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The prognostic value of the preoperative serum levels of CA 242 and CEA in patients with colorectal
cancer was investigated. The serum concentrations of CA 242 and CEA were determined from pre-
operative serum samples of 259 patients with colorectal cancer (39 Dukes’ A, 100 Dukes’ B, 59 Dukes’
C and 61 Dukes’ D). Survival data of these patients were obtained to the end of 1993. There was a
significantly longer survival in patients with a CA 242 level below 20 U/ml compared with patients with
an elevated serum level. A difference was seen in overall survival (P <0.0001), and in Dukes’ B
(P=0.016) and Dukes’ D (P=0.009) stages. In Dukes’ A and C colorectal cancer, the difference was not
significant (P=0.67 and P=0.07, respectively). When 5 ng/ml was used as cut-off value for CEA, there
was a significant difference in overall survival (P <0.0001), but not within the different Dukes’ stages.
The prognosis was considerably worse in patients with concomitant elevation of CA 242 and CEA,
compared with the prognosis of patients with normal levels or only one marker elevated (P <0.0001).
When analysing according to stage, a significant difference was seen in Dukes’ B (P=0.0004) and
Dukes’ C (P=0.0007) stages. In a multivariate analysis, CA 242 was an independent prognostic factor
(P <0.0001). CEA was also an independent prognostic factor (P=0.03), but only after exclusion of CA
242. Concomitant rise of CA 242 and CEA was found to be a strong independent prognostic factor
(P <0.0001). This study shows that the pre-operative serum CA 242 level is an independent prognostic
factor in patients with colorectal cancer and that the prognosis of patients having a concomitant pre-
operative elevation of CA 242 and CEA is poor. Copyright © 1996 Elsevier Science Ltd
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INTRODUCTION

COLORECTAL CANCER is a common cause of death in western
countries and different factors have been related to survival.
However, the clinical application of many of these prognostic
factors is limited, because they are complex or poorly repro-
ducible, or have not been subjected to adequate statistical
analysis. A reliable prognostic factor would be of clinical value
in planning adjuvant therapies in these patients.

Since CEA was discovered in 1965 [1], it has been the most
commonly used tumour marker in colorectal cancer. It has a
high sensitivity for recurrent colorectal cancer and is com-
monly used in the follow-up of surgically treated patients [2—
11]. The prognostic value of CEA in colorectal cancer remains
uncertain. There are reports supporting a prognostic value of
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the pre-operative CEA level in colorectal cancer [12-21],
while other studies do not [22-27].

The novel tumour marker CA 242 has also shown promis-
ing high sensitivity for colorectal cancer, and the concomitant
use of CA 242 and CEA increases the sensitivity for early
colorectal cancer [3, 28, 29]. CA 242 also seems useful in the
follow-up of patients with colorectal cancer [30]. Recently,
CA 242 was shown to be superior to CEA as a prognostic
factor in colorectal cancer [12].

The aims of this study were to investigate the prognostic
value of the pre-operative serum level of CA 242 in patients
with colorectal cancer and to compare the results with those
of CEA and with the concomitant use of the markers.

PATIENTS AND METHODS
Patients
Pre-operative serum samples were obtained from 259 pati-
ents with clinically diagnosed and histologically verified col-
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orectal cancer at the Fourth Department of Surgery from
1982 to 1989 (157 patients) and Second Department of
Surgery from 1987 to 1989 (102 patients). Tumours were
classified according to the modified Dukes’ classification [31].
39 patients had Dukes’ A, 100 patients Dukes’ B, 59 patients
Dukes’ C and 61 patients Dukes’ D colorectal cancer. Colonic
and rectal cancer were found in 152 and 107 patients, respect-
ively. There were 137 men (median age 67 years, range 25-89
years) and 122 women (median age 70 years, range 3688
years). Survival data of the patients to the end of 1993 were
obtained from patient records, The Finnish Cancer Registry
and the Population Registry. 128 patients died from colorectal
cancer during follow-up.

Assays

Serum samples were taken pre-operatively and stored at
—20°C until analysed. The serum concentrations of CA 242
and CEA were determined by commerically available assays
(Wallac Oy, Turku, Finland; Abbott-Diagnostics, Chicago,
Illinois, U.S.A.). The CA 242 test is a two-step dissociation
enhanced lanthanide fluoroimmunoassay (DELFIA) that uses
an antibody against sialylated Lewis® as catcher, and CA
242 as the detector antibody. Both CA 242 and CEA were
quantitated from the same serum samples. The cut-off values
recommended by the manufacturers for diagnostic use are
20 U/ml for CA 242 and 5 ng/m] for CEA.

