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ABSTRACT

OBJECTIVE - To evaluate whether, in a sample of
patients radically treated for colorectal carcinoma, the pre-
operative determination of the carcinoembryonic antigen (p-
CEA) may have a prognostic value and constitute an

independent risk factor in relation to disease free survival.

SUMMARY OF BACKGROUND DATA - The p-
CEA seems to be related both to the staging of colorectal
neoplasia and to the patient's prognosis although this, to
date, has not been conclusively demonstrated and is still a

matter of intense debate in the scientific community.

METHODS - This is a retrospective analysis of
prospectively collected data. 395 patients were radically

treated for colorectal carcinoma. The pre-operative CEA (p-
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CEA) was statistically compared to the AJCC 2010 staging,
the T and N parameters, and grading. All parameters
recorded in our database were tested for an association with
disease-free survival (DFS). Only factors significantly
associated (p<0.05) with the DFS were used to build
multivariate stepwise forward logistic regression models to

establish their independent predictors.

RESULTS - A statistically significant relationship
was found between p-CEA and tumor staging (p <0.001), T
parameter (p <0.001) and N parameter (p = 0.006). In a
multivariate analysis, the independent prognostic factors
found were: p-CEA, stages N1 and N2 according to AJCC,
and G3 grading (grade). A statistically significant difference
(p <0.001) was evident between the DFS of patients with

normal and high p-CEA levels.
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CONCLUSIONS - P-CEA makes a pre-operative
selection possible for those patients for whom it is likely to

be able to predict a more advanced staging.

KEY WORDS - colorectal carcinoma; disease free
survival; independent prognostic factor; pre-operative

carcinoembryonic antigen.
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INTRODUCTION

In the world today, more than 1 million cases of
patients with colorectal neoplasia are identified each year.
Forty percent of these will have a poor prognosis for which
targeted therapeutic strategies could most likely be more
effective ">, For this reason, finding prognostic factors that
are early, reliable, non-invasive, inexpensive and related to
the extent of the tumor is of the utmost importance. Among
these, the most that are considered even to this day, are T
and N parameters (1245 L egs relied upon, however, is the
M parameter, which is often understaged due to inadequate

pre-treatment  diagnostic methods .

These parameters,
which are available to us only after surgery, do not however

represent the gold standard. In fact the prognosis of patients

with the same staging is often various and that the need to
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continually implement ever-changing variables in an already
excessively fragmented staging is still present **7%%,

Recently, in light of these needs, great attention has
been paid to the study of molecular and genetic markers. At
present, these markers still have not found a regular
application due to the complexity of their determination, the
difficulty of standardization and, last but not least, the low
cost-benefit ratio !+*1%,

With this in mind, in our opinion, the
carcinoembryonic antigen (CEA) maintains its position as,
for over 30 years, it has continued to be the most widely

used marker !V

and whose validity, with regards to
colorectal follow-up, has been sanctioned by leading
organizations such as the American Society of Clinical
Oncology (ASCO) “? and the European Group on Tumor
Markers 1%, Moreover, as Herrera ' and Wanebo 15 had

already reported by the end of the '70s, the pre-operative

determination of the CEA (p-CEA) seems to be related both
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to the staging of colorectal neoplasia and to the patient's
prognosis. However, to date, none of this has been
conclusively demonstrated and is still a matter of intense

debate both in prestigious scientific journals *"'1%) ag

well as in different guidelines *2.

The ASCO itself, if on the one hand suggests using
the determination of the CEA in the preoperative staging
thus justifying a worse prognosis when increased ", on the
other, does not validate using the p-CEA in the
determination of an adjuvant or neo adjuvant therapeutic
strategy @),

Regarding this issue, we believe it still pertinent to
evaluate whether, in a sample of patients radically treated
for colorectal carcinoma, the determination of the p-CEA

may have a prognostic value and constitute an independent

risk factor in relation to disease free survival (DFS).
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METHODS

This 1s a retrospective analysis of prospectively
collected data from a single department.

