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Abstract. Several variables associated to thymidylate synthase
(TS), the biological target of 5-fluorouracil (SFU) have been
studied for their possible role as predictors of the clinical
outcome and response to chemotherapy in colorectal cancer
(CRC) patients. The level of protein expression and the
number of variable tandem-repeats of a 28-bp sequence within
the gene promoter have been proposed as predictive and/or
prognostic factors with variable agreement, while consensus
seems to be achieved with respect to the value of a single
nucleotide polymorphism (SNP) described within this same
region. More recently, an association between TS expression
pattern and survival has been disclosed. Paraffin-embedded
sections from 140 CRC patients were analyzed by immuno-
histochemistry (Mab TS106) for TS levels and expression
pattern. Also, VNTR and SNP were determined by poly-
merase-chain reaction (PCR) and restriction-length-fragment
polymorphism (RFLP) in 123 and 112 patients, respectively.
Cytoplasmic expression pattern tended to be associated to C
SNP (p=0.06). Low TS expression levels, cytoplasmic
expression pattern and C SNP arose as variables associated to
longer progression-free survival (PFS) in patients treated with
SFU. Accordingly, patients having at least two favourable or
unfavourable variables were classified respectively as ‘low
risk” and ‘high risk’, the former showing significantly longer
PFS (p=0.0299). The possibility for designing a selection
method for subsequent therapies is suggested on the basis of
a probable combined effect of the above mentioned
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parameters but further studies in larger populations are
needed to confirm these results.

Introduction

As thymidylate synthase (TS) is the biological target of 5-
fluorouracil (5FU) and related drugs, which constitute the
treatment of choice for colorectal cancer (CRC) and many
other tumours, a variety of features related to this enzyme have
been studied as possible predictors for the clinical outcome of
CRC patients. High intratumoral expression of thymidylate
synthase (TS) has been widely reported as a factor of poor
prognosis in patients with advanced colorectal cancer (CRC)
(1), but such association is unclear in some studies (2-6).
More recently, the intracellular expression pattern [i.e.
cytoplasmic or mixed (nuclear and cytoplasmic)] has been
postulated as prognostic in patients treated with SFU (7), but
further studies to confirm this are lacking.

Gene polymorphisms have been disclosed within the TS
gene promoter. A variable number of a tandem repeat
(VNTR) sequence of 28 bp has been identified in the 5'-
untranslated region (5'-UTR) and alleles containing two and
three repeats have been found (8,9) and more rarely, four,
five and nine repeats have also been encountered in Asian
and African populations (10-13). The frequencies of the
different VNTR polymorphisms vary with race (9-13). An
association has been proposed between TS VNTR
polymorphism and levels of protein expression, probably
throughout an effect on the translational efficiency of the
gene (14), and/or enzyme activity, and, on the other hand,
many studies propose VNTR genotype as marker for survival
and/or response to SFU treatment. However, results are also
conflicting and, while high TS levels, poorer survival, and low
response to SFU have been associated to homozygous
genotype for triple repeats (3R/3R) (8,14-16), heterozygous
2R/3R CRC patients with liver metastasis have shown
higher TS activity than homozygous 3R/3R or 2R/2R ones in
other studies (17), survival being significantly longer for
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Table I. Characteristics of the studied patients.?

Age (x £SD)

66.6+11.0

Median OS 82 months (76.2-87.2)
Median PFS 41 months (20.9-61)
Gender

Male 71 (47.7)

Female 78 (52.3)
Dukes' stage

B, 70 (47)

C 57 (38.3)

D 22 (14.8)
Tumour location

Right 37 (25.2)

Left 63 (42.3)

Rectum 38 (26.1)

Transverse 11(7.2)

2x, mean; SD, standard deviation.

homozygous 3R/3R patients (17,18). A single nucleotide
polymorphism (SNP) consisting on a G-C substitution in a
Haelll recognition site within the second 28-bp repeat has
also been described (19,20) and proposed as a prognostic
factor. Functional studies have related this SNP to TS
expression (19-21) and, accordingly, patients harbouring the
G allele in either homozygosis or heterozygosis have been
classified as ‘high expressors’ while those homozygous for
the C allele (i.e., 2R/2R, who always carry the CGCC sequence
within the second repeat, as well as those with 2R/3C, and
3C/3C genotypes) have been considered as ‘low expressors’,
with longer survival and/or time to relapse (19-22).

