
Abstract. Background: The prognostic value of morphometric
nuclear features in Dukes’ Stages B/C and D colorectal cancer
(CRC) was assessed. Patients and Methods: Primary tumours
from 86 CRC patients were analysed, using an image overlay
drawing system (Prodit Morphometry Program), for the
following nuclear features: area, perimeter, diameter, form
factor, roundness. Results: The median nuclear area (NA) was
104.6 Ìm2 (range 57.2 – 237.2 Ìm2). The NA was larger in
patients with lymph node metastasis (p<0.02). Altogether, 43%
of the patients showed clinical response to irinotecan-based
chemotherapy. All six patients with complete response (CR)
had a NA above the median (p<0.03). The disease-specific
survival of the patients with a NA above the median was
significantly better than in patients with smaller NA (p<0.02).
Conclusion: Using the median NA as the cut-off value seems
to effectively discriminate patients who are likely to respond to
irinotecan-based chemotherapy (with improved prognosis) from
those who are non-responsive and develop progressive disease. 

Colorectal cancer (CRC) is one of the most common

malignant tumours worldwide (1, 2), and its incidence rises

with increasing age (3, 4). The prognosis of CRC has

improved in recent decades (5, 6), partly based on advances

in diagnosis and new therapeutic tools (7, 8). However,

there is an urgent need for more specific molecular (or

other) markers that could more accurately predict the

disease outcome, or aid in selecting patients among special

sub-groups for appropriate treatment, i.e., to predict the

response to treatment (9-11). Many characterised

pathological and clinical variables are known to be

associated with survival of CRC patients, but the individual

prediction of disease outcome after curative resection is still

unreliable (12).

During the past decades, a substantial effort has been

made to test a wide variety of molecular and other markers

to improve this prediction (13). Apart from molecular

markers analysed using immunohistochemistry,

morphological methods evaluating, e.g. nuclear profiles in

cancer cells, have also been reported to provide useful

prognostic and predictive information in various human

cancers. Thus, changes in nuclear morphometric parameters

have been shown to be of prognostic value, e.g. in breast (14,

15), pancreas (16), thyroid (17) and prostate cancer (18).

The evident advantage of computerised morphometry lies

in the fact that objective data are quickly obtained by using

conventional microscopic analysis. 

Despite the relative technical simplicity, computer-

assisted image analysis of nuclear features has only rarely

been applied in the study of colorectal adenocarcinomas

(19). Some investigators have used morphometric

measurements to analyse differences in nuclear size and

shape of normal and neoplastic colorectal tissue (20). Not

unexpectedly, the nucleus is usually larger and its shape is

more often irregular in cancer cells. Until now, however, the

value of nuclear morphometry in prediction and

prognostication of CRC has not been comprehensively

assessed (21, 22). In this work, a study on the prognostic

value of the nuclear size in patients with advanced CRC,

who were treated with irinotecan-based chemotherapy

regimens, is presented.

Patients and Methods

Patients, treatment and follow-up. The material of the present study

consisted of a series of 86 patients with advanced (Dukes’ Stages

B/C and D) colorectal carcinoma. All patients were diagnosed and

treated at the Department of Oncology and Radiotherapy, Turku
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University Central Hospital, Turku, Finland, between October 1998

and August 2003. The key clinical characteristics of the patients are

given in Table I. Of the 86 cases, 32 were women and 54 were men,

with a mean age of 58.6 years (range 24-80). Altogether, 31

patients had Stages B/C and 55 had Stage D disease. As a part of

their routine laboratory tests, serum levels of carcinoembryonic

antigen (CEA) were measured at the time of diagnosis and when

metastases appeared. The mean CEA values were 753 (SD 3.373)

and 607 (SD 2.752), respectively.