We evaluated 395 patients operated on for colorectal
adenocarcinoma from 01/01/2000 to 31/12/2009 at the
Department of "Surgical Sciences, Organ Transplantation
and Advanced Technologies" at the University of Catania.

All the patients included had undergone radical
surgical resection (primary tumor resection and regional
lymphadenectomy) performed by surgeons of the same
school.

Among the patients who were excluded were those
who did not undergo determination of the p-CEA, those
whose data were not sufficient for a correct pathological
staging, and those with initially metastatic disease. Likewise

those with emergencies (intestinal obstruction or
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perforation), those with synchronous malignancies in
different staging, those who had undergone neoadjuvant
radio-chemotherapy, and those with impaired hepatic and/or
kidney function were not included in our evaluation.

The determination of the p-CEA levels has always

been performed in our laboratory through the
ElectroChemiLuminescence (ECL), using Roche
Diagnostics reagents and an Elecsys 2010 analyzer (Roche
Diagnostics, Basel, Switzerland). The cut-off value was
Sng/ml in agreement with what had been reported in other
experiences '**Y.
The samples used to determine the p-CEA levels were
obtained from peripheral venous blood drawn in the days
immediately prior to surgery after obtaining consent from
the patient.

Patients already classified according to Astler-Coller

were restaged according to the Seventh Edition of TNM

Staging System of the American Joint Committee on Cancer
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(AJCC) in 2010 ®. After surgery, all patients were advised
to undergo a planned follow-up that included quarterly
checks until the third postoperative year, bi-annual checks
until the fifth year and annual checks until the tenth year
according to a previously published protocol “®. Only
4.05% (16/395) of patients decided not to undergo such a
follow-up ab initio. The purpose of the follow-up was to
determine DFS, i.e. the time elapsed between radical
surgery and locoregional relapse and/or distant metastases.
The follow-ups were assessed up to December 31 2012.

In our group of patients, we evaluated: p-CEA vs.
tumor staging according to the AJCC 2010 (stage 0-1, stage
IT, stage III), p-CEA vs. T (T1, T2, T3, T4) and N
parameters (NO, Nla+b; N2a+b) of the tumor, and p-CEA
vs. degree of differentiation (well differentiated +
moderately differentiated vs. undifferentiated) of the tumor.
We then performed a univariate analysis between DFS and

the factors that we thought could be of influence, such as the
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age and sex of the patient, the p-CEA, p-CEA> 5 ng/ml,
CEA>5 ng/ml at the first post-operative control at 3 months,
staging according to the AJCC 2010, the T parameter
according to the AJCC 2010, the N parameter according to
the AJCC 2010, the degree of differentiation of the tumor
(G1+2, G3), the number of lymph nodes sampled by the
pathologist, the number of lymph nodes < or > 12 and
finally whether patients were undergoing chemotherapy or
not. Then we performed a multivariate analysis of the
factors that reached statistical significance on univariate
analysis to identify independent predictors of DFS.

Once these were identified, we then evaluated the
overall DFS, the DFS in patients with normal p-CEA vs.
patients with high p-CEA and DFS of patients in whom the
CEA fell within normal limits after surgery vs. those
patients in which the CEA levels were high on the first post-

operative check-up (3 months).

10
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Statistical analysis was performed using the SPSS
program for Windows, version 15.0 (SPSS Inc, Chicago,
IL). Data were checked for normality before a statistical
analysis with the Kolmogorov-Smirnov test. Continuous
variables are presented as mean + standard deviation (SD) if
normally distributed, otherwise as a median and
interquartile range. Categorical variables are presented as
absolute numbers and/or percentages.

Normally-distributed continuous variables were
compared using the unpaired T test, whereas the Mann-
Whitney U test was used for those variables that were not
normally distributed. Categorical variables were analyzed
using either the Chi-square test or Fischer's exact test, where
appropriate.