Statistical analysis

Life tables were calculated according to Kaplan and Meier.
Deaths were deaths due to colerectal cancer, whereas deaths
due to other causes were treated by censoring. Patients were
divided into groups having a pre-operative tumour marker
value above or below the recommended cut-off levels and their
survival was compared. The median survival was calculated
including the patients that were censored, using the length of
time they were in the study. The statistical significance of the
difference in survival of the groups was calculated using the
log rank test. When the variable examined had three or more
ordered categories, the log rank test for trend was used.
Multivariate survival analyses were performed with the Cox
proportional hazards model entering the following covariates:
age (as a continuous variable), gender (male=0, female=1),
Dukes’ stage (as nominal groups), location of the tumour
(colonic=0, rectal=1), the logarithms of the pre-operative
serum CA 242 and CEA levels were entered as continuous
variables. Covariates were selected in a stepwise manner
(backward to forward), with use of the maximumd-likelihood
ratio. A P-value of 0.05 was adopted as limit for inclusion of
a covariate.

RESULTS

Survival according stage and localisation of the tumour

In patients with Dukes’ A, B, C and D colerectal cancer,
the median survival was 5.8, 5.1, 2.5 and 0.64 years, respect-
ively. The difference in survival between the stage groups was
highly significant (P <0.0001, trend log rank x2=142, df=1).
In colonic cancer, the median survival was 4.3 years and in
rectal cancer 4.1 years (P=0.48, x*>=0.49, df=1).

CA 242

The median survival of 100 patients with serum levels
higher than 20 U/ml was 1.5 years compared with 5.0 years of
159 patients with values below that level. The difference
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between the survival curves was highly significant (P <0.0001;
Figure la, Table 1)

In patients with Dukes’ A colorectal cancer, there was no
significant difference in survival between patients with pre-
operative CA 242 serum levels higher than 20 U/ml (10/39)
and patients with serum levels lower than this level (29/39).
The median survival was 6.2 years and 5.8 years, respectively
(P=0.7; Table 1).

In patients with Dukes’ B colorectal cancer, the median
survival of patients with pre-operative serum levels above
20 U/ml (26/100) was 4.6 years and of those with a lower
serum level (74/100) 5.5 years. The difference between the
survival curves was statistically significant (P=0.016; Figure
1b, Table 1).

In patients with Dukes’ C colorectal cancer, the median
survival of patients with a pre-operative CA 242 serum level
above 20 U/ml (23/59) was 2.2 years compared with 4.3 years
of patients with a lower serum level (36/59). The difference
between the survival curves approached the borderline of
significance (P=0.07; Figure 1c, Table 1).

In patients with Dukes’ D colorectal cancer, the median
survival of patients with a pre-operative serum level above
20 U/ml (41/61) was 0.57 years and of patients with a lower
level (20/61) 0.99 years. The difference between the survival
curves was statistically significant (P=0.009, Figure 1d,
Table 1).

CEA

The median survival of 112 patients with serum levels
higher than 5 ng/ml was 1.6 years and of 147 patients with a
lower value, 5.0 years. The difference between the survival
curves was highly significant (P <0.0001, Table 1).

In patients with Dukes’ A colorectal cancer, there was no
difference in survival between patients with pre-operative
CEA serum levels higher than 5 ng/ml (10/39) and patients
with serum levels lower than this level (29/39). The median
survival was 6.1 years and 5.8 years, respectively (P=0.35;
Table 1).

In patients with Dukes’ B colorectal cancer, the median
survival of patients with pre-operative serum levels above
5 ng/ml (32/100) was 4.6 years and of those with a lower
serum level (68/100) 5.4 years. The difference between the
survival curves was not statistically significant (P=0.13;
Table 1).

In patients with Dukes’ C colorectal cancer, the median
survival of patients with a pre-operative CEA serum level
above 5 ng/ml (23/59) was 2.5 years compared to 4.8 years of
patients with a lower serum level (36/59). The difference
between the survival curves approached the borderline of
significance (P=0.08; Table 1).

In patients with Dukes’ D colorectal cancer, the median
survival of patients with pre-operative serum level above
5 ng/ml (47/61) was 0.62 years and of patients with a lower
level (14/61) 0.99 years. The difference between the survival
curves was not statistically significant (P=0.17; Table 1).

Combination of CA 242 and CEA

The median survival of 61 patients with concomitant elev-
ation of CA 242 (>20 U/ml) and CEA (>5 ng/ml) was 1.0
year compared with 4.9 years of 198 patients with normal
levels or only one marker elevated. The difference between
the survival curves was highly significant (P <0.0001; Figure
2a, Table 1).
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Figure 1. Life-tables for all the patients with colorectal cancer (a), and in Dukes’ B (b), Dukes’ C (¢), and Dukes’ D

(d) stages with pre-operative CA 242 below (:

In patients with Dukes” A colorectal cancer, there were only
2 patients with both markers elevated, both censored, so a
difference in survival between the groups could not be calcu-
lated.