All 86 patients were treated with chemotherapy: 20 were treated

with irinotecan alone and 66 received a combination of irinotecan

and 5-fluorouracil (5-FU). Irinotecan (350 mg/m2) was

administered as a 60 to 90-min intravenous (i.v.) infusion every 3

weeks. In the combination regimen, irinotecan (180-210 mg/m2)

was administered as 60 to 90-min intravenous infusion and 5-FU

(500 mg/m2, i.v. bolus) modulated with folinic acid (FA) (60 mg/m2,

i.v. bolus). The 5-FU/FA administrations were repeated again on

the following day. The cycle was repeated every 2 weeks. The

described treatment was continued until disease progression, or

occurrence of unacceptable toxicity (23). 

The clinical responses were monitored at clinical visits at 8- to 12-

week intervals, and classified as complete response (CR), partial

response (PR), stable disease (SD) or progressive disease (PD),

according to the WHO criteria (24). The follow-up data are available

until the end of January 2005, with a mean follow-up time of 33.1

months (median 27.5 mo.). The general outcome was classified as:

a) being alive without disease (n=3), b) alive with disease (n=9), c)

died of disease (n=73) and d) died of other causes (n=1).

Morphometry. All samples were obtained from the primary tumour

at the time of diagnosis. Histological samples were fixed in

buffered formalin and embedded in paraffin. Sections were cut at

5 Ìm and stained with hematoxylin and eosin. The nuclear profile

of cancer nuclei was measured using the Prodit morphometry

program (Prodit 3.1, Promis Inc, Almere, Netherlands), which is a

digitising interactive image overlay system. The system includes a

microscope, a personal computer (MultiSync 3D Colour Monitor;

NEC, Japan), a video camera (JVC TK-870U; JVC Japan) and a

digitiser board (PIP 512B video digitiser board; Matrox Electronic

Systems, Dorval, Quebec, Canada). Analogue images of the nuclei

were outlined on the monitor screen using a computer mouse,

resulting in a digitised overlay of the traced outline. 

The instrument was calibrated with a micrometer slide before

each measurement. Measurements were carried out at X2,500

magnification on the monitor screen (X40 objective, X10 video

ocular and X2 internal magnification). When examining the

sections, the tumour cells from the most cellular area, often at the

periphery of the tumour, were sought. Necrotic and inflammatory

areas were discarded. An average of 10-15 microscopic fields was

screened, and 100 consecutive tumour cells with clear nuclear

borders were outlined and measured. Overlapping nuclei were not

measured. Of the morphometric variables measured by the Prodit

program, the nuclear area (NA) perimeter and diameter were

assessed in this study (25).

Statistical analysis. Statistical analyses were performed using the

SPSS® (SPSS, Inc., Chicago, IL, USA) and STATA (Stata Corp.,

Texas, USA) software packages (SPSS for Windows, version 12.0.1

and STATA/SE 8.2). To test association between NA and different

biological and clinical parameters, frequency tables were analysed

using the Chi-square test, with likelihood ratio (LR) or Fischer's

exact test to assess the significance of the correlation between the

categorical variables. Differences in the means of continuous
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Table I. Patient and tumour characteristics at diagnosis.

Variable no. or value (%)

Patients 86

Male 54 63

Female 32 37

Age (yrs)

Mean (range) 58.6 (24-80)

Tumour localisation 

Rectum 21 24

Left colon 35 41

Right colon 23 27

Transversum 7 8

Dukes’ Stage

Stages B/C 31 36

Stage D 55 64

Primary nodal status

N0 23 27

N+ 44 51

Nx* 19 22

Histological grade

G I 11 13

G II 57 66

G III 15 17

G x** 3 3

Metastasis at diagnosis

M0 31 36

M1 55 64

Status at study end-point

Alive without cancer 3 4

Alive with cancer 9 10

Dead as a result of cancer 73 85

Dead from other cause(s) 1 1

Site of metastasis

Liver only 36 42

Lung only 5 6

Multiple sites 41 48

Locally advanced 4

Time to develop metastasis (mo.)

Mean (range) 9 (0-142)

Duration of treatment (mo.)

Median (range) 6 (1-18)

Follow-up time (mo.)