All parameters recorded in our database were tested
for the relationship with DFS with a binary logistic
regression analysis. To avoid overfitting, only factors being

significantly associated (p<0.05) with the main outcome

11
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were used to build multivariate stepwise forward logistic
regression models to establish their independent predictors.

To avoid multicollinearity, variables affected by
mathematical coupling were separately entered into
different models. In cases of intercorrelation, the best single
independent variable was chosen.

DFS in different subgroups of patients was assessed
with the Kaplan-Meier survival analysis. Comparison
between groups was evaluated with the log-rank test.

For all statistical tests, a p-value <0.05 was considered

significant.

12
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RESULTS

The average age of the 395 patients was 68
(interquartile range 61-74 years); 223 were male (56.46%)
and 172 were female (43.54%).

Colorectal adenocarcinoma was located in 29.11%
(115/395) in the ascending colon included the right colic
flexure, 2.03% in the transverse colon (8/395), 28.61%
(113/395) in the descending colon included the left colic
flexure and the sigmoid colon, 36.96% (146/395) in the
rectum. In 3.29% (13/395) the neoplasia was synchronous
but with the same staging.

Table 1 shows the staging of the patients according to
the AJCC 2010 classification, Astler-Coller, T and N

parameters, and lastly the degree of differentiation.

13
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Table 1 - Classification according to AJCC, Astler-Coller, grading,
parameters “T” and “N”

AJCC Asler-Coller Grading
Stage0 13 (3,29%)  Stage A 47 (11,90%) G1 4,81%)
Stage | 95 (24,05%) Stage B1 61 (15,44%) G2 266 (67,34%)
Stagell 151 (38,23%) Stage B2 151 (38,23%) G3 16,46%)
Stage Il 136 (34,43%) Stage C1 17 (4,30%) GX 11,39%)

Stage C2 119 (30,13%)

“T” “N”
T1 61 (1544%) NO 260 (65,82%)
T2 60 (15,19%) N1 (a+b) 88 (22,28%)
T3 253 (64.05%) N2 (a+b) 47 (11,90%)
T4 21 (5,32%)

AJCC: American Joint Committee of Cancer

The average number of sampled lymph nodes was

42.78% (169 patients) was < 12.

14

15.39 (0-77); for 57.22% (226 patients) was > 12, for
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The average p-CEA levels were 7.51 ng/ml (0-157.6
ng/ml). In 27.34% of the patients (108/395) the p-CEA
levels exceeded the normal range (<5 ng/ml) reaching an
average value of 21.53 ng/ml (5.2-157.6 ng/ml).

In 86.5% (90/104) of the patients, the post-operative
CEA levels during the first post-surgery check-up (3
months) were within normal range; meanwhile, in the
remaining 14 patients (13.5%) the 3 month levels were high
(average value 26.85 ng/ml; range 6.6-141.5 ng/ml).

Among the patients who had undergone adjuvant
chemotherapy, 58.82% (80/136) were at stage III, 35.76%
(54/152) were at stage II and only 5.26% (5/95) were at
stage I. Reasons why the treatment was not performed were:
favorable staging, patient refusal, advanced age, presence of

comorbidities.

15
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Table 2 shows the correlation between the p-CEA

and the AJCC staging.

Table 2 - Relationship between p-CEA and staging according to AJCC 2010

AJCC patients high p-CEA rate (%) p-value
Stage 0-1 108 12 11,11 p<0,001
Stage Il 151 45 29,8
Stage Il 136 51 37,5

AJCC: American Joint Committee of Cancer; p-CEA: pre-operatorive carcinoembryonic antigen

16



International doctoral program in “Oncological Sciences” (Cycle XXVIII)

“Pre-operative determination of Carcinoembryonic Antigen (p-CEA) as an independent prognostic factor
of Disease Free Survival (DFS) in patients treated for colorectal carcinoma”

Dr. M.P.Cavallaro

Table 3 shows the correlation between the p-CEA

and T and N parameters and grading.