In patients with Dukes’ B colorectal cancer, the median
survival of patients with both markers elevated (12/100) was
3.2 years and that of those with one or no marker elevated
(88/100) 5.3 years. The difference in the survival curves was
highly significant (P=0.0004; Figure 2b, Table 1).

In patients with Dukes’ C colorectal cancer, the median
survival of patients with both markers elevated (11/59) was
1.4 years compared to 4.3 years of patients with one or no
marker elevated (48/59). The difference between the survival
curves was highly significant (P=0.0007; Figure 2¢, Table 1).

In patients with Dukes’ D colorectal cancer, the median
survival of patients with both markers elevated (36/61) was
0.62 years and of patients with one or no marker elevated
25/61) 0.64 years. The difference between the survival curves
was not statistically significant (P=0.09; Figure 2d, Table 1).

Multivariate analysis

In a multivariate analysis, entering the logarithms of the
serum tumour markers as continuous variables, Dukes’ stage
yielded most prognostic information, followed by CA 242, age
and localisaation of the tumour (Table 2). Gender and CEA
did not predict prognosis independently at a significance level
of 5% (Table 2). If CA 242 was excluded from the Cox model,
CEA became an independent prognostic factor (P=0.03, data

) or above (- - =) 20 U/ml.

not shown), whereas the localisation of the tumour became
non-significant. The maximum likelihood ratio was higher in
a multivariate model including Dukes’ stage and CA 242
than in a model including Dukes’ stage and CEA, x2=168
(P <0.0001, df=4) versus x*=148 (P <0.0001, df=4). In a
multivariate analysis with both markers elevated or not elev-
ated as covariates, entering the tumour marker levels as below
or above the cut-off level (dichotomised), Dukes’ stage was
the strongest prognostic factor, followed by the combined use
of CA 242 and CEA, and then age (Table 3). Localisation of
the tumour and gender were not independent prognostic fac-
tors.

DISCUSSION

During the last 20 years, many prognostic factors in colorec-
tal cancer have been evaluated. Unfortunately, the clinical
application of many of these variables is limited [32]. Dukes’
classification has repeatedly been proven to be strongly corre-
lated with patient survival and is still the gold standard against
which all other prognostic factors in colorectal cancer should
be assessed [32,33]. However, currently there is also a need to
predict outcome within each Dukes’ stage, enabling better
patient selection for adjuvant treatments. CEA has been in
clinical use for decades and the prognostic value of CEA
has been investigated in several studies. There are studies
supporting the prognostic value of CEA [12-21] and studies
that do not [22-27]. In studies where multivariate analysis has
been performed, the results have varied. In some of these
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Table 1. Univariate survival analysis of 259 patients with different stages of colorectal cancer according 1o pre-operative tumour marker
level

Median survival

n (vears) x> pP RR (CI 95%)
Overall
CA 242 <20 U/m] 159 5.0 40 <0.0001 3.0 (2.14.7)
CA 242 >20 U/ml 100 1.5
CEA =5 ng/ml 147 5.0 30 <0.0001 2.6 (1.8-3.79)
CEA >5 ng/ml 112 1.6
One or neither elevated 198 4.9 82 <0.0001 4.7 (3.2-6.7)
Both markers elevated 61 1.0
Dukes’ A
CA 242 <20 U/ml 29 5.5 0.67 1.4 (0.3-6.0)
CA 242 >20 U/ml 10 4.6 5.6
CEA <5 ng/ml 29 6.1 0.35 0.38 (0.05-3.1)
CEA >5 ng/ml 10 5.8 0.88
One or neither elevated 257
Both markers elevated 2
Dukes’ B
CA 242 <20 U/ml 74 5.5 5.6 0.016 2.5 (1.2-5.2)
CA 242 >20 U/ml 26 4.6
CEA =5 ng/ml 68 5.4 2.3 0.13 1.8 (0.83-3.7)
CEA >5 ng/ml 32 4.6
One or neither elevated 88 5.3 13 0.0004 4.0 (1.8-9.2)
Both markers elevated 12 3.2
Dukes’ C
CA 242 =20 U/ml 36 4.3 3.2 0.07 1.8 (0.93-3.6)
CA 242 >20 U/ml 23 2.2
CEA <5 ng/ml 36 4.8 3.1 0.08 1.8 (0.93-3.6)
CEA >5 ng/ml 23 2.5
One or neither elevated 48 4.3 12 0.0007 3.6 (1.6-7.8)
Both markers elevated 11 1.4
Dukes’ D
CA 242 <20 U/ml 20 0.99 6.8 0.009 2.2 (1.2-3.9)
CA 242 >20 U/ml 41 0.57
CEA =5 ng/ml 14 0.99 1.9 0.17 1.54 (0.82-2.9)
CEA >5 ng/ml 47 0.62
One or neither elevated 25 0.64 2.8 0.09 1.6 (0.92-2.8)
Both markers elevated 36 0.62

n, number of patients; x?, chi-square; P, P-value; RR (CI 95%), relative risk (95% confidence interval).