Median (range) 27.5 (5-150)

* Patients who already had metastasis at diagnosis.

** Grade is not known



variables were analysed using non-parametric tests (Mann-

Whitney) or ANOVA (analysis of variance). Univariate survival

(life-table) analysis for the outcome measure (disease-specific

survival, DSS) was based on Kaplan-Meier method. Multivariate

survival analysis was run by using Cox’s proportional hazards model

to analyse the independent prognostic predictors. In all tests, the

values p<0.05 were regarded as statistically significant. 

Results

The median NA analysed in the cancer samples was 104.6

Ìm2 (range 57.2 – 237.2 Ìm2) and was used as the cut-off to

dichotomise the NA for calculating its correlations with the

other parameters. The NA of tumour cells was clearly larger

in patients who had lymph node (LN) metastases at

diagnosis (p<0.02). However, there was no association

between NA and the presence of distant (organ) metastases

at diagnosis (p=0.3). The median NA of LN-positive

patients was 111 Ìm2 as compared to 98 Ìm2 in LN-negative

cases. Higher than median (16.8 Ìg/l, range 0.1-19.5 Ìg/l)

serum carcinoembryonic antigen (s-CEA) level at diagnosis

was significantly associated with smaller NA in cancer cells

(p<0.04). Also s-CEA at metastasis correlated with NA,

probably because 43/72 patients had metastasis at diagnosis. 

No statistically significant correlations were found

between the morphometric features and the clinico-

pathological variables, including age, sex or histological

grade of the tumour (p=0.6, p=0.8 and p=0.7, respectively). 

The response to different treatment regimens is

summarised in Table II. Forty-three percent (36/84) of the

patients showed an objective response (6 CR, 30 PR) to

irinotecan-based chemotherapy as the treatment for

metastatic disease. Interestingly, all 6 patients who

demonstrated CR had tumours with NA values above the

median (p<0.03). In general, more patients showed a

response to combination therapy (n=65), than did those

treated with single irinotecan therapy only (p=0.004). Other

clinico-pathological factors were not associated with the

clinical response to treatment.

Univariate survival (Kaplan-Meier) analysis was used to

test the influence of NA and clinico-pathological variables

on survival. In all continuous variables, the median values

were used as cut-off points in this model. Importantly, the

disease-specific survival was significantly longer (p<0.02) in

patients with NA values above the median, as compared

with those who had lower NA values, as shown in Figure 1.

Other predictors of favourable prognosis included low 

s-CEA-levels (p=0.003) and absence of distant metastases

(p<0.0001) at the time of diagnosis.

A multivariate survival (Cox) analysis was performed to

disclose the independent prognostic factors, by entering in

the model all the studied variables. In the final model, the

only factors with independent prognostic value were NA

(p=0.03) (HR, hazard ratio=0.5, 95%CI, confidence level

0.3–0.9) and the presence of metastases at diagnoses

(p=0.008) (HR=2.7, 95% CI 1.3–5.8).

Discussion

Computerised image analysis allows accurate and objective

measurement of several nuclear features, and this technique

has been used to demonstrate that increases in nuclear size

and irregularity in their shape are more frequent in cancer

cells than in borderline lesions (26, 27). Moreover,

increasing abnormalities in nuclear morphology seem to

parallel with tumour progression in various cancers,

including renal cell carcinoma (28), breast cancer (29) and

thyroid tumours (30). 

Although the biological phenomena and mechanisms

responsible for these nuclear alterations in tumour cells

remain to be revealed, our present study clearly showed a

close correlation between NA and lymph node metastasis

and disease outcome in advanced CRC. Such an association

with lymph node metastasis was described previously by

Ikeguchi et al. (31), who found a larger mean NA in CRC

patients with lymph node metastasis. In another study, the

mean NA was significantly associated with the number of

involved lymph nodes (32). Interestingly, Hamilton et al.
(33) reported that gastric cancer patients with lymphatic

invasion showed a large NA in tumour cells. In addition,

Ikeguchi et al. (19) found that venous invasion and

synchronous haematogenic metastasis in CRC were

significantly more frequent among patients who had

tumours with large NA, as compared to patients with small

NA in their tumours.

