A, dipiow, 1 = 113, urve
B, ancuploid,
100
% A
2 &
3 8
g wf
a
o}

w CHEE: @ 20
Follow-up time (months)

Figwre 6 Surv-v-lofp.mumm-n ~2MO_tumour sub-

lue of the SPF. The difference

vhemvuunp.ﬁnm({-lzl P<0m5)0mA.

SPF <5%, n=90; curve B, SPF >5%, n

(P=0.066), but if the Gleason score was not used in the
SPF vas nchidd among the independent prediciors

(P=0.07). In patients treated by transurethral

nw«y(pqmn. paticnt age (P= DDZI):ndTuwgory

« had independent prognostic value. In those

p-mumb,ema to active surveillance, T category
(P=0,002) and DNA ploidy (P=0.02) were independent
prognostic factors. If all the types of therapy were entered in
muldvariste amalyss 15 binary data (o). osstrogen
therapy (P =0.051) and orchiectomy (P = 0.059) resulted in

Table O The progresion of T1-2M0 sumours i reaioskip to
Gleason score, DNA. ploidy and

No.
progression Progression . P
Variable Number (%) %)
Gileason 2-4 4 86 14 9.42, P =0009
Gieason 5-7 114 81 19
Gleason 8-10 39 59 35
Diploid 07 86 14 150, P=0006
Aneuploid u 35
SPF <39% 62 13 9.7. P=0007
SPF 39-66% 49 84 16
SPF >66% 21 59 4

subdivided

139 85 75
186 50 25 415, P<0.0001
2 45 20 o1 P=07
1 35 15
19 % 85
105 0 45 244 P<00001
110 95 %

75 50 219, P <0000

“Category A is | if Gieason score is 2-4 or score 5-7 tumour is

diploid. Cagory A i 2 if Glason score is 8-10 or o 5-7

tumour is ancuploid. are similar if SPF 5% is used as a
ey

Table V. Results of the multivariate survival analysis with Gleason
score included

Hazard rate

Bise, P-vahe 195% CI)
All cases
M category 1096 0240) <0001 299 (1.85-483)
Gleason score 0710 (0229)  <0.001
T category 0478 (0.134) 0003 3.
Age 00z 001y 000 1 o (o1 07)
SPF 0.024 (0.013) 0.087 1.02 (1.00-1.05)
TI-4MO
T ca 0777 0174 <0001 217 (1.53-3.08)
Age 0057 (0018) 0001 106 (102-1.10)
Gleason score 0925 (0331) 0004 252 (1.30-439)
T1-2M0
Gleason score 0.791 (0.396) <0.001 (1.00-4.87)
T category 0.969 (0.405) 0.022 264 (1.17-5.92)
SPF 0.069 (0.033) 0.058 1.07 (1.00-1.14)
TIMO
Gieason 1613 (0587) 0008 502 (155-1623)

Hazard rate = &%, Cl, confidence interval.
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Table VI Results of the multivariate survival analysis with Gleason
score excluded

A eaploidy wis et 1o invasive  high-grade
sease, which is in agreement with previous reports in pros-

Hazard rate
Bise) P-value 195% CI)
All cases
M category 109 (0238) <0001 299 (185-481)
T category 0646 (0.124) <0001 190 (148-244)
Age 0.042 (0.013) 0002 1.04 (101-107)
SPF 0.030 (0.013) 0031 1.03 (1.00-1.06)
TI-4M0
T category 0969 (0.159) <0001 263 (191-3.62)
Age 0036 (0.019) 0001 1.05 (1.02-1.09)
DNA ploidy  0.529 (0.306) 0086 169 (0.92-3.12)
T1-2M0
T category 1253 (0.384) 0001 350 (1.62-7.54)
SPF 0.086 (0.028) 0006 1.09 (L03-1.15)
DNA ploidy  1.730 (0.643) 0015 564 (158-200)

Hazard rate = ¢ CI. confidence interval.

Table VIl Results of the multivariate survival analysis when the
novel prognostic caicgory (A =1 or 2" is included

Hazard rate
Brse P-value 195% Cl)

All cases
M category 1222 0238) <0001 339 (211-546)
Category A 1104 (0295) <0001 302 (1.67-5.44)
T category 0361 (0.133) 0008 143 (1.10-187)
TI-4M0
Category A 569 (0 <0001 480 2.14-10.77)
T category 0515 (0.156) 0001 167 (122-229)
TI-2M0
Category A 2167 (0462 <0001 873 (346-21.99)
TIM0
Category A 2504 0680) <0001 1223 (3.27-45.78)

*Sce the footnotc in Table IV.

lowered survival probability. while other types of therapy
bad no independent prognostic significance.