Table 3 - Relationship between p-CEA, parameters “T” and “N”, grading

T patients high-p-cea rate (%) p-value
T1 61 6 9,84 p<0,001
T2 60 9 15
T3 253 82 32,41
T4 21 11 52,38
N patients high-p-cea rate (%) p-value
NO 260 58 22,31 p=0,006
N1a+N1b 88 31 35,23
N2a+N2b 47 19 40,42
Grading pazienti high-p-cea rate (%) p-value
G1+G2 285 81 28,42 p<0,53
G3 65 21 32,31
Gx 45

p-CEA: pre-operative carcinoembryonic antigen

17
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Table 4 shows the factors that on a univariate

analysis had a statistically significant correlation with DFS.

Table 4 - Univariate analysis (variables correlated in a statistically significant way

to the DFS)
variables p-univariate
p-cea 0.004
p-cea > 5 < 0.001
cea (>5 al FU) 0.016
T stage 0.001
T4 stage 0.007
N stage < 0.001
N1 stage 0.048
N2 stage < 0.001
AJCC stage < 0.001
Stage Il (AJCC) 0.015
Stage Il (AJCC) < 0.001
G 0.010
G3 0.004

DFS: Disease free survival; p-cea: pre-operative carcinoembryonic antigen;
FU: Follow up (at three months); G: Grading

18
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Table 5 shows independent predictor factors of DFS

in a multivariate analysis.

Table 5 - Multivariate analysis between independent predictors of DFS
in univariate analysis

variables p-multivariate OR Cl1 95%
p-cea 0.004 1.020 1.006 - 1.034
p-cea > 5 0.003 2.256 1.325 - 3.842
cea (>5 al FU) 0.024 4,155 1.204 - 14.341
N stage < 0.001

N1 stage 0.005 2.340 1.288 - 4.254
N2 stage < 0.001 5.468 2.745 - 10.891
G3 0.004 3.728 1.114 - 12.477

DFS: Disease free survival; p-cea: pre-operative carcinoembryonic antigen;
FU: Follow up (three months); G: Grading

19
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In particular, preoperative CEA concentrations gave a
2% incremental risk of recurrence of malignancy for each
unit increase (OR 1.020, p=0.004), whereas preoperative
CEA concentrations >5 ng/ml gave a 2.256 fold absolute
risk (p=0.003).

Preoperative N staging was also a risk factor,
especially in stage N2 and N3. On the other hand, only a G3
grading was independently correlated to the recurrence of
malignancy.

Furthermore, the presence of still elevated CEA
concentrations >5 ng/ml after surgery was an independent
predictor factor of recurrence, with an OR of 4.155
(p=0.024).

Out of 395 patients, 379 had agreed upon the
postoperative follow-up. The median follow-up of the 379

patients was 61 months (interquartile range 23-106 months).

20



International doctoral program in “Oncological Sciences” (Cycle XXVIII)

“Pre-operative determination of Carcinoembryonic Antigen (p-CEA) as an independent prognostic factor
of Disease Free Survival (DFS) in patients treated for colorectal carcinoma”

Dr. M.P.Cavallaro

Figure 1 shows overall DSF of the 379 patients

undergoing follow-up.
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Figure 1 - Overall disease free survival

Figure 2 shows a comparison between the DFS of
patients with normal p-CEA levels (274 patients) and the

DFS of patients with high p-CEA levels (105 patients) who

21
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had undergone follow-up. When patients were divided into
two groups according to preoperative CEA concentrations,
patients with preoperative CEA >5 ng/ml showed a

significantly lower DFS (p<0.001) (Fig.2).

Disease-free survival
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Figure 2 - Disease free survival: pts with normal p-CEA vs pts with p-CEA > 5 ng/ml
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Figure 3 shows the comparison between the DFS of
patients with high p-CEA levels which fell within normal in
the first postoperative scheduled visit (91 patients) and the
DFS of patients with high p-CEA levels which did not fall
within normal in the first postoperative scheduled visit (14
patients). When patients with preoperative CEA >5 ng/ml
were considered, a significantly better DFS was observed in
those patients who had normalized CEA concentrations

postoperatively (p<0.001) (Fig 3).

