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CEACAM-7: A predictive marker for
rectal cancer recurrence
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Background. The identification of rectal cancer patients predisposed to developing recurrent disease
could allow directed adjuvant therapy to improve outcomes while decreasing unnecessary morbidity. This
study evaluates carcinoembryonic antigen cellular adhesion molecule-7 (CEACAM-7) expression in
rectal cancer as a predictive recurrence factor.
Methods. A single-institution colorectal cancer database and a frozen tissue biobank were queried for
rectal cancer patients. CEACAM-7 messenger RNA (mRNA) expression from normal rectal mucosa and
rectal cancers was analyzed using quantitative real-time polymerase chain reaction (PCR). Expression-
level differences among normal tissue, disease-free survivors, and those that developed recurrence were
analyzed.
Results. Eighty-four patients were included in the study, which consisted of 37 patients with
nonrecurrent disease (median follow-up, 170 months), 29 patients with recurrent disease, and 18
patients with stage IV disease. CEACAM-7 expression was decreased 21-fold in rectal cancers compared
with normal mucosa (P = .002). The expression levels of CEACAM-7 were relatively decreased in tumors
that developed recurrence compared with nonrecurrence, significantly for stage II patients (14-fold rel-
ative decrease, P = .002). For stages I--III, disease-free survival segregates were based on relative CEA-
CAM-7 expression values (P = .036), specifically for stage II (P = .018).
Conclusion. CEACAM-7 expression is significantly decreased in rectal cancer. Expression differences
between long-term survivors and those with recurrent disease introduce a potential tumor marker to
define a subset of patients who benefit most from adjuvant therapy. (Surgery 2010;147:713-9.)
From the Department of Colorectal Surgery, Digestive Disease Institute,a Department of Cancer Biology,b and
Department of Quantitative Health Sciences,c Cleveland Clinic, Cleveland, OH
DESPITE A MULTIMODALITY APPROACH TO RECTAL CANCER

TREATMENT, reported recurrence rates vary from
11--40% and outcomes depend mainly on the dis-
ease stage.1,2 Determining which patients are at
the greatest risk of recurrence and thus offering
them the most aggressive therapy remains a chal-
lenge. Accurate patient selection for neoadjuvant
therapy would improve outcomes for those lymph
node-negative cancers that might not otherwise re-
ceive chemoradiation, while sparing others the un-
necessary morbidity of treatments that may not
affect the outcome.3 The ability to predict rectal
cancer recurrence may lie in specific gene expres-
sion patterns within each individual tumor.

The carcinoembryonic antigen (CEA) family of
genes is a potential biomarker for colorectal
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neoplasia, as it has been shown to be expressed in
a variety of epithelial derived neoplasms, including
colorectal cancer.4 In general, the 12-member CEA
gene family exhibits homophilic and heterophilic
adhesion properties,5 and their functional deregu-
lation has been linked to cancer and has been shown
to promote metastases in animal models.6 One par-
ticular CEA gene family member, the CEA cellular
adhesion molecule-7 (CEACAM-7), regulates nor-
mal cellular differentiation.4 Normal CEA expres-
sion, which is found only in fully differentiated
epithelial cells,7 occurs in the lower two thirds of
the colonic crypts where cell--cell adhesion is typi-
cally observed but not in the upper one third of
crypts.5 Because of its regulation of normal cellular
differentiation and expression patterns, it has since
been suggested that CEA downregulation, specifi-
cally CEACAM-7, inhibits cellular differentiation,
which leads to less well-differentiated tumors with
worse prognosis.7

Although most members of the CEA family are
expressed in a variety of tissues and exhibit differ-
ential expression, CEACAM-7 (formerly CGM2) is
expressed only in pancreatic and colorectal epithe-
lium.4 The deregulation of CEACAM-7 has been
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shown to occur early in oncogenesis, exhibiting de-
creased expression in adenomas, hyperplastic
polyps, and even aberrant crypt foci.4,8 Despite
the strong association with tumorigenesis and colo-
rectal neoplasia, the impact of CEACAM-7 on rectal
cancer and recurrence has not been established.
This study evaluates CEACAM-7 expression in rec-
tal adenocarcinomas and determines its ability to
predict disease recurrence.