Importantly, the present study showed that disease-

specific survival was significantly better in patients with a NA

above the median values. These data confirm the previous

observations of Carson et al. (34), who reported a longer

disease-free survival (DFS) in CRC patients with larger

nuclear volume of their cancer cells as compared with those

who died of their disease. However, contradictory
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Table II. Response to different treatment regimens.

Response to No. of cases Single1 Combination2

treatment

Complete response 6 0 6

Partial response 30 3 27

Stable disease 33 7 26

Progressive disease 15 9 6

Total3 84 19 65

1Irinotecan only
2Irinotecan, 5-FU, and folinic acid
3Response is not available in 2 cases.



observations on this subject were reported by Ikeguchi et al.
(31), who found that the 10-year survival of patients with

large mean NA in their tumours was lower than that of

patients with small nuclei. Clearly, more work based on

larger cohorts of patients needs to be carried out to fully

elucidate this issue. These inconsistencies may arise, in part,

as a consequence of differences in the patients included in

the cohorts and/or in the different treatments regimens.

Further, different practices in reporting the morphometric

data, i.e., the difference between the mean and median

values, might be responsible, at least in part, for the reported

controversies in the literature. We believe that in this case,

using the median values (rather than an arbitrarily selected

value) as the cut-off gives an unbiased estimate on the

prognostic influence of NA in CRC.

Also of interest was our observation that the tumours

with larger NA were associated with the presence of lymph

node metastasis, which needs further assessment. We can

anticipate that tumours with larger NA might be more

aggressive and more likely to be associated with LN

involvement at diagnosis, however such a correlation is in

contrast with these same cases being associated with longer

disease-specific survival (Figure 1). One feasible explanation

might be offered by the higher sensitivity of these tumours

to chemotherapy, as shown in the present study. Indeed, in

the present series, only 6 patients showed a complete

response to chemotherapy, i.e., disappearance of all visible

lesions (Table II). Notably, all of these 6 patients had

tumours with NA above the median values, strongly

suggesting that the tumours with a large NA area are more

sensitive to the type of chemotherapy regimen used in the

present series. This higher sensitivity to treatment could

then explain the better survival of these patients. 

This distinction does not seem to hold true invariably,

however, because some of the non-responders also had a

NA above the median, as did all the complete responders.

Interestingly, however, our previous study on these patients

also demonstrated that the response to treatment could be

predicted by the DNA content of the tumour cells, since the

irinotecan-based regimen seemed to be more effective in

tumours with the largest number of chromosomal changes

(35). It seems feasible to anticipate that a larger NA may be

closely associated with an increased DNA content in these

cells. In fact, the present data offers circumstantial support

to this, while demonstrating that the patients with larger NA

were more responsive to treatment and, consequently, had a

better survival than those with a NA below the median.

Interestingly, Yacoub et al. measured NA before, during and

after the administration of chemotherapy in patients with

locally advanced cervical cancer and described a significant

reduction in NA in the responders as compared to non-

responders (36). Whether this proves to be the case in CRC

as well remains to be demonstrated in a future study.

In conclusion, molecular genetic changes, DNA ploidy

and expression of different molecular markers have been

proposed as indicators of the malignant potential of
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Figure 1. Disease-specific survival in 86 colorectal cancer (CRC) patients based on the nuclear area (NA) above and below the median value.



tumours (37-39). The present study adds to this literature

some data suggesting that other tools are now available to

aid the clinician in identifying those patients who might

benefit from specific treatment regimens. Such tools include

the quantitative morphometric measurement of the NA in

the tumour cells. Using the median values of NA as the cut-

off seems to effectively discriminate the patients with

advanced CRC, who are likely to respond to irinotecan-

based chemotherapy regimens and acquire a prognostic

advantage, from those who are non-responsive and

demonstrate a rapidly progressive disease. 
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