23
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Disease-free survival
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Figure 3 - Disease free survival: pts with normal post-operative CEA vs pts with high

post-operative CEA (three months)
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DISCUSSION

“Carcinoembryonic antigen (CEA) is the most widely
used tumor marker in patients with colorectal cancer” V.

These observations, which were made as recently as
2013 and which still seem surprising after 30 years, are
certainly not due to the lack of testing new molecular,
genetic or humoral markers, but to the fact that these are not
reliable, simple, nor cost effective as the CEA could be. In
recent years, we are not the only ones 67 10:1116.18.1927:29)
who believe that the determination of the p-CEA has a
prognostic value in identifying, pre-operatively, the group of
patients who most likely will show recurrences. In fact, p-
CEA is able to identify both patients whose understaging

results from occult metastasis and those who are carriers of

histologically advanced or more aggressive neoplasms.

25



International doctoral program in “Oncological Sciences” (Cycle XXVIII)

“Pre-operative determination of Carcinoembryonic Antigen (p-CEA) as an independent prognostic factor
of Disease Free Survival (DFS) in patients treated for colorectal carcinoma”

Dr. M.P.Cavallaro

Identifying these individuals would not be mere
speculation but would allow one to pinpoint those patients
who, even with a less advanced staging, would further
benefit from a more aggressive treatment. Even Fong ©”,
albeit in a more specific field, includes the p-CEA in the 5
necessary parameters for the prognostic classification of
those patients undergoing hepatic resection for metastatic
colorectal cancer. This approach finds its biological basis in
the fact that the carcinoembryonic antigen appears to have a
role both in fostering the uncontrolled growth of the tumor
and in facilitating its invasion and metastasis ****".

However, not all seem to agree with such an approach
nor have they become aware of one, if it is true that the
determination of p-CEA in a patient with colorectal
neoplasia varies in literature between 45 and 88% “**".

In our sample only 27.34% of the patients with

colorectal cancer showed high p-CEA levels. This finding

has allowed us to confirm that the determination of the p-

26
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CEA cannot serve as a means of screening. Even from a
review of the literature, an increase of the pre-operative
marker is recorded in only a third of patients suffering from
this cancer. This seems to be due to the fact that, although
over 90% of colorectal cancers produce the antigen, this is
catabolized in its first passage through the liver ®*'". For
this reason, we have excluded all patients with clinical and
instrumental evidence of liver disease from our research.

In our experience, as also reported by other authors
(6.192032:39) * the determination of p-CEA is statistically
significantly related to both the AJCC 2010 staging used to
re-stage our patients (p<0.001; tab. 2) and the T and N
histological parameters (p <0.001 and p=0.006 respectively;
tab. 3). This would allow for a selection of that group of
patients for whom a more probable advanced histological
staging can already be pre-operatively expected, and thus it

would enable us to setup, already intra-operatively, those

medical treatments justified only in such circumstances.

27
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Intraportal chemotherapy, for example, does not seem to
give significant results when applied indiscriminately to all
patients treated for colorectal neoplastic disease. It does,
however, seem to be most useful when selectively applied to
patients with worse prognoses ©*. In this field *'*!'202%
some authors add a further element reporting conflicting
information in the literature with regards to the increase in
p-CEA levels which could forecast a worse prognosis in
more advanced stages (Dukes' C or TNM stage III),
according to some authors, or in less advanced ones (Dukes'
B or TNM stage II) according to others.

Oddly despite a correlation between p-CEA and
staging, and T and N parameters of the cancer such
correlation was not recorded for the grading. In our records,
indeed, the impact of patients with high p-CEA levels is
almost similar amongst both the patients with
undifferentiated tumors and those with well-differentiated or

moderately differentiated tumors (p=0.53) (tab. 3) although

28
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the poorly differentiated tumor (G3) is an independent
prognostic factor for DFS (tab. 5). While there are some

(20,24)

authors in literature who agree with this figure , others

refuse to accept it .

