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IMAGE ANALYSIS

A volume of 60 pl of the suspension of nuclei
was fixed in an equal volume of 10% formalin
for at least 30 minutes and cytospun on to
slides. Feulgen staining was performed using a
CAS quantitative DNA staining kit (Becton
Dickinson). Two calibration slides of rat
hepatocyte nuclei (supplied with the kit) were
stained simultaneously with each batch of test
slides. The stained slides were analysed on a
CAS 100 image analyser (Becton Dickinson),°
using the QDA program. In the test sample, 40
spindle shaped nuclei (fibroblasts and endo-
thelial cells) selected from the whole sample
were analysed to obtain DNA content of nor-
mal control cells, followed by 200 tumour
nuclei. Histograms were automatically gen-
erated and DI calculated by the computer. The
quality of the histograms was checked using the
CV of peak obtained from the control nuclei.
Data obtained from histograms included
ploidy (diploid, aneuploid, or tetraploid), 2-5C
exceeding rate and 5C exceeding rate.

STATISTICS

Correlation of ploidy with single parameters
was performed using the Fisher exact test and
significance in difference between the 2-5C
exceeding rate of diploid and aneuploid
tumours determined using the Mann Whitney
U test. Actuarial survival curves were obtained
with the Kaplan-Meier product limit method
and statistical comparison between two
survival curves was made with the log rank test.

Results
Evaluable DNA patterns using both FCM and
IA were obtained from tumour samples of 35
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patients. For technical reasons (insufficient
material in block), IA was not possible on a
tumour sample from one patient with stage V
disease at diagnosis which was diploid on
FCM. Thirty three of 35 samples were concor-
dant on FCM and IA; of these 26 were diploid
samples, six aneuploid and there was one
tetraploid sample (table 1). Image analysis also
identified two aneuploid stem lines in the
tumour samples of cases 3 and 9, both of which
were diploid on FCM (table 1), and in addition,
two aneuploid stem lines were observed in
tumour samples from cases 1, 2, and 4, which
had shown only a single aneuploid peak on
FCM.

The mean CV of the diploid G,G, peak on
FCM was 493 (SD 1:67) (range 1-2-9-5%).
The percentage of cells in S phase was 3-4-
35:3% (mean 14-3%) and in the G,M phase
was 1:3-5:7% (mean 3-1%) for the diploid
tumours; the corresponding values for the
tetraploid tumour were 16-3 and 34% respec-
tively. The proliferation index was 4-9-36%
(mean 18:1%). Mean CV of peak obtained from
40 control nuclei using IA was 4-89% (SD
1-14) (range 1-8-7-8%). Diploid tumours (n =
26) had a 2-5C exceeding rate of 10-3-53-8%
(mean 31-1%) and a 5C exceeding rate of
0-19% (mean 0-14%); aneuploid tumours
(n = 8) had a 2-:5C exceeding rate of 44.1-99%
(mean 62:6%) and a 5C exceeding rate of 4-24—
19 (mean 9-01%). These differences were
highly significant by the Mann Whitney U test
at a p value of <0-001 for the 2-5C exceeding
rate and <0-0001 for the 5C exceeding rate.

There was no correlation between prolifera-
tion index as measured by FCM and survival.
However, using an arbitrary cut-off level of
40% for the 2-5C exceeding rate, it was found

Clinical features, histology, ploidy status, and outcome in 36 patients with Wilms’ tumour

DNA index

Case Age (years) Follow up
No and sex Histology Stage FCM IA (months)

1 439/ M FH v 1-29 1-38, 1-6* R (24)

2 473 |F UH (Anap.) 111 147 1-44,1-78* R (5)

3 166 | F FH I 1-12 1-31, 1-59* R (21)

4 557 | F UH (Anap.) 111 175 1-61, 1-75% R (8)

5 102 |F FH 111 155 1-47* R(1)

6 474 |F FH I 1-34 1-41* R(13)

7 272 | M FH I 1-00, 2-0 1-07, 2+ A/W (34)

8 204/ M FH I 131 1-62% A/W (109)

9 619/ M UH (Anap.) 1A% 1-00 1-56, 1-7* R (25)
10 283/ M FH 11 1-00 099 R (4)/A|W (73)
11 1173/ M FH 1 1-00 1-07 A/W (44)
12 621 /F FH 1 1-00 1-02 A/W (84)
13 312/M FH v 1-00 1-02 A/W (33)
14 131/ M FH I 1-00 0-99 A/W (65)
15 586 | F FH I 1-00 1-03 A/W (51)
16 172 [ F FH 1 1-00 1-05 A/W (54)
17 109/ M FH 1 1-00 0-94 A/W (43)
18 56 |F FH I 1-00 0-95 AIW (53)
19 12 |F FH 11 1-00 1-04 A/W (36)
20 638/ M FH 11 1-00 1-04 A/W (44)
21 371 /M FH I 1-00 1-02 A/W (56)
22 572 | F FH 11 1-00 0-99 AIW (77)
23 191 /F FH \% 1-00 N/A A[W (28)
24 378 | F FH I 1-00 1-00 A/W (60)
25 44 |M FH 1 1-00 1-03 AW (92)
26 316 /| M FH 111 1-00 1-03 AIW (77)
27 336 | M FH 1I 1-00 1-06 AW (32)
28 2:04/F FH 111 1-00 0-82 A/W (33)
29 045/ M FH \Y 1-00 092 A|W (73)
30 243 |F FH 11 1-00 093 A/W (111)
31 223 /F FH 11 1-00 0-99 A/W (93)
32 264 | F FH 11 1-00 1-00 A/W (118)
33 025/ F FH 1 1:00 0-95 A|W (77)
34 521 /F FH I 1-00 097 A/W (79)
35 513/ M FH 1 1-00 1-04 A/W (99)
36 199 /| F FH III 1-00 0-99 A/W (66)