In order to elucidate the possible separate or combined role
of all these factors on the disease progression of CRC patients
treated with SFU, TS VNTR and SNP genotypes were
investigated, together with protein levels and expression
pattern as determined by IHC.

Patients and methods

Patients and samples. A total number of 149 patients diagnosed
with colorectal carcinoma between 1993 and 2002 were
studied. One hundred and one of them had undergone
adjuvant chemotherapy treatment with SFU after surgical
resection of their tumour; 24 did not receive adjuvant
treatment and seven received SFU as palliative therapy. The
remaining 17 were lost during the course of the study. The
mean follow-up period was 39.4+22.4 months.

Samples consisted of paraffin-embedded specimens of
primary tumours and normal adjacent mucosa, collected from
the Archives of the Pathology Department of the University
Hospital of La Princesa (Universidad Auténoma, Madrid,
Spain). Data processing was carried out so that patients'
confidentiality was warranted.
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Figure 1. Overall and progression-free survival related to Dukes stage. (A)
OS was significantly shorter for patients with tumours classified as D stage
(p=0.010; log-rank). (B) A similar trend was observed for PFS (p=0.1169,
log-rank; 0.0315, Breslow; and 0.0649, Tarone-Ware).

TS promoter polymorphism

DNA extraction. Genomic DNA was extracted from paraffin-
embedded tissue. Tissue sections were boiled at 100°C for 10
min in Tris 50 mM and incubated at 55°C for 48 h in
proteinase K (400 pg/ml). After heat-inactivation, the
cellular debris was pelleted by centrifugation, and the
supernatant transferred to a clean tube.

VNTR polymorphism. Polymerase-chain reaction (PCR) was
performed using specific primers described by Kawakami et al
(20). Briefly, 100-500 ng of DNA were amplified in a final
reaction volume of 50 ul containing 25 pmol of each primer,
1.25 U of Biotools DNA polymerase (Biotools B&M Labs.,
S.A. Madrid, Spain), 1X reaction buffer, 2 mM MgCl,, 200
#M dNTPs and 10% dimethy] sulfoxide (DMSO). Forward and
reverse specific primers were provided by Metabion
International AG. (Martinsried, Germany). The remaining PCR
reagents were supplied by Biotools B&M Labs.

PCR was carried out in a GeneAmp PCR system 2700

(Applied Biosystems, Foster City, CA, USA). An initial
denaturation step of 94°C for 10 min was followed by 43 cycles
of denaturation (94°C for 1 min), annealing (60°C for 1 min)
and primer extension (72°C for 2 min), and a final elongation
step (72°C for 7 min). Amplification products of 112 bp
(homozygous 2R/2R), 140 bp (homozygous 3R/3R) or both
(heterozygous 2R/3R) were apparent upon 2% agarose gel
electrophoresis visualization.
SNP. Single nucleotide polymorphism was determined by
RFLP analysis as described previously (20). PCR products
(10 pl) were digested for 2 h at 37°C with Haelll restriction
endonuclease (Takara Bio Inc. Otsu, Shiga, Japan) and the
fragments were electrophoresed on 4% high resolution agarose
(Conda Laboratories, Madrid, Spain).

Microsatellite instability (MSI). Microsatellite instability was
determined by specific PCR for BAT25 and BAT26 loci as
described previously (23).

IHC evaluation of TS. TS levels and expression patterns were
determined as described previously (7), using the TS106
monoclonal antibody (Chemicon International, Inc. Temecula,
CA).
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Table II. VNTR polymorphism of the TS promoter.?
N TS genotype p-value
2R/2R 3R/3R 2R/3R
Age (x £ SD) 66.7+11.1 67.1x11.3 66x11.1 66.6+11.1 0.9
Gender
Male 51 9(17.7) 9(17.7) 33 (64.7) 0.2
Female 67 14 (20.9) 20 (29.9) 33 (49.3)
Dukes stage
B, 56 14 (25) 13 (23.2) 29 (51.8) 0.7
C 41 6 (14.6) 10 (24.4) 25(61.7)
D 21 3(14.3) 6 (28.6) 12 (57.1)
TS expression level
Weak 60 14 (23.3) 12 (20) 34 (56.7) 0.5
Strong 49 8 (16.3) 14 (28.6) 27 (55.1)
TS expression pattern ‘
Cytoplasmic 33 9(27.2) 7(21.2) 17 (51.5) 0.5
Nuclear 65 10 (15.4) 18 (27.7) 37 (56.9)
MSI (BAT25)
No 89 15 (16.9) 22 (24.7) 52 (58.4) 0.2
Yes 10 3(30) 4 (40) 3 (30)
MSI (BAT26)
No 91 15 (16.5) 22 (24.2) 54 (59.3) 0.2
Yes 10 3 (30) 4 (40) 3 (30)

aNo association was found between TS genotype and the studied variables (numbers in parenthesis are percentages).