Some authors ?”

, recently, report that the idea of the
p-CEA being an independent prognostic factor for DFS is
controversial. The study of our data shows that if univariate
analysis (tab. 4) has pointed out 13 factors as being
associated with DFS when studied in a multivariate model
(tab. 5), only the p-CEA >5ng/ml, the presence of metastatic
lymph nodes, and the low degree of differentiation were
independent variables. Among these, the risk of relapse
possible with a p-CEA> 5 ng/ml is similar to the risk of
relapse in patients with N1 stage according to AJCC
classification, which are the ones with up to 3 neoplastic
lymph-nodes at the post-operative histological exam. Other

authors O%*°?2 with regards to the p-CEA and the

multivariate analysis report similar results.
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In light of these data on the p-CEA, we could
calculate a significantly lower DFS (p<0.001) for patients
who had a pre-operative increase of CEA over 5 ng/ml
compared to those with p-CEA within normal range (figure
2).

Many authors “**'*?**? have reported that the lack
of return of the CEA to normal range after radical surgical
resection, given the short half-life marker, is an index of
both inadequate resection leading to early recurrence or
presence of mostly hepatic occult metastases. In our study,
we recorded that in 13.5% of the cases, a percentage
noticeably lower than that reported by other authors ©?, the
p-CEA did not fall within normal range after three months
after a surgery judged as radical. The DFS in these patients
was statistically significantly worse (p<0.001) compared to
the patients who registered instead of post-operative tumor
marker normalization (Fig. 3). A multivariate analysis

shows (tab.5), moreover, that the risk of relapse related to
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CEA which remains high in post-operative cases is only
slightly lower than that of patients staged N2 according to
the AJCC classification, who have at least 4 histologically
malignant nodes.

It must be considered that, in our series, with regards
to the N parameter, the number of sampled lymph-nodes in
42.78% of the cases was lower than 12. This number,
though in the context of an issue still unresolved ©%, has
been considered the minimum for a correct staging of the
tumor. Currently data similar to ours has been reported in
literature if it is true that in the U.S. reports published
between 2005 and 2010 revealed that lymphadenectomy
was still considered inadequate in 48% to 63% of cases
G73%) " Similarly in Germany in 2009, the Dutch Surgical
Colorectal Audit [39] reported that in 73% of colon cancers

and 58% of rectum cancers, the number of lymph nodes

examined was < 10.
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Lastly in England, Johnson “” and Mitchell “" have
recently pointed out that the limit of 12 nodes was not
reached between 33% and 50% of colorectal cancer cases.
In view of these data, we deem it reasonable to say that the
value of p-CEA acquires further importance.

This study could supposedly carry a limitation in the
fact that smoking was not considered a variable that could
affect the value of the CEA. It must be said, however, that
most of the mentioned authors ('7-%10:19-2124:27:2932.33) 44 ot
consider this variable in their clinical cases and that the only
author ®” referring to it claim it has no impact on the CEA
levels.

A second bias could be the quantity of case studies
that might seem too widespread. However, we have been
able to create a homogenous and single-center study group,
surgically treated by the same team and checked through out

a long follow-up, always scheduled with the same timing

and diagnostic modalities.
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If on the one hand, Goldstein “? in 2005 said: "no
studies have shown benefit from specific treatment planning
based solely on preoperative Cea measurement", the ASCO
@) on the other hand, suggests a adjuvant treatment for
stage II patients radically treated for colorectal cancer only
with "high risk". We believe that our data on p-CEA, along
with data from other previously mentioned authors, can help
in the stratification of patients with high risk of relapse,

5,6,29,44
(5,6,29, )’ who

even independently from an advanced staging
can benefit most from both intra or post operative adjuvant

therapies and tighter controls.
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