R = relapse (time from diagnosis to relapse); A/W = alive and well (time from diagnosis till date); * = aneuploid;
+ = tetraploid; N/A = not analysed; FH = favourable histology; UH = unfavourable histology.
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Relapse free survival curves of patients with FH diploid
(n = 27) and FH aneuploid (n = 5) tumours,
(p < 0-0001).

that 7/14 tumours with a 2-5C exceeding rate of
>40% suffered relapse compared with only
3/23 tumours with a value of <40%. (p =
0-012, Fisher’s exact test). Seven of eight
patients with a 5C exceeding rate of >5%
suffered disease relapse compared with 3/28
patients with a value <5% (p = 0-0001).

PLOIDY VS OTHER PROGNOSTIC PARAMETERS

Eight out of 36 patients developed recurrent
disease; these included 3/28 stage I, II and V
patients (diploid one, aneuploid two) and 5/8
stage I1I and IV patients (all aneuploid). Seven
of eight patients with aneuploid tumours and
1/27 patients with diploid tumours have had
relapse of disease (p value = 0-0001) (see table
1); all cases of aneuploid relapses have died of
disease. The single relapse among the diploid
group was a local recurrence 4 months from
diagnosis which responded to radiotherapy and
alternative chemotherapy. The patient whose
tumour showed a tetraploid DNA pattern has
had DFS of more than 2 years. In the UH
group, all three patients had diffuse anaplastic
tumours which were aneuploid on FCM and
IA, and all patients died of disease. In the FH
group, 4/5 patients with aneuploid tumours
compared with only 1/27 patients with diploid
tumours have developed recurrent disease

(figure).

Discussion

Based on experience gathered from adult
tumours in which aneuploidy has been shown
to confer an adverse prognosis,”’ we were
prompted to investigate ploidy as an additional
prognostic parameter in WT. Previous studies
on DNA analysis of WT''"'* have been perfor-
med using FCM or IA. The advantages with
FCM are its wide availability and speed of
analysis; it is, however, unselective and can
miss small populations of aneuploid cells
within the same sample'® as was demonstrated
in this study. IA, on the other hand, is time
consuming, but because of observer interac-
tion, more selective. Also, in contrast to FCM,
IA can deal with small tumour samples (touch
preparations, needle aspirates) which are
frequently the only material available. Correla-
tion between the two methods is usually good,'®
though Koss er al noted that 20% of diploid
urothelial tumours analysed by FCM were

aneuploid by IA."” One of the aims of this study
was to compare data obtained using both
methods; similar results were obtained in all
but two patients. IA in this study identified
more than one aneuploid stem line in three
patients, the significance of which is unclear.
Fifteen per cent of patients with FH had
aneuploid tumours; this is in contrast to Kumar
et al who reported only 4-5% of FH tumours in
their series to be aneuploid.' The incidence of
recurrent disease was significantly higher in
these patients; two of the patients from this
group had stage I disease and developed lung
metastases within 2 years of diagnosis which
were resistant to both chemotherapy and
radiotherapy. This is again in contrast with
Rainwater et al who noted that >97% of
patients with lower stage disease were cured
irrespective of ploidy status.'* All patients with
UH in this study had diffuse anaplasia and were
aneuploid on DNA analysis. It was interesting
to note that two other renal tumours, a bone
metastasising renal tumour and a malignant
rhabdoid tumour which were processed at the
same time, were diploid on both FCM and
IA; this observation is in agreement with
others.!"™ Clearly alternative and as yet un-
defined tumour characteristics are operative in
these latter histological variants which only a
molecular biological approach can hope to
dissect.
Calculation of proliferative index (PI) from
S and G, M fractions of the cell cycle was done
only for diploid tumours as aneuploid tumours
present more difficulties for S phase fraction
analysis. The variation in PI between tumour
samples was considerable (4:9-36%) and did
not correlate with rate of relapse. This is in
agreement with the study by Kumar et al,**
although other reports, particularly in adult
lymphomas, have shown a significant associa-
tion between PI and rate of recurrent disease.'®
It is possible that an artificially high S phase
fraction in some patients in this study could
have been due to debris, or nuclear clumping.*
The 2:5C and 5C exceeding rates as
measured by IA were useful predictors of
relapse. These values represent percentage of
cells with DNA content over 2-5 and five times
the haploid DNA value respectively. Some of
these authors, in a previous study,? noted that
the 5C exceeding rate of benign smooth muscle
tumours never exceeded 1% whilst the value in
their malignant counterparts was invariably
over 5%. In this study, the 2-5C and 5C
exceeding rates served to differentiate the less
aggressive from the more aggressive tumours.
In conclusion this study has demonstrated
the usefulness of ploidy as an additional prog-
nostic parameter in WT. There was good
correlation between FCM and IA; the speed of
the former makes it the method of choice
although IA can identify aneuploidy in some
tumours found to be diploid by FCM.
Additional information obtained by 2-5C and
5C exceeding rates using IA may discriminate
the more aggressively behaving tumours.
Larger scale studies are needed to confirm the
relationship of ploidy to survival in WT, par-
ticularly for early stage disease.
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