Samples were evaluated by visual examination and assigned
a score for intensity of staining in areas where this was
stronger: 0, no staining; 1, low; 2, moderate; and 3, high. For
correlation purposes, TS expression was differentiated into
‘weak’ (0-1) and ‘strong’ (2-3). Also, the immunostaining
pattern of expression was classified as ‘cytoplasmic’ or
‘nuclear’ (nuclear with or without cytoplasmic expression).
Visual assessment of TS level and immunostaining patterns
was performed separately by two pathologists.

Statistical analysis. Comparison of qualitative and quantitative
variables was carried out respectively by x*> and non-
parametric Kruskal-Wallis tests. Quantitative variables are
expressed by mean values * standard deviation (SD).

Overall and progression-free survival were studied only in
patients treated with SFU with an overall survival (OS) of 6
months or longer, this variable being defined as the period
from primary surgery until death of the patient of CRC. Death
from unrelated causes was considered as a censoring event.
Progression-free survival (PFS) was defined as the period
from the end of the primary therapy to the first evidence of
disease progression. Both parameters were estimated according
to the Kaplan-Meier method (24) and compared using the
log-rank, Breslow and Tarone-Ware tests.

Statistical significance was assumed for p<0.05. All
statistical analyses were performed using the SPSS software,
version 8.0 (SPSS Inc., Chicago, IL).

Results

Demographic and clinicopathological findings. The demo-
graphic and clinicopathological features of the studied patients
are shown in Table I. The mean age was 66.6+11.0 years
and there were 71 males and 78 females. The median OS and
PFS were respectively 82 months (76.2-87.2) and 41 months
(20.9-61).

Some association was observed between Dukes stage and
gender [15/22 patients (68.2%) with tumours classified as D
were male] but p-values did not reach statistical significant
(p=0.09 and 0.07, respectively; data not shown).

Clinicopathological features and survival. Only Dukes stage
was found to be strongly associated with OS (p=0.010, Fig.
1A). Concerning PFS, log-rank p-value did not reach
statistical significance (0.1169) but a trend indicating an
association between this variable and tumour stage was
observed (p=0.0315, Breslow; p=0.0649, Tarone-Ware)
(Fig. 1B). .

TS promoter polymorphism

VNTR. The VNTR polymorphism of 5' UTR of the TS
promoter was determined in 123 patients. Twenty-three
(18.7%) were homozygous for the double-repeat (2R) allele
(2R/2R genotype), 29 (23.6%) for 3R allele (3R/3R genotype)
and 66 (53.7%) were heterozygous (2R/3R). Homozygous
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Table III. SNP polymorphism of the TS promoter.*
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TS genotype

2R/2R 2R/3G 2R/3C 3G/3G 3G/3C 3C/3C
Male 11(23.4) 19 (40.4) 9 (19.1) 0 6 (12.8) 2(4.3)
Female 14 (21.5) 19 (29.2) 12 (18.5) 5(7.8) 12 (18.5) 3(4.6)
Total 25(22.3) 38 (33.9) 21(18.8) 5 (4.5) 18 (16.1) 5(4.5)

TS allele
2R 3G 3C

Male 50 (53.2) 25 (26.6) 19 (20.2)
Female 59 (45.4) 41 (31.5) 30 (23)
Total 109 (48.7) 66 (29.5) 49 (21.9)

‘Genotype and allele distribution (numbers in parenthesis are percentages).
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Figure 2. Factors associated to PFS. (A) Gene polymorphism of TS promoter:
No association was found with VNTR (p=0.6957, log-rank) (A1), but PFS
was longer for ‘C’ patients (p=0.06, log-rank; 0.04, Breslow; and 0.05,
Tarone Ware) (A2); (B) TS expression: Low TS levels and cytoplasmic
expression pattern were linked with longer PFS (p=0.0378 and 0.0502,
respectively).

tumour tissue with matched heterozygous normal mucosa
was found in five patients, who were classified as LOH cases.
Due to the small number, they were not included in subsequent
analyses relative to VNTR. Table II shows the comparison
between VNTR genotype and other studied variables.

