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The DNA content of 168 consecutive T3,NO,MO (Dukes’ B, Astler-Coller B2) colorectal cancers was 
studied using image analysis on formalin-fixed paraffin-embedded tissues. 72 cases (43%) were 
classified as diploid and the remaining 96 (57O/ ) o as non-diploid. After a median follow-up period of 6.7 
years, a significant survival advantage was found for diploid compared with non-diploid cases (logrank 
test; P= 0.008). The long-term (8 year) survival rate was 70% for diploid and 46% for non-diploid 
tumours. Subgroup analysis showed that the survival advantage conferred by tumour diploidy was 
greatest in large (25 cm) cancers and was found both in colonic and rectal cancer cases. These data 
indicate that tumour ploidy status measured by image analysis might be useful in determining risk of 
colorectal cancer recurrence and death in patients following resection of early colorectal cancer. 
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INTRODUCTION 
QUANTITATIVE ABNORMALITIES of cellular DNA content have 
been widely studied since flow cytometry and image analysis 
were first utilised to measure ploidy status of appropriately 
stained cellular nuclei. Initial studies were performed on 
freshly obtained tissue specimens, but techniques allowing 
nuclei to be isolated from paraffin embedded tissue [I] have 
allowed larger retrospective studies to be performed on pati- 
ents whose long-term outcome is already known. Abnormal 
cellular DNA content is associated with a poor prognosis in 
many neoplastic types, including colorectal cancer [2-l 31 
although this has not been a consistent finding [ 14, 151. 

T3,NO,MO colorectal cancer patients pose special problems 
for surgical oncologists. This group accounts for over one 
third of all colorectal cancer patients [16] of whom approxi- 
mately 45% suffer disease recurrence and death [ 161. Recent 
results from large randomised trials suggest that the survival 
benefit for conventional chemotherapeutic agents in 
TS,NO,MO cases is marginal [ 17, 181. However, the ability to 
distinguish cases with a poor prognosis by using additional 
prognostic features would help modify selection procedures 
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for future trials of adjuvant therapy, allowing oncologists to 
adminster chemotherapy or radiotherapy primarily to patients 
in whom tumour recurrence may be expected. To test the 
hypothesis that tumour ploidy status might be useful in this 
assignment process, we studied a consecutive series of patients 
with TS,NO,MO colorectal cancer using image analysis of 
feulgen-stained nuclei. 

PATIENTS AND METHODS 
523 patients were admitted to St Vincent’s Hospital 

between 1983 and 1989 of whom 188 (36%) were staged as 
T3,NO,MO. 20 of these cases (11%) were excluded from the 
study because of death within the postoperative period (n = 7), 
restaging at the time of histological review (n = 6) or insuf- 
ficient tumour material for analysis (n = 7). The final study 
group thus consisted of 168 patients (93 males, 75 females; 
mean age 67.8 years; range 26.5-90.0 years). Clinical and 
pathological data were extracted from a prospective computer 
database containing details of all colorectal cancer patients 
admitted since 1983. No study patient received pre- or post- 
operative adjuvant therapy. Follow-up ended in December 
1994 for this study, and median follow-up was 6.7 years 
(mean 7.1 years; range 3.4-l 1.5) or until death. 

The pathologist and technical investigators were blinded to 
clinical details and outcome. All tumours were formalin-fixed 

612 



Image Analysis Study of DNA Content in Early Colorectal Cancer 613 

16 

1 

J 
DNA index 

1 
Figure 1. Distribution of non-diploid tumours according to 

DNA index (n = 96). 

and paraffin embedded. Tumour blocks consisting of 70% 
tumour and 30% benign tissue were selected using H&E 
stained sections where possible. All sections in each case were 
also evaluated to confirm tumour stage and differentiation and 
exclude areas of necrosis or haemorrhage. Cell suspensions 
were prepared according to the modified method of Hedley 
[l, 191. Sections (50 km) were cut, dewaxed in xylene, rehy- 
drated in graded ethanol and washed in distilled water. Nuclei 
were released by incubation in a pepsin solution at 37°C with 
intermittent vortexing. Cell suspensions were then prepared 
for image analysis by cytospinning on to glass slides followed 
by feulgen staining [20]. Image analysis was performed on a 
CAS 200 image analyser (Becton Dickinson). 