METHODS

Tissue collection and patient information. The
Institutional Review Board at the Cleveland Clinic
approved this study. Patients with rectal cancer
were identified from a prospectively maintained
colorectal cancer database and frozen tissue bio-
bank. Patients with follow-up of at least 36 months
or with earlier recurrence were included. Patients
with local recurrence were excluded to allow for a
more uniform population of recurrent patients
that were less likely to be affected by operative
technique. No patient included in this study re-
ceived neoadjuvant chemotherapy or radiation. All
patients were staged by pathology according to
TNM classification after formal cancer resection.
Under vascular occlusion, a total mesorectal exci-
sion was performed for all patients by colorectal
surgeons. Benign rectal mucosa samples were used
as a normal control group for the expression
analysis.

After confirmation of the cancer stage, an
independent gastrointestinal pathologist con-
firmed all rectal cancer tissues on hematoxylin-
and-eosin-stained slides included in this study.
Cancer tissue that contained at least 60% adeno-
carcinoma and benign rectal mucosa without any
signs of dysplasia were used for cancer and normal
samples, respectively. Patient demographics, tumor
characteristics, and clinical follow-up were
reviewed.

RNA isolation and relative gene expression
assay. The total RNA was isolated using the
RNAqueous kit (Ambion, Austin, TX) according
to the manufacturer’s guidelines and then subject
to DNAse treatment using TURBO DNA-free
(Ambion). A 1-step quantitative real-time polymer-
ase chain reaction (PCR) protocol was performed
on malignant tissue and normal controls using the
TaqMan Gene Expression Assay (Applied Biosys-
tems, Foster City, CA) as described previously.9 Hu-
man 18S ribosomal RNA (Applied Biosystems) was
used as an endogenous control for all samples.

Briefly, all reactions were performed in tripli-
cate in a total volume of 10 mL: 5 mL master mix
(5Prime, Gaithersburg, MD), 0.5 mL primer and
probe set (Applied Biosystems), 0.0625 mL multi-
scribe reverse transcriptase (Invitrogen, Carlsbad,
CA), 0.4375 mL water, and 4 mL RNA at 2 ng/mL.
The following thermal cycling specifications were
performed on an ABI Prism 79000HT sequence
detection system (Applied Biosystems): 30 min at
48�C, for reverse transcription, followed by 40
cycles of 1 min at 95�C, 15 s at 95�C, and 1 min
at 60�C.

A relative quantity (RQ) expression value of
CEACAM-7 for all samples was determined using
1 normal, nonmalignant sample as the calibrator.
The calibrator was chosen as the normal sample
that resulted in the mean normal control expres-
sion value of all normal samples used being closest
to an arbitrarily set value of 1.0, as previously de-
scribed in Applied Biosystems User Bulletin No. 2
(P/N 4303859).10 An analysis was performed on
the software program SDS.2.2.2 (Applied Biosys-
tems) using the 2-DDCT method to generate RQ
values.10 The RQ values were then expressed as
the mean of the Log10 for each group representing
the geometric means (95% confidence interval
[CI] of the means). The differences in values be-
tween groups were then measured as fold
differences.

Statistical analysis. The differences in categoric
variables among normal, nonrecurrent, and distal-
recurrent cancer groups, and stage IV cancers were
analyzed using the Chi-square and Fisher exact
tests. For characteristics that are quantitative in
nature, the Wilcoxon rank sum (for 2-way compar-
ison) and Kruskal-Wallis (for 3-way comparison)
tests were used to compare categories with respect
to distributions of expression, described by means
and selected percentiles. Associations between
gene expression and clinical outcomes such as
survival were assessed using Cox proportional haz-
ards models and Kaplan-Meier estimation. Nor-
mally distributed quantitative variables were
reported as mean ± standard deviation, and non-
normally distributed quantitative variables were
reported as median, minimum, and maximum.
Overall significance levels were set at P < .05.

RESULTS

Patient demographics and survival. In all, 84
patients were included. Demographics are shown
in Table I. Thirty-seven patients were disease free
at a median follow-up of 170 months (range,
53--261) and were defined as nonrecurrent.
Twenty-nine patients developed recurrent rectal
cancer at a median follow-up of 21.1 months
(range, 3--79). Eighteen patients with stage IV rec-
tal cancer were also studied. Seven patients with



Table I. Rectal cancer patient demographics

Nonrecurrent (n) Recurrent (n) Stage IV (n = 18)

Male/female 24/13 18/11 12/6
Deceased 10 26 18
Median age at resection, years 63 (30–82) 65 (43–85) 65 (42–87)
Median follow-up, months 169.5 (53.1–261.5) 21.1 (3.3–79.1) 12.6 (3.0–88.5)