Table 2. Stepwise multivariate analysis* of prognostic covariates of
survival in 259 patients with colorectal cancer

Covariate Pt RH} CI (95%)§
Dukes’ stage
Bl NS 1.5 0.69-3.4
cll <0.0001 5.2 2.4-11
D| <0.0001 17 7.6-39
CA 2429 <0.0001 1.8 1.4-2.2
Age* 0.002 1.03 1.01-1.04
Tumour localisationt 0.026 1.5 1.1-2.1
s-CEA}} NS
Gender§§ NS

*Cox proportional hazards model. +Significance level. tRelative haz-
ard. §Confidence interval at 95% level. [Dukes’ stages entered as
nominal groups and compared to Dukes’ A. {The logarithms of
the pre-operative serum levels of CA 242 entered as a continuous
variable. **Age was entered as a continuous variable. +1Localisation
as category (colonic=0, rectal=1). }tThe logarithms of the pre-
operative serum levels of CEA entered as a continuous variable.
§§Gender as category (male=0, female=1). NS, non-significant.

Table 3. Stepwise multivariate analysis* of prognostic covariates of
survival in 259 patients with colorectal cancer. CA 242 and CEA
as one covariate

Covariate Pt RH} CI (95%)§
Dukes’ stage
Bj NS 1.4 0.6-3.0
o] <0.0001 4.6 2.1-10
Dj 0.0001 16 7.5-37
CA242and CEAS <0.0001 2.2 1.5-3.1
Age** 0.0020 1.03 1.01-1.04
Tumour localisationtt NS
Genderti NS

*Cox proportional hazards model. {Significance level. {Relative haz-
ard. §Confidence interval at 95% level. |[Dukes’ stages entered as
nominal groups and compared to Dukes’ A. {Pre-operative serum
values of elevated CA 242 (>20U/ml) and CEA (>>5 ng/ml)=1,
one marker or neither marker elevated=0. **Age was entered as a
continuous variable. {{Localisation as category (colonic=0,
rectal=1). $1Gender as category (male=0, female=1).
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Figure 2. Life-tables for all the patients with celorectal cancer (a), and in Dukes’ B (b), Dukes’ C (c), and Dukes’ D (d) stages
with a pre-operative concomitant elevation of both CA 242 (>20 U/ml) and CEA (>5 ng/ml) (- - -) or with one or no marker
elevated (——).

reports, CEA has been proven to be an independent prognos-
tic factor [12, 15], whereas some reports disagree [23, 24, 27].

In this study, we found a statistically significant difference
in survival between patients with a pre-operative CEA level
above 5 ng/ml and those with a lower serum level, when all
the patients were analysed together and in patients with
colonic and rectal cancer, when analysed separately, but not
within the different Dukes’ stages categories. The difference
between the survival curves approached borderline signifi-
cance in Dukes’ C colorectal cancer (P=0.08). In a multivari-
ate analysis, excluding pre-operative CA 242, pre-operative
CEA was an independent prognostic factor (P=0.03).

The novel tumour marker CA 242 has shown promising
pre-operative sensitivity in colorectal cancer [3, 28, 29]. In a
recent report, the prognostic value of CA 242 was compared
with that of other tumour markers [12], and CA 242 was
found to be superior to CEA and CA 19-9 in colorectal
cancer, but not to CA 50, TPA or TPS. We found a significant
difference in overall survival between patients with serum
levels above or below 20 U/ml and when divided according to
stage: Dukes’ B and D colorectal cancer. In Dukes’ C colorec-
tal cancer, the difference in survival approached borderline
significance (P=0.07). In a multdivariate analysis, CA 242 was
shown to be an independent prognostic factor (P <0.0001),
while CEA was non-significant.

In pre-operative diagnosis, there is an advantage in combin-
ing CA 242 and CEA, as these markers are frequently elevated

in different patients, particularly in Dukes’ A and B colorectal
cancer [28,29]. We therefore studied whether the concomitant
use of CA 242 and CEA could be useful in predicting out-
come. The greatest difference between patient groups was
obtained when comparing patients with a concomitant rise of
CA 242 and CEA with patients with no or one marker
elevated. The patients with both markers elevated pre-operat-
ively showed a considerably worse prognosis. The differences
were highly significant in all the patients and in Dukes’ B
and C stages (P <0.0001, P=0.0004 and P=0.00007,
respectively). In patients with Dukes’ B or C colorectal cancer,
presumptive prognostic factors may be of utmost importance
for patient selection for adjuvant treatments or for predicting
surveillance. The prognostic value in the clinical setting of CA
242 and CEA within the stages should be investigated in
prospective randomised clinical trials.
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