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Background. Due to the fact that different biological
parameters play a key role in colonic malignant be-
havior, with nuclear morphometry being a prognostic
marker in many malignancies, then predictive ap-
proaches in colorectal cancer (CRC) carried out on
histologically well-defined groups may prevent inter-
pretative errors. Subsequently, in the present study,
CRC patients were screened according to the morpho-
metric features of tumor cell nuclei, using an accurate
histotechnical approach, to analyze their clinical evo-
lution according to Dukes’ stratification.

Materials and methods. A total of 66 cases were
grouped according to Dukes’ classification (5 y of
follow-up). The perimeter, nuclear area, and shape fac-
tor of 50 interphase carcinoma nuclei were recorded
through microphotographs obtained from each sub-
Jject. Nuclei boundaries were drawn by an electronic
pencil and d by a P ized system. Data
were submitted to a variance analysis, and a multi-
regression model compared results.

Results. The sample was made up of 44 males
(66.67%) and 22 females (33.33%) aged 59.7 = 6 y old.
Forty-nine patients (74.24%) were classified as stage B,
and 17 (25.76%) as stage C. Nuclear homogeneity was
confirmed by analysis of variance. The nuclear param-
eters were (mean = SD): area (3.17 + 1.74), perimeter
(6.72 + 1.83), and shape factor (0.82 + 0.03). A multiple
logistic regression model showed that stage C subjects
had a higher risk of developing a worse clinical evolu-
tion than those at stage B (P < 0.02), independent of
sex and age.
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Concl, Dukes’ classifi the best
predictor of evolution. Although nucleomorphome-
tric suitability is still controversial, this technique
has become an additional tool to establish CRC
Prognosis. ©2008 Elsevier Inc. All rights reserved.
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INTRODUCTION

It is highly desirable for surgeons to have at their
disposal useful tools for prognosis, to choose the best
strategy for patients suffering from colorectal cancer
(CRC). Despite many pathological and clinical param-
eters being related to survival rates in CRC patients,
their evolution after apparently successfully opera-
tions is still difficult to predict. The most suitable and
most frequently used prognostic indicator is Dukes’
classification [1]. However, in recent years, morpho-
metric image analysis has also been used in an attempt
to better define the postsurgical evolution of several
carcinomas. Morphometry consists of the measure-
ment of the length, area, or volume of nuclei, cell, and
tissue components. For several varieties of noncolorec-
tal cancer, certain morphometric characteristics of tu-
mor cells correlate fairly well with patient survival and
provide valuable new information not readily available
during routine examinations of tissue sections. The
nuclear morphometry of tumors from different sites
have been published [2, 3], and some of these studies
on the prognostic value of nuclear morphometry in
CRC have shown a strong relationship to survival in
operated patients [4]. Moreover, it could even be useful
in familial colonic polyposis [5].
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Previously, we showed that various different biolog-
ical parameters and environmental factors, such as
dietary habits, seem to play a key role in the colonic
malignant behavior [6]. By considering nuclear mor-
phometry as a simple prognostic marker in CRC [7],
future studies carried out on histologically well-defined
groups may help to prevent interpretative errors in
predictive approaches. Therefore, in the present work,
patients were screened according to the morphometric
features of tumor cell nuclei, using a reliable histotech-
nical approach to analyze their clinical evolution.

MATERIALS AND METHODS

Subject Data

The charts of 66 selected patients, who had previously had cura-

tive ion for col I carci were ded over a period of
10 y. Information with regard to Dukes’ staging, age, sex, location of
the lesion, and surgical procedures performed were tabulated. Pa-
tients in stage C had received postoperative chemotherapy and/or
radiotherapy. Subj with iated di such as diab:
i i and other colonic diseases such as
ulcerative colitis, Crohn’s disease, colonic familial polyposis, or an-
tecedents of malignancies other than colorectal were not included in
the present study. All patients were monitored over a period of at
least 5 y or until death occurred due to oncological progression. Then,
they were divided in 2 groups according to their evolution at the end
of the period of study as follows: good evolution (free of any evidence
of disease) and poor evolution (death or evidence of recurrence ob-
tained by images or pathologic analysis). Tumor tissues were exam-
ined to establish the Dukes’ staging.