Table II. Rectal tumor characteristics

Nonrecurrent (n) Recurrent (n) Total (n)

Stage I rectal cancer 12 5 17
Stage II rectal cancer 13 12 25
Stage III rectal cancer 12 12 24

Nonrecurrent Recurrent Stage IV
Median tumor size, range (cm) 4.0 (2.7–9.0) 4.4 (2.0–8.0) 5.0 (3.2–10.7)
Median lymph nodes examined 20 (5–180) 19 (3–52) 20 (2–41)
Median lymph nodes involved 1 (0–10) 2 (0–19) 4 (0–27)
Median distance from anal verge (cm) 9.0 (2.0–15.0) 9.0 (3.0–22.0) 11.5 (4.0–17.0)
Degree of differentiation Nonrecurrent Recurrent Stage IV

Well 7 1 1
Moderate 25 24 12
Poor 5 4 5
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normal rectal mucosa frozen tissue were used as a
control group. The median age at resection was
similar among cancer groups. Ten (27%) patients
with nonrecurrent rectal cancer died from events
unrelated to rectal cancer. The median survival
time for those with recurrent rectal cancer was 48
months (range, 13--197) and only 10% (3/29) re-
mained alive (P < .001). All deaths in patients
with recurrent disease were cancer related.

Tumor characteristics. Tumor characteristics
and stage distribution are shown in Table II. The
tumor size was similar between recurrent and non-
recurrent disease at 4.4 cm (range, 2.0--8.0) and
4.0 cm (range, 2.7--9.0), respectively (P = .9). Be-
tween recurrent and nonrecurrent cancers, simi-
larities were also observed in the degree of tumor
differentiation (P = .2), median number of lymph
nodes examined (P = .5), number of involved
lymph nodes (P = .5), and median distance from
the tumor to the anal verge (P = .9). All resected
rectal cancer specimens were staged by pathology,
had an R0 resection with a tumor resection margin
>2.0 mm, and the median number of examined
lymph nodes was at least 19 in all stages for recur-
rent and nonrecurrent cancers.

Relative CEACAM-7 expression values. All rectal
cancer patients: Compared with normal rectal mu-
cosa, CEACAM-7 expression was decreased 21-fold
in rectal cancer (P = .002). This decrease was
found across all stages of rectal cancer; stage IV
patients had the greatest decrease in expression
at 59-fold (P < .003). A relative decrease in CEA-
CAM-7 expression was also significant between
stages I and II (P = .047), stages II and III
(P = .005), and stages III and IV (P = .031).

Recurrent versus nonrecurrent rectal cancer: Stage
I--III rectal cancers were analyzed according to
recurrence status. A 31-fold relative decrease in
CEACAM-7 expression was found in rectal cancer
specimens (P < .003) for patients who subsequently
developed a recurrence, and a 9-fold decrease in
nonrecurrent rectal cancers (P = .01) was found
when compared with normal rectal mucosa. Com-
paring nonrecurrent neoplasms with those that
subsequently developed a recurrence, a three-fold
relative decrease in CEACAM-7 expression in the
recurrent group (P = .1) was observed. When re-
current and nonrecurrent rectal cancers were bro-
ken down by stage, differences for stage II patients
were the most prominent with a 14-fold relative de-
crease in CEACAM-7 expression for those who de-
veloped recurrence compared with disease-free
survivors, P = .002 (Fig 1). No significant differ-
ences in CEACAM-7 expression were observed for
stage I (P = .8) and stage III (P = 1.0) cancers.

Using the Cox proportional hazards model, the
relative risk of developing rectal cancer recurrence
was estimated using the actual CEACAM-7 expres-
sion Log10 RQ values. Hazard ratios of recur-
rence-free survival were then generated for all