VNTR and survival: no association was found between
VNTR polymorphism and PFS (Fig. 2A1) or OS (data not
shown).

SNP. The SNP within the second tandem repeat was
investigated in 112 patients. Sixty-one (54.5%) harboured the
3G allele in either heterozygosis or homozygosis (2R/3G,
3G/3G, and 3G/3C genotypes) and were termed as Group G,
while 51 (45.5%) displayed 2R/2R, 2R/3C and 3C/3C geno-
types (Group C). The frequencies of the different TS genotypes
and TS alleles are shown in Table III.

The association between SNP and other studied parameters
is summarized in Table IV. SNP was found to be connected
with MSI (p=0.01) and tended to be related with cytoplasmic
IHC expression pattern, though statistical significance was
not reached (p=0.06).

SNP and survival: single nucleotide polymorphism was
associated with PFS (p=0.06, log-rank; 0.04, Breslow; and
0.05, Tarone Ware) (Fig. 2A2).

TS levels and immunostaining pattern. TS expression was
assessed in 140 patients. Enzyme levels, revealed by IHC were
strong in 63 patients (45%) and low in 77 (55%). TS immuno-
staining pattern was cytoplasmic in 48 patients (37.8%) and
nuclear in 79 (62.2%). TS levels and expression pattern were
found to be strongly correlated (p=0.02, Table V). Thirty-one
tumours with cytoplasmic TS expression (64.6%) showed
weak immunostaining while 46 out of 63 tumours with
strong expression level (73%) displayed a nuclear pattern.

TS levels and survival: strong and low TS expression levels
were significantly associated to PES (p=0.04), low expression
being related to longer time to disease progression (Fig. 2B1).

TS expression pattern and survival: cytoplasmic expression
pattern was found to be associated to longer PFS (p=0.05,
Fig. 2B2).

MSI. BAT25 and BAT26 loci were analyzed in 106 patients.
Instability was detected in 10 cases (9.6%).

Risk of CRC. In order to evaluate a possible combined effect
of the three parameters found to be independently associated
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Table IV. SNP polymorphism of the TS promoter.?
N TS genotype p-value
G C
Age (x £ SD) 66.9+11.1 66.9+11.4 66.9+10.8 0.9
Gender
Male 47 25(53.2) 22 (46.8) 0.9
Female 65 36 (55.4) 36 (44.6)
Dukes stage
B, 51 24 (47.1) 27(52.9) 0.2
C 43 24 (55.8) 19 (44.2)
D 18 13 (72.2) 5(27.8)
TS expression level
Weak 58 29 (50) 29 (50) 0.6
Strong 47 27 (57.5) 20 (42.6)
TS expression pattern
Cytoplasmic 32 12 (37.5) 20 (62.5) 0.06
Nuclear 63 38 (60.3) 25 (39.7)
MSI (BAT2S)
No 91 56 (61.5) 35 (38.5) 0.01
Yes 9 1(11.1) 8 (88.9)
MSI (BAT26)
No 93 56 (60.2) 37 (39.8) 0.01
Yes 9 1(11.1) 8 (88.9)

2This variable was found to be linked with BAT25 and BAT26 instability and nearly significant association with TS expression pattern was
also encountered: tumours displaying cytoplasmic immunostaining pattern tended to be C (p=0.06) and most instable belonged to this group

(p=0.01) (numbers in parenthesis are percentages).

Table V. Thymidylate synthase expression levels and immuno-
staning pattern were significantly associated (p=0.02).*

Immunostaining Expression levels p-value
pattern Weak Strong

Cytoplasmic 31 (64.6) 17 (35.4) 0.02
Nuclear 33 (41.8) 46 (58.2)

2Cytoplasmic pattern was linked with weak TS levels while most
tumours with strong immunostaining displayed nuclear expression
(numbers in parenthesis are percentages).

with PES (TS expression level, TS expression pattern and
SNP), patients were classified into two groups for a new
survival analysis. Subjects with at least two variables of good
prognosis (low IHC intensity, cytoplasmic pattern, C SNP)
were defined as low risk patients (N=20), while those with at
least two variables of poor prognosis (high IHC intensity,

nuclear pattern, G SNP) were considered as high risk patients
(N=39). Time to progression was significantly longer for the
low-risk group [median: 80 months (17.74-142.26) versus 36
months (14.74-57.26); C.1.: 95%; p=0.0299] (Fig. 3A).