e

Histopathology

The histological samples were obtained from the Department of
Pathology of Hospital Privado (Cordoba, Argentina). All specimens
were fixed in 10% buffered formalin before embedding them in par-
affin blocks. Sections were cut of 6-um thickness, stained with he-
matoxylin and eosin, and both the central and peripheral areas of the
cancer were studied, For the morphometric analysis, the most rep-
resentative areas upon which the histological grading of the lesion
was based (free of necrosis, hemorrhage, technical artifacts, or acute
inflammatory infiltrates) were selected.

Image Analysis
The basic image analysis system consisted of:

1. An image source, obtained by an Olympus BH 25-RFCA micro-
scope with a vertical tube on which was mounted an Olympus C-35
camera;

2. Microph phi btained using Agfa Pan 100 films and
printed on Ilford gloss paper;

3. A PC Pentium 4 with a SnapScan e50 scanner (Agfa-Gevaert
AG, Leverkusen, Germany);

4. The SigmaScanPro V. 4.01 Sci
software (SPSS Inc., Chicago, IL).

For well-differentiated and moderately differentiated histologi-
cally graded tumors, nuclear measurements were obtained on cells
maintaining the colonic tubular architecture and showing the whole
malignant epithelial cell layer from the base to the luminal surface.
When plastic gland archi e and nuclear polarity were not
well preserved, nuclear morphometry was evaluated for the most
representative cellular arcas. The nuclear perimeter, area, and
shape factor (defined as 4w X area/perimeter®, where the shape

program image analysis

factor of a circle is equal to unity, and the more an object lengthens,
the more the shape factor tends toward 0) of 50 interphase nuclei
were recorded in per case. The microphotograph was then digi-
talized, and the nuclear perimeter traced. In this way, the area,
perimeter, and shape factor of each nucleus were obtained [8].

Statistical Analysis

A variance lysis was lied to compare r d means for
the same subjects in 3 or more groups. A predictive model was
obtained by multiple logistic regression for clinical evolution, by
setting age, sex, Dukes’ stage, and the 3 nuclear morphometric
parameters as independent variables. A P value of less than 0.05 was
considered significant.

RESULTS

The population (44 males, 22 females) was 59.7 + 6 y
old, with 60.6 and 58.2 y being the means for males and
females, respectively. Forty-nine patients (74.24%)
were classified as stage B, and 17 (25.76%) as stage C,
according to Dukes’ stratification. Twenty-four pa-
tients (36.36%) died within the monitored period as a
consequence of cancer progression. On analyzing 50
nuclei per case, patients with a poor evolution tended
to have increased nuclear area means (1.5 times).
Thoroughly, the nuclear parameters studied were
(mean + SD): area (3.17 + 1.74, range: 1.24-8.56),
perimeter (6.72 = 1.83, range: 4.24-11.68), and shape
factor (0.82 * 0.03, range: 0.75-0.97), with the last one
being the least disperse (Table 1).

First, nuclear homogeneity was confirmed by analy-
sis of variance, with representative microphotogra-
phies being shown in Fig. 1. Then, when clinical evo-
lution was assessed in patients within a similar age
range and with similar nuclear morphometry getting
out the sex effect, it was found by a multiple logistic
regression model that stage C subjects had a higher
risk of developing a worse clinical evolution than those
at stage B (P < 0.02).

DISCUSSION

In patients with colorectal cancer, Dukes’ classifica-
tion is by far the most broadly accepted prognostic
indicator of survival. Although other variables, such as
the degree of differentiation and extension [9], and the
set of variables proposed by Jass et al., have also
proved to be independent prognostic factors [10], they
are much less powerful predictors than Dukes’ strati-
fication. Moreover, many other new prognostic features
have recently been proposed, such as dosage of carci-
noembryonic antigen and the use of other molecular
parameters [11, 12]. However, all of these studies also
concluded that Dukes’ classification remains the best
predictor of evolution. Indeed, in the present study,
when clinical evolution was assessed in patients within
a similar age range and with similar nuclear morphom-
etry, a higher risk of impairing clinical evolution was
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TABLE 1
Cl thol 1 and Nucl ph tric Data (Analysis of Variance)
Nuclear parameters (mean * SD)
Area (pm®) Perimeter (um) Shape factor