Fig 2. Recurrence-free survival based on CEACAM-7
expression for stage II (HR, 0.55; 95% CI 0.35--0.88;
P = .018).
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Fig 1. This figure shows the relative CEACAM-7 expres-
sion was significantly decreased in patients with stage II
recurrent disease compared with those with nonrecur-
rent disease but not in stages I and III.
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stages of rectal cancer, and for stages I--III rectal
cancers combined; stages I and II combined; stages
II and III combined; and stages I, II, and III indi-
vidually. Hazard ratios (HRs) are interpreted as
the multiplicative decrease in risk of recurrence-
free survival corresponding to a 1-unit increase in
CEACAM-7. To create Kaplan-Meier curves to dis-
play the associations, we chose an imposed cutoff
value that reflected most closely the mean CEA-
CAM-7 expression values for the patients with stage
II recurrent rectal cancer. The HRs show that de-
creased recurrence-free survival was associated
with lower actual CEACAM-7 expression values for
combined stages I--III (HR, 0.68; 95% CI, 0.48--
0.95; P = .032), combined stages I and II (HR,
0.56; 95% CI, 0.37--0.86; P = .007), and for com-
bined stages II and III (HR, 0.68; 95% CI, 0.48--
0.96; P = .035). In contrast, when stages I, II, and
III were analyzed separately, significance was found
for stage II cancers (HR, 0.55; 95% CI, 0.35--0.88;
P = .018; Fig 2) and not for stage I (HR, 0.93;
95% CI, 0.30--2.92; P = .91) or stage III cancers
alone (HR, 0.77; 95% CI, 0.44--1.34; P = .38; Fig 3).

As CEACAM-7 expression was associated with de-
creased recurrence-free survival for stage II rectal
cancers, we performed a multivariate Cox regres-
sion analysis with covariate adjustments to evaluate
its independent prognostic potential. Analyzed co-
variates included the T-stage, patient age, degree
of tumor differentiation, and number of harvested
lymph nodes. CEACAM-7 remained an indepen-
dent variable for these analyses. The results from
the multivariate Cox analysis with covariate adjust-
ments are shown in Table III. After accounting for
these covariates, the significance in CEACAM-7 ex-
pression remained, revealing its independent
prognostic capability to predict recurrence-free
survival for stage II rectal cancers.

To validate our findings for CEACAM-7 using
reverse transcription (RT)-PCR, we analyzed the
expression of a different gene (CEACAM-6) with
the same study population of rectal cancers used
in this study using the same RT-PCR technique as
described in the Methods section. CEACAM-6 is
also an adhesion molecule in the same family as
CEACAM-7, but its expression has been reported
to be upregulated in cancer compared with normal
colonic mucosa.11 Our results confirmed that CEA-
CAM-6 relative expression is upregulated through-
out cancer stages compared with normal controls,
as previously reported4,11; a 1.2-fold increased rela-
tive expression in stage I and stage II was found
versus normal controls and 1.7-fold increased rela-
tive expression was found in stage III rectal cancer.

DISCUSSION

This study explores the relationship between
CEACAM-7 expression levels and rectal cancer. We
have shown that CEACAM-7 expression is signifi-
cantly downregulated in rectal cancer compared
with normal rectal tissue and is an early event in
the neoplastic process. Its decreased expression is
evident in stage I tumors and is maintained
throughout all stages of disease. Furthermore, rel-
ative CEACAM-7 expression levels were able to dis-
tinguish between primary rectal cancers that were
prone to develop recurrence compared to nonre-
current disease, thus suggesting its role as a poten-
tial biomarker.

Colorectal cancer remains a substantive prob-
lem with more than 1,000,000 new cases globally



Fig 3. Recurrence-free survival based on CEACAM-7 expression for: (A) stage I rectal cancers (HR, 0.93; 95% CI,
0.30--2.92; P = .91); (B) stage III (HR, 0.77; 95% CI, 0.44--1.3604; P = .38).

Table III. Cox model covariate

HR (95% CI) for the association
between CEACAM-7 and recurrence-free survival

Likelihood ratio
P value

CEACAM-7 (without a covariate) 0.55 (0.35–0.88) .018
T-stage 0.55 (0.35–0.88) .018
Age 0.53 (0.32–0.86) .014
Tumor differentiation 0.56 (0.34–0.91) .025
Lymph node harvest 0.47 (0.28–0.81) .008
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and approximately 40,000 new rectal cancer cases
annually in the United States alone.12,13 Cancer
stage drives the treatment algorithm and clinical
outcome. Neoadjuvant chemoradiation is the ac-
cepted standard for stage III and selected stage II
rectal cancers14 because of the improved local dis-
ease control, but given the relatively good outcome
of early stage rectal cancer patients treated by oper-
ative resection alone,15 not all patients will neces-
sarily benefit from adjunctive therapy. Conversely,
a substantial number of stage II colorectal cancer
patients treated by operative resection alone will
have recurrent cancer and die from the disease.
Treatment selection must be weighed against the
associated morbidity and costs of treatment to
the entire group for the benefit of a subset of pa-
tients. Unfortunately, no accurate means are avail-
able to predict which patients with early stage
disease will develop recurrent disease; thus, there
is no way to identify which patients should be tar-
geted for adjuvant treatment. Although various
molecular markers involved in colorectal cancer
development have been identified,16-19 the process
of oncogenesis and cancer metastasis is likely a
complex chain of events with multiple intertwined
pathways and regulatory mechanisms, most of
which remain unknown. This study offers CEA-
CAM-7 as a contributing factor to help determine
rectal cancer recurrence and prognosis for early
stage rectal cancers.