Discussion

The interest in genetic factors that could be predictive for
response to SFU treatment is increasing, as new alternatives
to this drug are being developed. A number of studies have
investigated TS gene promoter polymorphisms as possible
markers for response to chemotherapy and, thus, for survival
in CRC patients. Homozygosis for double tandem repeats
described within the 5'UTR region has been associated to
better prognosis, as well to lower TS expression. This latter
feature has also been linked with the G-C substitution
characterizing the SNP described within the same gene
sequence, which has also been proposed as a predictor of
good prognosis.

VNTR. The frequencies of 2R/2R, 3R/3R and 2R/3R genotypes
were 18.7, 23.6 and 53.7% respectively, which is consistent
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Figure 3. Survival in low risk and high risk patients. Kaplan-Meier analysis
revealed significant differences concerning PFS (p=0.0299) (A). Statistical
significance was not reached for OS (B) but a similar plot was observed.

with those reported for Caucasian patients. VNTR frequencies
have been found to be race-related and, while 2R/3R genotype
represents ~40-50% of Caucasian, Black and South-Western
Asian populations (12,17,18,22,25), this rate decreases to
~30% in Japanese, Chinese and Korean patients (10,11,26).
Conversely, homozygous 2R/2R do not reach 10% in these
populations, but rise to 20% in the former groups. The
frequencies of these genotypes are independent from the
tissue (tumour or normal) and no differences have been found
either between patients and healthy volunteers.

VNTR and survival. We failed to find any association between
VNTR genotype and survival, neither individually, nor
grouping them (3R/3R vs. others nor 2R/2R vs. others, data
not shown) (18,25,26). Neither did we observe any
relationship between VNTR polymorphism and toxic
reactions (data not shown) as has been suggested (27,28).
Previous studies relate VNTR with survival and/or response
to chemotherapy, but their results are variable and sometimes
conflicting. Homozygous 2R/2R and heterozygous 2R/3R
patients seem to display similar behaviour, both genotypes
have been proposed as markers of good prognosis (11,29) and
predictors of tumour down-staging (16); they have been
found to be related to lower enzyme activity and longer
survival (14,26). However, in other investigations 2R/3R
genotype correlated with higher enzyme activity and has been
associated to poorer survival, while 3R/3R has been related to
better response (18) and good prognosis (17). In some
studies, the association between VNTR polymorphism and
survival showed a trend that did not reach statistical
significance (16,27).

Other investigations are consistent with our data, in contrast
to the above reviewed results: Tsuji ez al concluded also that
VNTR is not an effective predictor for 5FU sensitivity (26),
this observation being supported, among other results, by the
fact that, though genotype frequencies are race-dependent, the
five-year survival is similar among different populations.
Similar results have been found more recently in patients of
gastric cancer by Lee et al (30) also in the Asian population.

SNP. Previous in vitro studies have disclosed that the G-C
substitution at position 12 within the second tandem repeat
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directly influences TS levels because it disrupts an E-box
binding site for upstream regulatory factor (USF-1/USF-2)
within each 28-bp repeat, except the last one (19). Thus, the
transcriptional activity of the TS gene would not be enhanced
by the number of tandem repeats, but for the extra USF E-
box within each one of them. 2R/3C and 3C/3C genotypes
have shown to induce low protein expression, similar to that
observed for 2R/2R, while the presence of the 3G allele
clearly increases enzyme levels (19-21). Accordingly,
previous clinical reports have classified patients as ‘low
expressors’ and ‘high expressors’ (20,22,27).

In our study, TS levels were determined by IHC. Immuno-
staining intensity showed no association with SNP. Moreover,
as further functional analysis to determine protein expression
were not performed, the terms ‘high’ and ‘low’ expressors were
not considered suitable for patient classification in our study
and, therefore, these were grouped as ‘G’ (2R/3G, 3G/3C,
3G/3G) or ‘C’ (2R/2R, 2R/3C, 3C/3C). Thus, 51 patients
(45.4%) were stated as C and 61 (54.5%) as G.