Discussion

Heterogeneity of DNA indices is a common feature of mzhg-
nant neoplasms. The fraction of tumours showing het
geneous DNA indices in FCM varies usually between 20'/.
and 40% (Kallioniemi, 1988; Lipponen et al., 1993), although
o 10 90% of lung tumours may show beterogeneous DNA
indices (Carey er al., 1990) A high pmpomon of promnc
adenocarcinomas have been reported to
DNA indices in muy: cytometry (Nagel & AIAbadx mn
In the present FCM analysis only 4% of the tumours showed
intra-tumour variability in DI, and the mean variation of
SPF within a tumour was also low. Accordingly, the results
suggest that intra-tumour heterogeneity of DNA ploidy and
SPF is a rare phenomenon in prostatic adenocarcinoma, in
contrast to several other epithelial neoplasms (Kallioniemi,
1988; Carey et al., 1990; Fernd et al., 1992; Lipponen ef al..
1993). When interpreting the results of heterogeneity analysis
one should note that the sampling of tissue was not com-
pletely random, which may skew the results. However. the
results give a good estimate of the overall reproducibility of
the DNA measurements in this cohort of patients. Com-
parative studies between different laboratories have shown
et ploidy classifications may vary in 10-15% of tumours
when the measurements are taken from adjacent tissue sec-
tions in prostatic carcinoma (Fossi ef al., 1992). However.
cannot be excluded that part of this vanation has a
biological basis since tumours are often highly heterogenous
in their cellular features.

(ones et al.. 1990; Eskelinen et al.
1991 Trbukart. 1991; Visikorpi ef al. 1991: Di Siero ei

.. 1992). The present results confirm previous observations
in that tetraploidy is related to intermediate or high stages
(Eskelinen ef al., 1991; Tribukait, 1991). while the fraction of
tumours with multiple cell lines was clearly lower than in
some previous reports (Tribukait, 1991). However, there was
no difference in the prognostic value between various levels
of aneuploidy. as reported by some investigators (Hedlund er

1988; Tribukait, 1991). The present results are in accord
with the results in other cpithelial carcinomas (Fieron
1991; Lipponen et al., 1993). in which the degree of aneu-
ploidy as measured by flow cytometry had no sadivo
prognostic value.

The SPF values vere siilr in Tru<i biopey spocimens
and in surgical or transurethral resection specimens.
accordingly the type of specimen was not a slgmﬁumeon
founding fatoe akthough Fissa et . (1992) eported some

M results in different types of biopsy.

Ampamd nnnonrs showed significantly higher SPF values
than the diploid tumours. which is in accord with previous
results (Eskelinen e al., 1991; Visakorpi ef al., 1991). The
degree of ancuploidy had e influnce on SPF-vlue. which
further supports the limited prognostic value of the degree of
aneuploidy. In addition, the clinical correlations in_this
analysis and in previous reports (Eskelinen er al. 1991
Visakorpi et al.. 1991) suggest that the SPF is a more impor-
tant progoostic indicator than ploidy. In other epithelial
tumours, the proliferation rate of cancer cells has been
incuded.in sdditon tocinicl age. among the independent
ors (Frierson, 1991; Lipponen ef al.,

lls s regulated

s in prostatic adenocarcinoma
. 1977; Oesterling er al.. 1987;
B isakorpi et al., 1991). However,
tumours with intermediate differentiation are biologically
heterogeneous (Nagel & Al-Abadi, 1991), and accordingly

prognosis of patients with these tumours is also variable.
In this analysis, tumours with Gleason scores 5-7 could be
regrouped into distinctly different prognostic groups by
FCM. which suggests a clinical application for FCM in
prostatic adenocarcinoma. The importance of this classifi-
cation could be confirmed in multivariate analysis, which
clearly showed that neither the o'npnll Gleason score nor
FCM data were included among the independent predictors.
Tumours with Gleason scores of 2-4 or 8-10 could not be
subdivided into prognostic groups by DI or
SPF, since nearly all the low-score tumours are diploid and
it &

mmouxs with similar results (Lipponen er al..
though patient age and malignant histological features
(Gluson score, Di, SPF. clinical stage) were not significantly
interrelated, patient age was an independent prognostic fac-
tor in all T3-4 tumours. This suggests that compromised
general physical condition and redueed capacity to resist
tumour growth are of importance, observed in
other neoplastic discases (Aaltomas e Gl 1991). Most of the
previous survival analyses performed in prostatic carcinoma
bave not considered age as a prognostic factor (Stephenson
et al., 1987; Badalament er al.. 1991; Eskelinen er al., 1991;
Nagel & Al-Abadi, 1991; Tnbuknl 1991; Di Silvero er al.,
1992; Peter-Gee et al., 1992). and accordingly the comparison
of results based on biological variables alone is difficult. The
year of treatment was included in the multivariate analysis
but did not relate to prognosis.
To test the possibility that the type of therapy might
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luence the prognosis. therapy was included in separate
multivariate analyses, which showed that none of the
therapies improved the prognoss in relation to clinical. histo-
logical and FCM parameters. In contrast, hormonal therapy
was related to an unfavourable prognosis, which s probably
because of the preferential use of hormones in patients with
disseminated disease. Separate analyses of three major
therapy groups (hormones, electroresection, active surveil-
lance) showed that the same parameters had independent
prognostic significance as in the entire cohort. Accordingly,
the results of these analyses suggest that the biological char-
acteristics of prostatic tumours are most important for the
outcome of the patients.
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