A paucity of information is available about CEA-
CAM-7 in the literature. Work by Thompson et al8

demonstrated its specificity to the apical surface of
highly differentiated colonic and isolated pancre-
atic duct epithelium. Follow-up studies by the
same group determined that its downregulation oc-
curs as an early event in colorectal neoplasia as evi-
dent in stage I cancers,5,8 and it is decreased in
hyperplastic polyps and adenomatous polyps com-
pared to normal rectal mucosa.4 Because of its tissue
specificity and potential for early cancer detection,
more recent efforts have focused on its detection
from blood; however, its benefit has not been
shown.20 Our data are consistent with previous re-
ports regarding down-regulation of CEACAM-7 in
cancer, but the association of decreased CEACAM-
7 expression levels with the predisposition to de-
velop recurrent rectal cancer is a novel finding.

Our data show that decreased CEACAM-7 ex-
pression in early stage patients, specifically those
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with stage II disease, can identify those patients
who are at increased risk for developing future dis-
ease recurrence. Furthermore, CEACAM-7 expres-
sion was able to predict survival differences based
on its differential expression using the Cox pro-
portional hazards model and Kaplan-Meier estima-
tion with improved prognosis for stage I--III
patients. Subsequent analysis by cancer stage re-
vealed that the large effects seen in stage II disease
contributed to the overall trend for the entire pop-
ulation, as only CEACAM-7 expression in stage II
cases proved to predict recurrence statistically.

One potential explanation for the loss of asso-
ciation of CEACAM-7 expression with stage III rec-
tal cancers relates to variable expression patterns
of different genes in different stages of cancer de-
velopment. For cells to transform into a malignant
phenotype, certain genes are required to be si-
lenced and others to be activated, but to develop
metastatic potential, the same must happen for a
different set of genes.21,22 This concept implies
that the deregulation of genes involved in cancer
progression may be turned on or off at different
stages of development as they are deemed neces-
sary by selection pressures and fitness of the tumor
cells. The loss of expression, or downregulation of
CEACAM-7 and subsequent loss of cellular adhe-
sion capability, is necessary in early stages of onco-
genesis to promote the ability of the neoplasm to
escape the primary tumor bed, invade the lym-
phatic system, and become metastatic.23 The dif-
ferential expression found in stage III neoplasms
may reflect a transient regain of function and actu-
ally offer those tumor cells capable of metastasis a
selective advantage to adhere in distant tissue. A
mechanism theoretically capable of regulating
gene expression in this manor involves DNA meth-
ylation. Perhaps the best model to support this the-
ory is by Graff et al,24 who published on the
variable expression patterns of this E-cadherin in
breast cancer cell lines and throughout varying
stages, including metastases.

The prognostic potential of downregulated
CEACAM-7 expression, particularly in stage II dis-
ease, has important clinical implications. Realizing
that additional study and validation is necessary
prior to any potential clinical application, CEA-
CAM-7 expression levels could be used as addi-
tional information in patient discussions. Its
ability to distinguish whether a patient is at in-
creased risk of developing recurrent rectal cancer
could allow for more individualized treatment de-
cisions. Thus, approximately 80% of patients with
stage II disease who would not achieve improved
survival by adjunctive chemoradiation could avoid
toxicity of these treatments potentially, and those
who would receive the greatest benefit could be
targeted.

In conclusion, CEACAM-7 expression is downre-
gulated in rectal cancer tissues compared with nor-
mal rectal mucosa. Its downregulation occurs as an
early event in the neoplastic process as evident by
decreased expression levels in stage I cancers.
The relative loss of expression in recurrent stage
II cancers with nonrecurrent stage II cancers sug-
gests a potential role for CEACAM-7 expression as
a predictor of recurrent disease. The awareness
of potential tumor recurrence in stage II patients
could potentially guide postoperative management
for these patients, including adjuvant chemother-
apy for the prevention of recurrent disease.
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