In contrast to VNTR polymorphism, the reported rates of
each genotype in the reviewed literature are rather hetero-
geneous, perhaps because they determine six subgroups
including small numbers of patients (19,20,22,27). When the
rates of our G and C patients were compared with those of
high and low expressors reported by others differences were
not apparent, both groups ranging ~50% in most cases. An
exception should be made with the Chinese and Japanese
populations (19,20), where >60% of patients are harbouring
the 3G allele. However, these differences are probably due to
the previously mentioned race variability of VNTR
polymorphism rather than to SNP, for 2R/2R patients, which
are a subset within low expressors, accounting for only 2-
8% in Asian populations.

No association was found between SNP and age, gender,
Dukes stage, tumour location or immunostaining intensity,
but a nearly significant relationship was found with respect to
expression pattern (p=0.06), most patients with nuclear
expression were G (38, 60.3%) while those with cytoplasmic
pattern were mainly C (20, 62.5%).

BAT25 and BAT26 instability was present in nine patients,
eight (88.9%) of them being C (p=0.01). MSI has also been
linked with good prognosis in advanced stages of sporadic
CRC (23,31-33) although variable results have been reported
(34,35). Nevertheless, the relationship with SNP is probably
coincidental, although the latter could explain the different
data about the prognostic value of MSI found in the reviewed
literature.

SNP and survival. In our study, SNP did not show any effect
on OS, but G patients displayed shorter PFS, indicating that
this factor is a predictor but not prognostic marker in the
studied population. As the description of the present
polymorphism is rather recent (19,20) the studies about its
possible influence on survival are scarce. Kawakami et al
(20) found that overall survival was significantly longer in
low expressor patients treated with oral fluoropyrimidines
compared to non-treated, while high expressors did not
derive any benefit from chemotherapy. In a study conducted
in Spain, Marcuello et al (22) studied 89 patients with
metastatic CRC and treated with SFU. They reported
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significantly longer OS in low expressors and a nearly
significant trend (p=0.07) concerning PFS in a univariate
analyses, but both parameters achieved p-values of 0.04 in
the Cox regression model.

Combination with other variables. Besides SNP, TS expression
level and expression pattern, as determined by IHC were found
to be closely associated to PFS. The longer time to progression
corresponded to patients with tumours showing low TS
expression, i.e., weak IHC intensity, and/or cytoplasmic TS
expression pattern.

In a preliminary study performed in a series of 77 CRC
patients, we failed to find any association between TS
expression level and PES or OS, with the exception of patients
with tumours displaying nuclear pattern (7). The significantly
longer PFS of patients with weak TS expression found in the
present investigation is probably due to the larger size of the
sample. In contrast, the shorter time to progression associated
to nuclear pattern is confirmed herein.

As described previously, TS expression level and
expression pattern were strongly related, the lower TS
expression corresponding to patients with cytoplasmic tumours,
and these were mostly C according to SNP classification.

In view of the above results, these three variables are
apparently related to PFS. Accordingly, two groups of patients
were defined: ‘low risk’, i.e., those with at least two favourable
variables (weak TS expression, cytoplasmic pattern, C SNP)
and ‘high risk’, i.e., at least two unfavourable variables (strong
TS expression, nuclear pattern, G SNP). The Kaplan-Meier
analysis revealed that PFS was markedly longer for low-risk
patients compared to that of high-risk ones. A similar plot was
obtained for OS, but statistical significance was not achieved
(Fig. 3B). This could be due to the fact that median values were
not achieved and, perhaps, could be modified by increasing the
size of the studied population and/or the follow-up period.

These results suggest the possibility of designing a method
to select patients for subsequent therapies, but further studies
in larger populations are needed to confirm the probable
combined effect of two or more of the above variables. In
addition, a study of TS expression pattern, TS expression
levels and SNP in CRC cell lines resistant and sensitive to
5FU is warranted, not only by our data, but also by reported
observations suggesting an association between the intra-
cellular location of TS (nuclear or cytoplasmic) and sensitivity
to this drug in other cell lines (36). If these results are
confirmed by other investigations, the possible occurrence of
doubtful patients would be minimized by assessing 2 out of 3
variables as either favourable or unfavourable to group CRC
patients as ‘low risk’ and ‘high risk’.
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