For each case, 20-40 control (non-malignant) cells and 
100-200 cancer cells were evaluated, each case taking between 
30 and 60 min to analyse. A ploidy index in the range of 0.8- 
1.2 was taken as diploid; 1.8-2.2 as tetraploid if the peak 
represented >20% of the total cell population and had its 
own G2M peak; other values were interpreted as aneuploid 
provided they represented 3 10% of the total cell population 

Table 1. Ploidy status and clinical features in 168 patients with 

T3,NO,MO colorectal cancer 

Diploid Non-diploid F value 
(n = 72) (n = 96) 

Age (years [mean t S.D.]) 69.0 + 10.1 67.0 ? 12.1 0.25* 
Patient sex 

Male 48 (52) 45 (48) 0.01t 
Female 24 (32) 51 (68) 

Tumour site 
Rectum 26 (43) 35 (57) 0.96t 
Colon 46 (43) 61 (57) 

Tumour size (cm [mean 1- S.D.]) 5.2 2 2.0 5.2 -t 2.3 0.99* 
Tumour differentiation 

Well 8 (100) 0 
Moderate 60 (40) 90 (60) 0.004t 
Poor 4 (40) 6 (60) 

Figures in parentheses represent percentages. *Student’s r-test. tChi- 
square test. 

0.11 - Non-diploid (n = 96) 

0.01 I I I I I I I I I I 

0 1 2 3 4 5 6 7 8 9 10 
Time (years) 

Number at risk 
Diploid 72 68 62 58 46 41 27 18 12 6 4 
Non-diploid 96 90 79 68 56 49 39 24 17 11 6 

Figure 2. Survival of 168 patients with T3,NO,MO colorectal 
cancer stratified by ploidy status. 

Table 2. Univarkte survival analysis of clinical and pathological 

features in 168 patients with T3,NO,MO colorectal cancer 

Number of % survival P value 
cases at 8 years (logrank test) 

Age 
<75 years 
275 years 

Sex 
Male 
Female 

Tumour site 
Rectum 
Colon 

Tumour size 
(5 cm 
25 cm 

Histological grade 
Well 
Moderate 
Poor 

Ploidy status 
Diploid 
Non-diploid 

121 56.6 0.50 
47 53.5 

93 58.1 0.95 
75 53.2 

61 56.0 0.97 
107 56.2 

71 54.6 0.91 
97 56.7 

8 75.0 
150 54.2 0.48 

10 60.0 

72 69.7 0.007 
96 46.4 

and that a corresponding G2M peak could be identified. The 
coefficient of variation (CV) was recorded in all cases. A CV 
< 10% was required on the tumour cell histogram to include a 
case in the study. If a low CV (<5%) was achieved, the 
ranges of ploidy were narrowed as follows: diploid, 0.85-l. 15; 
tetraploid, 1.85-2.15; aneuploid, all other values with the 
same requirements of percentage population. For the purpose 
of analysis, aneuploid and tetraploid cases were combined as 
“non-diploid” tumours. 

Statistical analysis 

The chi-square test and Student’s I-test were used to assess 
categorical and continuous data respectively. Survival curves 
were generated by the Kaplan-Meier method with cancer- 
related death as the endpoint. Differences in survival between 
groups were determined by logrank analysis. The Cox pro- 
portional hazards model was used to calculate hazard rate 
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Figure 3. Subgroup survival of 168 patients with colorectal cancer stratified by ploidy status. (a) Rectal cancer (relative risk for 
aneuploid tumours (RR) 2.21; 95% confidence intervals (95% CI) 0.87-5.62). (b) Colon cancer (RR 1.97; 95% CI 1.01-3.87). 

(c) Small (i 5 cm) tumours (RR 1.24; 95% CI 0.55-2.79). (d) Large (- > 5 cm) tumours (RR 2.88; 95% CI 1.36-6.09). 

ratios (relative risk of death) and 95% confidence intervals, 
and to perform regression analyses. 

RESULTS 
It was possible to assess the DNA index in all 168 tumour 

specimens. 72 cases (43%) were classified as diploid and 
the remaining 96 (57%) as non-diploid. The DNA index 
distribution of non-diploid cases is shown in Figure 1. 

Sixty-eight per cent of females had non-diploid tumours 
compared with 48% of males (P= 0.01). All eight well differ- 
entiated tumours were diploid in nature (P = 0.004) (Table 1). 
Ploidy status was unrelated to patient age (P= 0.25), tumour 
site (0.96) or tumour size (0.99). 

The survival of the entire study population was 67% at 5 
years and 56% at 8 years. No patient suffered a cancer-related 
death after this time. Survival analysis showed that long-term 
outcome was significantly better for diploid compared with 
non-diploid cases with 8 year survival rates of 70% and 46%, 

respectively (Figure 2) (logrank test; P = 0.008). Other clinical 
or pathological features were unrelated to long-term outcome 
(Table 2). A Cox’s regression analysis including all clinical 
and pathological variables was performed to determine fea- 
tures independently related to outcome. Ploidy status was the 
only significant variable to emerge from this analysis (relative 
risk of death for non-diploid cases 2.1; 95% confidence inter- 
vals 1.2-3.5). A secondary survival analysis with all causes of 
mortality was performed to correct for any potential bias in 
the reporting of deaths. Non-diploidy was again identified as 
a poor prognostic feature in this secondary analysis (logrank 
test; P= 0.02). 