Clinical evolution (n)

Poor (24) 342+ 1.92 6.97 = 1.96 0.81 = 0.02

Good (42) 3.02 = 1.96 6.56 = 1.74 0.82 = 0.02

P value 0.37 0.38 i

Dbs (95% CI) 0.40 (-0.6 to 1.4) 041 (-0.52 to 1.34) 0.01 (0.0 to 0.02)
Dukes stage (n)

B (49) 3.04 = 1.55 66 = 1.7 0.81 * 0.02

can 345+ 1.98 7.04 = 2,01 0.81 = 0.02

P value ¥ 0.39 0.24

Dbs (95% CI) 0.41 (-0.53 to 1.35) 0.52 (—0.56 to 1.44) 0(0to0)
Topography (n)

Left colon (28) 3.3 * 1.62 6.86 = 1.82 0.81 = 0.02

Rectum (22) 3.28 + 1.75 6.87 + 1.79 0.81 * 0.02

Right colon (16) 2.86 * 1.69 6.37 = 1.77 0.82 + 0.02

P value 0.70 0.65 0.52

Dbs (95% CI) 0.44 (—0.6 to 1.48) 0.50 (-0.69 to 1.69) 0.01 (0.00 to 0.02)

CI = confidence interval; Dbs = difference between samples; SD = standard deviation.

found for stage C subjects with respect to those at stage
B, independently of the patient gender. Demographics
showed a prevailing male incidence at the third age
(~60 y). Regarding the pathological data, the sample
included principally stage B subjects (~75%), with the
others being at stage C, with 36% of deaths.
Summing up, the computerized image analysis of
histopathological samples is an easy tool with a low

cost, which allows accurate tumor characterization.
Even though the biological mechanism that influences
the nuclear morphology of tumor cells remains unclear,
nuclear evaluations in different carcinomas have
proved to be useful prognostic factors [13, 14]. Other
authors, however, suggest that single morphometry is
of little prognostic value [15]. Nonetheless, the
nucleus-to-cytoplasm ratio and the variations in the

FIG. 1. Nuclear morphometry in colorectal adenocarcmoma Two representative hlstopathologlcal areas are shown (hemamxylm and
eosin, 600x), obtained from a 49-y-old woman at stage B with good evolution (means for area, perimeter, and shape factor: 5.40 um®, 9.36
wm, 0.78; left), and from a 52-y-old man at stage C with poor evolulxon (means for area, perimeter, and shape factor: 4.57 um*, 8.28 um, 0.82;

right). (Below, left and right) Image 1 ric

alysis.
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cell nucleus have also been suggested as alternative
prognostic variables in several diseases [16]. In previ-
ous research, shape factor measurements have been
applied in the patient evaluation with good results,
with increased nuclear area being significantly associ-
ated with a poorer outcome [17). Furthermore, the
progressive roundness of the cell nucleus as well as
increasing values in the area and perimeter, seem to
correspond to an increased neoplastic cell proliferation,
enhanced metastatic potential, and poor prognosis
[18]. Tumor nuclear grade characterization also has
clinicopathological significance, since it allows the
grouping of patients to improve outcome prediction.
This technology could also be useful in cellular pheno-
type analysis, such as in chemotherapy-induced apo-
ptosis (19, 20].

Due to their complexity, long-term illnesses with
polymorphic clinical expression need to be studied ex-
haustively, using integrated biological, clinical, and
epidemiological data, to improve the prognostic and
therapeutic assessments [21]. It is possible that mor-
phometric nuclear evaluations may be done in samples
obtained from colorectal biopsies before surgery to per-
mit the analysis of a larger number of nuclei, identify
premalignant conditions, and provide predictive data.
This could be of great value in preoperative manage-
ment decisions, thus allowing for a more appropriate
selection of patients to be sent for adjuvant therapy.
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