We performed additional survival analysis with the patient 
population broken down by tumour site and tumour size, 
and the result is shown in Figure 3. The survival advantage 
conferred by diploidy was found both in colon (P = 0.03) and 
rectal (P= 0.09) cancers and was greatest in large (a5 cm) 
tumours (P= 0.004). The estimated 8 year survival rate for 
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patients with large diploid tumours was 76% compared with found that image analysis was a particularly valuable prognos- 
44% for those with large non-diploid tumours. tic indicator in early disease [26, 271. 

DISCUSSION 
Although over 60 years old, the Dukes’ system [2 l] and its 

many modifications remain of primary importance in colorec- 
tal cancer staging. Since the introduction of Dukes’ original 
system, authors have subdivided stage A and C patients into 
smaller groups, while a stage D has been included for those 
with unresectable disease or distant metastases. The logical 
conclusion is the TNM system, in which distinct stages can 
be derived from a study of tumour depth and the presence or 
absence of nodal and distant metastases [22]. Even so, the 
survival of individuals within the different TNM stages tends 
to be variable, especially in the T3,MO,NO group and new 
prognostic indicators would be valuable in identifying patients 
at high risk of tumour recurrence and death in this group. The 
results of this study suggest that measurement of tumour 
DNA content by image analysis might improve our ability to 
predict outcome within this disease stage. 

Some authors have found an almost perfect correlation 
between DNA indices studied by both image analysis and 
flow cytometry in different tumour types [23, 241, although 
assessment of tumour DNA by flow cytometric methods may 
be difficult when excess diploid stromal elements are present 
[25]. Flow cytometry has the advantage of allowing the DNA 
content of large numbers of cells to be rapidly assessed. In 
contrast, image analysis is a relatively time consuming and 
labour intensive procedure which does, however, allow one to 
distinguish neoplastic cells from cellular debris, stromal and 
inflammatory cells. These can then be excluded from further 
analysis. We used image analysis in our study to ensure that 
only tumour cells were examined and because a previous study 
by Bosari and associates suggested that ploidy status defined 
by image analysis might be more valuable in predicting out- 
come in patients with stage II (T3/4,NO,MO) disease than 
ploidy status determined by flow cytometry [26]. 

We performed subgroup analyses stratified by tumour site 
and tumour size which showed that DNA content was capable 
of predicting prognosis in both colon and rectal cancers. It 
also showed that, although a similar proportion of small and 
large cancers displayed non-diploidy (58 and 57% 
respectively), long-term survival was only related to ploidy 
status in small tumours. This finding has not apparently been 
previously reported and it is unclear why ploidy status is 
such an unreliable indicator of outcome in small T3,NO,MO 
cancers. These small tumours are clearly capable of penetrat- 
ing the bowel wall at a relatively early stage in their develop- 
ment, and it is possible that other factors such as the occur- 
rence of specific genetic mutations are more important than 
abnormal DNA content in their further progression [31]. 
Sampling error leading to the analysis of non-cancer cells at 
the periphery of small turnours, with consequent false positive 
diploidy in these cases, might account for the lack of prognos- 
tic information if this study had been performed using flow 
cytometric methods, but such normal diploid stromal, 
inflammatory and mucosal cells are excluded from image 
analysis. 

In conclusion, this study was performed to test the hypo- 
thesis that ploidy status measured by image analysis might be 
useful in assigning T3,NO,MO colorectal cancer patients to 
low and high-risk subgroups. Overall, the results suggest that 
useful prognostic information can be gained from image analy- 
sis in this group, especially in those cases greater than 5 cm 
in diameter. 

The long-term survival rate for patients with non-diploid 
tumours measured by flow cytometry in paraffin-embedded 
tissues is reported to range from 19 to 68%, while comparable 
survival rates for diploid cases range from 44 to 100% [3-l 51. 
However, the relationship between ploidy status and survival 
is thought to be tumour stage dependent [27], with little or no 
association found in patients with residual or metastatic dis- 
ease [4]. In contrast, a stronger association between ploidy 
status and outcome is found in curative cases extending 
beyond the bowel wall with or without nodal metastases (T3- 
4,NO-3,MO, stage II/III) measured either by flow cytometry 
[7, 10, 11, 131 or image cytometry [26, 281. Four studies in 
addition to ours have examined the relationship between 
survival and ploidy status of colorectal cancer measured by 
image analysis. Albe and associates and Bosari and colleagues 
identified tumour diploidy as a favourable prognostic indicator 
[26, 281 while Enblad and coworkers, in a study of distal 
colorectal tumours, also found a trend towards improved 
survival for patients with diploid cancers [29]. In contrast, 
Bottger and associates found that outcome was unrelated 
to DNA content [30], although their analysis did not look 
specifically at early disease. The results of our study, confined 
to the T3,NO,MO group of patients, indicate a significant 
survival advantage for diploid cases and agree closely with 
those of Albe and colleagues and Bosari and coworkers who 
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